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Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes
on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautionsin 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 LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the
states of pins are not guaranteed from the moment when power is supplied until the
reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on
reset function are not guaranteed from the moment when power is supplied until the
power reaches the level at which resetting has been specified.

3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

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

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has
become stable. When switching the clock signal during program execution, wait until the
target clock signal has stabilized.

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

5. Differences between Products

Before changing from one product to another, i.e. to one with a different 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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Configuration of This Manual

This manual comprises the following items:

General Precautions in the Handling of MPU/MCU Products
Configuration of This Manual

Preface

Contents

Overview

AN i e

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

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

i) Feature

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

v) Usage Note

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

7. List of Registers
8. Electrical Characteristics
9. Appendix
e Product Type, Package Dimensions, etc.

10. Main Revisions for This Edition (only for revised versions)

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

11. Index
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Preface

This LSI is an RISC (Reduced Instruction Set Computer) microcomputer that includes a Renesas
original RISC CPU as its core, and the peripheral functions required to configure a system.

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

Objective: ~ This manual was written to explain the hardware functions and electrical
characteristics of this LSI to the target users.

Notes on reading this manual:

e In order to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e In order to understand the details of the CPU's functions
Read the SH-2A, SH2A-FPU Software Manual.
e In order to understand the details of a register when its name is known

Read the index that is the final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 28,
List of Registers.
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e Description of Numbers and Symbols

Aspects of the notations for register names, bit names, numbers, and symbolic names in this
manual are explained below.

(1) Overall notation

In descriptions involving the names of bits and bit fields within this manual, the modules and
registers to which the bits belong may be clarified by giving the names in the forms

"module name"."register name"."bit name" or "register name"."bit name".

&)

Register notation

The style "register name"_"instance number" is used in cases where there is more than one
instance of the same function or similar functions.
[Example] CMCSR_0: Indicates the CMCSR register for the compare-match timer of channel 0.

Number notation
Binary numbers are given as B'nnnn (B' may be omitted if the number is obviously binary),
hexadecimal numbers are given as H'nnnn or Oxnnnn, and decimal numbers are given as nnnn.

&)

[Examples] Binary: B'11 or 11
Hexadecimal: H'EFAO or OXEFAO
Decimal: 1234

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

(4) @)

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

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

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

14.3.1 Interval Count Operation

When an internal clock is selected with the CKS1 and CKSO0 bits in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts incrementing using the selected clock. When ghe values in
CMCNT and the compare match constant register (CMCOR) match, CMCNT i¢ cleared to H'0000
and the CMF flag in CMCSR is set to 1. When the CKS1 and CKSO bits are set '01 at this tip€,
a {/4 clock is selected.

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

(©)]
Note: The bit names and sentences in the above figure are examples and do not refer to
specific data in this manual.
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e Description of Registers

Each register description includes a bit chart, illustrating the arrangement of bits, and a table of
bits, describing the meanings of the bit settings. The standard format and notation for bit charts
and tables are described below.

[Bit Chart]

Bi(:@ 1B

2 11 10 9 8 7 6 5 4
| — — ASID2|ASID1|ASIDO — | — | — | — | — | — | Q |ACMP2|ACMP1|ACMPO| IFE|
1 0

3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW [ RW RW R RW 9 RW RW RW RW RW RW RW RW RW
[Table of Bits] (1) @) ®) “) ®)
Bitl Bit Name Initial Value R/W Description |

15 - Reserved |
14 ( These bits are always read as 0. )

13to 11 ASID2 to 110 /W Address Identifier
ASIDO
10

These bits enable or disable the pin function.

- 0 R Reserved
This bit is always read as 0.

9 = 1 R Reserved
This bit is always read as 1.

W
Note: The bit names and sentences in the above figure are examples, and have nothing to do with the contents of this
manual.
(1) Bit
Indicates the bit number or numbers.
In the case of a 32-bit register, the bits are arranged in order from 31 to 0. In the case
of a 16-bit register, the bits are arranged in order from 15 to 0.
(2) Bitname
Indicates the name of the bit or bit field.
When the number of bits has to be clearly indicated in the field, appropriate notation is
included (e.g., ASID[3:0]).
A reserved bit is indicated by "-".
Certain kinds of bits, such as those of timer counters, are not assigned bit names. In such
cases, the entry under Bit Name is blank.
(3) Initial value
Indicates the value of each bit immediately after a power-on reset, i.e., the initial value.
0: The initial value is 0
1: The initial value is 1
—: The initial value is undefined
(4) RIW
For each bit and bit field, this entry indicates whether the bit or field is readable or writable,
or both writing to and reading from the bit or field are impossible.
The notation is as follows:
R/W: The bit or field is readable and writable.
R/(W): The bit or field is readable and writable.
However, writing is only performed to flag clearing.
R: The bit or field is readable.
"R" is indicated for all reserved bits. When writing to the register, write
the value under Initial Value in the bit chart to reserved bits or fields.
W: The bit or field is writable.
Description
Describes the function of the bit or field and specifies the values for writing.

G
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All trademarks and registered trademarks are the property of their respective owners.
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SH7201 Group Section 1 Overview

Section 1 Overview

1.1 SH7201 Group Features

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

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

This LSI has a floating-point unit and a cache.

In addition, this LSI includes on-chip peripheral functions necessary for system configuration,
such as, 32-Kbyte RAM for high-speed operation, a controller area network (RCAN-ET), a serial
sound interface (SSI), a serial communication interface with FIFO (SCIF), I'C bus interface 3
(IIC3), a multi-function timer pulse unit 2 (MTU2), an 8-bit timer (TMR), a realtime clock (RTC),
an A/D converter, a D/A converter, an interrupt controller (INTC), I/O ports, and advanced user
debugger II (AUD-II).

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

The features of this LSI are listed in table 1.1.

RO1UH0026EJ0300 Rev. 3.00 Page 1 of 1190
Sep 24,2010 RENESAS



Section 1 Overview SH7201 Group

Table 1.1 SH7201 Group Features

Item Features

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

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

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

e Superscalar architecture to execute two instructions at one time
including FPU

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

e Internal multiplier

o Five-stage pipeline

e Harvard architecture
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SH7201 Group

Section 1 Overview

Item

Features

Floating-point Unit
(FPU)

Floating-point co-processor included

Supports single-precision (32-bit) and double-precision (64-bit)
Supports data type and exceptions that conforms to IEEE754 standard
Two rounding modes: Round to nearest and round to zero
Denormalization modes: Flush to zero

Floating-point registers

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

Two 32-bit floating-point system registers

Supports FMAC (multiplication and accumulation) instructions
Supports FDIV (division) and FSQRT (square root) instructions
Supports FLDIO/FLDI1 (load constant 0/1) instructions
Instruction execution time

Latency (FAMC/FADD/FSUB/FMUL): Three cycles (single-precision),
eight cycles (double-precision)

Pitch (FAMC/FADD/FSUB/FMUL): One cycle (single-precision), six
cycles (double-precision)

Note: FMAC only supports single-precision
5-stage pipeline

Cache

Instruction cache: 8 Kbytes
Operand cache: 8 Kbytes

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

Write-back, write-through and LRU replacement algorithm

Cache locking function available (only for operand cache); ways 2 and
3 can be locked

Interrupt controller
(INTC)

Seventeen external interrupt pins (NMI, IRQ7 to IRQO, and PINT7 to
PINTO)

On-chip peripheral interrupts: Priority level set for each module
16 priority levels available

Register bank enabling fast register saving and restoring in interrupt
handling
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SH7201 Group

Item Features

Bus state controller e (CSC

(BSC) — Seven-channel chip select controller (CSC)

— External devices with their bus sizes of 32, 16, or 8 bits can be
connected

— Cycle wait function
Up to 31 cycles (up to 7 cycles for page access cycle)

— The following features settable for wait controlling
Timings of asserting and negating chip select signals
Timings of asserting and negating read/write signals
Timings of starting and stopping data output

— One-write strobe and byte write strobe modes are available as
write access modes

— Page read and page write modes are available as page access
modes

¢ SDRAMC

— Two-channel external SDRAM interfaces

— Auto refresh using the internal programmable refresh counter or
self refresh mode selectable

— The following features settable
Row-column latency, column latency, row-active period, write-
recovery period, row precharge period, auto refresh request
interval, initial precharge cycle count, and initial auto refresh
request interval

— Random column burst access available (one SDRAM burst length)

— Initialization sequencer issues precharge and auto refresh
commands

Bus monitor e Bus monitor function

When an illegal address access or a bus timeout is detected, a bus
error interrupt is generated.

Page 4 of 1190
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SH7201 Group

Section 1 Overview

Item

Features

Direct memory access
controller (DMAC)

Eight channels; external request available for four of them

Can be activated by software, on-chip modules, or external devices
— Software; 1, internal source; 32, external source; 4

Up to 64 Mbytes can be transferred

Maximum transfer data size

— 8, 16, or 32 bits for single-data transfer

— 1,2, 4,8, 16, 32, 64, or 128 sets of data for single operand transfer
(a transfer continues until the byte count reaches 0)

Transfer method
— Cycle-stealing transfer (dual address transfer)
Three clock cycles per one set of data (best)
Bus released between read and write cycles
— Pipeline transfer (dual address transfer)
One clock cycle per one set of data (best)
Addressing method
Increment, decrement, or fixed
Three clock cycles per one set of data (best)
Transfer modes

Single operand transfer, continuous operand transfer, and non-stop
transfer

An interrupt is requested when the byte count reaches 0
Reloading function

Source address, destination address, and byte count
DMAC suspend, resume, and stop function

DMAC forcible terminate function

Clock pulse
generator (CPG)

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

Input clock can be multiplied by 16 (max.) by the internal PLL circuit
Three types of clocks generated

CPU clock: Maximum 120 MHz

Bus clock: Maximum 60 MHz

Peripheral clock: Maximum 40 MHz

Watchdog timer
(WDT)

On-chip one-channel watchdog timer
A counter overflow can reset this LSI
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SH7201 Group

Item

Features

Power-down modes

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

— Sleep mode

— Software standby mode
— Deep standby mode

— Module standby mode

Multi-function timer
pulse unit 2 (MTU2)

Maximum 16 lines of pulse inputs/outputs and 3 lines of pulse inputs
based on six channels of 16-bit timers

21 output compare and input capture registers
Input capture function
Pulse output modes

One shot, toggle, PWM, complementary PWM, and reset-
synchronized PWM modes

Synchronization of multiple counters

Complementary PWM output mode

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

— 0% to 100% PWM duty cycle specifiable

— A/D converter start request delaying function

— Interrupt skipping at crest or trough

Reset-synchronized PWM mode

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

Phase counting mode
Two-phase encoder pulse counting available

8-bit timer (TMR)

Two-channel 8-bit timer

Six internal clocks (P¢/2, P¢/8, P¢/32, P$/64, P$/1024, or P$/8192) or
external clock specifiable

Timer outputs controllable using two compare match signals
Two channels can be cascade-connected

Realtime clock (RTC)

Internal clock, calendar function, alarm function

Interrupts can be generated at intervals of 1/256 s by the 32.768-kHz
on-chip crystal oscillator

Page 6 of 1190

RO1UH0026EJ0300 Rev. 3.00
RENESAS Sep 24, 2010



SH7201 Group

Section 1 Overview

Item

Features

Serial communication
interface with FIFO
(SCIF)

Eight channels
Clock synchronous or asynchronous mode selectable

Simultaneous transmission and reception (full-duplex communication)
supported

Dedicated baud rate generator
Separate 16-byte FIFO registers for transmission and reception

I’C bus interface 3
(IIC3)

Three channels
Master mode and slave mode supported

Serial sound interface
(SSI)

Two-channel bidirectional serial transfer

Support of various serial audio formats

Support of master and slave functions

Generation of programmable word clock and bit clock
Multichannel formats

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

Controller area
network (RCAN-ET)

Two channels

Supports CAN specification 2.0B

— Data and remote frame in standard format (11-bit ID)
— Data and remote frame in extended format (18-bit ID)

16 independent message buffers using IDs in standard (11-bit) or
extended (18-bit) format

15 Mailboxes for transmission or reception

One receive-only Mailbox

Message reception filtering by IDs:

— Standard message ID

— Extended message ID

Local reception filter for all Mailboxes (standard and extended IDs) can
be specified

Power consumption can be reduced in sleep mode

CAN data transfer rate of up to 1 Mbit/s available

Transmit message queue having an internal priority sorting
mechanism which handles priority-inversion issue of realtime
applications

Data buffer access without hand-shaking

I/0O ports

109 I/Os and 14 inputs
Input or output can be selected for each bit

RO1UH0026EJ0300 Rev. 3.00
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SH7201 Group

Item Features
A/D converter (ADC) e 10-bit resolution

e Eight input channels

e A/D conversion request by the external trigger or timer trigger
D/A converter (DAC) e 8-bit resolution

Two output channels

User break controller
(UBC)

Two break channels

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

User debugging
interface (H-UDI)

E10A emulator support
JTAG-standard pin assignment

Advanced user

Eight I/O pins

debugger Il o Functions to read/write modules connected to internal/external buses
(except cache and H-UDI) in RAM monitor mode
On-chip RAM e 32-Kbyte memory

Power supply voltage

PVcce, VeeR, and PLLVce: 3.0t0 3.6 V

Packages

LQFP2424-176Cu (0.5 pitch)

1.2 Product Lineup

Table 1.2  Product Lineup

Abbreviation Product Code Operating Temperature

R5S72011 R5S72011RB120FP —-20 to +70°C

(Regular specifications)

R5S72011RW100FP —-20 to +85°C

(Wide-range specifications)
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Section 1 Overview

1.3

Block Diagram

The block diagram of this LSI is shown in figure 1.1.

SH-2A CPU
core

Floating-point
unit (FPU)

1 1

CPU instruction fetch bus (F bus)

CPU b
CPU memory |

access bus (M bus }(C bus)

!

!

!

Instruction cache | Operand cache On-chi User break Ad q AUDRST input
8 Kb 8 Kb n-chip ser breal < lgseme vanced user = | AUDSYNC input
memory (8 kbytes) | memory (8 kbytes) RAM controller 8 g‘igl];RG debugger-l || S | aupck inputp
Cache controller (32 kbytes) (UBC) (AUD-II) AUDMD input
3 t 3 AUDATA 1/O
: Internal bus (I bus)
Bus bridge
t Internal CPU bus
Internal DMA write bus
Internal DMA read bus
External 1 t 1 l Qi
bus /0 On-chip On-chip . DREQ input
Bus state peripheral peripheral Bus Direct memory DACK output
controller ¥ access controller
External bus BSC module bus 1| |module bus 2 monitor (DMAC) DACT output
width ) ( ) controller controller DTEND output
mode input
On-chip peripheral
module bus 1
On-chip peripheral module bus 2
. . Multi-function .
Pin function 1/0 port Clock pulse Watchdog Interrupt timer pulse 8-bit timer Realtime
controller generator timer controller unit 2 (TMR) clock
PF INTC]
(PFC) (CPG) (WDT) (INTC) (MTU2) (RTC)
Port | Port || Port | Port |1 Port | | Port | | Port |
General I/0 EXTAL input ~ WDTOVF output ~ RES input Timer pulse I/O RTC_X1 input
MRES input RTC_X2 output
XTAL output NMI inout Compare match output
CKIolo RQ input External counter clock input
Clock mode input P External counter reset input
PINT input
User debuggin: D/A AD Controller | | Serial sound 12C bus Serial
" 998 | | Power-down N . communication
interface mode control converter converter area network interface interface 3 interface with
(H-UDI) (DAC) (ADC) (RCAN-ET) (ssl) (IiC3) FIFO (SCIF)
[ pPot || Port || Port || Port || Port || Port |
JTAG I/0 Analog output  Analog input ~ CAN bus /O Serial I/O 12C bus /0 Serial /0
ADTRG input Audio clock input

Figure 1.1 Block Diagram
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SH7201 Group

14

Pin Assignments

PB10/D10

PB11/D11

PB12/D12

PB13/D13

PB14/D14

PB15/D15

PVSS
PB16/D16/IRQO/TIOC3A

PV
PB17/D17/IRQ1/TIOC3B
PB18/D18/IRQ2/TIOC3C
PB19/D19/IRQ3/TIOC3D

PB20/D20/IRQ4/TIOC4A/TxD2
PB21/D21/IRQ5/TIOC4B/RxD2
PB22/D22/IRQ6/TIOC4C/SCK2
PB23/D23/IRQ7/TIOC4D
PB24/D24/PINTO/TIC5U/TxD6
PB25/D25/PINT1/TIC5V/RxD6

PB26/D26/PINT2/TIC5W/SCK6
PVSS

PB27/D27/PINT3
PB28/D28/PINT4/TMO0/TxD3
PB29/D29/PINT5/TMRI0/RxD3
PB30/D30/PINT6/TMCI0/SCK3
PB31/D31/PINT7

ASEBRK/ASEBRKAK
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89 H PE3/PINT7/AN3

veL 044

88
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86
85
84
83
82
81
80
79
78
77
76
75
74
73
72
71

69
68
67
66
65
64
63
62
61
60
59
58
57
56

55 1

54

5303

52
51
50
49
48
47
46
45

1 PE2/PINT6/AN2

1 PE1/PINTS/AN

1 PEO/PINT4/ANO

) AVREF

b Aavec

1 PCO/CS0

1 PC1/CST

1 PC2/CS2/SDCST/ADTRG
[] PC3/CS3/UBCTRG

[1 PC4/CS4/TIOCIATXDS
[1 PC5/CS5/TIOC1B/RXDS
1 PC6/CS6/TCLKA/SCKS
01 Pvcc

1 PC7/SDCSO

[ PC10/WRT
(1 PC11/WR2/TIOC2A/DACT2
[ PC12/WR3/TIOC2B/DTEND2
[ PC13/WAIT
] PC14/SDCKE
[] PC15/SDRAS
] PC16/SDCAS
[1 PC17/SDWE
1 PC18/BCO/DOMO
1 PC19/BC1/DQM1
1 PC20/BC2/DQM2/TCLKB
(] PC21/BC3/DQM3/TCLKC/DACK2
[ PC22/IRQO/SCLO/DREQ2
[] PC23/RQ1/SDAO
[ PC24/IRQ2/SCL1
[ PC25/IRQ3/SDAT
PVSS
[ PA31/CRx1/DTENDO
PVCC

[ PA30/CTx1/DACTO

[] PA29/CRX0/DACKO

] PA28/CTX0/DREQD

(] PA27/A27/PINT3/DTEND3
[] PA26/A26/PINT2/DACT3

[ PA25/A25/PINT1/DACK3

g PA24/A24/PINTO/DREQ3

Figure 1.2 Pin Assignments
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Section 1 Overview

1.5 Pin Functions
Table 1.3 lists the pin functions.

Table 1.3  Pin Functions

Classification Symbol /0 Name Function
Power supply VCCR | Power supply for Power supply pin for the internal
internal step- step-down circuit. This pin must be
down circuit connected to the system power
supply. This LSI does not operate
correctly if this pin is left open.

VSSR Ground for Ground pin for the internal step-
internal step- down circuit. This pin must be
down circuit connected to the system power

supply (0 V). This LSI does not
operate correctly if this pin is left
open.

VCL | Capacitor Pin for connecting an external
connected pin for capacitor for the internal step-down
internal step- circuit. This pin should be connected
down circuit to the VSS via the external capacitor

(place closer to this pin).

VSS | Ground for Ground pin for the internal step-
internal step- down circuit used for stabilize
down circuit internal step-down power supply.

This pin should be connected to the
VCL via the external capacitor (place
closer to this pin)

PVCC | Power supply for Power supply pins for I/O pins. All
1/0 circuits the PVCC pins must be connected to

the system power supply. This LSI
does not operate correctly if there is
a pin left open.
PVSS | Ground for 1/0 Ground pins for I/O pins. All the
circuits PVSS pins must be connected to the
system power supply (0 V). This LSI
does not operate correctly if there is
a pin left open.
RO1UHO0026EJ0300 Rev. 3.00 Page 11 of 1190
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SH7201 Group

Classification =~ Symbol /0 Name Function
Power supply PLLVCC | Power supply for Power supply for the on-chip PLL
PLL oscillator. This LSI does not operate
correctly if this pin is left open.

PLLVSS | Ground for PLL  Ground pin for the on-chip PLL
oscillator. This LSI does not operate
correctly if this pin is left open.

Clock EXTAL | Crystal resonator/ Pin connected to a crystal resonator.

XTAL o) external clock An external clock signal may also be
input to the EXTAL pin.

CKIO I/O  System clock I/O Input pin for an external clock or
output pin for supplying the system
clock to external devices

Operating mode MD1, MDO | Mode set Pins to set the operating mode. Do
control not change signal levels on these
pins during operation.

MD_CLK1, | Clock mode set  Pins to set the clock operating mode.

MD_CLKO Do not change signal levels on these
pins during operation.

ASEMD | Debugging mode This pin is valid when the E10A-USB
emulator is in use. Otherwise, fix the
signal level on this pin high.

System control  RES | Power-on reset  This LSI enters the power-on reset
state when this signal goes low.

MRES | Manual reset This LSI enters the manual reset
state when this signal goes low.

WDTOVF (0] Watchdog timer  An overflow signal from the WDT is

overflow output on this pin.

ASEBRKAK o] Break mode Indicates that the E10A-USB

acknowledge emulator has entered its break
mode.

ASEBRK?* | Break request E10A-USB emulator break input pin

Page 12 of 1190 RO1UH0026EJ0300 Rev. 3.00
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Classification =~ Symbol /0 Name Function
Interrupts NMI | Non-maskable Non-maskable interrupt request pin.
interrupt Fix it high when not in use.

IRQ7 to IRQO | Interrupt requests Maskable interrupt request pins.

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

PINT7 to PINTO | Interrupt requests Maskable interrupt request pins.

7100 Only level-input detection can be
selected.

Address bus A27 to AO (0] Address bus Addresses are output on these pins.

Data bus D31 to DO I/O  Data bus Bidirectional data bus

Bus control CS6 to CSO (0] Chip select 6 to 0 Chip-select signals for external
memory or devices

RD 0 Read Indicates that data is read from an
external device.

WAIT | Wait Input pin for inserting a wait cycle
into the bus cycles during access to
the external space

WRO (0] Byte select Indicates a write access to bits 7 to 0
of data of external memory or
device. (For an access in units of 8,
16, or 32 bits)

WR1 0] Byte select Indicates a write access to bits 15 to
8 of data of external memory or
device. (For an access in units of 16
or 32 bits)

WR2 0] Byte select Indicates a write access to bits 23 to
16 of data of external memory or
device. (For an access in units of 32
bits)

WR3 0] Byte select Indicates a write access to bits 31 to
24 of data of external memory or
device. (For an access in units of 32
bits)

RO1UHO0026EJ0300 Rev. 3.00 Page 13 of 1190
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Classification Symbol /0 Name Function

Bus control BCO (0] Byte select Selects bits 7 to 0 of data of external
memory or device. (For an access in
units of 8, 16, or 32 bits)

BC1 (0] Byte select Selects bits 15 to 8 of data of
external memory or device. (For an
access in units of 16 or 32 bits)

BC2 (0] Byte select Selects bits 23 to 16 of data of
external memory or device. (For an
access in units of 32 bits)

BC3 0] Byte select Selects bits 31 to 24 of data of
external memory or device. (For an
access in units of 32 bits)

DQMO (0] Byte select Selects bits D7 to DO when SDRAM
is connected. (For an access in units
of 8, 16, or 32 bits)

DQM1 (0] Byte select Selects bits D15 to D8 when SDRAM
is connected. (For an access in units
of 16 or 32 bits)

DQM2 o] Byte select Selects bits D23 to D16 when
SDRAM is connected. (For an
access in units of 32 bits)

DQM3 0] Byte select Selects bits D31 to D24 when
SDRAM is connected. (For an
access in units of 32 bits)

SDCSH, 0 Chip select Pins connected to the CS pins of

SDCS0 SDRAM

SDRAS (0] RAS Pin connected to the RAS pin of
SDRAM

SDCAS 0] CAS Pin connected to the CAS pin of
SDRAM

SDWE (0] WE Pin connected to the WE pin of
SDRAM

SDCKE (0] CK enable Pin connected to the CKE pin of
SDRAM

SDCLK (0] Clock output Pin connected to the CLK pin of
SDRAM
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Classification =~ Symbol /0 Name Function
Direct memory DREQS3 to I DMA-transfer Input pins to receive external
access controller DREQO request requests for DMA transfer
(DMAC) DACKS to @) DMA-transfer Output pins for signals indicating
DACKO request acknowledge of external requests
acknowledge from external devices
DACT3 to 0] DMA-transfer Output pins for signals indicating
DACTO request active DMA active in response to external
requests from external devices
DTENDS to (0] DMA-transfer end Output pins for DMA transfer end
DTENDO output
Multi-function TCLKA, MTU2 timer clock External clock input pins for the timer
timer pulse unit2 TCLKB, input
(MTU2) TCLKC,
TCLKD
TIOCOA, /O MTU2 input The TGRA_0 to TGRD_O input
TIOCOB, capture/output capture input/output compare
TIOCOC, compare output/PWM output pins.
TIOCOD (channel 0)
TIOCH1A, /O MTU2 input The TGRA_1 and TGRB_1 input
TIOC1B capture/output capture input/output compare
compare output/PWM output pins.
(channel 1)
TIOC2A, /O MTU2 input The TGRA_2 and TGRB_2 input
TIOC2B capture/output capture input/output compare
compare output/PWM output pins.
(channel 2)
TIOC3A, /O MTU2 input The TGRA_3 to TGRD_3 input
TIOC3B, capture/output capture input/output compare
TIOC3C, compare output/PWM output pins.
TIOC3D (channel 3)
TIOC4A, I/lO  MTU2 input The TGRA_4 and TGRB_4 input
TIOCA4B, capture/output capture input/output compare
TIOCA4C, compare output/PWM output pins.
TIOC4D (channel 4)
TIOC5U, MTU2 input The TGRU_5, TGRV_5, and
TIOC5V, capture TGRW_5 input capture input/dead
TIOC5W (channel 5) time compensation input pins.
RO1UHO0026EJ0300 Rev. 3.00 Page 15 of 1190
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Classification =~ Symbol I/0 Name Function
8-bit timer (TMR) TMOO0, TMO1 (0] Timer output Pins for waveform outputs by output
compare
TMCIO, TMCI1, | Timer clock/timer Input pins for an external clock or an
TMRIO, TMRI1 reset input external reset for the timer
Realtime clock RTC_X1 I Crystal resonator Pin connected to 32.768-kHz crystal
(RTC) RTC X2 0 for RTC resonator
Serial TxD7to TxDO O Transmit data Data output pins
gommunlcgtlon RxD7 to RxDO | Receive data Data input pins
interface with
FIFO (SCIF) SCK7 to SCKO /O  Serial clock Clock input/output pins
I’C bus SCL2to SCLO 1/O  Serial clock pin  Serial clock input/output pin
interface 3 (IIC3)
SDA2 to SDAO /O  Serial data pin Serial data input/output pin
Serial sound SSIDATAO, /O SSldatal/O 1/0 pins for serial data
interface (SSI) SSIDATAT1
SSISCKO, I/lO  SSl clock I/0 I/O pins for serial clocks
SSISCK1
SSIWSO, I/O  SSlclock LR I/O 1/O pins for word selection
SSIWSH
AUDIO_CLK | External clock for Input pin of external clock for SSI
SSl audio audio (32/44.1/48 kHz x
256/384/512). A clock input to the
divider is selected from an oscillation
clock input on this pin or pins
AUDIO_X1 and AUDIO_X2.
AUDIO_X1 I Crystal resonator Pins connected to a crystal resonator
for SSI audio for SSI audio. An external clock can
AUDIO_X2 0 be input on pin AUDIO_X1
(32/44.1/48 kHz x 256/384/512). A
clock input to the divider is selected
from an oscillation clock input on
these pins or the AUDIO_CLK pin.
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Classification Symbol I/0 Name Function
Controller area  CTx0, CTx1 0] CAN bus transmit Output pin for transmit data on the
network data CAN bus
(RCAN-ET) CRx0, CRx1 | CAN bus receive Output pin for receive data on the
data CAN bus
A/D converter AN7 to ANO I Analog input pins Analog input pins
ADTRG I A/D conversion  External trigger input pin for starting
trigger input A/D conversion
D/A converter DA1, DAO 0] Analog output Analog output pins
pins
Analog power AVcc Analog power Power supply pins for the A/D
supply supply converter and D/A converter
AVref | Analog reference Reference voltage input pin for the
power supply A/D converter and D/A converter
AVss I Analog ground  Ground pins for the A/D converter
and D/A converter
I/0O ports PA31 to PAO I/O  General port 32-bit general I/O port pins
PB31 to PBO I/O  General port 32-bit general I/O port pins
PC25 to PC22 | General port 4-bit general input port pins
PC21 to PCO I/O  General port 22-bit general I/O port pins
PD16 to PD15 | General port 2-bit general input port pins
PD14 to PDO I/O  General port 15-bit general 1/O port pins
PE7 to PEO | General port 8-bit general input port pins
PF7 to PFO I/O  General port 8-bit general 1/O port pins
User debugging UDTCK* I Test clock Test-clock input pin
'(m_elzfgf)e UDTMS* I Test mode select Test-mode select signal input pin
UDTDI* I Test data input  Serial input pin for instructions and
data
UDTDO 0] Test data output  Serial output pin for instructions and
data
UDTRST* I Test reset Initialization-signal input pin
RO1UHO0026EJ0300 Rev. 3.00 Page 17 of 1190
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Classification =~ Symbol I/0 Name Function
Advanced user AUDATAS3 to I/O  AUD data Input pins for monitor
debugger Il AUDATAO addresses/data 1/O pins
(AUD-II)
AUDCK | AUD clock External clock input pin
AUDSYNC I AUD sync signal Input pin for an signal identifying the
data start position
AUDMD I AUD mode Pin to select the AUD mode
AUDRST I AUD reset Input pins for an AUD reset
User break UBCTRG O  User break Trigger output pin for UBC condition
controller (UBC) trigger output match

Note: * The pin with the pull-up function.
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Section 2 CPU

2.1 Register Configuration

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

2.1.1 General Registers
Figure 2.1 shows the general registers.

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

31 0
RO*!

R1

R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13

R14
R15, SP (hardware stack pointer)*2

Notes: 1. RO functions as an index register in the indexed register indirect addressing mode and indexed GBR
indirect addressing mode. In some instructions, RO functions as a fixed source register or destination register.
2. R15 functions as a hardware stack pointer (SP) during exception processing.

Figure 2.1 General Registers
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2.1.2 Control Registers

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

The status register indicates instruction processing states.

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

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

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

31 1413 987 6 543210

| BOCS---M Q 13:0] -- s T| Status register (SR)

31 0

| GBR | Global base register (GBR)
31 0

| VBR | Vector base register (VBR)

31 0

I TBR | Jump table base register (TBR)

Figure 2.2 Control Registers

(1) Status Register (SR)

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

Initialvalue: 0 0o 0 o0 o0 O O O 0 O O O O 0 0 0
RWw: R R R R R R R R R R R R R R R R
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[—leofes[-[—-[—-|m[a] B [ =[s]7]
Intialvalue: 0 o o0 o0 o0 O — — 1 1 1 1 0 0 — —
RW. R RW RW R R R RW RW RW RW RW RW R R RW RW
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Bit Bit Name

Initial
Value

R/W

Description

31to15 —

All O

Reserved

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

14 BO

R/W

BO Bit
Indicates that a register bank has overflowed.

13 Cs

R/W

CS Bit

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

12t0 10 —

AllO

Reserved

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

M

R/W

Q

R/W

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

7104 I[3:0]

1111

R/W

Interrupt Mask Level

3,2 —

AllO

Reserved

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

R/W

S Bit
Specifies a saturation operation for a MAC instruction.

R/W

T Bit
True/false condition or carry/borrow bit

RO1UH0026EJ0300 Rev. 3.00
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(2) Global Base Register (GBR)
GBR is referenced as the base address in a GBR-referencing MOV instruction.
(3) Vector Base Register (VBR)

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

(4) Jump Table Base Register (TBR)

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

2.1.3 System Registers

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

31 0 Multiply and accumulate register high (MACH) and multiply

MACH and accumulate register low (MACL):

MACL Store the results of multiply or multiply and accumulate operations.
31 0

Procedure register (PR):

[ PR | Stores the return address from a subroutine procedure.
31 0 Program counter (PC):
| PC | Indicates the four bytes ahead of the current instruction.

Figure 2.3 System Registers

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

MACH and MACL are used as the addition value in a MAC instruction, and store the result of a
MAC or MUL instruction.
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(2) Procedure Register (PR)

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

(3) Program Counter (PC)
PC points four bytes ahead of the instruction being executed.
2.14 Register Banks

For the nineteen 32-bit registers comprising general registers R0 to R14, control register GBR, and
system registers MACH, MACL, and PR, high-speed register saving and restoration can be carried
out using a register bank. The register contents are automatically saved in the bank after the CPU
accepts an interrupt that uses a register bank. Restoration from the bank is executed by issuing a
RESBANK instruction in an interrupt processing routine.

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

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

Table 2.1 Initial Values of Registers

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

address table
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2.2 Data Formats

2.2.1 Data Format in Registers

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

31 0
Longword

Figure 2.4 Data Format in Registers
2.2.2 Data Formats in Memory

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

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

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

Data formats in memory are shown in figure 2.5.

Address m + 1 Address m + 3

Address m Address m + 2

31 l 23 15 l 7 0

1

Byte | Byte Byte | Byte

Address 2n — Word Word

Address 4n — Longword

Figure 2.5 Data Formats in Memory
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2.2.3 Immediate Data Format

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

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

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

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

23.1 RISC-Type Instruction Set

Instructions are RISC type. This section details their functions.

(1) 16-Bit Fixed-Length Instructions

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

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

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

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

Table 2.2  Sign Extension of Word Data

SH-2A CPU Description Example of Other CPU
MOV .W @(disp, PC),R1 Datais sign-extendedto 32 ADD.W #H'1234,R0
ADD R1, RO bits, and R1 becomes

H'00001234. It is next

operated upon by an ADD
.DATA.W H'1234 instruction.

Note: @(disp, PC) accesses the immediate data.
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(5) Load-Store Architecture

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

(6) Delayed Branch Instructions

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

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

Table 2.3  Delayed Branch Instructions

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

(7) Unconditional Branch Instructions with No Delay Slot

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

(8) Multiply/Multiply-and-Accumulate Operations

16-bit x 16-bit — 32-bit multiply operations are executed in one to two cycles. 16-bit x 16-bit +
64-bit — 64-bit multiply-and-accumulate operations are executed in two to three cycles. 32-bit x
32-bit — 64-bit multiply and 32-bit x 32-bit + 64-bit — 64-bit multiply-and-accumulate
operations are executed in two to four cycles.
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(9) T Bit

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

Table 2.4 T Bit

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

(10) Immediate Data

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

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

Table 2.5 Immediate Data Accessing

Classification SH-2A CPU Example of Other CPU

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

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

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

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

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

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

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

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

Table 2.6  Absolute Address Accessing

Classification SH-2A CPU Example of Other CPU

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

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

29 bits or more MOV.L @(disp,PC),R1 MOV.B @H'12345678,R0
MOV .B @R1,RO0

.DATA.L H'12345678

(12) 16-Bit/32-Bit Displacement

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

Table 2.7  Displacement Accessing

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

.DATA.W H'1234
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2.3.2 Addressing Modes
Addressing modes and effective address calculation are as follows:

Table 2.8  Addressing Modes and Effective Addresses

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

=4 - i

(Instruction is
executed with
Rn after this
calculation)
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Addressing Mode Instruction Format Effective Address Calculation Equation
Register indirect @(disp:4,Rn) The effective address is the sum of Rn and Byte:
with displacement a 4-bit displacement (disp). The value of dispis Rn + disp
zero-extended, and remains unchanged for Word:
a byte operation, is doubled for a word Rn + disp x 2
operation, and is quadrupled for a longword
P . g P 9 Longword:
operation. )
Rn + disp x 4
(zero-extended)
©
Register indirect @(disp:12,Rn) The effective address is the sum of Rn and Byte:
with displacement a 12-bit displacement (disp). Rn + disp
The value of disp is zero-extended. Word:
I Rn + disp
® Longword:
disp Rn + disp
(zero-extended)
Indexed register @ (RO, Rn) The effective address is the sum of Rn and RO. Rn + RO
e
GBR indirect with @ (disp:8,GBR) The effective address is the sum of GBR value Byte:
displacement and an 8-bit displacement (disp). The value of  GBR + disp
disp is zero-extended, and remains unchanged \yq(q:
for a byte operation, is doubled for a word GBR + disp x 2
operation, and is quadrupled for a longword
P . g P 9 Longword: GBR
operation. i
+ disp x 4

disp
(zero-extended)

GBR
+ disp x 1/2/4
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Addressing Mode Instruction Format Effective Address Calculation Equation
Indexed GBR @ (RO, GBR) The effective address is the sum of GBR value GBR + RO
indirect and RO.

TBR duplicate @e (disp:8,TBR) The effective address is the sum of TBR value  Contents of

indirect with

and an 8-bit displacement (disp). The value of

address (TBR +

displacement disp is zero-extended, and is multiplied by 4. disp x 4)
disp TBR
(zero-extended) +disp x 4 —|
L (TBR
+ disp x 4)
PC indirect with @(disp:8,PC) The effective address is the sum of PC value Word:
displacement and an 8-bit displacement (disp). The value of PC + disp x 2

disp is zero-extended, and is doubled for a word

Longword:

operation, and quadrupled for a longword PC &
operation. For a longword operation, the lowest L FFFFFFFG +
two bits of the PC value are masked. disp x 4
(for longword)
©,
PC + disp x 2
o
PC & H'FFFFFFFC
disp +disp x 4
(zero-extended)
PC relative disp:8 The effective address is the sum of PC value PC + disp x 2

and the value that is obtained by doubling the
sign-extended 8-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2
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Addressing Mode

Instruction Format

Effective Address Calculation Equation

PC relative

disp:12

The effective address is the sum of PC value and  PC + disp x 2
the value that is obtained by doubling the sign-
extended 12-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2

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

&

Immediate

#imm:20

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

Sign- | ; i
imm (20 bits)

The 20-bit immediate data (imm) for the MOVI20S —
instruction is shifted by eight bits to the left, the
upper bits are sign-extended, and the lower bits
are padded with zero.
3127 8 0

. imm (20 bits)
f

Sign-extended

#imm: 8

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

#imm: 8

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

#imm: 8

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

#imm:3

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

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

® XXXX:

e mmmm: Source register

Instruction code

e nnnn: Destination register
e iiii: Immediate data
e dddd: Displacement
Table 2.9 Instruction Formats
Source Destination

Instruction Formats Operand Operand Example
0 format — — NOP

15 0

| XXXX XXXX XXXX XXXX|

n format — nnnn: Register MOVT Rn
15 direct

| XXXX | nnnn | KXXXX XXXX|

Control register or

system register

nnnn: Register
direct

STS MACH, Rn

RO (Register direct)

nnnn: Register
direct

DIVU RO,Rn

Control register or

system register

nnnn: Register
indirect with pre-
decrement

STC.L SR,@-Rn

mmmm: Register

direct

R15 (Register
indirect with pre-
decrement)

R15 (Register

indirect with post-

increment)

nnnn: Register
direct

MOVMU. L
Rm,@-R15

MOVMU. L
@R15+,Rn

RO (Register direct)

nnnn: (Register

indirect with post-

increment)

MOV.L RO, @Rn+
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Instruction Formats

Source
Operand

Destination
Operand

Example

m format

15
| KXXX | rnm.mm| KXKXX  KXXX

mmmm: Register
direct

Control register or
system register

LDC Rm, SR

mmmm: Register
indirect with post-
increment

Control register or
system register

LDC.L @Rm+,SR

mmmm: Register
indirect

JMP @Rm

mmmm: Register
indirect with pre-
decrement

RO (Register direct)

MOV.L @-Rm,RO

mmmm: PC relative
using Rm

BRAF Rm

nm format

15
| XXXX | nnnn | mmmm | XXXX |

mmmm: Register
direct

nnnn: Register
direct

ADD Rm, Rn

mmmm: Register
direct

nnnn: Register
indirect

MOV.L Rm, @Rn

mmmm: Register
indirect with post-
increment (multiply-
and-accumulate)
nnnn*: Register
indirect with post-
increment (multiply-
and-accumulate)

MACH, MACL

MAC.W @Rm+, @Rn+

mmmm: Register
indirect with post-
increment

nnnn: Register
direct

MOV.L @Rm+,Rn

mmmm: Register
direct

nnnn: Register
indirect with pre-
decrement

MOV.L Rm,@-Rn

mmmm: Register
direct

nnnn: Indexed
register indirect

MOV.L
Rm, @ (RO, Rn)

md format
15

| KXKXK xxxx| rnmmm| dddd|

mmmmdddd:
Register indirect
with displacement

RO (Register direct)

MOV.B
@(disp,Rm) ,RO

nd4 format

15
| XXXX XXXX | nnnn | dddd |

RO (Register direct)

nnnndddd:
Register indirect
with displacement

MOV.B
RO, @(disp,Rn)

RO1UH0026EJ0300 Rev. 3.00
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Source Destination
Instruction Formats Operand Operand Example
nmd format mmmm: Register nnnndddd: Register MOV.L
15 0 direct indirect with Rm, @ (disp,Rn)
| XKKK | nnnn | mmmm | dddd | disp|acement
mmmmdddd: nnnn: Register MOV.L
Register indirect direct @(disp,Rm) ,Rn
with displacement
nmd12 format mmmm: Register nnnndddd: Register MOV.L
32 16 direct indirect with Rm, @ (displ2,Rn)
| xxxx| nnnn| mmmm| poiote’d | diSp'aCement
15 0 mmmmdddd: nnnn: Register MOV.L
|XXXX| dadd dddd dddd | Register indirect direct @(displ2,Rm),Rn
with displacement
d format dddddddd: GBR RO (Register direct) MOV.L
15 0 indirect with @(disp,GBR) ,RO
| XXXX xxxx| dddd dddd | displacement
RO (Register direct) dddddddd: GBR MOV.L
indirect with RO, @(disp, GBR)
displacement
dddddddd: PC RO (Register direct) mMova
relative with @(disp, PC),RO
displacement
dddddddd: TBR — JSR/N
duplicate indirect @@ (disp8, TBR)
with displacement
dddddddd: PC — BF label
relative
d12 format dddddddddddd: PC — BRA label
15 0 relative (label = disp +
| KXXXK | dddd dddd dddd | PC)
nd8 format dddddddd: PC nnnn: Register MOV.L
0 relative with direct @(disp, PC),Rn
| s000c | nonn | gadd adad| displacement
i format iiiiiiii: Immediate Indexed GBR AND.B
15 0 indirect #imm, @ (RO, GBR)
[ooor soooe] 5415 504 iiiiiii: Immediate RO (Register direct) AND ~ #imm, RO
iiiiiiii: Immediate — TRAPA #imm
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Source Destination
Instruction Formats Operand Operand Example
ni format iiiiiiii: Immediate nnnn: Register ADD #imm, Rn
15 0 direct
| KXXX | nnnn | iiii iiid |
ni3 format nnnn: Register — BLD #imm3,Rn
15 direct
| XXKXX  XXXX | nnnn |x| iii| iii: |mmediate
— nnnn: Register BST #imm3,Rn
direct
iii. Immediate
ni20 format iiiiiiiiiiiiiiiiiiii: nnnn: Register MOVIZ20
32 16 Immediate direct #imm20, Rn
| xxxx| nnnn| iiii | XXXX |
15 0
|iiii iiii d1iidi iidid |
nid format nnnndddddddddddd — BLD.B
32 16 : Register indirect #imm3, @ (displ2,Rn)

15 0
| xiii| dddd dddd dddd |

with displacement
iii: Immediate

nnnndddddddddddd

: Register indirect
with displacement

iii. Immediate

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

Note: *

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

24.1 Instruction Set by Classification

Table 2.10 lists the instructions according to their classification.

Table 2.10 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 13 MOV Data transfer 62

Immediate data transfer
Peripheral module data transfer
Structure data transfer

Reverse stack transfer

MOVA

Effective address transfer

MOVI20

20-bit immediate data transfer

MOVI20S

20-bit immediate data transfer
8-bit left-shit

MOVML

RO-Rn register save/restore

MOVMU

Rn—-R14 and PR register save/restore

MOVRT

T bit inversion and transfer to Rn

MOVT

T bit transfer

MOVU

Unsigned data transfer

NOTT

T bit inversion

PREF

Prefetch to operand cache

SWAP

Swap of upper and lower bytes

XTRCT

Extraction of the middle of registers
connected
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Operation
Classification Types Code

Function

No. of
Instructions

Arithmetic 26 ADD

Binary addition

operations ADDC

Binary addition with carry

ADDV

Binary addition with overflow check

CMP/cond

Comparison

CLIPS

Signed saturation value comparison

CLIPU

Unsigned saturation value comparison

DIVS

Signed division (32 + 32)

DIVU

Unsigned division (32 + 32)

DIV1

One-step division

DIV0S

Initialization of signed one-step division

DIVoU

Initialization of unsigned one-step division

DMULS

Signed double-precision multiplication

DMULU

Unsigned double-precision multiplication

DT

Decrement and test

EXTS

Sign extension

EXTU

Zero extension

MAC

Multiply-and-accumulate, double-precision
multiply-and-accumulate operation

MUL

Double-precision multiply operation

MULR

Signed multiplication with result storage in Rn

MULS

Signed multiplication

MULU

Unsigned multiplication

NEG

Negation

NEGC

Negation with borrow

SuB

Binary subtraction

SUBC

Binary subtraction with borrow

SUBV

Binary subtraction with underflow

40
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Operation No. of
Classification Types Code Function Instructions
Logic 6 AND Logical AND 14
operations NOT Bit inversion
OR Logical OR
TAS Memory test and bit set
TST Logical AND and T bit set
XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 16
ROTR One-bit right rotation
ROTCL One-bit left rotation with T bit
ROTCR One-bit right rotation with T bit
SHAD Dynamic arithmetic shift
SHAL One-bit arithmetic left shift
SHAR One-bit arithmetic right shift
SHLD Dynamic logical shift
SHLL One-bit logical left shift
SHLLn n-bit logical left shift
SHLR One-bit logical right shift
SHLRn n-bit logical right shift
Branch 10 BF Conditional branch, conditional delayed branch 15
(branch when T = 0)
BT Conditional branch, conditional delayed branch
(branch when T = 1)
BRA Unconditional delayed branch
BRAF Unconditional delayed branch
BSR Delayed branch to subroutine procedure
BSRF Delayed branch to subroutine procedure
JMP Unconditional delayed branch
JSR Branch to subroutine procedure
Delayed branch to subroutine procedure
RTS Return from subroutine procedure
Delayed return from subroutine procedure
RTV/N Return from subroutine procedure with Rm —

RO transfer
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Operation No. of
Classification Types Code Function Instructions
System control 14 CLRT T bit clear 36
CLRMAC MAC register clear
LDBANK  Register restoration from specified register
bank entry
LDC Load to control register
LDS Load to system register
NOP No operation
RESBANK Register restoration from register bank
RTE Return from exception handling
SETT T bit set
SLEEP Transition to power-down mode
STBANK  Register save to specified register bank entry
STC Store control register data
STS Store system register data
TRAPA Trap exception handling
Floating-point 19 FABS Floating-point absolute value 48
instructions FADD Floating-point addition
FCMP Floating-point comparison
FCNVDS Conversion from double-precision to single-
precision
FCNVSD Conversion from single-precision to double-
precision
FDIV Floating-point division
FLDIO Floating-point load immediate 0
FLDI1 Floating-point load immediate 1
FLDS Floating-point load into system register FPUL
FLOAT Conversion from integer to floating-point
FMAC Floating-point multiply and accumulate
operation
FMOV Floating-point data transfer
FMUL Floating-point multiplication
FNEG Floating-point sign inversion

RO1UH0026EJ0300 Rev. 3.00
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Operation No. of
Classification Types Code Function Instructions
Floating-point 19 FSCHG SZ bit inversion 48
instructions FSQRT Floating-point square root

FSTS Floating-point store from system register FPUL

FSUB Floating-point subtraction

FTRC Floating-point conversion with rounding to

integer

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

BLD Bit load

BOR Bit OR

BSET Bit set

BST Bit store

BXOR Bit exclusive OR

BANDNOT Bit NOT AND

BORNOT Bit NOT OR

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

Instruction

Instruction Code

Execution

Operation States

T Bit

Indicated by mnemonic.

Explanation of Symbols
Rm: Source register
Rn:  Destination register
imm: Immediate data

disp: Displacement**

Indicated in MSB <>
LSB order.

Explanation of Symbols
mmmm: Source register

nnnn: Destination register
0000: RO
0001: R1

1111: R15
iii: Immediate data

dddd: Displacement

Value when no
wait states are
inserted.*'

Indicates summary of
operation.

Explanation of Symbols

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

&: Logical AND of each bit
| Logical OR of each bit

A: Exclusive logical OR of
each bit

~:  Logical NOT of each bit
n-bit left shift
n-bit right shift

<<n:

>>N:

Value of T bit after
instruction is
executed.

Explanation of
Symbols

—: No change

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

as the register used by the next instruction.
2. Depending on the operand size, displacement is scaled by x1, x2, or x4. For details,
refer to the SH-2A, SH2A-FPU Software Manual.
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2.4.2

Table 2.11 Data Transfer Instructions

Data Transfer Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV #imm,Rn 1110nnnniiiiiiii imm — sign extension > Rn 1 — Yes Yes Yes
MOV.W  @(disp,PC),Rn 1001nnnndddddddd (disp x 2 + PC) — sign 1 — Yes Yes  Yes
extension —» Rn
MOV.L @ (disp,PC),Rn 1101nnnndddddddd (disp x 4 + PC) -> Rn 1 — Yes Yes  Yes
MOV Rm,Rn 0110nnnnmmmm0011 Rm — Rn 1 — Yes Yes Yes
MOV.B Rm,@Rn 0010nnnnmmmm0000 Rm — (Rn) 1 — Yes Yes  Yes
MOV.W  Rm,@Rn 0010nnnnmmmm0001  Rm — (Rn) 1 — Yes Yes  Yes
MOV.L Rm,@Rn 0010nnnnmmmm0010 Rm — (Rn) 1 — Yes Yes  Yes
MOV.B @Rm,Rn 0110nnnnmmmm0000 (Rm) — sign extension - Rn 1 — Yes Yes  Yes
MOV.W  @Rm,Rn 0110nnnnmmmm0001 (Rm) — sign extension - Rn 1 — Yes Yes  Yes
MOV.L @Rm,Rn 0110nnnnmmmm0010 (Rm) — Rn 1 — Yes Yes  Yes
MOV.B Rm,@-Rn 0010nnnnmmmm0100 Rn-1 — Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.W  Rm,@-Rn 0010nnnnmmmm0101  Rn-2 - Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.L Rm,@-Rn 0010nnnnmmmm0110 Rn-4 —» Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.B @Rm+,Rn 0110nnnnmmmm0100 (Rm) — sign extension — Rn, 1 — Yes Yes Yes
Rm+1— Rm
MOV.W  @Rm+,Rn 0110nnnnmmmm0101 (Rm) — sign extension — Rn, 1 — Yes Yes  Yes
Rm +2 - Rm
MOV.L @Rm+,Rn 0110nnnnmmmm0110 (Rm) — Rn, Rm +4 —» Rm 1 — Yes Yes Yes
MOV.B RO, @ (disp,Rn) 10000000nnnndddd RO — (disp + Rn) 1 — Yes Yes Yes
MOV.W RO, @(disp,Rn) 10000001nnnndddd RO — (disp x 2 + Rn) 1 — Yes Yes  Yes
MOV.L Rm, @ (disp,Rn) 0001nnnnmmmmdddd Rm — (disp x 4 + Rn) 1 — Yes Yes  Yes
MOV.B @(disp,Rm),R0 10000100mmmmdddd (disp + Rm) — sign extension 1 — Yes Yes  Yes
— RO
MOV.W  @(disp,Rm),RO  10000101mmmmdddd (disp x 2 + Rm) — 1 — Yes Yes  Yes
sign extension — RO
MOV.L @(disp,Rm),Rn  010lnnnnmmmmdddd (disp x 4 + Rm) — Rn 1 — Yes Yes  Yes
MOV.B Rm, @ (RO,Rn) 0000nnnnmmmm0100 Rm — (RO + Rn) 1 — Yes Yes Yes
MOV.W  Rm,@(RO,Rn) 0000nnnnmmmm0101  Rm — (RO + Rn) 1 — Yes Yes  Yes
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Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV.L Rm, @ (RO,Rn) 0000nnnnmmmm0110 Rm — (RO + Rn) 1 — Yes Yes  Yes
MOV.B @(R0,Rm),Rn 0000nnnnmmmm1100 (RO + Rm) —» 1 — Yes Yes Yes
sign extension — Rn
MOV.W  @(R0,Rm),Rn 0000nnnnmmmm1101 (RO + Rm) — 1 — Yes Yes Yes
sign extension — Rn
MOV.L @(RO,Rm),Rn 0000nnnnmmmm1110 (RO + Rm) — Rn 1 — Yes Yes Yes
MOV.B RO, @ (disp,GBR) 11000000dddddddd RO — (disp + GBR) 1 — Yes Yes Yes
MOV.W  RO,@(disp,GBR) 11000001dddddddd RO — (disp x 2 + GBR) 1 — Yes Yes Yes
MOV.L RO, @ (disp,GBR) 11000010dddddddd RO — (disp x 4 + GBR) 1 — Yes Yes  Yes
MOV.B @(disp,GBR),R0  11000100dddddddd (disp + GBR) — 1 — Yes Yes  Yes
sign extension — RO
MOV.W  @(disp,GBR),RO 11000101dddddddd (disp x 2 + GBR) — 1 — Yes Yes  Yes
sign extension — RO
MOV.L @(disp,GBR),R0 11000110dddddddd (disp x 4 + GBR) - RO 1 — Yes Yes  Yes
MOV.B RO,@Rn+ 0100nnnn10001011 RO — (Rn), Rn+1 — Rn 1 — Yes
MOV.W  RO,@Rn+ 0100nnnn10011011 RO — (Rn), Rn +2 — Rn 1 — Yes
MOV.L RO,@Rn+ 0100nnnn10101011 RO — Rn),Rn+4 — Rn 1 — Yes
MOV.B @-Rm,R0O 0100mmmm11001011 Rm-1 — Rm, (Rm) —> 1 — Yes
sign extension — RO
MOV.W  @-Rm,R0O 0100mmmm11011011 Rm-2 - Rm, (Rm) - 1 — Yes
sign extension — RO
MOV.L @-Rm,R0 0100mmmm11101011 Rm-4 - Rm, (Rm) —» RO 1 — Yes
MOV.B Rm, @ (disp12,Rn) 001lnnnnmmmm0001 Rm — (disp + Rn) 1 — Yes
0000dddddddddddd
MOV.W  BRm,@(disp12,Rn) 001lnnnnmmmm0001 Rm — (disp x 2 + Rn) 1 — Yes
0001dddddddddddd
MOV.L Rm,@(disp12,Rn) 001lnnnnmmmm0001 Rm — (disp x 4 + Rn) 1 — Yes
0010dddddddddddd
MOV.B @(disp12,RAm),Rn  0011lnnnnmmmm0001 (disp + Rm) — 1 — Yes
0100dddddddddddd Sign extension — Rn
MOV.W  @(disp12,Rm),Rn 0011lnnnnmmmm0001 (disp x 2 + Rm) — 1 — Yes
0101dddddddddddd Sign extension — Rn
MOV.L @(disp12,Rm),Rn  0011nnnnmmmm0001 (disp x 4 + Rm) - Rn 1 — Yes
0110dddddddddddd
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Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOVA @(disp,PC),R0 11000111dddddddd disp x 4 + PC - RO 1 — Yes Yes Yes
MOVI20 #imm20,Rn 0000nnnniiii0000 imm — sign extension > Rn 1 — Yes
iiiididiidiidiiiii
MOVI20S #imm20,Rn 0000nnnniiii0001 imm << 8 — sign extension 1 — Yes
iiiiiiiiiiiiiiii R0
MOVML.L Rm,@-R15 0100mmmm11110001 R15-4 - R15, Rm — (R15) 1to16 — Yes
R15-4 — R15, Rm-1 — (R15)
R15-4 — R15, RO — (R15)
Note: When Rm = R15, read
Rm as PR
MOVML.L @R15+,Rn 0100nnnnll110101 (R15) > R0O,R15+4 >R15 1to16 — Yes
(R15) > R1, R15+4 —» R15
(R15) -> Rn
Note: When Rn = R15, read
Rn as PR
MOVMU.L Rm,@-R15 0100mmmml11110000 R15-4 - R15, PR — (R15) 1to16 — Yes
R15-4 - R15, R14 — (R15)
R15-4 — R15, Rm — (R15)
Note: When Rm = R15, read
Rm as PR
MOVMU.L @R15+,Rn 0100nnnnll110100 (R15)—>Rn,R15+4 >R15 1to16 — Yes
(R15) > Rn+1,R15+4 —>
R15
(R15) > R14, R15 + 4 > R15
(R15) -» PR
Note: When Rn = R15, read
Rn as PR
MOVRT Rn 0000nnnn00111001 ~T— Rn 1 — Yes
MOVT Rn 0000nnnn00101001 T — Rn 1 — Yes Yes Yes
MOVU.B @(disp12,Rm),Rn 001lnnnnmmmm0001 (disp + Rm) — 1 — Yes
1000dddddddddddd Zero extension — Rn
MOVU.W  @(disp12,Rm),Rn 0011lnnnnmmmm0001 (disp x 2 + Rm) — 1 — Yes

1001dddddddddddd

zero extension - Rn
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Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
NOTT 0000000001101000 ~T—>T 1 Ope- Yes
ration
result
PREF @Rn 0000nnnn10000011 (Rn) — operand cache 1 — Yes Yes
SWAP.B  Rm,Rn 0110nnnnmmmml1000 Rm — swap lower 2 bytes » 1 — Yes Yes Yes
Rn
SWAP.W Rm,Rn 0110nnnnmmmm1001 Rm — swap upper and lower 1 — Yes Yes  Yes
words — Rn
XTRCT Rm,Rn 0010nnnnmmmm1101 Middle 32 bits of Rm:Rn — Rn 1 — Yes Yes Yes
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243 Arithmetic Operation Instructions

Table 2.12 Arithmetic Operation Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ADD Rm,Rn 0011lnnnnmmmm1100 Rn+Rm — Rn 1 — Yes Yes Yes
ADD #imm,Rn 0l1llnnnniiiiiiii  Rn+imm — Rn 1 — Yes Yes Yes
ADDC Rm,Rn 00llnnnnmmmm1110 Rn+Rm+T—>Rn,carry > T 1 Carry Yes Yes Yes
ADDV Rm,Rn 001lnnnnmmmml111l  Rn+ Rm — Rn, overflow - T 1 Over- Yes Yes Yes
flow
CMP/EQ #imm,RO 10001000iiiiiiii WhenRO=imm,1—>T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/EQ Rm,Rn 0011lnnnnmmmm0000 WhenRn=Rm,1 > T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/HS Rm,Rn 0011nnnnmmmm0010  When Rn > Rm (unsigned), 1 Com- Yes Yes Yes
1T parison
Otherwise, 0 > T result
CMP/GE Rm,Rn 0011lnnnnmmmm0011  When Rn > Rm (signed), 1 Com- Yes Yes Yes
1->T parison
Otherwise, 0 > T result
CMP/HI  Rm,Rn 0011lnnnnmmmm0110  When Rn > Rm (unsigned), 1 Com- Yes Yes Yes
1->T parison
Otherwise, 0 - T result
CMP/GT Rm,Rn 0011lnnnnmmmm0111  When Rn > Rm (signed), 1 Com- Yes Yes Yes
1T parison
Otherwise, 0 > T result
CMP/PL  Rn 0100nnnn00010101 WhenRn>0,1->T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/PZ Rn 0100nnnn00010001  WhenRn>0,1->T 1 Com- Yes Yes Yes
Otherwise, 0 > T parison
result
CMP/STR Rm,Rn 0010nnnnmmmm1100  When any bytes are equal, 1 Com- Yes Yes Yes
1->T parison
Otherwise, 0 - T result
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Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
CLIPS.B Rn 0100nnnn10010001  When Rn > (H'0000007F), 1 — Yes
(H'0000007F) - Rn, 1 - CS
when Rn < (H'FFFFFF80),
(H'FFFFFF80) - Rn, 1 - CS
CLIPSW Rn 0100nnnn10010101  When Rn > (H'00007FFF), 1 — Yes
(H'00007FFF) - Rn, 1 - CS
When Rn < (H'FFFF8000),
(H'FFFF8000) — Rn, 1 - CS
CLIPUB Rn 0100nnnn10000001  When Rn > (H'000000FF), 1 — Yes
(H'000000FF) - Rn, 1 - CS
CLIPUW Rn 0100nnnn10000101  When Rn > (H'0000FFFF), 1 — Yes
(H'0000FFFF) — Rn, 1 - CS
DIV1 Rm,Rn 0011lnnnnmmmm0100  1-step division (Rn + Rm) 1 Calcu- Yes Yes Yes
lation
result
DIVOS Rm,Rn 0010nnnnmmmm0111  MSB of Rn = Q, 1 Calcu- Yes Yes Yes
MSBof Rm ->M,MAQ—>T lation
result
DIVoU 0000000000011001 0 — M/Q/T 1 0 Yes Yes Yes
DIVS RO,Rn 0100nnnnl10010100  Signed operation of Rn + RO 36 — Yes
— Rn 32 + 32 — 32 bits
DIVU RO,Rn 0100nnnnl10000100  Unsigned operation of Rn + RO 34 — Yes
— Rn 32 + 32 — 32 bits
DMULS.L BRm,Rn 001lnnnnmmmml1101  Signed operation of Rn x Rm 2 — Yes Yes Yes
— MACH, MACL
32 x 32 — 64 bits
DMULU.L Bm,Rn 0011nnnnmmmm0101  Unsigned operation of Rn x 2 — Yes Yes Yes
Rm — MACH, MACL
32 x 32 — 64 bits
DT Rn 0100nnnn00010000 Rn-1-—Rn 1 Com- Yes Yes Yes
WhenRnis 0,1 > T parison
When Rnisnot0,0 > T result
EXTS.B  Rm,Rn 0110nnnnmmmmll110  Byte in Rmis 1 — Yes Yes Yes
sign-extended — Rn
EXTS.W Rm,Rn 0110nnnnmmmm1111  Word in Rmis 1 — Yes Yes Yes
sign-extended — Rn
EXTU.B Rm,Rn 0110nnnnmmmml1100  Byte in Rmis 1 — Yes Yes Yes

zero-extended — Rn
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Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
EXTUW Rm,Rn 0110nnnnmmmm1101  Word in Rmis 1 — Yes Yes Yes
zero-extended — Rn
MAC.L @Rm+,@Rn+  0000nnnnmmmm1111  Signed operation of (Rn) x 4 — Yes Yes Yes
(Rm) + MAC - MAC
32 x 32 + 64 — 64 bits
MACW  @Rm+,@Rn+ 0100nnnnmmmml1111l  Signed operation of (Rn) x 3 — Yes Yes Yes
(Rm) + MAC - MAC
16 x 16 + 64 — 64 bits
MUL.L Rm,Rn 0000nnnnmmmm0111  Rn x Rm — MACL 2 — Yes Yes Yes
32 x 32 — 32 bits
MULR RO,Rn 0100nnnnl10000000 RO x Rn— Rn 2 Yes
32 x 32 — 32 bits
MULS.W Rm,Rn 0010nnnnmmmml111l  Signed operation of Rn x Rm 1 — Yes Yes Yes
— MACL
16 x 16 — 32 bits
MULU.W Rm,Rn 0010nnnnmmmml1110  Unsigned operation of Rn x 1 — Yes Yes Yes
Rm — MACL
16 x 16 — 32 bits
NEG Rm,Rn 0110nnnnmmmm1011  0-Rm — Rn 1 — Yes Yes Yes
NEGC Rm,Rn 0110nnnnmmmm1010  0-Rm-T — Rn, borrow — T 1 Borrow Yes Yes Yes
SuUB Rm,Rn 0011lnnnnmmmm1000 Rn-Rm — Rn 1 — Yes Yes Yes
SUBC Rm,Rn 0011lnnnnmmmm1010  Rn-Bm-T — Rn, borrow - T 1 Borrow Yes Yes Yes
SUBV Rm,Rn 001lnnnnmmmm1011  Rn-Rm — Rn, underflow - T 1 Over- Yes Yes Yes
flow
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2.4.4

Table 2.13 Logic Operation Instructions

Logic Operation Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
AND Rm,Rn 0010nnnnmmm1001 Rn & Rm — Rn 1 — Yes Yes Yes
AND #imm,RO 1100100%iiiiiiii RO&imm— RO 1 — Yes Yes  Yes
AND.B #imm,@(R0,GBR) 1100110liiiiiiii (RO+ GBR)&imm — 3 — Yes Yes Yes
(RO + GBR)
NOT Rm,Rn 0110nnnnmmm®D111 ~Rm — Rn 1 — Yes Yes Yes
OR Rm,Rn 0010nnnnmmmmL011  Rn|Rm — Rn 1 — Yes Yes Yes
OR #imm,R0O 1100102%iiiiiiii RO | imm — RO 1 — Yes Yes Yes
OR.B #imm,@(R0O,GBR) 11001111liiiiiiii (RO+ GBR)|imm— 3 — Yes Yes Yes
(RO + GBR)
TAS.B @Rn 0100nnnn00011011 When (Rn)is 0,1 > T 3 Test Yes Yes Yes
Otherwise, 0 > T, result
1 — MSB of(Rn)
TST Rm,Rn 0010nnnnmMmmL000 Rn & Rm 1 Test Yes Yes Yes
When the resultis 0,1 - T result
Otherwise, 0 > T
TST #imm,RO 11001000iiiiiiii RO&imm 1 Test Yes Yes Yes
When the resultis 0,1 - T result
Otherwise, 0 > T
TST.B #imm,@(R0,GBR) 11001100iiiiiiii (RO+ GBR)&imm 3 Test Yes Yes Yes
When the resultis 0,1 > T result
Otherwise, 0 > T
XOR Rm,Rn 0010nnnnmmm1 010 Rn~Rm — Rn 1 — Yes Yes Yes
XOR #imm,RO 11001010iiiiiiii ROAiIimm — RO 1 — Yes Yes  Yes
XOR.B #imm,@(R0,GBR) 11001110iiiiiiii (RO+ GBR)”Aimm — 3 — Yes Yes  Yes
(RO + GBR)
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2.4.5

Shift Instructions

Table 2.14 Shift Instructions

Compatibilit
Execu- p v
tion SH2,

Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ROTL Rn 0100nnnn00000100 T < Rn < MSB 1 MSB Yes Yes Yes
ROTR Rn 0100nnnn00000101 LSB—>Rn—>T 1 LSB Yes Yes Yes
ROTCL Rn 0100nnnn00100100 T« Rn«T 1 MSB Yes Yes Yes
ROTCR Rn 0100nnnn00100101 T>Rn->T 1 LSB Yes Yes Yes
SHAD Rm,Rn 0100nnnnmMmMM1100 When Rm >0, Rn<<Rm —» Rn 1 — Yes Yes

When Rm < 0, Rn >> |Rm| —

[MSB — Rn]
SHAL Rn 0100nnnn00100000 T« Rn«0 1 MSB Yes Yes Yes
SHAR Rn 0100nnnn00100001 MSB—>Rn—>T 1 LSB Yes Yes Yes
SHLD Rm,Rn 0100nnnnmMmm1101 When Rm >0, Rn<<Rm - Rn 1 — Yes Yes

When Rm < 0, Rn >> |Rm| —

[0 — Rn]
SHLL Rn 0100nnnn00000000 T« Rn«0 1 MSB Yes Yes Yes
SHLR Rn 0100nnnn00000001 0->Rn->T 1 LSB Yes Yes Yes
SHLL2 Rn 0100nnnn00001000 Rn<<2 - Rn 1 — Yes Yes Yes
SHLR2 Rn 0100nnnn00001001 Rn>>2 — Rn 1 — Yes Yes Yes
SHLL8 Rn 0100nnnn00011000 Rn << 8 —> Rn 1 — Yes Yes Yes
SHLR8 Rn 0100nnnn00011001 Rn>>8 — Rn 1 — Yes Yes Yes
SHLL16 Rn 0100nnnn00101000 Rn << 16 - Rn 1 — Yes Yes Yes
SHLR16 Rn 0100nnnn00101001 Rn>> 16 - Rn 1 — Yes Yes Yes
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2.4.6

Branch Instructions

Table 2.15 Branch Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
BF label 10001011dddddddd When T=0,dispx2+PC —» 3/1* — Yes Yes Yes
PC,
When T =1, nop
BF/S label 10001111dddddddd Delayed branch 2/1%* — Yes Yes Yes
When T =0, disp x 2 + PC —
PC,
When T =1, nop
BT label 10001001dddddddd When T=1,dispx2+PC —» 3/1* — Yes Yes  Yes
PC,
When T =0, nop
BT/S label 10001101dddddddd  Delayed branch 2/1%* — Yes Yes Yes
When T =1, dispx2 + PC —
PC,
When T =0, nop
BRA label 1010dddddddddddd  Delayed branch, 2 — Yes Yes Yes
dispx 2+ PC — PC
BRAF Rm 0000mMmMMD0100011  Delayed branch, 2 — Yes Yes Yes
Rm + PC —» PC
BSR label 1011dddddddddddd  Delayed branch, PC — PR, 2 — Yes Yes Yes
dispx 2+ PC > PC
BSRF Rm 0000mMmmMMD0000011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm + PC - PC
JMP @Rm 0100mMmmMmD0101011  Delayed branch, Rm — PC 2 — Yes Yes Yes
JSR @Rm 0100mmMmD0001011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm —» PC
JSR/N @Rm 0100mmD1001011 PC-2 - PR,Rm — PC 3 — Yes
JSR/N @ @(disp8,TBR) 10000011dddddddd PC-2 — PR, 5 — Yes
(disp x 4 + TBR) —» PC
RTS 0000000000001011  Delayed branch, PR — PC 2 — Yes Yes Yes
RTS/N 0000000001101011 PR —» PC 3 — Yes
RTV/N Rm 0000mmMMD1111011 Rm — RO, PR —» PC 3 — Yes
Note: * One cycle when the program does not branch.
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2.4.7 System Control Instructions

Table 2.16 System Control Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
CLRT 0000000000001000 O0—>T 1 0 Yes Yes Yes
CLRMAC 0000000000101000 0 —» MACH,MACL 1 — Yes Yes Yes
LDBANK @Rm,R0 0100mmm11100101  (Specified register bank entry) 6 — Yes
— RO
LDC Rm,SR 0100mmD0001110 Rm — SR 3 LSB Yes Yes Yes
LDC Rm,TBR 0100mmMmMD1001010 Rm — TBR 1 — Yes
LDC Rm,GBR 0100mMmmMmD0011110 Rm — GBR 1 — Yes Yes Yes
LDC Rm,VBR 0100mmMmD0101110 Rm — VBR 1 — Yes Yes Yes
LDC.L @Rm+,SR 0100mMmmMmD0000111  (Rm) —» SR, Rm +4 —» Rm 5 LSB Yes Yes Yes
LDC.L @Rm+,GBR 0100mmm®D0010111 (Rm)—> GBR,Rm+4 ->Rm 1 — Yes Yes Yes
LDC.L @Rm+,VBR 0100mmMmD0100111 (Rm)—> VBR,Rm+4 —>Rm 1 — Yes Yes Yes
LDS Rm,MACH 0100mmMMD0001010 Rm — MACH 1 — Yes Yes Yes
LDS Rm,MACL 0100mmD0011010 Rm — MACL 1 — Yes Yes Yes
LDS Rm,PR 0100mmMD0101010 Rm — PR 1 — Yes Yes Yes
LDS.L @Rm+,MACH  0100mmm®D0000110 (Rm)—> MACH, Rm +4 — Rm 1 — Yes Yes Yes
LDS.L @Rm+,MACL 0100mMmmMmD0010110 (Rm) -» MACL,Rm +4 —Rm 1 — Yes Yes Yes
LDS.L @Rm+,PR 0100mmmD0100110 (Rm) —» PR, Rm+4 > Rm 1 — Yes Yes Yes
NOP 0000000000001001  No operation 1 — Yes Yes Yes
RESBANK 0000000001011011 Bank — RO to R14, GBR, 9% — Yes
MACH, MACL, PR
RTE 0000000000101011  Delayed branch, — Yes Yes Yes
stack area — PC/SR
SETT 0000000000011000 15T 1 Yes Yes Yes
SLEEP 0000000000011011  Sleep — Yes Yes  Yes
STBANK RO,@Rn 0100nnnn11100001 RO — — Yes
(specified register bank entry)
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Execu- Compatibility

tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
STC SR,Rn 0000nnnNn00000010 SR — Rn 2 — Yes Yes  Yes
STC TBR,Rn 0000nnnn01001010 TBR — Rn 1 — Yes
STC GBR,Rn 0000nnnn00010010 GBR — Rn 1 — Yes Yes Yes
STC VBR,Rn 0000nnnn00100010 VBR — Rn 1 — Yes Yes Yes
STC.L SR,@-Rn 0100nnnn00000011  Rn-4 — Rn, SR — (Rn) 2 — Yes Yes Yes
STC.L GBR,@-Rn 0100nnnn00010011  Rn-4 - Rn, GBR — (Rn) 1 — Yes Yes Yes
STC.L VBR,@-Rn 0100nnnn00100011 Rn-4 — Rn, VBR — (Rn) 1 — Yes Yes Yes
STS MACH,Rn 0000nnnn00001010 MACH — Rn 1 — Yes Yes Yes
STS MACL,Rn 0000nnnn00011010 MACL — Rn 1 — Yes Yes Yes
STS PR,Rn 0000nnnn00101010 PR — Rn 1 — Yes Yes  Yes
STS.L MACH, @-Rn 0100nnnn00000010  Rn-4 — Rn, MACH — (Rn) 1 — Yes Yes Yes
STS.L MACL,@-Rn 0100nnnn00010010  Rn-4 — Rn, MACL — (Rn) 1 — Yes Yes Yes
STS.L PR,@-Rn 0100nnnn00100010 Rn-4 — Rn, PR — (Rn) 1 — Yes Yes Yes
TRAPA #imm 11000012iiiiiiii PC/SR — stack area, 5 — Yes Yes Yes

(imm x 4 + VBR) — PC

Notes: 1. Instruction execution cycles: The execution cycles shown in the table are minimums. In

practice, the number of instruction execution states in cases such as the following:
a. When there is a conflict between an instruction fetch and a data access

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

* In the event of bank overflow, the number of cycles is 19.
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Floating Point Operation Instructions

Table 2.17 Floating Point Operation Instructions

Compatibility
Execution SH-2A/
Instruction Instruction Code Operation Cycles T Bit SH2E SH4 SH2A-FPU
FABS FRn 1111nnnn01011101 | FRn| >FRn 1 — Yes Yes Yes
FABS DRn 1111nnn001011101 | DRn | »DRn 1 — Yes Yes
FADD FRm, FRn 1111nnnnmmmmO0000 FRn+FRm—FRn 1 — Yes Yes Yes
FADD DRm, DRn 1111nnnOmmm00000 DRn+DRm—DRn 6 — Yes Yes
FCMP/EQ FRm, FRn 1111nnnnmmmm0100 (FRn=FRm) ? 1:05T 1 Operation  Yes Yes Yes
result
FCMP/EQ DRm, DRn 1111nnnOmmm00100 (DRn=DRm) ? 1:0—T 2 Operation Yes Yes
result
FCMP/GT FRm, FRn 1111nnnnmmmm0101 (FRn>FRm) ? 1:05T 1 Operation  Yes Yes Yes
result
FCMP/GT DRm, DRn 1111nnnOmmmo00101 (DRn>DRm) ? 1:0-T 2 Operation Yes Yes
result
FCNVDS  DRm, FPUL 1111mmm010111101 (float) DRm—>FPUL 2 — Yes Yes
FCNVSD  FPUL, DRn 1111nnn010101101 (double) FPUL—DRn 2 — Yes Yes
FDIV FRm, FRn 1111lnnnnmmmm0011 FRn/FRm—FRn 10 — Yes Yes Yes
FDIV DRm, DRn 1111nnnOmmm00011 DRn/DRm—DRn 23 — Yes Yes
FLDIO FRn 1111nnnnl0001101 0x00000000—FRn 1 — Yes Yes Yes
FLDI1 FRn 1111nnnnl10011101 0x3F800000—>FRn 1 — Yes Yes Yes
FLDS FRm, FPUL 1111mmmm00011101 FRm—FPUL 1 — Yes Yes Yes
FLOAT FPUL, FRn 1111nnnn00101101 (float) FPUL—FRn 1 — Yes Yes Yes
FLOAT FPUL, DRn 1111nnn000101101 (double) FPUL—DRn 2 — Yes Yes
FMAC FRO, FRm, FRn 11llnnnnmmmmll10 FROXFRm+FRn—FRn 1 — Yes Yes Yes
FMOV FRm, FRn 111lnnnnmmmml100 FRm—FRn 1 — Yes Yes Yes
FMOV DRm, DRn 1111nnnOmmm01100 DRm—DRn 2 — Yes Yes
FMOV.S @(RO, Rm), FRn 1111lnnnnmmmm0110 (RO+Rm) —>FRn 1 — Yes Yes Yes
FMOV.D  @(RO, Rm), DRn  1111lnnnOmmmm0110 (RO+Rm) —DRn 2 — Yes Yes
FMOV. S @Rm+, FRn 111llnnnnmmmml00l (Rm) ->FRn, Rm+=4 1 — Yes Yes Yes
FMOV.D @Rm+, DRn 1111nnnOmmmm1001 (Rm) -»DRn, Rm+=8 2 — Yes Yes
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Compatibility
Execution SH-2A/
Instruction Instruction Code Operation Cycles T Bit SH2E SH4 SH2A-FPU
FMOV.S @Rm, FRn 1111lnnnnmmmm1000 (Rm) ->FRn 1 — Yes Yes Yes
FMOV.D @Rm, DRn 1111nnnOmmmm1000 (Rm) —DRn 2 — Yes Yes
FMOV.S @(displ2,Rm),FRn  00llnnnnmmmm0001 (dispx4+Rm) ->FRn 1 — Yes
0111dddddddddddd
FMOV.D @(displ2,Rm),DRn  0011lnnnOmmmm0001 (dispx8+Rm) —DRn 2 — Yes
0111dddddddddddd
FMOV.S FRm, @(RO,Rn) 111llnnnnmmmm0111 FRm— (RO+Rn) 1 — Yes Yes Yes
FMOV.D DRm, @( RO,Rn ) 1111nnnnmmm00111 DRm— (RO+Rn) 2 — Yes Yes
FMOV.S FRm, @-Rn 111llnnnnmmmm1011 Rn-=4, FRm— (Rn) 1 — Yes Yes Yes
FMOV.D DRm, @-Rn 1111nnnnmmm01011 Rn-=8, DRm— (Rn) 2 — Yes Yes
FMOV.S FRm, @Rn 11llnnnnmmmml010 FRm—> (Rn) 1 — Yes Yes Yes
FMOV.D DRm, @Rn 1111nnnnmmm01010 DRm— (Rn) 2 — Yes Yes
FMOV.S FRm, @(displ2,Rn) 001lnnnnmmmm000100 FRm— (dispx4+Rn) 1 — Yes
1lldddddddddddd
FMOV.D DRm, @(displ2,Rn) 0011lnnnnmmm0000100 DRm—> (dispx8+Rn) 2 — Yes
11dddddddddddd
FMUL FRm, FRn 111 1nnnnmmmm0010 FRnxFRm—FRn 1 — Yes Yes Yes
FMUL DRm, DRn 1111nnnOmmm00010 DRnxDRm—DRn 6 — Yes Yes
FNEG FRn 1111nnnn01001101 -FRn—FRn 1 — Yes Yes Yes
FNEG DRn 1111nnn001001101 -DRn—DRn 1 — Yes Yes
FSCHG 1111001111111101 FPSCR.SZ=~FPSCR.SZ 1 — Yes Yes
FSQRT  FRn 1111nnnn01101101 \VFRn—FRn 9 — Yes Yes
FSQRT DRn 1111nnn001101101 \DRn—>DRn 22 — Yes Yes
FSTS FPUL, FRn 1111nnnn00001101 FPUL—FRn 1 — Yes Yes Yes
FSUB FRm, FRn 1111lnnnnmmmm0001 FRn-FRm—FRn 1 — Yes Yes Yes
FSUB DRm, DRn 1111nnnOmmm00001 DRn-DRm—DRn 6 — Yes Yes
FTRC FRm, FPUL 1111mmmm00111101 (long) FRm—FPUL 1 — Yes Yes Yes
FTRC DRm, FPUL 1111mmm000111101 (long) DRm—FPUL 2 — Yes Yes
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FPU-Related CPU Instructions

Table 2.18 FPU-Related CPU Instructions

Compatibility
Execution SH-2A/

Instruction Instruction Code Operation Cycles T Bit SH2E SH4 SH2A-FPU
LDS Rm, FPSCR 0100mmmm01101010 Rm—>FPSCR 1 — Yes Yes Yes
LDS Rm, FPUL 0100mmmm01011010 Rm—>FPUL 1 — Yes Yes Yes
LDS.L @Rm+, FPSCR 0100mmmm01100110 (Rm) >FPSCR, Rm+=4 1 — Yes Yes Yes
LDS.L @Rm+, FPUL 0100mmmm01010110 (Rm) >FPUL, Rm+=4 1 — Yes Yes Yes
STS FPSCR, Rn 0000nnnn01101010 FPSCR—Rn 1 — Yes Yes Yes
STS FPUL, Rn 0000nnnn01011010 FPUL—Rn 1 — Yes Yes Yes
STS.L FPSCR, @-Rn 0100nnnn01100010 Rn-=4, FPSCR— (Rn) 1 — Yes Yes Yes
STS.L FPUL, @-Rn 0100nnnn01010010 Rn-=4, FPUL— (Rn) 1 — Yes Yes Yes
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2.4.10

Table 2.19 Bit Manipulation Instructions

Bit Manipulation Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles T Bit SH2E SH4 SH-2A
BAND.B #imm3, @ (disp12,Rn) 0011nnnnOiii 1001 (imm of (disp + Rn)) & T > T 3 Operation Yes
0100dddddddddddd result
BANDNOT.B  #imm3,@(disp12,Rn) 0011nnnn0iii 1001 ~(imm of (disp + Rn)) & T—>T 3 Ope-ration Yes
1100dddddddddddd result
BCLR.B #imm3, @(disp12,Rn) 0011nnnn0iii 1001 0 — (imm of (disp + Rn)) 3 — Yes
0000dddddddddddd
BCLR #imm3,Rn 10000110nnnnO0i i i 0 — imm of Rn 1 — Yes
BLD.B #imm3, @ (disp12,Rn) 0011nnnnOiii 1001 (imm of (disp + Rn)) > T 3 Operation Yes
0011dddddddddddd result
BLD #imm3,Rn 10000111nnnnliii immof Rn > T 1 Operation Yes
result
BLDNOT.B  #imm3,@(disp12,Rn) 0011nnnn0iii 1001 ~(imm of (disp + Rn)) 3 Operation Yes
1011dddddddddddd =T result
BOR.B #imm3, @ (disp12,Rn) 0011nnnn0iii 1001 (imm of (disp+Rn)) | T> T 3 Operation Yes
0101dddddddddddd result
BORNOT.B  #imm3,@(disp12,Rn) 0011nnnn0iii 1001 ~(immof (disp+Rn)) | T>T 3 Operation Yes
1101dddddddddddd result
BSET.B #imm3, @ (disp12,Rn) 0011nnnn0iii 1001 1 — (imm of (disp + Rn)) 3 — Yes
0001dddddddddddd
BSET #imm3,Rn 10000110nnnnliii 1 — imm of Rn 1 — Yes
BST.B #imm3, @ (disp12,Rn) 0011nnnn0iii 1001 T — (imm of (disp + Rn)) 3 — Yes
0010dddddddddddd
BST #imm3,Rn 10000111nnnn0i i i T — imm of Rn 1 — Yes
BXOR.B #imm3, @ (disp12,Rn) 0011nnnn0iii 1001 (imm of (disp + RN)) AT > T 3 Operation Yes
0110dddddddddddd result
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2.5 Processing States

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

Manual reset from any state Power-on reset from any state

Manual reset state Power-on reset state

Reset state
Interrupt source or
DMA address error occurs

NMI interrupt,

IRQ interrupt*,
Manual reset,

and Power-on reset

Reset canceled

Exception

NMI interrupt or
handling state

IRQ interrupt occurs

A

Exception Exception
handling handling
source ends

occurs v

Program execution state

STBY and DEEP bits set
for SLEEP
instruction

STBY bit cleared | STBY bit set
for SLEEP and DEEP bit clear
instruction for SLEEP

instruction
' Sleep mode Software standby mode Deep standby mode
E Power-down state

Note: * IRQ can be released only by PE7 to PE4 and PC25 to PC22

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

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

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

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

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

In the power-down state, the CPU stops operating to reduce power consumption. The SLEEP
instruction places the CPU in sleep mode, software standby mode, or deep standby mode.
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Section 3 Floating-Point Unit (FPU)

3.1 Features
The FPU has the following features.

e Conforms to IEEE754 standard

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

e Two rounding modes: Round to nearest and round to zero

e Denormalization modes: Flush to zero

¢ Five exception sources: Invalid operation, divide by zero, overflow, underflow, and inexact

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

3.2 Data Formats

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

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

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

31 30 23 22 0

s e f

Figure 3.1 Format of Single-Precision Floating-Point Number

63 62 52 51 0

s e f

Figure 3.2 Format of Double-Precision Floating-Point Number
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The exponent is expressed in biased form, as follows:

e = E + bias

The range of unbiased exponent E is E
distinguished as follows. E__
denormalized number, and E__ + 1 indicates positive or negative infinity or a non-number (NaN).

‘max

Table 3.1 shows E . and E_values.

min max

—1toE_ + 1. ThetwovaluesE_ —1andE_ + 1 are
— 1 indicates zero (both positive and negative sign) and a

‘min

Table 3.1 Floating-Point Number Formats and Parameters

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

Sign bit 1 bit 1 bit

Exponent field 8 bits 11 bits

Fraction field 23 bits 52 bits

Precision 24 bits 53 bits

Bias +127 +1023

E.. +127 +1023

E_ -126 -1022

Floating-point number value v is determined as follows:

IfE=E__+ 1 and f=0, vis a non-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]

‘min ‘ma;

IfE=E_ - 1andf#0,v=(-1)2""(0.f) [denormalized number]
IfE=E  —1andf=0,v=(-1)0 [positive or negative zero]
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Table 3.2 shows the ranges of the various numbers in hexadecimal notation.

Table 3.2

Type

Floating-Point Ranges

Single-Precision

Double-Precision

Signaling non-number

H'7FFF FFFF to H7FCO 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'FFCO0 0000 to H'FFFF FFFF

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

3.2.2 Non-Numbers (NaN)

Figure 3.3 shows the bit pattern of a non-number (NaN). A value is NaN in the following case:

e Sign bit: Don't care

e Exponent field: All bits are 1

e Fraction field: At least one bit is 1

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

if the MSB is 0.
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31 30 23 22 0

X 11111111 INXXXXXXXXXXXXXXXXXXXXXX

N = 1:sNaN
N = 0: gNaN

Figure 3.3 Single-Precision NaN Bit Pattern

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

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

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

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

The gNAN values as operation results are as follows:

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

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

3.2.3 Denormalized Numbers

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

In the SH2A-FPU, the DN bit in the status register FPSCR is always set to 1, therefore a
denormalized number (source operand or operation result) is always flushed to 0 in a floating-
point operation that generates a value (an operation other than copy, FNEG, or FABS).

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

3.3.1 Floating-Point Registers

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

FPSCR. Refer figure 3.4.

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

FPRO to FPR15

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

FRO to FR15 indicate FPRO to FPR15

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

pairs, DRi (8 registers)
A DR register comprises two FR registers.

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

Reference name

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

FRO
FR1
FR2
FR3
FR4
FRS5
FR6
FR7
FR8
FR9
FR10
FR11
FR12
FR13
FR14
FR15

DRO

DR2

DR4

DR6

DR8

DR10

DR12

DR14

Register name

FPRO

FPR1

FPR2

FPR3

FPR4

FPR5

FPR6

FPR7

FPR8

FPR9

FPR10

FPR11

FPR12

FPR13

FPR14

FPR15

Figure 3.4 Floating-Point Registers
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3.3.2

Floating-Point Status/Control Register (FPSCR)

FPSCR is a 32-bit register that controls floating-point instructions, sets FPU exceptions, and

selects the rounding mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Ll [ -] -] -[—Jas| Jsz]en]on] cam |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
RW: R R R R R R R R R RW R RW RW R RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Cause | Enable | Flag | RM1 | RMOl

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

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

Initial
Bit Bit Name Value R/W  Description
31t023 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
22 QIS 0 R/W  Nonnunerical Processing Mode
0: Processes gqNaN or +« as such
1: Treats gNaN or +o as the same as sNaN (valid only
when the V bit in FPSCR enable is set to 1)
21 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
20 Sz 0 R/W  Transfer Size Mode
0: Data size of FMOV instruction is 32-bits
1: Data size of FMOV instruction is a 32-bit register
pair (64 bits)
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)
18 DN 1 R Denormalization Mode (Always fixed to 1 in SH2A-
FPU)
1: Denormalized number is treated as zero
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Initial
Bit Bit Name Value R/W  Description

17to12 Cause All O R/W FPU Exception Cause Field
FPU Exception Enable Field

1to7 Enable  ANO  RW  pp) Exception Flag Field

6to2 Flag All'0 R/W  Each time floating-point operation instruction is
executed, the FPU exception cause field is cleared to 0
first. When an FPU exception on floating-point
operation occurs, the bits corresponding to the FPU
exception cause field and FPU exception flag field are
set to 1. The FPU exception flag field remains set to 1
until it is cleared to 0 by software.
As the bits corresponding to FPU exception enable
filed are sets to 1, FPU exception processing occurs.
For bit allocations of each field, see table 3.3.

1 RM1 0 R/W Rounding Mode

0 RMO 1 R/W  These bits select the rounding mode.
00: Round to Nearest
01: Round to Zero
10: Reserved
11: Reserved

Table 3.3  Bit Allocation for FPU Exception Handling

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

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

3.33 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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34 Rounding

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

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

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

() Round to Nearest

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

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

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

If the unrounded value is larger than the maximum expressible absolute value, the value will
become the maximum expressible absolute value.

Page 70 of 1190 R0O1UH0026EJ0300 Rev. 3.00
leNESAS Sep 24,2010



SH7201 Group Section 3 Floating-Point Unit (FPU)

3.5 FPU Exceptions

3.5.1 FPU Exception Sources

FPU exceptions may occur on floating-point operation instruction and the exception sources are as
follows:

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

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, 0, U, and I, and the FPU exception flag and enable fields in FPSCR contain bits corresponding
to sources V, Z, O, U, and I, but not E. Thus, FPU errors cannot be disabled.

When an FPU exception occurs, the corresponding bit in the FPU exception cause field is set to 1,
and 1 is added to the corresponding bit in the FPU exception flag field. When an FPU exception
does not occur, the corresponding bit in the FPU exception cause field is cleared to 0, but the
corresponding bit in the FPU exception flag field remains unchanged.

3.5.2 FPU Exception Handling
FPU exception handling is initiated in the following cases:

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

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

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

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

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

e Inexact exception (I): FPSCR.Enable.I = 1 and instruction with possibility of inexact operation
result
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These possibilities of each exceptional handling on floating-point operation are shown in the
individual instruction descriptions. All exception events that originate in the floating-point
operation are assigned as the same FPU exceptional handling event. The meaning of an exception
generated by floating-point operation is determined by software by reading from FPSCR and
interpreting the information it contains. Also, the destination register is not changed when FPU
exception handling operation occurs.

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

e Invalid operation (V): gNaN is generated as the result.
e Division by zero (Z): Infinity with the same sign as the unrounded value is generated.
e Overflow (O):
When rounding mode = RZ, the maximum normalized number, with the same sign as the

unrounded value, is generated.
When rounding mode = RN, infinity with the same sign as the unrounded value is generated.

e Underflow (U):
Zero with the same sign as the unrounded value is generated.

e Inexact exception (I): An inexact result is generated.
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Section 4 Clock Pulse Generator (CPG)

This LSI has a clock pulse generator (CPG) that generates a CPU clock (I¢), a peripheral clock
(P¢), and a bus clock (B¢). The CPG consists of a crystal oscillator, PLL circuits, and divider
circuits.

4.1 Features

e Three clock operating modes
The mode is selected from among the three clock operating modes by the selection of the
following three conditions: the frequency-divisor in use, whether the PLLs are on or off, and
whether the internal crystal resonator or the input on the external clock-signal line is used.

e Three clocks generated independently
A CPU clock (I¢) for the CPU and cache; a peripheral clock (P¢) for the on-chip peripheral
modules; a bus clock (B¢ = CKIO) for the external bus interface.

e Frequency change function
CPU and peripheral clock frequencies can be changed independently using the PLL (phase
locked loop) circuits and divider circuits within the CPG. Frequencies are changed by software
using frequency control register (FRQCR) settings.

e Power-down mode control
The clock can be stopped by deep mode, software standby mode, and deep standby mode.

Specific modules can also be stopped using the module standby function. For details on clock
control in the power-down modes, see section 25, Power-Down Modes.
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Figure 4.1 shows a block diagram of the clock pulse generator.
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Figure 4.1 Block Diagram of Clock Pulse Generator
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The clock pulse generator blocks function as follows:
(1) PLL Circuit 1

PLL circuit 1 multiplies the input clock frequency from the CKIO pin by 1, 2, 3, 4, 6, or 8. The
multiplication rate is set by the frequency control register. When this is done, the phase of the
rising edge of the bus clock is controlled so that it will agree with the phase of the rising edge of
the CKIO pin.

(2) PLL Circuit 2

PLL circuit 2 multiplies the input clock frequency from the crystal oscillator or EXTAL pin by 2
or 4. The multiplication rate is fixed according to the clock operating mode. The clock operating
mode is specified by the MD_CLK1 and MD_CLKO pins. For details on the clock operating
mode, see table 4.2.

Note that the settings of these pins cannot be changed during operation. If changed, the operation
of this LSI cannot be guaranteed.

(3) Crystal Oscillator

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

(4) Divider

Divider generates a clock signal at the operating frequency used by the CPU or peripheral clock.
The operating frequency can be 1, 1/2, 1/3, 1/4, 1/6, 1/8, or 1/12 times the output frequency of
PLL circuit 1, as long as it stays at or above the clock frequency of the CKIO pin. The division
ratio is set in the frequency control register (FRQCR).

(5) Clock Frequency Control Circuit

The clock frequency control circuit controls the clock frequency using the MD_CLK1 and
MD_CLKO pins and the frequency control register (FRQCR).

(6) Standby Control Circuit

The standby control circuit controls the states of the clock pulse generator and other modules
during clock switching, or in sleep, software, and deep standby mode.
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(7) Frequency Control Register (FRQCR)

The frequency control register (FRQCR) has control bits assigned for the following functions:
clock output/non-output from the CKIO pin during software standby mode, the frequency
multiplication ratio of PLL circuit 1, and the frequency division ratio of the CPU clock and the
peripheral clock (P¢).

(8) Standby Control Register

The standby control register has bits for controlling the power-down modes. See section 25,
Power-Down Modes, for more information.

4.2 Input/Output Pins
Table 4.1 lists the clock pulse generator pins and their functions.

Table 4.1 Pin Configuration and Functions of the Clock Pulse Generator

Function Function
(Clock Operating (Clock Operating

Pin Name Symbol /0 Modes 0 and 2) Mode 3)

Mode control pins MD_CLKO Input Sets the clock operating Sets the clock operating
mode. mode.

MD_CLK1  Input Sets the clock operating Sets the clock operating

mode. mode.

Crystal XTAL Output  Connected to the crystal Leave this pin open.

input/output pins resonator. (Leave this pin

(clock input pins) open when the crystal

resonator is not in use.)

EXTAL Input Connected to the crystal Pull-up this pin.
resonator or used to input
an external clock.

Clock input/output CKIO I/0 Clock output pin. Clock input pin.
pin
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4.3 Clock Operating Modes

Table 4.2 shows the relationship between the combinations of the mode control pins (MD_CLK1
and MD_CLKO) and the clock operating modes. Table 4.2 shows the usable frequency ranges in
the clock operating modes.

Table 4.2  Clock Operating Modes

Pin Values Clock 0 PLL Circuit2 PLL Circuit 1

Mode MD_CLK1 MD_CLKO Source Output On/Off On/Off CKIO Frequency

0 0 0 EXTAL or CKIO ON (x4) ON (x1, 2, 3, 4) (EXTAL or crystal
crystal resonator resonator) x4

2 1 0 EXTAL or CKIO  ON (x2) ON (x1, 2, 3,4, (EXTAL or crystal
crystal resonator 6, 8) resonator) x2

3 1 1 CKIO — OFF ON (x1, 2, 3, 4, (CKIO)

6, 8)
e Mode 0

The frequency of the signal received from the EXTAL pin or crystal resonator is quadrupled
by the PLL circuit 2 before it is supplied to the LSI as the clock signal. This enables to use the
external clock of lower frequency. Either a crystal resonator with a frequency in the range from
10 to 15 MHz or an external signal in the same frequency range input on the EXTAL pin may
be used. The frequency range of CKIO is from 40 to 60 MHz.

e Mode 2

The frequency of the signal received from the EXTAL pin or crystal resonator is doubled by
the PLL circuit 2 before it is supplied to the LSI as the clock signal. This enables to use the
external clock of lower frequency. An external signal with a frequency in the range from 10 to
30 MHz or a crystal resonator with 10 to 20 MHz may be used. The frequency range of CKIO
is from 20 to 60 MHz.

e Mode 3

In mode 3, the CKIO pin functions as an input pin and draws an external clock signal. The
PLL circuit 1 shapes its waveform and the setting of the frequency control register multiplies
its frequency before the clock enters the LSI. Frequency between 20 to 60 MHz can be input to
the CKIO pin. For reduced current and hence power consumption, pull up the EXTAL pin and
open the XTAL pin when the LSI is used in mode 3.
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Table 4.3  Relationship between Clock Operating Mode and Frequency Range

PLL Frequency

Ratio of
Clock Multiplier Internal Clock Selectable Frequency Range (MHz)
Operating FRQCR PLL PLL Frequencies Output Clock CPU Clock Bus Clock Peripheral
Mode Setting  Circuit1 Circuit2 (1:B:P)*' Input Clock™> (CKIO Pin)*  (19)*° (Bo)** Clock (Po)*°
0 H'1000 ON(x1) ON (x4) 4:4:4 10 40 40 40 40
H'1001 ON (x1) ON (x4) 4:4:2 10to 15 40 to 60 40 to 60 40 to 60 20 to 30
H'1002 ON (x1) ON (x4) 4:4:4/3 10to 15 40 to 60 40 to 60 40 to 60 13.33t0 20
H'1003 ON (x1) ON (x4) 4:4:1 10to 15 40 to 60 40 to 60 40 to 60 10to 15
H'1004 ON (x1) ON (x4) 4:4:2/3 10to 15 40 to 60 40 to 60 40 to 60 6.7t0 10
H'1005 ON (x1) ON (x4) 4:4:1/2 10to 15 40 to 60 40 to 60 40 to 60 5t07.5
H'1006 ON (x1) ON (x4) 4:4:1/3 10to 15 40 to 60 40 to 60 40 to 60 3.33t0 5
H'1101  ON(x2) ON (x4) 8:4:4 10 40 80 40 40
H'1103 ON (x2) ON (x4) 8:4:2 10to 15 40 to 60 80to 120 40 to 60 20 to 30
H'1104 ON (x2) ON (x4) 8:4:4/3 10to 15 40 to 60 80to 120 40 to 60 13.33t0 20
H'1105 ON (x2) ON (x4) 8:4:1 10to 15 40 to 60 80to 120 40 to 60 10to 15
H'1106 ON (x2) ON (x4) 8:4:2/3 10to 15 40 to 60 80to 120 40 to 60 6.7t0 10
H1111  ON(x2) ON (x4) 4:4:4 10 40 40 40 40
H'1113 ON (x2) ON (x4) 4:4:2 10to 15 40 to 60 40 to 60 40 to 60 20 to 30
H'1114 ON (x2) ON (x4) 4:4:4/3 10to 15 40 to 60 40 to 60 40 to 60 13.33t0 20
H'1115 ON (x2) ON (x4) 4:4:1 10to 15 40 to 60 40 to 60 40 to 60 10to 15
H'1116 ON (x2) ON (x4) 4:4:2/3 10to 15 40 to 60 40 to 60 40 to 60 6.7t0 10
H'1202 ON(x3) ON (x4) 4:4:4 10 40 120 40 40
H'1204 ON(x3) ON (x4) 4:4:2 10 40 120 40 20
H'1206 ON(x3) ON (x4) 4:4:1 10 40 120 40 10
H'1222 ON(x3) ON (x4) 4:4:4 10 40 120 40 40
H'1224 ON(x3) ON (x4) 4:4:2 10 40 120 40 20
H'122C ON(x3) ON (x4) 4:4:2 10to 15 40 to 60 40 to 60 40 to 60 20 to 30
H'1226  ON(x3) ON (x4) 4:4:1 10 40 40 40 10
H'122E ON (x3) ON (x4) 4:4:1 10to 15 40 to 60 40 to 60 40 to 60 10to 15
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PLL Frequency

Ratio of
Clock Multiplier Internal Clock Selectable Frequency Range (MHz)
Operating FRQCR PLL PLL Frequencies Output Clock CPU Clock Bus Clock Peripheral
Mode Setting  Circuit1 Circuit2 (I:B:P)*' Input Clock™> (CKIO Pin)*  (19)*° (Bo)** Clock (Po)*°
0 H'1313  ON(x4) ON (x4) 8:4:4 10 40 80 40 40
H'1315 ON (x4) ON (x4) 8:4:2 10to 12.5 40 to 50 80 to 100 40 to 50 20 to 25
H'1316 ON (x4) ON (x4) 8:4:4/3 10to 12.5 40 to 50 80 to 100 40 to 50 13.33t0 16.67
H'1333  ON(x4) ON (x4) 4:4:4 10 40 40 40 40
H'1335 ON (x4) ON (x4) 4:4:2 10to 12.5 40 to 50 40 to 50 40 to 50 20to 25
H'1336 ON (x4) ON (x4) 4:4:4/3 10to 12.5 40 to 50 40 to 50 40 to 50 13.33 to 16.67
2 H'1000 ON (x1) ON (x2) 2:2:2 10 to 20 20to 40 20to 40 20 to 40 20 to 40
H'1001 ON(x1) ON (x2) 2:2:1 10 to 30 20 to 60 20 to 60 20 to 60 10 to 30
H'1002 ON (x1) ON (x2) 2:2:2/3 10 to 30 20 to 60 20 to 60 20 to 60 6.67 to 20
H'1003 ON (x1) ON (x2) 2:2:1/2 10 to 30 20 to 60 20 to 60 20 to 60 5t0 15
H'1004 ON (x1)  ON (x2) 2:2:1/3 10 to 30 20 to 60 20 to 60 20 to 60 3.33t0 10
H'1005 ON (x1) ON (x2) 2:2:1/4 10 to 30 20 to 60 20 to 60 20 to 60 25t075
H'1006 ON (x1) ON (x2) 2:2:1/6 10 to 30 20 to 60 20 to 60 20 to 60 1.67t05
H'1101 ON (x2) ON (x2) 4:2:2 10 to 20 20to 40 40 to 80 20 to 40 20 to 40
H'1103 ON (x2) ON (x2) 4:2:1 10 to 30 20 to 60 40to 120 20 to 60 10 to 30
H'1104 ON (x2) ON (x2) 4:2:2/3 10 to 30 20 to 60 40 to 120 20 to 60 6.67 to 20
H'1105 ON (x2) ON (x2) 4:2:1/2 10 to 30 20 to 60 40to 120 20 to 60 5to 15
H'1106 ON (x2) ON (x2) 4:2:1/3 10 to 30 20 to 60 40 to 120 20 to 60 3.3t0 10
H'1111 ON (x2) ON (x2) 2:2:2 10 to 20 20 to 40 20to 40 20 to 40 20 to 40
H'1113 ON(x2) ON (x2) 2:2:1 10 to 30 20 to 60 20 to 60 20 to 60 10 to 30
H'1114 ON (x2) ON (x2) 2:2:2/3 10 to 30 20 to 60 20 to 60 20 to 60 6.67 to 20
H'1115 ON (x2) ON (x2) 2:2:1/2 10 to 30 20 to 60 20 to 60 20 to 60 5t0 15
H'1116 ON (x2) ON (x2) 2:2:1/3 10 to 30 20 to 60 20 to 60 20 to 60 3.3t0 10
H'1202 ON (x3) ON (x2) 6:2:2 10 to 20 20to 40 60 to 120 20 to 40 20 to 40
H120C ON(x3) ON(x2) 6:2:1 20 40 120 40 20
H120E ON(x3) ON(x2) 6:2:1/2 20 40 120 40 10
H'1206 ON (x3) ON (x2) 6:2:1/2 10 to 20 20 to 40 60 to 120 20 to 40 5to 10
H'1222 ON (x3) ON (x2) 2:2:2 10 to 20 20to 40 20to 40 20 to 40 20 to 40
H'1224 ON (x3) ON (x2) 2:2:1 10 to 20 20 to 40 20 to 40 20 to 40 10 to 20
H'122C ON(x3) ON(x2) 2:2:1 20 to 30 40 to 60 40 to 60 40 to 60 20 to 30
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PLL Frequency

Multiplier Ratio of Selectable Frequency Range (MHz)

Clock Internal Clock

Operating FRQCR  PLL PLL Frequencies Output Clock CPU Clock Bus Clock Peripheral

Mode  Setting Gircuit1 Circuit2 (:B:P)*’ Input Clock™*” (CKIO Pin)**  (1g)*’ ®H*° Clock (Pg)*

2 H'1226 ON (x3) ON (x2) 2:2:1/2 10to 20 20to 40 20to 40 20 to 40 5t0 10
H'1303 ON (x4) ON (x2) 8:2:2 10to 15 20 to 30 80 to 120 20to 30 20to 30
H'1305 ON (x4) ON (x2) 8:2:1 10to 15 20to 30 80 to 120 20 to 30 10to 15
H'1306 ON (x4) ON (x2) 8:2:2/3 10to 15 20 to 30 80 to 120 20to 30 6.67 to 10
H'1313 ON (x4) ON (x2) 4:2:2 10 to 20 20to 40 40 to 80 20 to 40 20 to 40
H'1315 ON (x4) ON (x2) 4:2:1 10to 25 20 to 50 40 to 100 20 to 50 10to 25
H'1316 ON (x4) ON (x2) 4:2:2/3 10to 25 20 to 50 40 to 100 20 to 50 6.67 to 16.67
H'1333 ON (x4) ON (x2) 2:2:2 10 to 20 20to 40 20to 40 20 to 40 20 to 40
H'1335 ON (x4) ON (x2) 2:2:1 10to 25 20 to 50 20 to 50 20 to 50 10t0 25
H'1336 ON (x4) ON (x2) 2:2:2/3 10to 25 20 to 50 20 to 50 20 to 50 6.67 to 16.67
H'1404 ON (x6) ON (x2) 12:2:2 10 20 120 20 20
H'1406 ON (x6) ON (x2) 12:2:1 10 20 120 20 10
H'1414 ON (x6) ON (x2) 6:2:2 10 to 16.67 20 to 33.33 60 to 100 20 to 33.33 20 to 33.33
H'1416 ON (x6) ON (x2) 6:2:1 10to 16.67 20 to 33.33 60 to 100 2010 33.33 10to 16.67
H'1424 ON (x6) ON (x2) 4:2:2 10 to 16.67 20 to 33.33 40 to 66.67 20 to 33.33 20 to 33.33
H'1426 ON (x6) ON (x2) 4:2:1 10to 16.67 20 to 33.33 40 to 66.67 2010 33.33 10to 16.67
H'1444 ON (x6) ON (x2) 2:2:2 10 to 16.67 20 to 33.33 20 to 33.33 20 to 33.33 20 to 33.33
H'1446 ON (x6) ON (x2) 2:2:1 10 to 16.67 20 to 33.33 20 to 33.33 20 to 33.33 10to 16.67
H'1515 ON (x8) ON (x2) 8:2:2 10to 12.5 20to 25 80 to 100 20to 25 20to 25
H'1535 ON (x8) ON (x2) 4:2:2 10to 12.5 20to 25 40 to 50 20 to 25 20to 25
H'1555 ON (x8) ON (x2) 2:2:2 10to 12.5 20to 25 20to 25 20to 25 20to 25

3 H'1000 ON (x1) OFF 1:1:1 20to 40 — 20to 40 20 to 40 20 to 40
H'1001 ON (x1) OFF 1:1:1/2 20 to 60 — 20 to 60 20 to 60 10 to 30
H'1002 ON (x1) OFF 1:1:1/3 20 to 60 — 20 to 60 20 to 60 6.67 to 20
H'1003 ON (x1) OFF 1:1:1/4 20 to 60 — 20 to 60 20 to 60 5t0 15
H'1004 ON (x1) OFF 1:1:1/6 20 to 60 — 20 to 60 20 to 60 3.33to 10
H'1005 ON (x1) OFF 1:1:1/8 20 to 60 — 20 to 60 20 to 60 25t075
H'1006 ON (x1) OFF 1:1:112 20 to 60 — 20 to 60 20 to 60 1.67t05
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PLL Frequency

Multiplier Ratio of Selectable Frequency Range (MHz)

Clock Internal Clock

Operating FRQCR PLL PLL Frequencies Output Clock CPU Clock Bus Clock Peripheral

Mode  Setting Gircuit1 Circuit2 (:B:P)*’ Input Clock™*” (CKIO Pin)**  (1g)*’ ®H*° Clock (Pg)*

3 H'1101 ON (x2) OFF 2:1:1 20to 40 — 40 to 80 20 to 40 20 to 40
H'1103 ON (x2) OFF 2:1:1/2 20 to 60 — 40to 120 20 to 60 10to 30
H'1104 ON (x2) OFF 2:1:1/3 20 to 60 — 40 to 120 20 to 60 6.67 to 20
H'1105 ON (x2) OFF 2:1:1/4 20 to 60 — 40to 120 20 to 60 5to 15
H'1106 ON (x2) OFF 2:1:1/6 20 to 60 — 40 to 120 20 to 60 3.33t0 10
H'1111 ON (x2) OFF 1:1:1 20 to 40 — 20to 40 20 to 40 20 to 40
H'1113 ON (x2) OFF 1:1:1/2 20 to 60 — 20 to 60 20 to 60 10 to 30
H'1114 ON (x2) OFF 1:1:1/3 20 to 60 — 20 to 60 20 to 60 6.67 to 20
H'1115 ON (x2) OFF 1:1:1/4 20 to 60 — 20 to 60 20 to 60 5t0 15
H'1116 ON (x2) OFF 1:1:1/6 20 to 60 — 20 to 60 20 to 60 3.33t0 10
H'1202 ON (x3) OFF 3:1:1 20 to 40 — 60 to 120 20to 40 20to 40
H'120C ON (x3) OFF 3:1:1/2 40 — 120 40 20
H'1206 ON (x3) OFF 3:1:1/4 20to 40 — 60 to 120 20 to 40 5to 10
H'1222 ON (x3) OFF 1:1:1 20 to 40 — 20 to 40 20to 40 20to 40
H'1224 ON (x3) OFF 1:1:1/2 20to 40 — 20to 40 20 to 40 10to 20
H'122C ON (x3) OFF 1:1:1/2 20 to 60 — 40 to 60 40 to 60 20to 30
H'1226 ON (x3) OFF 1:1:1/4 20to 40 — 20to 40 20 to 40 5to 10
H'122E  ON(x8) OFF 1:1:1/4 40 to 60 — 40 to 60 40 to 60 10to 15
H'1303 ON (x4) OFF 4:1:1 20 to 30 — 80 to 120 20to 30 20to 30
H'1305 ON (x4) OFF 4:1:1/2 20 to 30 — 80 to 120 20 to 30 10to 15
H'1306 ON (x4) OFF 4:1:1/3 20 to 30 — 80 to 120 20to 30 6.67 to 10
H'1313 ON (x4) OFF 2:1:1 20 to 40 — 40 to 80 20 to 40 20 to 40
H'1315 ON (x4) OFF 2:1:1/2 20 to 50 — 40 to 100 20 to 50 10to 25
H'1316 ON (x4) OFF 2:1:1/3 20 to 50 — 40 to 100 20 to 50 6.67 to 16.67
H'1333 ON (x4) OFF 1:1:1 20to 40 — 20to 40 20 to 40 20 to 40
H'1335 ON (x4) OFF 1:1:1/2 20 to 50 — 20 to 50 20 to 50 10to 25
H'1336 ON (x4) OFF 1:1:1/3 20 to 50 — 20 to 50 20 to 50 6.67 to 16.67
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PLL Frequency

Multiplier Ratio of Selectable Frequency Range (MHz)
Clock Internal Clock
Operating FRQCR  PLL PLL Frequencies Output Clock CPU Clock Bus Clock Peripheral
Mode  Setting Gircuit1 Circuit2 (:B:P)*’ Input Clock™*” (CKIO Pin)**  (1g)*’ ®H*° Clock (Pg)*
3 H'1404 ON (x6) OFF 6:1:1 20 — 120 20 20
H'1406 ON (x6) OFF 6:1:1/2 20 — 120 20 10
H'1414 ON (x6) OFF 3:1:1 20 to 33.33 — 60 to 100 20 to 33.33 20 to 33.33
H'1416 ON (x6) OFF 3:1:1/2 20 to 33.33 — 60 to 100 2010 33.33 10to 16.67
H'1424 ON (x6) OFF 2:1:1 20 to 33.33 — 40 to 66.67 20 to 33.33 20 to 33.33
H'1426 ON (x6) OFF 2:1:1/2 20 to 33.33 — 40 to 66.67 20 to 33.33 10to0 16.67
H'1444 ON (x6) OFF 1:1:1 20 to 33.33 — 20 to 33.33 2010 33.33 2010 33.33
H'1446 ON (x6) OFF 1:1:1/2 20 to 33.33 — 20 to 33.33 20 to 33.33 10to0 16.67
H'1515 ON (x8) OFF 4:1:1 20to 25 — 80 to 100 20to 25 20to 25
H'1535 ON (x8) OFF 2:1:1 20to 25 — 40 to 50 20 to 25 20 to 25
H'1555 ON (x8) OFF 1:1:1 20to 25 — 20to 25 20to 25 20to 25

Notes: 1. The ratio of clock frequencies, where the input clock frequency is assumed to be 1.
2. In modes 0 and 2, the frequency of the clock input from the EXTAL pin or the

frequency of the crystal resonator. In mode 3, the frequency of the clock input from

the CKIO pin.

3. Use an internal clock (I9) frequency of 120 MHz or lower for the regular

specifications and 100 MHz or lower for the wide-range specifications. Use a CKIO
pin or bus clock (B¢) frequency of 60 MHz or lower. P must be from 5 through 40
MHz.

Caution: Do not use this LSI for frequency settings other than those in table 4.3.
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44 Register Descriptions
The clock pulse generator has the following registers.

Table 4.4  Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size
Frequency control register FRQCR R/W H'1003 H'FFFEO010 16
CKIO control register CKIOCR R/W H'10/H'00 H'FFFE3894 8, 16, 32

4.4.1 Frequency Control Register (FRQCR)

FRQCR is a 16-bit readable/writable register used to specify whether a clock is output from the
CKIO pin in software standby mode, the frequency multiplication ratio of PLL circuit 1, and the
frequency division ratio of the CPU clock and peripheral clock (P¢). Only word access can be
used on FRQCR.

FRQCR is initialized to H'1003 only by a power-on reset or in deep standby mode. FRQCR retains
its previous value by a manual reset or in software standby mode. The previous value is also
retained when an internal reset is triggered by an overflow of the WDT.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — | — |CKOEN| — | STC[2:0] | — | IFC[2:0] |RNGS| PFC[2:0]

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

Initial
Bit Bit Name Value R/W Description
15t013 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name

Initial
Value

R/W

Description

12 CKOEN

1

R/W

Clock Output Enable

Specifies whether a clock is output from the CKIO
pin, or whether the CKIO pin is placed in the level-
fixed state during software standby mode or
cancellation of software standby mode.

If this bit is cleared to 0, the CKIO pin is fixed at low
during software standby mode or cancellation of
software standby mode. Therefore, the malfunction of
an external circuit because of an unstable CKIO
clock during cancellation of software standby mode
can be prevented. In clock operating mode 3, the
CKIO pin functions as an input regardless of this bit
value.

0: The CKIO pin is fixed to the low level during
software standby mode or cancellation of software
standby mode.

1: Clock is output from CKIO pin (low level in
software standby mode).

11 —

Reserved

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

10t08  STC[2:0]

000

R/W

Frequency Multiplication Ratio of PLL Circuit 1
000: x 1 time

001: x 2 times

010: x 3 times

011: x 4 times

100: x 6 times

101: x 8 times

Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
6to4 IFC[2:0] 000 R/W CPU Clock Frequency Division Ratio

These bits specify the frequency division ratio of the
CPU clock with respect to the output frequency of
PLL circuit 1.

000: x 1 time
001: x 1/2 time
010: x 1/3 time
011: x 1/4 time
100: x 1/6 time
101: x 1/8 time
3 RNGS 0 R/W Output Range Select for PLL Circuit 1

When the multiplication ratio for the PLL circuit 1 is
specified to x 3, set this bit according to the output
frequency of the PLL circuit 1.

0: Low frequency mode
(Output frequency of the PLL circuit 1 is equal to
or smaller than 120 MHz.)

1: High frequency mode
(Multiplication ratio for the PLL circuit 1 is specified
to x 3 and its output frequency exceeds 120 MHz.)

2t00 PFCI[2:0] 011 R/W Peripheral Clock Frequency Division Ratio

These bits specify the frequency division ratio of the
peripheral clock with respect to the output frequency
of PLL circuit 1.

000: x 1 time
001: x 1/2 time
010: x 1/3 time
011: x 1/4 time
100: x 1/6 time
101: x 1/8 time
110: x 1/12 time
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4.4.2 CKIO Control Register (CKIOCR)

CKIOCR is an 8-bit readable/writable register used to control output of the CKIO pin. When this
LSTI is started in clock operating mode 3, writing 1 to this register is invalid.

When this LSI is started in clock operating mode 3, CKIOCR is initialized to H'00 by a power-on
reset caused by the RES pin or in deep standby mode. When this LSI is started in clock operating
mode 0 or 2, CKIOCR is initialized to H'01 by a power-on reset caused by the RES pin or in deep
standby mode. This register is not initialized by an internal reset triggered by an overflow of the
WDT, a manual reset, in sleep mode, or in software standby mode.

Bit: 7 6 5 4 3 2 1 0
S e =5

OE

Initial value: 0 0 0 0 0 0 0 0/1%

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

Initial
Bit Bit Name Value R/W Description
7to1 — AllO R Reserved

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

0 CKIOOE 0/1* R/W CKIO Output Enable
Enables output of the CKIO pin.
0: Output from CKIO is not enabled.
1: Output from CKIO is enabled.
Note: * The initial value depends on the clock operating mode of the LSI.
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4.5 Changing the Frequency

The frequency of the internal clock (I¢p) and peripheral clock (P¢) can be changed either by
changing the multiplication rate of PLL circuit 1 or by changing the division rates of divider. All
of these are controlled by software through the frequency control register (FRQCR). The methods
are described below.

4.5.1 Changing the Multiplication Rate

A PLL settling time is required when the multiplication rate of PLL circuit 1 is changed. The on-
chip WDT counts the settling time.

1. In the initial state, the multiplication rate of PLL circuit 1 is 1 time.

2. Set a value that will become the specified oscillation settling time in the WDT and stop the
WDT. The following must be set:

WTCSR.TME = 0: WDT stops
WTCSR.CKS[2:0]: Division ratio of WDT count clock
WTCNT counter: Initial counter value

3. Set the desired value in the STC[2:0] bits. The division ratio can also be set in the IFC[2:0] and
PFC[2:0] bits.

4. This LSI pauses temporarily and the WDT starts incrementing. The internal and peripheral
clocks both stop and the WDT is supplied with the clock. The clock will continue to be output
at the CKIO pin. This state is the same as software standby mode. Whether or not registers are
initialized depends on the module. For details, see section 25, Power-Down Modes.

5. Supply of the clock that has been set begins at WDT count overflow, and this LSI begins
operating again. The WDT stops after it overflows.
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4.5.2 Changing the Division Ratio

Counting by the WDT does not proceed if the frequency divisor is changed but the multiplier is
not.

1. In the initial state, IFC[2:0] = B'000 and PFC[2:0] = B'011.

2. Set the desired value in the IFC[2:0] and PFCJ[2:0] bits. The values that can be set are limited
by the clock operating mode and the multiplication rate of PLL circuit 1. Note that if the
wrong value is set, this LSI will malfunction.

3. After the register bits (IFC[2:0] and PFC[2:0]) have been set, the clock is supplied of the new
division ratio.

Note: When executing the SLEEP instruction after the frequency has been changed, be sure to
read the frequency control register (FRQCR) three times before executing the SLEEP
instruction.
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4.6 Notes on Board Design

4.6.1 Note on Inputting External Clock

Figure 4.2 is an example of connecting the external clock input. When putting the XTAL pin in
open state, make sure the parasitic capacitance is less than or equal to 10 pF. To stably input the
external clock with enough PLL stabilizing time at power on or releasing the standby, wait longer
than the oscillation stabilizing time.

EXTAL I | I | I | External clock input

XTAL Open state

Example of connection with XTAL pin open

Figure 4.2 Example of Connecting External Clock

For details on input conditions of the external clock, see section 29.3.1, Clock Timing.
4.6.2 Note on Using Crystal Resonator

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

Signal lines prohibited

Reference value
CL1=10to 22 pF

[ 5 ClL2=10t022 pF

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

EXTAL XTAL

This LSI

Figure 4.3 Note on Using Crystal Resonator
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4.6.3 Note on Resonator

Since various characteristics related to the resonator are closely linked to the user's board design,
thorough evaluation is necessary on the user's part, using the resonator connection examples
shown in this section as a guide. As the parameters for the oscillation circuit will depend on the
floating capacitance of the resonator and the user board, the parameters should be determined in
consultation with the resonator manufacturer. The design must ensure that a voltage exceeding the
maximum rating is not applied to the resonator pin.

4.6.4 Note on Using a PLL Oscillation Circuit

In the PLLVcc and PLLVss connection pattern for the PLL, signal lines from the board power
supply pins must be as short as possible and pattern width must be as wide as possible to reduce
inductive interference.

In clock operating mode 3, the EXTAL pin is pulled up and the XTAL pin is left open.

Since the analog power supply pins of the PLL are sensitive to the noise, the system may
malfunction due to inductive interference at the other power supply pins. To prevent such
malfunction, the analog power supply pin Vcc and the digital power supply pins VccR and PVce
should not supply the same resources on the board if at all possible.

Signal lines prohibited

Power supply

PLLVce J_ : Vce

PLLVss -|- s Vss

Figure 4.4 Note on Using PLL Oscillation Circuit
4.6.5 Note on Changing the Multiplication Rate

If the multiplication rate is changed by the frequency control register (FRQCR) during transfer by
the DMAC, the DMAC stops its operation without waiting for the completion of the transfer.
Thus, the DMA transfer is not guaranteed. Therefore, when changing the multiplication rate with
the frequency control register (FRQCR), wait for the completion of the DMA transfer or stop the
DMA transfer to change the setting of the frequency control register (FRQCR).
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Section 5 Exception Handling

5.1 Overview

5.1.1 Types of Exception Handling and Priority

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

Table 5.1 Types of Exception Handling and Priority Order

Type Exception Handling Priority

Reset Power-on reset High
A

Manual reset

Address CPU address error
error

Bus error Bus error

Instructions FPU exception

Integer division exception (division by zero)

Integer division exception (overflow)

Register Bank underflow
bank error

Bank overflow

Interrupts NMI

User break
H-UDI
IRQ
v
PINT Low
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Type Exception Handling Priority
Interrupts ~ On-chip peripheral modules  A/D converter (ADC) High
Multifunction timer pulse unit 2 (MTU2) 4
Realtime clock (RTC)
Watchdog timer (WDT)

I2C bus interface 3 (IIC3)
Direct memory access controller (DMAC)

Serial communication interface with FIFO
(SCIF)

Controller area network (RCAN-ET)
Serial sound interface (SSI)
8-bit timer (TMR)

Instructions Trap instruction (TRAPA instruction)

General illegal instructions (undefined code)

Slot illegal instructions (undefined code placed directly after a delayed
branch instruction™, instructions that rewrite the PC*?, 32-bit
instructions™®, RESBANK instruction, DIVS instruction, and DIVU
instruction)

v
Low

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF.
2. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF, JSR/N, RTV/N.
3. 32-bit instructions: BAND.B, BANDNOT.B, BCLR.B, BLD.B, BLDNOT.B, BOR.B,
BORNOT.B, BSET.B, BST.B, BXOR.B, MOV.B@disp12, MOV.W @disp12,
MOV.L@disp12, MOVI20, MOVI20S, MOVU.B, MOVU.W.
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5.1.2

Exception Handling Operations

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

in table 5.2.

Table 5.2

Exception

Source

Timing of Exception Source Detection and Start of Exception Handling

Timing of Source Detection and Start of Handling

Reset

Power-on reset

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

Manual reset

Starts when the MRES pin changes from low to high or when
the WDT overflows.

Address error

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

Bus error

Interrupts

Register bank Bank underflow  Starts upon attempted execution of a RESBANK instruction
error when saving has not been performed to register banks.

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

Instructions Trap instruction  Starts from the execution of a TRAPA instruction.

General illegal

Starts from the decoding of undefined code anytime except

instructions immediately after a delayed branch instruction (delay slot).
Slot illegal Starts from the decoding of undefined code placed immediately
instructions after a delayed branch instruction (delay slot), of instructions

that rewrite the PC, of 32-bit instructions, of the RESBANK
instruction, of the DIVS instruction, or of the DIVU instruction.

Integer division
exceptions

Starts when detecting division-by-zero exception or overflow
exception caused by division of the negative maximum value
(H'80000000) by —1.

FPU exceptions

Exception handling starts triggered by disabled operation
exception of floating-point operation instruction (IEEE754
standard), division exception by zero, overflow, underflow, or
imprecise exception. Setting the QIS bit in FPSCR or inputting
gNaN as well as +wx as the floating-point operation instruction
source also starts exception handling.

R0O1UH0026EJ0300 Rev. 3.00

Sep 24, 2010

’1 Page 93 of 1190
LENESAS



Section 5 Exception Handling SH7201 Group

When exception handling starts, the CPU operates as follows:
(1) Exception Handling Triggered by Reset

The initial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception handling vector table (PC and SP are respectively the H'00000000 and H'00000004
addresses for power-on resets and the H'00000008 and H'0000000C addresses for manual resets).
See section 5.1.3, Exception Handling Vector Table, for more information. The vector base
register (VBR) is then initialized to H'00000000, the interrupt mask level bits (I3 to 10) of the
status register (SR) are initialized to H'F (B'1111), and the BO and CS bits are initialized. The BN
bit in IBNR of the interrupt controller (INTC) is also initialized to 0. FPSCR is initialized to
H'00040001 by a power-on reset. The program begins running from the PC address fetched from
the exception handling vector table.

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

SR and PC are saved to the stack indicated by R15. In the case of interrupt exception handling
other than the NMI or user break, with usage of the register banks enabled, general registers RO to
R14, control register GBR, system registers MACH, MACL, and PR, and the vector number of the
interrupt exception handling to be executed are saved to the register banks. In the case of
exception handling due to an address error, bus error, register bank error, NMI interrupt, user
break interrupt, or instruction, saving to a register bank is not performed. When saving is
performed to all register banks, automatic saving to the stack is performed instead of register bank
saving. In this case, an interrupt controller setting must have been made so that register bank
overflow exceptions are not accepted (the BOVE bit in IBNR of the INTC is 0). If a setting to
accept register bank overflow exceptions has been made (the BOVE bit in IBNR of the INTC is
1), register bank overflow exception will be generated. In the case of interrupt exception handling,
the interrupt priority level is written to the I3 to 10 bits in SR. In the case of exception handling
due to an address error or instruction, the I3 to 10 bits are not affected. The start address is then
fetched from the exception handling vector table and the program begins running from that
address.
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5.1.3 Exception Handling Vector Table

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

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

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

Table 5.3  Exception Handling Vector Table

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

H'00000044 to H'00000047

Integer division exception (division by zero) 17

Integer division exception (overflow) 18 H'00000048 to H'0000004B
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Sep 24, 2010 RENESAS

Page 95 of 1190



Section 5 Exception Handling SH7201 Group

Vector
Exception Sources Numbers Vector Table Address Offset
(Reserved by system) 19 H'0000004C to H'0000004F
31 H'0000007C to H'0000007F
Trap instruction (user vector) 32 H'00000080 to H'00000083
63 H'000000FC to H'000000FF
External interrupts (IRQ, PINT), on-chip 64 H'00000100 to H'00000103
peripheral module interrupts™ . :
255 H'000003FC to H'000003FF

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

Table 5.4  Calculating Exception Handling Vector Table Addresses

Exception Source Vector Table Address Calculation
Resets Vector table address = (vector table address offset)

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

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

Page 96 of 1190 RO1UH0026EJ0300 Rev. 3.00

RENESAS Sep 24, 2010



SH7201 Group Section 5 Exception Handling

5.2 Resets
521 Input/Output Pins

Table 5.5 shows the configuration of pins relating to the resets.

Table 5.5  Pin Configuration

Pin Name Symbol 1/O Function

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

Manual reset MRES Input  When this pin is driven low, this LSI shifts to the manual

reset processing.

5.2.2 Types of Reset

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

Table 5.6 Reset States

Conditions for Transition to Reset State Internal States
On-Chip WRCSR of
WDT Peripheral WDT, FRQCR

Type RES H-UDI Command MRES Overflow CPU Modules, /0 Port of CPG
Power-on Low — —_ — Initialized  Initialized™' Initialized
reset High H-UDI reset assert — — Initialized ~ Initialized”’ Initialized

command is set

High Command other — Power-on Initialized Initialized™ Not initialized

than H-UDI reset reset

assert is set
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Conditions for Transition to Reset State Internal States
On-Chip WRCSR of
WDT Peripheral WDT, FRQCR

Type RES H-UDI Command MRES Overflow CPU Modules, /0 Port of CPG
Manual High Command other  Low — Initialized Not initialized™” Not initialized
reset than H-UDI reset

assert is set

High Command other  High Manual Initialized Not initialized™” Not initialized
than H-UDI reset reset
assert is set

Notes: 1. Some registers are excluded. For details, see section 28.3, Register States in Each
Operating Mode.

2. The BN bit in IBNR of the INTC is initialized.

523 Power-On Reset
(1) Power-On Reset by Means of RES Pin

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

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

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

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

3. The vector base register (VBR) is cleared to H'00000000, the interrupt mask level bits (I3 to
10) of the status register (SR) are initialized to HF (B'1111), and the BO and CS bits are
initialized to 0. The BN bit in IBNR of the INTC is also initialized to 0. FPSCR is initialized to
H'00040001.

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

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

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

(3) Power-On Reset Initiated by WDT

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

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

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

When the MRES pin is driven low, this LSI enters the manual reset state. To reset this LSI without
fail, the MRES pin should be kept at the low level for at least 20-tcyc. In the manual reset state,
the CPU’s internal state is initialized, but all the on-chip peripheral module registers are not
initialized. In the manual reset state, manual reset exception handling starts when the MRES pin is
first driven low for a fixed period and then returned to high. The CPU operates as follows:

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

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

3. The vector base register (VBR) is cleared to H'00000000, the interrupt mask level bits (I3 to
10) of the status register (SR) are initialized to H'F (B'1111), and the BO and CS bits are
initialized. The BN bit in IBNR of the INTC is also initialized to 0.

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

(2) Manual Reset Initiated by WDT

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

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

(3) Notes at a Manual Reset

When a manual reset is generated, the bus cycle is retained. Thus, manual reset exception handling
will be deferred until the CPU acquires the bus mastership. The CPU and the BN bit in IBNR of
the INTC are initialized by a manual reset. The FPU and other modules are not initialized.
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53 Address Errors
5.3.1 Address Error Sources

Address errors occur when instructions are fetched or data read or written, as shown in table 5.7.

Table 5.7 Bus Cycles and Address Errors

Bus Cycle
Bus
Type Master Bus Cycle Description Address Errors
Instruction CPU Instruction fetched from even address None (normal)
fetch Instruction fetched from odd address Address error occurs
Instruction fetched from area other than None (normal)
H'FO000000 to H'F5FFFFFFF in cache
address array space*'
Instruction fetched from H'FO000000 to Address error occurs
H'F5FFFFFFF in cache address array
space*’
Data CPU Word data accessed from even address ~ None (normal)
read/write

Word data accessed from odd address Address error occurs

Longword data accessed from a None (normal)
longword boundary

Longword data accessed from other than  Address error occurs
a long-word boundary

Double longword data accessed from None (normal)
double longword boundary

Double longword data accessed from Address error occurs
other than double longword boundary

Byte or word data accessed in on-chip None (normal)
peripheral module space**

Longword data accessed in 16-bit on- None (normal)
chip peripheral module space**

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

Notes: 1. For details on cache address array space, see section 8, Cache.
2. For details on peripheral module space, see section 9, Bus State Controller (BSC).
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5.3.2 Address Error Exception Handling

When an address error occurs, address error exception handling starts after the bus cycle in which
the address error occurred ends* and execution of the instruction being executed completes. The
CPU operates as follows.

1.

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

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

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

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

Note: * In the case of address error related to data read/write. In the case of address error

related to instruction fetch, if the bus cycle in which the address error occurred doesn't
end until the entire three above-mentioned operations end, the CPU will start address
error exception handling again until the bus cycle in which the address error occurred
ends.
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54 Bus Error

54.1 Bus Error Generation Source

In bus monitor, notification of bus error occurrence to the CPU can be set. The notification is
generated when incorrect address access or bus timeout is detected. For details, see section 10,
Bus Monitor.

54.2 Bus Error Exception Handling

When a bus error occurs, bus error exception handling starts after the bus cycle in which the bus
error occurred ends and execution of the instruction being executed completes. The CPU operates
as follows.

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

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

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

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

5.5.1 Register Bank Error Sources
(1) Bank Overflow

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

(2) Bank Underflow

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

5.5.2 Register Bank Error Exception Handling

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

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

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

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

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

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

Table 5.8 shows the sources that start up interrupt exception handling. These are divided into
NMI, user breaks, H-UDI, IRQ, PINT, and on-chip peripheral modules.

Table 5.8 Interrupt Sources

Number of
Type Request Source Sources
NMI NMI pin (external input) 1
User break User break controller (UBC) 1
H-UDI User debugging interface (H-UDI) 1
IRQ IRQO to IRQ7 pins (external input) 8
PINT PINTO to PINT7 pins (external input) 8
On-chip peripheral module A/D converter (ADC) 1
Multifunction timer pulse unit 2 (MTUZ2) 28
Realtime clock (RTC) 3
Watchdog timer (WDT)
I2C bus interface 3 (IIC3) 15
Direct memory access controller (DMAC) 9
Serial communication interface with FIFO (SCIF) 32

Controller area network (RCAN-ET)
Serial sound interface (SSI)
8-bit timer (TMR)

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

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

The priority order of interrupts is expressed as priority levels O to 16, with priority O the lowest
and priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, so it is
always accepted. The user break interrupt and H-UDI interrupt priority level is 15. Priority levels
of IRQ interrupts, PINT interrupts, and on-chip peripheral module interrupts can be set freely
using the interrupt priority registers 01, 02, and 05 to 16 (IPRO1, IPR02, and IPRO5 to IPR16) of
the INTC as shown in table 5.9. The priority levels that can be set are 0 to 15. Level 16 cannot be
set. See section 6.3.1, Interrupt Priority Registers 01, 02, 05 to 16 (IPRO1, IPR02, IPROS5 to
IPR16), for details of IPRO1, IPR02, and IPROS5 to IPR16.

Table 5.9  Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked

User break 15 Fixed priority level

H-UDI 15 Fixed priority level

IRQ Oto 15 Set with interrupt priority registers 01, 02, and 05
to 16 (IPRO1, IPR02, and IPRO5 to IPR16)

PINT

On-chip peripheral module 0to 15 Set with interrupt priority registers 01, 02, and 05

to 16 (IPRO1, IPR02, and IPRO5 to IPR16)
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5.6.3 Interrupt Exception Handling

When an interrupt occurs, its priority level is ascertained by the interrupt controller (INTC). NMI
is always accepted, but other interrupts are only accepted if they have a priority level higher than
the priority level set in the interrupt mask level bits (I3 to I0) of the status register (SR).

When an interrupt is accepted, interrupt exception handling begins. In interrupt exception
handling, the CPU fetches the exception service routine start address which corresponds to the
accepted interrupt from the exception handling vector table, and saves SR and the program counter
(PC) to the stack. In the case of interrupt exception handling other than the NMI or user break,
with usage of the register banks enabled, general registers RO to R14, control register GBR,
system registers MACH, MACL, and PR, and the vector number of the interrupt exception
handling to be executed are saved in the register banks. In the case of exception handling due to an
address error, bus error, NMI interrupt, user break interrupt, or instruction, saving is not performed
to the register banks. If saving has been performed to all register banks (0 to 14), automatic saving
to the stack is performed instead of register bank saving. In this case, an interrupt controller setting
must have been made so that register bank overflow exceptions are not accepted (the BOVE bit in
IBNR of the INTC is 0). If the interrupt controller is set to accept register bank overflow
exceptions (the BOVE bit in IBNR of INTC is set to 1), a register bank overflow exception will
occur. Next, the priority level value of the accepted interrupt is written to the I3 to IO bits in SR.
For NMI, however, the priority level is 16, but the value set in the I3 to I0 bits is HF (level 15).
Then, after jumping to the start address of the interrupt exception service routine fetched from the
exception handling vector table, program execution starts. The jump that occurs is not a delayed
branch. See section 6.6, Operation, for further details of interrupt exception handling.
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5.7 Exceptions Triggered by Instructions

5.7.1 Types of Exceptions Triggered by Instructions

Exception handling can be triggered by trap instructions, general illegal instructions, slot illegal
instructions, integer division exceptions, and FPU exceptions, as shown in table 5.10.

Table 5.10 Types of Exceptions Triggered by Instructions

Type

Source Instruction

Comment

Trap instruction

TRAPA

Slot illegal
instructions

Undefined code placed
immediately after a delayed
branch instruction (delay slot),
instructions that rewrite the PC,
32-bit instructions, RESBANK
instruction, DIVS instruction, and
DIVU instruction

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

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

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

General illegal
instructions

Undefined code anywhere
besides in a delay slot

Integer division
exceptions

Division by zero

DIVU, DIVS

Negative maximum value + (-1)

DIVS

FPU exceptions

Instructions that cause disabled
operation exception defined by
IEEE754 standard or division
exception by zero. Instructions
that could cause overflow,
underflow, or imprecise
exception.

FADD, FSUB, FMUL, FDIV, FMAC,
FCMP/EQ, FCMP/GT, FLOAT, FTRC,
FCNVDS, FCNVSD, FSQRT
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5.7.2 Trap Instructions

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

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

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

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

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

5.7.3 Slot Illegal Instructions

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

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

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

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

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

5.74 General Illegal Instructions

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

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

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

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

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

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

5.7.6 FPU Exceptions

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

The floating-point operation instructions that may cause generation of an FPU exception handling
are FADD, FSUB, FMUL, FDIV, FMAC, FCMP/EQ, FCMP/GT, FLOAT, FTRC, FCNVDS,
FCNVSD, and FSQRT.

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

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

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

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction.
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4. After jumping to the address fetched from the exception handling vector table, program
execution starts. The jump that occurs is not a delayed branch.

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

When the V bit in the FPU exception enable field (Enable) of FPSCR is set and the QIS bit in
FPSCR is also set, FPU exception handling is generated when qNAN or oo is input to a floating
point operation instruction source.

5.8 When Exception Sources Are Not Accepted

When an address error, bus error, FPU exception, register bank error (overflow), or interrupt is
generated immediately after a delayed branch instruction, it is sometimes not accepted
immediately but stored instead, as shown in table 5.11. When this happens, it will be accepted
when an instruction that can accept the exception is decoded.

Table 5.11 Exception Source Generation Immediately after Delayed Branch Instruction

Exception Source

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

Immediately after a Not accepted Not accepted Not accepted Not accepted Not accepted
delayed branch

instruction™

Note: * Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF.
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5.9 Stack Status after Exception Handling Ends

The status of the stack after exception handling ends is as shown in table 5.12.

Table 5.12 Stack Status After Exception Handling Ends

Exception Type Stack Status
Address error = =
SP > Address of instruction_ 32 bits
after executed instruction
SR 32 bits
Interrupt = =
SP - Address of |nst.ruct|on_ 32 bits
after executed instruction
SR 32 bits
Bus error = it
SP > Address of |nstlruct|on' 32 bits
after executed instruction
SR 32 bits
FPU exception = =
SP - Address of instlruction. 32 bits
after executed instruction
SR 32 bits
Register bank error (overflow) = =
Address of instruction .
SP = after executed instruction 52 bits
SR 32 bits
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Exception Type Stack Status
Register bank error (underflow) = =
Start address of relevant .
SP ™1 RESBANK instruction 32 bits
SR 32 bits
Trap instruction = =
Address of instruction .
SP = after TRAPA instruction 82 bits
SR 32 bits
Slot illegal instruction - 5=
Jump destination address .
SP—=> of delayed branch instruction 32 bits
SR 32 bits
General illegal instruction = =
Start address of general .
SP =1 illegal instruction 32 bits
SR 32 bits
Integer division exception = =
SP -] $tart addlrelsls of. relevapt 32 bits
integer division instruction
SR 32 bits
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5.10  Usage Notes
5.10.1 Value of Stack Pointer (SP)

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

5.10.2 Value of Vector Base Register (VBR)

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

5.10.3 Address Errors Caused by Stacking of Address Error Exception Handling

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

When an address error occurs during exception handling stacking, the stacking bus cycle (write) is
executed. During the stacking of the status register (SR) and program counter (PC), the SP is
decremented by 4 for both, so the value of SP will not be a multiple of four after the stacking
either. The address value output during stacking is the SP value, so the address where the error
occurred is itself output. This means the write data stacked will be undefined.
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Section 6 Interrupt Controller (INTC)

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

6.1 Features

e 16 levels of interrupt priority can be set

By setting the 14 interrupt priority registers, the priorities of the IRQ, PINT, and on-chip
peripheral module interrupts can be set to one of 16 levels for each source.

e NMI noise canceller function

This controller provides an NMI input level bit that indicates the NMI pin state. The interrupt
exception service routine can verify the pin state by reading this bit and use the information to
implement a noise canceling function.

e Register banks

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

Figure 6.1 shows a block diagram of the INTC.
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Figure 6.1 Block Diagram of INTC
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6.2 Input/Output Pins

Table 6.1 shows the pin configuration of the INTC.

Table 6.1 Pin Configuration

Pin Name Symbol /0 Function

Nonmaskable interrupt input NMI Input Input of nonmaskable interrupt

pin request signal

Interrupt request input pins IRQ7 to IRQO Input Input of maskable interrupt request
PINT7 to PINTO _ Input __ Si9nals

6.3 Register Descriptions

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

Table 6.2  Register Configuration

Initial Access
Register Name Abbreviation R/W Value Address Size
Interrupt control register 0 ICRO R/W ! H'FFFD9400 16, 32
Interrupt control register 1 ICR1 R/W H'0000 H'FFFD9402 16
Interrupt control register 2 ICR2 R/W H'0000 H'FFFD9404 16, 32
IRQ interrupt request register IRQRR R/(W)**  H'0000 H'FFFD9406 16
PINT interrupt enable register PINTER R/W H'0000 H'FFFD9408 16, 32
PINT interrupt request register ~ PIRR R H'0000 H'FFFD940A 16
Bank control register IBCR R/W H'0000 H'FFFD940C 16, 32
Bank number register IBNR R/W H'0000 H'FFFD940E 16
Interrupt priority register 01 IPRO1 R/W H'0000 H'FFFD9418 16, 32
Interrupt priority register 02 IPRO2 R/W H'0000 H'FFFD941A 16
Interrupt priority register 05 IPRO5 R/W H'0000 H'FFFD9420 16
Interrupt priority register 06 IPRO6 R/W H'0000 H'FFFD9800 16, 32
Interrupt priority register 07 IPRO7 R/W H'0000 H'FFFD9802 16
RO1UHO0026EJ0300 Rev. 3.00 Page 117 of 1190
Sep 24, 2010 :{ENESAS



Section 6 Interrupt Controller (INTC)

SH7201 Group

Initial Access
Register Name Abbreviation R/W Value Address Size
Interrupt priority register 08 IPR0O8 R/W H'0000 H'FFFD9804 16, 32
Interrupt priority register 09 IPR0O9 R/W H'0000 H'FFFD9806 16
Interrupt priority register 10 IPR10 R/W H'0000 H'FFFD9808 16, 32
Interrupt priority register 11 IPR11 R/W H'0000 H'FFFD980A 16
Interrupt priority register 12 IPR12 R/W H'0000 H'FFFD980C 16, 32
Interrupt priority register 13 IPR13 R/W H'0000 H'FFFD980E 16
Interrupt priority register 14 IPR14 R/W H'0000 H'FFFD9810 16, 32
Interrupt priority register 15 IPR15 R/W H'0000 H'FFFD9812 16
Interrupt priority register 16 IPR16 R/W H'0000 H'FFFD9814 16
DMA transfer request enable DREQERO R/W H'00 H'FFFF1600 8, 16, 32
register O
DMA transfer request enable DREQERT1 R/W H'00 H'FFFF1601 8
register 1
DMA transfer request enable DREQER2 R/W H'00 H'FFFF1602 8,16
register 2
DMA transfer request enable DREQERS3 R/W H'00 H'FFFF1603 8

register 3

Notes: 1. When the NMI pin is high, becomes H'8000; when low, becomes H'0000.
2. Only 0 can be written after reading 1, to clear the flag.
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6.3.1 Interrupt Priority Registers 01, 02, 05 to 16 (IPR01, IPR02, IPRO05 to IPR16)

IPRO1, IPR0O2, and IPRO5 to IPR16 are 16-bit readable/writable registers in which priority levels
from O to 15 are set for IRQ interrupts, PINT interrupts, and on-chip peripheral module interrupts.
Table 6.3 shows the correspondence between the interrupt request sources and the bits in [PRO1,
IPR0O2, and IPRO5 to IPR16.

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

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

Table 6.3 Interrupt Request Sources and IPR01, IPR02, and IPROS to IPR16

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

Interrupt priority IRQO IRQ1 IRQ2 IRQ3

register 01

Interrupt priority IRQ4 IRQ5 IRQ6 IRQ7

register 02

Interrupt priority PINTO to PINT7  Reserved ADI Reserved

register 05

Interrupt priority Reserved MTUO MTUO MTUA1

register 06 (TGIOA to TGIOD) (TCIOV, TGIOE, (TGHA, TGI1B)
TGIOF)

Interrupt priority MTUA1 MTU2 MTU2 MTU3

register 07 (TCIHV, TCIHU)  (TGI2A, TGI2B)  (TCI2V, TCI2U)  (TGI3A to TGI3D)

Interrupt priority MTUS (TGI3V) MTU4 MTU4 MTU5

register 08 (TGI4A to TGI4D) (TGl4V) (TGI5U, TGI5V,

TGI5W)

Interrupt priority RTC WDT IICO Reserved

register 09

Interrupt priority IIC1 |[072 DMACO DMAC1

register 10

Interrupt priority DMAC2 DMAC3 SCIFO SCIF1

register 11

Interrupt priority SCIF2 SCIF3 SCIF4 SCIF5

register 12
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Register Name Bits 15 to 12 Bits 11t0 8 Bits 7 to 4 Bits 3to 0
Interrupt priority SCIF6 SCIF7 DMINTA DMAC4
register 13

Interrupt priority DMAC5 DMAC6 DMAC7 Reserved
register 14

Interrupt priority Reserved RCAN-ETO RCAN-ET1 Reserved
register 15

Interrupt priority SSI0 SSH TMRO TMR1

register 16

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

highest level).

IPRO1, IPRO2, and IPROS to IPR16 are initialized to H'0000 by a power-on reset or in deep

standby mode.
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6.3.2 Interrupt Control Register 0 (ICR0)

ICRO is a 16-bit register that sets the input signal detection mode for the external interrupt input
pin NMI, and indicates the input level at the NMI pin. ICRO is initialized by a power-on reset or in
deep standby mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CETE N B I S N N
Initial value:  * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

Initial

Bit Bit Name Value R/W Description

15 NMIL * R NMI Input Level
Sets the level of the signal input at the NMI pin. The
NMI pin level can be obtained by reading this bit. This
bit cannot be modified.
0: Low level is input to NMI pin
1: High level is input to NMI pin

14t09 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

8 NMIE 0 R/W  NMI Edge Select
Selects whether the falling or rising edge of the
interrupt request signal on the NMI pin is detected.
0: Interrupt request is detected on falling edge of NMI

input
1: Interrupt request is detected on rising edge of NMI
input

7t00 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
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6.3.3 Interrupt Control Register 1 (ICR1)

ICR1 is a 16-bit register that specifies the detection mode for external interrupt input pins IRQ7 to
IRQO individually: low level, falling edge, rising edge, or both edges. ICR1 is initialized by a
power-on reset or in deep standby mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| IRQ7 | IRQ7 | IRQ6 | IRQ6 | IRQ5 | IRQ5 | IRQ4 | IRQ4 | IRQ3 | IRQ3 | IRQ2 | IRQ2 | IRQ1 | IRQ1 | IRQO | IRQO |
1S | oS | 15 | o5 | 15 | os | 15 | os | 1S | oS | 1S | oS | 15 | os | 1S | os

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

Initial

Bit Bit Name Value R/W Description
15 IRQ71S 0 R/W IRQ Sense Select
14 IRQ70S 0 R/W These bits select whether interrupt signals
o Rceis 0 W oresendngiopes Gy o MO0 a0 dtonty 2
12 IRQ60S 0 RW " oo: Interrupt request is detected on low level of IRQn
11 IRQ51S 0 R/W input
10 IRQ50S 0 r/w 01: Interrupt request is detected on falling edge of IRQn
9 IRQ41S 0 Rw | mPu! | -

10: Interrupt request is detected on rising edge of IRQn
8 IRQ40S 0 R/W input
7 IRQ31S 0 R/W  11: Interrupt request is detected on both edges of IRQn
6 IRQ30S 0 R/W input
5 IRQ21S 0 R/W
4 IRQ20S 0 R/W
3 IRQ11S 0 R/W
2 IRQ10S 0 R/W
1 IRQO1S 0 R/W
0 IRQO0S 0 R/W
[Legend]
n=7t0
Page 122 of 1190 RO1UH0026EJ0300 Rev. 3.00

RENESAS Sep 24, 2010



SH7201 Group Section 6 Interrupt Controller (INTC)

6.3.4 Interrupt Control Register 2 (ICR2)

ICR2 is a 16-bit register that specifies the detection mode for external interrupt input pins PINT7
to PINTO individually: low level or high level. ICR2 is initialized by a power-on reset or in deep
standby mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PINT | PINT | PINT | PINT | PINT | PINT | PINT | PINT
=l -l -[-[-T-T-T- [

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

Initial
Bit Bit Name Value R/W Description
15to8 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
7 PINT7S 0 R/W  PINT Sense Select
6 PINT6S 0 R/W These bits select whether interrupt signals
5 PINT5S 0 R/W gol(r)r:;slzsgiji)r:ghti;hp:g\s/elilNT7 to PINTO are detected by
4 PINT4S 0 RW . Interrupt request is detected on low level of PINTn
3 PINT3S 0 R/W input
2 PINT2S 0 r/w 1:Interrupt request is detected on high level of PINTn
1 PINT1S 0 R/W nput
0 PINTOS 0 R/W
[Legend]
n=7t0

6.3.5 IRQ Interrupt Request Register (IRQRR)

IRQRR is a 16-bit register that indicates interrupt requests from external input pins IRQ7 to IRQO.
If edge detection is set for the IRQ7 to IRQO interrupts, writing O to the IRQ7F to IRQOF bits after
reading IRQ7F to IRQOF = 1 cancels the retained interrupts.

IRQRR is initialized by a power-on reset or in deep standby mode.
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Bitt 15 14 13
| _ | _ | _ | _ | — | _ | — | — PRQ7FPRQGFPRQSFPRQ4FLRQSFPRQZFPRQ1FLRQOF|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R/(W)*R/(W)*R/(W)*R/(W)*R/(W)*R/(W)*R/(W)*R/(W)*
Note: * Only 0 can be written to clear the flag after 1 is read.

Initial
Bit Bit Name Value R/W Description
15to8 — AllO R Reserved

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

* |RQ Interrupt Request

« These bits indicate the status of the IRQ7 to IRQO
interrupt requests.

IRQ7F
IRQ6F
IRQ5F
IRQ4F
IRQ3F
IRQ2F
IRQ1F
IRQOF

(W)
(W)
(W)
(W)* Level detection:
R/(W)* 0: IRQn interrupt request has not occurred
(W)
(W)
(W)

[Clearing condition]

e |RQn input is high

O|=[N|W(HdO|O| N
o|Oo|O0O|]O|O|O|O| O

1: IRQn interrupt has occurred
[Setting condition]
¢ IRQn inputis low

Edge detection:
0: IRQn interrupt request is not detected
[Clearing conditions]

e Cleared by reading IRQnF while IRQnF = 1, then
writing 0 to IRQNF

e Cleared by executing IRQn interrupt exception
handling

1: IRQn interrupt request is detected

[Setting condition]

e Edge corresponding to IRQn1S or IRQNOS of
ICR1 has occurred at IRQn pin

[Legend]
n=7t0
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6.3.6 PINT Interrupt Enable Register (PINTER)

PINTER is a 16-bit register that enables interrupt request inputs to external interrupt input pins
PINT?7 to PINTO. PINTER is initialized by a power-on reset or in deep standby mode.

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

PINT [ PINT | PINT | PINT | PINT | PINT [ PINT | PINT
L= - [ [ o |

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

Initial
Bit Bit Name Value R/W Description
15t08 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
7 PINT7E 0 R/W  PINT Enable
6 PINT6E 0 R/W These bits select whether to enable interrupt request
5 PINT5E 0 R/W inputs to (.axtern.al interrupt input .plns. PINT7 to PINTO.
0: PINTn input interrupt request is disabled
4 PINT4E 0 R/W . . .
1: PINTn input interrupt request is enabled
3 PINT3E 0 R/W
2 PINT2E 0 R/W
1 PINT1E 0 R/W
0 PINTOE 0 R/W
[Legend]
n=7t0
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6.3.7 PINT Interrupt Request Register (PIRR)

PIRR is a 16-bit register that indicates interrupt requests from external input pins PINT7 to
PINTO. PIRR is initialized by a power-on reset or in deep standby mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PINT [ PINT [ PINT [ PINT | PINT [ PINT | PINT | PINT
HEEERERER RS

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

Initial
Bit Bit Name Value R/W Description
15t08 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
7 PINT7R 0 R PINT Interrupt Request
6 PINT6R 0 R These bits indicate the status of the PINT7 to PINTO
5 PINT5R 0 R mterru-pt requests. .
0: No interrupt request at PINTn pin
4 PINT4R 0 R .
1: Interrupt request at PINTn pin
3 PINT3R 0 R
2 PINT2R 0 R
1 PINT1R 0 R
0 PINTOR 0 R
[Legend]
n=7t0
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6.3.8 Bank Control Register IBCR)

IBCR is a 16-bit register that enables or disables use of register banks for each interrupt priority
level. IBCR is initialized to H'0000 by a power-on reset or in deep standby mode.

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

| E15 | E14 | E13 | E12 | E11 | E10 | E9 | E8 | E7 | E6 | E5 | E4 | E3 | E2 | E1 | — |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R

Initial
Bit Bit Name Value R/W Description
15 E15 0 R/W  Enable
14 E14 0 R/W These bits enable or disable use of register banks for
S B0 mw [emmlpon e ol b Hoveer te o regse
12 E12 0 RW " 0: Use of register banks is disabled
1 E11 0 R/W  1: Use of register banks is enabled
10 E10 0 R/W
9 E9 0 R/W
8 E8 0 R/W
7 E7 0 R/W
6 E6 0 R/W
5 E5 0 R/W
4 E4 0 R/W
3 E3 0 R/W
2 E2 0 R/W
1 E1 0 R/W
0 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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6.3.9 Bank Number Register (IBNR)

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

bits BN3 to BNO.

IBNR is initialized to H'0000 by a power-on reset or in deep standby mode.

Bit: 15 14 13 12

2 1 0

BE[1:0] |BOVE| — | — |

10 9o 8 7 6 5 4 3
B T
o 0o o o0 0 0 o0 o0

Initial value: 0 0 0 0 0 0 0
RW: RW RW RW R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W Description
15, 14 BE[1:0] 00 R/W  Register Bank Enable

These bits enable or disable use of register banks.

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

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

10: Reserved (setting prohibited)

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

13 BOVE 0 R/W  Register Bank Overflow Enable

Enables of disables register bank overflow exception.

0: Generation of register bank overflow exception is

disabled

1: Generation of register bank overflow exception is

enabled
12to4 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description

3t00 BN[3:0]* 0000 R Bank Number

These bits indicate the bank number to which saving is
performed next. When an interrupt using register banks
is accepted, saving is performed to the register bank
indicated by these bits, and BN is incremented by 1.
After BN is decremented by 1 due to execution of a
RESBANK (restore from register bank) instruction,
restoration from the register bank is performed.

Note: * Bits BN[3:0] are initialized at a manual reset.

6.3.10 DMA Transfer Request Enable Register 0 (DREQERO0)

DMA transfer request enable register 0 (DREQERO) is an 8-bit readable/writable register that
enables/disables the IIC3 DMA transfer requests, and enables/disables CPU interrupt requests.

DMA transfer request enable register O is initialized by a power-on reset or in deep standby mode.

Bit: 7 6 5 4 3 2 1 0

iC3 | IC3 | IC3 | 1Ic3 ] 1ic3_ ] IIC3
Reserved |2ch TX|2ch RX| 1ch T |1ch Rx|och TX |och RX

Initial value: 0 0 0 0 0 0 0 0
RW: R'W RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7 Reserved 0 R/W DMA Transfer Request Enable Bits
6 Reserved 0 R/W These bits enable/disable DMA transfer requests, and
5 I1C3 20h TX 0 R/W enable/disable CPU interrupt requests.

0: DMA transfer request disabled, CPU interrupt

4 [IC3 2ch RX 0 R/W request enabled
3 lIC31chTX 0 R/W  1: DMA transfer request enabled, CPU interrupt request
2 IC31chRX 0 R/W disabled
1 [IC3 Och TX 0 R/W
0 [IC3 Och RX 0 R/W
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6.3.11 DMA Transfer Request Enable Register 1 (DREQER1)

DMA transfer request enable register | (DREQERI) is an 8-bit readable/writable register that
enables/disables the SCIF (channels 0 to 3) DMA transfer requests, and enables/disables CPU
interrupt requests.

DMA transfer request enable register 1 is initialized by a power-on reset or in deep standby mode.

Bit: 4 3 2 1 0

SCIF SCIF SCIF SCIF | SCIF | SCIF SCIF SCIF
3ch TX|3ch RX]2ch TX|2ch RX|1ch TX|1ch RX|0ch TX|0ch RX

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

Initial
Bit Bit Name Value R/W Description
7 SCIF 3ch TX 0 R/W DMA Transfer Request Enable Bits
6 SCIF 3ch RX 0 R/W These bits enable/disable DMA transfer requests, and
5 SCIF 2¢h TX 0 R/W enable/disable CPU interrupt requests.

0: DMA transfer request disabled, CPU interrupt

4 SCIF2chRX 0 R/W request enabled
3 SCIF 1chTX 0 R/W  1: DMA transfer request enabled, CPU interrupt request
2 SCIF1chRX 0 R/W disabled
1 SCIF Och TX 0 R/W
0 SCIFOchRX 0 R/W
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6.3.12 DMA Transfer Request Enable Register 2 (DREQER?2)

DMA transfer request enable register 2 (DREQER?2) is an 8-bit readable/writable register that
enables/disables the SCIF (channels 4 to 7) DMA transfer requests, and enables/disables CPU
interrupt requests.

DMA transfer request enable register 2 is initialized by a power-on reset or in deep standby mode.

Bit: 5 4 3

SCIF SCIF SCIF | SCIF | SCIF SCIF SCIF SCIF
7ch TX|7ch RX]6¢h TX|6¢ch RX|5ch TX|5¢ch RX|4ch TX|4ch RX

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

Initial
Bit Bit Name Value R/W Description
7 SCIF 7ch TX 0 R/W DMA Transfer Request Enable Bits
6 SCIF 7ch RX 0 R/W These bits enable/disable DMA transfer requests, and
5 SCIF 6ch TX 0 R/W enable/disable CPU interrupt requests.

0: DMA transfer request disabled, CPU interrupt

4 SCIF 6ch RX 0 R/W request enabled
3 SCIF 5chTX 0 R/W  {: DMA transfer request enabled, CPU interrupt request
2 SCIF5chRX 0 R/W disabled
1 SCIF 4ch TX 0 R/W
0 SCIF4chRX 0 R/W
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6.3.13 DMA Transfer Request Enable Register 3 (DREQER3)

DMA transfer request enable register 3 (DREQER3) is an 8-bit readable/writable register that
enables/disables the ADC, MTU2 (channels O to 4), and RCAN-ET (channels 0 and 1) DMA
transfer requests, and enables/disables CPU interrupt requests.

DMA transfer request enable register 3 is initialized by a power-on reset or in deep standby mode.

Bit: 7 6 5 4 3 2 1 0

ADC MTU2 |MTU2 [MTU2 [MTU2 |MTU2 RCAN-ET
4ch 3ch 2ch ich Och Och

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

RCAN-ET
1ch

Initial
Bit Bit Name Value R/W Description
7 ADC 0 R/W DMA Transfer Request Enable Bits
6 MTU?2 4ch 0 R/W These bits enable/disable DMA transfer requests, and
5 MTU2 3ch o R/W enable/disable CPU interrupt requests.

0: DMA transfer request disabled, CPU interrupt

4 MTU2 2ch 0 R/W request enabled
3 MTU2 1ch 0 R/W  {: DMA transfer request enabled, CPU interrupt request
2 MTU2 Och 0 R/W disabled
1 RCAN-ET 1ch 0 R/W
0 RCAN-ET Och 0 R/W
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6.4 Interrupt Sources

There are six types of interrupt sources: NMI, user break, H-UDI, IRQ, PINT, and on-chip
peripheral modules. Each interrupt has a priority level (0 to 16), with O the lowest and 16 the
highest. When set to level 0, that interrupt is masked at all times.

6.4.1 NMI Interrupt

The NMI interrupt has a priority level of 16 and is accepted at all times. NMI interrupt requests
are edge-detected, and the NMI edge select bit (NMIE) in interrupt control register 0 (ICRO)
selects whether the rising edge or falling edge is detected.

Though the priority level of the NMI interrupt is 16, the NMI interrupt exception handling sets the
interrupt mask level bits (I3 to I0) in the status register (SR) to level 15.

6.4.2 User Break Interrupt

A user break interrupt which occurs when a break condition set in the user break controller (UBC)
matches has a priority level of 15. The user break exception handling sets the I3 to I0 bits in SR to
level 15. For user break interrupts, see section 7, User Break Controller (UBC).

6.4.3 H-UDI Interrupt

The user debugging interface (H-UDI) interrupt has a priority level of 15, and occurs at serial
input of an H-UDI interrupt instruction. H-UDI interrupt requests are edge-detected and retained
until they are accepted. The H-UDI exception handling sets the I3 to 10 bits in SR to level 15. For
H-UDI interrupts, see section 26, User Debugging Interface (H-UDI).
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6.4.4 IRQ Interrupts

IRQ interrupts are input from pins IRQ7 to IRQO. As regard to the setting method of pins IRQ7 to
IRQO, see section 23, Pin Function Controller (PFC). For the IRQ interrupts, low-level, falling-
edge, rising-edge, or both-edge detection can be selected individually for each pin by the IRQ
sense select bits (IRQ71S to IRQO1S and IRQ70S to IRQO0S) in interrupt control register 1
(ICR1). The priority level can be set individually in a range from O to 15 for each pin by interrupt
priority registers 01 and 02 (IPRO1 and IPR02).

When using low-level sensing for IRQ interrupts, an interrupt request signal is sent to the INTC
while the IRQ7 to IRQO pins are low. An interrupt request signal is stopped being sent to the
INTC when the IRQ7 to IRQO pins are driven high. The status of the interrupt requests can be
checked by reading the IRQ interrupt request bits (IRQ7F to IRQOF) in the IRQ interrupt request
register (IRQRR).

When using edge-sensing for IRQ interrupts, an interrupt request is detected due to change of the
IRQ7 to IRQO pin states, and an interrupt request signal is sent to the INTC. The result of IRQ
interrupt request detection is retained until that interrupt request is accepted. Whether IRQ
interrupt requests have been detected or not can be checked by reading the IRQ7F to IRQOF bits in
IRQRR. Writing 0 to these bits after reading them as 1 clears the result of IRQ interrupt request
detection.

The IRQ interrupt exception handling sets the I3 to 10 bits in SR to the priority level of the
accepted IRQ interrupt.

When restoring from the service routine of IRQ interrupt exception handling, execute the RTE
instruction after an interrupt request has been cleared in the IRQ interrupt request register
(IRQRR).
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6.4.5 PINT Interrupts

PINT interrupts are input from pins PINT7 to PINTO. As regard to the setting method of pins
PINT7 to PINTO, see section 23, Pin Function Controller (PFC). Input of the interrupt requests is
enabled by the PINT enable bits (PINT7E to PINTOE) in the PINT interrupt enable register
(PINTER). For the PINT7 to PINTO interrupts, low-level or high-level detection can be selected
individually for each pin by the PINT sense select bits (PINT7S to PINTOS) in interrupt control
register 2 (ICR2). A single priority level in a range from O to 15 can be set for all PINT7 to PINTO
interrupts by bits 15 to 12 in interrupt priority register 05 (IPROS).

When using low-level sensing for the PINT7 to PINTO interrupts, an interrupt request signal is
sent to the INTC while the PINT7 to PINTO pins are low. An interrupt request signal is stopped
being sent to the INTC when the PINT7 to PINTO pins are driven high. The status of the interrupt
requests can be checked by reading the PINT interrupt request bits (PINT7R to PINTOR) in the
PINT interrupt request register (PIRR). The above description also applies to when using high-
level sensing, except for the polarity being reversed. The PINT interrupt exception handling sets
the I3 to 10 bits in SR to the priority level of the PINT interrupt.

When restoring from the service routine of PINT interrupt exception handling, execute the RTE
instruction after an interrupt request has been cleared in the PINT interrupt request register
(PIRR).

6.4.6 On-Chip Peripheral Module Interrupts
On-chip peripheral module interrupts are generated by the following on-chip peripheral modules:

e A/D converter (ADC)

e Multi-function timer pulse unit 2 (MTU2)

e Realtime clock (RTC)

e Watchdog timer (WDT)

e I'C bus interface 3 (IIC3)

e Direct memory access controller (DMAC)

e Serial communication interface with FIFO (SCIF)
e Controller area network (RCAN-ET)

e Serial sound interface (SSI)

e 8-bit timer (TMR)
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As every source is assigned a different interrupt vector, the source does not need to be identified in
the exception service routine. A priority level in a range from 0 to 15 can be set for each module
by interrupt priority registers 05 to 16 (IPROS5 to IPR16). The on-chip peripheral module interrupt
exception handling sets the I3 to I0 bits in SR to the priority level of the accepted on-chip
peripheral module interrupt.

6.5 Interrupt Exception Handling Vector Table and Priority

Table 6.4 lists interrupt sources and their vector numbers, vector table address offsets, and
interrupt priorities.

Each interrupt source is allocated a different vector number and vector table address offset. Vector
table addresses are calculated from the vector numbers and vector table address offsets. In
interrupt exception handling, the exception service routine start address is fetched from the vector
table indicated by the vector table address. For details of calculation of the vector table address,
see table 5.4, Calculating Exception Handling Vector Table Addresses, in section 5, Exception
Handling.

The priorities of IRQ interrupts, PINT interrupts, and on-chip peripheral module interrupts can be
set freely between 0 and 15 for each pin or module by setting interrupt priority registers 01, 02,
and 05 to 16 (IPRO1, IPR02, and IPROS to IPR16). However, if two or more interrupts specified
by the same IPR among IPROS5 to IPR16 occur, the priorities are defined as shown in the IPR
setting unit internal priority of table 6.4, and the priorities cannot be changed. A power-on reset
assigns priority level O to IRQ interrupts, PINT interrupts, and on-chip peripheral module
interrupts. If the same priority level is assigned to two or more interrupt sources and interrupts
from those sources occur simultaneously, they are processed by the default priorities indicated in
table 6.4.

Page 136 of 1190 R01UH0026EJ0300 Rev. 3.00
leNESAS Sep 24,2010



SH7201 Group

Section 6 Interrupt Controller (INTC)

Table 6.4 Interrupt Exception Handling Vectors and Priorities
Interrupt Vector IPR
Interrupt Setting
Priority Unit
Vector Table (Initial Corresponding Internal Default
Interrupt Source Vector Address Offset Value) IPR (Bit) Priority Priority
NMI 11 H'0000002C to 16 — — High
H'0000002F A
User break 12 H'00000030 to 15 — —
H'00000033
H-UDI 14 H'00000038 to 15 — —
H'0000003B
IRQ IRQO 64 H'00000100 to 0to15(0) IPRO1(15t012) —
H'00000103
IRQ1 65 H'00000104 to Oto15(0) IPRO1(11t08) —
H'00000107
IRQ2 66 H'00000108 to 0to15(0) IPRO1 (7to4) —
H'0000010B
IRQ3 67 H'0000010C to 0to 15(0) IPRO1 (3to 0) —
H'0000010F
IRQ4 68 H'00000110 to 0to15(0) IPR0O2 (15t012) —
H'00000113
IRQ5 69 H'00000114 to 0Oto15(0) IPRO2 (11t08) —
H'00000117
IRQ6 70 H'00000118 to 0to 15(0) IPRO2 (7 to 4) —
H'0000011B
IRQ7 71 H'0000011C to 0to 15(0) IPRO2 (3to 0) — v
H'0000011F Low
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SH7201 Group

Interrupt Vector IPR
Interrupt Setting
Priority Unit
Vector Table (Initial Corresponding Internal Default
Interrupt Source Vector Address Offset Value) IPR (Bit) Priority Priority
PINT  PINTO 80 H'00000140 to 0to15(0) IPRO5 (15t012) 1 High
H'00000143 A
PINT1 81 H'00000144 to 2
H'00000147
PINT2 82 H'00000148 to 3
H'0000014B
PINT3 83 H'0000014C to 4
H'0000014F
PINT4 84 H'00000150 to 5
H'00000153
PINT5 85 H'00000154 to 6
H'00000157
PINT6 86 H'00000158 to 7
H'0000015B
PINT7 87 H'0000015C to 8
H'0000015F
ADC  ADI 92 H'00000170 to 0to15(0) IPRO5 (7 to 4) — v
H'00000173 Low
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Interrupt Vector

Vector Table

Interrupt
Priority
(Initial

Corresponding

IPR

Setting
Unit
Internal Default

Interrupt Source Vector Address Offset Value) IPR (Bit) Priority Priority
MTU2 MTUO TGIOA 108 H'000001B0 to 0to 15 (0) IPRO06 (11 to 8) 1 High
H'000001B3 A
TGIOB 109 H'000001B4 to 2
H'000001B7
TGIOC 110 H'000001B8 to 3
H'000001BB
TGIOD 111 H'000001BC to 4
H'000001BF
TClov 112 H'000001CO to 0to 15 (0) IPRO6 (7 to 4) 1
H'000001C3
TCIOE 113 H'000001C4 to 2
H'000001C7
TCIOF 114 H'000001C8 to 3
H'000001CB
MTU1  TGHA 116 H'000001D0 to 0to 15(0) IPRO6 (3to 0) 1
H'000001D3
TGHB 117 H'000001D4 to 2
H'000001D7
TCHV 120 H'000001EO0 to 0to15(0) IPRO7 (15t0 12) 1
H'000001E3
TCHU 121 H'000001E4 to 2
H'000001E7
MTU2 TGI2A 124 H'000001F0 to 0to 15(0) IPRO7 (11 to 8) 1
H'000001F3
TGI2B 125 H'000001F4 to 2
H'000001F7
TCI2V 128 H'00000200 to 0to 15 (0) IPRO7 (7 to 4) 1
H'00000203
TCl2Uu 129 H'00000204 to 2 v
H'00000207 Low
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Interrupt Vector IPR
Interrupt Setting
Priority Unit
Vector Table (Initial Corresponding Internal Default
Interrupt Source Vector Address Offset Value) IPR (Bit) Priority Priority
MTU2 MTU3 TGI3A 132 H'00000210 to 0to15(0) IPRO7 (3to0) 1 High
H'00000213 A
TGI3B 133 H'00000214 to 2
H'00000217
TGI3C 134 H'00000218 to 3
H'0000021B
TGI3D 135 H'0000021C to 4
H'0000021F
TCI3V 136 H'00000220 to 0to15(0) IPRO8 (15t012) —
H'00000223
MTU4 TGI4A 140 H'00000230 to 0to15(0) IPRO8 (11 to 8) 1
H'00000233
TGI4B 141 H'00000234 to 2
H'00000237
TGI4C 142 H'00000238 to 3
H'0000023B
TGI4D 143 H'0000023C to 4
H'0000023F
TCl4V 144 H'00000240 to 0to 15(0) IPRO8 (7 to 4) —
H'00000243
MTU5 TGISU 148 H'00000250 to 0to15(0) IPRO8 (3to 0) 1
H'00000253
TGI5V 149 H'00000254 to 2
H'00000257
TGISW 150 H'00000258 to 3
H'0000025B
RTC ARM 152 H'00000260 to 0to15(0) IPR0O9 (15t012) 1
H'00000263
PRD 153 H'00000264 to 2
H'00000267
CUP 154 H'00000268 to 3 v
H'0000026B Low
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Interrupt Vector IPR
Interrupt Setting
Priority Unit
Vector Table (Initial Corresponding Internal Default
Interrupt Source Vector Address Offset Value) IPR (Bit) Priority Priority
WDT ITI 156 H'00000270 to 0to15(0) IPRO9 (11to 8) — High
H'00000273 A
Ic3  1co STPIO 157 H'00000274 to 0to 15 (0) IPRO9 (7 to 4) 1
H'00000277
NAKIO 158 H'00000278 to 2
H'0000027B
RXI0 159 H'0000027C to 3
H'0000027F
TXIO 160 H'00000280 to 4
H'00000283
TEIO 161 H'00000284 to 5
H'00000287
Ic1 STPI1 164 H'00000290 to 0to15(0) IPR10(15t012) 1
H'00000293
NAKI1 165 H'00000294 to 2
H'00000297
RXI1 166 H'00000298 to 3
H'0000029B
XN 167 H'0000029C to 4
H'0000029F
TEN 168 H'000002A0 to 5
H'000002A3
lIc2 STPI2 170 H'000002A8 to 0to15(0) IPR10 (11to 8) 1
H'000002AB
NAKI2 171 H'000002AC to 2
H'000002AF
RXI2 172 H'000002B0 to 3
H'000002B3
TXI2 173 H'000002B4 to 4
H'000002B7
TEI2 174 H'000002B8 to 5 v
H'000002BB Low
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Interrupt Source

Interrupt Vector

Vector

Vector Table
Address Offset

Interrupt
Priority
(Initial
Value)

Corresponding
IPR (Bit)

IPR

Setting

Unit

Internal Default
Priority Priority

DMAC DMACO

DMINTO

176

H'000002C0 to
H'000002C3

0to 15 (0)

IPR10 (7 to 4)

— High
A

DMACH1

DMINT1

177

H'000002C4 to
H'000002C7

0to 15 (0)

IPR10 (3 to 0)

DMAC2

DMINT2

178

H'000002C8 to
H'000002CB

0to 15 (0)

IPR11 (1510 12)

DMAC3

DMINT3

179

H'000002CC to
H'000002CF

0to 15 (0)

IPR11 (11 to 8)

SCIF  SCIFo

BRIO

180

H'000002D0 to
H'000002D3

ERIO

181

H'000002D4 to
H'000002D7

RXI0

182

H'000002D8 to
H'000002DB

TXIO

183

H'000002DC to
H'000002DF

0to 15 (0)

IPR11 (7 to 4)

SCIF1

BRI

184

H'000002E0 to
H'000002E3

ERN

185

H'000002E4 to
H'000002E7

RXI1

186

H'000002ES8 to
H'000002EB

XN

187

H'000002EC to
H'000002EF

0to 15 (0)

IPR11 (310 0)

SCIF2

BRI2

188

H'000002F0 to
H'000002F3

ERI2

189

H'000002F4 to
H'000002F7

RXI2

190

H'000002F8 to
H'000002FB

TXI2

191

H'000002FC to
H'000002FF

0to 15 (0)

IPR12 (15 to 12)

Low
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Interrupt Vector

Vector Table

Interrupt
Priority
(Initial

Corresponding

IPR

Setting

Unit

Internal Default

Interrupt Source Vector Address Offset Value) IPR (Bit) Priority Priority
SCIF  SCIF3 BRI3 192 H'00000300 to 0to15(0) IPR12 (11to 8) 1 High
H'00000303 A
ERI3 193 H'00000304 to 2
H'00000307
RXI3 194 H'00000308 to 3
H'0000030B
TXI3 195 H'0000030C to 4
H'0000030F
SCIF4 BRI4 196 H'00000310 to 0to15(0) IPR12(7to 4) 1
H'00000313
ERI4 197 H'00000314 to 2
H'00000317
RX14 198 H'00000318 to 3
H'0000031B
TXI4 199 H'0000031C to 4
H'0000031F
SCIF5 BRI5 200 H'00000320 to 0to15(0) IPR12(3to0) 1
H'00000323
ERI5 201 H'00000324 to 2
H'00000327
RXI15 202 H'00000328 to 3
H'0000032B
TXI5 203 H'0000032C to 4
H'0000032F
SCIF6  BRI6 204 H'00000330 to 0to15(0) IPR13 (15t0 12) 1
H'00000333
ERI6 205 H'00000334 to 2
H'00000337
RX16 206 H'00000338 to 3
H'0000033B
TXI6 207 H'0000033C to 4 v
H'0000033F Low
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Interrupt Source

Interrupt Vector

Vector

Vector Table
Address Offset

Interrupt
Priority
(Initial
Value)

Corresponding

IPR (Bit)

IPR
Setting
Unit
Internal
Priority

Default
Priority

SCIF  SCIF7

BRI7

208

H'00000340 to
H'00000343

ERI7

209

H'00000344 to
H'00000347

RXI7

210

H'00000348 to
H'0000034B

TXI7

211

H'0000034C to
H'0000034F

0to 15 (0)

IPR13 (11 to 8)

1 High
A

DMAC DMINTA

212

H'00000350 to
H'00000353

0to 15 (0)

IPR13 (7 to 4)

DMAC4

DMINT4

216

H'00000360 to
H'00000363

0to 15 (0)

IPR13 (3 t0 0)

DMAC5

DMINT5

217

H'00000364 to
H'00000367

0to 15 (0)

IPR14 (1510 12)

DMAC6

DMINT6

218

H'00000368 to
H'0000036B

0to 15 (0)

IPR14 (11 to 8)

DMAC?7

DMINT7

219

H'0000036C to
H'0000036F

0to 15 (0)

IPR14 (7 to 4)

RCAN-
ET ETO

RCAN-

ERS

228

H'00000390 to
H'00000393

OVR

229

H'00000394 to
H'00000397

SLE

230

H'00000398 to
H'0000039B

RMO

231

H'0000039C to
H'0000039F

RM1

232

H'000003A0 to
H'000003A3

0to 15 (0)

IPR15 (11 to 8)

Low
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IPR
Interrupt Vector Interrupt Setting
Priority Unit
Vector Table (Initial Corresponding Internal Default
Interrupt Source Vector Address Offset Value) IPR (Bit) Priority Priority
RCAN- RCAN- ERS 234 H'000003A8 to 0to15(0) IPR15 (7 to 4) 1 High
ET ET1 H'000003AB A
OVR 235 H'000003AC to 2
H'000003AF
SLE 236 H'000003B0 to 3
H'000003B3
RMO 237 H'000003B4 to 4
H'000003B7
RMA1 238 H'000003B8 to 5
H'000003BB
SSI SSI0 244 H'000003D0 to 0to15(0) IPR16(15t0 12) —
H'000003D3
SSIi 245 H'000003D4 to 0to15(0) IPR16 (1110 8) —
H'000003D7
TMR TMRO CMIAO 246 H'000003D8 to 0to15(0) IPR16 (7 to 4) 1
H'000003DB
CMIBO 247 H'000003DC to 2
H'000003DF
ovio 248 H'000003EO to 3
H'000003E3
TMR1  CMIA1 252 H'000003FO0 to 0to15(0) IPR16 (3to0) 1
H'000003F3
CMIB1 253 H'000003F4 to 2
H'000003F7
oV 254 H'000003F8 to 3 v
H'000003FB Low
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6.6 Operation
6.6.1 Interrupt Operation Sequence

The sequence of interrupt operations is described below. Figure 6.2 shows the operation flow.

1. The interrupt request sources send interrupt request signals to the interrupt controller.

2. The interrupt controller selects the highest-priority interrupt from the interrupt requests sent,
following the priority levels set in interrupt priority registers 01, 02, and 05 to 16 (IPRO1,
IPRO2, and IPROS to IPR16). Lower priority interrupts are ignored*. If two of these interrupts
have the same priority level or if multiple interrupts occur within a single IPR, the interrupt
with the highest priority is selected, according to the default priority and IPR setting unit
internal priority shown in table 6.4.

3. The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt level mask bits (I3 to I0) in the status register (SR) of the CPU. If the interrupt
request priority level is equal to or less than the level set in bits I3 to 10, the interrupt request is
ignored. If the interrupt request priority level is higher than the level in bits I3 to 10, the
interrupt controller accepts the interrupt and sends an interrupt request signal to the CPU.

4. The CPU detects the interrupt request sent from the interrupt controller when the CPU decodes
the instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception handling (figure 6.4).

5. The start address of the interrupt exception service routine is fetched from the exception
handling vector table corresponding to the accepted interrupt.

6. The status register (SR) is saved onto the stack, and the priority level of the accepted interrupt
is copied to bits 13 to 10 in SR.

7. The program counter (PC) is saved onto the stack.

8. The CPU jumps to the fetched start address of the interrupt exception service routine and starts

executing the program. The jump that occurs is not a delayed branch.

Notes: The interrupt source flag should be cleared in the interrupt handler. After clearing the
interrupt source flag, "time from occurrence of interrupt request until interrupt controller
identifies priority, compares it with mask bits in SR, and sends interrupt request signal to
CPU" shown in table 6.5 is required before the interrupt source sent to the CPU is actually
cancelled. To ensure that an interrupt request that should have been cleared is not
inadvertently accepted again, read the interrupt source flag after it has been cleared, and
then execute an RTE instruction.

* Interrupt requests that are designated as edge-sensing are held pending until the
interrupt requests are accepted. IRQ interrupts, however, can be cancelled by accessing
the IRQ interrupt request register (IRQRR). For details, see section 6.4.4, IRQ
Interrupts.

Interrupts held pending due to edge-sensing are cleared by a power-on reset or in deep
standby mode.
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A

Program
execution state

H-UDI No
interrupt?
No
Yes Level 15
interrupt?

Yes

Level 14
interrupt?

13tol0<
level 14?

Level 1
interrupt?

13to 10 <
level 13?7

Read exception
handling vector table

| Save SR to stack

level to I3 to 10

| Copy accept-interrupt |

| Save PC to stack

Branch to interrupt
exception service routine

level 0?
No

Figure 6.2 Interrupt Operation Flow
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6.6.2 Stack after Interrupt Exception Handling

Figure 6.3 shows the stack after interrupt exception handling.

TN [
— ﬂ\./
Address
4n-8 | PC* 32 bits j SP#2
4n -4 SR 32 bits
4n
TR T
TN TN

Notes: 1. PC: Start address of the next instruction (return destination instruction)
after the executed instruction
2. Always make sure that SP is a multiple of 4.

Figure 6.3 Stack after Interrupt Exception Handling
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6.7 Interrupt Response Time

Table 6.5 lists the interrupt response time, which is the time from the occurrence of an interrupt
request until the interrupt exception handling starts and fetching of the first instruction in the
interrupt exception service routine begins. The interrupt processing operations differ in the cases
when banking is disabled, when banking is enabled without register bank overflow, and when
banking is enabled with register bank overflow. Figures 6.4 and 6.5 show examples of pipeline
operation when banking is disabled. Figures 6.6 and 6.7 show examples of pipeline operation
when banking is enabled without register bank overflow. Figures 6.8 and 6.9 show examples of
pipeline operation when banking is enabled with register bank overflow.

Table 6.5 Interrupt Response Time

Number of States

Peripheral

Item NMI User Break H-UDI IRQ, PINT Module Remarks
Time from occurrence of 2 lcyc + 3 lcyc 2 lcyc + 2 lcyc + 2 lcyc +
interrupt request until interrupt 2 Beyc + 1 Pcyc 3 Beyc + 1 Beyce +
controller identifies priority, 1 Pcyc 1 Pcyc 1 Pcyc
compares it with mask bits in
SR, and sends interrupt request
signal to CPU
Time from No Min.  3lcyc + m1+ m2 Min. is when the interrupt
?nput of regis.ter Max. 4 loyc +2 (m1+m2)+m3 wait tilme is zero..
interrupt banking Max. is when a higher-
request priority interrupt request
signal to has occurred during
CPU until interrupt exception
sequence handling.
currentl
b:irr: nily Register Min. — 3lcyc + m1 + m2 Min. is when the interrupt

9 . banking wait time is zero.
executed is ] Max. — 12 Icyc + m1 + m2 ) .

without Max. is when an interrupt

completed, .
. register request has occurred
interrupt . .
exception bank during execution of the

R overflow RESBANK instruction.
handling
starts,and  Register Min. — 3lcyc + m1 + m2 Min. is when the interrupt
first bankin ait time is zero.
_I o ) "9 Max. — 3lcyc + m1 + m2 + 19 (m4) wal I, 52 .
instruction in - with Max. is when an interrupt
interrupt register request has occurred
exception bank during execution of the
service overflow RESBANK instruction.
routine is
fetched
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Number of States

Peripheral
ltem NMI User Break H-UDI IRQ, PINT Module Remarks
Interrupt No Min.  5lcyc + 6 Icyc + 5lcyc + 5lcyc + 5 lcyc + 120-MHz operation®'**:
response register 2 Beyc + m1 + m2 1 Pcyc + 3 Beyc + 1 Beyc + 0.067 to 0.142 us
time banking 1 Pcyc + m1+ m2 1 Pcyc + 1 Pcyc +
m1 + m2 m1+m2 m1 + m2
Max. 6 lcyc + 7 Ieyc + 6 Icyc + 6 Icyc + 6 Icyc + 120-MHz operation*'#*:
2 Beyc + 2 (m1+m2) 1Pcyc+ 3 Beyc + 1 Beyc + 0.100t0 0.175 ps
1 Pcyc + +m3 2 (m1+m2) 1Pcyc+ 1 Pcyc +
2 (m1+ m2) +m3 2(m1+m2) 2(m1+m2)
+m3 +m3 +m3
Register Min. — — 5 Icyc + 5 Icyc + 5 Icyc + 120-MHz operation*'#*:
banking 1 Pcyc + 3 Beyc + 1 Beye + 0.092 t0 0.142 ps
without m1 + m2 1 Pcyc + 1 Pcyc +
register m1 + m2 m1 + m2
bank i
overflow Max. — — 14 Icyc + 14 Icyc + 14 Icyc + 120-MHz operation*'*":
1 Pcyc + 3 Beyc + 1 Beyc + 0.167 t0 0.217 ps
m1 + m2 1 Pcyc + 1 Pcyc +
m1+ m2 m1 + m2
Register Min. — — 5 Icyc + 5 Icyc + 5 Icyc + 120-MHz operation®'#*:
banking 1 Pcyc + 3 Beyc + 1 Beye + 0.092 t0 0.142 ps
with m1 + m2 1 Pcyc + 1 Pcyc +
register m1 + m2 m1 + m2
bank i
overflow Max. — — 5lcyc + 5lcyc + 5lcyc + 120-MHz operation*'*":
1 Pcyc + 3 Beyc + 1 Beyc + 0.245 to 0.300 us
mi1+m2+ 1Pcyc+ 1 Pcyc +
19 (m4) mli+m2+ ml+m2+
19 (m4) 19 (m4)

Notes: m1 to m4 are the number of states needed for the following memory accesses.
m1: Vector address read (longword read)
m2: SR save (longword write)
m3: PC save (longword write)
m4: Banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored from the

stack.

1. Inthecaseof m1 =m2 =

m3=m4 =1 Icyc.

2. In the case of |¢:B¢:P¢ = 120:60:30 [MHZz].
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Interrupt acceptance

l\)"

2 Ieyc + 3 Beye + 1 Peyc

IRQ —|

Instruction (instruction replacing
interrupt exception handling)

3 lcyc mi m

First instruction in
interrupt service routine

[Flolelc]w]m

[Legend]

m1: Vector address read

m2: Saving of SR (stack)

m3: Saving of PC (stack)

Instruction fetch. Instruction is fetched from memory in which program is stored.

Instruction decoding. Fetched instruction is decoded.

Instruction execution. Data operation or address calculation is performed in accordance with the result of decoding.
Memory access. Memory data access is performed.

Smom

Figure 6.4 Example of Pipeline Operation when IRQ Interrupt is Accepted
(No Register Banking)

2 leyc + 3 Beye + 1 Peyce 3lcyc + m1 ., 1lleyc+m1+2(m2) +m3

IRQ —| E oo :

' rml+ m2 ' m3 rml o m2

i > <l

| F D | E | E M M : .

First instruction in E E E E E

interrupt service routine ! , ! H .
First instruction in E E i |

multiple interrupt service routine | | D M M M

I Interrupt acceptance I I Multiple interrupt acceptance

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 6.5 Example of Pipeline Operation for Multiple Interrupts
(No Register Banking)
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Interrupt acceptance

3lcyc + m1 + m2

2 Iecyc + 3 Beye + 1 Peyc

IRQ _| E

Instruction (instruction replacing
interrupt exception handling)

3 lcyc mi1  m2

i

[Flo|lele[m]m|[m]Ee]

First instruction in
interrupt service routine

-n
H

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 6.6 Example of Pipeline Operation when IRQ Interrupt is Accepted
(Register Banking without Register Bank Overflow)

2 lcyc +§ Beyc + 1 Pcyg,‘ 9 lcyc o 3lcyc + m1 + m2 o
IRQ —| '
RESBANK instruction |F|lbplele]ele|le|leE]EeE|E]E] :

Instruction (instruction replacing
interrupt exception handling)

First instruction in
interrupt service routine

DlE[E (MMM E]

[Legend] Interrupt acceptance

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 6.7 Example of Pipeline Operation when Interrupt is Accepted during RESBANK
Instruction Execution (Register Banking without Register Bank Overflow)
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Interrupt acceptance

2 Icyc + 3 Beye + 1 Peyc

IRQ —|

Instruction (instruction replacing
interrupt exception handling) | F D | E | E M M M | M |

i

First instruction in
interrupt service routine

-
O

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 6.8 Example of Pipeline Operation when IRQ Interrupt is Accepted
(Register Banking with Register Bank Overflow)

2 lcyc + 3 Beyc + 1 Peyc, 2 Icyc + 17(m4) 1 leyc + m1 + m2 + 2(m4),
IRQ _l ; ‘m4,md,  ,mi,m2im3
RESBANK instruction [FIoJEMIMIMT-Tm]m]m]w] + &
Instruction (instruction replacing E i D|E[E|M]|M i M|
interrupt exception handling) ! h ' ' ' ' . \
First instruction in E E i i : : -lﬂ
interrupt service routine ! i - b N

[Legend]

m1: Vector address read

m2: Saving of SR (stack)

m3: Saving of PC (stack)

m4: Restoration of banked registers

Figure 6.9 Example of Pipeline Operation when Interrupt is Accepted during RESBANK
Instruction Execution (Register Banking with Register Bank Overflow)
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6.8 Register Banks

This LSI has fifteen register banks used to perform register saving and restoration required in the
interrupt processing at high speed. Figure 6.10 shows the register bank configuration.

Registers Register banks
| Bank 0
General RO RO Bank 1
registers R1 R1
. Interrupt generated . Bank 14
: (save) :
R14 - R14
R15
GBR
Control SR
registers GBR . MACH
VBR B MACL
TBR BESBANK PR
instruction
1
System MACH (restore) VTO
registers MACL
PR |
PC
Bank control registers (interrupt controller)
Bank control register IBCR
Bank number register IBNR

Note: :I: Banked register
VTO: Vector table address offset

Figure 6.10 Overview of Register Bank Configuration
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6.8.1 Register Banks and Bank Control Registers
(1) Banked Register

The contents of the general registers (RO to R14), global base register (GBR), multiply and
accumulate registers (MACH and MACL), and procedure register (PR), and the vector table
address offset (VTO) are banked.

(2) Input/Output of Banks

This LSI has fifteen register banks, bank O to bank 14. Register banks are stacked in first-in last-
out (FILO) sequence. Saving takes place in order, beginning from bank 0, and restoration takes
place in the reverse order, beginning from the last bank saved to.

6.8.2 Bank Save and Restore Operations
(1) Saving to Bank

Figure 6.11 shows register bank save operations. The following operations are performed when an
interrupt for which usage of register banks is allowed is accepted by the CPU:

(a) Assume that the bank number bit value in the bank number register (IBNR), BN, is i before the
interrupt is generated.

(b) The contents of registers RO to R14, GBR, MACH, MACL, and PR, and the interrupt vector
table address offset (VTO) of the accepted interrupt are saved in the bank indicated by BN,
bank i.

(c) The BN value is incremented by 1.

. Register banks Registers

Bank 0
(©) Bank 1 RO to R14
BN : GER
MACH
a b
(@) Banki__| ) MACL
Bank i + 1 PR
: VTO
Bank 14

Figure 6.11 Bank Save Operations
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Figure 6.12 shows the timing for saving to a register bank. Saving to a register bank takes place
between the start of interrupt exception handling and the start of fetching the first instruction in the

exception service routine.

2 Icyc + 3 Beyc + 1 Peyc

IRQ —|

Instruction (instruction replacing
interrupt exception handling)

Overrun fetch

First instruction in
interrupt service routine

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

3 lcyc + m1 + m2

3 lcyc

m1

M

M

E

[Flo]=]c

L]

Saved to bank

== (1) VTO, PR, GBR, MACL

m— (2) R12, R13, R14, MACH
== (3) R8, RY, R10, R11
m— (4) R4, R5, R6, R7

— (5) RO, R1, R2, R3

(2) Restoration from Bank

Figure 6.12 Bank Save Timing

The RESBANK (restore from register bank) instruction is used to restore data saved in a register
bank. After restoring data from the register banks with the RESBANK instruction at the end of the
interrupt service routine, execute the RTE instruction to return from exception handling.
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6.8.3 Save and Restore Operations after Saving to All Banks

If an interrupt occurs and usage of the register banks is enabled for the interrupt accepted by the
CPU in a state where saving has been performed to all register banks, automatic saving to the
stack is performed instead of register bank saving if the BOVE bit in the bank number register
(IBNR) is cleared to 0. If the BOVE bit in IBNR is set to 1, register bank overflow exception
occurs and data is not saved to the stack.

Save and restore operations when using the stack are as follows:
(1) Saving to Stack

1. The status register (SR) and program counter (PC) are saved to the stack during interrupt
exception handling.

2. The contents of the banked registers (RO to R14, GBR, MACH, MACL, and PR) are saved to
the stack. The registers are saved to the stack in the order of MACL, MACH, GBR, PR, R14,
R13, ..., R1, and RO.

3. The register bank overflow bit (BO) in SR is set to 1.

4. The bank number bit (BN) value in the bank number register IBNR) remains set to the
maximum value of 15.

(2) Restoration from Stack

When the RESBANK (restore from register bank) instruction is executed with the register bank
overflow bit (BO) in SR set to 1, the CPU operates as follows:

1. The contents of the banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored
from the stack. The registers are restored from the stack in the order of RO, R1, ..., R13, R14,
PR, GBR, MACH, and MACL.

2. The bank number bit (BN) value in the bank number register (IBNR) remains set to the
maximum value of 15.
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6.8.4 Register Bank Exception

There are two register bank exceptions (register bank errors): register bank overflow and register
bank underflow.

(1) Register Bank Overflow

This exception occurs if, after data has been saved to all of the register banks, an interrupt for
which register bank use is allowed is accepted by the CPU, and the BOVE bit in the bank number
register (IBNR) is set to 1. In this case, the bank number bit (BN) value in the bank number
register (IBNR) remains set to the bank count of 15 and saving is not performed to the register
bank.

(2) Register Bank Underflow

This exception occurs if the RESBANK (restore from register bank) instruction is executed when
no data has been saved to the register banks. In this case, the values of RO to R14, GBR, MACH,
MACL, and PR do not change. In addition, the bank number bit (BN) value in the bank number
register (IBNR) remains set to 0.

6.8.5 Register Bank Error Exception Handling

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

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

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

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction for a register bank overflow, and
the start address of the executed RESBANK instruction for a register bank underflow. To
prevent multiple interrupts from occurring at a register bank overflow, the interrupt priority
level that caused the register bank overflow is written to the interrupt mask level bits (I3 to 10)
of the status register (SR).

4. Program execution starts from the exception service routine start address.
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6.9 Data Transfer with Interrupt Request Signals
Interrupt request signals can be used to activate the DMAC and transfer data.

Interrupt sources that are specified to activate the DMAC are masked by setting the DMA transfer
enable bit in DREQERO to DREQER3 to 1 without being input to the INTC.

6.9.1 Handling Interrupt Request Signals as Sources for CPU Interrupt but not DMAC

Activation

1. Clear the corresponding DMAC transfer request enable bit in DREQERO to DREQER3 to 0.
2. When an interrupt occurs, the interrupt request will be sent to the CPU.

3. The CPU clears the interrupt source and performs the necessary processing in the interrupt
handling routine.

6.9.2 Handling Interrupt Request Signals as Sources for DMAC Activation but not CPU

Interrupt

1. Select* the signals as DMAC activating sources by setting the corresponding DMAC transfer
request enable bit in DREQERO to DREQERS3 to 1. This masks the CPU interrupt source
regardless of the interrupt priority register settings.

2. When an interrupt occurs, the activation source will be sent to the DMAC.
3. The DMAC clears the activation source during the transfer.

Note: * As for the method to select the DMAC request sources, see section 11, Direct Memory
Access Controller (DMAC).
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6.10  Usage Note

6.10.1 Timing to Clear an Interrupt Source

The interrupt source flags should be cleared in the interrupt handler. After clearing the interrupt
source flag, "time from occurrence of interrupt request until interrupt controller identifies priority,
compares it with mask bits in SR, and sends interrupt request signal to CPU" shown in table 6.5 is
required before the interrupt source sent to the CPU is actually cancelled. To ensure that an
interrupt request that should have been cleared is not inadvertently accepted again, read the
interrupt source flag after it has been cleared, and then execute an RTE instruction.
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Section 7 User Break Controller (UBC)

The user break controller (UBC) provides functions that simplify program debugging. These
functions make it easy to design an effective self-monitoring debugger, enabling the chip to debug
programs without using an in-circuit emulator. Instruction fetch or data read/write of CPU, data
size, data contents, address value, and stop timing in the case of instruction fetch are break
conditions that can be set in the UBC. Since this LSI uses a Harvard architecture, instruction fetch
on the CPU bus (C bus) is performed by issuing bus cycles on the instruction fetch bus (F bus),
and data access on the C bus is performed by issuing bus cycles on the memory access bus (M
bus). The UBC monitors the C bus and internal bus (I bus).

7.1 Features

1. The following break comparison conditions can be set.

Number of break channels: two channels (channels O and 1)

User break can be requested as the independent condition on channels 0 and 1.
e Address

Comparison of the 32-bit address is maskable in 1-bit units.

One of the three address buses (F address bus (FAB), M address bus (MAB), and I address bus
(IAB)) can be selected.

e Data
Comparison of the 32-bit data is maskable in 1-bit units.
One of the two data buses (M data bus (MDB) and I data bus (IDB)) can be selected.
e Buscycle
Instruction fetch (only when C bus is selected) or data access
e Read/write
e Operand size
Byte, word, and longword

2. In an instruction fetch cycle, it can be selected whether the start of user break interrupt
exception processing is set before or after an instruction is executed.

3. When a break condition is satisfied, a trigger signal is output from the UBCTRG pin.
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Figure 7.1 shows a block diagram of the UBC.

Internal bus CPU bus Internaal bus
(I bus) (C bus) (I bus)
Access —r A
control IDB IAB MDB MAB FAB
A A A A A
‘ Access _BBR 0
comparator =
—] BAR_0 |
_ Address
-~ comparator | ] BAMR 0 >
. Data «—] BDR_0 |
> comparator
& | BDMR_0 |+
~ Channel 0
Access _ ‘
o comparator BBR_1
- <—]| BAR_1 |
- Address
> comparator <_| BAMR_1 I<_>
—] <
> Data BDR_1 |
> comparator | R |
< Channel 1
| BRCR ||
Y Y v > Control
\ \ \
|—> User break request
—> UBCTRG pin output
[Legend]
BBR:  Break bus cycle register BDR:  Break data register
BAR:  Break address register BDMR: Break data mask register
BAMR: Break address mask register BRCR: Break control register

Figure 7.1 Block Diagram of UBC
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7.2 Input/Output Pin
Table 7.1 shows the pin configuration of the UBC.

Table 7.1  Pin Configuration

Pin Name Symbol /0 Function

UBC trigger UBCTRG Output Indicates that a setting condition is satisfied on
either channel 0 or 1 of the UBC.

7.3 Register Descriptions
The UBC has the following registers.

Table 7.2  Register Configuration

Abbrevia- Access

Channel Register Name tion R/W Initial Value  Address Size

0 Break address register_0 BAR_O R/W H'00000000 H'FFFC0400 32
Break address mask register_0 BAMR_0O R/W H'00000000 H'FFFC0404 32
Break bus cycle register_0 BBR_0 R/W H'0000 H'FFFCO4A0 16
Break data register_0 BDR_0 R/W H'00000000 H'FFFC0408 32
Break data mask register_0 BDMR_0 R/W H'00000000 H'FFFC040C 32

1 Break address register_1 BAR_1 R/W H'00000000 H'FFFC0410 32
Break address mask register_1 BAMR_1 R/W H'00000000 H'FFFC0414 32
Break bus cycle register_1 BBR_1 R/W H'0000 H'FFFC04B0 16
Break data register_1 BDR_1 R/W H'00000000 H'FFFC0418 32
Break data mask register_1 BDMR_1 R/W H'00000000 H'FFFC041C 32

Common  Break control register BRCR R/W H'00000000 H'FFFC04C0 32
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7.3.1 Break Address Register (BAR)

BAR is a 32-bit readable/writable register. BAR specifies the address used as a break condition in
each channel. The control bits CD[1:0] in the break bus cycle register (BBR) select one of the
three address buses for a break condition. BAR is initialized to H'00000000 by a power-on reset or
in deep standby, but retains its previous value by a manual reset or in software standby mode or
sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| BA31 | BA30| BA29 | BA28 | BA27| BA26 | BA25| BA24 | BA23| BA22 | BA21 | BA20| BA19 | BA18| BA17 | BA16|

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

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BA15|BA14|BA13|BA12|BA11|BA10| BA9 | BA8 | BA7 | BA6 | BA5 | BA4| BA3 | BA2 | BA1 | BAO|

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

Initial
Bit Bit Name Value R/W  Description
31to0 BA31toBAO AllO R/W  Break Address
Store an address on the CPU address bus (FAB or
MAB) or IAB specifying break conditions.

When the C bus and instruction fetch cycle are
selected by BBR, specify an FAB address in bits BA31
to BAO.

When the C bus and data access cycle are selected by
BBR, specify an MAB address in bits BA31 to BAO.

Note: When setting the instruction fetch cycle as a break condition, clear the LSB in BAR to 0.
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7.3.2 Break Address Mask Register (BAMR)

BAMR is a 32-bit readable/writable register. BAMR specifies bits masked in the break address
bits specified by BAR. BAMR is initialized to H'00000000 by a power-on reset or in deep
standby, but retains its previous value by a manual reset or in software standby mode or sleep
mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BAM31 |BAM30|BAM29|BAM28|BAM27|BAM26|BAM25|BAM24|BAM23|BAM22|BAM21 |BAM20|BAM1 9|BAM 1 8|BAM1 7|BAM1 6I

Initialvalue: 0 0 ©0 ©0 ©0O ©O0O O O O 0O 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Btt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAM15|BAM14|BAM13|BAM12|BAM1 1|BAM10| BAM9| BAM8| BAM7| BAM6| BAM5| BAM4| BAM3| BAM2| BAM1 | BAMOl

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

Initial
Bit Bit Name Value R/W  Description
31to0 BAMS31 to AllO R/W  Break Address Mask

BAMO Specify bits masked in the break address bits specified
by BAR (BA31 to BAOQ).

0: Break address bit BAn is included in the break
condition

1: Break address bit BAn is masked and not included
in the break condition

Note:n=311t00
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7.3.3 Break Data Register (BDR)

BDR is a 32-bit readable/writable register. The control bits CD[1:0] in the break bus cycle register
(BBR) select one of the two data buses for a break condition. BDR is initialized to H'00000000 by
a power-on reset or in deep standby, but retains its previous value by a manual reset or in software
standby mode or sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BD31 |BD30|BD29|BD28|BD27| BD26|BD25|BD24|BD23|BD22|BD21 |BD20|BD19|BD18|BD17| BD16|

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

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BD15|BD14|BD13|BD12|BD11|BD10| BD9 | BD8 | BD7 | BD6 | BD5 | BD4 | BD3 | BD2 | BD1 | BDO|

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

Initial
Bit Bit Name Value R/W  Description
31to0 BD31 to BDO All 0 R/W  Break Data Bits
Store data which specifies a break condition.
If the | bus is selected in BBR, specify the break data
on IDB in bits BD31 to BDO.

If the C bus is selected in BBR, specify the break data
on MDB in bits BD31 to BDO.

Notes: 1. Set the operand size when specifying a value on a data bus as the break condition.
2. When the byte size is selected as a break condition, the same byte data must be set in
bits 31 to 24, 23 to 16, 15 to 8, and 7 to 0 in BDR as the break data. Similarly, when the

word size is selected, the same word data must be set in bits 31 to 16 and 15 to 0.
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7.3.4 Break Data Mask Register (BDMR)

BDMR is a 32-bit readable/writable register. BDMR specifies bits masked in the break data bits
specified by BDR. BDMR is initialized to H'00000000 by a power-on reset or in deep standby, but
retains its previous value by a manual reset or in software standby mode or sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BDM31 |BDMSO|BDM29|BDM28|BDM27|BDM26|BDM25|BDM24|BDM23|BDM22|BDM21 |BDM20|BDM19|BDM18|BDM17|BDM16|

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

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BDM15|BDM14|BDM13|BDM12|BDM11|BDM10| BDM9 | BDM8| BDM7 | BDM6| BDM5 | BDM4| BDM3| BDM2 | BDM1 | BDMO|

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

Initial
Bit Bit Name Value R/W  Description
31to0 BDM31 to AllO R/W  Break Data Mask
BDMO Specify bits masked in the break data bits specified by

BDR (BD31 to BDO).

0: Break data bit BDn is included in the break condition

1: Break data bit BDn is masked and not included in
the break condition

Note:n=311t00

Notes: 1. Set the operand size when specifying a value on a data bus as the break condition.
2. When the byte size is selected as a break condition, the same byte data must be set in
bits 31 to 24, 23 to 16, 15to 8, and 7 to 0 in BDMR as the break mask data. Similarly,
when the word size is selected, the same word data must be set in bits 31 to 16 and 15
to 0.
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7.3.5 Break Bus Cycle Register (BBR)

BBR is a 16-bit readable/writable register, which specifies (1) disabling or enabling of user break
interrupts, (2) including or excluding of the data bus value, (3) bus master of the I bus, (4) C bus
cycle or I bus cycle, (5) instruction fetch or data access, (6) read or write, and (7) operand size as
the break conditions. BBR is initialized to H'0000 by a power-on reset and in deep standby, but
retains its previous value by a manual reset or in software standby mode or sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — |UBID| DBE| CP[3:0] CD[1:0] ID[1:0] RWI[1:0] SZ[1:0]

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

Initial
Bit Bit Name Value R/W  Description
15,14 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
13 UBID 0 R/W  User Break Interrupt Disable

Disables or enables user break interrupt requests
when a break condition is satisfied.

0: User break interrupt requests enabled
1: User break interrupt requests disabled

12 DBE 0 R/W  Data Break Enable

Selects whether the data bus condition is included in
the break conditions.

0: Data bus condition is not included in break
conditions

1: Data bus condition is included in break conditions

11to8 CP[3:0] 0000 R/W  |-Bus Bus Select
Select the bus master when the bus cycle of the break
condition is the | bus cycle. However, when the C bus
cycle is selected, this bit is invalidated (only the CPU
cycle).
xxx1: CPU cycle is included in break conditions
xx1x: Reserved. Setting prohibited
x1xx: Reserved. Setting prohibited
1xxx: Reserved. Setting prohibited

Page 168 of 1190 R01UH0026EJ0300 Rev. 3.00
leNESAS Sep 24,2010



SH7201 Group

Section 7 User Break Controller (UBC)

Initial
Bit Bit Name Value R/W Description
7,6 CD[1:0] 00 R/W C Bus Cycle/l Bus Cycle Select
Select the C bus cycle or | bus cycle as the bus cycle
of the break condition.
00: Condition comparison is not performed
01: Break condition is the C bus (F bus or M bus) cycle
10: Break condition is the | bus cycle
11: Break condition is the C bus (F bus or M bus) cycle
5,4 ID[1:0] 00 R/W Instruction Fetch/Data Access Select
Select the instruction fetch cycle or data access cycle
as the bus cycle of the break condition. If the
instruction fetch cycle is selected, select the C bus
cycle.
00: Condition comparison is not performed
01: Break condition is the instruction fetch cycle
10: Break condition is the data access cycle
11: Break condition is the instruction fetch cycle or
data access cycle
3,2 RWI1:0] 00 R/W Read/Write Select
Select the read cycle or write cycle as the bus cycle of
the break condition.
00: Condition comparison is not performed
01: Break condition is the read cycle
10: Break condition is the write cycle
11: Break condition is the read cycle or write cycle
1,0 SZ[1:0] 00 R/W Operand Size Select
Select the operand size of the bus cycle for the break
condition.
00: Break condition does not include operand size
01: Break condition is byte access
10: Break condition is word access
11: Break condition is longword access
[Legend]
X: Don't care
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7.3.6 Break Control Register (BRCR)
BRCR sets the following conditions:

1. Specifies whether a start of user break interrupt exception processing by instruction fetch cycle
is set before or after instruction execution.
2. Specifies the pulse width of the UBCTRG output when a break condition is satisfied.

BRCR is a 32-bit readable/writable register that has break condition match flags and bits for
setting other break conditions. For the condition match flags of bits 15 to 12, writing 1 is invalid
(previous values are retained) and writing O is only possible. To clear the flag, write O to the flag
bit to be cleared and 1 to all other flag bits. BRCR is initialized to H'00000000 by a power-on
reset and in deep standby, but retains its previous value by a manual reset or in software standby
mode or sleep mode.

o[ [ e
Initial value: 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R/W R/W

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

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|SCMFC | SCMFC | SCMFD | SCMFD | - | - | - | - | - | PCB1 | PCBO| - | - | - | - | - |
0 0

0 1 0 1

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

Initial
Bit Bit Name Value R/W  Description
31t018 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
17,16 CKS[1:0] 00 R/W  Clock Select

Specifies the pulse width output to the UBCTRG pin
when a break condition is satisfied.

00: Pulse width of UBCTRG is one bus clock cycle
01: Pulse width of UBCTRG is two bus clock cycles
10: Pulse width of UBCTRG is four bus clock cycles
11: Pulse width of UBCTRG is eight bus clock cycles
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Initial
Bit Bit Name Value R/W Description
15 SCMFCO 0 R/W  C Bus Cycle Condition Match Flag 0
When the C bus cycle condition in the break conditions
set for channel 0 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.
0: The C bus cycle condition for channel 0 does not
match
1: The C bus cycle condition for channel 0 matches
14 SCMFCA1 0 R/W  C Bus Cycle Condition Match Flag 1
When the C bus cycle condition in the break conditions
set for channel 1 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.
0: The C bus cycle condition for channel 1 does not
match
1: The C bus cycle condition for channel 1 matches
13 SCMFDO 0 R/W | Bus Cycle Condition Match Flag 0
When the | bus cycle condition in the break conditions
set for channel 0 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.
0: The | bus cycle condition for channel 0 does not
match
1: The | bus cycle condition for channel 0 matches
12 SCMFD1 0 R/W | Bus Cycle Condition Match Flag 1
When the | bus cycle condition in the break conditions
set for channel 1 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.
0: The | bus cycle condition for channel 1 does not
match
1: The | bus cycle condition for channel 1 matches
11to7 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
6 PCBH1 0 R/W  PC Break Select 1

Selects the break timing of the instruction fetch cycle
for channel 1 as before or after instruction execution.

0: PC break of channel 1 is generated before
instruction execution

1: PC break of channel 1 is generated after instruction
execution

5 PCBO 0 R/W  PC Break Select 0

Selects the break timing of the instruction fetch cycle
for channel 0 as before or after instruction execution.

0: PC break of channel 0 is generated before
instruction execution

1: PC break of channel 0 is generated after instruction
execution

4100 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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7.4 Operation
7.4.1 Flow of the User Break Operation
The flow from setting of break conditions to user break exception handling is described below:

1. The break address is set in the break address register (BAR). The masked address bits are set in
the break address mask register (BAMR). The break data is set in the break data register
(BDR). The masked data bits are set in the break data mask register (BDMR). The bus break
conditions are set in the break bus cycle register (BBR). Three control bit groups of BBR (C
bus cycle/I bus cycle select, instruction fetch/data access select, and read/write select) are each
set. No user break will be generated if even one of these groups is set to 00. The relevant break
control conditions are set in the bits of the break control register (BRCR). Make sure to set all
registers related to breaks before setting BBR, and branch after reading from the last written
register. The newly written register values become valid from the instruction at the branch
destination.

2. In the case where the break conditions are satisfied and the user break interrupt request is
enabled, the UBC sends a user break request to the INTC, sets the C bus condition match flag
(SCMFC) or I bus condition match flag (SCMFD) for the appropriate channel, and outputs a
pulse to the UBCTRG pin with the width set by the CKS[1:0] bits. Setting the UBID bit in
BBR to 1 enables external monitoring of the trigger output without requesting user break
interrupts.

3. On receiving a user break interrupt request signal, the INTC determines its priority. Since the
user break interrupt has a priority level of 15, it is accepted when the priority level set in the
interrupt mask level bits (I3 to 10) of the status register (SR) is 14 or lower. If the I3 to IO bits
are set to a priority level of 15, the user break interrupt is not accepted, but the conditions are
checked, and condition match flags are set if the conditions match. For details on ascertaining
the priority, see section 6, Interrupt Controller (INTC).

4. Condition match flags (SCMFC and SCMFD) can be used to check which condition has been
satisfied. Clear the condition match flags during the user break interrupt exception processing
routine. The interrupt occurs again if this operation is not performed.

5. There is a chance that the break set in channel O and the break set in channel 1 occur around
the same time. In this case, there will be only one break request to the INTC, but these two
break channel match flags may both be set.
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6. When selecting the I bus as the break condition, note as follows:

— Whether or not the access the CPU issued on the C bus is issued on the I bus depends on
the setting of the cache. As regard to the I bus operation that depends on cache conditions,
see table 8.8 in section 8, Cache.

— When a break condition is specified for the I bus, only the data access cycle is monitored.
The instruction fetch cycle (including cache update cycle) is not monitored.

— If a break condition is specified for the I bus, even when the condition matches in an I bus
cycle resulting from an instruction executed by the CPU, at which instruction the break is
to be accepted cannot be clearly defined.

7.4.2 Break on Instruction Fetch Cycle

1. When C bus/instruction fetch/read/word or longword is set in the break bus cycle register
(BBR), the break condition is the FAB bus instruction fetch cycle. Whether a start of user
break interrupt exception processing is set before or after the execution of the instruction can
be selected with the PCBO or PCB1 bit in the break control register (BRCR) for the
appropriate channel. If an instruction fetch cycle is set as a break condition, clear LSB in the
break address register (BAR) to 0. A break cannot be generated as long as this bit is set to 1.

2. A break for instruction fetch which is set as a break before instruction execution occurs when it
is confirmed that the instruction has been fetched and will be executed. This means a break
does not occur for instructions fetched by overrun (instructions fetched at a branch or during
an interrupt transition, but not to be executed). When this kind of break is set for the delay slot
of a delayed branch instruction, the user break interrupt request is not received until the
execution of the first instruction at the branch destination.

Note: If a branch does not occur at a delayed branch instruction, the subsequent instruction is
not recognized as a delay slot.

3. When setting a break condition for break after instruction execution, the instruction set with
the break condition is executed and then the break is generated prior to execution of the next
instruction. As with pre-execution breaks, a break does not occur with overrun fetch
instructions. When this kind of break is set for a delayed branch instruction and its delay slot,
the user break interrupt request is not received until the first instruction at the branch
destination.

4. When an instruction fetch cycle is set, the break data register (BDR) is ignored. Therefore,
break data cannot be set for the break of the instruction fetch cycle.

5. If the I bus is set for a break of an instruction fetch cycle, the setting is invalidated.
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7.4.3 Break on Data Access Cycle

1. If the C bus is specified as a break condition for data access break, condition comparison is
performed for the logical addresses (and data) accessed by the executed instructions, and a

break occurs if the condition is satisfied. If the I bus is specified as a break condition, condition

comparison is performed for the addresses (and data) of the data access cycles on the bus

specified by the I bus select bits, and a break occurs if the condition is satisfied. For details on

the CPU bus cycles issued on the I bus, see 6 in section 7.4.1, Flow of the User Break
Operation.

2. The relationship between the data access cycle address and the comparison condition for each
operand size is listed in table 7.3.

Table 7.3 Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31 to 2 to address bus bits 31 to 2
Word Compares break address register bits 31 to 1 to address bus bits 31 to 1
Byte Compares break address register bits 31 to 0 to address bus bits 31 to 0

This means that when address H'00001003 is set in the break address register (BAR), for
example, the bus cycle in which the break condition is satisfied is as follows (where other
conditions are met).

Longword access at H'00001000
Word access at H'00001002
Byte access at H'00001003

. When the data value is included in the break conditions:

When the data value is included in the break conditions, either longword, word, or byte is
specified as the operand size in the break bus cycle register (BBR). When data values are
included in break conditions, a break is generated when the address conditions and data
conditions both match. To specify byte data for this case, set the same data in the four bytes at
bits 31 to 24, 23 to 16, 15 to 8, and 7 to O of the break data register (BDR) and break data mask
register (BDMR). To specify word data for this case, set the same data in the two words at bits
31to 16 and 15 to O.

. Access by a PREF instruction is handled as read access in longword units without access data.
Therefore, if including the value of the data bus when a PREF instruction is specified as a
break condition, a break will not occur.

. If the data access cycle is selected, the instruction at which the break will occur cannot be
determined.
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7.4.4 Value of Saved Program Counter

When a user break interrupt request is received, the address of the instruction from where
execution is to be resumed is saved to the stack, and the exception handling state is entered. If the
C bus (FAB)/instruction fetch cycle is specified as a break condition, the instruction at which the
break should occur can be uniquely determined. If the C bus/data access cycle or I bus/data access
cycle is specified as a break condition, the instruction at which the break should occur cannot be
uniquely determined.

1.

When C bus (FAB)/instruction fetch (before instruction execution) is specified as a break
condition:

The address of the instruction that matched the break condition is saved to the stack. The
instruction that matched the condition is not executed, and the break occurs before it.
However, when a delay slot instruction matches the condition, the instruction is executed, and
the branch destination address is saved to the stack.

When C bus (FAB)/instruction fetch (after instruction execution) is specified as a break
condition:

The address of the instruction following the instruction that matched the break condition is
saved to the stack. The instruction that matches the condition is executed, and the break occurs
before the next instruction is executed. However, when a delayed branch instruction or delay
slot matches the condition, the instruction is executed, and the branch destination address is
saved to the stack.

When C bus/data access cycle or I bus/data access cycle is specified as a break condition:

The address after executing several instructions of the instruction that matched the break
condition is saved to the stack.
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7.4.5 Usage Examples

(1) Break Condition Specified for C Bus Instruction Fetch Cycle

(Example 1-1)

Register specifications

BAR_0 = H'00000404, BAMR_0 = H'00000000, BBR_0 = H'0054, BAR_1 = H'00008010,
BAMR_1 = H'00000006, BBR_1 = H'0054, BDR_1 = H'00000000, BDMR_1 = H'00000000,
BRCR = H'00000020

<Channel 0>

Address:  H'00000404, Address mask: H'00000000

Bus cycle: C bus/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channel 1>

Address:  H'00008010, Address mask: H'00000006

Data: H'00000000, Data mask: H'00000000

Bus cycle: C bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction of address H'00000404 is executed or before

instructions of addresses H'00008010 to H'00008016 are executed.

(Example 1-2)

Register specifications

BAR_0 =H'00027128, BAMR_0 = H'00000000, BBR_0 = H'005A, BAR_1= H'00031415,

BAMR_1 = H'00000000, BBR_1 = H'0054, BDR_1 = H'00000000, BDMR_1 = H'00000000,

BRCR = H'00000000

<Channel 0>

Address:  H'00027128, Address mask: H'00000000

Bus cycle: C bus/instruction fetch (before instruction execution)/write/word

<Channel 1>

Address: H'00031415, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Bus cycle: C bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

On channel 0, a user break does not occur since instruction fetch is not a write cycle. On

channel 1, a user break does not occur since instruction fetch is performed for an even address.
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(Example 1-3)

@

Register specifications

BAR_0 = H'00008404, BAMR_0 = H'00000FFF, BBR_0 = H'0054, BAR_1= H'00008010,
BAMR_1 = H'00000006, BBR_1 = H'0054, BDR_1 = H'00000000, BDMR_1 = H'00000000,
BRCR = H'00000020

<Channel 0>

Address:  H'00008404, Address mask: H'O0000FFF

Bus cycle: C bus/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channel 1>
Address:  H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Bus cycle: C bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction with addresses H'00008000 to H'O000O8FFE is
executed or before an instruction with addresses H'00008010 to H'00008016 are executed.

Break Condition Specified for C Bus Data Access Cycle

(Example 2-1)

Register specifications

BAR_0 =H'00123456, BAMR_0 = H'00000000, BBR_0 = H'0064, BAR_1= H'000ABCDE,
BAMR_1 = H'000000FF, BBR_1 = H'106A, BDR_1 = H'A512A512,

BDMR_1 = H'00000000, BRCR = H'00000000

<Channel 0>

Address:  H'00123456, Address mask: H'00000000

Bus cycle: C bus/data access/read (operand size is not included in the condition)
<Channel 1>

Address: H'000ABCDE, Address mask: H'000000FF

Data: H'0000A512, Data mask: H'00000000

Bus cycle: C bus/data access/write/word

On channel 0, a user break occurs with longword read from address H'00123456, word read
from address H'00123456, or byte read from address H'00123456. On channel 1, a user break
occurs when word H'A512 is written in addresses H'O00ABCO00 to HO00ABCFE.
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(3) Break Condition Specified for I Bus Data Access Cycle
(Example 3-1)

e Register specifications
BAR_0 =H'00314156, BAMR_0 = H'00000000, BBR_0 = H'0094, BAR_1= H'00055555,
BAMR_1 = H'00000000, BBR_1 =H'11A9, BDR_1 = H'78787878, BDMR _1 = H'OFOFOFOF,
BRCR = H'00000000

<Channel 0>

Address:  H'00314156, Address mask: H'00000000

Bus cycle: I bus/instruction fetch/read (operand size is not included in the condition)
<Channel 1>

Address:  H'00055555, Address mask: H'00000000

Data: H'00000078, Data mask: H'0000000F

Bus cycle: I bus/data access/write/byte

On channel 0, the setting of I bus/instruction fetch is ignored.

On channel 1, a user break occurs when the CPU writes byte data H'7x in address H'00055555
on the I bus.
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7.5 Usage Notes

The CPU can read from or write to the UBC registers via the I bus. Accordingly, during the
period from executing an instruction to rewrite the UBC register till the new value is actually
rewritten, the desired break may not occur. In order to know the timing when the UBC register
is changed, read from the last written register. Instructions after then are valid for the newly
written register value.

The UBC cannot monitor access to the C bus and I bus cycles in the same channel.

When a user break interrupt request and another exception source occur at the same
instruction, which has higher priority is determined according to the priority levels defined in
table 5.1 in section 5, Exception Handling. If an exception source with higher priority occurs,
the user break interrupt request is not received.

Note the following when a break occurs in a delay slot.

If a pre-execution break is set at a delay slot instruction, the user break interrupt request is not
received immediately before execution of the branch destination.

User breaks are disabled during UBC module standby mode. Do not read from or write to the
UBC registers during UBC module standby mode; the values are not guaranteed.

Do not set an address within an interrupt exception handling routine whose interrupt priority
level is at least 15 (including user break interrupts) as a break address.

Do not set break after instruction execution for the SLEEP instruction or for the delayed
branch instruction where the SLEEP instruction is placed at its delay slot.

When setting a break for a 32-bit instruction, set the address where the upper 16 bits are
placed. If the address of the lower 16 bits is set and a break before instruction execution is set
as a break condition, the break is handled as a break after instruction execution.

Do not set a break after instruction execution for the DIVU or DIVS instruction. If a break
after instruction execution is set for the DIVU or DIVS instruction and an exception or
interrupt occurs during execution of the DIVU or DIVS instruction, a break after instruction
execution occurs even though execution of the DIVU or DIVS instruction is halted.

10. Do not set a pre-execution break for the instruction that comes after the DIVU or DIVS

11.

instruction. If a pre-execution break is set for the instruction that comes after the DIVU or
DIVS instruction and an exception or interrupt occurs during execution of the DIVU or DIVS
instruction, a pre-execution break occurs even though execution of the DIVU or DIVS
instruction is halted.

Do not set a pre-execution break and a break after instruction execution simultaneously in one
address. For example, if a pre-execution break for channel 0 and a break after instruction
execution for channel 1 are set simultaneously for one address, a break generated prior to
instruction execution for channel O can set a condition-match flag after the instruction
execution for channel 1.
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Section 8 Cache

8.1 Features

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

8.1.1 Cache Structure

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

Each of the address and data sections is divided into 128 entries. The data section of the entry is
called a line. Each line consists of 16 bytes (4 bytes x 4). The data capacity per way is 2 Kbytes
(16 bytes x 128 entries), with a total of 8 Kbytes in the cache as a whole (4 ways). Figure 8.1
shows the operand cache structure. The instruction cache structure is the same as the operand
cache structure except for not having the U bit.
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Address array (ways 0 to 3) Data array (ways O to 3) LRU
Entry 0 | V| U |Tag address 0| Lwo LWH1 Lw2 LW3 0
Entry 1 1
Entry 127 | 127 | 127
23 (1 + 1+ 21) bits 128 (32 x 4) bits 6 bits
< > e

- LWO to LW3: Longword data (;to 3

Figure 8.1 Operand Cache Structure
(1) Address Array

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

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

The tag address holds the physical address used in the external memory access. It is composed of
21 bits (address bits 31 to 11) used for comparison during cache searches. In this LSI, as values of
addresses in the cache valid space are from H'00000000 to H'I| FFFFFFF (see section 9, Bus State
Controller (BSC)), the upper three bits of the tag address are cleared to 0.

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

The tag address is not initialized by a power-on reset or manual reset or in software standby mode.
The tag address becomes undefined after deep standby.

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

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

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

Six LRU bits indicate the way to be replaced in case of a cache miss. The relationship between
LRU and way replacement is shown in table 8.1 when the cache lock function (only for operand
cache) is not used (concerning the case where the cache lock function is used, see section 8.2.2,
Cache Control Register 2 (CCR2)). If a bit pattern other than those listed in table 8.1 is set in the
LRU bits by software, the cache will not function correctly. When modifying the LRU bits by
software, set one of the patterns listed in table 8.1.

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

Table 8.1 LRU and Way Replacement (Cache Lock Function Not Used)

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

Table 8.2  Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size
Cache control register 1 CCR1 R/W  H'00000000 H'FFFC1000 32
Cache control register 2 CCR2 R/W  H'00000000 H'FFFC1004 32

8.2.1 Cache Control Register 1 (CCR1)

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

or write-back mode for operand cache.

Programs that change the contents of CCR1 should be placed in an address space that is not
cached, and an address space that is cached should be accessed after reading the contents of

CCRI.

CCRI is initialized to H'00000000 by a power-on reset and in deep standby but not initialized by a
manual reset or in software standby mode.

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

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

Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

= [ Jor| [ Jwe[ ][] [oor] — [wr]oce]
Initialvalue: ' © 0 ©0 ©0 o0 0 ©0 0 ©0 ©0 ©0O ©0 ©0 0 0 0
RW.: R R R R RW R R RW R R R R RW R RW RW
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Bit

Bit Name

Initial
Value

Description

31to 12

AllO

Reserved

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

11

ICF

R/W

Instruction Cache Flush

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

10,9

All0

Reserved

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

ICE

R/W

Instruction Cache Enable

Indicates whether the instruction cache function is
enabled or disabled.

0: Instruction cache disabled
1: Instruction cache enabled

7t04

All0

Reserved

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

OCF

R/W

Operand Cache Flush

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

Reserved

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

WT

R/W

Write Through

Selects write-back mode or write-through mode.
0: Write-back mode

1: Write-through mode

OCE

R/W

Operand Cache Enable

Indicates whether the operand cache function is
enabled or disabled.

0: Operand cache disabled
1: Operand cache enabled
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8.2.2 Cache Control Register 2 (CCR2)

CCR?2 is used to enable or disable the cache locking function for operand cache and is valid in
cache locking mode only. In cache locking mode, the lock enable bit (the LE bit) in CCR2 is set to
1. In non-cache-locking mode, the cache locking function is invalid.

When a cache miss occurs in cache locking mode by executing the prefetch instruction (PREF
@Rn), the line of data pointed to by Rn is loaded into the cache according to bits 9 and 8 (the
W3LOAD and W3LOCK bits) and bits 1 and 0 (the W2LOAD and W2LOCK bits) in CCR2. The
relationship between the setting of each bit and a way, to be replaced when the prefetch instruction
is executed, are listed in table 8.3. On the other hand, when the prefetch instruction is executed
and a cache hit occurs, new data is not fetched and the entry which is already enabled is held. For
example, when the prefetch instruction is executed with W3LOAD =1 and W3LOCK =1
specified in cache locking mode while one-line data already exists in way O which is specified by
Rn, a cache hit occurs and data is not fetched to way 3.

In the cache access other than the prefetch instruction in cache locking mode, ways to be replaced
by bits W3LOCK and W2LOCK are restricted. The relationship between the setting of each bit in
CCR2 and ways to be replaced are listed in table 8.4.

Programs that change the contents of CCR2 should be placed in an address space that is not
cached, and an address space that is cached should be accessed after reading the contents of
CCR2.

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

===l 1=1= — =[]
Initial value: 0 0 0 0 0 0 0 0 0
RW. R R R R R R R R R R R R R R R BRW

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

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

LOAD*| LOCK LOAD*| LOCK

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

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

Bit Bit Name Value R/W Description

31to17 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

16 LE 0 R/W  Lock Enable
Enables or disables the cache locking function.
0: Non-cache locking mode
1: Cache locking mode

15t010 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

9 W3LOAD* 0 R/W  Way 3 Load

8 W3LOCK 0 R/W  Way 3 Lock
When a cache miss occurs by the prefetch instruction
while W3LOAD = 1 and W3LOCK = 1 in cache locking
mode, the data is always loaded into way 3. Under any
other condition, the cache miss data is loaded into the
way to which LRU points.

7t02 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

W2LOAD* 0 R/W Way 2 Load
0 W2LOCK 0 R/W  Way 2 Lock

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

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.
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Table 8.3 Way to be Replaced when a Cache Miss Occurs in PREF Instruction

LE W3LOAD*  W3LOCK W2LOAD*  W2LOCK Way to be Replaced

0 X X X X Decided by LRU (table 8.1)
1 X 0 X 0 Decided by LRU (table 8.1)
1 X 0 0 1 Decided by LRU (table 8.5)
1 0 1 X 0 Decided by LRU (table 8.6)
1 0 1 0 1 Decided by LRU (table 8.7)
1 0 X 1 1 Way 2

1 1 1 0 X Way 3

[Legend]

X: Don't care

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

Table 8.4 Way to be Replaced when a Cache Miss Occurs in Other than PREF Instruction

LE W3LOAD*  W3LOCK W2LOAD*  W2LOCK Way to be Replaced

0 X X X X Decided by LRU (table 8.1)
1 X 0 X 0 Decided by LRU (table 8.1)
1 X 0 X 1 Decided by LRU (table 8.5)
1 X 1 X 0 Decided by LRU (table 8.6)
1 X 1 X 1 Decided by LRU (table 8.7)
[Legend]

X: Don't care

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

Table 8.5 LRU and Way Replacement (when W2LOCK=1 and W3LOCK=0)

LRU (Bits 5 to 0) Way to be Replaced
000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3
000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1
101001, 101011, 111000, 111001, 111011, 111100, 111110, 111111 0
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Table 8.6 LRU and Way Replacement (when W2LOCK=0 and W3LOCK=1)

LRU (Bits 5 to 0) Way to be Replaced
000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2
000100, 000110, 000111, 001111, 010100, 010110, 011110, 011111 1
110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0

Table 8.7 LRU and Way Replacement (when W2LOCK=1 and W3LOCK=1)

LRU (Bits 5 to 0) Way to be Replaced
000000, 000001, 000011, 000100, 000110, 000111, 001011, 001111, 1

010100, 010110, 011110, 011111

100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0

111011, 111100, 111110, 111111

8.3 Operation

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

8.3.1 Searching Cache

If the operand cache is enabled (OCE bit in CCR1 is 1), whenever data in a cache-enabled area is
accessed, the cache will be searched to see if the desired data is in the cache. Figure 8.2 illustrates
the method by which the cache is searched.

Entries are selected using bits 10 to 4 of the address used to access memory and the tag address of
that entry is read. At this time, the upper three bits of the tag address are always cleared to 0. Bits
31 to 11 of the address used to access memory are compared with the read tag address. The
address comparison uses all four ways. When the comparison shows a match and the selected
entry is valid (V = 1), a cache hit occurs. When the comparison does not show a match or the
selected entry is not valid (V = 0), a cache miss occurs. Figure 8.2 shows a hit on way 1.
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Access address

31

11 10 4 3210

-

Entry selection Longword (LW) selection

Address array
(ways 0 to 3)
Entry 0 | v | U | Tag address Entry 0
Entry 1 Entry 1
S
Entry 127 T Entry 127
IR .

Data array
(ways 0 to 3)

Lwo

Lwi1

Lw2

LW3

(CMPO|CMP1|CMP2|CMP3

!

Hit signal (way 1)

[Legend]
CMPO to CMP3: Comparison circuits 0 to 3

Figure 8.2 Cache Search Scheme
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8.3.2 Read Access
(1) Read Hit

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

(2) Read Miss

An external bus cycle starts and the entry is updated. The way replaced follows table 8.4. Entries
are updated in 16-byte units. When the desired data that caused the miss is loaded from external
memory to the cache, the data is transferred to the CPU in parallel with being loaded to the cache.
When it is loaded in the cache, the V bit is set to 1, and LRU is updated so that the replaced way
becomes the latest. In operand cache, the U bit is additionally cleared to 0. When the U bit of the
entry to be replaced by updating the entry in write-back mode is 1, the cache update cycle starts
after the entry is transferred to the write-back buffer. After the cache completes its update cycle,
the write-back buffer writes the entry back to the memory. The write-back unit is 16 bytes.

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

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

(2) Prefetch Miss

No data is transferred to the CPU. The way to be replaced follows table 8.3. Other operations are
the same in case of read miss.

8.34 Write Operation (Only for Operand Cache)
(1) Write Hit

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

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

In write-back mode, an external bus cycle starts when a write miss occurs, and the entry is
updated. The way to be replaced follows table 8.4. When the U bit of the entry to be replaced is 1,
the cache update cycle starts after the entry is transferred to the write-back buffer. Data is written
to the cache, the U bit is set to 1, and the V bit is set to 1. LRU is updated so that the replaced way
becomes the latest. After the cache completes its update cycle, the write-back buffer writes the
entry back to the memory. The write-back unit is 16 bytes.

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

8.3.5 Write-Back Buffer (Only for Operand Cache)

When the U bit of the entry to be replaced in the write-back mode is 1, it must be written back to
the external memory. To increase performance, the entry to be replaced is first transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to the
external memory. After the cache completes to fetch the new entry, the write-back buffer writes
the entry back to external memory. During the write-back cycles, the cache can be accessed. The
write-back buffer can hold one line of cache data (16 bytes) and its physical address. Figure 8.3
shows the configuration of the write-back buffer.

A (31to 4) Longword 0O Longword 1 Longword 2 Longword 3

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

Figure 8.3 Write-Back Buffer Configuration

Operations in sections 8.3.2 to 8.3.5 are compiled in table 8.8
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Table 8.8  Cache Operations
External Memory
Hit/ Write-back mode/ Accession
Cache CPU Cycle miss write through mode U Bit (through internal bus)  Cache Contents
Instruction  Instruction  Hit — — Not generated Not renewed
cache fetch
Miss — — Cache renewal cycle is Renewed to new values by
generated. cache renewal cycle
Operand Prefetch/ Hit Either mode is available x Not generated Not renewed
cache read
Miss Write-through mode — Cache renewal cycle is Renewed to new values by
generated. cache renewal cycle
Write-back mode 0 Cache renewal cycle is Renewed to new values by
generated cache renewal cycle

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

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

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

write cycle CPU issues.
[Legend]
X: Don't care

Note: Cache renewal cycle: 16-byte read access, write-back cycle in write-back buffer: 16-byte

write access

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

Use software to ensure coherency between the cache and the external memory. When memory
shared by this LSI and another device is mapped in the address space to be cached, operate the
memory-mapped cache to invalidate and write back as required.

84 Memory-Mapped Cache

To allow software management of the cache, cache contents can be read and written by means of
MOV instructions. The instruction cache address array is mapped onto addresses H'FOO00000 to
H'FO7FFFFF, and the data array onto addresses H'F1000000 to HF17FFFFF. The operand cache
address array is mapped onto addresses HFO800000 to H'FOFFFFFF, and the data array onto
addresses H'F1800000 to HF1FFFFFF. Only longword can be used as the access size for the
address array and data array, and instruction fetches cannot be performed.

8.4.1 Address Array

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

In the address field, specify the entry address selecting the entry, the W bit for selecting the way,
and the A bit for specifying the existence of associative operation. In the W bit, B'00 is way 0,
B'01 is way 1, B'10 is way 2, and B'11 is way 3. Since the access size of the address array is fixed
at longword, specify B'00 for bits 1 and 0 of the address.

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

For the address and data formats, see figure 8.4.
The following three operations are possible for the address array.
(1) Address Array Read

The tag address, LRU bits, U bit (only for operand cache), and V bit are read from the entry
address specified by the address and the entry corresponding to the way. For the read operation,
associative operation is not performed regardless of whether the associative bit (A bit) specified
by the address is 1 or 0.
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(2) Address-Array Write (Non-Associative Operation)

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

(3) Address-Array Write (Associative Operation)

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

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

8.4.2 Data Array

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

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

For the address and data formats, see figure 8.4.

The following two operations are possible for the data array. Information in the address array is
not modified by this operation.
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(1) Data Array Read

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

@

The longword data specified by the data
address from the entry address specified

Data Array Write

is written to the position specified by the L bit in the
by the address and the entry corresponding to the way.

1. Instruction cache
1.1 Address array access
(a) Address specification

Read access

2. Operand cache
2.1 Address array access
(a) Address specification

Read access

31 23 22 13 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0
|111100000 #-revreeem- = w | Entryaddress [o] *[o]o] [111100001 | #orenvones «] w [ Entryaddress [ o] *[ 0 ]o0]
Write access Write access

31 23 22 13 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0
|111100000] #-renx | W | Entryaddress | A| [ 0] 0] |111100001] - | W | Entryaddress | A| *|o0][o0]
(b) Data specification (both read and write accesses) (b) Data specification (both read and write accesses)

31 29 28 1110 9 4 3 2 1 0 31 29 28 1110 9 4 3 2 1 0
|0 0 0Tagaddress (28to 11 E] LRU [ X X X |[Vv| [0 0 0|Tagaddress(28to11) E] LRU [ X X|U[V|
1.2 Data array access (both read and write accesses) 2.2 Data array access (both read and write accesses)

(a) Address specification (a) Address specification

31 23 22 13 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0
|111100010] #eemeeeeeev «| W | Entryaddress | L [0 ][o0] | ERRRLLIRE] E— «] W | Entryaddress | L | 0]o0]
(b) Data specification (b) Data specification

31 0 31 0
| Longword data I I Longword data

[Legend]

*: Don't care

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

Figure 8.4 Specifying Address and Data for Memory-Mapped Cache Access
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8.4.3 Usage Examples
(1) Invalidating Specific Entries

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

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

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

MOV.L RO,@R1

(2) Reading the Data of a Specific Entry

The data section of a specific cache entry can be read by the memory mapping cache access. The
longword indicated in the data field of the data array in figure 8.4 is read into the register.

An example when an address is specified in RO and data is read in R1 is shown below.
; RO=H'F100 004C; instruction cache data array access, entry=B'000 0100,
; Way=0, longword address=3

MOV.L @RO,R1
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8.4.4 Notes

1. Programs that access memory-mapped cache of the operand cache should be placed in a cache-
disabled space. Programs that access memory-mapped cache of the instruction cache should be
placed in a cache-disabled space, and in each of the beginning and the end of that, two or more
read accesses to on-chip peripheral modules or external address space (cache-disabled address)
should be executed.

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

3. Memory-mapped cache can be accessed only by the CPU and not by the DMAC. Registers can
be accessed by the CPU and the DMAC.
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Section 9 Bus State Controller (BSC)

The bus state controller (BSC) outputs control signals for various types of memory that is
connected to the external address space and external devices. This enables the LSI to connect
directly with SRAM, SDRAM, and other memory storage devices, and external devices.

9.1 Features

1. External address space

e A maximum of 64 Mbytes for the SDRAM and each for areas CSO to CS6 (256 Mbytes for
CS6)

e Ability to select the data bus width (8, 16, or 32 bits) independently for each address space

2. Normal space interface

e Supports an interface for direct connection to SRAM

e (Cycle wait function: Maximum of 31 wait states (maximum of seven wait states for page
access cycles)

e Wait control
— Ability to select the assert/negate timing for chip select signals
— Ability to select the assert/negate timing for the read strobe and write strobe signals
— Ability to select the data output start/end timing
— Ability to select the delay for chip select signals

e Write access modes: One-write strobe and byte-write strobe modes

e Page access mode: Support for page read and page write (64-bit, 128-bit, and 256-bit page
units)

3. SDRAM interface

e Ability to set SDRAM in up to two areas

e Refresh functions
— Auto-refresh (on-chip programmable refresh counter)
— Self-refresh

e Ability to select the access timing (support for low column latency, column latency, and low
active interval settings)

¢ Initialization sequencer function, power-down function, deep-power-down function, and mode
register setting function implemented on-chip

Figure 9.1 shows a block diagram of the BSC.
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CS6to CSO =

RD coﬁ{ri)alller CSMOD ]
= n
WR3 to % < N (€SC)  k={CSTWCNTn
> CS2WCNTn
12}
3
] E
©
£
A27 to A0 = =
BC3 to BCO - Access =
D31 to DO = = controller CSNnCNT
CSnREC [ )
SDCmMCNT
SDCST1, SDCS0

SDRFCNTO0/1|SDPWDCNT

SDRAS, SDCAS = SDRAM

SDWE, SDCKE controller SDIR0/1 SDDPWDCNT

DQMS3 to DQMO (SDRAMC) S SDmMADR SDSTR
SDmTR SDCKSCNT
SDmMOD

[Legend]

CSMODn: CSn mode register

CS1WCNTn:  CSn wait control register 1
CS2WCNTn:  CSn wait control register 2
CSnCNT: CSn control register

CSnREC: CSn recovery cycle setting register
SDCmCNT: SDRAMCm control register
SDRFCNTO/1: SDRAM refresh control register 0/1

SDIRO/1: SDRAM initialization register 0/1
SDmADR: SDRAMmM address register
SDmTR: SDRAMmM timing register

SDmMOD: SDRAMmM mode register

SDPWDCNT: SDRAM power-down control register
SDDPWDCNT: SDRAM deep-power-down control register
SDSTR: SDRAM status register

SDCKSCNT: SDRAM clock stop control signal setting register

Note: n=0to6, m=0and 1

Figure 9.1 Block Diagram of BSC
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9.2 Input/Output Pins
Table 9.1 shows the pin configuration of the BSC.

Table 9.1 Pin Configuration

Name /0 Function

A27 to AO Output Address bus

D31 to DO I/0 Data bus

CS6 to CS0 Output  Chip select

RD Output Read pulse signal (read data output enable signal)

WR3 Output  When accessing the 32-bit bus area, indicates that D31 to D24 are
being written to in byte-write mode.

WR2 Output When accessing the 32-bit bus area, indicates that D23 to D16 are
being written to in byte-write mode.

WR1 Output When accessing the 32-bit bus area, indicates that D15 to D8 are

being written to in byte-write mode.

When accessing the 16-bit bus area, indicates that D15 to D8 are
being written to in byte-write mode.

WRO Output When accessing the 8-bit bus area, indicates that D7 to DO are
being written to in byte-write mode.

BC3 Output When accessing the 32-bit bus area, indicates that D31 to D24 are
being accessed in byte-access mode.

BC2 Output When accessing the 32-bit bus area, indicates that D23 to D16 are
being written to in byte-write mode.

BCH1 Output When accessing the 32-bit bus area, indicates that D15 to D8 are

being accessed in byte-access mode.

When accessing the 16-bit bus area, indicates that D15 to D8 are
being accessed in byte-access mode.

BCO Output When accessing the 8-bit bus area, indicates that D7 to DO are
being accessed in byte-access mode.

SDCS1, SDCS0 Output Connects to CS pin when SDRAM is connected.

SDRAS Output Connects to RAS pin when SDRAM is connected.

SDCAS Output Connects to CAS pin when SDRAM is connected.

SDWE Output Connects to WE pin when SDRAM is connected.
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Name /0 Function

SDCKE Output Connects to CKE pin when SDRAM is connected.

DQM3 Output Connects to DQMUU pin when SDRAM is connected by 32-bit
SDRAM.

DQM2 Output Connects to DQMUL pin when SDRAM is connected by 32-bit
SDRAM.

DQM1 Output Connects to DQMLU pin when SDRAM is connected by 32-bit bus.
Connects to DQMU pin when SDRAM is connected by 16-bit bus.

DQMO Output Connects to DQMLL pin when SDRAM is connected by 32-bit bus.
Connects to DQML pin when SDRAM is connected by 16-bit bus.
Connects to DQM pin when SDRAM is connected by 8-bit bus.

WAIT Input External wait input
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9.3 Area Overview

9.3.1 Address Map

In the architecture, this LSI has a 32-bit address space, which is divided into cache-enabled,
cache-disabled, and on-chip spaces (on-chip RAM, on-chip peripheral modules, and reserved
areas) according to the upper bits of the address.

External address spaces CS5 to CSO are cache-enabled when internal address A29 = 0 and cache-
disabled when A29 = 1. The CS6 space is always cache-disabled.

The kind of memory to be connected and the data bus width are specified independently for each
partial space. The address map for the external address space is listed below.

Table 9.2  Address Map

Internal Address Space Memory to be Connected Cache

H'00000000 to H'03FFFFFF CS0 Normal space Cache-

H'04000000 to H'07FFFFFF CSH Normal space enabled

H'08000000 to H'OBFFFFFF SDRAMO SDRAM

H'0C000000 to H'OFFFFFFF ~ SDRAM1  SDRAM

H'10000000 to H'13FFFFFF CSs2 Normal space

H'14000000 to H'17FFFFFF CSs3 Normal space

H'18000000 to H'1BFFFFFF Cs4 Normal space

H'1C000000 to H'1FFFFFFF  CS5 Normal space

H'20000000 to H'23FFFFFF CSo Normal space Cache-
disabled

H'24000000 to H'27FFFFFF CS1 Normal space
H'28000000 to H2BFFFFFF ~ SDRAMO SDRAM

H'2C000000 to H'2FFFFFFF ~ SDRAM1  SDRAM

H'30000000 to H'33FFFFFF CSs2 Normal space
H'34000000 to H'37FFFFFF ~ CS3
H'38000000 to H'3BFFFFFF ~ CS4
H'3C000000 to H'3FFFFFFF  CS5

Normal space

Normal space

Normal space

RO1UH0026EJ0300 Rev. 3.00
Sep 24, 2010

’1 Page 203 of 1190
LENESAS



Section 9 Bus State Controller (BSC) SH7201 Group

Internal Address Space Memory to be Connected Cache
H'40000000 to H'4FFFFFFF CS6 Normal space Cache-
disabled

H'50000000 to H'E7FFFFFF Other Reserved area* —

H'E8000000 to H'EFFFFFFF  Other On-chip peripheral modules, reserved —
area*

H'FO000000 to H'FF3FFFFF Other Cache address array space, reserved = —
area*

H'FF400000 to H'FFF7FFFF  Other On-chip peripheral modules, reserved —
area*

H'FFF80000 to H'FFFBFFFF  Other On-chip RAM, reserved area* —

H'FFFCO0000 to H'FFFFFFFF  Other On-chip peripheral modules, reserved —
area*

Note: * For the on-chip RAM space, access the addresses shown in section 24, On-Chip RAM.
For the on-chip peripheral module space, access the addresses shown in section 28,
List of Registers. Do not access addresses which are not described in these sections.
Otherwise, correct operation cannot be guaranteed.

9.3.2 Data Bus Width and Pin Function Setting for Individual Areas

In this LSI the data bus width of area 0 can be set to 8, 16, or 32 bits through external pins during
a power-on reset. The data bus widths of areas 1 to 6 can be modified through register settings
during program execution. Note that the selectable data bus widths may be limited depending on
the connected memory type.

After a power-on reset, the LSI starts execution of the program stored in the external memory
allocated in area 0.

For details on pin function settings, see section 23, Pin Function Controller (PFC).

Table 9.3  Correspondence between External Pin (MD1 and MD0) Settings and Data Bus

Width
MD1 MDO Data Bus Width
1 1 32 bits
0 16 bits
0 1 8 bits
0 Reserved (setting prohibited)
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94 Register Descriptions

The BSC has the following registers.

All registers are initialized by a power-on reset or in deep standby mode.

Do not access spaces other than area 0 until settings are completed for the connected memory

interface.
Table 9.4  Register Configuration

Access
Register Name Abbreviation R/W Initial Value Address Size
CSO0 control register CSOCNT R/W H'00010000/ H'FF420000 8, 16, 32

H'00110000/
H'00210000*

CS0 recovery cycle setting CSOREC R/W H'00000000 H'FF420008 8, 16, 32
register
CS1 control register CS1CNT R/W H'00000000 H'FF420010 8, 16, 32
CS1 recovery cycle setting CS1REC R/W H'00000000 H'FF420018 8, 16, 32
register
CS2 control register CS2CNT R/W H'00000000 H'FF420020 8, 16, 32
CS2 recovery cycle setting CS2REC R/W H'00000000 H'FF420028 8, 16, 32
register
CS3 control register CS3CNT R/W H'00000000 H'FF420030 8, 16, 32
CS3 recovery cycle setting CS3REC R/W H'00000000 H'FF420038 8, 16, 32
register
CS4 control register CS4CNT R/W H'00000000 H'FF420040 8, 16, 32
CS4 recovery cycle setting CS4REC R/W H'00000000 H'FF420048 8, 16, 32
register
CS5 control register CS5CNT R/W H'00000000 H'FF420050 8, 16, 32
CS5 recovery cycle setting CS5REC R/W H'00000000 H'FF420058 8, 16, 32
register
CS6 control register CS6CNT R/W H'00000000 H'FF420060 8, 16, 32
CS6 recovery cycle setting CS6REC R/W H'00000000 H'FF420068 8, 16, 32
register
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Access
Register Name Abbreviation R/W Initial Value Address Size
SDRAMCO control register SDCOCNT R/W H'00000000 H'FF420100 8, 16, 32
SDRAMCH1 control register SDC1CNT R/W H'00000000 H'FF420110 8, 16, 32
CS0 mode register CSMODO R/W H'00000000 H'FF421000 8, 16, 32
CSO0 wait control register 1 CS1WCNTO R/W H'1F1F0707 H'FF421004 8, 16, 32
CS0 wait control register 2 CS2WCNTO R/W H'00000007 H'FF421008 8, 16, 32
CS1 mode register CSMOD1 R/W H'00000000 H'FF421010 8, 16, 32
CS1 wait control register 1 CS1WCNT1  R/W H'1F1F0707 H'FF421014 8, 16,32
CS1 wait control register 2 CS2WCNT1 R/W H'00000007 H'FF421018 8, 16, 32
CS2 mode register CSMOD2 R/W H'00000000 H'FF421020 8, 16, 32
CS2 wait control register 1 CS1WCNT2 R/W H'1F1F0707 H'FF421024 8, 16, 32
CS2 wait control register 2 CS2WCNT2  R/W H'00000007 H'FF421028 8, 16, 32
CS3 mode register CSMOD3 R/W H'00000000 H'FF421030 8, 16, 32
CS3 wait control register 1 CS1WCNT3 R/W H'1F1F0707 H'FF421034 8, 16, 32
CS3 wait control register 2 CS2WCNT3  R/W H'00000007 H'FF421038 8, 16, 32
CS4 mode register CSMOD4 R/W H'00000000 H'FF421040 8, 16, 32
CS4 wait control register 1 CS1WCNT4 R/W H'1F1F0707 H'FF421044 8,16, 32
CS4 wait control register 2 CS2WCNT4 R/W H'00000007 H'FF421048 8, 16, 32
CS5 mode register CSMOD5 R/W H'00000000 H'FF421050 8, 16, 32
CS5 wait control register 1 CS1WCNT5 R/W H'1F1F0707 H'FF421054 8, 16, 32
CS5 wait control register 2 CS2WCNT5 R/W H'00000007 H'FF421058 8, 16, 32
CS6 mode register CSMOD6 R/W H'00000000 H'FF421060 8, 16, 32
CS6 wait control register 1 CS1WCNT6  R/W H'1F1F0707 H'FF421064 8, 16, 32
CS6 wait control register 2 CS2WCNT6  R/W H'00000007 H'FF421068 8, 16, 32
SDRAM refresh control SDRFCNTO R/W H'00000000 H'FF422000 8, 16, 32
register 0
SDRAM refresh control SDRFCNT1 R/W H'0000xxxx  H'FF422004 16, 32
register 1
SDRAM initialization register 0 SDIRO R/W H'00000xxx  H'FF422008 8, 16, 32
SDRAM initialization register 1 SDIR1 R/W H'00000000 H'FF42200C 8, 16, 32
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Access
Register Name Abbreviation R/W Initial Value Address Size
SDRAM power-down control SDPWDCNT R/W H'00000000 H'FF422010 8, 16, 32
register
SDRAM deep-power-down SDDPWDCNT R/W H'00000000 H'FF422014 8, 16, 32
control register
SDRAMO address register SDOADR R/W H'00000x0x H'FF422020 8, 16, 32
SDRAMO timing register SDOTR R/W H'000xxx0Ox  H'FF422024 8, 16, 32
SDRAMO mode register SDOMOD R/W H'0000xxxx  H'FF422028 16, 32
SDRAM?1 address register SD1ADR R/W H'00000x0x H'FF422040 8, 16, 32
SDRAM1 timing register SD1TR R/W H'000xxx0x  H'FF422044 8, 16, 32
SDRAM1 mode register SD1MOD R/W H'0000xxxx  H'FF422048 16, 32
SDRAM status register SDSTR R/W H'00000000 H'FF4220E4 8, 16, 32
SDRAM clock stop control SDCKSCNT R/W H'0000000F H'FF4220E8 8, 16, 32
signal setting register
AC characteristics switching ACSWR R/W H'00000000 H'FFFD8808 8, 16, 32

register

Note: *

9.4.1

Depends on the setting of the MD pin.

CSn Control Register (CSnCNT) (n =0 to 6)

CSnCNT selects the width of the external bus and controls the operation of the CSC interface.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I ) I I I 52
Initialvalve: 0 0 0 ©0 O ©0 O 0 O 0 0% 0 0 0 0 0%
RW: R R R R R R R R R R RWRW R R R RW

Bit:

5 4
Initial value: 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

-
o
©
[ee]
~
o

14 13

o

Initial
Bit Bit Name Value R/W  Description
31t022 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
21,20 BSIZE[1:0] 00%' R/W  External Bus Width Select

These bits specify the width of the data bus for the
external device of the corresponding channel of CSC.
The initial value for the data bus width for CSC channel
0 (CS0) differs depending on the settings of pins MD1
and MDO.

10: 8-bit bus
00: 16-bit bus
01: 32-bit bus
19t017 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
16 EXENB 0%#* R/W  Operation Enable

This bit enables or disables the operation for the
corresponding channel of CSC. The initial value
corresponding to CSO0 only is operation enabled
(EXENB = 1).

0: Operation disabled

1: Operation enabled

15t0o0 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
Notes: 1. The initial value of the BSIZE bits in CSO0 differs depending on the settings of pins MD1
and MDO.
2. The initial value of the EXENB bit in CSO is 1.

To disable the operation for each channel, forcibly write out data tentatively stored in internal
write buffer. The procedure is as follows:

1. Execute read access to the channel whose operation is to be disabled.
2. Then, write 0 to the EXENB bit (operation disabled).
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9.4.2 CSn Recovery Cycle Setting Register (CSnREC) (n =0 to 6)

CSnREC specifies the number of data recovery cycles to be inserted after read or write accesses.

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

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

o
o
o

Bit: 15 14 13 12 11 10 9 8 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Initial
Bit Bit Name  Value R/W Description
31t028 — AllO R Reserved

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

27 to24 WRCV[3:0] 0000 R/W  Post-Write Data Recovery Cycle Setting

These bits specify the number of data recovery cycles
to be inserted after write accesses to the external bus.
If a value other than 0 is selected, between 1 and 15
data recovery cycles are inserted when a write access
to the external bus is followed by a read access to the
external bus. (Data recovery cycles are inserted even
when access is performed sequentially to the same
CSC channel.) Note that if idle cycles occur between
accesses to the external bus, the number of data
recovery cycles inserted is reduced by the number of
idle cycles.

0000: 0 cycle
0001: 1 cycles

1111: 15 cycles
231020 — AllO R Reserved

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

Initial
Value

R/W

Description

19to 16 RRCV[3:0]

0000

R/W

Post-Read Data Recovery Cycle Setting

These bits specify the number of data recovery cycles
to be inserted after read accesses to the external bus.
If a value other than 0 is selected, data recovery cycles
are inserted in the following cases:

If a read access to the external bus is followed by a
write access to the external bus. (Data recovery cycles
are inserted even when access is performed
sequentially to the same CSC channel.)

If a read access to the external bus is followed by a
read access to a different CSC channel. (No data
recovery cycles are inserted in cases of sequential
read accesses to the same CSC channel.)

Note that if idle cycles occur between accesses to the
external bus, the number of data recovery cycles
inserted is reduced by the number of idle cycles.
0000: 0 cycle

0001: 1 cycles

1111: 15 cycles

15t00 —

AllO

R

Reserved

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

Notes: 1. When accessing SDRAM, there is no danger of data collision on the bus due to timing.
Consequently, there is no data recovery cycle setting for SDRAM. (The value is fixed at

0 cycles.)

2. Writing to the CSn recovery cycle setting register (CSnREC) must be done while CSC
for the corresponding channel is disabled (EXENB = 0). Only channel 0 (CS0) can be
enabled by setting EXENB = 1. To enable channel 0, stop the DMAC and set EXENB to
1 between the reset release and data write access to CSO0.
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9.4.3 SDRAMCm Control Register (SDCmCNT) (m =0, 1)

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[CT-T-T-T-T-T-T-[-[Tesmm] -] Ped
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R RWRW R R R PRW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W  Description
31t022 — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.
21,20 BSIZE[1:0] 00 R/W  External Bus Width Select
These bits specify the width of the data bus for the
external device of the corresponding channel of CSC.
10: 8-bit bus
00: 16-bit bus
01: 32-bit bus
19t0 17 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
16 EXENB 0 R/W  Operation Enable
This bit enables or disables the operation for the
corresponding channel of CSC.
0: Operation disabled
1: Operation enabled
15to0 — AllO R Reserved

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

To disable the operation for each channel, forcibly write out data tentatively stored in internal

write buffer. The procedure is as follows:

1. Execute read access to the channel whose operation is to be disabled.
2. Then, write 0 to the EXENB bit (operation disabled).
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944 CSn Mode Register (CSMODn) (n =0 to 6)

CSMODn selects the mode for page read access and the bit boundary for page access, enables
page read/write access and external wait, and selects the mode for write access.

30 29 28 27 26 24 23 22 21 20 18 17
|MOD —|PBCNT[1:0]|—|—|ENB ENB _|_|_|_|ENB _|_|MOD
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R/W R RW R/W R R R/ W  R/W R R R R R/W R R RNV
Bit: 15 14 12 11 10 9 8 7 6 5 4 3 2 1 0

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

Initial
Bit Bit Name Value R/W

0 0 0 0 0 0 0 0 0 0 0
R R R R R R R R R R R

Description

31 PRMOD 0 R/W

Page Read Access Mode Select

This bit selects the operating mode for page read
access. Clearing PRMOD to 0 selects the normal
access compatible mode. In this mode the RD signal is
negated each time a unit of data is read and an RD
assert wait is inserted. Setting PRMOD to 1 selects the
external data read sequential assert mode. In this
mode RD is asserted continuously between page
accesses.

0: Normal access compatible mode
1: External data read sequential assert mode

Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description
29,28 PBCNT[1:0] 00 R/W  Page Access Bit Boundary Select

These bits select the bit boundary for page access
operation. When the bit boundary specified by PBCNT
is exceeded during page access, page access
operation is halted temporarily (the CSn signal is
negated), and then page access operation begins
again. The value written to these bits is valid only when
either of the PWENB bit or the PRENB bit is set to 1.

00: 64-bit boundary

01: 128-bit boundary
10: 256-bit boundary
11: Setting prohibited

27,26 —

All O

Reserved

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

25 PWENB

R/W

Page Write Access Enable

This bit is used to enable page write access.
0: Page write access disabled

1: Page write access enabled

24 PRENB

R/W

Page Read Access Enable

This bit is used to enable page read access.
0: Page write access disabled

1: Page write access enabled

231020 —

All O

Reserved

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

19 EWENB

R/W

External Wait Enable

This bit is used to enable or disable external wait input.
When EWENB is set to 1, external wait input is
enabled and the number of wait states per cycle can be
controlled using the external wait signal (WAIT). In this
case wait cycles are inserted while the WAIT signal is
low level. When EWENB is cleared to 0, the WAIT
signal is invalid.

0: External wait disabled

1: External wait enabled
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Bit Bit Name

Initial
Value

R/W

Description

18,17 —

All O

R

Reserved

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

16 WRMOD

0

RW

Write Access Mode Select

This bit selects the operating mode for write access.
Clearing WRMOD to 0 selects the byte-write strobe
mode. In this mode data writes are controlled by
multiple write signals (WR3 to WRO) that correspond to
the individual byte positions. Setting WRMOD to 1
selects the one-write strobe mode. In this mode, data
writes are controlled by multiple byte control signals
(BC3 to BCO) that correspond to the individual byte
positions and a single write signal (WRO for the 8-bit
bus width channel, WR1 for the 16-bit bus width
channel, and WR3 for the 32-bit bus width channel)

0: Byte-write strobe mode

1: One-write strobe mode

15t00 —

AllO

Reserved

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

Writing to the CSn mode register (CSMODn) must be done while CSC for the corresponding
channel is disabled (EXENB = 0). Only channel 0 (CS0) can be enabled by setting EXENB = 1.
To enable channel 0, stop the DMAC and set EXENB to 1 between the reset release and data write

access to CSO.
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9.4.5 CSn Wait Control Register 1 (CSIWCNTn) (n =0 to 6)

CS1WCNTn specifies the number of wait states inserted into the read/write cycle or page

read/page write cycle.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| — | — | - | CSRWAIT[4:0] | — | — | — | CSWWAIT[4:0] |
Initial value: 0 0 0 1 1 1 1 1 0 0 0 1 1 1 1 1
RW: R R R RW RW RW RW RW R R R RW RW RW RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[— | -] =] =] =] csprwarmze) | — | — | — | — | — | cspwwaitf2)
Initial value: 0 0 0 0 0 1 1 1 0 0 0 0 0 1 1 1
RW: R R R R R RW RW RW R R R R R RW RW RW
Initial
Bit Bit Name  Value R/W  Description
31to29 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
28t024 CSRWAIT 11111 R/W  Read Cycle Wait Select
[4:0] These bits specify the number of wait states inserted
into the initial normal read cycle and page read cycle.
00000: 0 wait states
11111: 31 wait states
23to21 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
20to 16 CSWWAIT 11111 R/W  Write Cycle Wait Select
[4:0] These bits specify the number of wait states inserted
into the initial normal write cycle and page write cycle.
00000: 0 wait states
11111: 31 wait states
15to 11 — AllO R Reserved

These bits are always read as 0. The write value

should always be 0.
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Initial
Bit Bit Name Value

R/W

Description

10to8 CSPRWAIT 111
[2:0]

R/W

Page Read Cycle Wait Select

These bits specify the number of wait states inserted
into the second and subsequent page read cycles. This
setting is valid when the page read access enable bit
(PRENB) is set to 1.

000: 0 wait state

111: 7 wait states

7t03 — AllO

Reserved

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

2t00 CSPWWAIT 111
[2:0]

R/W

Page Write Cycle Wait Select

These bits specify the number of wait states inserted
into the second and subsequent page write cycles.
This setting is valid when the page write access enable
bit (PWENB) is set to 1.

000: 0 wait state

111: 7 wait states

Notes: 1. Make sure the page read and page write cycle wait select (CSPRWAIT and
CSPWWAIT) settings are within the range defined by the read and write cycle wait
select (CSRWAIT and CSWWAIT) settings. Select each wait cycle number according
the system configuration incorporated.

2. Writing to the CSn wait control register 1 (CSTWCNTn) must be done while CSC for the
corresponding channel is disabled (EXENB = 0). Only channel 0 (CS0) can be enabled
by setting EXENB = 1. To enable channel 0, stop the DMAC and set EXENB to 1
between the reset release and data write access to CS0.
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9.4.6 CSn Wait Control Register 2 (CS2WCNTn) (n = 0 to 6)

CS2WCNTn specifies the number of wait states and the number of delay cycles.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| — | CSON[2:0] | — | WDON][2:0] | — | WRONJ[2:0] | — | RDONJ[2:0] |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: R RW RW RW

0
R RW RW RW R RW RW RW R RW RW RW

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | - | — | — | — | WDOFF[2:0] | — | CSWOFF[2:0] | — | CSROFF[2:0] |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
RW: R R R R R RW RW RW R RW RW RW R RW RW RW
Initial
Bit Bit Name Value R/W  Description
31 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
30to28 CSON 000 R/W  CS Assert Wait Select
(2:0] These bits specify the number of wait states inserted
before the external chip select signal (CSn) is asserted.
000: 0 wait state
111: 7 wait states
27 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
26 to24 WDON 000 R/W  Write Data Output Wait Select
[2:0] These bits specify the number of wait states inserted
before data is output to the external data bus.
000: 0 wait state
111: 7 wait states
23 — 0 R Reserved

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

Initial
Value

R/W

Description

22t0 20 WRON
[2:0]

000

R/W

WR Assert Wait Select

These bits specify the number of wait states inserted
before the external data write signal (WR3 to WRO) is
asserted.

000: 0 wait state

111: 7 wait states

19 —

Reserved

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

18to 16 RDON
[2:0]

000

R/W

RD Assert Wait Select
These bits specify the number of wait states inserted

before the external data read signal (RD) is asserted.
000: 0 wait state

111: 7 wait states

15to 11 —

AllO

Reserved

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

10to 8 WDOFF
[2:0]

000

R/W

Write Data Output Delay Cycle Select

These bits specify the number of cycles from the end of
the wait cycle during write operation (negation of the
WR3 to WRO signals) and the negation of the external
data bus.

000: 0 wait state

111: 7 wait states

Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description
6to4 CSWOFF 000 R/W  Write Operation CS Delay Cycle Select

(2:0] These bits specify the number of cycles from the end of
the wait cycle during write access operation (negation
of the WR3 to WRO signals) and the negation of the
CS6 to CSO signal.

000: 0 wait state

111: 7 wait states

3 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

2t00 CSROFF 111 R/W  Read Operation CS Delay Cycle Select

[2:0] These bits specify the number of cycles from the end of
the wait cycle during read access operation (negation
of the RD signal) and the negation of the CS6 to CS0
signal.

000: 0 wait state

111: 7 wait states

Notes: 1. Select each wait cycle number or extended cycle number according the system
configuration incorporated.

2. Writing to the CSn wait control register 2 (CS2WCNTn) must be done while CSC for the
corresponding channel is disabled (EXENB = 0). Only channel 0 (CS0) can be enabled
by setting EXENB = 1. To enable channel 0, stop the DMAC and set EXENB to 1
between the reset release and data write access to CS0.

3. Each bit must be set under the following restrictions.
e When page access is disabled (PRENB, PWENB = 0)
CSON < min (CSRWAIT, CSWWAIT), WDON < CSWWAIT
WRON < CSWWAIT, RDON < CSRWAIT
WDOFF < CSWOFF
e When page access is enabled (PRENB = 1 or PWENB = 1)

In addition to the restrictions for disabled page access case, the following
restrictions are required.

CSON < min (CSPRWAIT, CSPWWAIT)
WRON < CSPWWAIT, RDON < CSPRWAIT
WDON < CSPWWAIT
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9.4.7 SDRAM Refresh Control Register 0 (SDRFCNT0)

SDRFCNTO controls self-refresh operation.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CL T T[T T T - T[T T[T [uef
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R RW
Initial
Bit Bit Name Value R/W  Description
31to1 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
0 DSFEN 0 R/W  SDRAM Common Self-Refresh Operation Enable

This bit controls self-refresh operation for all channels
simultaneously. Setting DSFEN to 1 performs auto-
refresh cycle operation, immediately after which self-
refresh operation begins. Clearing DSFEN to 0 ends
self-refresh operation, and auto-refresh operation
resumes immediately afterward. The value written to
this bit is reflected when self-refresh operation starts, if
DSFEN was set to 1, or when auto-refresh operation
starts following the end of self-refresh operation, if
DSFEN was cleared to 0.

0: Self-refresh disabled
1: Self-refresh enabled
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9.4.8 SDRAM Refresh Control Register 1 (SDRFCNT1)

SDRFCNT]1 controls auto-refresh operation.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[T T T [ [T T T [-[[[ [
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R/W

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| DREFW[3:0] | DRFC[11:0] |

Initial value: — — — — — — — — — — — — — — — —
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31t017 — AllO R Reserved

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

16 DRFEN 0 R/W  Auto-Refresh Operation Enable

This bit controls auto-refresh operation for all channels
simultaneously. When DRFEN is cleared to 0, auto-
refresh operation does not take place. Auto-refresh
operates when DRFEN is set to 1. Clearing this bit to O
while auto-refresh is enabled causes DRFEN to be
cleared to 0, and auto-refresh operation to halt, after
the end of the next auto-refresh cycle. Setting this bit to
1 while auto-refresh is enabled causes auto-refresh
operation to commence as soon as DRFEN is setto 1,
and refresh requests are then generated at fixed
intervals determined by a counter. The interval at which
refresh requests are generated is determined by the
set value of the auto-refresh request interval setting
(DRFC) bits. Refresh requests are not accepted while
SDRAM is being accessed; they must wait until the
access completes. If a SDRAM access and refresh
request are generated at the same time, the refresh
request takes precedence.

0: Auto-refresh disabled
1: Auto-refresh enabled
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Bit

Initial

Bit Name Value R/W

Description

15to 12 DREFW

[3:0]

Undefined R/W

Auto-Refresh Cycle/Self-Refresh Clearing Cycle Count
Setting

These bits specify the number of auto-refresh cycles
and the number of self-refresh clearing cycles. The
DREFW bits can be written to at any time, regardless
of the state of the auto-refresh operation enable
(DRFEN) bit. If auto-refresh is disabled, the value
written to these bits takes effect immediately. If auto-
refresh is enabled, the value written to these bits takes
effect immediately if an auto-refresh cycle is not in
progress. If an auto-refresh cycle is in progress, the
new value takes effect after the cycle completes.

0000: 1 cycle
0001: 2 cycles
0010: 3 cycles

1111: 16 cycles

11t00

DRFC
[11:0]

Undefined R/W

Auto-Refresh Request Interval Setting

These bits specify the auto-refresh interval. The DRFC
bits can be written to at any time, regardless of the
state of the auto-refresh operation enable (DRFEN) bit.
If auto-refresh is disabled, the value written to these
bits takes effect immediately. If auto-refresh is enabled,
the value written to these bits is reflected in the
operation of the refresh counter from the next auto-
refresh request generated.

000000000000: Setting prohibited
000000000001: 2 cycles
000000000010: 3 cycles

111111111111: 4096 cycles

Note:

Auto-refresh requests are not accepted while multiple read or write accesses are in
progress, or during a transfer using DMAC, so the auto-refresh interval may become
enlarged in some cases. Set the DRFC bits to an auto-refresh request interval value that
satisfies the auto-refresh interval specification of the SDRAM being used. Furthermore,
make sure to set the auto-refresh request interval to a duration longer than the auto-refresh
cycle.
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Auto-Refresh Request Interval and DRFC Set Value:

SDRAMC includes a 12-bit refresh counter that generates auto-refresh requests at fixed intervals.
The following equation is used to calculate the set value for the DRFC bits from the auto-refresh

request interval.

DRFC = (Auto-refresh request interval / Bus clock cycle) — 1

Auto-refresh requests are not accepted while SDRAM is being accessed; they must wait until the
access completes. However, the counter value is updated regardless or whether or not the request
was accepted. Note that if two or more auto-refresh requests are generated while SDRAM is being
accessed, the second and subsequent requests are ignored.

94.9 SDRAM Initialization Register 0 (SDIRO0)

SDIRO specifies the SDRAM initialization sequence timing.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — | — | — | - DPC[2:0] | DARFC[3:0] | DARFI[3:0] |
Initial value: 0 0 0 0 0 — — — — — — — — — — —
RW: R R R R R RW RW RW RW RW RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W  Description

31to11 — AllO

R

Reserved

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

10to8 DPC[2:0]

Undefined R/W

Initialization Precharge Cycle Count Setting

These bits specify the number of precharge cycles in
the SDRAM initialization sequence.

000: 3 cycles
001: 4 cycles

111: 10 cycles
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Initial
Bit Bit Name Value R/W Description
7t04 DARFC Undefined R/W Initialization Auto-Refresh Count
(3:0] These bits specify the number of times auto-refresh is

to be performed in the SDRAM initialization sequence.
0000: Setting prohibited
0001: 1 time

1111: 15 times

3to0 DARFI[3:0] Undefined R/W Initialization Auto-Refresh Interval

These bits specify the interval at which auto-refresh
commands are issued in the SDRAM initialization
sequence.

0000: 3 cycles
0001: 4 cycles
0010: 5 cycles

1111: 18 cycles

Note: Make settings that satisfy the specifications of the connected SDRAM before starting the
initialization sequence.
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9.4.10 SDRAM Initialization Register 1 (SDIR1)

SDIR1 controls activation of the SDRAM initialization sequence.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DIN
[CT-T-T-T-T-T-T-T-T-T[-[-[-[-T-T®]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DIN
CT=T-T-T-T-T-T-T-T-T-[-T-T-[—Te8
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R RW
Initial
Bit Bit Name Value R/W  Description
31t017 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
16 DINIST 0 R/W Initialization Status
When set to 1, this bit indicates that an SDRAM
initialization sequence is in progress for channel
SDRAMO or SDRAM1.
0: Initialization sequence not progress
1: Initialization sequence in progress
15to1 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
0 DINIRQ 0 R/W  Common Initialization Sequence Start
Setting this bit to 1 causes the SDRAM initialization
sequence to start and automatically sets the
initialization status bit (DINIST) to 1. The initialization
status bit (DINIST) is cleared automatically after the
initialization sequence ends. The value written to the
DINIRQ bit is not retained.
0: Invalid
1: Initialization sequence start
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9.4.11 SDRAM Power-Down Control Register (SDPWDCNT)

SDPWDCNT controls transition to and recovery from power-down mode.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
= === 1=1=1=]=]= |orw|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R RW
Initial
Bit Bit Name Value R/W  Description
31to1 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
0 DPWD 0 R/W  SDRAM Common Power-Down Enable

This bit controls transition to and recovery from power-
down mode for all channels simultaneously. Setting
DPWD to 1 causes all channels to transition to power-
down mode. Clearing DPWD to 0 causes all channels
to recover from power-down mode. If an auto-refresh is
in progress, the transition to power-down mode is
delayed until the auto-refresh completes.

0: Power-down disabled
1: Power-down enabled
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9.4.12 SDRAM Deep-Power-Down Control Register (SDDPWDCNT)

SDDPWDCNT controls transition to and recovery from deep-power-down mode.

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

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

[l -J-T-J-0-J-0=]=-0T=]=T=]T=1=1- [ooe|

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

RW: R R R R R R R R R R R R R R R RW
Initial
Bit Bit Name Value R/W  Description
31to1 — AllO R Reserved

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

0 DDPD 0 R/W  SDRAM Common Deep-Power-Down Enable

This bit controls transition to and recovery from deep-
power-down mode for all channels simultaneously.
Setting DDPD to 1 causes all SDRAM channels to
transition to deep-power-down mode. Clearing DDPD
to 0 causes all SDRAM channels to recover from deep-
power-down mode. If an auto-refresh is in progress,
the transition to deep-power-down mode is delayed
until the auto-refresh completes.

0: Deep-power-down disabled

1: Deep-power-down enabled
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9.4.13 SDRAMmMm Address Register (SDmADR) (m =0, 1)

SDmADR specifies the data bus width and the channel size of SDRAM.

Bit 31 30 29 28 27 26 25 24 23 22 20 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|— — —|— — —|DDBW[1:0]|—|—|—|—|—| DSZ[2:0] |
Initial value: 0 0 0 0 0 0 B — 0 0 0 0 0 - - =
RW: R R R R R R RW RW R R R R R RW RW RW
Initial
Bit Bit Name Value R/W  Description
311010 — AllO R Reserved

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

9,8 DDBW([1:0]

Undefined R/W

SDRAM Data Bit Width Setting

These bits specify the width of the SDRAM bus.
00: 8 bits

01: 16 bits

10: 32 bits

11: Setting prohibited

7t03 —

All0

Reserved

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

2t00 DSZ[2:0]

Undefined R/W

Channel Size Setting

These bits specify the size of channels 0 and 1. If a
size smaller than SDRAM area 0 or 1 is selected, ghost
memory will result. When accessing 32-bit data in
SDRAM with a 16-bit bus width, the 16 bits of the first
half of the address (A1 = 0) are accessed first, and
then the 16 bits of the second half of the address (A1 =
1) are accessed.
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9.4.14 SDRAMmMm Timing Register (SDmTR) (m =0, 1)

SDmTR specifies the timing for read and write accesses to SDRAM.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
- -J-[-J-J-J-J-0=-T-J-T-1=1] orasea |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 — — —
RW: R R R R R R R R R R R R R RW RW RW
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — |DRCD[1:O]| DPCG[2:0] |DWR| — | — | — | — | — | DCL[2:0] |
Initial value: 0 0 — — — — — — 0 0 0 0 0 —_ —_ —_
RW: R R RW RW RW RW RW RW R R R R R RW RW RW
Initial
Bit Bit Name Value R/W  Description
311019 — AllO R Reserved

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

1810 16 DRAS[2:0] Undefined R/W  Row Active Interval Setting

These bits specify the minimum interval that must
elapse between the SDRAM row activation command
(ACT) and deactivation (PRA).

000: 1 cycle

111: 8 cycles
15,14 — AllO R Reserved

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

13,12 DRCD[1:0] Undefined R/W Row Column Latency Setting
These bits specify the SDRAM row column latency.
00: 1 cycles
01: 2 cycles
10: 3 cycles
11: 4 cycles
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Initial

Bit Bit Name Value R/W Description

11t09 DPCG[2:0] Undefined R/W Row Precharge Interval Setting
These bits specify the minimum number of cycles that
must elapse between the SDRAM deactivation
command (PRA) and the next valid command.
000: 1 cycles
111: 8 cycles

8 DWR 0 R/W  Write Recovery Interval Setting
This bit specifies the minimum interval that must elapse
between the SDRAM write command (WRITE) and
deactivation (PRA).
0: 1 cycles
1: 2 cycles

7103 — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.

2t00 DCL[2:0] Undefined R/W SDRAM Controller Column Latency Setting

These bits specify the column latency of the SDRAM
controller. This setting only affects the latency setting
on the SDRAM controller side. To specify the column
latency for externally connected SDRAM it is
necessary to use the separate SDRAMm mode register
(SDmMOD), which is described below.

000: Setting prohibited
001: 1 cycles
010: 2 cycles
011: 3 cycles
1xx: Setting prohibited

[Legend]
x: Don't care
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9.4.15 SDRAMm Mode Register (SDmMOD) (m =0, 1)

SDmMOD specifies the values to be written to the SDRAM mode register or extended mode
register. Writing to this register causes a mode register set command or extended mode register set
command to be issued automatically to SDRAM.

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

24 23
Initial value: 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|—| DMR[14:0] |

Initial value: 0 — — — — — — — — — — — _ _ _ _
RW: R RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
31015 — AllO R Reserved

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

14to 0 DMR[14:0] Undefined R/W Mode Register Setting

Writing to these bits causes a mode register set
command or extended mode register set command to
be issued to SDRAM. The setting of the DMR bits is
output as A16 to A2 signals. The distinction between
the mode register set command and extended mode
register set command is made on the bases of the
SDRAM bank address.

Write operation: A mode register set command is

issued.

DMR bit [b14 b13 bo |
\2 \2 \2

A16to A2signal | A16 A15 A2 |

Notes: The following points should be kept in mind regarding SDRAMm mode register settings.

1. Make sure to set a burst length of 1 for SDRAM. Operation cannot be guaranteed with
settings other than burst length 1.

2. The SDRAM column latency must match the setting of the SDRAM controller column
latency setting bits (DCL) in SDRAMC. Operation cannot be guaranteed if the latency
settings do not agree.

3. Check to make sure the status bits (DSRFST, DPWDST, DDPDST, and DMRSST) in
the SDRAM status register (SDSTR) are all cleared to 0.
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9.4.16 SDRAM Status Register (SDSTR)

SDSTR consists of the status flags that indicate the status of operation during self-refresh,
initialization sequences, power-down mode, deep-power-down mode, and mode register setting.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| _ | _ | _ | | | _ | _ | _ | _ | _ | _ |DSRF| DINI |DPWD|DDPD|DMRS|
ST ST ST ST ST
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W Description
31to5 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
4 DSRFST O R Self-Refresh Transition/Recovery Status
When set to 1, this bit indicates that a transition to or
recovery from self-refresh operation is in progress for
channel SDRAMO or SDRAMA1.
0: Transition/recovery not in progress
1: Transition/recovery in progress
3 DINIST 0 R Initialization Status

When set to 1, this bit indicates that an initialization
sequence is in progress for channel SDRAMO or
SDRAM1. This bit has the same function as the
DINIST bit in SDIR1.

0: Initialization sequence not in progress
1: Initialization sequence in progress
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Initial
Bit Bit Name Value R/W

Description

2 DPWDST 0 R

Power-Down Transition/Recovery Status

When set to 1, this bit indicates that a transition to or
recovery from power-down mode is in progress for a
channel from SDRAMO to SDRAMS.

0: Initialization sequence not in progress
1: Initialization sequence in progress

1 DDPDST O R

Deep-Power-Down Transition/Recovery Status

When set to 1, this bit indicates that a transition to or
recovery from deep-power-down mode is in progress
for channel SDRAMO or SDRAMA1.

0: Transition/recovery not in progress
1: Transition/recovery in progress

0 DMRSST 0 R

Mode Register Setting Status

When set to 1, this bit indicates that mode register
setting is in progress for channel SDRAMO or
SDRAM1.

0: Mode register setting not in progress
1: Mode register setting in progress

"Transition to or recovery from in progress" refers to the interval from the point at which the bits
listed in table 9.5 are written to until the corresponding commands are issued.

Table 9.5  List of Status Registers and Bits Requiring Checking

Function Register Bits

Self-refresh SDRFCNTO DSFENCm, DSFEN
Initialization sequence SDIR1 DINIRQCm, DINIRQ
Power-down SDPWDCNT DPWDCm, DPWD
Deep-power-down SDDPDCNT DDPDCm, DDPD
Mode register setting SDmMOD DMR

Note: Execution of a self-refresh, a transition to or recovery from power-down or deep-power-
down mode, an initialization sequence, or mode register setting may only be performed
when all status bits are cleared to 0. Do not rewrite the registers (bits) listed below when
any of the status bits (DSRFST, DINIST, DPWDST, DDPDST, DMRSST) is set to 1.
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9.4.17 SDRAM Clock Stop Control Signal Setting Register (SDCKSCNT)

SDCKSCNT enables or disables the clock stop control signal (internal signal in the chip) and
specifies the number of assert cycles.

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

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

Bit 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
=== 1=-1=-1-1=1-] DCKSOI70 |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
RW: R R R R R R R R RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to17 — AllO R Reserved

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

16 DCKSEN 0 R/W  Clock Stop Control Signal Enable

This bit is used to enable or disable the clock stop
control signal. When enabled, the clock stop control
signal operates during transition to and from deep-
power-down mode and stops the CKIO (high level).
When disabled, the clock stop control signal stays low
level.

0: Clock stop control signal disabled
1: Clock stop control signal enabled
15t08 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W  Description

7t00 DCKSC H'OF R/W  Clock Stop Control Signal Assert Cycle Count Setting

[7:0] These bits specify the interval from the point at which
the deep-power-down transition command is issued
until the clock stop signal goes high level to stop the
CKIO (high level), and the interval from the point at
which the clock stop signal goes low level to start the
CKIO operation until the recover command is issued.

00000000: 0 cycle

00001111: 15 cycles

11111111: 255 cycles
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9.4.18 AC Characteristics Switching Register (ACSWR)

When writing to the external address space or making SDRAM settings in power-on reset
exception handling or cancellation of deep standby mode, be sure to set bits ACOSW([3:0] in
ACSWR to B'0011 beforehand.

ACSWR is initialized to H'00000000 by a power-on reset and entry to deep standby mode, but is
not initialized by a manual reset, entry to sleep mode, or entry to software standby mode.

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 0 0 0 0 0

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

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
=l [-l-l-]-[=1-1-]-[—-] acoswea |

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

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

Initial
Bit Bit Name Value R/W Description
31to4 — AllO R/W Reserved

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

3t00 ACOSWI[3:0] 0000 R/W AC Characteristics Switch
These bits specify AC characteristics switching.
0000: Does not extend the delay time
0011: Switches characteristics and extends the delay
time
Other than above: Setting prohibited

Page 236 of 1190 RO1UH0026EJ0300 Rev. 3.00
RENESAS Sep 24, 2010



SH7201 Group

Section 9 Bus State Controller (BSC)

9.5

9.5.1

Operation

CSC Interface

(1) Normal Access

Normal read/write operation is used for all bus access when page read/write access is disabled

(PRENB = 0, PWENB = 0). Even when page read/write access is enabled (PRENB = 1, PWENB
= 1), normal read/write operation is employed in cases where page access cannot be used. Figure
9.2 shows the basic operation of the external bus control signals in read operation, and figure 9.3
shows the basic operation of these signals in write operation.

Ts Twl Tw2 Twn Tend Tn1 Tn2 Tnm

1 1 1 1 1 1 1 . 1 (Trd): . . . 1 1 1
1 . : : 1 1 1 : : : —— H

' ' ' . . o H H H Start enable point

i i -— Readcyclewait | , , , of next bus access
A27 to AO | | | | | | | | | | D( |
1 1 CS assert wait . . . CSdelay . . .
e E E E ; ~ cycle during read : :
CSn Lo N \)\) - l/\) " N
E E RD assert wait E E E E E E E E
| | | | | | | ; R\ ; |

mo T T N A R N N
AN N S S S T T N S

WR N (O () .
| | | | | | | »: | | | | /\)l | | |
D31toDO . 5 5 5 5 5 5 5 B4 @( 5 5 5 5 5 5
X X X X X X —5 X X e X X X

Figure 9.2 Basic Bus Timing (Read Operation)
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\ ' Ts 1 Twl L Tw2 | \ \ y Twn Tend, Tn1 | \ \Tnm | \ \
CKIO
1 1 1 1 1 1 1 1 1 1 —> i
, , , oo ' , , , , Start enable point
E E - E V;\Inte c?/cle W?'t E - E E E of next bus access
A27t0 AO ! 5 j j j j j j j j X
. . 1 | 1 1 1 | CSdelay . 1 1
| | CS assert wait | | cycle during write | :
1 1 <> 1 1 1 1 - ; —> 1 1
Csn L N ) L)) N
1 1 1 . . 0 H W | 1 \
1 1 1 1 1 Y 1 Ly 1 1 1
RD Lo o ({ Lo ( o N
' ' WR assert wait | ' ' ' ' ' ' ' '
L . . : : . . . . W . . .
WR b P N \)1) ' ()
H i Write data output wait | . . Write data output delay cycle . |
: : « : HE\ : > R\ : : :
D31 to DO X /A ' X //
h \ AN \ | A \ \ \

Figure 9.3 Basic Bus Timing (Write Operation)

1. Ts (Internal Bus Access Start)

This is a bus access request cycle initiated by the internal bus master and with the external bus
as the target. CSn is always high during this cycle. In the next cycle A27 to AO and the write
data change.

2. Twl to Twn (Read Cycle Wait, Write Cycle Wait)

These are the cycles between internal bus access start and the wait end cycle. A duration of
from O to 31 clocks may be selected. During this interval the @, @, and WR control signals
are asserted (low level) in accordance with the wait settings. The assert timing can be
controlled using the CS assert wait, RD assert wait, WR assert wait, and write data output wait
bits in CSn control registers 1 and 2. The number of wait cycles can be set to from 0 to 7
clocks, with the count starting from the cycle following internal bus access start (Ts). The
number of clocks selected must be no greater than the number of read/write cycle wait cycles.

3. Tend (Wait End Cycle)

This is the final cycle in a series of read cycle wait or write cycle wait cycles. The RD or WR
signal is negated (high level) in the next cycle.
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4. Tnl to Tnm (CS Delay Cycle)

These are the cycles between the wait end cycle and when CSn is negated (high level). The
negation timing can be controlled using write data output delay cycles. The number of cycles
is counted beginning from the wait end cycle. In write access or if the number of CS delay
cycles during a read is other than O or 1, the succeeding bus access can start from the cycle
following the CS delay cycle end. If the number of CS delay cycles is 0 or 1 in read access, the
succeeding bus access can start after the end of the read data sample cycle (see below).

5. Trd (Read Data Sample Cycle)

This is the sample cycle for read data.
(2) Page Access

Page read and write operation is employed for bus accesses for which page access can be used if
page write access enable (PWENB = 1) and page read access enable (PRENB = 1) have been
selected. Page access is used in the following cases.

1. CPU burst access (cache replacement)
2. When longword (32-bit) access to an 8-bit or 16-bit external data bus has been performed

3. When word (16-bit) access to an 8-bit external data bus has been performed
Table 9.6 shows the way addresses are modified in cases 1 above.

Table 9.6 Address Modification during Burst Access

Bus Master Burst Mode Address Modification
CPU Increment Incremented by single transfer byte count only.
Note: Wrap boundary: Single transfer byte count x Burst transfer length

Figure 9.4 shows the basic operation of the external bus control signals in page read operation, and
figure 9.5 shows the basic operation of these signals in write operation. Note that if the number of
data bits accessed in a single burst is greater than the single page access bit boundary setting of the
PBCNT bits in the mode register, a single burst access will trigger multiple page accesses.
Regardless of whether the bust mode is increment or wraparound, page access stops temporarily
(the CSn signal is negated) at the point when the address exceeds the page boundary, and page
access operation starts again. If the number of data bits accessed in a single burst is smaller than
the page boundary bit count, a single page access is sufficient to complete the burst transfer.
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Note: * RD assert wait operation during the second and subsequent bus accesses differs depending on the page read
access mode setting value.

Figure 9.4 Basic Bus Timing (Page Read Operation)
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Figure 9.5 Basic Bus Timing (Page Write Operation)

1. Ts (Internal Bus Access Start)

This is a bus access request cycle initiated by the internal bus master and with the external bus
as the target. CSn is always high during this cycle. In the next cycle A27 to AO and the write

data change.

Twl to Twn (Read Cycle Wait, Write Cycle Wait)

For the first page access, the wait operation from internal bus access start to the wait end cycle

is the same as in normal access.

Tend (First Wait End Cy

cle)

This is the final cycle in the first series of read cycle wait or write cycle wait cycles. In write
access, the second and subsequent page accesses start from the next cycle, unless a write data
output delay cycle has been specified (with a value other than 0). The RD or WR signal is
negated (high level) in the next cycle if the RD assert wait or WD assert wait setting is other
than 0. If the RD assert wait or WD assert wait setting is 0, the RD or WR signal continues to
be asserted (low level). The CSn signal is not negated and continues to be asserted (low level).
In page read access, the succeeding bus access starts without waiting for the read data sample

cycle (Trd).
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4. Tdwl to Tdwn (Write Data Output Delay Cycle)
In write access write data output delay cycles are inserted between the wait end cycle and the
following page access if the write data output delay wait setting is other than 0. Assertion of
the address and output data is extended for the duration of this interval. Also, the WR signal is
negated (high level).

5. Tpwl to Tpwn (Page Read Cycle Wait, Page Write Cycle Wait)
In page access the page read cycle wait and page write cycle wait settings are used in place of
the read cycle wait and write cycle wait settings for the second and subsequent bus cycles. The
WR assert wait setting works the same as during the first bus cycle. The RD assert wait setting
operates differently depending on the page read access mode (PRMOD) setting value.
PRMOD = 0: RD assert wait setting operates identically to first bus cycle.
PRMOD = 1: RD assert wait setting is invalid. Operation is the same as an RD assert wait

setting of 0.

6. Tend/Tdwl to Tdwn (Wait End Cycle/Write Data Output Delay Cycle)
These operate the same as during the first access (3 and 4 above).

7. Tnl to Tnm (CS Delay Cycle)
These are the cycles between the final wait end cycle and when CSn is negated (high level).
The number of CS delay cycles is counted beginning from the wait end cycle.

8. Trd (Final Read Data Sample Cycle)
This is the final sample cycle for read data.

(3) External Wait Function

The external wait signal (WAIT) can be used to extend the wait cycle duration beyond the value
specified by the cycle wait (CSRWAIT, CSWWAIT) or page access cycle wait (CSPRWAIT,
CSPWWAIT) settings in the CSn wait control register (CSWCNTn). If external wait enable
(EWENB = 1) has been selected, wait cycles are inserted for as long as the WAIT signal remains
low level. The WAIT signal is disabled if external wait disable (EWENB = 0) has been selected.

Note that the wait cycles specified by the settings of the CSn wait control register (CSWCNTn)
are inserted regardless of the state of the WAIT signal.

(8 Normal Read/Write Operation

The WAIT signal is sampled all the time and its result is reflected two cycles later. Thus, when the
WAIT signal is low two cycles before the end of the wait cycles, external cycles are inserted.
After the WAIT signal has gone high, the wait cycles end two cycles later.
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(b) Page Access Operation

The initial data read/write operation is the same as a normal read/write operation. That is, when
the WAIT signal is low two cycles before the end of the wait cycles (Tend), external wait cycles
are inserted. After the WAIT signal has gone high, the wait cycles end (Tend) two cycles later.

In the second and subsequent read accesses, the page wait cycle is extended if the WAIT signal is
low two cycles before the end of the page access wait cycle (Tend), and the page wait cycles end
two cycles after the WAIT signal has gone high.

Figure 9.6 shows an example of external wait timing for page read access using longword (32-bit)
access to a 16-bit channel.

Ts (Tend) — Tend (Tend) — Tend

oo [ L L L L e
' ' : 3 E Exte;nal E EPage Icycle E Extérnal E E E E
P Cydlewall  © “wait 1 Twat i wat 0
T .4/.—>. .4.—>.<T>. ' ' '
ey VD G A GV D G
WAIT } | » Don't care |
Sn : : ; , ]
T TN
WR S s R R R R R
DattoD0 8L 0+ o+ )@( . )@( :

Figure 9.6 External Wait Timing Example (Page Read Access to 16-Bit Channel)
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(4) Access Type and Data Alignment

(@) 32-Bit Bus Channel

If a 32-bit bus is selected by the external bus width select bits in the CSn control register, A27 to
A2 are enabled as address signals for longword units and Al and AO are disabled (fixed low
level). Table 9.7 shows the data alignment corresponding to byte addresses for different data sizes.

Pins WR3 to WRO are enabled when byte strobe mode (WRMOD = 0) is selected. Pins BC3 to
BCO are not used.

Only the WR3 pin is enabled when one-write strobe mode (WRMOD = 1) is selected. A low-level
signal is output from the WR3 pin during write access, regardless of the data size. At this time
pins WR2 to WRO are disabled (fixed high level). The valid byte positions are indicated by pins
BC3 to BCO.

Table 9.7 Data Alignment (32-Bit Bus Channel)

Byte Address DATA bl
Data Size (Lower 2 Bits) [31:24] [23:16] [15:8] [7:0] [3] [2] [1] [0]
Byte 0 0] X x x L H H H
1 x (0] X x H L H H
2 X x (0] X H H L H
3 x X X (0] H H H L
Word 0 0] (0] x X L L H H
2 x x (0] 0] H H L L
Longword O o (0] (0] 0] L L L L
Note: The valid bits in the data bus for each data size are indicated by circles (O).
Crosses (x) indicate bus data bits that are undefined.
Page 244 of 1190 RO1UH0026EJ0300 Rev. 3.00

RENESAS Sep 24, 2010



SH7201 Group Section 9 Bus State Controller (BSC)

(b) 16-Bit Bus Channel

If a 16-bit bus is selected by the external bus width select bits in the CSn control register, A27 to
Al are enabled as address signals for word units and AO is disabled (fixed low level). Table 9.8
shows the data alignment corresponding to byte addresses for different data sizes.

Pins WR1 and WRO are enabled when byte strobe mode (WRMOD = 0) is selected. Pins WR3
and WR2 are disabled. Pins BC3 to BCO are not used.

Only the WRI pin is enabled when one-write strobe mode (WRMOD = 1) is selected. A low-level
signal is output from the WR1 pin during write access, regardless of the data size. At this time the
WRO pin is disabled (fixed high level). The valid byte positions are indicated by pins BC1 and
BCO.

Table 9.8 Data Alignment (16-Bit Bus Channel)

Byte Address DATA bl
Data Size (Lower 2 Bits) [31:24] [23:16] [15:8] [7:0] [3] [2] [1] [0]
Byte 0 x x o] X * * L H
1 X x X (0] * * H L
2 X X (0] x * * L H
3 x X X 0] % % H L
Word 0 X x (0] 0] * * L L
2 x X (0] (0] * * L L
Longword O (1st) x x (0] 0] * * L L
2 (2nd) X x (0] 0] * * L L
Note: The valid bits in the data bus for each data size are indicated by circles (O).
Crosses (x) indicate bus data bits that are undefined.
Asterisks (*) indicate write/byte control bits that are disabled (fixed high level).
RO1UHO0026EJ0300 Rev. 3.00 Page 245 of 1190

Sep 24, 2010 RENESAS



Section 9 Bus State Controller (BSC)

SH7201 Group

(c) 8-Bit Bus Channel

If an 8-bit bus is selected by the external bus width select bits in the CSn control register, A27 to

AOQ are enabled as address signals for byte units. Table 9.9 shows the data alignment
corresponding to byte addresses for different data sizes.

With an 8-bit bus channel only the WRO pin is enabled, regardless of the strobe mode setting. A
low-level signal is output to WRO during write access. BCO constantly outputs low level. Pins

WR3 to WR1 and pins BC3 to BC1 are not used.

Table 9.9 Data Alignment (8-Bit Bus Channel)

Byte Address DATA bl
Data Size (Lower 2 Bits) [31:24] [23:16] [15:8] [7:0] [3] [2] [1] [0]
Byte 0 X x X 0] * * * L
1 X X x (0] * * * L
2 x x X (0] * * N L
3 x x X (0] * * * L
Word 0 (1st) x X x (0] * * * L
1 (2nd) X X X 0] * * * L
2 (1st) x x x (0] * * * L
3 (2nd) X x x 0] * * * L
Longword O (1st) x X x (0] * * * L
1 (2nd) x x x (0] * * * L
2 (3rd) X x x 0] * * * L
3 (4th) x x x (0] * * * L
Note: The valid bits in the data bus for each data size are indicated by circles (O).
Crosses (x) indicate bus data bits that are undefined.
Asterisks (*) indicate write/byte control bits that are disabled (fixed high level).
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9.5.2 SDRAM Interface

A description is provided here of the SDRAM controller (SDRAMC) operation enable and
SDRAM bus width settings as well as operations involving SDRAM (read, write, auto-refresh,
self-refresh, initialization sequence, and mode register settings).

(1) SDRAM Access Enable/Disable and SDRAM Bus Width Settings

Enabling and disabling SDRAM access is performed by making settings in the individual
SDRAMCm control registers to enable or prohibit SDRAMC operation. SDRAM bus width
settings are also performed by means of the SDRAMCm control registers.

Even if the SDRAMC control register is set to disable SDRAMC operation, refresh operation will
still take place if self-refresh or auto-refresh operation is set as enabled.

(20 SDRAM Commands

SDRAMC controls the SDRAM by issuing commands each bus cycle. These commands are
defined by combinations of RAS, CAS, WE, CKE, CS, etc.

Table 9.10 lists the commands issued by SDRAMC.

Table 9.10 SDRAMC Commands

Command SDCS SDRAS SDCAS SDWE SDCKE BA1 BAO
DSL Deselect H X X X X X
ACT Initialize row and bank L L H H H Vv Vv
RD Read L H L H H \Y \
WR Write L H L L H \ Vv
PRA Precharge all banks L L H L H X X
RFA Auto-refresh L L L H H X X
MRS Mode register set L L L L H L L
EMRS Extended mode L L L L H H L
register set
RFS Self-refresh entry L L L H H-oL X X
RFX Self-refresh exit H X X X L>H X X
DPD Deep-power-down L H H L H->L X X
DPDX  Deep-power-down exit X X X X L>H X X
[Legend]
H: High level, L: Low level, V: Valid, X: Don't care
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(3 SDRAMC Register Setting Conditions

Rewriting of SDRAMC registers should only be performed when all of the conditions listed in
table 9.11 are satisfied.

Table 9.11 Register Rewrite Conditions

Function/Operation Register Conditions
Self-refresh SDRFCNTO e SDRAM access disabled (set in SDRAMCm*')
e Auto-refresh enabled (DRFEN = 1)
e Power-down disabled (DPWD/DPWDCI = 0)
e Deep-power-down disabled (DDPD/DDPDCI = 0)

Auto-refresh SDRFCNTA1 e Self-refresh disabled (DSFEN/DSFENCI = 0)
e Power-down disabled (DPWD/DPWDCI = 0)
Initialization sequence SDIRO o Before start of initialization sequence
SDIR1 o After reset or after recovery from deep-power-
down
Power-down SDPWDCNT e SDRAM access disabled (set in SDRAMCm*")

e Auto-refresh enabled (DRFEN = 1)

e Self-refresh disabled (DSFEN/DSFENCI = 0)

e Deep-power-down disabled (DDPD/DDPDCI = 0)
Deep-power-down SDDPDCNT e SDRAM access disabled (set in SDRAMCm*')

e Self-refresh disabled (DSFEN/DSFENCI = 0)

e Auto-refresh disabled (DRFEN = 0)

e Power-down disabled (DPWD/DPWDCI = 0)
Address register settings SDOADR, ¢ Auto-refresh disabled (DRFEN = 0)

SD1ADR « SDRAM access disabled (set in SDRAMCm*")

e Self-refresh disabled (DSFEN/DSFENCI = 0)

e Power-down disabled (DPWD/DPWDCI = 0)

e Deep-power-down disabled (DDPD/DDPDCI = 0)

Timing register settings ~ SDOTR, e Self-refresh in progress (DSFEN/DSFENCI = 1)
SD1TR or

e Self-refresh disabled (DSFEN/DSFENCI = 0)
e Auto-refresh disabled (DRFEN = 0)
e SDRAM access disabled (set in SDRAMCm*")
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Function/Operation Register Conditions
Mode register settings SDOMOD, e SDRAM access disabled (set in SDRAMCm*")
SD1MOD** e Self-refresh disabled (DSFEN/DSFENCI = 0)
e Power-down disabled (DPWD/DPWDCI = 0)
e Deep-power-down disabled (DDPD/DDPDCI = 0)

Clock stop control signal  SDCKSCNT e Deep-power-down disabled (DDPD/DDPDCI = 0)
settings
Notes: 1. After writing 0 to EXENB, check to confirm that the EXENB bit has been cleared to 0.

2. Do not fail to confirm that all status bits in the SDRAM status register (SDSTR) have
been cleared to 0 before rewriting this bit.

(4) Self-Refresh

Transition to and from self-refresh mode is controlled by means of settings to SDRAM refresh
control register 0 (SDRFCNTO). Transition to and from self-refresh mode takes place
simultaneously for all channels.

An auto-refresh cycle operation takes place immediately before transition to self-refresh mode.
While in self-refresh mode the CKE signal is low level. Immediately after recovery from self-
refresh mode an auto-refresh cycle is triggered.

Figure 9.7 shows the timing of transition to self-refresh mode, and figure 9.8 shows the timing of
recovery from self-refresh mode.

Auto-refresh cycle Self-refresh mode (CKE =L)
' | ) ' ] \

CKIO | | | | | | | | | | | |

SDRAM command | RFA | DSL | DSL | RFS |

DREFW '
DSL: Deselect command

RFA: Auto-refresh command
RFS: Self-refresh entry command

Figure 9.7 Example of Timing of Transition to Self-Refresh Mode
(DREFW Bit Set Value: 0010)
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Self-refresh mode Self-refresh clearing Auto-refresh
(CKE=1) | interval . cycle |

| REXI | DSLI | DSLI| RFAI | DSLI | DSLI|

SDRAM command

Y

" DREFW © ' DREFW
DSL: Deselect command

RFA: Auto-refresh command

RFX: Self-refresh exit command

Figure 9.8 Example of Timing of Recovery from Self-Refresh Mode
(DREFW Bit Set Value: 0010)

(5) Auto-Refresh

An auto-refresh cycle starts when the auto-refresh operation enable bit (DRFEN) in SDRAM
refresh control register 1 (SDRFCNT1) is set to 1. After that refresh requests are issued at fixed
intervals, activating auto-refresh cycles. However, the activation of auto-refresh cycles may
sometimes be delayed because refresh requests are not accepted during read or write accesses.

A refresh request is issued immediately if the auto-refresh operation enable bit (DRFEN) in
SDRAM refresh control register 1 (SDRFCNT1) is set to 1 while auto-refresh is enabled.

The refresh counter is halted in self-refresh or deep-power-down mode. After recovery from self-
refresh or deep-power-down mode an auto-refresh cycle is activated, after which the counter value
is reset and the counter begins operating again

Make auto-refresh settings in SDRAM refresh control register 1 (SDRFCNT1). Note that refresh
cycles affect all SDRAM channels. Figure 9.9 shows an auto-refresh cycle timing example.

Auto-refresh cycle

< >

CKIO | | | | | | | |

SDRAM command

| RFAl DSL | DSL |

DREFW

DSL: Deselect command
RFA: Auto-refresh command

Figure 9.9 Auto-Refresh Cycle Timing Example (DREFW Bit Set Value: 0010)
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(6) Initialization Sequencer

SDRAMC is provided with a sequencer for issuing the commands for SDRAM initialization. The
initialization sequence should always be initiated a single time only following a reset (all
channels) and following recovery from deep-power-down mode (individual channels). In such
cases operation cannot be guaranteed if the initialization sequence is not performed, or if it is
performed more than once.

The SDRAM initialization sequence issues the precharge-all-banks command followed by n (n =1
to 15) auto-refresh commands, in that order. Make timing settings for the initialization sequencer
to SDRAM initialization register O (SDIRO). Initialization sequences are initiated using SDRAM
initialization register 1 (SDIR1).

Note that an initialization sequence for all channels is initiated using the DINIRQ bit.

Figure 9.10 shows a timing example for the initialization sequence. Setting DARFC to specify two
or more times causes multiple initialization auto-refresh cycles to be performed.

Initialization precharge cycle Initialization auto-refresh cycle
] ] ) ] ] ] ] \

| PRAl DSL | DSL | DSL | RFA | DSL | DSL| DSL |

SDRAM command

DPC DARFI

DSL: Deselect command DINST bit value
RFA: Auto-refresh command changes to 0

PRA: Precharge-all-banks command

Figure 9.10 Initialization Sequence Timing Example
(DPC Bit Set Value: 001, DARFI Bit Set Value: 0001, DARFC Bit Set Value: 001)
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(7) Power-Down Mode

SDRAMC supports an SDRAM power-down mode. In power-down mode the SDCKE signal from
SDRAMC goes low level. While in power-down mode auto-refresh operations are performed at
the interval specified by the auto-refresh request interval setting (DRFC) bits in SDRAM refresh
control register | (SDRFCNT1). The SDCKE signal only goes high when an auto-refresh
command is issued.

Transition to and recovery from power-down mode are performed using the SDRAM power-down
control register (SDPWDCNT).

Setting the DPWD bit to 1 causes SDRAMC to transition to power-down mode. Clearing the
DPWD bit to 0 causes SDRAMC to recover from power-down mode.

The SDCKE signal from SDRAMC goes high level when recovery from power-down mode
occurs.

SDRAMC power-down mode

oo N L

Figure 9.11 SDRAMC Power-Down Mode

SDRAMC power-down mode

CKIO |||||||||||||||||||||
SDCKE S R VA P\ : : : L

SDRAM command ' ' 1| RFA : : : ' ' '

Auto-refresh command

Figure 9.12 Auto-Refresh Operation in SDRAMC Power-Down Mode
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(8) Deep-Power-Down Mode

SDRAMC supports an SDRAM deep-power-down mode. In deep-power-down mode SDRAMC
issues a deep-power-down command and drives the SDCKE signal low level.

Transition to and recovery from deep-power-down mode are performed using the SDRAM deep-
power-down control register (SDDPDCNT).

Setting the DDPD bit to 1 causes SDRAMC to put all channels into deep-power-down mode.
Clearing the DDPD bit to 0 causes SDRAMC to recover from deep-power-down mode.

During recovery from deep-power-down mode, SDRAMC issues a deep-power-down exit
command and drives the SDCKE signal high level.

Following recovery from deep-power-down exit, wait for the duration designated for the SDRAM
being used and then execute an initialization sequence.

SDRAMC deep-power-down mode

SDCKE | W S S amn VA
SDRAM command | 1 ' ' ' ' i | bPDX ' '
Deep-power-down command Deep-power-down exit command

Figure 9.13 SDRAMC Deep-Power-Down Mode
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(99 Read/Write Access
The following two types of read/write access are supported.

e Multiple read/multiple write
e Single read/single write

Multiple read/multiple write occurs in the following cases.

1. CPU burst access (cache replace)

2. Access with longword (32-bit) to the SDRAM data bus having 8-bit or 16-bit width
3. Access with word (16-bit) to the SDRAM data bus having 8-bit width

4. Multiple data transfer in DMA pipeline transfer

The access timing can be set independently for each channel using the SDRAMI timing register
(SDITR). Access timing examples are described below.

(@) Multiple Read/Multiple Write Access

Figure 9.14 shows a timing example for multiple read of 4 units of data, and figure 9.15 for
multiple write of 4 units of data.

The number of DMA transfers performed will vary depending on factors such as the number of
transfers and the transfer data size per operand and the SDRAM bus width. Read commands or
write commands may or may not be issued consecutively in response to an access request from the
bus master. When read commands or write commands are not issued consecutively, a deselect
command is issued between them.

Furthermore, deactivation and activation are performed automatically when the SDRAM row
address changes during a DMA transfer operation.

Figure 9.16 shows a timing example for multiple read of 4 units of data, and figure 9.17 for
multiple write of 4 units of data, when read/write commands are not issued consecutively. Figure
9.18 shows a timing example for multiple write with a row address change.

The access timing is modified by means of settings in the SDRAMm timing register (SDmTR).
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SDRAM command

Multiple read

|ACTI| RDll F{Dll F{Dll RD |PRAI|

Data bus

a0 [ ot [ a2 | as
ACT: Row and bank activation command

RD: Read command
PRA: Precharge-all command

Figure 9.14 Multiple Read Timing Example (Multiple Read of 4 Data Units,
Shortest Timing Settings) Consecutive Read Commands Issued

Multiple write

A
\

SDRAM command | ACT| WR | WR | WR | WR | PRA |

Data bus

|d0|d1|d2|d3|i

ACT: Row and bank activation command
WR: Write command
PRA: Precharge-all command

Figure 9.15 Multiple Write Timing Example (Multiple Write of 4 Data Units,
Shortest Timing Settings) Consecutive Write Commands Issued

Multiple read

SDRAM command

[ acti| mo!| psi;

ny)
@)

i| osti| moi| osti| mDi] PRa;|

Data bus

o
w

[ a0 | [ ot | 0] e |
ACT: Row and bank activation command

RD: Read command

PRA: Precharge-all command

DSL: Deselect command

Figure 9.16 Multiple Read Timing Example (Multiple Read of 4 Data Units,
Shortest Timing Settings) Non-Consecutive Read Commands Issued
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Multiple write

SDRAM command | ACTEl WR;l DSLEl WR;l DSLEl WREl DSLEl WR;l PRA!

Data bus

[+] [=1 [=] :

ACT: Row and bank activation command
WR: Write command

PRA: Precharge-all command

DSL: Deselect command

Figure 9.17 Multiple Write Timing Example (Multiple Write of 4 Data Units,
Shortest Timing Settings) Non-Consecutive Write Commands Issued

SDRAM command

|ACT|WR|WR|WR|PRA|ACT|WR|PRA|

§|d0I|d1I|d2I|

Data bus

A

Row address A Row address B

ACT: Row and bank activation command
WR: Write command
PRA: Precharge-all command

Figure 9.18 Multiple Write Timing Example (Multiple Write of 4 Data Units,
Shortest Timing Settings) Access Spanning Rows

Page 256 of 1190 RO1UH0026EJ0300 Rev. 3.00
RENESAS Sep 24, 2010




SH7201 Group Section 9 Bus State Controller (BSC)

(b) Single Read/Single Write Access

Figure 9.19 shows a timing example for single read operation and figure 9.20 for single write
operation. The access timing is modified by means of settings in the SDRAMm timing register
(SDmTR).

Single read

\

SDRAM command | ACT | RD | PRA |

ACT: Row and bank activation command
RD: Read command
PRA: Precharge-all command

Data bus

Figure 9.19 Single Read Timing Example (Shortest Timing Settings)

Single write

X

SDRAM command | ACT | WR | PRA |

Data bus :
ACT: Row and bank activation command
WR: Write command

PRA: Precharge-all command

Figure 9.20 Single Write Timing Example (Shortest Timing Settings)
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() Byte Access Control by DQM

Figures 9.21 and 9.22 show timing examples for byte accesses to the SDRAM with a 16-bit bus
width. In the SDRAM access, the DQM signal is asserted when data is masked.

CKIO | | | | | | | | | |

SDRAM command ; [ acT [ wr | Pra| f
pami ' /i 5 AN

DQMo 5 E E ' Lowllevel
! ! ! iz

Data bus [15:8] : : : i T

Data bus [7:0] E E E E

Figure 9.21 Byte Write Timing to SDRAM with 16-Bit Bus Width (Example)

CKIO | | | | | | | | | |

SDRAM command é | ACTI | RDI | DSLI | PF{AI |

DQM1 ' ' | Low!level

DQMO - / ' ! ' ' \
Data bus [15:8] ; ; ; ;

Hi-Z!

Data bus [7:0] T T T T :

Figure 9.22 Byte Read Timing from SDRAM with 16-Bit Bus Width (Example)
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(10) Mode Register Setting

Writing to the SDRAMm mode register (SDmMOD) causes mode register set commands and
extended mode register set commands to be issued to the various channels. Settings to the
SDRAMm mode register (SDmMOD) should be made individually for each channel.

Figure 9.23 shows the operation timing for mode register setting.

Mode register Extended mode register
setting cycle setting cycle

‘[ emrs| pst | pst |

SDRAM command [ mrs [ ps. | pst |

; 3I cycles (f}xed) ; ; ; ; 3I cycles (fjixed)

DSL: Deselect command
MRS: Mode register set command
EMRS: Extended mode register set command

Figure 9.23 Operation Timing for Mode Register Setting
(11) Clock Stop Control Signal

SDRAMC outputs a clock stop control signal (CLKSTOP). CLKSTOP can be enabled or disabled
using the DCKSEN bit in the SDRAM clock stop control signal setting register (SDCKSCNT).

The CLKSTOP signal remains low level when the clock stop control signal is disabled.

When clock stop control signal is enabled, the CLKSTOP and CKIO signals operate in
conjunction with transition to and recovery from deep-power-down mode.

During a transition to deep-power-down mode, the CLKSTOP signal goes high after the deep-
power-down entry command is issued. During a recovery from deep-power-down mode, the
CLKSTORP signal goes low and a deep-power-down exit command is issued when the clearing of
the DDPD bit to 0 is accepted by SDRAMC and the CKIO starts operation.

DCKSC, the period between the change of CLKSTOP along with CKIO and the issuance of deep
power-down entry or exit command, can be set by the SDRAM clock stop control signal setting
register.
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Figures 9.24 and 9.25 show the operation timing of the clock stop control signal.

Deep-power-down mode

CKIO

SDRAM command

SDCKE

CLKSTOP
(internal signal)

DCKSE
4

DDPDST bit value changes to 0

DPD: Deep-power-down entry command

|

Figure 9.24 Clock Stop Control Signal Operation Timing
(Transition to Deep-Power-Down Mode)

Deep-power-down mode

CKIO

SDCKE

SDRAM command

CLKSTOP

|

(internal signal) 1

|

DDPD bit cleared to 0

c

DCKS

DDPDST bit value changes to 0

DDPDST bit value changes to 1

DPDX: Deep-power-down exit command

Figure 9.25 Clock Stop Control Signal Operation Timing
(Recovery from Deep-Power-Down Mode)
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(12) SDRAMC Setting Examples

The SDRAMC setting procedure, timing register setting examples, and the procedure for
transitioning to and recovering from self-refresh mode, power-down mode, and deep-power-down
mode are described below.

(@) SDRAMC Setting Procedure
Figure 9.26 shows the SDRAMC setting procedure.

Note that the specifications of the power-up sequence, etc., may vary depending on the SDRAM
used. Study the SDRAM specifications carefully before making system settings.
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| Reset

Y

Specify all SDRAM control pins as port outputs with the PFC
setting of PORTC to output high level

Y
Channel m settings
(1) Confirm that all status bits in SDSTR have been cleared to 0 Perform settings
(2) Make settings to SDmMOD mode register for all channels
(3) Set DRAS, DRCD, DPCG, DCL, and DWR bits in SDmTR to be used
(4) Set DSZ bits in SDmADR

T
Enable access
SDRAMCmM control register operation enable setting

!

Dummy-read SDRAM area of all channels to be used

Disable access
SDRAMCmM control register operation disable setting

1

Specify SDRAM control pins (except DQM pin*) as SDRAM
with the PFC setting of PORTC

Initialization sequence

(1) Set DPC, DARFC, and DARFI bits in SDIRO

(2) Set DINIRQ bitin SDIR1 to 1
(3) Wait for DINIST bit in SDIR1 to be cleared to 0

T
Y

Channel m settings

(1) Confirm that all status bits in SDSTR have been cleared to 0

(2) Make settings to SDmMOD mode register

(3) Set DRAS, DRCD, DPCG, DCL, and DWR bits in SDmTR

(4) Set DSZ bits in SDmADR

Perform settings
for all channels
to be used

Start auto-refresh
Set DRFEN bit in SDRFCNTT to 1

1

Specify DQM pin as DQM#* with the PFC setting of PORTC

Enable access
SDRAMCm control register operation enable setting

1

SDRAM access enabled

Note : * Driving the DQM pin high before the initialization sequence is recommended
for some SDRAM modules. In this case, the setting may be necessary.

Figure 9.26 SDRAMC Setting Procedure
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(b) Procedure for Transition to and Recovery from Self-Refresh Mode

Figure 9.27 shows the procedure for transitioning to and recovering from self-refresh mode.

Access enabled status
(DRFEN =1, EXENB = 1)

Initialization sequence

(1) Halt any DMA access to SDRAM area

(2) Halt access to all SDRAMC channels (EXENB = 0) by means of program
assigned to other than SDRAM area

(3) Confirm that EXENB has been cleared to 0

Start self-refresh
(1) Confirm that all status bits in SDSTR have been cleared to 0
(2) Set DSFEN bit to 1 by means of program assigned to other than SDRAM area

!

Self-refresh mode

End self-refresh
(1) Confirm that all status bits in SDSTR have been cleared to 0
(2) Clear DSFEN bit to 0 by means of program assigned to other than SDRAM

area
Enable access
Enable access to SDRAMC (EXENB = 1) by means of program assigned to other

than SDRAM area

Access enabled status
(DRFEN =1, EXENB = 1)

Figure 9.27 Procedure for Transition to and Recovery from Self-Refresh Mode

Note: Before transitioning to or recovering from self-refresh mode it is necessary to halt
SDRAM access to the affected channels. Consequently, it is not possible to transition to or
recover from self-refresh mode while programs or DMA operations that access SDRAM

are in progress. Pay attention to the following points when writing programs.

e Before transitioning to self-refresh mode, halt any DMA channel transfers that access
the SDRAM area of the affected channels.
e Make sure that programs run while transitioning to self-refresh mode, while in self-
refresh mode, or while recovering from self-refresh mode do not access operands or
fetch (or pre-fetch) instructions stored in the SDRAM area.
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() Procedure for Transition to and Recovery from Deep-Power-Down Mode

Figure 9.28 shows the procedure for transitioning to deep-power-down mode.

Access enabled status
EXENB = 1 in SDRAMC control register

Halt access

(1) Halt any DMA access to corresponding channels

(2) Halt access to corresponding channels (EXENB = 0) by means of program
assigned to other than to corresponding channel area

(3) Confirm that EXENB has been cleared to 0

!

End auto-refresh
Clear DRFEN bit in SDRFCNT1 to 0

Start deep-power-down mode

(1) Confirm that all status bits in SDSTR have been cleared to 0

(2) Set deep-power-down enable bit to 1 by means of program assigned to other
than to corresponding channel area

Deep-power-down mode

Figure 9.28 Procedure for Transition to Deep-Power-Down Mode
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Figure 9.29 shows the procedure for recovering from deep-power-down mode.

Deep-power-down mode

End deep-power-down mode

(1) Confirm that all status bits in SDSTR have been cleared to 0

(2) Clear deep-power-down enable bit to 0 by means of program assigned to
other than to corresponding channel area

Standby
Use a timer, etc., to wait for the same duration as the standby time specified
in the power-on sequence (determined by specifications of SDRAM used)

Initialization sequence

(1) Set initialization sequence start bit (DINIRQm) to 1 by means of program
assigned to other than to corresponding channel area

(2) Wait for initialization sequence start bit (DINISTm) to be cleared to 0

!

Mode register setting
(1) Perform mode register setting
(2) Perform extended mode register setting

!

Start auto-refresh
Set DRFEN bit in SDRFCNT1 to 1

Access enabled status
(EXENB = 1)

Figure 9.29 Procedure for Recovery from Deep-Power-Down Mode

Note: Before transitioning to or recovering from deep-power-down mode it is necessary to halt
SDRAM access to the affected channels. Consequently, it is not possible to transition to or
recover from deep-power-down mode while programs or DMA operations that access
SDRAM are in progress. Pay attention to the following points when writing programs.

e Before transitioning to deep-power-down mode, halt any DMA channel transfers that
access the SDRAM area of the affected channels.

e Make sure that programs run while transitioning to deep-power-down mode, while in
deep-power-down mode, or while recovering from deep-power-down mode do not
access operands or fetch (or pre-fetch) instructions stored in the SDRAM area.
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(d) Timing Register Set Values and Access Timing

The correspondence between the SDRAMmMm timing register (SDmTR) set values and the read and
write access timing is described below.

e Multiple Read Timing Setting Examples

Figures 9.30 to 9.32 show the correspondence between the timing of multiple read operations
involving 4 data units and the set values of the SDRAMm timing register (SDmTR). Table
9.12 shows the SDRAMm timing register (SDmTR) set values for each figure.

Table 9.12 SDITR Set Value Correspondence Table (Multiple Read Timing)

Figure DRAS DRCD DPCG DCL
Figure 9.30 010 00 001 010
Figure 9.31 000 01 001 010
Figure 9.32 000 01 001 011
Multiple read
CKIO | | | | | | | | | | | | | | | | |
SDRAM command | ACT | RD | RD | RD | RD | PRA | DSL |
Data bus E E E El do | d1 | d2 | a3 | E
DRCD DCL DPCG
(ACT-RD)  (RD-d) (PRA-next)
) DRAS :
(ACT-PRA)

ACT: Row and bank activation command
RD: Read command
PRA: Precharge-all command

Figure 9.30 Multiple Read Timing Example 1

Page 266 of 1190 RO1UH0026EJ0300 Rev. 3.00
RENESAS Sep 24, 2010




SH7201 Group Section 9 Bus State Controller (BSC)

|ACT|DSL|RD|RD|RD|RD|PRA|DSL|

_ h-

SDRAM command

Data bus ; ; ; IIEIERERER
-— r— -—
DRCD DCL DPCG
(ACR-RD) (RD-d) (PRA-next)
>
DRAS
(ACT-PRA)

ACT: Row and bank activation command
RD: Read command
PRA: Precharge-all command

Figure 9.31 Multiple Read Timing Example 2

Multiple read

SDRAM command

1
/

|ACT|DSL|RD|RD|RD|HD|PRA|DSL|DSL|

Data bus IIENEREREER
! B L . . . .
DRCD DCL
(ACT-RD) (RD-d)
> >
DRAS DPCG
(ACT-PRA) (PRA-next)

ACT: Row and bank activation command
RD: Read command
PRA: Precharge-all command

Figure 9.32 Multiple Read Timing Example 3

e Multiple Write Timing Setting Examples

Figures 9.33 to 9.35 show the correspondence between the timing of multiple write operations
involving 4 data units and the set values of the SDRAMm timing register (SDmTR). Table
9.13 shows the SDRAMm timing register (SDmTR) set values for each figure.
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Table 9.13 SDITR Set Value Correspondence Table (Multiple Write Timing)

Figure DRAS DRCD DPCG DWR
Figure 9.33 010 00 001
Figure 9.34 000 01 001
Figure 9.35 000 01 001 1
. . . Multiple V\I/rite . . . .
CKIO | | | | | | | | | | | | | | | | |
SDRAM command | ACT | WR | WR | WR | WR | PRA | DSL |
Data bus [ a0 | at [ a2 | a3 |
DRCD DWR DPCG
(ACT-WR) (WR-PRA) (PRA-next)
) DRAS -
(ACT-PRA)

ACT: Row and bank activation command
WR: Write command
PRA: Precharge-all command

Figure 9.33 Multiple Write Timing Example 1
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Multiplle write

SDRAM command

|ACT|DSL|WR|WR|WR|WR|PRA|DSL|

[ [ ot | e | & |

Data bus
| | | |
DRCD DWR DPCG
(ACR-WR) (WR-PRA) (PRA-next)
-
DRAS
(ACT-PRA)

ACT: Row and bank activation command
WR: Write command
PRA: Precharge-all command

Figure 9.34 Multiple Write Timing Example 2

Multiple write

SDRAM command

| ACTI| DSLll WF{I| WRll WRI| WRll DSLI| PRAll DSLI|

Data bus | do | d1 | d2 | d3 | 1 1 i
« . . . : : ;
DRCD DWR DPCG
(ACT-WR) (WR-PRA) (PRA-next)

DRAS
(ACT-PRA)

ACT: Row and bank activation command
WR: Write command
PRA: Precharge-all command

Figure 9.35 Multiple Write Timing Example 3
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¢ Single Read Timing Setting Examples

Figures 9.36 to 9.38 show the correspondence between the timing of single read operations and
the set values of the SDRAMm timing register (SDmTR). Table 9.14 shows the SDRAMm
timing register (SDmTR) set values for each figure.

Table 9.14 SDITR Set Value Correspondence Table (Single Read Timing)

Figure DRAS DRCD DPCG DCL

Figure 9.36 010 00 001 010

Figure 9.37 000 01 001 010

Figure 9.38 000 01 001 011
Single read

SDRAM command | ACT' | F{D' | DSL' | PF{A' | DSL' |

owaris 100 i[e ] b

' 1 ' | ' '
<+t >

DRCD DCL DPCG
(ACT-RD) (RD-d) (PRA-next)
-
DRAS
(ACT-PRA)

ACT: Row and bank activation command
RD: Read command
PRA: Precharge-all command

Figure 9.36 Single Read Timing Example 1
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SDRAM command

|ACT|DSL|RD|PRA|DSL|

=

Data bus
DRCD DCL
(ACT-RD) (RD-d)
- -
DRAS DPCG
(ACT-PRA) (PRA-next)

ACT: Row and bank activation command
RD: Read command

DSL: Deselect command

PRA: Precharge-all command

Note: If the interval set in DRAS ends before RD, PRA is issued in the table
size after RD.

Figure 9.37 Single Read Timing Example 2

Single read

SDRAM command

| ACTI| DSLI | RDll PRAI | DSLI |

Y-
A
\ 2

Data bus
DRCD DCL
(ACT-RD) (RD-d)
D -
DRAS DPCG
(ACT-PRA) (PRA-next)

ACT: Row and bank activation command
RD: Read command
PRA: Precharge-all command

Figure 9.38 Single Read Timing Example 3
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¢ Single Write Timing Setting Examples

Figures 9.39 to 9.41 show the correspondence between the timing of single write operations
and the set values of the SDRAMm timing register (SDmTR). Table 9.15 shows the
SDRAMm timing register (SDmTR) set values for each figure.

Table 9.15 SDITR Set Value Correspondence Table (Single Write Timing)

Figure DRAS DRCD DPCG DWR

Figure 9.39 010 00 001

Figure 9.40 000 01 001

Figure 9.41 000 01 001 1
Single write

SDRAM command

| ACT‘| WRll DSL.| PRAll DSL‘|

o

Data bus

- —P >
DRCD DWR bPCG
(ACT-WR) (WR-PRA) (PRA-next)
DRAS
(ACT-PRA)

ACT: Row and bank activation command
WR: Write command

DSL: Deselect command

PRA: Precharge-all command

Note: If the interval set in DRAS is longer than the period from when the WR
command is issued until the DWR interval elapses, the DRAS setting
is used.

Figure 9.39 Single Write Timing Example 1
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_ ]‘_
\

SDRAM command

| ACT | DSL. | WR.| PRA | DSL.|

== lEE.

Data bus

|
- P

DRCD DWR DPCG
(ACT-WR)  (WR-PRA) (PRA-next)
>
DRAS
(ACT-PRA)

ACT: Row and bank activation command
WR: Write command

DSL: Deselect command

PRA: Precharge-all command

Note: If the interval set in DRAS is longer than the period from when the WR
command is issued until the DRAS interval elapses, the DWR setting
is used.

Figure 9.40 Single Write Timing Example 2

Single write

_ ;‘.
Y

SDRAM command

| ACTI| DSLI| WRI| DSLI| PF{All DSL

DRCD DWR DPCG

Data bus

(ACT-WR) (WR-PRA) (PRA-next)
-

DRAS
(ACT-PRA)

ACT: Row and bank activation command
WR: Write command

DSL: Deselect command

PRA: Precharge-all command

Figure 9.41 Single Write Timing Example 3
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(13) External Address/SDRAM Address Signal Multiplex

(@) Address Multiplex

Either of addresses used for accessing external device or SDRAM is output through external
address pins. The SDRAM address is shifted internally by changing the settings of DDBW and
DSZ in SDmADR and BSIZE in SDCmCNT. The bank address is output on A16 and A15 and the
address is output on A14 to A2.

Table 9.16 External Address/SDRAM Address Pins

Pin Name  Function Pin Name Function

A27 External address A13 (/MA11) External address/SDRAM address
A26 External address A12 (/MA10) External address/SDRAM address
A25 External address A11 (/MA9) External address/'SDRAM address
A24 External address A10 (/MA8) External address/'SDRAM address
A23 External address A9 (/MA7)  External address/'SDRAM address
A22 External address A8 (/MAB)  External address/'SDRAM address
A21 External address A7 (/MA5)  External address/'SDRAM address
A20 External address A6 (/MA4)  External address/SDRAM address
A19 External address A5 (/MA3)  External address/SDRAM address
A18 External address A4 (/MA2)  External address/SDRAM address
A17 External address A3 (/MA1)  External address/'SDRAM address
A16 (/BA1) External address/'SDRAM bank address A2 (/MAO)  External address/SDRAM address
A15 (/BAO) External address/'SDRAM bank address A1l External address

A14 (/MA12) External address/SDRAM address A0 External address

(b) Address Register Setting Value and Supported SDRAM Configuration

Tables 9.17 to 9.19 are the SDRAM configurations that to support for 8-, 16-, or 32-bit bus width.
These tables are featured to ease the understanding of the relationships between the SDRAM to
support and address multiplex.

Addresses addr27 to addrO are the logical addresses used by the CPU and DMAC in access to the
SDRAM. The table below shows how the settings of DSZ and DDBW determine which signals
are output on the SDRAM-access pins.
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Table 9.17 Case for 8-Bit External Data Bus Width (BSIZE*' = (1, 0))
SDRAM
Type 64 Mbits (x8) 128 Mbits (x8) 256 Mbits (x8) 512 Mbits (x8)
Number 1 1 1 1
DSZ* 001 (8 Mbytes) 010 (16 Mbytes) 011 (32 Mbytes) 100 (64 Mbytes)
DDBW*° 00 (8 bits) 00 (8 bits) 00 (8 bits) 00 (8 bits)
This LSI Row Column Row Column Row Column Row Column
address Address Address Address Address Address Address Address Address
A16 (/BA1)**  addr22*°  addr22*® addr23*° addr23*° addr24*° addr24*° addr25*° addr25%°
A15 (/BAO)**  addr21*®  addr21*° addr22*° addr22*° addr23*° addr23*° addr24*° addr24+*°
Al14 (IMA12)** L L L L addr22*® L addr23*® L
A13 (/MA11)** addr20*® L addr21*® L addr21*® L addr22*°  addr10*°
A12 (/MA10)** addr19*®  *° addr20*®  *° addr20*®  *° addr21#®  #°
A1l (/MA9)**  addri8*® L addr19*°  addr9*°  addr19*° addr9**  addr20*®  addr9*°
A10 (/MA8)**  addr17*°  addr8+*° addr18*° addr8*°  addr18*° addr8*®  addr19*° addr8*°
A9 (/MA7)** addr16*°  addr7*° addr17*°  addr7+** addr17*° addr7+°  addri8*° addr7+*°
A8 (/MAB)** addr15*°  addr6*° addr16*° addr6** add16*° addr6*®  addr17*°  addr6*°
A7 (IMA5)** addr14*°  addr5*° addr15*° addr5*°  addr15*° addr5*°  addr16*° addr5*°
A6 (/MA4)** addr13*°  addr4*° addr14*° addrd4**  addr14*° addr4*®  addri5*° addr4*°
A5 (/MA3)** addr12*°  addr3*° addr13*°  addr3*°  addr13*° addr3**  addr14*® addr3*°
A4 (/MA2)** addr11*®  addr2*° addr12*° addr2*®  addri2*° addr2*®  addri3*° addr2*®
A3 (/MA1)** addr10**  addri*® addr11*® addr1**  addri1*® addr1*®  addri2*® addri*®
A2 (/MA0)** addr9*° addro*° addr10*®* addr0*°  addr10*° addr0**  addri1*®  addr0*°
Notes: 1. The legend BSIZE represents the BSIZE bit in the SDRAMCm control register.

2. The legend DSZ represents the DSZ bit in the SDRAMm address register.

3. The legend DDBW represents the DDBW bit in the SDRAMm address register.

4. The legends BA1, BAO, and MA12 to MAO represent the SDRAM bank address and

SDRAM address respectively.
5. Addresses addr25 to addrO are the logical addresses used by the CPU and DMAC in
access to the SDRAM.
6. When the RD, WR or PRA command is issued, this carries the pre-charge option

signal.
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Table 9.18 Case for 16-Bit External Data Bus Width (BSIZE*' = (0, 0)) (1)

SDRAM
Type 64 Mbits (x16) 64 Mbits (x8) 128 Mbits (x16) 128 Mbits (x8)
Number 1 2 1 2
DSz 001 (8 Mbytes) 010 (16 Mbytes) 010 (16 Mbytes) 011 (32 Mbytes)
DDBW*° 01 (16 bits) 00 (8 bits) 01 (16 bits) 00 (8 bits)
This LSI Row Column Row Column Row Column Row Column
address Address Address Address Address Address Address Address Address
A16 (/BA1)**  addr22*°  addr22*° addr23*° addr23*° addr23*° addr23*° addr24*° addr24*°
A15 (/BAO)**  addr21 addr21*°  addr22*® addr22*° addr22*® addr22*° addr23*° addr23*°
A14 (IMA12)** L L L L L L L L
A13 (/MA11)** addr20*° L addr21#° L addr21*® L addr22#° L
A12 (/MA10)** addr19*°  *° addr20*°  *° addr20*®  *° addr21*®  *°
A11 (/MA9)** addr18*° L addr19*° L addr19*° L addr20*°  addr10*°
A10 (/MA8)** addr17*° L addr18*° addr9*°  addr18*° addr9*°  addr19*° addr9*®
A9 (IMA7)**  addr16*°  addr8*° addr17*° addr8*°  addr17*° addr8*° addr18*° addr8+*°
A8 (/MAB)**  addri5*°  addr7+° addri6*° addr7+°  addr1i6*° addr7*° addr17+° addr7*°
A7 (/MA5)**  addri4*°  addr6*° addri5*° addr6*°  addr1i5*° addr6*® addri6*° addr6*°
A6 (IMA4)**  addr13*°  addr5*° addr14*° addr5*°  addr14*° addr5*° addr15%° addr5+*°

A5 (/MA3)**  addri2**  addr4*°* addri3*° addr4**  addri3*° addr4*® addri4*° addr4*°
A4 (IMA2)**  addr11*°  addr3*° addr12*° addr3*°  addri2*° addr3*° addr13*° addr3+*°
A3 (/MA1)**  addr10*°  addr2*® addri1*° addr2**  addri1*® addr2*®  addri2*° addr2*°
A2 (IMAQ)**  addr9*® addr1*°  addr10** addr1**  addr10*° addr1*®  addr11*° addr1*®
Notes: 1. The legend BSIZE represents the BSIZE bit in the SDRAMCm control register.

2. The legend DSZ represents the DSZ bit in the SDRAMm address register.

3. The legend DDBW represents the DDBW bit in the SDRAMm address register.

4. The legends BA1, BAO, and MA12 to MAOQ represent the SDRAM bank address and

SDRAM address respectively.
5. Addresses addr24 to addrO are the logical addresses used by the CPU and DMAC in
access to the SDRAM.
6. When the RD, WR or PRA command is issued, this carries the pre-charge option

signal.
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Table 9.18 Case for 16-Bit External Data Bus Width (BSIZE*' = (0, 0)) (2)

SDRAM

Type 256 Mbits (x16) 256 Mbits (x8) 512 Mbits (x16) 512 Mbits (x8)
Number 1 2 1 2

DSz+* 011 (32 Mbytes) 100 (64 Mbytes) 100 (64 Mbytes) 101 (128 Mbytes)
DDBW** 01 (16 bits) 00 (8 bits) 01 (16 bits) 00 (8 bits)
This LSI Row Column Row Column Row Column Row Column
address Address Address Address Address Address Address Address Address

A16 (/BA1)**  addr24*° addr24*° addr25*°  addr25*° addr25*° addr25%*° addr26*° addr26*°

A15 (/BAO)**  addr23*° addr23*° addr24*°  addr24*° addr24*®  addr24*° addr25*° addr25*°

A14 (/MA12)** addr22*° L addr23+° L addr23*® L addr24*° L
A13 (/MA11)** addr21*° L addr22%® L addr22+® L addr23*°  addr11*°
A12 (/MA10)** addr20*®  *° addr21*° *8 addr21*®  *° addr22*°  *°
A1l (/MA9)**  addr19*° L addr20*°  addr10*° addr20*°  addr10*° addr21*® addr10+*°

A10 (/MA8)** addr18*° addr9** addr19*° addr9*° addr19*° addr9*®  addr20*° addr9*°

A9 (IMA7)**  addr17*° addr8*° addr18*°  addr8*° addr18*° addr8*® addri9*° addr8*°
A8 (/MAG)**  addr16*° addr7+° addr17*®  addr7+*° addri7+*° addr7*°  addr18*°  addr7*°
A7 (/MA5)**  addr15*° addr6*° addr16*® addr6*® addri6*° addr6*®  addri7*°  addr6*°
A6 (IMA4)**  addr14*° addr5*° addr15*°  addr5*° addr15*° addr5*°  addr16*° addr5*°
A5 (/MA3)**  addr13*° addr4*° addr1i4*®  addr4*® addri4*® addr4*®  addri5*° addr4*°
A4 (IMA2)**  addr12*° addr3*° addr13*°  addr3*° addr13*° addr3*°  addr1i4*° addr3*°
A3 (/MA1)**  addr11*° addr2*®* addri2*® addr2*® addri2*° addr2*®>  addr13*° addr2*®
A2 (/IMAO)**  addr10*° addr1*® addri1*°  addr1*® addri1*®  addr1*®  addri2*° addri*®
Notes: 1. The legend BSIZE represents the BSIZE bit in the SDRAMCm control register.
2. The legend DSZ represents the DSZ bit in the SDRAMm address register.
3. The legend DDBW represents the DDBW bit in the SDRAMm address register.
4. The legends BA1, BAO, and MA12 to MAOQ represent the SDRAM bank address and
SDRAM address respectively.
5. Addresses addr26 to addrO are the logical addresses used by the CPU and DMAC in
access to the SDRAM.
6. When the RD, WR or PRA command is issued, this carries the pre-charge option
signal.
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Table 9.19 Case for 32-Bit External Data Bus Width (BSIZE*' = (0, 1)) (1)

SDRAM
Type 64 Mbits (x32) 64 Mbits (x16) 128 Mbits (x32) 64 Mbits (x8)
Number 1 2 1 4
DSz 001 (8 Mbytes) 010 (16 Mbytes) 010 (16 Mbytes) 011 (32 Mbytes)
DDBW*® 10 (32 bits) 01 (16 bits) 10 (32 bits) 00 (8 bits)
This LSI Row Column Row Column  Row Column Row Column
address Address Address Address Address Address Address Address Address
A16 (/BA1)**  addr22*° addr22*° addr23*° addr23*° addr23*° addr23*° addr24*° addr24#°
A15 (/BAO)**  addr21*® addr21*® addr22*° addr22*° addr22*®  addr22*® addr23*° addr23+°
A14 (IMA12)** L L L L L L L L
A13 (/MA11)** L L addr21#° L addr21*® L addr22#® L
A12 (/MA10)** addr20*® *° addr20*°  *° addr20*°  *° addr21#°  *°
A11 (/MA9)** addr19*° L addr19+° L addr19*° L addr20** L
A10 (/MA8)** addr18+*° L addr18+° L addr18%° L addr19*°  addr10*°
A9 (IMA7)**  addr17*° addr9** addr17*° addr9**  addr17*° addr9*®  addr18*°  addr9*°
A8 (/MAB)**  addr16*° addr8*° addr16*° addr8*°  addri6*° addr8*°  addri7*° addr8*°
A7 (/MA5)**  addr15*° addr7** addr15*° addr7*°  addr15*° addr7*®  addri6*° addr7*°
A6 (/MA4)**  addr14*° addr6*® addr14*° addr6*°  addr1i4*®  addr6*°  addri5*° addr6*°

A5 (/MA3)**  addr13*° addr5*° addr13*° addr5*°  addri3*° addr5*°  addri4*° addr5*°
A4 (IMA2)**  addr1i2*° addr4** addr12*° addr4**  addri2*°  addr4*®  addr13*°  addr4*°
A3 (/MA1)**  addri1*® addr3*° addri1*° addr3*°  addri1*® addr3*°  addri2*° addr3*°
A2 (/MAO)**  addr10*° addr2** addr10*° addr2**  addr10*° addr2*®  addri1*°  addr2*°
Notes: 1. The legend BSIZE represents the BSIZE bit in the SDRAMCm control register.

2. The legend DSZ represents the DSZ bit in the SDRAMm address register.

3. The legend DDBW represents the DDBW bit in the SDRAMm address register.

4. The legends BA1, BAO, and MA12 to MAOQ represent the SDRAM bank address and

SDRAM address respectively.
5. Addresses addr24 to addrO are the logical addresses used by the CPU and DMAC in
access to the SDRAM.
6. When the RD, WR or PRA command is issued, this carries the pre-charge option

signal.
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Table 9.19 Case for 32-Bit External Data Bus Width (BSIZE*' = (0, 1)) (2)

SDRAM

Type 128 Mbits (x16) 256 Mbits (x32) 128 Mbits (x8) 256 Mbits (x16)
Number 2 1 4 2

DSZz** 011 (32 Mbytes) 011 (32 Mbytes) 100 (64 Mbytes) 100 (64 Mbytes)
DDBW*® 01 (16 bits) 10 (32 bits) 00 (8 bits) 01 (16 bits)
This LSI Row Column Row Column Row Column Row Column
address Address Address Address Address Address Address Address Address
A16 (/BA1)**  addr24*° addr24*°  addr24*° addr24*° addr25*° addr25*° addr25*° addr25%°
A15 (/BAO)**  addr23*° addr23*°  addr23*° addr23*° addr24*° addr24*° addr24*° addr24*°
A14 (IMA12)** L L L L L L addr23*® L

A13 (/MA11)** addr22#° L addr22#° L addr23*° L addr22#® L

A12 (MA10)** addr21*® = addr21#®  *° addroos® addroq

A11 (/MA9)**  addr20*° L addr20+°® L addr21*®  addr1i1*° addr20*° L

A10 (/MA8)**  addr19*° addr10*°  addr19*° addr10*° addr20*® addr10*° addr19*° addr10%*°
A9 (/IMAT7)** addr18+°  addr9*® addr18*° addr9*®  addr19*°  addr9*°  addr18*° addr9*®
A8 (/MAB)** addr17*°  addrg8*° addr17*° addr8*°*  addr18*° addr8*°  addr17*° addr8*°
A7 (/MA5)** addr16*° addr7*° addr16*° addr7+°  addr17*°  addr7+*°  addr16*° addr7*°
AB (/IMA4)** addr15*°  addr6*° addr15*° addr6*°  addr16*° addr6*°  addr15*° addré*®
A5 (/MA3)** addr14*°  addr5*° addr14*° addr5*°  addr15*°  addr5*°  addr14*° addr5*°
A4 (IMA2)+* addr13*°  addr4*° addr13*° addr4*°  addr14*° addr4*®  addr13*° addr4*®
A3 (/MA1)** addr12*®  addr3*° addr12*® addr3*°  addr13*° addr3**  addr12*® addr3*°

A2 (/MAO)**

addr11*®  addr2*® addr11*®  addr2*®  addr12*® addr2*®  addr11** addr2*®

Notes: 1. The legend BSIZE represents the BSIZE bit in the SDRAMCm control register.

2. The legend DSZ represents the DSZ bit in the SDRAMm address register.

3. The legend DDBW represents the DDBW bit in the SDRAMm address register.

4. The legends BA1, BAO, and MA12 to MAOQ represent the SDRAM bank address and
SDRAM address respectively.

5. Addresses addr25 to addrO are the logical addresses used by the CPU and DMAC in
access to the SDRAM.

6. When the RD, WR or PRA command is issued, this carries the pre-charge option
signal.
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Table 9.19 Case for 32-Bit External Data Bus Width (BSIZE*' = (0, 1)) (3)

SDRAM
Type 512 Mbits (x32) 256 Mbits (x8) 512 Mbits (x16) 512 Mbits (x8)
Number 1 4 2 4
DSZ+ 100 (64 Mbytes) 101 (128 Mbytes) 101 (128 Mbytes) 110 (256 Mbytes)
DDBW*° 10 (32 bits) 00 (8 bits) 01 (16 bits) 00 (8 bits)
This LSI Row Column Row Column Row Column Row Column
address Address Address Address Address Address Address Address Address
A16 (/BA1)**  addr25*° addr25*° addr26*° addr26*° addr26*°  addr26*° addr27*° addr27+*°
A15 (/BAO)**  addr24*° addr24*° addr25*° addr25*° addr25*°  addr25*° addr26*° addr26*°
A14 (/MA12)** addr23+*° L addr24*° L addr24+® L addr25+° L
A13 (/MA11)** addr22+*® L addr23+° L addr23*° L addr24*°  addri12*°
A12 (/MA10)** addr21*® *° addr22#°  *° addr22#°  *° addr23*®  *°
A11 (/MA9)** addr20*° L addr21*°  addr11*°  addr21**  addr11*° addr22*®  addri1*°
A10 (/MA8)** addr19*° addr10*° addr20*° addr10*° addr20** addr1i0*° addr21** addr10*°
A9 (/MA7)**  addr18*° addr9*°  addr19*° addr9*° addr19*°  addr9*°  addr20*°  addr9*°
A8 (/MAB)**  addr17*° addr8*° addri8*° addr8*° addr18*°  addr8*°  addr19*°  addrg8*°
A7 (/MA5)**  addr16*° addr7*° addr17+° addr7*° addr17*®*  addr7+**  addr18*°  addr7*°
A6 (IMA4)**  addr15*° addr6*° addr16*° addr6*° addr16*°  addr6*®  addr17*°  addr6*°

A5 (/MA3)**  addr14*® addr5*°  addr15*° addr5*° addr15*°  addr5*°  addr16*° addr5*°
A4 (IMA2)**  addr13*° addr4**  addr14*° addr4*® addr14*°  addr4**  addr15*° addr4*°
A3 (/MA1)**  addr1i2*® addr3*°  addr13*° addr3*° addr13*°  addr3*°  addr14*®  addr3*°
A2 (/MAQ)**  addri1*® addr2**  addr12*° addr2*® addr12*®  addr2**  addr13*°  addr2*°
Notes: 1. The legend BSIZE represents the BSIZE bit in the SDRAMCm control register.

2. The legend DSZ represents the DSZ bit in the SDRAMm address register.

3. The legend DDBW represents the DDBW bit in the SDRAMm address register.

4. The legends BA1, BAO, and MA12 to MAOQ represent the SDRAM bank address and

SDRAM address respectively.
5. Addresses addr27 to addrO are the logical addresses used by the CPU and DMAC in
access to the SDRAM.
6. When the RD, WR or PRA command is issued, this carries the pre-charge option

signal.
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(c) Example of SDRAM Connection

Figures 9.42 and 9.43 show examples of the connection of SDRAM with this LSI.

This LSI 64 M SDRAM
(1 M x 16 bits x 4 banks)
A16
Al5 +— A13 (BA1)
A14 Not in use A12 (BAO)
A13to A2 A11to A0
A1, A0 Not in use
SDCKE CKE
SDCLK CLK
SDCS CSs
SDRAS RAS
SDCAS CAS
SDWE WE
D13to D16 1/015 to 1/00
DQM3 DQMU
DQM2 DQML
D15 to DO
DAM1 L] A13 (BAY)
bQMo A12 (BAO)
A11to A0
CKE
CLK
CS
RAS
CAS
WE
1/015 to 1/00
DQMU
DQML

Figure 9.42 Example of Connecting a 32-Bit Data-Width SDRAM
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64 M SDRAM
This LSI (1 M x 16 bits x 4 banks)
A16
A15 |— A13 (BA1)
A14 Not in use I— A12 (BAO)
A13to A2 |- Al11to AO
A1, AO Not in use
SDCKE CKE
SDCLK CLK
SDCS CS
SDRAS RAS
SDCAS CAS
SDWE WE
D13to D16 |—— Not in use 1/015 to 1/00
DQM3 |—— Not in use DQMU
DQM2 |—— Not in use DQML
D15 to DO
DQM1
DQMO

Figure 9.43 Example of Connecting a 16-Bit Data-Width SDRAM
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9.6 Usage Note

9.6.1 Note on Power-on Reset Exception Handling and Deep Standby Mode Cancellation

When writing to the external address space or making SDRAM settings in power-on reset
exception handling or cancellation of deep standby mode, be sure to set bits ACOSW[3:0] in
ACSWR to B'0011 beforehand.

9.6.2 Write Buffer

In write access to normal or SDRAM space, the write data are stored once in the internal write
buffer of the BSC, and only after that does actual writing to the device (external device) connected
in the normal or SDRAM space proceed. Since writing from the write buffer to the external device
is performed automatically, no processing by software is necessary.

However, care must be taken on the following point. Write access from the CPU or DMAC
appears complete at the point where the data are stored in the above write buffer. That is, at the
point where the write access from the CPU or DMA controller has been completed, writing to the
external device might not have been completed. To confirm the completion of writing to the
external device, dummy read the normal or SDRAM space. Completion of the dummy-read
operation guarantees the completion of writing to the external device in response to previous write
access. The target address for the dummy read operation does not have to be in the same device as
the target for write access. Furthermore, it does not have to be in the same space.

9.6.3 Note on Transition to Software Standby Mode or Deep Standby Mode

When a transition to software standby mode or deep standby mode is made after write access to
the normal or SDRAM space, there is a possibility that data remains in the internal write buffer of
the BSC. To confirm that no data remain in the write buffer, execute a dummy read of the external
device in the same way as described above.
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Section 10 Bus Monitor

The bus monitor is a module that monitors bus errors on each bus. When an illegal address access
or a bus timeout is detected, a bus error interrupt is generated and an access canceling signal is
output for the bus timeout. (The bus timeout function is used for debugging.)

Figure 10.1 shows a block diagram of the bus monitor.

Bus monitor

| Bus monitor enable register |

(0]
(8]

Perioheral £ | Bus monitor status register 1 |
eroheral —— 1 3
— c

bus é | Bus monitor status register 2 |
o

| Bus error control register | > SH2A
Bus error signal CPU core

Figure 10.1 Block Diagram of Bus Monitor
10.1  Register Descriptions
The bus monitor has the following registers.
All registers are initialized by a power-on reset or in deep standby mode.

Table 10.1 Register Configuration

Access
Register Name Abbreviation R/W Initial Value Address Size
Bus monitor enable register SYCBEEN R/W H'00 H'FF400000 8, 16, 32
Bus monitor status register 1 SYCBESTS1 R/W H'00 H'FF400004 8, 16, 32
Bus monitor status register2 ~ SYCBESTS2 R/W H'00 H'FF400008 8, 16, 32
Bus error control register SYCBESW R/W H'00 H'FF40000C 8, 16, 32
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10.1.1

Bus Monitor Enable Register (SYCBEEN)

SYCBEEN clears the bus monitor status register and controls the detection function.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
STS
R - - 1-1-1-]-]-[-[=-]=1=1]~ [romfose] — |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW.RW R R R R R R R R R R R R RW RW R
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W Description
31 STSCLR 0 R/W  Status Clear
Writing 1 to this bit clears the bus monitor status
register. Writing O or reading data has no effect.
0: Invalid
1: Bus monitor status register cleared
30t019 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
18 TOEN 0 R/W  Timeout Detection Enable
This bit enables or disables the function that detects a
bus timeout on each bus.
0: Bus timeout detection function disabled
1: Bus timeout detection function enabled
17 IGAEN 0 R/W lllegal Address Access Detection Enable
This bit enables or disables the function that detects an
illegal address access on each bus.
0: lllegal address access detection function disabled
1: lllegal address access detection function enabled
16to0 — All O R Reserved

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

Note: When a bus access is performed with the detection function disabled (TOEN = 0), the bus

may freez

e.
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10.1.2  Bus Monitor Status Register 1 (SYCBESTS1)

SYCBESTSI indicates the status of slave bus (peripheral bus (1)) regarding whether a timeout
occurred, whether an illegal address access was made, or which bus master accessed the slave bus.
Table 10.2 shows the correspondence between the bus space and the slave bus.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[—Trrofrer] = [~ [~ Jewoma] — - [-[-[-[-[-]-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name  Value R/W  Description
31to15 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
14 PTO 0 R Timeout
This bit indicates that a timeout occurred on peripheral
bus (1) when the first bus error occurred.
0: Timeout not generated
1: Timeout generated
13 PER 0 R lllegal Address Access
This bit indicates that an illegal address access was
made on peripheral bus (1) when the first bus error
occurred.
0: lllegal address access not made
1: lllegal address access made
12t0o 10 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
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Initial

Bit Bit Name Value

R/W Description

9,8 PMST[1:0] 00

R Bus Master

These bits indicate the bus master that accessed
peripheral bus (1) when the first bus error occurred.

00: CPU

01: DMAC (destination side)

10: Setting prohibited
11: DMAC (source side)

7100 — All O

R Reserved

These bits are always read as 0. The write value

should always be 0.

Table 10.2 Bus Space and Slave Bus

Address Bus Space Slave Bus
H'0000 0000 to H'4FFF FFFF External bus space External bus
H'5000 0000 to H'E800 FFFF Reserved (Others*")
H'E801 0000 to H'EFFF FFFF  Reserved (Others*")
H'FO00 0000 to H'F1FF FFFF  Address array space in cache = —**

H'F200 0000 to H'F5FF FFFF  Reserved —

H'F600 0000 to H'FF3F FFFF  Reserved (Others*")
H'FF40 0000 to H'FF5F FFFF  On-chip peripheral module (1)  Peripheral bus (1)
H'FF60 0000 to H'FFF7 FFFF  Reserved (Others*")
H'FFF8 0000 to H'FFF8 7FFF  On-chip RAM —

H'FFF8 8000 to H'FFFB FFFF  Reserved —?

H'FFFC 0000 to H'FFFF FFFF

On-chip peripheral module (2)

Peripheral bus (2)

Notes: 1. This means bus spaces in the slave bus space other than those for the external bus
and peripheral buses (1) and (2).

2. Anillegal address access error does not occur.
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10.1.3  Bus Monitor Status Register 2 (SYCBESTS2)

SYCBESTS?2 indicates the status of slave buses (external bus/peripheral bus (2)/others) regarding
whether a timeout occurred, whether an illegal address access was made, or which bus master

accessed the slave bus.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|~ lerofeen]| — [~ | —Jewsmo| — |- [-[-]—-[—- ]|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — |OER| — | = | — |OMST[1:O]| — | — |SHER| — | — | — |SHMST[1:0]|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name  Value R/W  Description
31 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
30 ETO 0 R Timeout
This bit indicates that a timeout occurred on the
external bus when the first bus error occurred.
0: Timeout not generated
1: Timeout generated
29 EER 0 R lllegal Address Access
This bit indicates that an illegal address access was
made on the external bus when the first bus error
occurred.
0: lllegal address access not made
1: lllegal address access made
28t026 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value

R/W

Description

25,24 EMST[1:0] 00

R

Bus Master

These bits indicate the bus master that accessed the
external bus when the first bus error occurred.

00: CPU

01: DMAC (destination side)
10: Setting prohibited

11: DMAC (source side)

23to14 — All O

Reserved

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

13 OER 0

lllegal Address Access

These bits indicate the bus master that accessed other
buses when the first bus error occurred.

0: lllegal address access not made
1: lllegal address access made

12t010 — All O

Reserved

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

9,8 OMST[1:0] 00

R/W

Bus Master

These bits indicate the bus master that accessed other
buses when the first bus error occurred.

00: CPU

01: DMAC (destination side)
10: Setting prohibited

11: DMAC (source side)

7,6 — All O

Reserved

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

5 SHER 0

lllegal Address Access

This bit indicates that an illegal address access was
made on peripheral bus (2) when the first bus error
occurred.

0: lllegal address access not made
1: lllegal address access made
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Initial
Bit Bit Name Value R/W  Description
4102 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1,0 SHMST 00 R Bus Master

[1:0]

These bits indicate the bus master that accessed
peripheral bus (2) when the first bus error occurred.

00: CPU

01: DMAC (destination side)
10: Setting prohibited

11: DMAC (source side)
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10.1.4  Bus Error Control Register (SYCBESW)

SYCBESW controls the notification of various types of bus errors to the CPU.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
loftnlobin] — lobin| = [~ [ - |- [—-[-[-]-[-[-[-]—]
CPEN | CPEN CPEN
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW.: RW RW R RW R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W  Description
31 00CPEN 0 R/W  Bus Error Control (CPU — CPU)
This bit controls notification to the CPU when a bus
error is caused by the CPU.
0: Not notified
1: Notified
30 01CPEN 0 R/W  Bus Error Control (DMAC Destination Side — CPU)
This bit controls notification to the CPU when a bus
error is caused by the DMAC destination side.
0: Not notified
1: Notified
29 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
28 11CPEN 0 R/W  Bus Error Control (DMAC Source Side — CPU)
This bit controls notification to the CPU when a bus
error is caused by the DMAC source side.
0: Not notified
1: Notified
27t00 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
Page 292 of 1190 RO1UH0026EJ0300 Rev. 3.00
RENESAS Sep 24, 2010



SH7201 Group Section 10 Bus Monitor

10.2 Bus Monitor Function

The bus monitor function detects two types of bus error: illegal address access and bus timeout.
Bus error detection is performed in one bus access.

Even when data is transferred in multiple bus accesses such as burst transfer, a bus error can be
detected in one bus access.

10.2.1 Operation when a Bus Error is Detected

When a bus error is detected, the status is saved in the bus monitor status register 1 (SYCBESTS1)
and bus monitor status register 2 (SYCBESTS2) and the CPU is notified of the bus error is
notified to the CPU.

(1) Saving Status in Bus Monitor Status Register or Bus Monitor Status Register 2

When a bus error occurs, the status at the time (what type of error occurred and which bus was
being accessed by which bus master) is saved in the bus monitor status register 1 (SYCBESTS1)
or bus monitor status register 2 (SYCBESTS?2).

Even if another bus error occurs after this, the value in the bus monitor status register
(SYCBESTYS) or bus monitor status register 2 (SYCBESTS?2) is not updated. When multiple bus
errors occur at the same time, multiple status bits may be set.

The bus monitor status register 1 (SYCBESTS1) or bus monitor status register 2 (SYCBESTS2)
can be cleared by writing 1 to the status clear bit (STSCLR) in the bus monitor enable register
(SYCBEEN) from the bus master. After being cleared, the status of a bus error, if generated, is
saved in the bus monitor status register 1 (SYCBESTS1) or bus monitor status register 2
(SYCBESTS?2) again.

When a clear operation and a bus error happen at the same time, the clear operation has priority
and the bus error is ignored.
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(2) Error Notification to the CPU

The CPU is notified of a bus error through the OR condition of the timeout bits (PTO/ETO) and
illegal address access bits (PER/EER/OER/SHER) in the bus monitor status register 1
(SYCBESTS1) and bus monitor status register 2 (SYCBESTS2). The CPU is notified of a bus
error interrupt according to the setting of the bus error control register (SYCBESW).

When the bus monitor status register 1 (SYCBESTS1) and bus monitor status register 2
(SYCBESTS2) are cleared by the CPU, the bus error interrupt signal is also negated.

(3) Termination of Bus Access

When a bus error is detected, the bus access is terminated. For details, see section 10.2.4,
Combinations of Masters and Bus Errors.

For the detailed operations when each type of error is detected, see section 10.2.2, Illegal Address
Access Detection Function and section 10.2.3, Bus Timeout Detection Function.

10.2.2  Tllegal Address Access Detection Function

The illegal address access detection function detects attempted accesses to illegal addresses.
(1) Conditions of Illegal Address Access Error Generation

Illegal address access errors occur when the following illegal addresses are accessed.

e External spaces for which the operation enable bit (EXENB) in the control register of the BSC
is not set to "operation enabled"

e Other address areas that are not mapped to any slave bus

e Address areas that are mapped to the slave buses but do not correspond to slave devices

Tables 10.3 and 10.4 show the address areas to which slave devices are not mapped within the
spaces for peripheral buses (1) and (2).

Table 10.3 Address Areas without Slave Devices in the Space for Peripheral Bus (1)

FF401000 to FF41FFFF
FF423000 to FF45FFFF
FF464000 to FF5FFFFF
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Table 10.4 Address Areas without Slave Devices in the Space for Peripheral Bus (2)

FFFC0000 to FFFDFFFF

FFFEO0020 to FFFEO3FF

FFFE0420 to FFFEO7FF

FFFEOQ900 to FFFE37FF

FFFE3830 to FFFE387F

FFFE3910 to FFFE3FFF

FFFE4400 to FFFE53FF

FFFE5410 to FFFE57FF

FFFE5840 to FFFE67FF

FFFE6804 to FFFE7FFF

FFFE8100 to FFFE87FF

FFFE8900 to FFFE8SFFF

FFFE9100 to FFFEQ7FF

FFFE9900 to FFFE9FFF

FFFEA100 to FFFEA7FF

FFFEA900 to FFFEAFFF

FFFEB100 to FFFEB7FF

FFFEB900 to FFFECFFF

FFFEDO10 to FFFEDO7F

FFFEDO090 to FFFEDFFF

FFFEEO10 to FFFEEQ7F

FFFEE090 to FFFEEOFF

FFFEE110 to FFFEFFFF

FFFF1408 to FFFF14FF

FFFF1508 to FFFF15FF

FFFF1608 to FFFF16FF

FFFF1720 to FFFF17FF

FFFF1820 to FFFF18FF

FFFF1910 to FFFFFFFF
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10.2.3  Bus Timeout Detection Function

The bus timeout detection function detects bus accesses whose cycles are extended to 768 cycles
or more.

(1) Conditions of Bus Timeout Error Generation

Bus timeout errors occur in the following cases. This function should be used when debugging
software.

e A bus access is not completed on peripheral bus (1)

e The WAIT signal remains asserted during an external bus access
(2) Operation When a Bus Timeout Error is Generated
The operation when a bus timeout error occurs is explained below.

1. The timeout counter starts counting from the next cycle after the start of a bus access.

2. If the bus access is not completed in 768 cycles, a bus timeout occurs and an access canceling
signal is asserted for 256 cycles.

Bus signals such as address, data, BC, read/write, and burst are held.

The timeout error is recorded in the bus monitor status register 1 (SYCBESTS1) or bus
monitor status register 2 (SYCBESTS2).

A bus error interrupt is generated and sent to the CPU.
3. The bus access is terminated.

The CPU processes the bus error.

Locked buses are all released.
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(3) Bus Timeout Operation in Consecutive Accesses

For transfers where multiple bus accesses are made (such as burst transfer), the next bus access
might not be terminated when a bus timeout occurs. In this case, a bus timeout may occur
continuously.

Even if a bus timeout occurs continuously, the timeout process of terminating a bus access is
performed in the same way as the first time. However, the status is saved in the bus monitor status
register 1 (SYSCESTS1) or bus monitor status register 2 (SYCBESTS2) only the first time.

10.2.4  Combinations of Masters and Bus Errors

The types of detectable bus error depend on the master and access mode.

(1) CPU Transfer Modes and Types of Bus Error Generated

Table 10.5 shows the types of bus error that may be generated by accesses from the CPU.

Table 10.5 CPU Access Types and Types of Bus Error Generated

Access Type Normal Access Burst Access
lllegal address access*' O o2

Bus timeout*' O O#2#°
[Legend]

O: A bus error is generated.

— A bus error is not generated.
Notes: 1. To enable bus error detection, the bus monitor enable register (SYCBEEN) should be
set.
2. To notify the CPU of a bus error, the 00CPEN bit in the bus error control register
(SYCBESW) should be set to 1.
3. The number of bus errors detected is the same as the number of accesses that resulted
in an error.
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(20 DMAC Transfer Modes and Operations of Each Bus

Table 10.6 shows the DMAC transfer modes and the types of bus error that may be generated by
accesses from the DMAC.

Table 10.6 DMAC Transfer Modes and Types of Bus Error Generated

DMAC Transfer Mode Cycle Steal Pipeline
lllegal address access* 0] 0]

Bus timeout* 0] o
[Legend]

O: A bus error is generated.

— A bus error is not generated.
Note: * To enable bus error detection, the bus monitor enable register (SYCBEEN) should be
set.

10.3  Usage Note
10.3.1  Operation when the CPU is Not Notified of a Bus Error

Table 10.7 describes the operations when bus error notification to the CPU is disabled with the bus
error detection enabled (by the setting of the bus monitor enable register (SYCBEEN)).

Table 10.7 Operation When the Master is Not Notified of a Bus Error

lllegal address access lllegal address access errors equal in number to the predetermined
number of transfers are generated and the access is terminated each
time.

Bus timeout Bus timeouts equal in number to the predetermined number of

transfers are generated and the access is terminated each time.
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Section 11 Direct Memory Access Controller (DMAC)

The DMA controller (hereafter DMAC) is a module that handles high-speed data transfer without
CPU intervention in response to requests from software, on-chip peripheral I/O modules, or
external pins (external modules). The DMAC itself does not distinguish between requests from
on-chip peripheral I/O or external pins (external modules). The DMA supports data transfer
between memory units, memory and I/O modules, and I/O modules.

11.1 Features

e Channel number: Up to eight channels (with four channels capable of external requests)

e Transfer requests: Requests from 37 sources including software trigger, on-chip peripheral I/O,
and external pins (external modules)

e Maximum transfer bytes: 64 Mbytes
e Address space: 4 Gbytes
e Transfer data sizes:
— Single data transfer: 8, 16, 32, 64, and 128 bits
— Single operand transfer: 1, 2, 4, 8, 16, 32, 64, and 128 data
— Non-stop transfer: Up to the byte count "0"
e Transfer mode:
— Cycle-stealing transfer (dual-address transfer)
— Pipelined transfer (dual-address transfer)
e Maximum transfer speed:
— Cycle-stealing transfer: Minimum of three clock cycles per unit data transfer
— Pipelined transfer: Minimum of one clock cycle per unit data transfer
e Transfer conditions:

— Unit operand transfer: a s