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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; acrospace 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 on Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

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

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

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

3. Processing before Initialization

Note:

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

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

4. Prohibition of Access to Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

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

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

A T 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. States and Handling of Pins
10. Appendix
* Package Dimensions, etc.

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

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

12. Index
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Preface

This LSI is an RISC (Reduced Instruction Set Computer) microcomputer which 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.
Refer to the SH-2A, SH2A-FPU Software Manual for a detailed description of the
instruction set.

Notes on reading this manual:

e In order to understand the overall functions of the chip

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

e In order to understand the details of the CPU's functions
Read the SH-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 51,
List of Registers.
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Description of Numbers and Symbols

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

(1) Overall notation

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

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

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

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

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

(4) (2)

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

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

t clock. Generation ofla WDTOVE gi itializes the TCNT value to 0. r
14.3

14.3.1 Interval Count Operation

When an internal clock is selected with the CKS1 and CKSO bits in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts incrementing using the selected clock. When ghevalues in
CMCNT and the compare match constant register (CMCOR) match, CMCNT if cleared to H'0000
and the CMF flag in CMCSR is set to 1. When the CKS1 and CKSO bits are set %B'01 at this tim€
a f/4 clock is selected.

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

RENESAS

(3)
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]
Bit:(_15 14 1 8 7 6 5 4 3 2 1 0
I — | - ASID2‘ASID1‘A@ — ‘ — ‘ — ‘ Q ‘ACMPZ‘ACMW‘ACMPO‘ IFEI
Initial value: 0 0
RW: RW | RW RW RW RW RW RW RW RW RW RW RW
F
[Table of Bits] (1) ®)
Bill Bit Name _Initial Value R/W Description ‘
15 - i
14 R These bits are always read as 0.
13to 11 ASID2 to All 0 R/W  Address Identifier
ASIDO 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.

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

All trademarks and registered trademarks are the property of their respective owners.
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Main Revisions for This Edition

Revised items due to the version upgrade from Rev.1.00 to Rev.2.00

Item Page Revision (See Manual for Details)
1.1 SH7268/7269 Features 1 Description amended and note added

This LSl has ...., video display controller 4, image
renderer, display out comparison unit, OpenVG™*°-
compliant Renesas graphics processor, JPEG codec
unit, sampling rate converter, sound generator, SD
host interface, MMC host interface, motor control
PWM timer, interrupt controller modules, and general

1/0O ports.
Notes: 3. OpenVG is a trademark of Khronos Group
Inc.
Table 1.1 SH7268/7269 Features 6 Table amended
Items Specification
SPImulti /Obus e Up to two serial flash memories with multiple 1/0 bus sizes
controller (single/dual/quad) can be connected.

« External address space read mode (built-in read cache)
e SPI operating mode
e« Clock polarity and clock phase can be selected.

* Maximum transfer rate: 533.33 Mbps (with two serial flash memories
connected)

8 IEBus™ controller -
* Operating frequency

— 1/2 divided clocks of 12 MHz or 12.58 MHz.
— 1/3 divided clocks of 18 MHz or 18.87 MHz.
— 1/4 divided clocks of 24 MHz or 25.16 MHz.
— 1/5 divided clocks of 30 MHz or 31.45 MHz.
— 1/6 divided clocks of 36 MHz or 37.74 MHz.
— 1/7 divided clocks of 42 MHz or 44.03 MHz.
— 1/8 divided clock of 48 MHz.
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Item Page Revision (See Manual for Details)
1.1 SH7268/7269 Features 12 Table amended
Table 1.1 SH7268/7269 Features Video dipiay T T

controller 4 o Frame buffer
Large-capacity on-chip RAM and external SDRAM can be used.
Note: When using external SDRAM, display may not be possible if the
bus bandwidth is insufficient. Therefore, it is recommended that
the frame buffer be allocated in the | it -chip RAM.

13 “OpenVG™-compliani
Renesas graphics processed.
processor

, which is an open 2D vector graphics

* Processes can be accelerated in OpenVG™ stage 2 to stage 8 using

the dedicated hardware and programmable shader.

Note: When using the OpenVG™ graphics processor and JPEG codec
unit at the same time, it is necessary to implement exclusive bus
access control in software to ensure that they do not access the
bus simultaneously. Operation cannot be guaranteed if the
OpenVG™ graphics processor and JPEG codec unit access the
bus simultaneously.

JPEG codec unit * Compression and decompression method conforming to the JPEG

baseline standard within the range described in this document.

e Operational precision: Conforming to JPEG Part 2, ISO-IEC10918-2

* Pixel format:
Compression: YCbCr422
Decompression: YCbCr444, YCbCr422, YCbCr411, YCbCr420
Output pixel format to the buffer: YCbCr422, ARGB8888, RGB565

* Four quantization tables provided

« Four Huffman tables provided (two tables for AC coefficients and two
tables for DC coefficients)

e Markers supported: SOI, SOF0, SOS, DQT, DHT, DRI, RSTm, and

EOI
* Image data rate: Max. 133.33 Mbytes/s (at 66.67-MHz operation)

1.3 Block Diagram 17 Figure amended

Figure 1.1 Block Diagram ' ,
EE Ef“ Eee ;_gﬂ; us (F bus)
e e g (1 bus)} CPU o

Peripheral bus 0 Peripheral bus 1 Peripheral bus 0

Image
renderer

UBCTRG
output

— 1

User break
controller

JPEG
codec unit

Video display
controller 4

Video input
LCD interface /O
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Item Page Revision (See Manual for Details)
1.5 Pin Functions 26 Table amended
Table 1 3 Pln Functions Classification Symbol I/0 Name Function
Realtime clock RTC_X1 1 Crystal resonator  Connected to 32.768-kHz crystal
Mio for realtime clock/  resonator.
external clock The RTC_X1 pin can also be
used to input an external clock.
The RTC_X1 and RTC_X2 pins
are not implemented on the
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S
Renesas quad QMO_0/QI00_0, /0 Data Data I/O pins.
serial QMO_1/QI00_1
Pe”ghe’a' QMI_0/QIO01_0, /O Data Data I/0 pins.
intertace QMI_1/QI01_1
QI02_0, QI02_1 /0 Data Data I/O pins.
QIO3_0, QI03_1 /0 Data Data I/O pins.
QSPCLK_0, O  Clock Clock output pins.
QSPCLK_1
QSSL_0,QSSL_1 O Slave select Slave select output pins.
31 Video display LCD_DATA23 to O  Output data Data output pins for panel.
controller 4 LCD_DATAO
LCD_TCONS6 to O  Panel timing Output pins for panel timing
LCD_TCONO adjustment output  adjustment
LCD_CLK O  Panel clock Panel clock output pin.
LCD_EXTCLK | Panel clock source  Panel clock source input pin.
DV_DATA23 to | Input data Data input pins for graphics data.
DV_DATAO Only DV_DATA_7 to DV_DATAQ
can be used in the SH7268
Group.
1.6 List of Pins 48 Table amended
Table 1.4 List of Pins SH7269 Function 5
SH7268 SH7269 BGA
Pin No. Pin No. Pin No. Symbol 110
175 211 Al4 RxD2 I(s)
176 212 B13 TxD2 o
— 213 —
— 214 C13 PWM2C o
— 215 —
177 216 A13 IRQ4 I(s)
5.8 Notes on Board Design 139 Description added

5.8.1 Note on Using a PLL

Oscillation Circuit

... To prevent such malfunction, the analog power
supply pins and the digital power supply pins Vcc and
PVcc should not supply the same resources on the
board if at all possible.

Ensure that PLLVcc has the same electric potential as
PVcc.
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Item Page

Revision (See Manual for Details)

Section 7 Interrupt Controller 168
7.1 Features
Figure 7.1 Block Diagram

Figure amended

Image renderer : Interrupt request)
JPEG codec unit —{Interrupt request)

i
Display out comparison unit — Interrupt request
OpenVG™-compliant Renesas graphics processor — Interrupt request
MMC host interface —(Interrupt request
Sound generator —(Interrupt request)
.

|
[0
| o L]
‘
|
‘
‘
'

I |

7.3.1 Interrupt Priority Registers 172
01, 02, 05 to 26 (IPRO1, IPR02,
IPRO5 to IPR26)

Table 7.3 Interrupt Request
Sources and IPR01, IPR02, and
IPRO5 to IPR26

Table amended

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

IPR11 Image renderer JPEG codec unit  Display out OpenVG™-
comparison unit  compliant
Renesas graphics
processor

7.4.6 On-Chip Peripheral Module 187
Interrupts

Description amended

e JPEG codec unit
¢ OpenVG™-compliant Renesas graphics processor
e Compare match timer

Table 7.4 Interrupt 194
Exception Handling Vectors and
Priorities

Table amended

Interrupt Source

i
]
JPEG JEDI 181 |
h
h

codec unit
-
]
JDTI 182
.
1
Display out CMPI 183
comparison |
.
unit '
1
OpenVG™ - INT3 184
.
compliant '
-
R ]
enesas INT2 185 |
graphics !

processor 4|
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Item Page

Revision (See Manual for Details)

10.4.3 CSn Space Wait Control 297
Register (CSnWCR) (n = 0 to 5)

(1) Normal Space, SRAM with
Byte Selection, and MPX-I/O

* CS5WCR

Table amended

Initial
Bit BitName Value R/W Description

12, 11 SWI1:0] 00 R/W Number of Delay Cycles from Address, CS5 Assertion
to RD, WE Assertion
These bits specify the number of delay cycles from
address and CS5 assertion to RD and WER assertion
when area 5 is specified as normal space or SRAM
with byte selection. They specify the number of delay
cycles from address cycle (Ta3) to RD and WEn
assertion when area 5 is specified as MPX-1/O.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 8.5 cycles

1,0 HW[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address,
CS5 Negation

These bits specify the number of delay cycles from
RD and WERn negation to address and CS5 negation
when area 5 is specified as normal space or SRAM
with byte selection. They specify the number of delay
cycles from RD and WEn negation to CS5 negation
when area 5 is specified as MPX-1/0.

00: 0.5 cycles

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles

10.5.5 MPX-I/O Interface 338

Description added

The data cycle is the same as that in a normal space
access.

The delay cycles specified by SW[1:0] are inserted
between the Ta3 and T1 cycles. The delay cycles
specified by HW[1:0] are added after the T2 cycle.

Timing charts are shown in figures 10.11 to 10.13.

Figure 10.11 (1) Access Timing 339
for MPX Space (Address Cycle No
Wait, Data Cycle No Wait)

Figure title amended

Figure 10.11 (2) Access Timing 340
for MPX Space (Address Cycle No
Wait, Assert Extension Cycle 1.5,

Data Cycle No Wait, Negate

Extension Cycle 1.5)

Figure added

10.5.6 SDRAM Interface 358
(8) Burst Read

Description amended

e 16-byte transfer in the direct memory access
controller

e 32-byte transfer in the OpenVG™-compliant
Renesas graphics processor, image renderer, and
video display controller 4
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Item Page Revision (See Manual for Details)
10.5.12 Bus Arbitration 406 Description amended
6. 32-byte transfer by the OpenVG™-compliant
Renesas graphics processor, image renderer, and
video display controller 4
10.5.13 Others 411 Description amended

(8) On-Chip Peripheral Module
Access

For example, a case is described here in which the
system is transferring to the software standby mode
for power savings. To make this transition, the SLEEP
instruction must be performed after setting the STBY
bit in the STBCR1 register to 1. However a dummy
read of the STBCR1 register is required before
executing the SLEEP instruction. If a dummy read is
omitted, the CPU executes the SLEEP instruction
before the STBY bit is set to 1, thus the system enters
sleep mode not software standby mode. A dummy
read of the STBCR1 register is indispensable to
complete writing to the STBY bit.

11.3.9 DMA Extension Resource 447
Selectors 0 to 7 (DMARSO to
DMARS?7)

Table 11.3 DMARS Settings

Table amended

Setting Value for One
Peripheral Module  Channel ({MID, RID}) MID

12.3.16 Timer Output Master 530

Enable Register (TOER)

Description amended

TOER is an 8-bit readable/writable register that
enables/disables output settings for output pins
TIOCA4D, TIOCA4C, TIOC3D, TIOC4B, TIOC4A, and
TIOCS3B. These pins do not output correctly if the
TOER bits have not been set. Set TOER of CH3 and
CHA4 prior to setting TIOR of CH3 and CH4. Set TOER
when count operation of TCNT channels 3 and 4 is
halted.
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Item

Page

Revision (See Manual for Details)

12.3.17 Timer Output Control
Register 1 (TOCR1)

533

Table amended and note added

Initial
Bit Bit Name value RW Description

Output Level Select N+

This bit selects the reverse phase output level in reset-
synchronized PWM mode/complementary PWM mode.
See table 12.28.

Output Level Select P**

This bit selects the positive phase output level in reset-
synchronized PWM mode/complementary PWM mode.
See table 12.29.

0 OLSP 0 R/W

Notes: 1. Setting the TOCL bit to 1 prevents accidental modification when the CPU goes out of
control.
. Clearing the TOCSO bit to 0 makes this bit setting valid.
. After power-on reset, 1 can be written only once. After 1 has been written, 0 cannot be
written.
4. If there is no dead time, the reverse phase output is the inversion of the forward phase.
Set OLSP and OLSN to the same value.

w N

12.3.18 Timer Output Control
Register 2 (TOCR2)

536

Table note amended

Note: * Setting the TOCS bit in TOCR1 to 1 makes
this bit setting valid. If there is no dead time, the
reverse phase output is the inversion of the forward
phase. Set OLSiP and OLSIN to the same value (i =
1,2, or 3).

12.4.2 Synchronous Operation

557

Description amended

Channels 0 to 4 can all be designated for
synchronous operation.

12.4.4 Cascaded Operation

563

Description amended

For simultaneous input capture of TCNT_1 and
TCNT_2 during cascaded operation, additional input
capture input pins can be specified by the input
capture control register (TICCR). The edge detection
that is the condition for input capture uses a signal
representing the logical OR of the original input pin
and the added input pins. For details, see (4)
Cascaded Operation Example (c). For input capture...

(4) Cascaded Operation Example 566

(©)
Figure 12.23 Cascaded
Operation Example (c)

Figure amended

oo e

TIOC2A r L 4‘7

TGRA_1 \ \ HO0514
| i i J i l

TGRA_2 h H128 | :X Haoea X HO2se X Hotee

‘When one of the input pin signals is high-level, the edge of the
other input pin signal cannot be the input capture condition.
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ltem Page Revision (See Manual for Details)

12.4.5 PWM Modes 568 Description amended

e PWM mode 2 PWM output is generated using one TGR as the cycle
register and the others as duty registers. The output
specified in TIOR is performed by means of compare
matches. Upon counter clearing by a cycle register
compare match, the output value of each pin is the
initial value set in TIOR. If the set values of the cycle
and duty registers are identical, the output value does
not change when a compare match occurs.

12.4.8 Complementary PWM 586 Figure amended

Mode

(1) Example of Complementary 1 Carir oyl n e imer oyl G regser (TCOR) and

PWM Mode Setting Procedure plus the dead fime m TGRA.3 and TGRC. 3. Wihen no dead

. [10] time generation is selected, set 1in TDDR and 1/2 the carrier

Figure 12.38 Exampleof L —— T T

Complementary PWM Mode

Setting Procedure

(2) Outline of Complementary 599 Description amended

PWM Mode Operation A PWM waveform is generated by output of the output

(/) Complementary PWM Mode level selected in the timer output control register in the

PWM Output Generation Method event of a compare-match between a counter and
compare register. While TCNTS is counting, compare
register and temporary register values are
simultaneously compared to create consecutive PWM
pulses from 0 to 100%. ...

(k) Complementary PWM Mode 604 Description amended

0% and 100% Duty Output 100% duty output is performed when the compare
register value is set to H'0000. The waveform in this
case has a positive phase with a 100% on-state. 0%
duty output is performed when the compare register
value is set to the same value as TGRA_3. The
waveform in this case has a positive phase with a
100% off-state.

14.5.6 Internal Reset In 718 Newly added

Watchdog Timer Mode
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Item

Page

Revision (See Manual for Details)

16.1 Features

752

Description amended

e In asynchronous mode, on-chip modem control
functions (RTS and CTS) (only channel 1 on
SH7268, only channels 1, 5, and 7 on SH7269).

Description amended

Figure 16.1 shows a block diagram. Note that some
channels do not have CTS and RTS pins.

16.3.9 FIFO Control Register
(SCFCR)

784

Table amended

Initial
Bit Bit Name Value R/W  Description
3 MCE 0 R/W  Modem Control Enable
Enables modem control signals CTS and RTS.
The MCE bit should always be cleared to 0 for channels 0
and 2 to 7 on the SH7268 and channels 0, 2, 3, 4, and 6
on the SH7269, and when in clock synchronous mode on
the SH7268 and SH7269 regardless of the channel.
0: Modem signal disabled*
1: Modem signal enabled
Note: * CTSis fixed at active 0 regardless of the input
value, and RTS is also fixed at 0.

16.4.1 Overview

791

Description amended

This module has a 16-stage FIFO buffer for both
transmission and receptions, reducing the overhead
of the CPU, and enabling continuous high-speed
communication. Furthermore, channel 1 on the
SH7268, and channels 1, 5, and 7 on the SH7269,
have RTS and CTS signals for use as modem control
signals.

16.4.2 Operation in
Asynchronous Mode

(8) Transmitting and Receiving

Data

800

Description amended

4. When modem control is enabled on channel 1 on
the SH7268, or on channel 1, 5, or 7 on the SH7269,
transmission can be stopped and restarted in
accordance with the CTS input value. When ...

Description amended

5. When modem control is enabled on channel 1 on
the SH7268, or on channel 1, 5, or 7 on the SH7269,
the RTS signal is output when SCFRDR is empty.
When ...
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17.4.3 System Configuration 855
Example

(3) Master/Multi-Slave (with This
LSI Acting as Slave)

Figure 17.5 Master/Multi-Slave
Configuration Example (This LSI =
Slave)

Figure amended

This LSI (slave Y)

RSPCK
MOSI
MISO
SSL

17.4.5 Data Format 861

(2) MSB First Transfer (16-Bit
Data)

Figure 17.9 MSB First Transfer
(16-Bit Data)

Figure amended

< Output E

[TI51T14 T3 T12] ’\’qT03|T02|T01|T00|T1..> [T14]

' Bit 31 Bit 15 :
; Shift register |

Transfer end

Shift register

! Bit 31 Bit 15
N AT A NP N M NP R AT GRS

(3) MSB First Transfer (8-Bit 863
Data)

Figure 17.10 MSB First Transfer
(8-Bit Data)

Figure amended

‘ < Transmit buffer (SPTX) —
Transfer start '

[To7] To6] TO5]T04 [ TO3] TO2] TO1] T00O]

'Bit 7 Bit 0
Y Copy
! | |

< Output

[To7TT06 1T JTOO] TO7IT&/\}T01 ITOOIT\/\}TN [Too [To7]T

0

! Bit 31 [ Bit 7

' Shift register
Transfer end

' Shift register
| Bit 31 Bit 7

[T07 [To61T05[T04T T, U T02]TO1 T TOOTRO7[R06 [RO5 [RO4[R

0

,,,,,,,,,,,,,,,,,,,,,, } e s
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(16-Bit Data) S —

/Copy\> %
S\] 12| 18] T14] T15] T00]T01]T02]T03]T\€I

Bit 15 !
Shift register

17.4.5 Data Format 867 Figure amended

(5) LSB First Transfer (16-Bit : !

Data) | -e—————— Transmit buffer (SPTX)———— |
Bt 15 Bito '

Figure 17.12 LSB First Transfer [T1s] T4 e8] T12] yy[ Toa] To2[ T01] To0 | !

. ‘ |7 :
S\] R12| R13] R14] R15] TOO]TO1]TOZ[T03]T\SI

Shift register

(6) LSB First Transfer (8-Bit Data) 869 Figure amended
Figure 17.13 LSB First Transfer

| l«————Transmit buffer (SPTX) —

(8-Bit Data) LBty Bito . |
t [ 107] 706 [ 05 ] T04] T03] T02] T01] T00 |

1 — i

[ Copy 3

i 1 l

;'07 [ oo ] 0, T8 ] T07 ] Y] T06] T07] Tpo] To1 ]T

Shift register

Shift register *:

1'03[ Ro4| Ros| Ros| ro7| Too] T01] T02] T03] T\SE

17.4.8 SPI Operation 877 Figure amended
(1) Multi-Master Mode Operation

i Determine transfer
> format C——— Refer to SCKD, SSLND, and SPND (if necessary)

(C) Sequence Control SPCMDO [ scko ] [ sstp ] [ sPnp ]
' Poi SPCMD1 ! " !
Figure 17.15 Determination N T " M "D
. 1and SPCPO
Procedure of Serial Transfer Mode =3
in Master Mode ? |

/SCKD, SSLND, and SPND must be\\v “
I referenced. MSB first, 8 bits,

ly SSL not retained, base division
*._ratio=1CPOL=0,CPHA=0__-

)\, SSL negate delay" /" Next-access delay
=2 RSPCK,
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18.3 Register Descriptions 896 Table and table note amended
Table 1 82 Register Initial Access
. . Channel Register Name Abbreviation R/W  Value Address Size
Configuration
0 Control register_0 SPCR_0 R/W H'00 H'E8033800 8,16, 32
Slave select polarity SSLP_0 R/W H'00 H'E8033801 8,16, 32
register_0
Pin control register_ 0  SPPCR_0 RW H'06 H'E8033802 8, 16, 32
Status register_0 SPSR_0 R H'60 H'E8033803 8, 16, 32
Buffer data count SPBDCR_0 R H'0000 H'E803381A 16, 32
register_0

Transfer data length SPBMULO_O0 R/W H'00000001 H'E803381C 32
multiplier setting

register 0_0
897 Initial Access

Channel Register Name Abbreviation R/W Value Address Size

1 Control register_1 SPCR_1 R/W H'00 H'E8034000 8,16, 32
Slave select polarity SSLP_1 R/W H'00 H'E8034001 8,16, 32
register_1
Pin control register_1 SPPCR_1 RW H'06 H'E8034002 8,16, 32
Status register_1 SPSR_1 R H'60 H'E8034003 8,16, 32
‘Buffer data count SPBDCR 1 R HO0000 ~ HEB03401A 16,32

register_1

898 Note : In the description of the register names, the
channel is omitted.

18.3.8 Bit Rate Register (SPBR) 910 Table amended

Table 18.3 Relationship between | Bit Rate
SPBR and BRDV1 and BRDVO 'P1¢ = 50 MHz P1¢ = 66.67 MHz
Settings '
150.0 Mbps 66.67 Mbps
125.0 Mbps 33.33 Mbps
112.50 Mbps 16.67 Mbps
18.3.15 Buffer Data Count 923 Title amended
Register (SPBDCR)
18.4.5 Non-Normal Transfer 938 Description amended
Operations On operation A shown in table 18.8, whether SPDR

can be written to or not can be checked using the
transmit data byte counter bits (TXBC[5:0]) in the
buffer data count register (SPBDCR).
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19.4 Register Descriptions 958 Table amended
Table 19.2 Register Access
. . Register Name Abbreviation R/W Initial Value Address Size
Conf|gurat|0n Common control register CMNCR R/W H'00AA4000 HFFFC1C00 32
SSL delay register SSLDR R/W H'00000000 H'FFFC1C04 32
Bit rate register SPBCR R/W H'00000008 H'FFFC1C08 32
Data read control register DRCR R/W H'00000000 HFFFC1COC 32
Data read command setting DRCMR R/W H00000000 H'FFFC1C10 32
register
Data read extended address DREAR R/W H'00000000 H'FFFC1C14 32
setting register
Data read option setting register DROPR R/W H'00000000 H'FFFC1C18 32
Data read enable setting register DRENR R/W H'00004700 HFFFC1C1C 32
SPI mode control register SMCR R/W H'00000000 HFFFC1C20 32
SPI mode command setting SMCMR R/W H'00000000 HFFFC1C24 32
register
SPI mode address setting SMADR R/W H'00000000 HFFFC1C28 32
register
SPI mode option setting register SMOPR R/W  H'00000000 H'FFFC1C2C 32
SPI mode enable setting register SMENR R/W H'00004000 H'FFFC1C30 32
SPI mode read data register 0 SMRDRO R Undefined H'FFFC1C38 8, 16,32
SPI mode read data register 1 SMRDR1 R Undefined HFFFC1C3C 8, 16,32
SPI mode write data register 0  SMWDRO R/W  H'00000000 H'FFFC1C40 8, 16,32
SPI mode write data register 1 SMWDR1 R/W  H'00000000 H'FFFC1C44 8, 16,32
Common status register CMNSR R H'00000001 HFFFC1C48 32
19.4.4 Data Read Control 969 Table amended
Register (DRCR) it
Bit Bit Name  Value R/W Description
9 RCF 0 w Read Cache Flush

When 1 is written to this bit, all the entries in the read

cache are cleared.

This bit is always read as 0.

Note: After writing 1 to the RCF bit to clear the read
cache, perform the external address space
read after reading the contents of the DRCR
register.

19.4.9 SPI Mode Control 978 Table amended
Register (SMCR) it
Bit Bit Name  Value R/W Description
o SPIE 0 W SPIData Transfer Enable

Data is transferred by setting this bit to 1.

This bit is enabled only when the TEND bit in
CMNSR is set to 1. The operation cannot be
guaranteed when this bit is set to 1 with the TEND bit
setto 0.

If this bit is set to 1 at the t3 period, data transfer is
started after the end of the t3 period.

This bit is always read as 0.
Note: When SPBSSL is negated, the command,
optional command, address, and option data

that are output enabled are output even if the
SPIRE and SPIWE bits are cleared to 0.
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19.5.6 External Address Space 999 Figure amended
Read Mode
. . External address space read mode
(4) Initial Setting Flow it sting stert + St exemnal adaess space read mac.

. . * Set the fixed value of the pins during SPBSSL output idle
Flgure 1 9'1 0 Example Of Inltlal -aSne? :;:(ng;étllze-sgess‘z!:r output shift and input latch.
Setting Flow in External Address | SeroueR | - Sethe SPAOLK aufpa rectonduring SPESSL nogaton.
Space Read MOde ,,,,,,,,,,,,,,,, i ,,,,,,,,,,,,,,,,,,,,,,,,,, + Set the number of serial flash memories connected.
19.5.8 SPI Operating Mode 1004
(4) Initial Setting Flow
Flgure 1 91 4 X Example Of Inltlal :gzt ﬁ\:‘fazzr?/:“‘ge"c‘;?:é pins during SPBSSL output idle
Settlng FlOW in SPI Operatlng -aST;lj :::(S'grl‘:lgtlrt(/iggess‘zfz; output shift and input latch.
Mode + Set the SPBSSL signal polarity. )

* Set the SPBCLK output direction during SPBSSL negation.
« Set the number of serial flash memories connected.
19.6 Usage Note 1019  Newly added
19.6.1 Note on Transfer Start
from SPBSSL Hold State in SPI
Operation Mode
20.3.10 NF2CYC Register 1039 Table amended
(NF2CYC) N
Initial
Bit Bit Name Value R/W Description
4 cks4 o RW Transfer Clock Select
This bit should be set according to the necessary
transfer rate (table 20.3) in master mode.
21.2 Input/Output Pins 1065 Table amended and table note added

Table 21.1 Pin Assignments

Channel Pin Name /o Description
0 SSISCKO* /0 Serial bit clock
SSIWS0* 110 Word selection
SSITxDO Output  Serial data output
SSIRXDO* Input  Serial data input
1t05 SSISCK1 to SSISCK5* /0 Serial bit clock
SSIWS1 to SSIWS5* 110 Word selection
SSIDATAT to SSIDATA5*  1/O Serial data input/output
Common AUDIO_CLK Input  External clock for audio (input oversampling
clock)
AUDIO_X1 Input  Crystal resonator/external clock for audio (input
AUDIO_X2 Output oversampling clock)

Note: * Itis possible to select whether or not to use the noise canceler function in the input path
when in slave mode. For details, see 48.2.34, Serial Sound Interface Noise Canceler
Control Register (SNCR).
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21.4.6 Transmit Operation

(1) Transmission Using Direct
Memory Access Controller

Figure 21.23 Transmission Using
Direct Memory Access Controller

(2) Transmission Using Interrupt-
Driven Data Flow Control

Figure 21.24 Transmission Using
Interrupt-Driven Data Flow Control

1107

Figure amended

Release from reset,
set SSICR configuration bits.

I3

Set up direct memory access
controller for direct
memory access.

I3

Enable error interrupt,
enable transmit interrupt,
enable transmit operation.

I i ,,,,,,,,,,,,,,,,

Disable transmit operation®2,
disable direct memory access
controller,
disable an error interrupt,

enable an idle interrupt.

Wait for an idle interrupt
from this module

Define SCKD, SWSD, MUEN,
DEL, PDTA, SDTA, SPDP,
SWSP, SCKP, SWL, DWL,
CHNL

1, TOIEEN=1,TIE=1,

IIEN=1,TIE=0

Notes: 1. If an error interrupt (underflow/overflow) occurs, go back to the start in the flowchart again.
2. When restarting transmission after disabling transmit operation (TEN = 0) while WS continue
mode is disabled, first apply a software reset before going back to start in the flowchart.

1108

Figure amended

Release from reset,
set SSICR configuration bits.

Set up interrupt controller.

Enable error interrupt,
enable transmit intel ,
enable transmit operation.

Disable transmit operation*,
disable an error interrupt,
enable an idle interrupt.

Wait for an idle interrupt
from this module

Define SCKD, SWSD, MUEN,
DEL, PDTA, SDTA, SPDP,
SWSP, SCKP, SWL, DWL,
CHNL

TUIEN =1, TOIEN =1, TIE =1,
TEN=1

IIEN=1,TIE=0

Notes: * When restarting transmission after disabling transmit operation (TEN = 0) while WS continue
mode is disabled, first apply a software reset before going back to start in the flowchart.
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21.4.7 Receive Operation 1110  Figure amended
(1) Reception Using Direct
Memory Access Controller
. . . Define SCKD, SWSD, MUEN,
Figure 21.25 Reception Using Release from reset, DEL. PDTA, SDTA. SPDP,
Direct Memory Access Controller set SSICR configuration bits. || SWSP, SCKP, SWL, DWL,
CHNL
¥
Set up direct memory access
controller, enable direct
memory access controller.
¥
Enable error interrupt,
enable receive interrupt, RUIEN =1, ROIEN=1,RIE =1,
enable receive operation. REN =1
,,,,,,,,,,,,,,,,,,,,,,
(2) Reception Using Interrupt- 1111 Figure amended
Driven Data Flow Control
. . . -Start
Figure 21.26 Reception Using —
Interrupt-Driven Data Flow Control Define SCKD, SWSD, MUEN,
Release from reset, DEL, PDTA, SDTA, SPDP,
set SSICR configuration bits. SWSP, SCKP, SWL, DWL,
CHNL
¥
Set up interrupt controller.
¥
S el i RUIEN = 1, ROIEN = 1, RIE = 1
enable receive interrupt, REN = 1 ! ’ ’
enable receive operation.
23.2 Architecture 1160  Description amended

Important:

LongWord (32-

bit) access must be implemented as 2 consecutive
word (16-bit) accesses. In this manual, LongWord
access means the two consecutive accesses.
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27.3.2 A/D Control/Status
Register (ADCSR)

1442 to Table amended

1445

Initial
Bit Bit Name Value R/W

Description

15 ADF 0 RI(W)*'

A/D End Flag

Status flag indicating the end of A/D conversion.

[Clearing conditions]

* Cleared by reading ADF while ADF = 1, then
writing 0 to ADF

« Cleared when the direct memory access controller
is activated by ADI interrupt and ADDR is read

[Setting conditions]

« A/D conversion ends in single mode

e A/D conversion ends for the selected channels in
multi mode

* A/D conversion ends for the selected channels in
scan mode

8t06  CKS[2:0] 000 RW

Clock Select

These bits select the A/D conversion time.** Set the
A/D conversion time while A/D conversion is halted
(ADST =0).

000: Conversion time = 412 t
001: Conversion time = 480 t

. (Maximum)

... (maximum)
010: Conversion time = 548 t, . (maximum)

011, 100, 101, 110, 111: Setting prohibited

2t00 CH[2:0] 000 RW

Channel Select
These bits and the MDS bits in ADCSR select the
analog input channels.
MDS =100 or MDS =101 or
MDS =0xx MDS =110 MDS =111

000: ANO 000: ANO 000: ANO

001: AN1 001: ANO, AN1 001: ANO, AN1
010: AN2 010: ANO to AN2  010: ANO to AN2
011: AN3 011: ANOto AN3  011: ANO to AN3
100: AN4 100: AN4 100: ANO to AN4
101: ANS 101: AN4, AN5 101: ANO to ANS
110: AN6*°  110: AN4 to AN6** 110: ANO to AN6**
111: AN7#° 111: AN4 to AN7** 111: ANO to AN7+*

[Legend]
X: Don't care

Notes: 1. Only 0 can be written to clear the flag after 1 is read.
2. Set the A/D conversion time to minimum or more values to meet the absolute accuracy
of the A/D conversion characteristics.
3. Settings prohibited in the SH7268 Group.

27.7.6 Influences on Absolute
Precision

27.7.7 A/D Conversion in Deep
Standby Mode

1463

Description amended

Care is also required to insure that filter circuits do not
interfere with digital signals on the mounting board
(i.e., acting as antennas).

Description deleted
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29.3.1 System Configuration 1519  Table amended
Control Register (SYSCFG) it
Bit Bit Name Value R/W  Description
0 USBE 0 R/W  USB Module Operation Enable
Enables or disables operation of this module.
0: USB module operation is disabled.
1: USB module operation is enabled.
Modifying this bit from 1 to 0 initializes some register bits
as listed in tables 29.3 and 29.4.
This bit should be modified while SCKE is 1.
When the host controller function is selected, this bit
should be set to 1 after setting DRPD to 1, eliminating
LNST bit chattering, and checking that the USB bus has
been settled.
29.3.5 Test Mode Register 1530 Table amended
( ) Initial
Bit Bit Name Value R/W Description
3to0 UTSTI[3:0] 0000 R/W (1) When the host controller function is selected
These bits can be set after writing 1 to DRPD. This
module outputs waveforms when both DRPD and
UACT are set to 1. This module also performs high-
speed termination after the UTST bits are written to.
* Procedure for setting the UTST bits

1. Power-on reset.

2. Start the clock supply (Set SCKE to 1 after
the crystal oscillation and the PLL for USB
are settled).

3. Set DCFM and DRPD to 1 (setting HSE to 1
is not required).

4. Set USBE to 1.

5. Set the UTST bits to the appropriate value
according to the test specifications.

6. Set the UACT bit to 1.

29.4.3 Pipe Control 1667  Table amended
Table 29.17 Pipe Setting Items Register Setting
Name BitName  Contents Remarks
DCPMAXP DEVSEL Selects a device Referenced only when the host controller function is
PIPEMAXP selected.
MXPS Maximum packet Compliant with the USB standard.
size
PIPEPERI IFIS Buffer flush PIPE1 and PIPE2: Can be set (only when
isochronous transfer has been
selected)
PIPE3 to PIPE9: Cannot be set
30.4.5 Sync Separation Control 1733  Description deleted

Register 1 (SYNSCR1)

(3) Reference Level Operation
Speed Control for Sync
Separation

If sync skew is caused by sync sag, it can be
improved by raising the determination speed using
VELOCITYSHIFT_H.
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30.4.9 Sync Separation Control 1742  Table amended
Register 5 (SYNSCRS5) ! )
Serration Pulse Width [usec] VSYNCSLICE[4:0]
(2) Vertical Sync Separation 525/59.94Hz  27.08 D
Control 625i/50Hz 27.30 10
Table 30.10 Recommended
Threshold and Serration Pulse
Width (for reference)
30.4.10 Horizontal AFC Control 1743  Description deleted
Register 1 (HAFCCRT) HAFCGAIN sets the loop gain (response speed) of
(1) Horizontal AFC Loop Gain the horizontal AFC. The larger the value is, the faster
Control the response speed is. However, setting a larger
value will result in more susceptibleness to noise.
30.4.24 Burst Gate Pulse Control 1768  Table amended
Register (BTGPCR) it
Bit Bit Name Value R/W Description
14108 BGPWIDTH 0100100 RW  BurstGate Pulse Width
[6:0] Specify the offset from the 64th clock pulse width in
27-MHz clock cycle units.
7t00 BGPSTART 10000010 R/W Burst Gate Pulse Start Position
[7:0] Specify the position from the horizontal sync signal
reference in 27-MHz clock cycle units.
30.4.25 ACC Control Register1 1770  Table amended
(ACCCR1 ) Initial
Bit BitName  Value R/W Description
8t00  ACCLEVEL 10010010 RW  ACC Reference Color Burst Amplitude
[8:0] 0
Valid when ACCMODE = 0 (auto gain setting).
Set Peak-to-Peak amplitude in 1-LSB units.
30.4.28 TINT Control Register 1777  Figure amended
(TINTCR)
(1) R-Y Axis Correction Control
Figure 30.20 Example of R-Y
Axis Correction
R-Y Axis offset Normal (Center) R-Y Axis offset
+11.25 [deg.] —11.25 [deg]
oo Max+1125[eg)) ... (Max-1125[deg])
(2) Hue Adjustment (TINT) 1778  Figure amended

Correction Control

Figure 30.21 Example of Hue
Adjustment (TINT) Correction

+45 [deg.] —45 [deg.]
(Max: +180 [deg.]) (Max: —180 [deg.])

Normal (Center)
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30.4.30 AGC Control Register 1 1782  Description amended

(AGCCR1) The recommended value is 4 to avoid a malfunction

(2) AGC Response Speed caused by trick playback of VCR (fast-forward

Control play/rewind play) or a weak electric field.

30.5.2 A/D Converter for Video 1847  Figure amended

Signal Input .

Figure 30.27 A/D Conversion Single Differential - N arecison

Image

' i (VRT-VRB) : ! 1023[LSB] '

30.5.3 Sync Separator Circuit 1850 Description amended

(2) Noise Reduction Low-Pass The noise reduction LPF reduces the superimposed

Filter (LPF) for Horizontal Sync noise on the video signals before composite sync
signal separation. The LPFs can be separately set for
the horizontal sync and vertical sync. The cutoff
frequency of the horizontal sync LPF can be set using
SYNSCR1.LPFHSYNC[2:0]. The cutoff frequency
should be within a range that assures that the
composite sync signal components are not degraded
(are detectable).

(3) Noise Reduction Low-Pass Description amended

Filter (LPF) for Vertical Sync The noise reduction LPF reduces the superimposed
noise on the video signals before composite sync
signal separation. The LPFs can be separately set for
the horizontal sync and vertical sync. The cutoff
frequency of the vertical sync LPF can be set using
SYNCSCR1.LPFVSYNCI2:0]. The cutoff frequency
should be within a range that assures that the
composite sync signal components are not degraded
(are detectable).

30.6 Recommended Setting 1877  Table amended

Table 30.42 Recommended
Setting for Each Color Format

Register Bit NTSC-3.58 NTSC-4.43 PAL-4.43
ACC level setting
ACCCR1 ACCLEVEL 220 220 230

AGC level setting
AGCCR1 AGCLEVEL 230 230 242
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31.1 Features 1883 Table amended
Table 31.1 Features of Video Item Function
D|Sp|ay Contro”er 4 Graphics « Number of graphic planes: Three planes (graphics 1, graphics 2, and
graphics 3)
e Supported pixel formats:
— YCbCra22 progressive format (Y: 8 bits, Cb/Cr: 8 bits; 16 bits in total)
(only for graphics 1)
e Maximum image size to be read: 1024 pixels x 1024 lines (horizontal x
,,,,,,,,,,,,,,,,,,,,,,,,,, VO e
31.4 Clocks 1887  Note added
Note: Points to be aware of when using
LCD_EXTCLK
The LCD_EXTCLK signal is multiplexed in three
locations: pins PEO, PH5, and PG27. However,
it is recommended that pins PEO and PG27 be
used when the digital video decoder is
employed. Using pin PH5 can result in the
generation of noise on the analog input screen.
33.1 Scaler 1952  Figure amended
33.1.1 Overview of Functions ~ ------------ o T
Figure 33.1 Functional Block Bit reduction | YcbCr4 o !
Diagram of Scaler I uctl 'YCbCr422 conversion| '
Frame sub-sampling '
Bit reduction |
HS, VS, HE, VE, |
YCbCr444/RGB888 :
Vertical scale down .
(two-TAP linear) '
Horizontal scale down '
(two-TAP linear) !
33.1.2 Register Control 1953, Table amended
Table 33.1 Register Update 1954 Initial
Register Name Bit Name Value Description
Control GRT_UPDATE  GR1_P_VEN 0 T Graphics Display Register Update
0: Registers are not updated.
1: Registers are updated at the rising edge of
the Vsync.
GR1_UPDATE  GR1_IBUS VEN 0 | Frame Buffer Read Control Register Update

0: Registers are not updated.

1: Registers are updated at the rising edge of
the Vsync.
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33.1.3 Synchronization Control 1958  Figure amended

(3) Compensating for Missing

Vsync Signals Vs Rep:)naat:si—r:gsync o vsouT
Figure 33.4 Repeated-Vsync :

Masking and Missing-Vsync - —
Compensation RES_VMASK][15:0]

33.1.7 Horizontal Scale-Down 1969  Description amended

(4) Handling for Lack of Last- RES_DS_H_RATIO = roundup (RATIO_org - o)
Input Pixel

33.2.14 Initial Vertical Phase 2011 Table note amended

Register (SCLO_DS5)

Note: This register is updated when the SCLO_VEN_A
and SCLO_VEN_B bits in the SCLO register update
control register (SCLO_UPDATE) are 1.

33.2.15 Vertical Scaling Register 2012

(SCLO_DSH6)

Table note amended
Note: These bits updated when the SCLO_VEN_A

and SCLO_VEN_B bits in the SCLO register update
control register (SCLO_UPDATE) are 1.

33.2.16 Scaling-Down Control
Block Output Size Register
(SCL0_DS7)

2013

Table note amended
Note: This register is updated when the SCLO_VEN_A

and SCLO_VEN_C bits in the SCLO register update
control register (SCLO_UPDATE) are 1.

33.2.20 Scaling-Up Control Block 2017

Input Size Register (SCLO_US4)

Table note amended

Note: This register is updated when the SCLO_VEN_B
and SCLO_VEN_D bits in the SCLO register update
control register (SCLO_UPDATE) are 1.

33.2.24 Frame Buffer Read
Select Register (SCLO_US8)

2021

Table note amended

Note: RES_IBUS_SYNC_SEL is updated when the
values of the SCLO_VEN_B and SCLO_VEN_D bits in
the SCLO register update control register
(SCLO_UPDATE) are both 1. RES_DISP_ON is
updated when the value of the SCLO_VEN_D bit in
the SCLO register update control register
(SCLO_UPDATE) is 1.

33.2.27 Writing Mode Register
(SCL1_WRT1)

2024

Table note amended
Note: ...

RES_DS_WR_MD and RES_MD are updated when
the SCL1_VEN_A and SCL1_VEN_B bits in the SCL1
register update control register (SCL1_UPDATE) are
1.
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33.2.36 Frame Buffer Control 2036
Register 1 (Graphics 1)
(GR1_FLM1)

Table note amended
Note: ...

GR1_BST_MD is updated when the GR1_IBUS_VEN
and GR1_P_VEN bits in the graphics 1 register
update control register (GR1_UPDATE) are 1.

33.2.37 Frame Buffer Control 2037
Register 2 (Graphics 1)
(GR1_FLM2)

Table note amended

Note: This register is updated when the
GR1_IBUS_VEN and GR1_P_VEN bits in the
graphics 1 register update control register
(GR1_UPDATE) are 1.

33.2.41 Frame Buffer Control 2042
Register 6 (Graphics 1)
(GR1_FLM®6)

Table amended

Initial
Bit Bit Name  Value R/W Description
8T GRT_ o R/W "~ Sets the interpolation mode for YCbCrd22to
CNV444_ YCbCr444 conversion.

0: Hold interpolation
1: Average interpolation

Table note amended
Note: ...

GR1_FORMAT and GR1_HW are updated when
GR1_IBUS_VEN and GR1_P_VEN bits in the
graphics 1 register update control register
(GR1_UPDATE) are 1.

33.3.1 Scaling Setting Example 2056
for Displaying Input Video Image

(5) Setting Frame Buffer Access

Area

Description amended

Since the frame buffer is accessed in 64-bit units,
YCbCr422 (16 bits) is accessed in 4-pixel units.

Table 33.38 Register Setting 2057
Example for 525i Video Input and
VGA-Size Video Output

Table amended

Register Name Bit Name Settings Remarks

Frame Buffer Write Setting

SCL1_WR1 RES_DS_WR_MD[2:0] 0 Normal write mode for rotation control
SCL1_WR1 RES_MD[1:0] 0 Frame buffer write format YCbCr422 (16 bits)
Register Name Bit Name Settings Remarks

Frame Buffer Read Setting
GR1_FLM1 GR1_FLM_SEL[1:0] 0 Frame number for frame buffer write output
GR1_FLM2 GR1_BASE[31:0] 0 Conforming to frame buffer write setting
GR1_FLM3 GR1_LN_OFF[14:0] 2048 Conforming to frame buffer write setting
GR1_FLM4 GR1_FLM_OFF[22:0] 524288 Conforming to frame buffer write setting

GR1_FLM6 GR1_FORMATI[3:0] 8 Frame buffer read format YCbCr422
GR1_FLM_RD GR1_R_ENB 1 Frame buffer read enabled
GR1_FLM6 GR1_CNV444_MD 1 Mean value interpolation in YCbCr422 —

YCbCr444 conversion
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34.1.5 Color Matrix 2080 Table amended
Table 34.9 Color Matrix Control
Initial
Register Name Bit Name Value
'ADJ_MTX_CBB_ADJO ADJ_MTX BG 256
[10:0]
35.1 Image Synthesizer 2109  Description added
35.1.1 Overview of Functions On each of the graphics planes, background color,
lower-layer graphics, current graphics, or blended
image (graphics 2 and 3 processes) of lower-layer
graphics and current graphics can be displayed.
The large-capacity on-chip RAM and external SDRAM
can be used as the frame buffer. However, display
may not be possible if the bus bandwidth is
insufficient when using external SDRAM. Therefore, it
is recommended that the frame buffer be allocated in
the large-capacity on-chip RAM.
The functional block diagram of the image synthesizer
is shown below.
35.1.2 Graphics Data Read 2120  Figure amended
Control .
(11) Endian Control pooaes [Trame | e
Figure 35.4 Data Arrangement I ——
R . . ARGB1555 AO &
with Endian Control Disabled T
ARGBS838 [ awa |
auns [ el
35.2.3 Frame Buffer Control 2147  Table note amended

Register 1 (Graphics 2)
(GR2_FLM1)

Note: ...
GR2_BST_MD is updated when GR2_IBUS_VEN is

1, and GR2_IBUS_VEN and GR2_P_VEN in
GR2_UPDATE are 1.
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35.2.44 Status Monitor Register 2190  Table amended
(Graphics 3) (GR3_MON) it
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 GR3_ARC_ 0 R Status Flag for Alpha Blending in Rectangular Area
ST 0: Addition or subtraction has been completed. (o
value is 0 or 255)
1: Addition or subtraction is in progress.
36.2.1 Register Update Control 2237  Table amended
Register G in Gamma Correction it
iti
Block (GAM_G_UPDATE) Bit  Bit Name Value RW  Description
31to1l — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.
0 GAM_G_VEN 0 R/WC1  Gamma Correction (G) Register Update
0: Registers are not updated.
1: Registers are updated at the rising edge of the
Vsync.
36.2.2 Function Switch Register 2238  Table amended
in Gamma Correction Block it
nitial
(GAM_SW) Bit Bit Name  Value  R/W Description
31to1l — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.
0 GAM_ON 0 RW Gamma Correction On/Off Control
0: Off
1:On
36.2.12 Register Update Control 2250  Table amended
Register B in Gamma Correction it
iti
Block (GAM_B_UPDATE) Bit Bit Name  Value  R/W Description
31to1l — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.
0 GAM_B_VEN 0 R/WC1  Gamma Correction (B) Register Update
0: Registers are not updated.
1: Registers are updated at the rising edge of the
Vsync.
36.2.22 Register Update Control 2262  Table amended
Register R in Gamma Correction it
iti
Block (GAM_R_UPDATE) Bit  Bit Name  Value RMW  Description
31to1l — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.
0 GAM_R_VEN 0 R/WC1  Gamma Correction (R) Register Update

0: Registers are not updated.

1: Registers are updated at the rising edge of the
Vsync.
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36.2.32 TCON Register Update 2274  Table amended
Control Register

Initial
(TCON_U PDATE) Bit Bit Name Value R/W Description
31to1l — All0 R Reserved

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

0 TCON_VEN 0 R/WC1  LCD TCON Register Update
0: Registers are not updated.
1: Registers are updated at the rising edge of the

Vsync.
36.2.35 TCON Vertical Timing 2277  Table amended
Setting Register A2 nital
(TCON_T'M_STVAZ) Bit Bit Name Value R/W Description
31to5 — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.
4 TCON_ 1 RW Polarity Inversion Control of STVA Signal
STVA_INV 0: Not inverted
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Tilnveted
36.2.37 TCON Vertical Timing 2279  Table amended
Setting Register B2 it
(TCON_T'M_STVBZ) 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 TCON_ 0 R/W Polarity Inversion Control of STVB Signal

STVB_INV 0: Not inverted
1: Inverted
37.1 System Controller 2307 Table amended
37.1.2 Interrupt Control Signal Name Function
. VI_VSYNC Vsync signal before scaling
Table 37 1 Interrupt Slgnals LO_VSYNC Vsync signal after scaling
VSYNCERR Missing Vsync signal for scaling
VLINE Specified line signal for panel output
VFIELD Field end signal for recording function
VBUFERR1 Frame buffer write overflow signal
VBUFERR2 Graphics 1 frame buffer read underflow signal
VBUFERR3 Graphics 2 frame buffer read underflow signal
VBUFERR4 Graphics 3 frame buffer read underflow signal
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37.1 System Controller 2308, Table amended
37.1.2 Interrupt Control 2309 Register Name  Bit Name Initial Value  Description
SYSCNT_INT2 INT_STAO 0 VI_VSYNC Interrupt Clear/Hold

Table 37.2 Interrupt Clear/Hold O(W): Cloars the Intorupt sialus.
Settings 1(W): Starts interrupt acceptance.

0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
SYSCNT_INT2 INT_STA1 0 LO_VSYNC Interrupt Clear/Hold
0(W): Clears the interrupt status.

1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
SYSCNT_INT2  INT_STA2 0 VSYNCERR Interrupt Clear/Hold
0(W): Clears the interrupt status.
1(W): Starts interrupt acceptance.

0(R): No interrupt has occurred.

1(R): An interrupt has occurred.
SYSCNT_INT2 INT_STA3 0 VLINE Interrupt Clear/Hold

O(W): Clears the interrupt status.

1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
SYSCNT_INT2 INT_STA4 0 VFIELD Interrupt Clear/Hold
0(W): Clears the interrupt status.

1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
SYSCNT_INT2  INT_STA5S 0 VBUFERRT1 Interrupt Clear/Hold
0(W): Clears the interrupt status.
1(W): Starts interrupt acceptance.

0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
SYSCNT_INT2 INT_STA6 0 VBUFERR2 Interrupt Clear/Hold
0(W): Clears the interrupt status.
1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.

1(R): An interrupt has occurred.
SYSCNT_INT2 INT_STA7 0 VBUFERRS Interrupt Clear/Hold
0(W): Clears the interrupt status.

1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
SYSCNT_INT1 INT_STA8 0 VBUFERR4 Interrupt Clear/Hold
0(W): Clears the interrupt status.

1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
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37.1 System Controller
37.1.2 Interrupt Control
Table 37.3 Interrupt Output

On/Off Settings

2310

Table amended

Register Name  Bit Name Initial Value Description

SYSCNT_INT4 INT_OUTO_ON 0 VI_VSYNC Interrupt Output On/Off
0: Off
1:0n

SYSCNT_INT4 INT_OUT1_ON 0 LO_VSYNC Interrupt Output On/Off
0: Off
1:0n

SYSCNT_INT4 INT_OUT2. ON 0 VSYNCERR Interrupt Output On/Off
0: Off
1:0n

SYSCNT_INT4  INT_OUT3_ON 0 VLINE Interrupt Output On/Off
0: Off
1:0n

SYSCNT_INT4 INT_OUT4_ON 0 VFIELD Interrupt Output On/Off
0: Off
1:0n

SYSCNT_INT4  INT_OUT5_ON 0 VBUFERRT Interrupt Output On/Off
0: Off
1:0n

SYSCNT_INT4 INT_OUT6_ON 0 VBUFERR2 Interrupt Output On/Off
0: Off
1:0n

SYSCNT_INT4  INT_OUT7_ON 0 VBUFERRS Interrupt Output On/Off
0: Off
1:0n

SYSCNT_INT3 INT_OUT8_ON 0 VBUFERR4 Interrupt Output On/Off
0: Off
1:0n

37.1.3 Panel Clock Control

2313,
2314

Description added
The panel clock setting procedure is described below.

(b) Set PANEL_ICKEN to 1.

37.2.1 Interrupt Control Register 2316

1 (SYSCNT_INTH)

Table amended

Initial
Bit Bit Name Value R/W Description
o INT_STAS 0 | RW  VBUFERR4 Interrupt Clear/Hold

0(W): Clears the interrupt status.
1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
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37.2.2 Interrupt Control Register 2317 to

2 (SYSCNT_INT2)

2319

Table amended

Initial
Bit Bit Name Value R/W Description
28 INT_STA7 0 R/W VBUFERRS Interrupt Clear/Hold

0(W): Clears the interrupt status.
1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
24 INT_STA6 0 | RW  VBUFERR2 Interrupt ClearHold
0O(W): Clears the interrupt status.
1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
20 INTSTAS 0| RW  VBUFERRT interuptClearHold
0(W): Clears the interrupt status.
1(W): Starts interrupt acceptance.
O(R): No interrupt has occurred.
1(R): An interrupt has occurred.
16 INT.STA4 0 | RW  VFELD Interrupt ClearHold
O(W): Clears the interrupt status.
1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
12 INT_STAS 0 RW  VLINE Interrupt Clear/Hold
O(W): Clears the interrupt status.
1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
8 INT_STA2 0 RW  VSYNCERR Interrupt ClearHold
0(W): Clears the interrupt status.
1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.

1(R): An interrupt has occurred.

4 INT_STA1 0 RW LO_VSYNC Interrupt Clear/Hold
0(W): Clears the interrupt status.
1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.
1(R): An interrupt has occurred.
o UINTsTAO 0 RW  VLVSYNC interruptClearHold
0(W): Clears the interrupt status.
1(W): Starts interrupt acceptance.
0(R): No interrupt has occurred.
1(R): An interrupt has occurred.

37.2.3 Interrupt Control Register 2320

3 (SYSCNT_INT3)

Table amended

Initial
Bit Bit Name Value R/W Description
o INT_OUT8_ 0 | RW  VBUFERR4 interrupt Output On/Off
ON 0: Off

1:On
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37.2.4 Interrupt Control Register 2321, Table amended

4 (SYSCNT_INT4) 2322 .
Bit Bit Name Value R/W Description
28 T INT_OUT7. 0 T R/W " VBUFERRS Interrupt Output On/Off ~~~~
ON 0: Off
1:On
24 INTOUTE. 0 | RW  VBUFERR2 Interrupt Output On/Off
S 0: Off
1:On
20 INT.OUT5_ 0 | RW  VBUFERRT Interrupt Output On/Off
ON 0: Off
1:On
6 INTOUT4_ 0 | RW VFIELD Interrupt Output ON/Off
ON 0: Off
1:0n
2 INTOUT3_ 0 | RW VLINE Interrupt Output On/Off
ON 0: Off
1:0n
R INTOUT2. 0 | RW VSYNCERR Interrupt Output On/Off
ON 0: Off
1:On
4 INTLouTI. 0 RW L LO_VSYNC Interrupt Output On/Off
ON 0: Off
1:0n
o INT.outo_ o RW VI_VSYNC Interrupt Output On/Off
ON 0: Off
1:0n
Section 39 Display Out 2327  Section title amended

Comparison Unit

Section 40 OpenVG™-Compliant 2353  Section title amended
Renesas Graphics Section added
Processor

40.1 Specification

40.2 Usage Note

Section 41 JPEG Codec Unit 2355  Section title amended

Page xxxviii of xcviii



Item Page

Revision (See Manual for Details)

41.1 Features 2355  Description amended
¢ Pixel format:
Decompression: YCbCr444 (H=1:1:1, V =1:1:1),
YCbCr422 (H=2:1:1, V =1:1:1), YCbCr411 (H =
4:1:1,V=1:1:1), YCbCr420 (H = 2:1:1, V = 2:1:1)
¢ The buffer size can be reduced by using the mode
in which data transfer is temporarily stopped each
time the specified number of lines or the specified
amount of data is transferred during image data
input/output or coded data input.
¢ Image sizes that can be processed: Sizes divisible
by the minimum coded unit (MCU): 8 lines by 8
pixels in YCbCr444; 8 lines by 16 pixels in
YCbCr422; 8 lines by 32 pixels in YCbCr411; 16
lines by 16 pixels in YCbCr420
41.2 Register Descriptions 2357  Table amended

Table 41.1 Register
Configuration

Access
Register Name Abbreviation R/W Address Size
JPEG interface compression source line JIFESLC R/W H'E801 7050 32
count register
JPEG interface decompression control JIFDCNT RW H'E801 7058 32
register

41.2.1 JPEG Code Mode 2359
Register (JCMOD)

Table amended

2t00

R/W

Initial De-
Bit Name Value Compression compression Description
REDUI[2:0] 000 RW R Pixel Format

[Compression]

001: YCbCr422

Other than above: Setting prohibited.
[Decompression]

000: YCbCr444

001: YCbCr422

110: YCbCr411

010: YCbCr420

Other than above: Error (JCU cannot
process normally.)
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41.2.18 JPEG Interface 2378  Bit table and table amended
CompreSSIon ContrOI RegISter Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
(JIFECNT (=TT =T-T-1=-T-T-T-T-]
Initial value: 0 0 0 0 [ 0 0 [ [ 0 0 [ [ 0 0 [
R/W(compress): R R R R R R R R R R R R R R R R
R/W(decompress): 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 4 3 2 1
| — ‘ — ‘ — ‘ — ‘ — ‘ JOUTSWAP[2:0] ‘ — ‘m‘ ‘RE‘GD DLQ‘ — ‘ DINSWAP[2:0]
Initial value: 0 0 0 0 0 0 0 o 0 [ 0 0 0 [
R/W(compress): R R R R RW R RW RW RW R RW RW RW
R/W(decompress): R R R R o R Undefined Undsfined Undefined R Undsfined UndsfinedUndefined
R/W
Initial De-
Bit Bit Name Value Compression compression Description
31to11 — AllO R Reserved
These bits are always read as 0. The
. rite value should always be 0.
41.2.23 JPEG Interface 2385  Section deleted
Decompression Control Register
(JIFDCNT
41.2.28 JPEG Interface 2394  Description amended

Decompression Destination Line
Count Register (JIFDDLC)

JIFDDLC sets the number of output image data lines
when the count mode for stopping the output of image
data lines is on (the DOUTLC bit in JIFECNT is set to
1). This register should be set such that that the
output image data line count matches the MCU unit.

Table amended

RW
Initial De-
Bit Bit Name Value Compression compression Description
15103 LINES[15:3] HFFF8 Invalid rRW Set these bits to specify the number of
2100 LINES[2:0] R lines of output image data to be written.

Use a setting value such that that the
output image data line count matches
the MCU unit. For YCbCr444,
YCbCr422, and YCbCr411 output, the
setting value x 1 is equal to the output
image data line count. For YCbCr420
output, the setting value x 2 is equal to
the output image data line count.

The lower three bits should be set to 0.
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41.2.30 JPEG Interrupt Enable
Register 1 (JINTE1)

2396

Bit table and table amended

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initialvalue: © 0 0 O ©O0 0 O O 0 0 O ©0 0 0 0 0
RW(compress: R R R R R R R R R R R R R R R R
RMW(decompress: 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
DIN DOU
N ) A =t et
Initialvalue: © 0 0 ©0 0 0 O ©0 0 0 0 0 0 [
RW(compress: R R R R R R R R R RW RW R R UndetnesUncetnes Undeinec
RW(decompressy R R R R R R R R R usmaues R R
R/W
Initial De-
Bit Bit Name Value Compression compression Description
5 DINLEN 0 R/W Invalid Enables or disables a data transfer
processing interrupt request (JDTI) when
the DINLF bit in JINTS1 is set to 1.
0: Disables an interrupt request.
1: Enables an interrupt request.
4,3 — All0 R Reserved

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

41.2.31 JPEG Interrupt Status
Register 1 (JINTS1)

2398

Bitt_81 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RMW(compress: R R R R R R R R R R R R R R R R
RMW(decompress: 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 4 3 2 0
DOU
I e e e e e e e T N R T
Initial value: 0 o o o o o o o 0 ] o 0 0
R/W(compress): R R R R R R R R R RW* RW* R R Undefied Undefined Undefined
RMW(decompressy R R R R R R R R R Ummudes R R RW* RW' RWH
R/W
Initial De-
Bit Bit Name Value cCompression compression Description
5 DINLF 0 R/W Invalid This bit is set to 1 when the number of
input image data lines indicated by
JIFESLC is read in compression.
This bit is valid only when the DINLC bit
in JIFECNT is set to 1.
4,3 — All 0O R These bits are always read as 0. The write

value should always be 0.

41.3 Operation
41.3.1 Compression
(1) Overview of Processing

2400

Description deleted

4. Coded data is transferred from the JCU to the
external buffer.

5. Compression is completed after one frame of data
is processed completely.

(2) Flowchart (Compression)
(a) Initial Settings

Figure 41.2 Compression Initial
Setting Flow

2401

Figure amended

1/O bufter settings
Bytefword/longword swap setting: JOUTSWAP, DINSWAP bits in JIFECNT
nitial setting completex Input data line stop count mode setting: DINLC bit in JIFECNT

Address initialization setting for resumption of input image data:  DINRINI bit in JIFECNT

Source address setting: JIFESA

Line offset setting: JIFESOFST

Destination address setting: JIFEDA

Source line count setting: JIFESLC

Interrupt settings: CBTEN, DINLEN bits in JINTE1

Page xli of xcviii



Item

Page

Revision (See Manual for Details)

41.3 Operation

41.3.1 Compression

(2) Flowchart (Compression)
(b) Compression Process

(c) Data Correction

2402

Description deleted

When the DINRINI bit is one, the address set in
JIFESA is used on resumption.

Section added

(5) Input Pixel Format

Description amended

¢ When the DINSWAP bits = 000
e When the DINSWAP bits = 001
¢ When the DINSWAP bits = 010
e When the DINSWAP bits = 100
o When the DINSWAP bits = 101
e When the DINSWAP bits = 110
e When the DINSWAP bits = 111

41.3.2 Decompression
(1) Overview of Processing
(c) Error Handling

2415

Description amended

... To clear the interrupt request, set the interrupt
request clear command (by setting the JEND bit in
JCCMD to 1). When performing decompression/
compression processing after error handling finishes,
start the processing from the initial settings.

41.3.3 Output Pixel Format in
Decompression

(2) YCbCr Conversion

2419

Description amended

This module is capable of decompressing JPEG
encoded data created in the YCbCr444, YCbCr422,
YCbCr411, and YCbCr420 formats. The pixel format
of the output image will be YCbCr422, ARGB8888, or
RGB565. The flow of conversion of decompressed
data to the given output pixel format is shown below.

When data are to be output in the ARGB8888 or
RGB565 format, data in the YCbCr422, YCbCr411, or
YCbCr420 format are first converted to the YCbCr444
format.

When data are to be output in the YCbCr422 format,
data in the YCbCr444, YCbCr411, or YCbCr420
format are converted to the YCbCr422 format.
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41.3.3 Output Pixel Format in 2421
Decompression

(6) Vertical/Horizontal
Subsampling

Horizontal:

Table 41.5 Number of Horizontal
Blocks

Vertical:

Table 41.6 Number of Vertical
Blocks

Table amended

Compression Format Output Format n
YCbCr444 YCbCr422 1/2
YCbCr444 ARGB8888, RGB565 1
YCbCr422 YCbCr422 1
YCbCra22 ARGB8888, RGB565 2
YCbCr411 YCbCr422 2
YCbCr411 ARGB8888, RGB565 4
YCbCr420 YCbCr422 1
YCbCr420 ARGB8888, RGB565 2

Table amended

Compression Format Output Format m
YCbCr444 YCbCr422 1
YCbCr444 ARGB8888, RGB565 1
YCbCr422 YCbCr422 1
YCbCr422 ARGB8888, RGB565 1
YCbCra11 YCbCr422 1
YCbCra11 ARGB8888, RGB565 1
YCbCr420 YCbCr422 2
YCbCr420 ARGB8888, RGB565 2

41.4.2 Data Transfer Interrupt 2426
Request (JDTI)

(1) Compression

Description deleted

¢ Interrupt request generated after the specified
number of input image data lines has been read
When the DINLF bit in JINTS1 is 1, the number of
image data lines specified by JIFESLC has been
transferred; transfer the rest of the image data to
the external buffer and resume transferring the
data from the external buffer. A data transfer
interrupt request is sent when the DINLEN bit in
JINTE1is 1.

e Interrupt request generated after all ....

41.6 Usage Notes 2429
41.6.1 Pixel Format YCbCr

Description amended

This module treats the range from -128 to 127 as
input/output values for YCbCr values in the
YCbCr444, YCbCr422, YCbCr411, or YCbCr420 pixel
format. ...
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43.3.1 Sound Generator Control 2463, Table amended
Register 1 (SGCR1) 2464 il
nitia
Bit Bit Name Value R/W Description
4,3 SGCK[:0] HO  RW  Clock Select
Selects the operating clock (SGCLK).
00: P0®/2
01: POo/4
10: PO¢/8
11: PO¢/16
2100 DPF[20] HO  RMW  Attenuator Function Select
These bits turn the attenuator function on and off, and
select the attenuation cycle.
000: Attenuator function is off.
001: Attenuates at the TONE frequency
010: Attenuates at the TONE frequency/2
011: Attenuates at the TONE frequency/4
100: Attenuates at the TONE frequency/8
101: Attenuates at the TONE frequency/16
110: Attenuates at the TONE frequency/32
111: Setting prohibited
45.3 Register Descriptions 2481  Table amended
Table 45.2 Register Register Name Abbreviation R/W  Address Access Size
Conflguratlon Status register 1 CE_HOST_STSt R H'E8030848 16, 32
Status register 2 CE_HOST_STS2 R H'E803084C 16, 32
DMA mode setting register CE_DMA_MODE R/W  HE803085C 16, 32
Card detection/port control register CE_DETECT R/W  HEB8030870 16, 32
Special mode setting register CE_ADD_MODE R/W  HEB030874 16, 32
Version register CE_VERSION R/W  HE803087C 16, 32
48.2 Register Descriptions 2573  Table amended
Table 48.11 Register Port Register Name Abbreviation R/W Intial Value Address Access Size

Configuration

J Port J control register 7 PJCR7 R/W  H'0000 H'FFFE3900 8, 16, 32
Port J port register 1 PJPR1 R H'xxxx H'FFFE3918 8, 16, 32
Port J port register 0 PJPRO R H'xxxx H'FFFE391A 8, 16

48.2.8 Port C Control Registers 0 2595

to 2 (PCCRO to PCCR2)

(3) Port C Control Register 0
(PCCRO0)

Table amended

Bit Bit Name

Initial Value

RIW Description

RW PC2 Mode

Select the function of the PC2.
00: PC2 10: SCK6
01: RD/WR 11: Setting prohibited

48.2.31

in the SH7269 Group)

(1) PortJ 10 Register 1 (PJIOR1)

(2) Port J 10 Register 0 (PJIORO0)

Port J I/O registers 0, 1
(PJIORO, PJIOR1: Available Only

2661

Bit table amended

Bitt 15 14 13 12 11

9 4 3 2 1

(P& FRo [ PR | s ooy | iz
108

I0R \on IOR \oa

PES | PJ24 ‘ IS | PJ22 ‘ PIET [ PJ20 | PTG | PTG | PO | RIS
\oa IOR \oa IOR \OR \on \on IOR \oa o

Initial value: 0 0

R/WH/WH/WR/WFVWH/WH/WH/WF(NVH/WR/WH/WH/WH/WR/WHN\/H/W

Bit table amended

Bit 15 14 13 12 11

9 2

[BE e e[ e ero| =8 | F® ‘ PI7 ‘ PJ6 ‘ PI5 ‘ Pia | P03 | Pd2 | POl | PXO
IOR I0R I0R IOR \oR IOR \DR \on \on ioR | IoR IOR
Initial value: 0 o 0 0 0

R/W: RIW R/WR/WR/W RN\IR/WRNVR/W R/WR/WR/WR/W R/WR/W R/W R/W
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48.2.32 Port J Data Registers 0, 2663
1 (PJDRO, PJDR1: Available Only
in the SH7269 Group)

(1) Port J Data Register 1

Bit table amended

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[T [P0 [ PEz0 | 7928 | Paz7 | Pazs | P25 | Pdza | P9z | Pdez [ PI2T | P20 | PITO | PITE | PO ] FITE |
oR | or | oA | pR | DR | DA | DR | oR | DR | pR | DR | DR | DR | DR | DR | DR

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

(PJDR1)
(2) Port J Data Register 0 2664  Bit table amended
(PJDRO) Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T o e o e I e [ or [ oR [ R [GA [ GR [oR [ G [ GR ]
Initial value: 0 o 0 0 o o 0 0 o o 0 0 0 0 0 0
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
49.2 Register Descriptions 2674  Table amended

Table 49.2 Register
Configuration

Initial Access
Register Name Abbreviation R/W Value  Address Size
Standby control register 1 STBCR1 R/W H'00 H'FFFE0014 8
Standby control register 2 STBCR2 RW H'00 H'FFFE0018 8
Standby control register 3 STBCR3 R/W H7E H'FFFE0408 8
Standby control register 4 STBCR4 R/W HFF H'FFFE040C 8
Standby control register 5 STBCR5 RW HFF H'FFFE0410 8
Standby control register 6 STBCR6 RW HFF H'FFFE0414 8
Standby control register 7 STBCR7 R/W HFF H'FFFE0418 8
Standby control register 8 STBCR8 R/W HFF HFFFE041C 8
Standby control register 9 STBCR9 RW HFF H'FFFE0440 8
Standby control register 10 STBCR10 R/W H7F H'FFFE0444 8

49.2.2 Standby Control Register 2676
2 (STBCR2)

Table amended

Initial
Bit Bit Name Value R/W Description
5 MSTP8 0 R/W  Module Stop 8

When the MSTP8 bit is set to 1, the clock supply to the

direct memory access controller is halted.

0: The direct memory access controller runs.

1: Clock supply to the direct memory access controller

halted.

Note: Do not set this bit to 1 when using multifunction
timer pulse unit 2, the compare-match timer, the
serial communication interface with FIFO, the
controller area network, the IEBus™ controller,
the sound generator, or the motor control PWM

timer.
49.2.8 Standby Control Register 2688  Table amended
8 (STBCRS) Initial
Bit Bit Name Value R/W Description
W wstees 1T RW Modue Stopga T

When the MSTP84 bit is set to 1, the clock supply to

the OpenVG™ -compliant Renesas graphics

processor is halted.

0: The OpenVG™ -compliant Renesas graphics
processor runs.

1: Clock supply to the OpenVG™-compliant Renesas
graphics processor is halted.
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49.2.10 Standby Control Register 2692
10 (STBCR10)

Bit table amended

Bit: 7 6 5 4 3 2 1 0

| MSTP [ MSTP | MSTP i | MSTP | MSTP | MSTP | MSTP |
107 | 106 105 103 | 102 101 100
Initial value: 0 1 1 1 1 1 1 1

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

Table amended

Initial
Bit Bit Name Value R/W Description
7 MSTP107 0 RW Module Stop 107

When the MSTP107 bit is set to 1, the clock supply to
the digital video decoder is halted.

0: The digital video decoder runs.
1: Clock supply to the digital video decoder is halted.

49.2.12 Software Reset Control 2696
Register 2 (SWRSTCR2)

Bit: 7 6 5 4 3 2 1 0

| R | R | R | JCU | RGPV R R VDC4
SRST | GSRST SRST I
Initial value: 0 0 0 0 0 0 0 0
RW: R R R RW R/W R R R/W

Table amended

Initial
Bit Bit Name Value R/W Description
3 RGPVGSRST 0 RW OpenVG™ -Compliant Renesas Graphics Processor

Software Reset

Controls the OpenVG™-compliant Renesas graphics
processor reset with software.

0: The OpenVG™-compliant Renesas graphics
processor reset is canceled.
1: The OpenVG™ -compliant Renesas graphics
processor is reset.
2,1 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
0 VDC4SRST 0 RW Video Display Controller 4 Software Reset

Controls the Video display controller 4 reset with
software.

0: The Video display controller 4 reset is canceled.
1: The Video display controller 4 is reset.

49.3.2 Software Standby Mode 2717

(1) Transition to Software
Standby Mode

Description amended

3. After setting the STBY and DEEP bits in STBCR1
to 1 and 0 respectively, read STBCR1. Then, execute
a SLEEP instruction.

50.6.2 Notes 2745

Description amended

1. The clock related signals (EXTAL, XTAL, CKIO,
AUDIO_X1, AUDIO_X2, USB_X1, USB_X2, RTC_X1,
RTC_X2, and MD_CLKO) are inapplicable to the
boundary scan.

4. The USB related signals (DP, DM, VBUS, and
REFRIN) are inapplicable to the boundary scan.
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51.1 Register Addresses (by 2761, Table amended
functional module, in order of the 2762

) ) Number Access
Correspond ing section numbe rs) ModuleName  RegisterName Abbreviation ofBits Address  Size

Renesas serial  Control register_0 SPCR_O 8 HEB00E000 8, 16

peripheralinterface “q). o < elect polarity register_0 SSLP_O 8 HEBOOE001 8, 16
Pin control register_0 SPPCR_O 8 HEB00E002 8, 16
Status register_0 SPSR_O 8 HES00E003 8, 16
Data register_0 SPDR_O 32 HEB00E004 8, 16, 32
Sequence control register_0 SPSCR_0 8 HEBOOE008 8, 16
Sequence status register_0 SPSSR_O 8 HES00E009 8, 16
Bit rate register_0 SPBR_0 8 HESO0EC0A 8, 16
Data control register_0 SPDCR_0 8 HEBOOEQOB 8, 16
Clock delay register_0 SPCKD_0 8 HEBOOE0OC 8, 16
Slave select negation delay register_ 0 SSLND_O 8 HES00E0OD 8, 16
Next-access delay register_0 SPND_O 8 HEBOOE0OE 8
Command register_00 SPCMD_00 16 HEB00E010 16
Command register_01 SPCMD_01 16 HES00E0T2 16
Command register_02 SPOMD_02 16 HEBOOEO14 16
Command register_03 SPOMD_03 16 HEBO0E016 16
Buffer control register_0 SPBFCR_O 8 HES00E020 8, 16
Buffer data count setting register_0 SPBFDR_O 16 HEB00E022 16
Control register_1 SPCR_1 8 HEBO0ES00 8, 16
Slave select polarity register_1 SSLP_1 8 HES00ESOT 8, 16
Pin control register_1 SPPCR_1 8 HEB00ES02 8, 16
Status register_1 SPSR_1 8 HEB00EB03 8, 16
Data register._1 SPDR_1 32 HES00E804 8, 16,32
Sequence control register._ 1 SPSCR_1 8 HEBO0ES08 8, 16
Sequence status register_1 SPSSR_1 8 HEB00EB0S 8, 16
Bit rate register_1 SPBR_1 8 HESO0ES0A 8, 16
Data control register._1 SPDCR_1 8 HEBOOEBOB 8, 16
Clock delay register_1 SPCKD_1 8 HEB00ESOC 8, 16
Slave select negation delay register_1  SSLND_1 8 HES00ESOD 8, 16
Next-access delay register_1 SPND_1 8 HEBOOESOE 8
Command register_10 SPCMD_10 16 HEBOOEB10 16
Command register_11 SPCMD_11 16 HESO0EBT2 16
Command register_12 SPCMD_12 16 HEBOOEB14 16
Command register_13 SPOMD_13 16 HEBO0ES16 16
Buffer control register_1 SPBFCR_1 8 HES00E820 8, 16
Buffer data count setiing register_1 SPBFDR_1 16 HEB00ES22 16

2763, Number Access

Module Name ~ Register Name Abbreviation of Bits Address  Size
2764 Renesas quad Command register 0_0 SPCMDO0_0 16 HE8033810 16,32
‘S:.::';Z"pm' Command register 1_0 SPCMD1_0 16 HEB033812 16,32
Command register 2_0 SPCMD2_0 16 H'E8033814 16, 32
Command register 3_0 SPCMD3_0 16 HEB033816 16,32
Buffer control register_0 SPBFCR_O 8 HEB033818 8, 16,32
Buffer data count setting register_0 SPBDCR_0 16 HEB03381A 16,32
Bit rate register_1 SPBR_1 8 H'E803400A 8, 16, 32
Data control register_1 SPDCR_1 8 H'E803400B 8, 16, 32
Clock delay register_1 SPCKD_1 8 H'E803400C 8, 16, 32
Slave select negation delay register_1 SSLND_1 8 H'E803400D 8, 16, 32
Next-access delay register_1 SPND_1 8 H'EB03400E 8, 16, 32
Command register 0_1 SPCMDO_1 16 H'E8034010 16, 32
Command register 1_1 SPCMD1_1 16 HEB034012 16,32
Command register 2_1 SPCMD2.1 16 HEB034014 16,32
Command register 3_1 SPCMD3_1 16 HEB034016 16,32
Buffer control register_1 SPBFCR_1 8 HEB034018 8, 16,32
Buffer data count setting register_1 SPBDCR_1 16 H'E803401A 16, 32
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51.1 Register Addresses (by 2796 Number Access

. . Module Name Register Name Abbreviation of Bits  Address Size
functional module, in order of the g o oo & & e %
corresponding section numbers) Status rogiter o ©  HFFFROC %2

Status clear register SRCR 32 HFFFF3010 32
Interrupt control register ICR 32 HFFFF3014 32
Interrupt mask register IMR 32 HFFFF3018 32
DL status register DLPR 32 HFFFF3020 32
DL start address register DLSAR 32 HFFFF3030 32
Destination start address register DSAR 32 HFFFF3034 32
Destination stride register DSTR 32 HFFFF303C 32
Destination start address register 2 DSAR2 32 HFFFF3048 32

DL start address register 2 DLSAR2 32 HFFFF304C 32

2798

Module Name Register Name Abbreviation of Bits  Address Size

JPEG codec unit JPEG interface compression source line  JIFESLC 32 HE8017050 32
count register

JPEG interface decompression control  JIFDCNT 32 HEB017058 32
register
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51.2 Register Bits 2836 to Table amended
2838

Module Register

Name Abbreviation

Renesas

sstp.o

peripheral
interface | SPPCR.0
SPSRLO

SPDR.O

spson0
sessrlo
ser0

sooro |
seokol0 |
Ssun.o
seND.0

SPOMD_00
SPoMD_01
sPOMD_02
SPOMD_03

SPBFCR_O

SPBFDR 0

st |
SPDCR_1 3
SPCKD_1 3
sl |

sPoMD_10
SPOMD_ 11
sPomD_12

sPoMD_13

SPBFCR_1

SPBFDR_1
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51.2 Register Bits 2933 Table amended

Module Register
Name Abbreviation | Bit 31/23/1517 Bit27191153 Bit 2517/911
miosJosare | |osaen |psanaol [osanem |osameps |osAmen |osanagel |osarces [osanaed
e DSAR2[23] [DSAR2[22] |DSARZ2t]  [DSAR2120]  [DSAR2(1S] |DSARelte] |DSARe(17] | DSAR2(16]
DSAR2[1s] [DSARe[14] |DSAR2[13]  [DSAR2[12)  [DSAR[11] |DSAR2[10] |DSAR2[9]  |DSAR2[E)
DSARZ[7]  [DSAR2[6]  |DSAR2s]  [DSAR2l4]  [DSAR2(3]  |DSAR22l  |DSAR2(1]  |DSAR2(0]
DLSAR2 DLSA3]  [DLSAi0)  [DLSAS]  |DLSAl28]  [DLsAR7)  |DLsaizs]  [DLsas)  [oLsaa)
DLSAR3]  [DLSA@22]  [DLSAl21]  [DLSAZ0]  [DLSAItS]  |DLSAI18]  |DLSAI17]  |DLSAlte]
DLSA[s]  |DLSA(t4]  |DLSAI13]  [DLSAt2]  [DLSAIM1]  |DLSAI10]  |DLSAl9) DLSA®]
DLSAIT] DLSAGE] DLSASS] DLSAL] DLSAB] DLSAL2) DLSAI1] DLSAD]

JPEG codec

unit

JIFECNT

JIFESLC

— - = - — JOUTSWAP |JOUTSWAP | JOUTSWAP
2l 0] o
— DINRINI DINRCMD | DINLC - DINSWAP[2] |DINSWAPI1] | DINSWAP[0]

LINES[15]  [LINES[14]  |LINES[13]  |LINES[12]  [LINES[11]  |LINES[10] [LINES[9] LINES[8]
LINES[7] LINES[6] LINES[s] LINES[4] LINES[3] LNES[Zl | LINES[1] LINES[0]
Module Register
Name Abbreviation Bit 27191113 | Bit 2618/1072 | Bit 25/17/9M1 | Bit 24/16/8/0
JPEG codec | JINTE . - - — - - - _
unit
— CBTEN DINLEN — — DBTEN JINEN DOUTLEN
JINTS1
DINLF = — DBTF JINF DOUTLFX

Power-down

Register

SWRSTCR1

AXTALE SSIFSSAST

SSIFASAST

IEBSRST

SSIF2SRST

SSIFISRST

modes.

51.3 Register States in Each 2952
Operating Mode

Table amended

Module Name

Register Power-On

Reset

Manual
Reset

Deep

Standby

Software Mod

Standby  Stan

ule

dby  Sleep

WRCSR Initialized*'

Retained

Initialized

Retained —

Retained

Other than above Initialized

Initialized

Retained —

Retained

52.4 AC Characteristics 2970
Table 52.4 Operating Frequency

Table amended

Item Symbol Min. Max. Unit Remarks
Operating  CPU clock (l¢) f 50.00 266.67 MHz
frequency “|niermal bus clock (Bo) 50.00 133.33  MHz

Peripheral clock 1 (P1¢) 50.00 66.67 MHz

Peripheral clock 0 (PO¢) 25.00 33.33 MHz
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52.4.1 Clock Timing 2972  Table amended
Table 525 CIOCk T|m|ng Item Symbol Min. Max. Unit  Figure
‘Oscillation settiing time 1 on return from standby  tosce 10 - — 7 ms  Figure
52.4
Real time clock oscillation settling time trosc 3 — s Figure
52.6
Mode hold time tuon 200 — ns Figures
52.3 and
52.4
Figure 52.5 Oscillation Settling 2974  Figure amended
Time on Return from Standby I
andby perio
(Return by NMI or IRQ) oo,
Internal clock mm
taww, firaw |
0
/
NMI, IRQ X
¥ (
52.4.2 Control Signal Timing 2975  Table amended
Table 52.6 Control Signal Timing tem Symbol Min.  Max. Unit  Figure
RES pulse width Exit from standby mode  t,., 10 — ms  Figure 52.7
Other than above 20 — tye U]
TRST pulse width trrsw 20 — te
NMI pulse width L 20 — tye Figures 52.7
IRQ pulse width tow 20 — 1, lelandszy
PINT pulse width tonrw 20 — .o Figure 52.7
)

52.4.9 Renesas Serial Peripheral 3013

Interface Timing

Item Symbol Min. Max. Unit  Figure
Table 52.13 Renesas Serial ‘SSLsetuptime 1 Master  tew 1 1% 8xtewe ns
. . . tspeye —
Peripheral Interface Timing 20
Slave 4 — toye
SSL hold time Master tue 1x 8 X tspeye NS
tspoye +20
Slave 4 toye
52.4.10 Renesas Quad Serial 3017  Table amended
Peripheral Interface Timing , ) )
Item Symbol Min. Max. Unit Figure
Table 52.14 Renesas Quad QSPCLK clock cycle tosee 1 4080 t,. Figure 52.50
Serial Peripheral Interface Timing Data input setup tme k] 50 - ns Faures |
Data input hold time t, 0.0 ns 52.52
SSL setup time teno 1.5x 1, 85Xty ns
-4
SSL hold time te X e, 8Xtyeet4 NS
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52.4.11 SPI Multi I/O Bus
Controller Timing

Table 52.15 SPI Multi I/O Bus
Controller Timing

3019

Table amended

Item Symbol Min. Max. Unit Figure

SPBCLK clock cycle t, Figure 52.53

Data input setup time Figures 52.54 and

52.55

!
Data input hold time 1,
SSL setup time teno
SSL hold time t

sssss

ssssssssssss

Figure 52.55 Transmission and
Reception Timing (CPHAT =1,
CPHAR = 1)

Figure amended

SPBSSL
Output
tienn taa

SPBCLK
CPOL -0
Output

SPBCLK
CPOL =1
Output

SPBMI_0/
SPBMI_1,
SPBIO[0:3)_0/
SPBIO[0:3]_1
Input

SPBMO_0/
SPBMO_1,
SPBIO[0:3] 0/
SPBIO[0:3]_1
Output

DATA >—< LSB IN >7

X LsB OUT X IDLE

MSB OUT DATA

52.4.12 12C Bus Interface 3
Timing

Table 52.16 (1) 12C Bus Interface
3 Timing 12C Bus Format

Figure 52.58(1) Input/Output
Timing

3022

Table title and table amended

Item Symbol Min. Max. Unit  Figure
SCL input cycle time o 12t, ' +600 — ns Figure
SCL input high pulse width oo 3t +300 — ns 52.58(1)

Figure title amended

Table 52.16 (2) 12C Bus Interface 3023
3 Timing Clock Synchronized
Serial Format

Figure 52.58(2) Clock
Input/Output Timing

Figure 52.58(3)
Transmission/Reception Timing

Table added

Figures added
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SH7268 Group, SH7269 Group Section 1 Overview

Section 1 Overview

1.1 SH7268/7269 Features

This LSI is a single-chip RISC (reduced instruction set computer) microcontroller that includes a
Renesas-original RISC CPU as its core, and the peripheral functions required to configure a
system.

The CPU in this LSI is an SH-2A CPU, which provides upward compatibility for SH-1, SH-2, and
SH-2E CPUs at object code level. It has a RISC-type instruction set, superscalar architecture, and
Harvard architecture, for superior rates of instruction execution. In addition, an independent 32-bit
internal-bus architecture enhances data processing power. This CPU brings the user the ability to
set up high-performance systems with strong functionality at less expense than was achievable
with previous microcontrollers, and is even able to handle realtime control applications requiring
high-speed characteristics.

This LSI has a floating-point unit and cache. In addition, this LSI includes on-chip peripheral
functions necessary for system configuration, such as a 64-Kbyte RAM for high-speed operation,
a 2.5-Mbyte large-capacity RAM (128-Kbytes are shared by the data-retention RAM), data-
retention RAM, multi-function timer pulse unit 2, compare match timer, realtime clock, serial
communication interface with FIFO, I'C bus interface 3, serial sound interface, clocked
synchronous serial I/O with FIFO*’, controller area network®’, IEBus"*' controller, Renesas
SPDIF interface, Renesas serial peripheral interface, Renesas quad serial peripheral interface, SPI
multi I/O bus controller, CD-ROM decoder, A/D converter, NAND flash memory controller, USB
2.0 host/function, digital video decoder, video display controller 4, image renderer, display out
comparison unit, OpenVG™*’-compliant Renesas graphics processor, JPEG codec unit, sampling
rate converter, sound generator, SD host interface, MMC host interface, motor control PWM
timer, interrupt controller modules, and general 1/O ports.

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.

Notes: 1. IEBus (Inter Equipment Bus) is a trademark of Renesas Electronics Corporation.
2. This module is included or not depending on the product code.

3. OpenVG is a trademark of Khronos Group Inc.
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Sep 26, 2012 RENESAS

Page 1 of 3088



Section 1 Overview

SH7268 Group, SH7269 Group

Table 1.1 SH7268/7269 Features

Items Specification

CPU .

Renesas original SuperH architecture

Compatible with SH-1, SH-2, and SH-2E at object code level
32-bit internal data bus

Support of an abundant register-set

— Sixteen 32-bit general registers

— Four 32-bit control registers

— Four 32-bit system registers

— Register bank for high-speed response to interrupts
RISC-type instruction set (upward compatible with SH series)

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

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

Superscalar architecture to execute two instructions at one time
including a floating-point unit

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

Internal multiplier

Five-stage pipeline

Harvard architecture
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SH7268 Group, SH7269 Group

Section 1 Overview

Items

Specification

Floating-point unit

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

Two 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 (FMAC/FADD/FSUB/FMUL): Three cycles (single-
precision), eight cycles
(double-precision)
— Pitch (FMAC/FADD/FSUB/FMUL): One cycle (single-precision),
six cycles (double-precision)
Note: FMAC only supports single-precision
Five-stage pipeline

Cache memory

Instruction cache: 8 Kbytes
Operand cache: 8 Kbytes

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

Write-back, write-through, LRU replacement algorithm

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

Interrupt controller

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
processing

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 2012
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SH7268 Group, SH7269 Group

Items

Specification

Bus state controller

Address space divided into six areas (0 to 5), each a maximum of 64

Mbytes

The following features settable for each area independently

— Bus size (8, 16, or 32 bits): Available sizes depend on the area.

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

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

— Specifying the memory to be connected to each area enables
direct connection to SRAM, SRAM with byte selection, SDRAM,
and burst ROM (clocked synchronous or asynchronous). The
address/data multiplexed I/O (MPX) interface is also available.

— PCMCIA interface

— Outputs a chip select signal (CS0 to CS5) according to the target
area (CS assert or negate timing can be selected by software)

SDRAM refresh

Auto refresh or self refresh mode selectable

SDRAM burst access

Direct memory access
controller

Sixteen channels; external requests are available for one of them.
Can be activated by on-chip peripheral modules

Burst mode and cycle steal mode

Intermittent mode available (16 and 64 cycles supported)
Transfer information can be automatically reloaded

Clock pulse generator

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

Input clock can be multiplied by 20 (max.) by the internal PLL circuit
Peak values of EMI noise can be reduced by the on-chip SSCG circuit.
Four types of clocks generated:

— CPU clock (lp): Maximum 266.67 MHz

— Internal bus clock (B¢): Maximum 133.33 MHz

— Peripheral clock 1 (P1¢): Maximum 66.67 MHz

— Peripheral clock 0 (P0¢): Maximum 33.33 MHz

Watchdog timer

On-chip one-channel watchdog timer
A counter overflow can reset the LSI
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SH7268 Group, SH7269 Group

Section 1 Overview

Items

Specification

Power-down modes

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

— Sleep mode

— Software standby mode
— Deep standby mode

— Module standby mode

Multi-function timer
pulse unit 2

Maximum 16 lines of pulse inputs/outputs based on five channels of
16-bit timers

18 output compare and input capture registers

Input capture function

Pulse output modes

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 value 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

Compare match timer

Two-channel 16-bit counters

Four types of clock can be selected (P0¢/8, P0¢/32, PO¢/128, and
P0¢/512)

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

Realtime clock

Internal clock, calendar function, alarm function

Interrupts can be generated at intervals of 1/64 s by the 32.768-kHz
on-chip crystal oscillator

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 2012
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SH7268 Group, SH7269 Group

Items

Specification

Serial communication
interface with FIFO

Eight channels
Clocked synchronous or asynchronous mode selectable

Simultaneous transmission and reception (full-duplex communication)
supported

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

Modem control function (SH7268: channel 1, SH7269: channels 1, 5,
and 7 in asynchronous mode)

Renesas serial
peripheral interface

Two channels
SPI operation
Master mode and slave mode selectable

Programmable bit length, clock polarity, and clock phase can be
selected.

Consecutive transfers
MSB first/LSB first selectable
Maximum transfer rate: 33.33 Mbps

Renesas quad serial
peripheral interface

Two channels

Connectable to serial flash memory with multiple I/O functionality
(single/dual/quad)

Programmable bit length, clock polarity, and clock phase can be
selected.

Consecutive transfers
MSB first/LSB first selectable
Maximum transfer rate: 266.67 Mbps

SPI multi I/0O bus
controller

Up to two serial flash memories with multiple 1/0 bus sizes
(single/dual/quad) can be connected.

External address space read mode (built-in read cache)
SPI operating mode
Clock polarity and clock phase can be selected.

Maximum transfer rate: 533.33 Mbps (with two serial flash memories
connected)

I°C bus interface 3

SH7268: two channels, SH7269: four channels
Master mode and slave mode supported
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SH7268 Group, SH7269 Group

Section 1 Overview

Items

Specification

Serial sound interface

SH7268: four-channel, SH7269: six-channel bidirectional serial
transfer

Duplex communication (channel 0)

Support of various serial audio formats

Support of master and slave functions

Generation of programmable word clock and bit clock
Multi-channel formats

Support of 8, 16, 18, 20, 22, 24, and 32-bit data formats
Support of eight-stage FIFO for transmission and reception
Support of TDM mode

Support of WS continue mode in which the SSIWS signal is not
stopped.

Serial 1/0 with FIFO

Note:

This module is not
included in the
SH7268 Group.

Support of 16-stage 32-bits FIFOs independently for transmission and
reception

8-bit monaural/16-bit monaural/16-bit stereo audio input and output
Connectable to linear, audio, or A-Law or u-Law CODEC chip
Support of master and slave functions

Controller area
network

Note:

This module is
included or not
depending on the
product code.

Three channels

TTCAN level 1 supports for all channels

BOSCH 2.0B active compatible

Buffer size: transmit/receive x 31, receive only x 1

Two or more controller area network channels can be assigned to one
bus to increase number of buffers with a granularity of 32 channels

31 Mailboxes for transmission or reception

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 2012
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SH7268 Group, SH7269 Group

Items

Specification

IEBus™ controller

IEBus protocol control (layer 2) supported

— Half-duplex asynchronous communications

— Multi-master system

— Broadcast communications function

— Selectable mode (three types) with different transfer speeds

On-chip buffers (dual port RAM) for data transmission and reception
that enable up to 128 bytes of consecutive transmission/reception
(maximum number of transfer bytes in mode 2)

Operating frequency

— 1/2 divided clocks of 12 MHz or 12.58 MHz.
— 1/3 divided clocks of 18 MHz or 18.87 MHz.
— 1/4 divided clocks of 24 MHz or 25.16 MHz.
— 1/5 divided clocks of 30 MHz or 31.45 MHz.
— 1/6 divided clocks of 36 MHz or 37.74 MHz.
— 1/7 divided clocks of 42 MHz or 44.03 MHz.
— 1/8 divided clock of 48 MHz.

Renesas SPDIF
interface

Support of IEC60958 standard (stereo and consumer use modes only)
Sampling frequencies of 32 kHz, 44.1 kHz, and 48 kHz

Audio word sizes of 16 to 24 bits per sample

Biphase mark encoding

Double buffered data

Parity encoded serial data

Simultaneous transmit and receive

Receiver autodetects IEC 61937 compressed mode data
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SH7268 Group, SH7269 Group Section 1 Overview

Items Specification

CD-ROM decoder e Support of five formats: Mode 0, mode 1, mode 2, mode 2 form 1, and
mode 2 form 2

e Sync codes detection and protection

(Protection: When a sync code is not detected, it is automatically
inserted.)

e Descrambling
e ECC correction
— P, Q, PQ, and QP correction
— PQ or QP correction can be repeated up to three times
e EDC check
Performed before and after ECC
¢ Mode and form are automatically detected
o Link sectors are automatically detected
o Buffering data control

Buffering CD-ROM data including Sync code is transferred in specified
format, after the data is descrambled, corrected by ECC, and checked

by EDC.
NAND flash memory e Direct-connected memory interface with NAND-type flash memory
controller e Read/write in sectors

e Two types of transfer modes: Command access mode and sector
access mode (512-byte data + 16-byte
management code)

¢ Interrupt request and DMA transfer request
e Supports flash memory requiring 5-byte addresses (2 Gbits and more)

USB 2.0 host/function e Conforms to the Universal Serial Bus Specification Revision 2.0

module e 480-Mbps, 12-Mbps, and 1.5-Mbps transfer rates provided (host
mode)

e 480-Mbps and 12-Mbps transfer rates provided (function mode)
¢ On-chip 8-Kbyte RAM as communication buffers

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 2012 RENESAS
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SH7268 Group, SH7269 Group

Items

Specification

Digital video decoder

Video input

Composite video input (CVBS)

A/D converter for video signal input

VIN1 and VIN2 pin input selection

Sync tip clamp

Programmable gain amplifier (PGA) (1.835 to 8.023 dB)

10-bit precision pipelined A/D converter

Sync separation

Noise reduction LPF, auto level control sync slicer, horizontal auto
frequency control (AFC), vertical count-down, interlace detection, auto
gain control (AGC)/peak limiter control

Y/C separation

NTSC 2D, PAL 2D, SECAM 1D supported.

Chroma-key decoding

NTSC, PAL, SECAM supported.

Color killer, auto color control (ACC), TINT correction, R-Y axis
correction

Digital clamp

Pedestal clamp (Y), center clamp (Cb/Cr), noise detection
Adjustment of output gain

Contrast: 0 to approximately 2 times

Color (Cb/Cr independently): 0 to approximately 2 times

Video display
controller 4

Video input interface: One channel can be selected from the

followings.

BT601, BT656 format (NTSC/PAL) input: Input clock: 27 MHz/54 MHz

Digital pin input: YCbCr444, RGB888, RGB666, RGB565

Digital pin input size:

Maximum input video image size to be set*: 1024 pixels x 1024 lines
(horizontal x vertical)

Note: * Depends on the AC characteristics of the connected device.

Examples of input video image size : SVGA (800 x 600),
WVGA (800 x 480),
VGA (640 x 480),
WQVGA (480 x 240),
QVGA (320 x 240, 240 x 320)

Composite video (CVBS) signal input decoded by the digital video
decoder
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SH7268 Group, SH7269 Group Section 1 Overview

Items Specification
Video display e Input video control
controller 4 Horizontal noise reduction (NR), brightness adjustment and contrast

adjustment using matrix operation

e Scaling control

Vertical and horizontal scaling up or down of input video possible at a
desired ratio (scaling up of graphics also possible )

Scaling up ratio: 1 to 8; scaling down ratio: 1/8 to 1
Interpolation: Hold or linear selectable
2D IP conversion: 2D IP conversion through separately setting the
initial phases for the top and bottom fields
e Video recording
Output pixel format: YCbCr422, RGB888, RGB565
Output field rate: 1/1, 1/2, 1/4,1/8
Rotation: Horizontal mirroring and 90/180/270° rotation for YCbCr422
and RGB565 (exclusive control for rotation and image
renderer)
Maximum video image size to be stored: x1 size of input video image
e Qutput video control
Black stretch: Black area stretched according to Y signal state
Enhancer capability: LTI (transient improvement) and sharpness
(contour emphasis) for Y signal
e Three graphics layers (one of them also for input video)
Available input pixel formats
1 bit/pixel: CLUT1
4 bits/pixel: CLUT4
8 bits/pixel: CLUT8
16 bits/pixel: YCbCr422, RGB565, ARGB1555, ARGB4444
32 bits/pixel: ARGB8888, RGB888
e Superimposition
Alpha blending in a rectangular area: Input video, layer 1, and layer 2
blended according to the
transparency percentage a

(fade-in and fade-out function
available)

Chroma key function: Mixing based on transparency percentage a
using the specified RGB and CLUT value
Pixel-base alpha blending: Alpha blending for each pixel based on
transparency percentage o

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 2012 RENESAS
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SH7268 Group, SH7269 Group

Items Specification
Video display e Panel output control
controller 4

Panel output correction: Brightness adjustment and contrast
adjustment, gamma correction, panel dithering
TCON: Various timing output for LCD panel driving provided by a total
of seven vertical and horizontal panel driver signals
Panel output pixel format: RGB888, RGB666, RGB565, serial RGB
Output video image size:
Maximum output video image size to be set*: 1999 pixels x 2035 lines
(horizontal x vertical)
Note: * Depends on the AC characteristics of the display panel.
Examples of output video image size: SVGA (800 x 600),
WVGA (800 x 480),
VGA (640 x 480),
WQVGA (480 x 240),
QVGA (320 x 240, 240 x 320)
Frame buffer
Large-capacity on-chip RAM and external SDRAM can be used.
Note: When using external SDRAM, display may not be possible if the
bus bandwidth is insufficient. Therefore, it is recommended that
the frame buffer be allocated in the large-capacity on-chip RAM.

Image renderer

Refers to the video captured data as two-dimensional texture data and

draws a shape by performing texture mapping for an arbitrary shape

divided into triangular objects.

Display list system

Drawing functions

Texture mapping, bilinear filtering, automatic coordinate generation

(and relative coordinate input)

Instruction system

Draw instruction: TRI for drawing a triangle

Control instructions: TRAP, INT, NOP, SYNCM, SYNCW, WTL, and
WTS

Drawing space

Destination coordinates: 0 < X <1,023,0<Y <1,023

Source coordinates: 0 <u <1,023,0<v<1,023
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SH7268 Group, SH7269 Group Section 1 Overview

Items

Specification

Display out
comparison unit

e Calculates the CRC code of an arbitrary graphics plane and compares
it with the pre-calculated CRC code.

e Specifies the rectangular area in an arbitrary graphics plane selected
from three graphics planes and one plane of the graphics data
obtained after o blending of the video display controller 4.

e Pixel Format
32 bits/pixel: ARGB8888/RGB888/RGB666
16 bits/pixel: RGB565

OpenVG™-compliant
Renesas graphics
processor

¢ OpenVG™, which is an open 2D vector graphics API, can be
processed.

e Processes can be accelerated in OpenVG™ stage 2 to stage 8 using
the dedicated hardware and programmable shader.

Note: When using the OpenVG™ graphics processor and JPEG codec
unit at the same time, it is necessary to implement exclusive bus
access control in software to ensure that they do not access the
bus simultaneously. Operation cannot be guaranteed if the
OpenVG™ graphics processor and JPEG codec unit access the
bus simultaneously.

JPEG codec unit

e Compression and decompression method conforming to the JPEG
baseline standard within the range described in this document.

e Operational precision: Conforming to JPEG Part 2, ISO-IEC10918-2

¢ Pixel format:
Compression: YCbCr422
Decompression: YCbCr444, YCbCr422, YCbCr411, YCbCr420
Output pixel format to the buffer: YCbCr422, ARGB8888, RGB565

e Four quantization tables provided

e Four Huffman tables provided (two tables for AC coefficients and two
tables for DC coefficients)

e Markers supported: SOI, SOF0, SOS, DQT, DHT, DRI, RSTm, and

EOQI
¢ Image data rate: Max. 133.33 Mbytes/s (at 66.67-MHz operation)

Sampling rate
converter

e Three channels
e Data format: 32-bit stereo (16 bits each to L/R), 16-bit monaural
¢ Input sampling rate: 8/11.025/12/16/22.05/24/32/44.1/48 kHz

e Output sampling rate: 32/44.1/48 kHz, 8/16 kHz
(input sampling rate: 44.1 kHz)

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 2012
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SH7268 Group, SH7269 Group

Items

Specification

Sound generator

Capable of adjusting sound volume using 8-bit PWM output

Four types of operating clocks (P0¢/2, PO¢/4, P0O¢/8, and P0O¢/16) can
be selected.

Frequency settings in the 31-Hz to 20-kHz range with precision of 1%
orless

Automatic attenuator function can be selected

SD host interface

Two channels

SD memory I/O card interface (1-/4-bits SD bus)
Error check function: CRC7 (command), CRC16 (data)
Interrupt requests

— Card access interrupt

— SDIO access interrupt

— Card detect interrupt

DMA transfer requests

— SD_BUF write

— SD_BUF read

Card detection function, write protect supported

MMC host interface

Interface to multi-media card (MMC)

Data bus: 1-/4-/8-bit MMC mode

Interrupt requests: card detection, error/time-out, and normal operation
DMA transfer requests: CE_DATA write and CE_DATA read

Card detection function

General I/O ports

SH7268: 101 I/Os, 4 inputs with open-drain outputs, and 6 inputs
SH7269: 133 I/Os, 8 inputs with open-drain outputs, and 8 inputs
Input or output can be selected for each bit

A/D converter

10-bit resolution
SH7268: Six input channels, SH7269: Eight input channels
A/D conversion request by the external trigger or timer trigger

Motor control PWM
timer

Two 10-bit PWM channels, each with eight outputs

User break controller

Two break channels

Address, data value, access mode, and data size assignable as break
conditions.

User debugging
interface

E10A emulator support
JTAG-standard pin assignment
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SH7268 Group, SH7269 Group

Section 1 Overview

Items Specification

On-chip RAM .

64-Kbyte memory for high-speed operation (16 Kbytes x 4)

2.5-Mbyte large capacity memory for video display/recording and work
(128-Kbytes are used for data retention)

128-Kbyte memory for data retention

(16 Kbytes x 2, 32 Kbytes x 1, 64 Kbytes x 1)

Boot modes .

SH7268/SH7269: Six boot modes (boot modes 0 to 5)

Boot mode 0: Booting from memory (bus width: 16 bits) connected to
CSO0 area

Boot mode 1: Booting from memory (bus width: 32 bits) connected to
CSO0 area

Boot mode 2: Booting from a NAND flash memory

Boot mode 3: Booting from a serial flash memory

Boot mode 4: Booting from a NAND flash memory with SD controller
Boot mode 5: Booting from a NAND flash memory with MMC controller

Power supply voltage

Vce: 1.15t01.35V
PVcc: 3.0to 3.6 V

Packages .

SH7268

208-pin QFP, 28-mm square, 0.5-mm pitch
JEITA package code: P-LQFP208-28 x 28-0.50
Renesas code: PLQP0208KB-A

SH7269 (QFP)

256-pin QFP, 28-mm square, 0.4-mm pitch
JEITA package code: P-LQFP256-28 x 28-0.40
Renesas code: PLQP0256LB-A

SH7269 (BGA)

272-pin BGA (16 thermal balls), 17-mm square, 0.8-mm pitch
JEITA package code: P-LFBGA272-17 x 17-0.80
Renesas code: PRBG0272GA-A

RO1UHO0048EJ0200 Rev. 2.00
Sep 26, 2012
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SH7268 Group, SH7269 Group

1.2 Product Lineup

Table 1.2 Product Lineup

Product Controller Area

Classification Product Code Network Operating Temperature Package

SH7268 R5S72680W266FP  Not included Regular specifications 208-pin

Group R5S72681W266FP  Included (-2010 +85°C) QFP
R5S72680P266FP  Not included Wide-range specifications
R5S72681P266FP  Included (-4010 +85°C)

SH7269 R5S72690W266FP  Not included Regular specifications 256-pin

Group R5S72691W266FP  Included (-2010 +85°C) QFP
R5S72690P266FP  Not included Wide-range specifications
R5S72691P266FP  Included (-4010 +85°C)
R5S72690W266BG  Not included Regular specifications 272-pin
R5S72691W266BG _ Included (-20 10 +85°C) BGA
R5S72690P266BG  Not included Wide-range specifications
R5572691P266BG  Included (-4010 +85°C)
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1.3

Block Diagram

Peripheral bus 2

Py

SH-2A
CPU core
CPU instruction fetch bus (F bus)
< 1 CPU bus
32 bits X [C us (M bus)| (CPU clock)
<
Peripheral bus 0 Peripheral bus 0 Peripheral bus 1 Penpheral bus 0
e
g Cache Instruction perand High-speed || Userbreak | |® Image complant JPEG Video display fef &
3 controller controller ”‘“z;‘gm ﬁac"eﬁ?;mw 0"*%*:&59‘\“4 controller = || renderer | Jrenesas gvaphlcs codec unit controller 4 B
DREQ input P—— Video input
DACK output UBCTRG LCD interface /O
TEND outpm output
— > Internal CPU bus
32 bits A A A A A ~ 4 4 ZY Z (IC-BUS)
T ~  Internal DMA bus
Y Y Y K Y Y & L 3 (ID-BUS)
T T — Internal graphic bus
<—|'I1 (IV1-BUS)
> interal graphic bus
I 1V2-BUS)
<7 > Internal graphic bus
< E s o stapic b [ e
Internal bus clock
64 bits ry (1vaUs) | (emalous clock)
< Internal graphic bus
14 P1-BUS)
< Inarmal grphi bus
(RGP2:BUS)
< )\ntema graphu: bus
GP3-BUS)
< T i graphlc bus
E (RGP4-BUS)
Saecansn ; A
g Busstate | [Large-cap Large-cap L p Large-capacity [Large-cap: arge-capacinf| Perpreral || Perheral | Peroheral 1 ooy i o feyd
- controller lon-chip RAMO fon-chip RAM1| fon-chip RAM2] | on-chip RAM3] Jon-chip RAMA4] fon-chip RAMSH| o\ controller controlier || bus controtier| | 5 | Seria VO
Exteral bus
e}

Peripheral bus 1

Peripheral clock 1)
32 bits {

(Peripheral clock 1)
———

1

1

1 1

1

!

7 } o

VIDEO_X2 output

Renesas Serial Renesas
serial posss 20 ||| co-rom Renesas AD communication quad serial SD host MMC host
SPDIF
peripheral o decoder Converter interlace peripheral interface interface
interface module interface with FIFO interface
| Pt || Pt | | Pt | | Pt | Pt | | Pt || Pt |
Serial USB bus /0 Serial 110 "Analog input Serial Serial 0 SDinterface  MMC interface
0 USB_X1 input audio clockinput  ADTRG input 110 110 110
USB_X2 output Perlpheral bus 0
ral clock 0)
32bits &

Multi-funciton Compare % Serial Controller ™

I R SRS EEIE e
unit2 timer interface with FIFO network controller
Port Port Port | Pot L Port || Port Port
EXTALnput  RES mput Timer pulse WDTOVF output RTC_X1 input °C bus Serial 10 Serial 10 CAN bus TEBUS 110
XTALoutput  NMiinput 10 RTC_X2 output 10 audio clock  audio clock 110 audio clock
CKIO output IRQ input input input input
Clock mode input_PINT input
. User Sampling NAND
Display out | |Digital video Sound Motor control Power-down General
comparison decoder generator debugaing | | 1046 control 1O port rate flash memary|
e interface converter controller
| pPot || Port || Port | Port Port
Analog input  Timer pulse  Timer pulse JTAG 10 General 110 Flash memory
VIDEO_X1 input  output output

interface /O

Figure 1.1 Block Diagram
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SH7268 Group, SH7269 Group

1.4

Pin Assignment
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Pin Assignment for the SH7268 Group
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SH7268 Group, SH7269 Group

Section 1 Overview

1.5 Pin Functions

Table 1.3  Pin Functions

Classification Symbol

I/0 Name

Function

Power supply Vcc

Power supply

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

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

PVcc | Power supply for Power supply for I/O pins. All the

1/O circuits PVcc pins must be connected to
the system power supply. This
LSI does not operate correctly if
there is a pin left open.

PLLVcc | Power supply for Power supply for the on-chip PLL

PLL oscillator.
PLLVss | Ground for PLL Ground pin for the on-chip PLL
Note: SH7269 (BGA) oscillator.
Group products
do not have this
pin.
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Sep 26, 2012 RENESAS



Section 1 Overview

SH7268 Group, SH7269 Group

Classification

Symbol

/10

Name

Function

Clock

EXTAL

External clock

Connected to a crystal resonator.
An external clock signal may also
be input to the EXTAL pin.

XTAL

o

Crystal

Connected to a crystal resonator.

CKIO

System clock 1/0

Supplies the system clock to
external devices.

AUDIO_CLK

External clock for
audio

Input pin of external clock for
audio. 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

AUDIO_X2

Crystal resonator/
external clock for
audio

Pins connected to a crystal
resonator for audio. An external
clock can be input on pin
AUDIO_X1. A clock input to the
divider is selected from an
oscillation clock input on these
pins or the AUDIO_CLK pin.

Clock

AUDIO_XOUT

AUDIO_X1 clock
output

Output for the on-chip crystal
oscillator on AUDIO_X1 or the
external clock signal.

Operating
mode control

MD_BOOQOT2
MD_BOOT1
MD_BOOTO0

Mode set

Sets the operating mode. Do not
change the signal levels on these
pins while the RES pin is
asserted or until the mode is
fixed, after the negation.

MD_CLKO

Clock mode set

Switches the SSCG circuit on or
off.

ASEMD

ASE mode

If a low level is input at the
ASEMD pin while the RES pin is
asserted, ASE mode is entered;
if a high level is input, product
chip mode is entered.

In ASE mode, the E10A-USB
emulator function is enabled.
When this function is not in use,
fix it high.
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Section 1 Overview

Classification Symbol /0

Name

Function

System control RES |

Power-on reset

This LSI enters the power-on
reset state when this signal goes
low.

WDTOVF O Watchdog timer Outputs an overflow signal from
overflow the watchdog timer.

BREQ | Bus-mastership A low level is input to this pin
request when an external device

requests the release of the bus
mastership.

BACK O Bus-mastership Indicates that the bus mastership
request has been released to an external
acknowledge device. Reception of the BACK

signal informs the device which
has output the BREQ signal that
it has acquired the bus.
Interrupts NMI | Non-maskable Non-maskable interrupt request
interrupt pin. Fix it high when not in use.
IRQ7 to IRQO | Interrupt requests 7 Maskable interrupt request pins.

to0

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 7
to 0

Maskable interrupt request pins.

Only level-input detection can be
selected.

Address bus  A25to A0 (0]

Address bus

Outputs addresses.

Data bus D31 to DO /0

Data bus

Bidirectional data bus.

RO1UHO0048EJ0200 Rev. 2.00
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SH7268 Group, SH7269 Group

Classification Symbol /0 Name Function
Bus control CS5to CSO O Chipselect5to 0  Chip-select signals for external
memory or devices.

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

RD/WR O Read/write Read/write signal.

BS O Bus start Bus-cycle start signal.

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

WAIT | Wait Inserts a wait cycle into the bus
cycles during access to the
external space.

WEO O Byte select Indicates a write access to bits 7
to 0 of data of external memory
or device.

WEH1 O Byte select Indicates a write access to bits
15 to 8 of data of external
memory or device.

WE2 O Byte select Indicates a write access to bits
23 to 16 of data of external
memory or device.

WES3 O Byte select Indicates a write access to bits
31 to 24 of data of external
memory or device.

DQMLL O Byte select Selects bits D7 to DO when
SDRAM is connected.

DQMLU O Byte select Selects bits D15 to D8 when
SDRAM is connected.

DQMUL O Byte select Selects bits D23 to D16 when
SDRAM is connected.

DQMUU O Byte select Selects bits D31 to D24 when
SDRAM is connected.
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Section 1 Overview

Classification Symbol /0 Name Function
Bus control RAS O RAS Connected to the RAS pin when
SDRAM is connected.
CAS O CAS Connected to the CAS pin when
SDRAM is connected.
CKE O CKenable Connected to the CKE pin when
SDRAM is connected.
CE1A O Lower byte select  Connected to PCMCIA card
for PCMCIA card select signals D7 to DO.
CE2A O Upper byte select  Connected to PCMCIA card
for PCMCIA card select signals D15 to D8.
ICIOWR O  Write strobe for Connected to the PCMCIA I/0O
PCMCIA write strobe signal.
ICIORD O Read strobe for Connected to the PCMCIA I/O
PCMCIA read strobe signal.
WE O  Write strobe for Connected to the PCMCIA
PCMCIA memory  memory write strobe signal.
10IS16 | PCMCIA dynamic  Indicates 16-bit I/O of the
bus sizing PCMCIA.
Direct memory DREQO | DMA-transfer Input pin to receive external
access request requests for DMA transfer.

controller

DACKO O DMA-transfer Output pin for signals indicating
request accept acceptance of external requests
from external devices.
TENDO O DMA-transferend  Output pin for DMA transfer end.
output
Multi-function  TCLKA, | Timer clock input External clock input pins for the
timer pulse TCLKB, timer.
unit 2 TCLKC,
TCLKD
TIOCOA, I/0O Input capture/ The TGRA_0 to TGRD_O input
TIOCOB, output compare capture input/output compare
TIOCOC, (channel 0) output/PWM output pins.
TIOCOD
TIOC1A, I/O Input capture/ The TGRA_1 and TGRB_1 input
TIOC1B output compare capture input/output compare
(channel 1) output/PWM output pins.
TIOC2A, I/O Input capture/ The TGRA_2 and TGRB_2 input
TIOC2B output compare capture input/output compare

(channel 2)

output/PWM output pins.
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SH7268 Group, SH7269 Group

Classification Symbol /0 Name Function
Multi-function TIOCSA, I/0O Input capture/ The TGRA_3 to TGRD_3 input
timer pulse TIOC3B, output compare capture input/output compare
unit 2 TIOC3C, (channel 3) output/PWM output pins.
TIOC3D
TIOC4A, I/O Input capture/ The TGRA_4 and TGRB_4 input
TIOC4B, output compare capture input/output compare
TIOCA4C, (channel 4) output/PWM output pins.
TIOC4D
Realtime clock RTC_X1 | Crystal resonator ~ Connected to 32.768-kHz crystal
RTC_X2 o) for realtime clock/  resonator.
external clock The RTC_X1 pin can also be
used to input an external clock.
The RTC_X1 and RTC_X2 pins
are not implemented on the
SH7268.
Serial TxD7 to TxDO O Transmit data Data output pins.
.communlcelltlon RxD7 to RxDO | Receive data Data input pins.
interface with
FIFO SCK7 to SCKO 1/O  Serial clock Clock input/output pins.
RTS7, RTS5, RTS1, O Transmit request Modem control pins.
Only RTS1 can be used in the
SH7268 Group.
CTS7,CTS5,CTS1 | Transmit enable Modem control pins.
Only CTS1 can be used in the
SH7268 Group.
Renesas serial MOSI1, MOSIO I/O Data Data /O pins.
peripheral  “\y561, MISOO /O Data Data I/O pins.
interface
RSPCK1, RSPCKO  1/O Clock Clock /O pins.
SSL00, SSL10 /0O Slave select Slave select I/O pins.
Renesas quad QMO_0/QIO0_0, I/O Data Data 1/O pins.
serial QMO_1/QI00_1
Pe”ffhera' QMI_0/QI01_0, /O Data Data I/O pins.
interface QMI_1/QIO1_1
QI02_0, Ql02_1 I/O Data Data I/O pins.
QIO3_0, QIO3_1 /0O Data Data /O pins.
QSPCLK_0, O Clock Clock output pins.
QSPCLK_1
QSSL_0, QSSL_1 O Slave select Slave select output pins.
Page 26 of 3088 RO1UHO0048EJ0200 Rev. 2.00
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Classification Symbol /0 Name Function
SPImulti /0 SPBCLK O Clock Clock output pins.
bus controlier SPBSSL O Slave select Slave select output pins.
SPBMO_0/SPBIO0_O0, I/0 Data Data 1/O pins.
SPBMI_0/SPBIO1_0,
SPBIO2_0,
SPBIO3_0
SPBMO_1/SPBIOO0_1, I/O Data Data /O pins.
SPBMI_1/SPBIO1_1,
SPBIO2_1,
SPBIO3_1
I°C bus SCL3 to SCLO I/O  Serial clock pin Serial clock 1/O pins.
interface 3 Only SCL1 and SCLO can be
used in the SH7268 Group.
SDAS3 to SDAO I/O Serial data pin Serial data I/O pins.
Only SDA1 and SDAO can be
used in the SH7268 Group.
Serial sound  SSITxDO O Data output Serial data output pin.
interface SSIRxDO | Data input Serial data input pin.
SSIDATAS to I/O Data I/O Serial data 1/O pins.
SSIDATA1 Only SSIDATA3 to SSIDATAT
can be used in the SH7268
Group.
SSISCKS5 to SSISCKO 1/0  SSi clock I/0 1/0O pins for serial clocks.
Only SSISCKS to SSISCKO can
be used in the SH7268 Group.
SSIWS5 to SSIWS0  I/0  SSl clock LR 1/0 I/0 pins for word selection.
Only SSIWSS3 to SSIWSO0 can be
used in the SH7268 Group.
Clocked SIOFTxD O Data output Data output pin.
synchronous : : .
cerial 1/O with SIOFRxD | Data input Data input pin.
FIFO SIOFSCK 1/0 /0O clock Clock I/O pin.
SIOFSYNC I/0 1/O chip select I/0 pin for chip selection.
Controller area CTx2 to CTx0 O CAN bus transmit  Output pins for transmit data on
network data the CAN bus.
CRx2 to CRx0 | CAN bus receive Output pins for receive data on
data the CAN bus.
RO1UH0048EJ0200 Rev. 2.00 Page 27 of 3088
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SH7268 Group, SH7269 Group

Classification Symbol /0 Name Function
IEBus™ IETXD O IEBus™ controller  Output pin for transmit data on
controller transmit data IEBus™ controller.
IERxD | IEBus™ controller  Input pin for receive data on
receive data IEBus™ controller.
Renesas SPDIF_OUT O Output data Transmit data output pin.
,SPD”: SPDIF_IN | Input data Receive data input pin.
interface
NAND flash FALE O Flash memory Asserted for address output and
memory address latch negated for data I/O.
controller enable
FRE O Flash memory read Reads data at falling edge.
enable
FCE O Flash memory chip Enables the flash memory
enable connected to this LSI.
FCLE O Flash memory Asserted at command output.
command latch
enable
FRB | Flash memory High level indicates ready state
ready/busy and low level indicates busy
state.
FWE O Flash memory write Flash memory latches
enable commands, addresses, and data
at falling edge.
NAF7 to NAFO /O Flash memory data Data I/O pins.
USB 2.0 DP I/lO USB 2.0 D+ data pin for USB 2.0
host/function host/function host/function module bus.
module module D+ data
DM /0 USB 2.0 D- data pin for USB 2.0
host/function host/function module bus.
module D— data
VBUS | VBUS input Connected to Vbus on USB 2.0
host/function module bus.
REFRIN I Reference input Connected to USBAPVss via
5.6-kQ + 1% resistance.
Page 28 of 3088 R01UHO0048EJ0200 Rev. 2.00
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Classification Symbol

I/0 Name

Function

USB 2.0 USB_X1 | Crystal resonator/  Connected to a crystal resonator
host/function USB X2 o) external clock for  for USB 2.0 host/function
module - USB 2.0 module. An external clock signal
host/function may also be input to the USB_X1
module pin.
USBAPVcc | Power supply for Power supply for pins.
transceiver analog
pins
USBAPVss | Ground for Ground for pins.
Note: SH7269 (BGA) transceiver analog
Group products pins

do not have this
pin.

USBDPVcc
Note: SH7269 (BGA)

| Power supply for
transceiver digital

Power supply for pins.

Group products pins

do not have this

pin.
USBDPVss | Ground for Ground for pins.
Note: SH7269 (BGA) transceiver digital

Group products pins

do not have this

pin.
USBAVcc | Power supply for Power supply for core.
transceiver analog
core
USBAVss | Ground for Ground for core.
Note: SH7269 (BGA) transceiver analog
core

Group products
do not have this

pin.

USBDVcc
Note: SH7269 (BGA)

| Power supply for
transceiver digital

Power supply for core.

Group products core

do not have this

pin.
RO1UHO0048EJ0200 Rev. 2.00 Page 29 of 3088
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SH7268 Group, SH7269 Group

Classification Symbol /0 Name Function
USB 2.0 USBDVss | Ground for Ground for core.
host/function  Note: SH7269 (BGA) transceiver digital
module Group products core
do not have this
pin.
USBUVcc | 480-MHz power Power supply for 480-MHz
Note: SH7269 (BGA) supply for USB 2.0 sections
Group products host/function
do not have this module
pin.
USBUVss | 480-MHz ground for Ground for 480-MHz sections
Note: SH7269 (BGA) usB2.0
Group products host/function
do not have this module
pin.
Digital video ~ VIN1, VIN2 | Composite video Composite video signal (CVBS)
decoder signal (CVBS) input input pins.
VIDEO_X1 | Crystal resonator/  Connected to a crystal resonator
VIDEO X2 o) external clock for  for digital video decoder. An
- digital video external clock signal may also be
decoder input to the VIDEO_X1 pin.
VRT O TOP reference TOP reference voltage pin for the
voltage A/D converter to input video
signals.
Connected to VDAVss via 0.1-uF
capacitor.
VRB O BOTTOM reference BOTTOM reference voltage pin
voltage for the A/D converter to input
video signals.
Connected to VDAVss via 0.1-pF
capacitor.
BIAS | Reference voltage  Reference voltage pin for the A/D
converter to input video signals.
Connected to VDAVss via
24-kQ £ 1% resistance.
VDAVcc | Analog power Power supply pin for the A/D
supply converter to input video signals.
VDAVss | Analog ground Ground pin for the A/D converter
to input video signals.
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Classification Symbol /0 Name Function
Video display LCD_DATA23 to O Output data Data output pins for panel.
controller 4 LCD_DATAO
LCD_TCONS® to O Panel timing Output pins for panel timing
LCD_TCONO adjustment output  adjustment
LCD_CLK O Panel clock Panel clock output pin.
LCD_EXTCLK | Panel clock source Panel clock source input pin.
DV_DATA23 to | Input data Data input pins for graphics data.
DV_DATAO Only DV_DATA_7 to DV_DATAO
can be used in the SH7268
Group.
DV_VSYNC | VSYNC input VSYNC input pin.
DV_HSYNC | HSYNC input HSYNC input pin.
DV_CLK | Input clock Clock input signal pin for
graphics data.
Sound SGOUT3to SGOUTO O Sound generator Sound generator output pins.
generator output
SD host SD_CLK_O, O SDclock Output pins for SD clock.
interface SD_CLK_1 Only SD_CLK_0 can be used in
the SH7268 Group.
SD_CMD_0, I/O SD command SD command output and
SD_CMD_A1 response input signals.
Only SD_CMD_0 can be used in
the SH7268 Group.
SD_D3 _0to I/O SD data SD data bus signals.
SD_D0_0 Only SD_D3_0 to SD_D0_0 can
SD_D3_1to be used in the SH7268 Group.
SD_DO0_1
SD_CD_0,SD_CD_1 | SD card detection  SD card detection.
Only SD_CD_0 can be used in
the SH7268 Group.
SD_WP_0,SD_WP_1 | SD write protection SD write protection signals.
Only SD_WP_0 can be used in
the SH7268 Group.
MMC host MMC_CLK O MMC clock Output pin for MMC clock.
interface MMC_CMD /0 MMC command MMC command output and
response input signal.
RO1UH0048EJ0200 Rev. 2.00 Page 31 of 3088
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Classification Symbol /0 Name Function
MMC host MMC_D7 to MMC_DO I/0 MMC data MMC data bus signals.
interface MMC_CD | MMC card detection MMC card detection.
Motor control PWM1H to PWM1A O  Timer output PWM output pins.
PWMtimer  pwM2H to PWM2A
A/D converter AN7 to ANO | Analog input pins  Analog input pins.
Only AN5 to ANO can be used in
the SH7268 Group.
ADTRG | A/D conversion External trigger input pin for
trigger input starting A/D conversion.
AVcc | Analog power Power supply pin for A/D
supply converter.
A/D converter AVss | Analog ground Ground pin for A/D converter.
AVref | Analog reference Reference voltage pin for A/D
voltage converter.
General I/O PA1, PAO, /0 General port 101 general I/O port pins in the
ports PB22 to PB1, PC8 to SH7268 Group.
PCO, PD15 to PDO, 133 general I/O port pins in the
PF23 to PFO, PG27 to SH7269 Group.
PGO, PJ3110 PJO Only PA1, PAO, PB22 to PB1,
PC8 to PCO, PD15 to PDO, PF23
to PFO, and PG27 to PGO can be
used in the SH7268 Group.
PE7 to PEO I/O General port 8 input port pins with open-drain
output.
Only PES3 to PEO can be used in
the SH7268 Group.
PH7 to PHO | General port 8 general input port pins.
Only PH5 to PHO can be used in
the SH7268 Group.
User TCK | Test clock Test-clock input pin.
) est mode select est-mode select signal input
debugging g T de sel T de select signal |
interface pin
TDI | Test data input Serial input pin for instructions
and data.
TDO O Test data output Serial output pin for instructions
and data.
TRST | Test reset Initialization-signal input pin.
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SH7268 Group, SH7269 Group

Section 1 Overview

Classification Symbol /0 Name Function
Emulator AUDATAS to O Data Branch source or destination
interface AUDATAO address output pins.
AUDCK O Clock Sync-clock output pin.
AUDSYNC O Sync signal Data start-position acknowledge-
signal output 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.

User break UBCTRG O User break trigger  User break condition match
controller output trigger output pin.
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Section 1 Overview SH7268 Group, SH7269 Group

1.6 List of Pins
Table 1.4  List of Pins

SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /0 Symbol /0 Symbol /0 Symbol /0
1 1 (e} PC1 I(s)/0 RD o] — — — —
2 2 — PVce
3 3 E2 PC2 I(s)/O RD/WR o SCKé Is)y)o  — —
4 4 E3 PC3 I(s)/O WEO/DQMLL (0] RxD6 I(s) — —
5 5 F4 PC4 I(s)/O WETWE/DQMLU O TxD6 (0] — —
6 6 D1 PC5 I(s)/O RAS o — — CRx0 I(s)
7 7 — PVce
8 8 F2 PC6 I(s)/O CAS o] SCK7 Is))O  CTx0 (0]
9 9 — Vss
10 10 F3 PC7 I(s)/O CKE (0] RxD7 I(s) CRx1 I(s)
11 11 — Vee
12 12 E1 PC8 I(s)/O Cs3 o TxD7 (0] CTx1 (0]
13 13 G4 PB1 I(s)/O Al (0] TIOCOA Is)y)Oo  — —
14 14 G2 PB2 I(s)/O A2 o TIOCOB Is)y)o  — —
15 15 G3 PB3 I(s)/O A3 (@) TIOCOC Is))O  — —

SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
PinNo. PinNo. PinNo. Symbol 110 Symbol 110 Symbol 110 Figure 1.3
1 1 c1 — — — — — — @)
2 2 —
3 3 E2 — — — — — — @)
4 4 E3 — — — — — — @)
5 5 F4 — — — — — — @)
6 6 D1 CRX0/CRx1/CRx2  I(s) IRQO I(s) — — @)
7 7 —
8 8 F2 CTx0&CTx1&CTx2 O — — — — (7)
9 9 —
10 10 F3 CRx0/CRx1 I(s) IRQ1 I(s) — — (7)
11 11 —
12 12 Ed CTX0&CTx1 o — — — — @)
13 13 G4 — — — — — — @)
14 14 G2 — — — — — — (7)
15 15 G3 — — — — — — (7)
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SH7268 Group, SH7269 Group Section 1 Overview

SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /0 Symbol /0 Symbol /0 Symbol I[e]
— 16 F1 PJ14 I(s)/O DV_DATA14 I(s) LCD_DATA14 O PINT6 I(s)
_ 17 — PVce
— 18 H2 PJ15 I(s)/O DV_DATA15 I(s) LCD_DATA15 O PINT7 I(s)
16 19 — Vss
17 20 H3 PB4 I(s)/O A4 o TIOCOD Is)y)o  — —
18 21 — Vce
— 22 G1 PJ16 I(s)/O DV_DATA16 I(s) LCD_DATA16 O RSPCKO I(s)/O
— 23 J3 PJ17 I(s)/O DV_DATA17 I(s) LCD_DATA17 O SSL00 I(s)/O
— 24 J2 PJ18 I(s)/O DV_DATA18 I(s) LCD_DATA18 O MOSI0 I(s)/O
19 25 H1 PB5 I(s)/O A5 o) TIOC1A Isyo  — —
20 26 K2 PB6 I(s)/O A6 [¢] TIOC1B I(s)/O — —
21 27 — PVce
22 28 J1 PB7 I(s)/O A7 [¢] TIOC2A I(s)/O — —
23 29 — Vss
24 30 K3 PB8 I(s)/O A8 o) TIOC2B Is)yo  — —

SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
PinNo. PinNo. PinNo. Symbol 110 Symbol 110 Symbol 1/0 Figure 1.3
— 16 Fi PWM2G o TXD6 o — — @)
— 17 —
— 18 H2 PWM2H o TxD7 o — — @)
16 19 —
17 20 H3 — — — — — — @)
18 21 —
— 22 G1 TIOCOA I(s)/O SIOFSCK I(s)/O — — @)
— 23 J3 TIOCOB I(s)/O SIOFSYNC I(s)/O — — @)
— 24 J2 TIOCoC I(s)/O SIOFTXD o) — — @)
19 25 H1 — — — — — — @)
20 26 K2 — — — — — — @)
21 27 —
22 28 J1 — — — — — — @)
23 29 —
24 30 K3 — — — — — — 7)
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Section 1 Overview

SH7268 Group, SH7269 Group

SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /0 Symbol /0 Symbol /0 Symbol /0
25 31 — Vce
26 32 K1 PB9 I(s)/O A9 (0] TIOC3A Is)y)Oo  — —
27 33 L1 PB10 I(s)/O A10 (¢] TIOC3B I(s)/O — —
28 34 L2 PB11 I(s)/O A1 (6] TIOC3C I(s)/O — —
29 35 M1 PB12 I(s)/O Al12 [¢] TIOC3D I(s)/O — —
— 36 L3 PJ19 I(s)/O DV_DATA19 I(s) LCD_DATA19 O MISO0 I(s)/O
_ 37 — PVce
— 38 M2 PJ20 I(s)/O DV_DATA20 I(s) LCD_DATA20 O LCD_TCON3 O
30 39 — Vss
31 40 N1 PB13 I(s)/O A13 (0] Qlo2_1 Is))o  — —
32 41 — Vce
— 42 N2 PJ21 I(s)/O DV_DATA21 I(s) LCD_DATA21 O LCD_TCON4
— 43 M3 PJ22 I(s)/O DV_DATA22 I(s) LCD_DATA22 O LCD_TCONS5
— 44 P1 PJ23 I(s)/O DV_DATA23 I(s) LCD_DATA23 O LCD_TCON6
33 45 p2 PB14 I(s)/O Al4 (0] QIO3_1 Is))o  — —

SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
PinNo. PinNo. PinNo. Symbol 110 Symbol 110 Symbol 1/0 Figure 1.3
25 31 —
26 32 K1 — — — — — — @)
27 33 L1 — — — — — — @)
28 34 L2 — — — — — — @)
29 35 M1 — — — — — — @)
— 36 L3 TIOCOD I(s)/O SIOFRxD I(s) AUDIO_XOUT (0] (7)
— 37 —
— 38 M2 IRQO I(s) CRx2 I(s) CRx0/CRx1/CRx2 I(s) (7)
30 39 —
31 40 N1 — — — — SPBIO2_1 I(s)/O (7)
32 41 —
— 42 N2 IRQ1 I(s) CTx2 [¢] CTx0&CTx1&CTx2 O (7)
— 43 M3 IRQ2 I(s) CRx1 I(s) CRXx0/CRx1 I(s) @)
— 44 P1 IRQ3 I(s) CTx1 o) CTx0&CTx1 o @)
33 45 P2 — — — — SPBIO3_1 I(s)/O (7)
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SH7268 Group, SH7269 Group

Section 1 Overview

SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /0 Symbol /0 Symbol /0 Symbol I[e]
34 46 R1 PB15 I(s)/O A15 o Ql02_0 Is)y)o — —
35 47 — PVce
36 48 R2 PB16 I(s)/O A16 o QIO3_0 I(s)/O — —
37 49 — Vss
38 50 T PB17 I(s)/O A17 (0] QSPCLK_0 (0] RSPCKO I(s)/O
39 51 — Vee
40 52 P3 PB18 I(s)/O A18 QSSL_0 o SSL00 I(s)/0
41 53 P4 PB19 I(s)/O A19 QMO_0/QI00_0 I(s)/O  MOSIO I(s)/0
42 54 T2 PB20 I(s)/O A20 QMI_0/QIO1_0 I(s))O  MISO0 I(s)/0
43 55 — Vss
44 56 R3 PB21 I(s)/O A21 (0] CRx2 I(s) IERXD I(s)
45 57 — Vce
46 58 U2 PB22 I(s)/O A22 CTx2 (0] IETxD (0]
47 59 T3 PCO I(s)/O CSo MD_BOOT2 I(s) — —
48 60 — PVce

SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
PinNo. PinNo. PinNo. Symbol 110 Symbol 110 Symbol 1/0 Figure 1.3
34 46 R1 — — — — SPBIO2_0 I(s)/O (7)
35 47 —
36 48 R2 — — — — SPBIO3_0 I(s)/O (7)
37 49 —
38 50 T1 — — — — SPBCLK o) @)
39 51 —
40 52 P3 — — — — SPBSSL o @)
41 53 P4 — — — — SPBMO_0/SPBIO0_0 I(s)/O @)
42 54 T2 — — — — SPBMI_0/SPBIO1_0 I(s)/O @)
43 55 —
44 56 R3 — — — — — — (7)
45 57 —
46 58 u2 Cs4 o — — — — @)
47 59 T3 — — — — — — @)
48 60 —
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Section 1 Overview

SH7268 Group, SH7269 Group

SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /0 Symbol /0 Symbol /0 Symbol I[e]
49 61 \"Al CKIO (¢] — — — — — —
50 62 — Vss
51 63 R4 PAO I(s)/O MD_BOOTO I(s) — — — —
52 64 — Vce
53 65 us PA1 I(s)/O MD_BOOT1 I(s) — — — —
— 66 Y2 PJ28 I(s)/O — — SSISCK5 I(s)/O — —
— 67 w3 PJ29 I(s)/O — — SSIWS5 Isyo  — —
— 68 V4 PJ30 I(s)/O — — SSIDATA5 Isyo  — —
— 69 Y3 PJ31 I(s)/O DV_CLK I(s) — — — —
54 70 w4 PEO I(s)/O(0) SCLO I(s)/O(0) TCLKA I(s) LCD_EXTCLK  I(s)
55 71 Vé PE1 I(s)/O(0) SDAO 1(s)/O(0) TCLKB I(s) AUDIO_CLK I(s)
56 72 Y4 PE2 I(s)/O(0) SCL1 1(s)/O(o) TCLKC I(s) 101S16 I(s)
57 73 V5 PE3 I(s)/O(0)  SDA1 I(s)/O(0)  TCLKD I(s) ADTRG I(s)
— 74 V7 PE4 I(s)/O(0)  SCL2 I(s)/O(0)  RxD4 I(s) DV_VSYNC  I(s)
— 75 w5 PE5 I(s)/O(0) SDA2 I(s)/O(0) RxD5 I(s) DV_HSYNC  I(s)

SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
Pin No. Pin No. Pin No. Symbol 110 Symbol 110 Symbol 1/0 Figure 1.3
49 61 V1 — — — — — — (5)
50 62 —
51 63 R4 — — — — — — (7)
52 64 —
53 65 us — — — — — — (7)
— 66 Y2 TIOC1B I(s)/O RTS7 I(s)/O — — (7)
— 67 w3 TIOC2A I(s)/O IERXD I(s) — — @)
— 68 V4 TIOC2B I(s)/O IETXD o) — — @)
— 69 Y3 — — — — — — @)
54 70 w4 — — — — — — 9)
55 71 V6 DV_CLK I(s) — — — _ ©)
56 72 Y4 DV_VSYNC I(s) — — — _ ©)
57 73 V5 DV_HSYNC I(s) — — — — (9)
— 74 v7 — — — — — — (9)
— 75 W5 — — — — — — 9)
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SH7268 Group, SH7269 Group

Section 1 Overview

SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /0 Symbol /0 Symbol /0 Symbol /0
— 76 W7 PE6 I(s)/O(0) SCL3 1(s)/O(0) RxD6 I(s) — —
— 77 u7 PE7 I(s)/O(0) SDA3 I(s)/O(0)  RxD7 I(s) — —
58 78 — PVce
59 79 v8 NMI I(s) — — — _ _ _
60 80 — Vss
61 81 we ASEMD I(s) — — — _ _ _
62 82 — Vee
63 83 ue PLLVce
64 84 Y5 EXTAL | — — — — — _
65 85 Y6 XTAL o — — — — — _
66 86 — PLLVss
67 87 — PLLVss
68 88 w9 RES I(s) — — — — — —
— 89 w8 RTC_X1 | — — — — — —
— 90 Y8 RTC_X2 o — — — — — _

SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
Pin No. Pin No. Pin No. Symbol 110 Symbol 110 Symbol 1/0 Figure 1.3
— 76 w7 — — — — — — (9)
— 77 u7 — — — — — — (9)
58 78 —
59 79 V8 — — — — — — (3)
60 80 —
61 81 W6 — — — — — — (1)
62 82 —
63 83 ue
64 84 Y5 — — — — — — (10)
65 85 Y6 — — — — — _
66 86 —
67 87 —
68 88 W9 — — — — — — (1)
— 89 w8 — — — — — — (11)
— 90 Y8 — — — — — _
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Section 1 Overview

SH7268 Group, SH7269 Group

SH7269 Function 1 Function 2 Function 3 Function 4
SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /0 Symbol /0 Symbol /0 Symbol /0
69 91 — USBDPVce
70 92 — USBDPVss
71 93 Y9 DM 110 — — — — — _
72 94 Y10 DP 110 — — — — — —
73 95 w10 VBUS | — — — — — —
74 96 — USBDVce
75 97 — USBDVss
76 98 uti REFRIN | — — — — — _
77 99 — USBAPVss
78 100 V11 USBAPVcc
79 101 V12 USBAVce
80 102 — USBAVss
81 103 — USBUVcce
82 104 — USBUVss
83 105 Y12 USB_X1 | — — — — — _
84 106 W12 USB_X2 o — — — — — _
SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
Pin No. Pin No. Pin No. Symbol 110 Symbol 110 Symbol 110 Figure 1.3
69 91 —
70 92 —
71 93 Y9 — — — — — _
72 94 Y10 — — — — — _
73 95 W10 — — — — — _
74 96 —
75 97 —
76 98 (VAR — — — — — —
77 99 —
78 100 Vi1
79 101 V12
80 102 —
81 103 —
82 104 —
83 105 Y2 — — — — _ _ (10)
84 106 W12 — — — — — —
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SH7268 Group, SH7269 Group

Section 1 Overview

SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /0 Symbol /0 Symbol /0 Symbol /0
85 107 — PVce
86 108 Y14 VIDEO_X1 | — — — — — _
87 109 W14 VIDEO_X2 (0] — — — — — —
88 110 — Vss
89 111 u13 VDAVce
90 112 u15 VDAVss
91 113 Y15 VIN1 I(a) — — — _ _ _
92 114 Y16 VIN2 I(a) — — — _ _ _
93 115 W15 VRT o — — — — — _
94 116 W13 VRB o — — — — — _
95 117 W16 BIAS o — — — — — —
96 118 Vi4 PHO I(s) ANO I(a) PINTO I(s) — —
97 119 V15 PH1 I(s) AN1 I(a) PINT1 I(s) — —
98 120 Y17 PH2 I(s) AN2 I(a) PINT2 I(s) — —

SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
Pin No. Pin No. Pin No. Symbol o Symbol /o Symbol Figure 1.3
85 107 —
86 108 Y14 — — — — — (10)
87 109 W14 — — — — —
88 110 —
89 111 u13
90 112 uU15
91 113 Y15 — — — — _
92 114 Y16 — — — — —
93 115 W15 — — — — _
94 116 W13 — — — — —
95 117 W16 — — — — —
96 118 Vi4 — — — — — (4)
97 119 V15— — — — _ @
98 120 Y17 — — — — — (4)
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Section 1 Overview

SH7268 Group, SH7269 Group

SH7269 Function 1 Function 2 Function 3 Function 4
SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /0 Symbol /0 Symbol I[e] Symbol /0
99 121 V17 PH3 I(s) AN3 I(a) PINT3 I(s) — —
100 122 V16 PH4 I(s) AN4 I(a) PINT4 I(s) — —
101 123 w17 PH5 I(s) AN5 I(a) PINT5 I(s) LCD_EXTCLK  I(s)
102 124 w18 AVss
— 125 u14 PH6 I(s) ANG I(a) PINT6 I(s) — —
103 126 Y18 AVce
— 127 u1e PH7 I(s) AN7 I(a) PINT?7 I(s) — —
104 128 Y19 AVref
105 129 V20 TRST I(s) — — — — — —
106 130 u19 ASEBRKAK/ASEBRK I(s)/O — — — — — —
107 131 u20 TDO (6] — — — — — —
108 132 T18 TDI | — — — — — —
109 133 R17 T™S | — — — — — —
110 134 T19 TCK | — — — — — —
111 135 — Vss
SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
Pin No. Pin No. Pin No. Symbol I[e] Symbol Symbol Figure 1.3
99 121 V17 — — — — (4)
100 122 V16 — — — — (4)
101 123 Wiz — — — — (4)
102 124 W18
— 125 [V — — — — (4)
103 126 Y18
— 127 ute — — — — @)
104 128 Y19
105 129 V20 — — — — (©)
106 130 U9 — — — — @)
107 131 U2  — — — — (6)
108 132 T18 — — — — (2)
109 133 R17  — — — — @)
110 134 T19 — — — _ )
111 135 —
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SH7269 Function 1 Function 2 Function 3 Function 4
SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /0 Symbol /0 Symbol /0 Symbol /0
112 136 R18 PGO I(s)/O D16 /10 LCD_DATAO (0] IRQO I(s)
113 137 — Vee
114 138 R19 PG1 I(s)/O D17 /10 LCD_DATA1 (0] IRQ1 I(s)
115 139 — Vss
116 140 P18 PG2 I(s)/O D18 110 LCD_DATA2 (0] IRQ2 I(s)
117 141 — PVce
118 142 T20 AUDIO_X2 o — — — — — _
119 143 R20 AUDIO_X1 | — — — — — —
120 144 — Vss
121 145 P17 PG3 I(s)/O D19 1/0 LCD_DATA3 O IRQ3 I(s)
122 146 — Vce
123 147 N18 PG4 I(s)/O D20 110 LCD_DATA4 (0] IRQ4 I(s)
124 148 P19 PG5 I(s)/O D21 110 LCD_DATA5 (0] IRQ5 I(s)
125 149 P20 PG6 I(s)/O D22 110 LCD_DATA6 (0] IRQ6 I(s)
126 150 M18 PG7 I(s)/O D23 1/0 LCD_DATA7 O IRQ7 I(s)
SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
Pin No. Pin No. Pin No. Symbol /0 Symbol 110 Symbol 110 Figure 1.3
112 136 R18 TIOCOA I(s)/O — — — — (8)
113 137 —
114 138 R19 TiOCoB I(s)/O — — — — (8)
115 139 —
116 140 P18 TIOCOC I(s)/O — — — — ®)
117 141 —
118 142 T20 — — — — — — (10)

119 143 R20  — — — — — —

120 144 —
121 145 P17 TIOCOD I(s)/0 — — — — ®)
122 146 —

123 147 Ni8  TIOC1A I(s)/O — - — _ ®)
124 148 P19 TIOCIB I(s)/O — - — _ ®)
125 149 P20 TIOC2A I(s)/O — - — _ ®)
126 150  M18  TIOC2B I(s)/O — - — _ ®)
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Section 1 Overview SH7268 Group, SH7269 Group

SH7269 Function 1 Function 2 Function 3 Function 4
SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /0 Symbol /0 Symbol /0 Symbol /0
— 151 N19 PJO I(s)/O DV_DATAO I(s) LCD_DATAO [¢] SD_CD_1 I(s)
_ 152 — PVce
— 153 N20 PJ1 I(s)/O DV_DATA1 I(s) LCD_DATAT1 [¢] SD_WP_1 I(s)
127 154 — Vss
128 155 L18 PG8 I(s)/O D24 1/0 LCD_DATA8 [¢] PINTO I(s)
129 156 — Vce
— 157 M19 PJ2 I(s)/O DV_DATA2 I(s) LCD_DATA2 O SD_D1_1 I(s)/O
— 158 M20 PJ3 I(s)/O DV_DATA3 I(s) LCD_DATA3 O SD_DO0_1 I(s)/O
— 159 L20 PJ4 I(s)/O DV_DATA4 I(s) LCD_DATA4 O SD_CLK_1 (0]
130 160 L19 PG9 I(s)/O D25 110 LCD_DATA9 O PINT1 I(s)
131 161 K20 PG10 I(s)/O D26 1/0 LCD_DATA10 O PINT2 I(s)
132 162 — PVce
133 163 K18 PG11 I(s)/O D27 1/0 LCD_DATA11 O PINT3 I(s)
134 164 — Vss
135 165 K19 PG12 I(s)/O D28 110 LCD_DATA12 O PINT4 I(s)
SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
Pin No. Pin No. Pin No. Symbol /0 Symbol 110 Symbol 110 Figure 1.3
— 151 N19 PWM1A (0] — — — — 7)
— 152 —
— 153 N20 PWM1B (0] — — — — (7)
127 154 —
128 155 L18 TIOC3A I(s)/O — — — — (8)
129 156 —
— 157 M19 PWM1C (0] — — — — (7)
— 158 M20 PWM1D (0] — — — — (7)
— 159 L20 PWM1E (0] — — — — (7)
130 160 L19 TIOC3B I(s)/O — — — — (8)
131 161 K20 TIOC3C I(s)/O — — — — (8)
132 162 —
133 163 K18 TIOC3D I(s)/O — — — — (8)
134 164 —
135 165 K19 — — — — — — (8)
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SH7268 Group, SH7269 Group

Section 1 Overview

SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol I/O Symbol /0 Symbol /0 Symbol /0
136 166 — Vce
137 167 J20 PG13 I(s)/O D29 /0 LCD_DATA13 O PINT5 I(s)
138 168 J19 PG14 I(s)/O D30 1/0 LCD_DATA14 O PINT6 I(s)
139 169 H20 PG15 I(s)/O D31 /0 LCD_DATA15 O PINT7 I(s)
140 170 H19 PG16 I(s)/O WE2/ICIORD/DQMUL [¢] LCD_DATA16 O — —
— 171 G20 PJ5 I(s)/O DV_DATA5 I(s) LCD_DATA5 O SD_CMD_1  I(s)/O
_ 172 — PVce
— 173 H18 PJ6 I(s)/O DV_DATA6 I(s) LCD_DATA6 O SD_D3_1 I(s)/O
141 174 — Vss
142 175 H17 PG17 I(s)/O WEB/ICIOWR/AH/DQMUU O LCD_DATA17 O — —
143 176 — Vce
— 177 G17 PJ7 I(s)/O DV_DATA7 I(s) LCD_DATA7 O SD_D2_1 I(s)/O
— 178 G19 PJ8 I(s)/O DV_DATA8 I(s) LCD_DATA8 O PINTO I(s)
— 179 F20 PJ9 I(s)/O DV_DATA9 I(s) LCD_DATA9 O PINT1 I(s)
144 180 G18 PG18 I(s)/O DV_DATA4 I(s) LCD_DATA18 O SPDIF_IN  I(s)

SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
Pin No. Pin No. Pin No. Symbol /0 Symbol 110 Symbol 110 Figure 1.3
136 166 —
137 167 J20 — — — — — — (8)
138 168 J19 — — — — — — (8)
139 169 Ho  — — — — — — (®)
140 170 H19  — — — — AUDATAO o) @)
— 171 G20  PWMIF o — - — _ )
— 172 —
— 173 H18 PWM1G o — — — — @)
141 174 —
142 175 H17 — — — — AUDATA1 o) @)
143 176 —
— 177 G17  PWMiH o) — — — — @)
— 178 G19  PWM2A o) CTS5 I(s)/O — — @)
— 179 F20 PWM2B o) RTS5 I(s)/O — — @)
144 180 G18 SCK4 I(s)/O — — — — 7)
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Section 1 Overview SH7268 Group, SH7269 Group

SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA

Pin No. PinNo. PinNo. Symbol /0 Symbol /0 Symbol /0 Symbol /0
145 181 F19 PG19 I(s)/O DV_DATA5 I(s) LCD_DATA19 O SPDIF_OUT [¢]
146 182 — PVce

147 183 E20 PG20 I(s)/O DV_DATA6 I(s) LCD_DATA20 O LCD_TCON3 O
148 184 — Vss

149 185 F17 PG21 I(s)/O DV_DATA7 I(s) LCD_DATA21 O LCD_TCON4 O
150 186 — Vce

151 187 F18 PG22 I(s)/O — — LCD_DATA22 O LCD_TCON5 O
152 188 E19 PG23 I(s)/O — — LCD_DATA23 O LCD_TCON6 O
153 189 D20 PG24 I(s)/O — — LCD_CLK (o} — —
154 190 E18 PG25 I(s)/O — — LCD_TCONO O — —
155 191 C20 PG26 I(s)/O — — LCD_TCON1 (0] — —
156 192 D19 PG27 I(s)/O — — LCD_TCON2 O LCD_EXTCLK I(s)
157 193 A18 PFO I(s)/O BREQ I(s) QSPCLK_1 [¢] RSPCK1 I(s)/O
158 194 — PVce

159 195 c17 PF1 I(s)/0 BACK o QSSL_1 o SSL10 I(s)/O

SH7269 Function 5 Function 6 Function 7 Simplified Circuit

SH7268 SH7269 BGA Diagram

Pin No. Pin No. Pin No. Symbol 110 Symbol 110 Symbol 110 Figure 1.3
145 181 F19  SCK5 I(s)/0 — — — _ @

146 182 —

147 183 E20 RxD4 I(s) — — — — 7)

148 184 —

149 185 F17 TxD4 o — — AUDATA2 o (7)

150 186 —

151 187 F18 RxD5 I(s) — — AUDSYNC o] (7)

152 188 E19 TxD5 [¢] — — AUDATA3 [¢] (7)

153 189 D20  — — — — — — @)

154 190 E18 — — — — — — (7)

155 191 c20  — — — — — — @)

156 192 D19 — — — — — — (7)

157 193 A18 TIOC4A I(s)/O DREQO I(s) AUDCK (0] (7)

158 194 —

159 195 Cc17  TIOC4B I(s)/O DACKO o) — — @)
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SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
PinNo.  PinNo. PinNo. Symbol [/[o] Symbol [/[o] Symbol [/[o] Symbol [/[o]
160 196 — Vss
161 197 c15 PF2 I(s)/0 WAIT I(s) QMO_1/QI00_1  I(s))O  MOSIA I(s)/0
162 198 A17 PF3 I(s)/O Ccs2 (0] QMI_1/QIO1_1 I(s))O  MISO1 I(s)/O
163 199 B16 PF4 I(s)/O CS5/CETA o SSISCKO I(s))O — —
164 200 B17 PF5 I(s)/O — — SSIWS0 Is))o  — —
165 201 D14 PF6 I(s)/O CE2A o SSITxDO o — —
166 202 A6 PF7 I(s)/O — — SSIRXDO I(s) — —
167 203 c16 PF8 I(s)/O A23 o — — — —
168 204 B15 PF9 I(s)/O BS o) — — DV_DATAO I(s)
169 205 — PVce
170 206 A15 PF10 I(s)/O CStT (0] SSISCK1 I(s))O  DV_DATA1 I(s)
171 207 — Vss
172 208 C14 PF11 I(s)/O — — SSIWS1 I(s))O  DV_DATA2 I(s)
173 209 D13 PF12 I(s)/O — — SSIDATA1 I(s))O  DV_DATA3 I(s)
174 210 B14 PF13 I(s)/O A24 o) SSISCK2 Is))o — —

SH7269 Function 5 Function 6 Function 7 Simplified
SH7268 SH7269 BGA Circuit Diagram
Pin No. Pin No. Pin No. Symbol /0 Symbol 110 Symbol 110 Figure 1.3
160 196 —
161 197 C15 TIOC4C I(s)/O TENDO [¢] SPBMO_1/SPBIOO0_1 [(s)/O @)
162 198 A17 TIOC4D I(s)/O AUDIO_XOUT [¢] SPBMI_1/SPBIO1_1 [(s)/O @)
163 199 B16 — — SGOUT_0 o) — — )
164 200 B17 — — SGOUT_1 o) — — )
165 201 D14 — — SGOUT_2 o) — — )
166 202 A16 RxDO I(s) SGOUT_3 (¢] CTST I(s)/O 7)
167 203 C16  TxDO o — — — — @)
168 204 B15 SCKO I(s)/O MMC_D4 I(s)/O RTST I(s)/O 7)
169 205 —
170 206 A15  SCK1 I(s)/O MMC_D5 I(s)/O — — @)
171 207 —
172 208 C14  RxD1 I(s) MMC_D6 I(s)/O — — 7)
173 209 D13 TxD1 o) MMC_D7 I(s)/O — — @)
174 210 B14  SCK2 I(s)/O — — — @)
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SH7268 Group, SH7269 Group

SH7269 Function 1 Function 2 Function 3 Function 4
SH7268 SH7269 BGA
PinNo.  PinNo. PinNo. Symbol [/[o] Symbol [/[o] Symbol [/[o] Symbol [/[o]
175 211 Al4 PF14 I(s)/O A25 SSIWS2 I(s))O — —
176 212 B13 PF15 I(s)/O A0 SSIDATA2 I(s))O WDTOVF [¢]
— 213 — PVce
— 214 C13 PJ10 I(s)/O DV_DATA10 I(s) LCD_DATA10 (0] PINT2 I(s)
_ 215 — Vss
177 216 A13 PF16 I(s)/O SD_CD_0 I(s) — — FCE o
178 217 A12 PF17 I(s)/O SD_WP_0 I(s) — — FRB I(s)
179 218 B12 PF18 I(s)/O SD_D1_0 I(s)/O SSISCK3 Is)y)o — —
— 219 c11 PJ11 I(s)/O DV_DATA11  I(s) LCD_DATA11 O PINT3 I(s)
— 220 A1 PJ12 I(s)/O DV_DATA12  I(s) LCD_DATA12 O PINT4 I(s)
— 221 B11 PJ13 I(s)/O DV_DATA13 I(s) LCD_DATA13 (0] PINT5 I(s)
180 222 — PVce
181 223 Cc12 PF19 I(s)/O SD_D0_0 I(s)/O SSIWS3 I(s))O — —
182 224 — Vss
183 225 A10 PF20 I(s)/O SD_CLK_0 o SSIDATA3 I(s))o — —
SH7269 Function 5 Function 6 Function 7 Simplified
SH7268 SH7269 BGA Circuit Diagram
Pin No. Pin No. Pin No. Symbol /0 Symbol /o Symbol 110 Figure 1.3
175 211 A14  RxD2 I(s) — — — @)
176 212 B13 TxD2 (0] UBCTRG o — (7)
— 213 —
— 214 C13  PWM2C o SCK5 I(s)/O — @)
— 215 —
177 216 A13  IRQ4 I(s) MMC_CD I(s) — @
178 217 A2 IRQ5 I(s) — — — @)
179 218 B12  IRQ6 I(s) MMC_D1 I(s)/O — @)
— 219 Ci1 PWM2D (0] SCK6 I(s)/O — (7)
— 220 A1l PWM2E o SCK7 I(s)/O — @)
— 221 B11  PWM2F o) TxD5 o) — @)
180 222 —
181 223 ci2  IRQ7 I(s) MMC_DO I(s)/O — @)
182 224 —
183 225 A0 — — MMC_CLK o) — @)
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Section 1 Overview

SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
PinNo.  PinNo. PinNo. Symbol [/[o] Symbol [/[o] Symbol [/[o] Symbol [/[o]
184 226 — Vce
185 227 B10 PF21 I(s)/O SD_CMD_0 I(s)/O — — — —
186 228 A9 PF22 I(s)/O SD_D3_0 I(s)/O — — — —
187 229 D9 PF23 I(s)/O SD_D2_0 I(s)/O — — — —
188 230 B9 PDO /0 DO 1/0 — — PWM1A (0]
— 231 — PVce
— 232 A8 PJ24 I(s)/O SGOUT_0 (0] SSISCK4 I(s))O  LCD_TCON3 0]
— 233 — Vss
189 234 C9 PD1 110 D1 110 — — PWM1B (0]
190 235 B8 PD2 110 D2 110 — — PWM1C (0]
191 236 A7 PD3 110 D3 1/0 — — PWM1D (0]
— 237 B7 PJ25 I(s)/O SGOUT_1 SSIws4 I(s))O LCD_TCON4 6}
— 238 c8 PJ26 I(s)/O SGOUT_2 SSIDATA4 I(s))O  LCD_TCON5 o
— 239 A6 PJ27 I(s)/O SGOUT_3 — — — —
192 240 — PVce

SH7269 Function 5 Function 6 Function 7 Simplified
SH7268 SH7269 BGA Circuit Diagram
Pin No. Pin No. Pin No. Symbol /0 Symbol 110 Symbol 110 Figure 1.3
184 226 —
185 227 B10 SCK3 (0] MMC_CMD I(s)/O — — (7)
186 228 A9 RxD3 I(s) MMC_D3 I(s)/O — — (7)
187 229 D9 TxD3 I(s)/O MMC_D2 I(s)/O — — (7)
188 230 B9 — — — — — (6)
— 231 —
— 232 A8 SPDIF_IN I(s) SCK7 I(s)/O — — @)
— 233 —
189 234 C9 — — — — — — (6)
190 235 B8 — — — — — (6)
191 236 A7 — — — — — (6)
— 237 B7 SPDIF_OUT o RxD7 I(s) — — @)
— 238 C8 — — TxD7 (0] — — (7)
— 239 A6 TIOC1A I(s)/O CTS7 I(s)/O — — (7)
192 240 —
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SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
PinNo.  PinNo. PinNo. Symbol [/[o] Symbol [/[o] Symbol [/[o] Symbol [/[o]
193 241 — Vss
194 242 B6 PD4 110 D4 110 FRE (0] PWM1E (0]
195 243 D8 PD5 110 D5 1/0 FCLE (0] PWM1F (0]
196 244 Cc7 PD6 110 D6 1/0 FALE (0] PWM1G (0]
197 245 A5 PD7 110 D7 1/0 FWE (0] PWM1H (0]
198 246 B5 PD8 /0 D8 110 NAFO 1/0 PWM2A (0]
199 247 C5 PD9 110 D9 l[e} NAF1 110 PWM2B (0]
200 248 D7 PD10 110 D10 l[e} NAF2 110 PWM2C (0]
201 249 A4 PD11 110 D11 110 NAF3 l[e} PWM2D (0]
202 250 — PVce
203 251 C6 PD12 110 D12 110 NAF4 1/0 PWM2E (0]
204 252 — Vss
205 253 C4 PD13 /0 D13 110 NAF5 1/0 PWM2F
206 254 B4 PD14 110 D14 110 NAF6 1/0 PWM2G
207 255 A3 PD15 110 D15 110 NAF7 l[e} PWM2H
208 256 B3 MD_CLKO I(s) — — — — — —

SH7269 Function 5 Function 6 Function 7 Simplified
SH7268 SH7269 BGA Circuit Diagram
Pin No. Pin No. Pin No. Symbol /0 Symbol 110 Symbol 110 Figure 1.3
193 241 —
194 242 B6 — — — — — — (6)
195 243 D8 — — — — — — (6)
196 244 c7 — — — — — — )
197 245 A5 — — — — — — (6)
198 246 B5 — — — — — — (6)
199 247 C5 — — — — — — (6)
200 248 D7 — — — — — — (6)
201 249 A4 — — — — — — (6)
202 250 —
203 251 C6 — — — — — — (6)
204 252 —
205 253 C4 — — — — — — (6)
206 254 B4 — — — — — — (6)
207 255 A3 — — — — — — (6)
208 256 B3 — — — — — — 1)
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[Legend]

(s): Schmitt
(a): Analog

(0): Open drain

Note: Pins to which the PVcc, Vcc, and Vss functions can be allocated on SH7269 (BGA) Group products are listed below.
PVcc: A19,B1,B18, C2,D2,D3,D11, D12, D15, D16, E4, J17, J18, N3, N4, T17, U18, V19, W20, Y11
Vee:  A2,B20, C19, D5, D6, D18, E17, H4, J4, M17, N17, T4, U3, U10, V2, V10, W1
Vss: A1, A20, B2, B19, C3, C10, C18, D4, D10, D17, J9, J10, J11, J12, K4, K9, K10, K11, K12, K17, L4, L9, L10,
L11,L12, L17, M4, M9, M10, M11, M12, U1, U4, U8, U9, U12, U17, V3, V9, V13, V18, W2, W11, W19, Y1,
Y7,Y13, Y20

PAD

—b— Schmitt input data

Figure 1.3 (1) Simplified Circuit Diagram (Schmitt Input Buffer)

PAD

Schmitt input data

Schmitt input enable

Figure 1.3 (2) Simplified Circuit Diagram (TTL AND Input Buffer)

PAD

Schmitt input data

Schmitt input enable

Figure 1.3 (3) Simplified Circuit Diagram (Schmitt AND Input Buffer)
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A/D analog input enable

PAD

i [ 1
A/D analog input data 1 I

1

Schmitt input data 4@

Schmitt input enable

Figure 1.3 (4) Simplified Circuit Diagram (Schmitt OR Input and A/D Input Buffer)

Latch enable

Output enable

| PAD

Output data

Figure 1.3 (5) Simplified Circuit Diagram (Output Buffer with Enable, with Latch)

Latch enable

Output enable
| \I PAD

Output data

TTL input data 4C
TTL input enable _|

Figure 1.3 (6) Simplified Circuit Diagram (Bidirectional Buffer,
TTL AND Input, with Latch)
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Latch enable

Output enable
| \ PAD

Qutput data

Schmitt input data 4<I
Schmitt input enable _|

Figure 1.3 (7) Simplified Circuit Diagram (Bidirectional Buffer, Schmitt AND Input,
with Latch)

Latch enable

Output enable

PAD

Output data

TTL input data

L

TTL input enable

Q

Schmitt input data

Schmitt input enable _|

Figure 1.3 (8) Simplified Circuit Diagram (Bidirectional Buffer,
TTL AND Input, Schmitt AND Input, with Latch)
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PAD

Output data

Schmitt input data —QT

Schmitt input enable

Figure 1.3 (9) Simplified Circuit Diagram (Open Drain Output and
Schmitt OR Input Buffer)

XIN g -

(EXTAL, AUDIO_X1, USB_X1)

XOUuT |Z o ot {bc Input clock
(XTAL, AUDIO_X2, USB_X2)
b "

Input enable

Figure 1.3 (10) Simplified Circuit Diagram (Oscillation Buffer 1)
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XOUT " o
(RTC_X2) g :)O— Input clock

XIN
(RTC_X1) -

Input enable

Figure 1.3 (11) Simplified Circuit Diagram (Oscillation Buffer 2)
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Section 2 CPU

21 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*1
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 9876 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

| 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

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

I o
us)
X
us)
us)
us)
X

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CJelew] -1 -] -Jwlol —wo [ T Js]]
Initial value: 0 0 0 0 0 0 - - 1 1 1 1 0 0 - -

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

uy)
2
)
E
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Bit Bit Name Initial Value R/W Description

31to15 — AllO R Reserved

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

14 BO 0 R/W BO Bit
Indicates that a register bank has overflowed.
13 CS 0 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.

12t010 — AllO R Reserved

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

M — R/W M Bit
Q — R/W Q Bit
Used by the DIV0S, DIVOU, and DIV1 instructions.
7104 1[3:0] 1111 R/W Interrupt Mask Level
3,2 — All O R Reserved

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

1 S — R/W S Bit
Specifies a saturation operation for a MAC
instruction.

0 T — R/W T Bit

True/false condition or carry/borrow bit

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

VBR is referenced as the branch destination base address 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.
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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.
Ll 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.

(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.
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2.14 Register Banks

For the nineteen 32-bit registers comprising general registers RO 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 7.8,
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 1[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 23 15 7 0
Byte | Byte Byte | Byte
Address 2n —» Word Word

Address 4n —» Longword

Big endian

Figure 2.5 Data Formats in Memory
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2.23 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

2.3.1 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

SH2-A 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.

(5) Load-Store Architecture

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

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

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

Table 2.3  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.

(9) TBit

The T bit in the status register (SR) changes according to the result of the comparison. Whether a
conditional branch is taken or not taken depends upon the T bit condition (true/false). The number
of instructions that change the T bit is kept to a minimum to improve the processing speed.
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Table 2.4 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,R0 MOV.B #H'12,R0

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

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

28-bit immediate MOVIZ20S #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.

Page 66 of 3088 RO1UH0048EJ0200 Rev. 2.00

RENESAS Sep 26, 2012



SH7268 Group, SH7269 Group Section2 CPU

(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 MOVIZ20 #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,R0

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

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

Rn —1/2/4

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

disp
(zero-extended)

GBR
+ disp x 1/2/4
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Indexed GBR  @(R0, GBR) The effective address is the sum of GBR value GBR + RO
indirect and RO.
TBR duplicate ee The effective address is the sum of TBR value Contents of
indirect with (disp:8, and an 8-bit displacement (disp). The value of address (TBR
displacement TBR) 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, The effective address is the sum of PC value and Word:
displacement PC) an 8-bit displacement (disp). The value of dispis PC + disp x 2

zero-extended, and is doubled for a word Longword:
operation, and quadrupled for a longword PC &
operation. For a longword operation, the lowest  {'FEFFFFFC +
two bits of the PC value are masked. disp x 4

(for longword)

PC + disp x 2

or
PC & H'FFFFFFFC
+ disp x 4

disp
(zero-extended)
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Instruction
Format

Addressing
Mode

Effective Address Calculation Equation

PC relative disp:8

The effective address is the sum of PC value and
the value that is obtained by doubling the sign-
extended 8-bit displacement (disp).

PC + disp x 2

disp
(sign-extended)

PC + disp x 2

disp:12

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

PC + disp x 2

disp
(sign-extended)

PC + disp x 2

Rn

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

Rn.

®
ROTUHO0048EJ0200 Rev. 2.00 Page 71 of 3088
Sep 26, 2012 RENESAS



Section2 CPU SH7268 Group, SH7269 Group

Addressing Instruction
Mode Format Effective Address Calculation Equation
Immediate #imm:20 The 20-bit immediate data (imm) for the MOVI20 —

instruction is sign-extended.
31 19 ]

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 20bits)
t

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:

e xxxx: Instruction code

e mmmm: Source register

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 0 direct

| XXXX | nnnn | KXXX XXXXl

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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Source Destination
Instruction Formats Operand Operand Example
m format mmmm: Register Control register or  LDC Rm, SR
15 0 direct system register
[oo0e | momn | sooc 000 | mmmm: Register  Control register or  LDC.L @Rm+, SR
indirect with post-  system register
increment
mmmm: Register — JMP @Rm
indirect
mmmm: Register RO (Register direct) MOV.L @-Rm, RO
indirect with pre-
decrement
mmmm: PC relative — BRAF Rm
using Rm
nm format mmmm: Register nnnn: Register ADD Rm, Rn
direct direct
| XXXX' nonn | v | oo | mmmm: Register  nnnn: Register MOV.L Rm,@Rn
direct indirect
mmmm: Register MACH, MACL MAC.W @Rm+,@Rn+
indirect with post-
increment (multiply-
and-accumulate)
nnnn*: Register
indirect with post-
increment (multiply-
and-accumulate)
mmmm: Register nnnn: Register MOV.L @Rm+,Rn
indirect with post-  direct
increment
mmmm: Register nnnn: Register MOV.L Rm,@-Rn
direct indirect with pre-
decrement
mmmm: Register nnnn: Indexed MOV.L

direct register indirect Rm, @ (RO, Rn)
md format mmmmdddd: RO (Register direct) MOV.B
15 0 Register indirect @(disp,Rm),RO
| 000 000¢ | mmmn | adad | with displacement
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Source Destination
Instruction Formats Operand Operand Example
nd4 format RO (Register direct) nnnndddd: MOV .B

15

| KXXX XKXX | nnnn | dddd |

Register indirect
with displacement

RO,@(disp,Rn)

nmd format

1
| KXXX | nnnn | mmmm | dddd |

mmmm: Register nnnndddd: Register
direct indirect with
displacement

MOV.L
Rm, @ (disp, Rn)

mmmmdddd: nnnn: Register
Register indirect direct
with displacement

MOV.L
@(disp,Rm) ,Rn

nmd12 format
32 16

| XXXX| nnnn | mmmm | XXXX |

15 0
| xxxx| dddd dddd dddd |

mmmm: Register nnnndddd: Register
direct indirect with
displacement

MOV.L
Rm, @ (displ2,Rn)

mmmmdddd: nnnn: Register
Register indirect direct
with displacement

MOV.L
@(displ2,Rm) ,Rn

d format

15 0
| XXXX XXXX | dddd dddd |

dddddddd: GBR RO (Register direct)
indirect with
displacement

MOV.L
@(disp,GBR) ,RO

RO (Register direct) dddddddd: GBR MOV.L
indirect with RO, @ (disp, GBR)
displacement
dddddddd: PC RO (Register direct) MovA
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 +
|xxxx| dddd dddd dddd| PC)
nd8 format dddddddd: PC nnnn: Register MOV.L
15 0 relative with direct @(disp,PC),Rn
| so00c | nonn | adaa aaad] displacement
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Source Destination
Instruction Formats Operand Operand Example
i format iiiiiiii: Immediate Indexed GBR AND.B
15 indirect #imm, @ (RO, GBR)
[ REEEREEE iiiiiiii: Immediate RO (Register direct) AND #imm, RO
iiiiiiii: Immediate — TRAPA #imm
ni format iiiiiiii: Immediate nnnn: Register direct ADD #imm, Rn
15
| XXXX | nnnn | iiii diidi |
ni3 format nnnn: Register direct — BLD #imm3, Rn
15 iii: Immediate
| KXKXKX XXXX | nnnn |x| iii| . . |
— nnnn: Register direct BST #imm3,Rn
iii: Immediate
ni20 format iiiiifiiiiiiiiiii: nnnn: Register direct MOVI20
32 Immediate #imm20, Rn
| xxxx| nnnn| iiii | KXXX |
15 0
[1i1i 1483 8348 1idd |
nid format nnnndddddddddddd: — BLD.B

16

| xxxx| nnnn| xiii | XXXX |

15 0
| xxxx| dddd dddd dddd |

Register indirect with
displacement

iii: Immediate

#imm3,@(displ2,Rn)

nnnndddddddddddd: BsT.B

Register indirect with #imm3, e (disp12,Rn)
displacement

iii: Immediate

Note: * In multiply-and-accumulate instructions, nnnn is the source register.
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2.4 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
Classification Types Code

Function

No. of
Instructions

Data transfer 13 MOV

Data transfer

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

62
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Operation No. of
Classification Types Code Function Instructions
Arithmetic 26 ADD Binary addition 40
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

CLIPS Signed saturation value comparison

CLIPU Unsigned saturation value comparison

DIVS Signed division (32 + 32)

DIVU Unsigned division (32 + 32)

DIVA One-step division

DIVOS Initialization of signed one-step division

DIVoU Initialization of unsigned one-step division

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-precision

multiply-and-accumulate operation

MUL Double-precision multiply operation

MULR Signed multiplication with result storage in Rn

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SuUB Binary subtraction

SUBC Binary subtraction with borrow

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

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

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

ROTR One-bit right rotation
ROTCL One-bit left rotation with T bit
ROTCR One-bit right rotation with T bit

SHAD Dynamic arithmetic shift

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLD Dynamic logical shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift

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 14 CLRT T bit clear 36
control CLRMAC  MAC register clear
LDBANK  Register restoration from specified register
bank entry
LDC Load to control register
LDS Load to system register
NOP No operation
RESBANK Register restoration from register bank
RTE Return from exception handling
SETT T bit set
SLEEP Transition to power-down mode
STBANK  Register save to specified register bank entry
STC Store control register data
STS Store system register data
TRAPA Trap exception handling
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 O
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

Page 80 of 3088

RO1UH0048EJ0200 Rev. 2.00

RENESAS Sep 26, 2012



SH7268 Group, SH7269 Group Section2 CPU

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
i(r31:tl-rjuctions STS Store from floating-point system register
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.

[Legend]

Rm: Source register
Rn:  Destination register
imm: Immediate data

disp: Displacement**

Indicated in MSB <
LSB order.

[Legend]
mmmm: Source register

nnnn: Destination register
0000: RO
0001: R1

1111: R15
fiii: Immediate data

dddd: Displacement

Value when no
wait states are
inserted.*'

Indicates summary of
operation.

[Legend]

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

&: Logical AND of each bit
|: 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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24.2

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 11l0nnnniiiiiiii 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),R0O 10000100mmmmdddd (disp + Rm) — sign extension 1 — Yes Yes Yes
— RO
MOV.W  @(disp,Rm),R0  10000101lmmmmdddd (disp x 2 + Rm) — 1 — Yes Yes  Yes
sign extension — RO
MOV.L @(disp,Rm),Rn 0101lnnnnmmmmdddd (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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C tibilit
Execu- ompatibility
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 @(R0,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,R0 0100mmmm11001011 Rm-1 - Rm, (Rm) —> 1 — Yes
sign extension —» RO
MOV.W @-Rm,R0 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  Rm,@(disp12,Rn) 001llnnnnmmmm0001 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,Rm),Rn  0011lnnnnmmmm0o001 (disp + Rm) — 1 — Yes
0100ddddddddddad Sign extension — Rn
MOV.W  @(disp12,Rm),Rn 001lnnnnmmmm0001 (disp x 2 + Rm) — 1 — Yes

0101dddddddddddd

sign extension — Rn
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C tibilit
Execu- ompatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV.L @(disp12,Rm),Rn  0011nnnnmmmm0001 (disp x 4 + Rm) - Rn 1 Yes
0110dddddddddddd
MOVA @(disp,PC),R0 11000111dddddddd disp x 4 + PC — RO 1 Yes Yes Yes
MOVI20 #imm20,Rn 0000nnnniiii0000 imm — sign extension > Rn 1 Yes
iiiiiiidiididiidiii
MOQOVI20S #imm20,Rn 0000nnnniiiio0o01l imm << 8 — sign extension 1 Yes
iiiiiiiididiiiidiii 7 Rn
MOVML.L Rm,@-R15 0100mmmm11110001 R15-4 - R15, Rm — (R15) 1to 16 Yes
R15-4 — R15, Rm-1 — (R15)
R15-4 - R15, R0 — (R15)
Note: When Rm = R15, read
Rm as PR
MOVML.L @R15+,Rn 0100nnnn11110101 (R15) > R0O,R15+4 —->R15 1t0o16 Yes
(R15) > R1,R15+4 —» R15
(R15) » Rn
Note: When Rn = R15, read
Rn as PR
MOVMU.L Rm,@-R15 0100mmmm11110000 R15-4 - R15, PR — (R15) 1t0 16 Yes
R15-4 - R15, R14 — (R15)
R15-4 - R15, Rm — (R15)
Note: When Rm = R15, read
Rm as PR
MOVMU.L @R15+,Rn 0100nnnn11110100 (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
R0O1UHO0048EJ0200 Rev. 2.00 Page 85 of 3088
Sep 26, 2012 RENESAS



Section2 CPU

SH7268 Group, SH7269 Group

Compatibilit
Execu- P v
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOVU.B @(disp12,Rm),Rn 001llnnnnmmmmo00l (disp + Rm) — 1 — Yes
1000dddddddddddd Zero extension — Rn
MOVU.W @(disp12,Rm),Rn 0011nnnnmmmm0001 (disp x 2 + Rm) —» 1 — Yes
1001dddddddddddad Zero extension — Rn
NOTT 0000000001101000 ~T—>T 1 Oper- Yes
ation
result
PREF @Rn 0000nnnn10000011 (Rn) — operand cache 1 — Yes  Yes
SWAP.B Rm,Rn 0110nnnnmmmm1000 Rm — swap lower 2 bytes —» 1 — Yes Yes Yes
Rn
SWAP.W Rm,Rn 0ll0nnnnmmmm1001 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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Arithmetic Operation Instructions

Table 2.12 Arithmetic Operation Instructions

Compatibilit
Execu- P v
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ADD Rm,Rn 0011nnnnmmmml100 Rn + Rm — Rn 1 Yes Yes Yes
ADD #imm,Rn 0lllnnnniiiiiiii Rn +imm — Rn 1 — Yes Yes Yes
ADDC Rm,Rn 001lnnnnmmmm1110 Rn+Rm+T —>Rn,carry > T 1 Carry Yes Yes Yes
ADDV Rm,Rn 001llnnnnmmmml1111 Rn + Rm — Rn, overflow - T 1 Over- Yes Yes Yes
flow
CMP/EQ #imm,R0 10001000iiiiiiii WhenRO=imm,1—>T 1 Com- Yes Yes Yes
Otherwise, 0 - T parison
result
CMP/EQ Rm,Rn 0011nnnnmmmm0000 When Rn=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
1T parison
Otherwise, 0 > T result
CMP/HI  Rm,Rn 0011lnnnnmmmm0110  When Rn > Rm (unsigned), 1 Com- Yes Yes Yes
1T parison
Otherwise, 0 - T result
CMP/GT Rm,Rn 001lnnnnmmmm0111  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
1T parison
Otherwise, 0 - T result
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Execu- ompatibility
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
DIVA1 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
MSB of Rm > M,MAQ > T lation
result
DIVoU 0000000000011001 0 — M/Q/T 1 0 Yes Yes Yes
DIVS RO,Rn 0100nnnn10010100  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 Rm,Rn 001lnnnnmmmml1101  Signed operation of Rn x Rm 2 — Yes Yes Yes
— MACH, MACL
32 x 32 — 64 bits
DMULU.L Rm,Rn 0011lnnnnmmmm0101  Unsigned operation of Rn x 2 — Yes Yes Yes
Rm — MACH, MACL
32 x 32 — 64 bits
DT Rn 0100nnnn00010000 Rn-1->Rn 1 Compa Yes Yes Yes
WhenRnis0,1 > T -rison
When Rnisnot0,0 > T result
EXTS.B  Rm,Rn 0110nnnnmmmml110 Bytein Rmis 1 — Yes Yes Yes
sign-extended — Rn
EXTS.W Rm,Rn 0110nnnnmmmm1111  Word in Rm is 1 — Yes Yes Yes
sign-extended — Rn
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Compatibilit
Execu- P 4
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
EXTU.B Rm,Rn 0110nnnnmmmml1100 Bytein Rmis 1 — Yes Yes Yes
zero-extended — Rn
EXTUW Rm,Rn 0110nnnnmmmm1101  Word in Rm is 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 0100nnnn10000000 RO xRn— Rn 2 Yes
32 x 32 — 32 bits
MULS.W Rm,Rn 0010nnnnmmmm1111l  Signed operation of Rn x Rm 1 — Yes Yes Yes
— MACL
16 x 16 — 32 bits
MULU.W Rm,Rn 0010nnnnmmmm1110  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 VYes
flow
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Table 2.13 Logic Operation Instructions

Logic Operation Instructions

C tibilit
Execu- ompatibility
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,R0O 1100100%iiiiiiii RO & imm — RO 1 — Yes Yes Yes
AND.B #imm,@(R0,GBR) 1100110%1iiiiiiii (RO+ GBR)&imm — 3 — Yes Yes Yes
(RO + GBR)
NOT Rm,Rn 0110nnnnnmmmmO0111 ~Rm — Rn 1 — Yes Yes Yes
OR Rm,Rn 0010nnnnmmmiL011  Rn|Rm — Rn 1 — Yes Yes Yes
OR #imm,R0O 1100101%iiiiiiii RO | imm — RO 1 — Yes Yes Yes
OR.B #imm,@(R0O,GBR)  1100111liiiiiiii (RO+ GBR)|imm — 3 — Yes Yes Yes
(RO + GBR)
TAS.B @Rn 0100nnnn00011011 When (Rn)is0,1 > T 3 Test Yes  Yes Yes
Otherwise, 0 — T, result
1 — MSB of(Rn)
TST Rm,Rn 0010nnnnmmm1000 Rn & Rm 1 Test Yes Yes Yes
When the resultis 0,1 > T result
Otherwise, 0 > T
TST #imm,R0O 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 0010nnnnmMmmMm1010 Rn~ARm — Rn 1 — Yes Yes Yes
XOR #imm,R0O 11001010iiiiiiii RO A imm — RO 1 — Yes Yes Yes
XOR.B #imm,@(R0,GBR) 11001110iiiiiiii (RO+ GBR)~imm — 3 — Yes Yes Yes
(RO + GBR)
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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« RneT 1 MSB Yes Yes Yes
ROTCR Rn 0100nnnn00100101 T->Rn->T 1 LSB Yes Yes Yes
SHAD Rm,Rn 0100nnnnmMmMT.100 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 0100nnnnmmmi101 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

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 201

2

RENESAS

Page 91 of 3088



Section2 CPU

SH7268 Group, SH7269 Group

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 x2 + 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 0000mmMMD0100011  Delayed branch, 2 — Yes Yes Yes
Rm + PC —» PC
BSR label 1011dddddddddddd  Delayed branch, PC — PR, 2 — Yes Yes Yes
dispx2+PC — PC
BSRF Rm 0000mMMMD0000011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm + PC » PC
JMP @Rm 0100mmmMD0101011  Delayed branch, Rm — PC 2 — Yes Yes Yes
JSR @Rm 0100mmmMD0001011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm —» PC
JSR/N @Rm 0100mmmOD1001011 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 0000mmMmMOD1111011 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 0T 1 0 Yes Yes Yes
CLRMAC 0000000000101000 0 — MACH,MACL 1 — Yes Yes Yes
LDBANK @Rm,R0 0100nmmmmL1100101  (Specified register bank entry) 6 — Yes
— RO
LDC Rm,SR 0100mmMmMD0001110 Rm — SR 3 LSB Yes Yes Yes
LDC Rm,TBR 0100mmmD1001010 Rm — TBR 1 — Yes
LDC Rm,GBR 0100nmmmD0011110 Rm — GBR 1 — Yes Yes Yes
LDC Rm,VBR 0100nmmMmMD0101110 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 0100mmmD0010111  (Rm) -» GBR, Rm+4 - Rm 1 — Yes Yes Yes
LDC.L @Rm+,VBR 0100mmmD0100111 (Rm) -» VBR,Rm+4 —->Rm 1 — Yes Yes Yes
LDS Rm,MACH 0100mmMmMD0001010 Rm — MACH 1 — Yes Yes Yes
LDS Rm,MACL 0100mmmMD0011010 Rm — MACL 1 — Yes Yes Yes
LDS Rm,PR 0100mmmMD0101010 Rm — PR 1 — Yes Yes Yes
LDS.L @Rm+,MACH  0100mmmD0000110 (Rm) - MACH, Rm + 4 - Rm 1 — Yes Yes Yes
LDS.L @Rm+,MACL 0100mmmMD0010110 (Rm) -» MACL, Rm + 4 - Rm 1 — Yes Yes Yes
LDS.L @Rm+,PR 0100nmMmMD0100110  (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, 6 — Yes Yes Yes
stack area —» PC/SR
SETT 0000000000011000 15T 1 1 Yes Yes Yes
SLEEP 0000000000011011  Sleep 5 — Yes Yes Yes
STBANK RO,@Rn 0100nnnn11100001 RO —» 7 — Yes
(specified register bank entry)
STC SR,Rn 0000nnnNn00000010 SR — Rn 2 — Yes Yes Yes
STC TBR,Rn 0000nnnNn01001010 TBR — Rn 1 — Yes
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tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
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 11000022iiiiiiii 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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2.4.8 Floating-Point Operation Instructions
Table 2.17 Floating-Point Operation Instructions
Compatibility
Execu- SH-2A/
tion SH2A-

Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FABS FRn 1111nnnn01011101 |FRn| — FRn 1 — Yes Yes Yes
FABS DRn 1111nnn001011101 |DRn| — DRn 1 — Yes Yes
FADD FRm, FRn 1111nnnnnmmmmD000 FRn + FRm — FRn 1 — Yes Yes Yes
FADD DRm, DRn 1111nnnOmMmmD0000 DRn + DRm — DRn 6 — Yes Yes
FCMP/EQ FRm, FRn 1111nnnnmmmD100 (FRn=FRm)? 1.0 > T 1 Com-  Yes Yes Yes

parison

result
FCMP/EQ DRm, DRn 1111nnnOmmD0100 (DRn=DRmM)? 1.0 > T 2 Com- Yes Yes

parison

result
FCMP/GT FRm, FRn 1111nnnnmmm0101 (FRn>FRm)? 1:0 > T 1 Com-  Yes Yes Yes

parison

result
FCMP/GT DRm, DRn 1111nnnOnmMD0101 (DRn>DRmM)? 1.0 > T 2 Com- Yes Yes

parison

result
FCNVDS DRm, FPUL 1111nmm®D10111101 (float) DRm — FPUL 2 — Yes Yes
FCNVSD FPUL, DRn 1111nnn010101101 (double) FPUL - DRn 2 — Yes Yes
FDIV FRm, FRn 1111nnnnmmmm0011 FRn/FRm — FRn 10 — Yes Yes Yes
FDIV DRm, DRn 1111nnnOmMmD0011 DRn/DRm — DRn 23 — Yes Yes
FLDIO FRn 1111nnnn10001101 0 x 00000000 — FRn 1 — Yes Yes Yes
FLDI1 FRn 1111nnnn10011101 0 x 3F800000 — FRn 1 — Yes Yes Yes
FLDS FRm, FPUL 1111nmmmmD0011101 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 1111nnnnmmmi110 FRO x FRm+FRn — 1 — Yes Yes Yes

FRn

FMOV FRm, FRn 1111nnnnmmm100 FRm — FRn 1 — Yes Yes Yes
FMOV DRm, DRn 1111nnnOmMmD1100 DRm — DRn 2 — Yes Yes
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Compatibility
Execu- SH-2A/
tion SH2A-

Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FMOV.S @(RO, Rm), FRn 111InnnnmmmD110 (RO + Rm) > FRn 1 — Yes Yes Yes
FMOV.D @(RO, Rm),DRn  1111nnnOmmm®D110 (RO + Rm) — DRn 2 — Yes Yes
FMOV.S @Rm+, FRn 1111nnnnmmmmi001 (Rm) - FRn, Rm+=4 1 — Yes Yes Yes
FMOV.D @Rm+, DRn 1111nnnOmmm1001 (Rm) »> DRn,Rm +=8 2 — Yes Yes
FMOV.S @Rm, FRn 1111nnnnmmmi000 (Rm) - FRn 1 — Yes Yes Yes
FMOV.D @Rm, DRn 1111nnnOmMmm1000 (Rm) - DRn 2 — Yes Yes
FMOV.S @(disp12,Rm),FRn 0011nnnnmmmD001 (disp x4+ Rm) > FRn 1 — Yes

0111dddddddddddd
FMOV.D @(disp12,Rm),DRn 0011nnnOmmmD001 (disp x 8 + Rm) > DRn 2 — Yes

0111dddddddddddd
FMOV.S FRm, @(R0,Rn) 1111nnnnmmmmD111 FRm — (RO + Rn) 1 — Yes Yes Yes
FMOV.D DRm, @(RO,Rn) 111Innnnnm©D0111 DRm — (RO + Rn) 2 — Yes Yes
FMOV.S FRm, @-Rn 1111nnnnmmmmil011 Rn-=4, FRm — (Rn) 1 — Yes Yes Yes
FMOV.D DRm, @-Rn 1111nnnnmm01011 Rn-=8, DRm — (Rn) 2 — Yes Yes
FMOV.S FRm, @Rn 111Innnnmmm1010 FRm — (Rn) 1 — Yes Yes Yes
FMOV.D DRm, @Rn 1111nnnnmmD1010 DRm — (Rn) 2 — Yes Yes
FMOV.S FRm, 0011nnnnmmmD001 FRm — (disp x 4 + Rn) 1 — Yes
@(disp12,Rn) 0011dddddddddddd
FMOV.D DRm, 0011nnnnnmmD0001 DRm — (dispx 8 + Rn) 2 — Yes
@(disp12,Rn) 0011dddddddddddd
FMUL FRm, FRn 1111nnnnnmmmmD010 FRn x FRm — FRn 1 — Yes Yes Yes
FMUL DRm, DRn 1111nnnOmMmmD0010 DRn x DRm — 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.S 1 — Yes Yes

z

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 1111nnnnmmmm0001 FRn-FRm — FRn 1 — Yes Yes Yes
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Compatibility

Execu- SH-2A/

tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FSUB DRm, DRn 1111nnnOmmD0001 DRn-DRm — DRn 6 — Yes Yes
FTRC FRm, FPUL 1111nmmD0111101 (long)FRm — FPUL 1 — Yes Yes Yes
FTRC DRm, FPUL 1111nmm®D00111101 (long)DRm — FPUL 2 — Yes Yes
249 FPU-Related CPU Instructions
Table 2.18 FPU-Related CPU Instructions

Compatibility

Execu- SH-2A/

tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
LDS Rm,FPSCR 0100mMmmMMD1101010 Rm — FPSCR 1 — Yes Yes Yes
LDS Rm,FPUL 0100mMmmMMD1011010 Rm — FPUL 1 — Yes Yes Yes
LDS.L @Rm+, FPSCR 0100nMMMD1100110 (Rm) — FPSCR, Rm+=4 1 — Yes Yes Yes
LDS.L @Rm+, FPUL 0100mMmmMMD1010110 (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, FPCSR — (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

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

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

Manual reset from any state

Manual reset state

Reset canceled

Interrupt source or
DMA address error occurs

Power-on reset from any state

NMI interrupt,

realtime clock alarm interrupt,
change in the level of a pin
that initiates release,

and power-on reset

Power-on reset state

'
'
.
Reset statej

Exception
handling state

NMI interrupt or
IRQ interrupt occurs

Bus request A
cleared Except!on
handling
Bus request  source
generated occurs

Bus-released state Bus request

Exception
handling
ends

Wd
Bus reqk

generated
Bus request

generated
BIUS reduest STBY bit cleared
cleare for SLEEP
instruction
Sleep mode

Program execution state

STBY and DEEP bits set
for SLEEP
instruction

STBY bit set

and DEEP bit
cleared for SLEEP,
instruction

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.

(5) Bus-Released State

In the bus-released state, the CPU releases bus to a device that has requested it.
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Section 3 Floating-Point Unit (FPU)

3.1 Features

The FPU has the following features.

Conforms to IEEE754 standard

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

Two rounding modes: Round to nearest and round to zero
Denormalization modes: Flush to zero
Five exception sources: Invalid operation, divide by zero, overflow, underflow, and inexact

Comprehensive instructions: Single-precision, double-precision, and system control
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3.2 Data Formats

3.21 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

The exponent is expressed in biased form, as follows:
e = E + bias

The range of unbiased exponent EisE , —1to E__+ 1. The two valuesE , —1andE__+ 1 are
distinguished as follows. E_, — 1 indicates zero (both positive and negative sign) and a
denormalized number, and E__ + 1 indicates positive or negative infinity or a non-number (NaN).
Table 3.1 shows E_, and E__ values.

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

IfE=E_ —landf#0,v=(-1)2""(0.f) [denormalized number]
IfFE=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 H'7FCO 0000

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

Quiet non-number

H'7FBF FFFF to H'7F80 0001

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

Positive infinity

H'7F80 0000

H'7FFO 0000 0000 0000

Positive normalized
number

H'7F7F FFFF to H'0080 0000

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

Positive denormalized
number

H'007F FFFF to H'0000 0001

H'000F FFFF FFFF FFFF to
H'0000 0000 0000 0001

Positive zero

H'0000 0000

H'0000 0000 0000 0000

Negative zero

H'8000 0000

H'8000 0000 0000 0000

Negative denormalized
number

H'8000 0001 to H'807F FFFF

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

Negative normalized
number

H'8080 0000 to H'FF7F FFFF

H'8010 0000 0000 0000 to
H'FFEF FFFF FFFF FFFF

Negative infinity

H'FF80 0000

H'FFFO 0000 0000 0000

Quiet non-number

H'FF80 0001 to H'FFBF FFFF

H'FFF0 0000 0000 0001 to
H'FFF7 FFFF FFFF FFFF

Signaling non-number

H'FFCO 0000 to HFFFF FFFF

H'FFF8 0000 0000 0000 to
H'FFFF FFFF FFFF FFFF
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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 bitis 1

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

31 30 23 22 0

X 11111111 NXXXXXXXXXXXXXXXXXXXXXX

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:

e 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.
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3.23 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
FR5
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
L-[-1-] [ - -] -] -Joas[-[szefenfon] ome

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

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

Initial value: 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

Bit

Bit Name

Initial
Value

R/W

Description

311023

All 0

Reserved

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

22

QIS

R/W

Nonnunerical Processing Mode
0: Processes qNaN or +o as such

1: Treats gNaN or +oo as the same as sNaN (valid only
when FPSCR.Enable.V = 1)

21

Reserved

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

20

Sz

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

RW

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

Denormalization Mode (Always fixed to 1 in SH2A-
FPU)

1: Denormalized number is treated as zero

Page 108 of 3088

RO1UH0048EJ0200 Rev. 2.00

RENESAS Sep 26, 2012



SH7268 Group, SH7269 Group Section 3 Floating-Point Unit (FPU)

Initial
Bit Bit Name Value R/W  Description
17t012 Cause H'00 R/W FPU Exception Cause Field
11t07 Enable H'00 R/W FPU Exception Enable Field
FPU Exception Flag Field

Each time floating-point operation instruction is
executed, the FPU exception cause field is cleared to O
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

6to2 Flag H'00 R/W

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) L) mn
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.
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333 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

(1) Round to Nearest

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

Emax

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

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

If the unrounded value is larger than the maximum expressible absolute value, the value will
become the maximum expressible absolute value.
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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 error occurs 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 error occurs 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.l = 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 I is set to 1, and a default value is generated as the
operation result.

e Invalid operation (V): gNaN is generated as the result.
e Division by zero (Z): Infinity with the same sign as the unrounded value is generated.
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 Boot Mode

This LSI can be booted from the memory connected to the CSO space, the NAND flash memory,
the serial flash memory, the NAND flash memory with an SD controller, and the NAND flash
memory with an MMC controller.

4.1 Features

e Six boot modes
Boot mode 0: Boots the LSI from the memory (bus width: 16 bits) connected to the CSO space
Boot mode 1: Boots the LSI from the memory (bus width: 32 bits) connected to the CSO space
Boot mode 2: Boots the LSI from the NAND flash memory
Boot mode 3: Boots the LSI from the serial flash memory
Boot mode 4: Boots the LSI from the NAND flash memory with the SD controller*'
Boot mode 5: Boots the LSI from the NAND flash memory with the MMC controller*’

Notes: 1. Itis possible to boot the LSI from the embedded SD (eSD) defined by the SD
specification part 1 eSD addendum version 2.10 standard.
2. Itis possible to boot the LSI from the eMMC device corresponding to the boot
operating mode of the JEDEC standard JESD84 A44 (MMCA 4.4) Standard. (It is not
possible to boot the LSI from the MMC card.)
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4.2 Boot Mode and Pin Function Setting

This LSI can determine the boot mode using external pins when RES is low. The external pin
settings for selecting the boot mode are shown in table 4.1.

Table 4.1 External Pin (MD_BOOT2 to MD_BOOT0) Settings and Corresponding Boot
Modes

MD_BOOT2 MD_BOOT1 MD_BOOTO0 Boot Mode

* 0 0 Boot Mode 0
Boots the LSI from the memory (bus width: 16 bits)
connected to the CSO space.

* 1 0 Boot Mode 1
Boots the LSI from the memory (bus width: 32 bits)
connected to the CSO space.

0 0 1 Boot Mode 2
Boots the LSI from the NAND flash memory
connected to the NAND flash memory controller.

1 0 1 Boot Mode 3

Boots the LSI from the serial flash memory
connected to channel 0 (PB20 to PB17) of the
Renesas serial peripheral interface.
Booting this LSI chip over the channel 0 (PJ19 to
PJ16) of the Renesas serial peripheral interface is
impossible.

0 1 1 Boot Mode 4
Boots the LSI from the flash memory with the SD
controller connected to channel 0 of the SD host
interface.

1 1 1 Boot Mode 5

Boots the LSI from the flash memory with the MMC
controller connected to the MMC host interface.
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4.3 Operation
4.3.1 Boot Modes 0 and 1

In boot modes 0 and 1, this LSI is booted from the memory connected to the CSO space. In this
mode, this LSI operates as follows:

After the power-on reset is canceled, the initial value (execution start address) of the program
counter (PC) and the initial value of the stack pointer (SP) are fetched from the exception handling
vector table located in the memory connected to the CSO space, then program execution is started.

4.3.2 Boot Mode 2

In boot mode 2, booting up is from NAND flash memory, which is connected to the NAND flash
memory controller. Suitable NAND flash memory has a large block size (2048 + 64) and takes
five-byte addresses (has a capacity of 2 GB or greater). The flow of initiation in boot mode 2 is as
described below.

(1) Execution from on-Chip ROM of the Program for Boot Initiation

After release from the power-on reset state, the CPU executes the boot initiation program that has
been stored in on-chip ROM (and is not publicly disclosed).

(2) Transfer of the Loader Program

The 8-KB loader program is transferred from NAND flash memory, which is connected to the
NAND flash memory controller, to the first location of the high-speed on-chip RAM. Transfer and
checking by the loader program proceed as follows.

(a) A search is conducted to find the block which holds the loader program. Block addresses 0 to
1023 (max.)

(b) The 8-KB (16-sector) loader program is read out and transferred to high-speed on-chip RAM.

Once transfer of the loader program has been completed, execution by the CPU jumps to high-
speed on-chip RAM so that it can start executing the transferred loader program.
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(3) Transfer of an Application Program (as Desired)

The loader program employs the NAND flash memory controller to transfer the data to be
deployed from NAND flash memory to on-chip RAM or external RAM.

Figure 4.1 is a schematic view of the specifications for boot mode 2.

This LSI
1) Program execution (2) (a) Search for the
On-chip ROM forboot | éad request [ NAND loader program AN flash memory
initiation (not publicly disclosed) »~| flash memory P~ Loader program
controller (8 KB)
— (2) (b) Loading into high-
High-speed on-chip RAM / speed on-chip RAM .
H'FFF8 0000 -« | Agg)'gra;:gn
Read request Read >
HFFF8 1FFF |  Loader program g
(8 KB)
L—1 (3) Loading into external External RAM
/‘< or on-chip RAM
]
On-chip RAM / \ Application
program
Application
program

Figure 4.1 Schematic View of Specification for Boot Mode 2
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Figure 4.2 shows the locations where the loader program is stored.

Store the loader program in sectors 0 to 15 of the loader block. Read out the loader program in
sectors.

NAND flash memory Highest
A

Search in blocks
0 to 1023 (max.)

Sectors 0 to 15 Loader program

Lowest

Figure 4.2 Locations where the Loader Program is Stored
4.3.3 Boot Mode 3

In boot mode 3, booting up is from serial flash memory, which is connected to channel O of the
Renesas serial peripheral interface. The flow of initiation in boot mode 3 is as described below.

(1) Execution from on-Chip ROM of the Program for Boot Initiation

After release from the power-on reset state, the CPU executes the boot initiation program that has
been stored in on-chip ROM (and is not publicly disclosed).

(2) Transfer of the Loader Program

Starting with transfer from the respective first locations, the 8-KB loader program is transferred
from serial flash memory, which is connected to channel O of the Renesas serial peripheral
interface, to high-speed on-chip RAM.

Once transfer of the loader program has been completed, execution by the CPU jumps to high-
speed on-chip RAM so that it can start executing the transferred loader program.
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(3) Transfer of an Application Program (as Desired)

The loader program employs the Renesas serial peripheral interface to transfer the data to be
deployed from serial flash memory to on-chip RAM or external RAM.

Figure 4.3 is a schematic view of the specification for boot mode 3.

This LSI

1) Program execution

On-chip ROM for boot
initiation (not publicly disclosed)

R t -
ead reques; Renesas serial

H'FFF8 0000

Loader program
(8 KB)

H'FFF8 1FFF|

On-chip RAM

Application
program

Read

Serial flash memory

//<

peripheral > Loader program
interface (8 KB)
w/ (2) Loading into high-speed
High-speed on-chip RAM/ on-chip RAM Application
Read reguesl’ Sl > RCYlED
|_13) Loading into external External RAM

or on-chip RAM

\ Application

program

Note: * Booting the LSI is only possible by using the pins which also function as PB20 to PB17.

Figure 4.3 Schematic View of Specification for Boot Mode 3
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4.3.4 Boot Mode 4

In boot mode 4, booting up is from flash memory with the SD controller, which is connected to
channel 0 of the SD host interface. The flow of initiation in boot mode 4 is as described below.

(1) Execution from on-Chip ROM of the Program for Boot Initiation

After release from the power-on reset state, the CPU executes the boot initiation program that has
been stored in on-chip ROM (and is not publicly disclosed).

(2) Transfer of the Loader Program

The 16-KB loader program is transferred from flash memory with the SD controller, which is
connected to channel O of the SD host interface, to the first location (page 0) of the high-speed on-
chip RAM. Page 1 of the high-speed on-chip RAM is also used as the work memory for boot
process.

Once transfer of the loader program has been completed, execution by the CPU jumps to page 0 of
the high-speed on-chip RAM so that it can start executing the transferred loader program.

(3) Transfer of an Application Program (as Desired)

The loader program employs the SD host interface to transfer the data to be deployed from flash
memory with the SD controller to on-chip RAM or external RAM.
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Figure 4.4 is a schematic view of the specification for boot mode 4.

This LSI NAND flash memory

with SD controller

(1) Program execution
On-chip ROM for boot Read request [ SD host interface Loader program
initiation (not publicly disclosed) »>| Channel 0 > (16 KB)

|

/ (2) Loading into high-speed Applicati
High-speed on-chip RAW on-chip RAM pplication

H'FFF8_0000 program
Loader program Read

Read requegt
(16 KB) B

Y

HFFF8_3FFF

High-speed on-chip RAM (page 1)

H'FFF8_4000
Work memory for | &1 (3) Loading into external External RAM

boot process (16 KB) _chi
HFFF8_7FFF ron-chip RAM
On-chip RAM / Application
program

Application
program

Figure 4.4 Schematic View of Specification for Boot Mode 4

4.3.5 Boot Mode 5

In boot mode 5, booting up is from flash memory with the MMC controller, which is connected to
the MMC host interface. The flow of initiation in boot mode 5 is as described below.

(1) Execution from on-Chip ROM of the Program for Boot Initiation

After release from the power-on reset state, the CPU executes the boot initiation program that has
been stored in on-chip ROM (and is not publicly disclosed).

(2) Transfer of the Loader Program

The 16-KB loader program is transferred from flash memory with the MMC controller, which is
connected to the MMC host interface, to the first location (page 0) of the high-speed on-chip RAM
with the MMC data bus width of 4 bits. Page 1 of the high-speed on-chip RAM is also used as the
work memory for boot process.

Once transfer of the loader program has been completed, execution by the CPU jumps to page 0 of
the high-speed on-chip RAM so that it can start executing the transferred loader program.
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3

Transfer of an Application Program (as Desired)

The loader program employs the MMC host interface to transfer the data to be deployed from
flash memory with the MMC controller to on-chip RAM or external RAM.

Figure 4.5 is a schematic view of the specification for boot mode 5.

This LSI

(1) Program execution

NAND flash memory
with MMC controller

On-chip ROM for boot initiation Read request [ MMC host interface | Loader program
(not publicly disclosed) > > (16 KB)
(2) Loading into high-speed -
High-speed on-chip RAM (page 0) / on-chip RAM Application
H'FFF8_0000 program
Loader program [ Reaq requegt Read -~
| "ead requeg | i
H'FFF8_3FFF (16 KB)
High-speed on-chip RAM (page 1)
H'FFF8_4000
Work memory for | 1 (3) Loading into external External RAM
boot process (16 KB) r on-chip RAM
H'FFF8_7FFF
On-chip RAM / Application
program
Application
program

Figure 4.5 Schematic View of Specification for Boot Mode 5
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4.4 Notes

44.1 Boot Related Pins

The initial states and output states in deep standby mode of the pins related to CS0O space memory
read, NAND flash memory controller, channel O of the Renesas serial peripheral interface, channel
0 of the SD host interface, and the MMC host interface are different in each boot mode.

For details, refer to section 10, Bus State Controller, section 48, General Purpose I/O Ports, and
section 49, Power-Down Modes.
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Section 5 Clock Pulse Generator

This LSI has a clock pulse generator that generates a CPU clock (I¢), internal bus clock (Bo),
peripheral clock 0 (PO¢), and peripheral clock 1 (P1¢). The clock pulse generator consists of a
crystal oscillator, PLL circuits, and divider circuits.

5.1 Features

e Four clocks generated independently
A CPU clock (I¢) for the CPU and cache; an internal bus clock (B¢) for the I-Bus; peripheral
clock 0 (PO¢) for the on-chip peripheral modules; peripheral clock 1 (P1¢ = CKIO) for the
external bus interface

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

e Power-down mode control
The clock can be stopped in sleep mode, software standby mode, and deep standby mode, and
specific modules can be stopped using the module standby function. For details on clock
control in the power-down modes, see section 49, Power-Down Modes.

e SSCG function
The CPU's internal PLL (phase locked loop) circuit includes an SSCG (spread spectrum clock
generator).
The SSCG can be used to decrease the peak value of EMI (electromagnetic interference) noise
by frequency modulation, that is, by slightly modulating the output frequency.
The specification of the SSCG for this LSI is as follows.

— Specification of SSCG
(1) Modulation waveform (modulation profile) : Triangle wave
(2) Type of spreading : Down-spreading
(3) Modulation rate 1 -2.5% (fixed)

(4) Modulation frequency :20.00 to 26.67 KHz (frequency on the EXTAL pin + 500)
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Figure 5.1 shows a block diagram of the clock pulse generator.

e mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm————————— '
1 1
! 1
H 1
i Divider 1 !
: x1 > H CPU clock
i Crystal o _'_>I (Ip Max: 266.67 MHz)
xTAL BT oscillator [ PLLcircuit | g | X112 >
. > (x20) x1/4 >
' 1
EXTAL &—;—f—» » 1 |
» 1 nternal Bus clock
SSCG circuit [~ »{ > (B Max: 133.33 MHz)
1
1

o Peripheral clock 0
x1/8 1 (POp Max: 33.33 MHz)
1

Peripheral clock 1

1
> )
T (P19 Max: 66.67 MHz)

: > External Bus clock
(CKIO Max: 66.67 MHz)

x 1/4 —|_> Peripheral clock 1C
(P1¢ Max: 66.67 MHz)

x 1/8 > Peripheral clock 0C
(PO¢p Max: 33.33 MHz)

Clock frequency

H -
MD_CLKO & control circuit

Standby control circuit

\4 \ 4
[ Bus interface ]
A
F e e o o e e e

\ 4

 Peripheral bus »

[Legend]
FRQCR: Frequency control register

Peripheral clocks 0C and 1C: Not modulated even when the SSCG function is enabled.

Figure 5.1 Block Diagram
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The blocks of this module function as follows:

(1) Crystal Oscillator

The crystal oscillator is used in which the crystal resonator is connected to the XTAL/EXTAL pin.
(2) PLL Circuit

The PLL circuit is capable of multiplying the frequency of the input clock signal from the crystal
oscillator or EXTAL pin by 20.

(3) Divider 1

Divider 1 generates a clock signal whose operating frequency can be used for the CPU clock,
internal bus clock, peripheral clock 0, and peripheral clock 1. The division ratio of the CPU clock
and the internal bus clock is set by the frequency control register. The division ratios for peripheral
clocks 1 and O are fixed to 1/4 and 1/8, respectively.

(4) Clock Frequency Control Circuit

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

(5) Standby Control Circuit

The standby control circuit controls the states of the on-chip oscillation circuit and other modules
during clock switching, or sleep, software standby or deep standby mode.

In addition, the standby control register is provided to control the power-down mode of other
modules. For details on the standby control register, see section 49, Power-Down Modes.

(6) 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 and the frequency
division ratio of the CPU clock (I$) and the internal bus clock (Bo).
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(7) SSCG Circuit

Operation of the SSCG circuit is switched on or off (enabled or disabled) by the MD_CLKO pin.
When the SSCG function is disabled, all of the internal clock frequencies are fixed, i.e. not
modulated. When the SSCG function is enabled, the frequencies of clock signals supplied to
peripheral modules other than those listed below are modulated.

Peripheral modules to which non-modulated clock signals are supplied:
IEBus controller, multi-function timer pulse unit 2, serial communications interface with FIFO,
controller area network, compare match timer, motor control PWM timer, and sound generator.
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5.2 Input/Output Pins
Table 5.1 lists the clock pulse generator pins and their functions.

Table 5.1 Pin Configuration and Functions of the Clock Pulse Generator

Pin Name Symbol /O Function
Mode control pin MD_CLKO Input Enables or disables the SSCG circuit.
Crystal input/output ~ XTAL Output Connected to the crystal resonator. (Leave this pin
pins (clock input pins) open when the crystal resonator is not in use.)
EXTAL Input Connected to the crystal resonator or used to input
external clock.
Clock output pin CKIO Output Clock output pin.
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5.3 Clock Mode
Table 5.2 indicates the input/output clock frequency. Table 5.3 shows the usable frequency ranges.

Table 5.2  Input/Output Clock Frequency

Clock VO PLL Circuit
Source Output On/Off CKIO Frequency
EXTAL or crystal CKIO ON (EXTAL or crystal resonator) x 5
resonator (x20)

Clock is input from the EXTAL pin or the crystal oscillator. The PLL circuit shapes waveforms
and multiples the frequency, and then supplies the clock to the LSI. The oscillating frequency for
the crystal resonator and EXTAL pin input clock ranges from 10 to 13.333 MHz. The frequency
range of CKIO is from 50 to 66.67 MHz.
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Table 5.3  Settable Frequency Ranges

PLL
Frequency
Multiplier Ratio of Internal Selectable Frequency Range (MHz)
Clock Output Internal Bus Peripheral  Peripheral
FRQCR Frequencies Input Clock (CKIO CPU Clock Clock Clock 1 Clock 0
Setting®  PLL Circuit (1:B:P1:P0)* Clock+ Pin) (%) (B9) (P1%) (PO})
H'x015 ON (x20) 20:10:5:5/2 10t0 13.333 50t0 66.67 200 to 100 to 50t0 66.67 2510 33.33
266.66 133.33
H'x035 ON (x20) 20:5:5:5/2 10to 13.333 50t0 66.67 200 to 50t0 66.67 501t066.67 25to33.33
266.66
H'x115 ON (x20) 10:10:5:5/2 1010 13.333 50t0 66.67 100 to 100 to 50t066.67 2510 33.33
133.33 133.33
H'x135 ON (x20) 10:5:5:5/2 10to 13.333 50t0 66.67 100 to 50t0 66.67 501t066.67 25to33.33
133.33
H'x335 ON (x20) 5:5:5:5/2 10to 13.333 50t0 66.67 501t066.67 50t066.67 50t066.67 25to 33.33

Notes: 1. xinthe FRQCR register setting depends on the set value in bits 12, 13, and 14.
2. The ratio of clock frequencies, where the input clock frequency is assumed to be 1.
3. The frequency of the EXTAL pin input clock or the crystal resonator

Caution: Do not use this LSI for frequency settings other than those in table 5.3.

The SSCG function of the chip is switched on or off by the setting of the MD_CLKO pin while the
RES pin is being held low. The following table shows the correspondence between SSCG
operation and pin settings. Note that the pin setting does not affect the PLL frequency multipliers
and division ratios for individual clock signals.

Table 5.4 SSCG Operation Setting

MD_CLKO Pin Setting SSCG Operation
0 Off
1 On
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54 Register Descriptions
Table 5.5 shows the register configuration of the clock pulse generator.

Table 5.5 Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size

Frequency FRQCR R/W  H'0335 H'FFFEO010 16
control register

54.1 Frequency Control Register (FRQCR)

FRQCR is a 16-bit readable/writable register used to specify whether a clock is output from the
CKIO pin during normal operation mode, release of bus mastership, change of gain of crystal
oscillator for the XTAL pin, software standby mode, and standby mode cancellation. The register
specifies the frequency division ratio for the CPU clock (I¢) and internal bus clock (B¢). FRQCR
is accessed by word.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I ; ‘ %ﬁg‘ CKOEN[1:0] ‘ ] ‘ - ‘ IFC[1:0] ‘ - ‘ - ‘ BFC[1:0] ‘ - ‘ - - ‘ - I
Initial value: 0 0 0 0 0 0 1 1 0 0 1 1 0 1 0 1

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

Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
14 CKOEN2 0 R/W Clock Output Enable 2

Specifies whether the CKIO pin outputs clock signals
or is fixed to the low level when the gain of the crystal
oscillator for the XTAL pin is changed.

If this bit is set to 1, the CKIO pin is fixed to the low
level when the gain of the crystal oscillator for the
XTAL pin is changed. Therefore, the malfunction of
an external circuit caused by an unstable CKIO clock
while changing the gain of the crystal oscillator for the
XTAL pin can be prevented.

0: Unstable clock output
1: Low-level output
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Initial
Bit Bit Name Value R/W Description
13,12 CKOEN[1:0] 00 R/W Clock Output Enable

These bits specify whether the CKIO pin outputs
clock signals, or is set to a fixed level or high
impedance (Hi-Z) during normal operation mode,
release of bus mastership, deep standby mode,
standby mode, or cancellation of standby mode.

If these bits are set to 01, the CKIO pin is fixed at low
during deep standby mode, software standby mode,
or cancellation of software standby mode. Therefore,
the malfunction of an external circuit caused by an
unstable CKIO clock during cancellation of software
standby mode can be prevented.

Table 5.6 lists CKOEN[1:0] settings.

11,10 — All O R Reserved

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

9,8 IFC[1:0] 11 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.

00: 1 time

01: 1/2 time

10: Reserved (setting prohibited)
11: 1/4 time

7,6 — 0 R Reserved

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

5,4 BFC[1:0] 11 R/W Internal Bus Clock Frequency Division Ratio

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

00: Reserved (setting prohibited)
01: 1/2 time
10: Reserved (setting prohibited)
11: 1/4 time

3 — 0 R 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

2 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.

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

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

Table 5.6 CKOEN[1:0] Settings

Release of Bus  Software Standby

Setting Normal Operation Mastership Mode Deep Standby Mode*
00 Output Output off (Hi-Z)  Output off (Hi-Z) Output off (Hi-Z2)

01 Output Output Low-level output Low-level output

10 Output Output Output (unstable Low-level or high-level

clock output) output
11 Output off (Hi-2) Output off (Hi-Z)  Output off (Hi-Z) Output off (Hi-2)
Note: * Note that the first cycle of the output CKIO clock may be missing after release from
deep standby.
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5.5 Changing the Frequency

The frequency of the CPU clock (I¢) and internal bus clock (B¢) can be changed by changing the
division rate of divider. The division rate can be changed by software through the frequency
control register (FRQCR).

551 Changing the Division Ratio

The division rate of divider can be changed by the following operation.

1. In the initial state, IFC[1:0] =B'11 and BFC[1:0] = B'11.
2. Set the desired value in the IFC[1:0] and BFC[1:0] bits. Note that if the wrong value is set, this
LSI will malfunction.

3. After the register bits (IFC[1:0] and BFC[1:0]) 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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5.6 Usage of the Clock Pins

For the connection of a crystal resonator or the input of a clock signal, this LSI circuit has the pins
listed in table 5.7. With regard to these pins, take care on the following points. Furthermore, Xin
pin and Xout pin are used in this section to refer to the pins listed in the table.

Table 5.7 Clock Pins

Xin Pins

(Used for Connection of a Crystal Resonator Xout Pins

and Input of External Clock Signals) (Used for Connection of a Crystal Resonator)
EXTAL XTAL

USB_X1 USB_X2

AUDIO_X1 AUDIO_X2

RTC_X1 RTC_X2

VIDEO_X1 VIDEO_X2

5.6.1 In the Case of Inputting an External Clock

An example of the connection of an external clock is shown in figure 5.2. In cases where the Xout
pin is left open state, take the parasitic capacitance as less than 10 pF.

This LSI
External clock input I | I | I | —— P Xin

Open state ——— ] Xout

Figure 5.2 Example of the Connection of an External Clock

Page 136 of 3088

RO1UH0048EJ0200 Rev. 2.00
RENESAS Sep 26, 2012




SH7268 Group, SH7269 Group Section 5 Clock Pulse Generator

5.6.2 In the Case of Using a Crystal Resonator
An example of the connection of crystal resonator is shown in figure 5.3.

Place the crystal resonator and capacitors (CL1 and CL2) as close to pins Xin and Xout as
possible. Furthermore, to avoid inductance so that oscillation is correct, use the points where the
capacitors are connected to the crystal resonator in common and do not place wiring patterns close
to these components.

Since the design of the user board is closely connected with the effective characteristics of the
crystal resonator, refer to the example of connection of the crystal resonator that is introduced in
this section and perform thorough evaluation on the user side as well. The rated value of the
crystal resonator will vary with the floating capacitances and so on of the crystal resonator and
mounted circuit, so proceed with decisions on the basis of full discussions with the maker of the
crystal resonator. Ensure that voltages applied to the clock pins do not exceed the maximum rated
values.

Although the feedback resistor is included in this LSI, an external feedback resistor may be
required in some cases. This depends on the characteristics of the crystal resonator.

Set the parameters (of resistors and capacitors) with thorough evaluation on the user side.

This LSI

Xin

1} J_ DX
Crystal <E

b
3 >
resonator < > RiF
cL2 Xout
To internal
: : ¢ Av‘v‘v x AW v Eo_

o]
o
>
A

MAS sections
Rop Rip

Figure 5.3 Example of the Connection of a Crystal Resonator

5.6.3 In the Case of Not Using the Clock Pin

In cases where the pins are not in use, fix the level on the Xin pin (pull it up or down, or connect it
to the power-supply or ground level), and leave the Xout pin open state.
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5.7 Oscillation Stabilizing Time

5.7.1 Oscillation Stabilizing Time of the On-chip Crystal Oscillator

In the case of using a crystal resonator, please wait longer than the oscillation stabilizing time at
the following cases, to keep the oscillation stabilizing time of the on-chip crystal oscillator (In the
case of inputting an external clock input, it is not necessary).

e Power on
e Releasing the software standby mode or deep standby mode by RES pin

e Changing from halting oscillation to running oscillation by power-on reset or register setting
(AUDIO_X1, RTC_X1)

¢ Changing the gain of the on-chip crystal oscillator by RES pin (EXTAL)

5.7.2 Oscillation Stabilizing Time of the PLL circuit

The clock from EXTAL is supplied to the PLL circuit. So, regardless of whether using a crystal
resonator or inputting an external clock from EXTAL, please wait longer than the oscillation
stabilizing time at the following cases, to keep the oscillation stabilizing time of the PLL circuit.

e Power on (in the case of using the crystal resonator)/start inputting external clock (in the case
of inputting the external clock)

¢ Releasing the software standby mode or deep standby mode by RES pin
[Remarks]
The oscillation stabilizing time is kept by the counter running in the LSI at the following cases.

e Releasing the software standby mode or deep standby mode by the other than RES pin
¢ Changing the gain of the on-chip crystal oscillator by the register setting (EXTAL)
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5.8 Notes on Board Design

5.8.1 Note on Using a PLL Oscillation Circuit

In the PLLVcc 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
interferences.

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 pins and the digital power supply pins Vcc and PVcc should
not supply the same resources on the board if at all possible.

Ensure that PLLVcc has the same electric potential as PVcc.
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5.9 Definition of Modulation Rate and Frequency in the SSCG
Specification

The SSCG circuit can be used to decrease the peak value of electromagnetic interference noise by
frequency modulation, i.e. by slightly modulating the output frequency. In this case, the rate of
change in the frequency and the size of the change to the input clock frequency are defined as the
modulation rate and modulation frequency, respectively. Figure 5.4 shows the modulation rate and
modulation frequency.

Frequency

A .
Output signal

1/modulation frequency

Center frequency (f0)

(0 -2.5%)

Modulation rate

\ 4

Figure 5.4 Definition of SSCG Modulation Rate and Frequency
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Section 6 Exception Handling

6.1 Overview
6.1.1 Types of Exception Handling and Priority

Exception handling is started by sources, such as resets, address errors, register bank errors,
interrupts, and instructions. Table 6.1 shows their priorities. When several exception handling
sources occur at once, they are processed according to the priority shown.

Table 6.1 Types of Exception Handling and Priority Order

Type Exception Handling Priority

Reset Power-on reset High
A

Manual reset
Address CPU address error
error DMA address error

Instruction FPU exception

Integer division exception (division by zero)

Integer division exception (overflow)

Register  Bank underflow
bank error

Bank overflow

Interrupt NMI
User break

User debugging interface
IRQ v
PINT Low
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Type Exception Handling Priority
Instruction Trap instruction (TRAPA instruction) High

General illegal instructions (undefined code)

Slot illegal instructions (undefined code placed directly after a delayed

branch instruction*' (including FPU instructions and FPU-related CPU

instructions in FPU module standby state), instructions that rewrite the

PC*?, 32-bit instructions**, RESBANK instruction, DIVS instruction, and

DIVU instruction) 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.

6.1.2 Exception Handling Operations

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

table 6.2.

Table 6.2 Timing of Exception Source Detection and Start of Exception Handling

Exception Source

Timing of Source Detection and Start of Handling

Reset Power-on reset

Starts when the RES pin changes from low to high, when the
user debugging interface reset negate command is set after the
user debugging interface reset assert command has been set,
or when the watchdog timer overflows.

Manual reset

Starts when the watchdog timer overflows.

Address error

Interrupts

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

Register bank Bank underflow
error

Starts upon attempted execution of a RESBANK instruction
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 interrupt controller is 1) and an interrupt that
uses a register bank has occurred and been accepted by the
CPU.
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Exception Source Timing of Source Detection and Start of Handling

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)
(including FPU instructions and FPU-related CPU instructions
in FPU module standby state).

Slot illegal Starts from the decoding of undefined code placed directly after

instructions a delayed branch instruction (delay slot) (including FPU
instructions and FPU-related CPU instructions in FPU module
standby state), of instructions that rewrite the PC, of 32-bit
instructions, of the RESBANK instruction, of the DIVS
instruction, or of the DIVU instruction.

Integer division  Starts when detecting division-by-zero exception or overflow
exceptions exception caused by division of the negative maximum value
(H'80000000) by —1.
Instructions FPU exceptions  Starts when detecting invalid floating point operation exception
defined by IEEE standard 754, division-by-zero exception,
overflow, underflow, or inexact exception.

Also starts when gNaN or +x is input to the source for a floating
point operation instruction when the QIS bit in FPSCR is set.

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 6.1.3, 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 to 0. The
BN bit in IBNR of the interrupt controller is also initialized to 0. The floating point status/control
register (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.
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(2) Exception Handling Triggered by Address Errors, Register Bank Errors, Interrupts,
and Instructions

SR and PC are saved to the stack indicated by R15. In the case of interrupt exception handling
other than NMI and 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 table address
offset of the interrupt exception handling to be executed are saved to the register banks. In the case
of exception handling due to address errors, register bank errors, NMI interrupts, user break
interrupts, or instructions, 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 interrupt controller is 0). If a setting to
accept register bank overflow exceptions has been made (the BOVE bit in IBNR of the interrupt
controller is 1), register bank overflow exception will be generated. In the case of interrupt
exception handling, the interrupt priority level is written to the I3 to I0 bits in SR. In the case of
exception handling due to an address error or instruction, the I3 to 10 bits are not affected. The
exception service routine start address is then fetched from the exception handling vector table and
the program begins running from that address.

6.1.3 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.
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Table 6.3 shows the vector numbers and vector table address offsets. Table 6.4 shows how vector
table addresses are calculated.

Table 6.3 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
DMA address error 10 H'00000028 to H'0000002B
Interrupts NMI 11 H'0000002C to H'0000002F
User break 12 H'00000030 to H'00000033
FPU exception 13 H'00000034 to H'00000037
User debugging interface 14 H'00000038 to H'0000003B
Bank overflow 15 H'0000003C to H'0000003F
Bank underflow 16 H'00000040 to H'00000043
Integer division exception (division by zero) 17 H'00000044 to H'00000047
Integer division exception (overflow) 18 H'00000048 to H'0000004B
(Reserved by system) 19 H'0000004C to H'0000004F
31 H'0000007C to H'0000007F
Trap instruction (user vector) 32 H'00000080 to H'00000083
63 H'000000FC to H'000000FF
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Vector
Exception Sources Numbers  Vector Table Address Offset
External interrupts (IRQ, PINT), 64 H'00000100 to H'00000103
on-chip peripheral module interrupts* . .

511 H'000007FC to H'000007FF

Note: * The vector numbers and vector table address offsets for each external interrupt and on-
chip peripheral module interrupt are given in table 7.4 in section 7, Interrupt Controller.

Table 6.4 Calculating Exception Handling Vector Table Addresses

Exception Source Vector Table Address Calculation

Resets Vector table address = (vector table address offset)
= (vector number) x 4

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

Notes: 1. Vector table address offset: See table 6.3.
2. Vector number: See table 6.3.
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6.2 Resets

6.2.1 Input/Output Pins

Table 6.5 shows the pin configuration.

Table 6.5 Pin Configuration

Pin Name Symbol /0 Function

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

6.2.2 Types of Reset

A reset is the highest-priority exception handling source. There are two kinds of reset, power-on
and manual. As shown in table 6.6, the CPU state is initialized in 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 also initialized by a power-on reset, but not

by a manual reset.

Table 6.6 Reset States

Conditions for Transition to Reset State

Internal States

On-Chip Large-

Capacity RAM On-Chip
Watchdog On-Chip (Excluding Data
User Debugging Timer Other High-Speed On-Chip Data Retention
Type RES Interface Command Overflow CPU Modules RAM Retention RAM) RAM
Power- Low — — Initialized Initialized Initialized or Initialized or Initialized or
on reset Retained Retained Retained
contents**  contents*® contents**, *°
High User debugging — Initialized Initialized Initialized or Initialized or Initialized or
interface reset assert Retained Retained Retained
command is set contents**  contents*° contents**
High Command other than Power-on Initialized *' Initialized or Initialized or Initialized or
user debugging reset Retained Retained Retained
interface reset assert is contents**  contents** contents**
set
Manual High Command other than Manual Initialized *' Retained Retained contents  Retained
reset user debugging reset contents contents
interface reset assert is
set
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Notes: 1.
2.
3.
4.

See section 51.3, Register States in Each Operating Mode.
Data are retained when the setting of either the RAME or RAMWE bit is disabled.
Data are retained when the setting of either the VRAME or VRAMWE bit is disabled.

Data are retained when the setting of any of the VRAME, VRAMWE, or RRAMWE bits
is disabled.

When the deep standby mode is canceled by a power-on reset, the data cannot be
retained.

Page 148 of 3088

RO1UH0048EJ0200 Rev. 2.00
1RENESAS Sep 26, 2012



SH7268 Group, SH7269 Group Section 6 Exception Handling

6.2.3 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 section 53.1, 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 interrupt controller 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.
(2) Power-On Reset by Means of User Debugging Interface Reset Assert Command

When the user debugging interface reset assert command is set, this LSI enters the power-on reset
state. Power-on reset by means of the user debugging interface reset assert command is equivalent
to power-on reset by means of the RES pin. Setting the user debugging interface reset negate
command cancels the power-on reset state. The time required between the user debugging
interface reset assert command and the user debugging interface 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 the user debugging interface reset assert command, setting the user debugging
interface reset negate command starts power-on reset exception handling. The CPU operates in the
same way as when a power-on reset was caused by the RES pin.
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(3) Power-On Reset Initiated by Watchdog Timer

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

In this case, WRCSR of the watchdog timer and FRQCR of the clock pulse generator are not
initialized by the reset signal generated by the watchdog timer.

If a reset caused by the RES pin or the user debugging interface reset assert command occurs
simultaneously with a reset caused by watchdog timer overflow, the reset caused by the RES pin
or the user debugging interface 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 watchdog timer, the
CPU operates in the same way as when a power-on reset was caused by the RES pin.

6.2.4 Manual Reset
(1) Manual Reset Initiated by Watchdog Timer

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

When manual reset exception processing is started by the watchdog timer, 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 to 0. The BN bit in IBNR of interrupt controller is also initialized to O.

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

When a manual reset is generated, the bus cycle is retained, but if a manual reset occurs while the
bus is released or during burst transfer by the direct memory access controller, manual reset
exception handling will be deferred until the CPU acquires the bus. The CPU and the BN bit in
IBNR of the interrupt controller are initialized by a manual reset. The FPU and other modules are
not initialized.
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6.3 Address Errors

6.3.1 Address Error Sources

Address errors occur when instructions are fetched or data read or written, as shown in table 6.7.

Table 6.7 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 other than on-chip None (normal)
peripheral module space* or H'FO000000 to
H'F5FFFFFF in on-chip RAM space*
Instruction fetched from on-chip peripheral Address error occurs
module space* or H'FO000000 to
H'F5FFFFFF in on-chip RAM space*
Data CPU or Word data accessed from even address None (normal)
read/write ?r::aerﬁtory Word data accessed from odd address Address error occurs
access Longword data accessed from a longword None (normal)
controller ~ boundary
Longword data accessed from otherthana  Address error occurs
long-word boundary
Double longword data accessed from double None (normal)
longword boundary
Double longword data accessed from other ~ Address error occurs
than double longword boundary
Byte or word data accessed in on-chip None (normal)
peripheral module space*
Longword data accessed in 16-bit on-chip None (normal)
peripheral module space*
Longword data accessed in 8-bit on-chip None (normal)
peripheral module space*
Note: * See section 10, Bus State Controller, for details of the on-chip peripheral module space

and on-chip RAM space.
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6.3.2 Address Error Exception Handling

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

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

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

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

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

6.4 Register Bank Errors

6.4.1 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 interrupt controller 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.

6.4.2 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.
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To prevent multiple interrupts from occurring at a bank overflow, the priority level of the
interrupt that caused the bank overflow is written to the interrupt mask level bits (I3 to 10) of
the status register (SR).

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

6.5 Interrupts

6.5.1 Interrupt Sources

The sources that start interrupt exception handling are divided into NMI, user break, user
debugging interface, IRQ, PINT, and on-chip peripheral modules.

Each interrupt source is allocated a different vector number and vector table offset. See table 7.4
in section 7, Interrupt Controller, for more information on vector numbers and vector table address
offsets.
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6.5.2 Interrupt Priority Level

The interrupt priority order is predetermined. When multiple interrupts occur simultaneously
(overlap), the interrupt controller determines their relative priorities and starts exception handling
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 priority level of user break and user debugging interface interrupts 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 26 (IPR0O1, IPR02, and IPROS to
IPR26) of the interrupt controller as shown in table 6.8. The priority levels that can be set are 0 to
15. Level 16 cannot be set. See section 7.3.1, Interrupt Priority Registers 01, 02, 05 to 26 (IPRO1,
IPRO2, IPROS to IPR26), for details of IPRO1, IPR02, and IPRO5 to IPR26.

Table 6.8 Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level.

User debugging interface 15 Fixed priority level.

IRQ Oto 15 Set with interrupt priority registers 01, 02, and 05
PINT to 26 (IPRO1, IPR02, and IPRO5 to IPR26).

On-chip peripheral module
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6.5.3 Interrupt Exception Handling

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

When an interrupt is accepted, interrupt exception handling begins. In interrupt exception
handling, the CPU fetches the exception service routine start address which corresponds to the
accepted interrupt from the exception handling vector table, and saves SR and the program counter
(PC) to the stack. In the case of interrupt exception handling other than NMI and 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 table address offset of the interrupt exception
handling to be executed are saved in the register banks. In the case of exception handling due to
address errors, NMI interrupts, user break interrupts, or instructions, 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 interrupt controller is 0). If a setting to accept register bank overflow exceptions has
been made (the BOVE bit in IBNR of the interrupt controller is 1), register bank overflow
exception occurs. Next, the priority level value of the accepted interrupt is written to the I3 to 10
bits in SR. For NMI, however, the priority level is 16, but the value set in the 13 to I0 bits is H'F
(level 15). Then, after jumping to the start address fetched from the exception handling vector
table, program execution starts. The jump that occurs is not a delayed branch. See section 7.6,
Operation, for further details of interrupt exception handling.
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6.6 Exceptions Triggered by Instructions

6.6.1 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 6.9.

Table 6.9  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)
(including FPU instructions and
FPU-related CPU instructions in
FPU module standby state),
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 (including
FPU instructions and FPU-related
CPU instructions in FPU module
standby state)

Integer division
exceptions

Division by zero

DIVU, DIVS

Negative maximum value + (-1)

DIVS

FPU exceptions

Starts when detecting invalid
operation exception defined by
|IEEE754, division-by-zero
exception, overflow, underflow, or
inexact exception.

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

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

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

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

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

6.6.3 Slot Illegal Instructions

An instruction placed immediately after a delayed branch instruction is called the “instruction
placed in a delay slot”. When the instruction placed in the delay slot is undefined code (including
FPU instructions and FPU-related CPU instructions in FPU module standby state), 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.
When the FPU has entered a module standby state, the floating point operation instruction and
FPU-related CPU instructions are handled as undefined codes. If these instructions are placed in a
delay slot and then decoded, a slot illegal instruction exception handling starts.

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 exception service routine start address fetched from the exception
handling vector table, program execution starts. The jump that occurs is not a delayed branch.

Page 158 of 3088 R0O1UH0048EJ0200 Rev. 2.00

RENESAS Sep 26, 2012



SH7268 Group, SH7269 Group Section 6 Exception Handling

6.6.4 General Illegal Instructions

When an undefined code, including FPU instructions and FPU-related CPU instructions in FPU
module standby state, placed anywhere other than immediately after a delayed branch instruction,
i.e., in a delay slot, is decoded, general illegal instruction exception handling starts. When the FPU
has entered a module standby state, the floating point instruction and FPU-related CPU
instructions are handled as undefined codes. If these instructions are placed anywhere other than
immediately after a delayed branch instruction (i.e., in a delay slot) and then decoded, general
illegal instruction exception handling starts.

In general illegal instruction exception handling, 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.

6.6.5 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.

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 exception service routine start address fetched from the exception
handling vector table, program execution starts. The jump that occurs is not a delayed branch.
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6.6.6 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 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 in floating point operation, FPU
operation is halted and generation of an FPU exception handling 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.

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

The FPU exception flag field (Flag) of FPSCR is always updated regardless of whether or not an
FPU exception 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.
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6.7 When Exception Sources Are Not Accepted

When an address 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 6.10. When this happens, it will be accepted when an instruction
that can accept the exception is decoded.

Table 6.10 Exception Source Generation Immediately after Delayed Branch Instruction

Exception Source

Floating-Point

Address Unit Register Bank
Point of Occurrence Error Exception Error (Overflow) Interrupt
Immediately after a delayed  Not accepted Not accepted Not accepted Not accepted

branch instruction™

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

6.8 Stack Status after Exception Handling Ends
The status of the stack after exception handling ends is as shown in table 6.11.

Table 6.11 Stack Status after Exception Handling Ends

Exception Type Stack Status
Address error E T
SP > Address of |nst_ruct|on_ 32 bits
after executed instruction
SR 32 bits
Interrupt T T
SP —»] Address of instruction 32 bits

after executed instruction

SR 32 bits
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Exception Type Stack Status
Register bank error (overflow) E iy
Address of instruction .
SP ™ after executed instruction 32 bits
SR 32 bits
Register bank error (underflow) F T
Start address of relevant .
SP % RESBANK instruction 32 bits
SR 32 bits
Trap instruction E T
Address of instruction .
SP after TRAPA instruction 32 bits
SR 32 bits
Slot illegal instruction F T
Jump destination address .
SP > of delayed branch instruction 32 bits
SR 32 bits
General illegal instruction E I
Start address of general .
SP > illegal instruction 32 bits
SR 32 bits
Integer division exception F T
Start address of relevant .
SP > integer division instruction 82 bits
SR 32 bits
FPU exception T T
Address of instruction .
SP > after executed instruction 32 bits
SR 32 bits
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6.9 Usage Notes
6.9.1 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.

6.9.2 Value of Vector Base Register (VBR)

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

6.9.3 Address Errors Caused by Stacking of Address Error Exception Handling

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

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

6.9.4 Interrupt Control via Modification of Interrupt Mask Bits

When enabling interrupts by changing the interrupt mask bits (I3 to 10) of the status register (SR)
using the LDC or LDC.L instructions, interrupts might not be accepted during the execution of the
5 instructions immediately after the LDC/LDC.L instruction.

Therefore, when enabling/disabling interrupts by changing the interrupt mask bits (I3 to 10) of the
status register (SR) using LDC/LDC.L instructions, please place at least 5 instructions between the
interrupt-enable instruction and the interrupt-disable instruction.
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6.9.5 Note before Exception Handling Begins Running

Before exception handling begins running, the exception handling vector table must be stored in a
memory, and the CPU must be able to access the memory. So, if the exception handling is
generated

e Ex. I: when the exception handling vector table is stored in an external address space, but the
settings of bus state controller and general I/O ports to access the external address space
have been not completed yet, or

e Ex. 2: when the exception handling vector table is stored in the on-chip RAM, but the vector
base register (VBR) has been not changed to the on-chip RAM address yet,

the CPU fetches an unintended value as the execution start address, and starts executing programs

from unintended address.

(1) Manual Reset

Before the settings necessary to access the external CS0 space are completed, the manual reset
should not be generated. When a manual reset is generated, the CPU fetches the execution start
address from the location at the offset for the manual reset (H'00000008) in the vector table, that
is, always from the external CSO space. Additionally, in the case that no memory is connected to
the external CSO space in boot modes 2 to 5, the manual reset should not be generated.

(2) NMI Interrupt

Before the exception handling vector table is stored in a memory and the settings necessary to
access the memory are completed, the settings to permit the interrupts should not be done.

Specially in boot modes 2 to 5, the VBR is kept as the initial value H'00000000 in the period of
the boot operation (before the transfer of the loader program is completed and the CPU jumps to
the on-chip high-speed RAM). Before the VBR is changed or the settings necessary to access the
external address space are completed in the loader program, the settings to permit the interrupts
should not be done.

(3) Interrupts Other Than NMI

Before the exception handling vector table is stored in a memory and the settings necessary to
access the memory are completed, the settings to permit the interrupts should not be done.
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(4) The Other Exceptions

Before the exception handling vector table is stored in a memory and the settings necessary to
access the memory are completed, the exception handling should not be generated.
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Section 7 Interrupt Controller

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

7.1 Features

e 16 levels of interrupt priority can be set.
By setting the 24 interrupt priority registers, the priorities of IRQ interrupts, PINT interrupts,
and on-chip peripheral module interrupts can be selected from 16 levels for request sources.
e NMI noise canceler function

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

e Register banks
This LSI has register banks that enable register saving and restoration required in the interrupt
processing to be performed at high speed.
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Figure 7.1 shows a block diagram.
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Figure 7.1 Block Diagram
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7.2 Input/Output Pins

Table 7.1 shows the pin configuration.

Table 7.1  Pin Configuration

Pin Name

Symbol /0

Function

Nonmaskable interrupt input
pin

NMI Input

Input of nonmaskable interrupt
request signal

Interrupt request input pins

IRQ7 to IRQO Input

PINT7 to PINTO Input

Input of maskable interrupt request
signals
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7.3 Register Descriptions

Table 7.2 shows the register configuration. These registers are used to set the interrupt priorities

and control detection of the external interrupt input signal.

Table 7.2  Register Configuration

Initial Access
Register Name Abbreviation R/W Value Address Size
Interrupt control register 0 ICRO R/W ! H'FFFEO800 16, 32
Interrupt control register 1 ICR1 R/W H'0000 H'FFFE0802 16, 32
Interrupt control register 2 ICR2 R/W H'0000 H'FFFE0804 16, 32
IRQ interrupt request register IRQRR R/(W)**  H'0000 H'FFFE0806 16, 32
PINT interrupt enable register PINTER R/W H'0000 H'FFFE0808 16, 32
PINT interrupt request register ~ PIRR R H'0000 H'FFFEO80A 16, 32
Bank control register IBCR R/W H'0000 H'FFFEO80C 16, 32
Bank number register IBNR R/W H'0000 H'FFFEO80E 16, 32
Interrupt priority register 01 IPRO1 R/W H'0000 H'FFFE0818 16, 32
Interrupt priority register 02 IPR0O2 R/W H'0000 H'FFFEO81A 16, 32
Interrupt priority register 05 IPRO5 R/W H'0000 H'FFFE0820 16, 32
Interrupt priority register 06 IPRO6 R/W H'0000 H'FFFEOCO0 16, 32
Interrupt priority register 07 IPRO7 R/W H'0000 H'FFFEOCO02 16, 32
Interrupt priority register 08 IPR0O8 R/W H'0000 H'FFFEOC04 16, 32
Interrupt priority register 09 IPR0O9 R/W H'0000 H'FFFEOC06 16, 32
Interrupt priority register 10 IPR10 R/W H'0000 H'FFFEOC08 16, 32
Interrupt priority register 11 IPR11 R/W H'0000 H'FFFEOCOA 16, 32
Interrupt priority register 12 IPR12 R/W H'0000 H'FFFEOCOC 16, 32
Interrupt priority register 13 IPR13 R/W H'0000 H'FFFEOCOE 16, 32
Interrupt priority register 14 IPR14 R/W H'0000 H'FFFEOC10 16, 32
Interrupt priority register 15 IPR15 R/W H'0000 HFFFEOC12 16, 32
Interrupt priority register 16 IPR16 R/W H'0000 HFFFEOC14 16, 32
Interrupt priority register 17 IPR17 R/W H'0000 HFFFEOC16 16, 32
Interrupt priority register 18 IPR18 R/W H'0000 H'FFFEOC18 16, 32
Interrupt priority register 19 IPR19 R/W H'0000 HFFFEOC1A 16, 32
Interrupt priority register 20 IPR20 R/W H'0000 HFFFEOC1C 16, 32
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Initial Access

Register Name Abbreviation R/W Value Address Size

Interrupt priority register 21 IPR21 R/W H'0000 HFFFEOC1E 16, 32
Interrupt priority register 22 IPR22 R/W H'0000 H'FFFEOC20 16, 32
Interrupt priority register 23 IPR23 R/W H'0000 H'FFFEOC22 16, 32
Interrupt priority register 24 IPR24 R/W H'0000 HFFFEOC24 16, 32
Interrupt priority register 25 IPR25 R/W H'0000 H'FFFEOC26 16, 32
Interrupt priority register 26 IPR26 R/W H'0000 H'FFFEOC28 16, 32

Notes: 1. When the NMI pin is high, becomes H'8001; when low, becomes H'0001.
2. Only 0 can be written after reading 1, to clear the flag.
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7.3.1 Interrupt Priority Registers 01, 02, 05 to 26 (IPR01, IPR02, IPR0S5 to IPR26)

IPRO1, IPRO2, and IPROS to IPR26 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 7.3 shows the correspondence between the interrupt request sources and the bits in IPRO1,

IPR02, and IPROS to IPR26.

Bit: 15

13 12 11

|

[ 1 |

Initial value: 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 7.3  Interrupt Request Sources and IPR01, IPR02, and IPRO0S5 to IPR26
Register Name Bits 15 to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
IPRO1 IRQO IRQ1 IRQ2 IRQ3
IPR0O2 IRQ4 IRQ5 IRQ6 IRQ7
IPRO5 PINT7 to PINTO Reserved Reserved Reserved
IPRO6 Direct memory Direct memory Direct memory Direct memory
access controller access controller access controller access controller
channel 0 channel 1 channel 2 channel 3
IPRO7 Direct memory Direct memory Direct memory Direct memory
access controller access controller access controller access controller
channel 4 channel 5 channel 6 channel 7
IPRO8 Direct memory Direct memory Direct memory Direct memory
access controller access controller access controller access controller
channel 8 channel 9 channel 10 channel 11
IPR0O9 Direct memory Direct memory Direct memory Direct memory
access controller access controller access controller access controller
channel 12 channel 13 channel 14 channel 15
IPR10 USB 2.0 Video display Video display Video display
host/function controller 4 controller 4 controller 4
module
IPR11 Image renderer JPEG codec unit  Display out OpenVG™-
comparison unit compliant
Renesas graphics
processor
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Register Name

Bits 15to 12

Bits 11to 8 Bits 7to 4 Bits 3to 0

IPR12

Compare match
timer channel 0

Compare match Bus state Watchdog timer
timer channel 1 controller

IPR13 Multi-function timer Multi-function timer Multi-function timer Multi-function timer
pulse unit 2 pulse unit 2 pulse unit 2 pulse unit 2
channel 0 channel 0 channel 1 channel 1
(TGIOA to TGIOD) (TCIoV, TGIOE, (TGHA, TGI1B) (TGI1V, TGI1U)

TGIOF)

IPR14 Multi-function timer Multi-function timer Multi-function timer Multi-function timer
pulse unit 2 pulse unit 2 pulse unit 2 pulse unit 2
channel 2 channel 2 channel 3 channel 3
(TGI2A, TGI2B) (TGI2V, TGI2U) (TGISA to TGI3D) (TGI3V)

IPR15 Multi-function timer Multi-function timer Motor control Motor control
pulse unit 2 pulse unit 2 PWM timer PWM timer
channel 4 channel 4 channel 1 channel 2
(TGI4A to TGI4D) (TGl4V)

IPR16 Sound generator  Sound generator  Sound generator  Sound generator
channel 0 channel 1 channel 2 channel 0

IPR17 A/D converter Serial sound Serial sound Serial sound

interface channel 0 interface channel 1 interface channel 2

IPR18 Serial sound Serial sound Serial sound Renesas SPDIF
interface channel 3 interface channel 4 interface channel 5 interface

IPR19 I°C bus interface 3 I°C bus interface 3 I°C bus interface 3 I°C bus interface 3
channel 0 channel 1 channel 2 channel 3

IPR20 Channel 0 for Channel 1 for Channel 2 for Channel 3 for
serial serial serial serial
communication communication communication communication
interface with FIFO interface with FIFO interface with FIFO interface with FIFO

IPR21 Channel 4 for Channel 5 for Channel 6 for Channel 7 for
serial serial serial serial
communication communication communication communication
interface with FIFO interface with FIFO interface with FIFO interface with FIFO

IPR22 Clock- Controller area Controller area Controller area

synchronized
serial I/O module
with FIFO

network channel 0 network channel 1 network channel 2
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Register Name Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
IPR23 Renesas serial Renesas serial Renesas quad Renesas quad
peripheral peripheral serial peripheral serial peripheral
interface channel O interface channel 1 interface channel 0 interface channel 1
IPR24 IEBus™controller CD-ROM decoder NAND flash MMC host
memory controller interface
IPR25 SD host interface  SD host interface  Realtime clock Reserved
channel 0 channel 1
IPR26 Sampling rate Sampling rate Sampling rate Reserved
converter channel converter channel converter channel
0 1 2
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As shown in table 7.3, 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).

7.3.2 Interrupt Control Register 0 (ICRO0)

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.

Bit: 15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
[ |- ] | | - fawe] - - - ] - ] - ] - ] e | v

Initial value: 1 0 0 0 0 0 0 0 0 0 0 0 0 1
R/W: R R R R R R/W R R R R R R R R/(W)*2

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

2. Only 0 can be written to this bit.

Bit Bit Name

Initial
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

Reserved

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

8 NMIE

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

7102 —

AllO

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

1 NMIF

0

R

NMI Interrupt Request

This bit indicates the status of the NMI interrupt
request. This bit cannot be modified.

0: NMl interrupt request has not occurred

[Clearing conditions]

e Cleared by changing NMIE of ICRO

e Cleared by executing NMI interrupt exception
handling

1: NMI interrupt request is detected

[Setting condition]

e Edge corresponding to NMIE of ICRO has occurred
at NMI pin

0 NMIM

1

R/(W)

NMI Mask

Selects whether to enable interrupt request input to
external interrupt input pin NMI.

0: NMl input interrupt request is enabled
1: NMI input interrupt request is masked
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7.3.3 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.

Bit:

15 14

12

10

9 8 7 6 5 4 3 2 1 0

[ra71s]ira70s|iras+s]iRas0s|IRas1S/IRAs0S|IRA41S|IRA40S| IRA31S|IRA30S| IRA21S|IRA208|IRA1 15| IRQ10S|IRGO1S|IRQCOS]

Initial value:

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
B IRGSIS 0 AW e, fsing adge, ot both scges.
12 IRQB0S 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 IRQHS 0 W Put . g

10: Interrupt request is detected on rising edge of IRQnN
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
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7.3.4 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.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ -] -] -1 -] -1 -1 -1 - [pwrrs|pintes|pinrss|pintas|pinTas|pintes|pinTis|pinTos|

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 — All O 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
corresponding to pins PINT7 to PINTO are detected by
5 PINTSS 0 R/W a low level or high level.
4 PINT4S 0 R/W " 0: Interrupt request is detected on low level of PINTn
3 PINT3S 0 RW  input
5 PINT2S 0 RIW 1: :rr:éirtrupt request is detected on high level of PINTn
1 PINT1S 0 R/W
0 PINTOS 0 R/W
[Legend]
n=7t 0
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7.3.5 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.

Bt: 15 14 13 12 {1 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ IRQ7F‘ IRQSF‘ IHQSF‘ IRQ4F ‘ IRQSF‘ IRQZF‘ IRQ1F‘ IRQOFI

Iniialvave: 0 0 0 0 0 0 0 0 O O 0 0 0 0 0 0
RW. R R R R R R R R RIWH*RI(W*RI(W)*RIW)* RIW)* RIW)* RIW)* RI(W)*

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

Initial
Bit Bit Name Value R/W Description
15t08 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
R/(W)* IRQ Interrupt Request

R/(W)* These bits indicate the status of the IRQ7 to IRQO
interrupt requests.

Level detection:

R/(W)*  0: IRQn interrupt request has not occurred
R/(W)* [Clearing condition]

R/(W)* e [RQn inputis high

R/(W)* 1: IRQn interrupt has occurred

R/(W)* [Setting condition]

IRQ7F
IRQ6F
IRQ5F
IRQ4F
IRQ3F
IRQ2F
IRQ1F
IRQOF

R/(W)*

O| =[N Wl O|O|
oO|Oo|O0O|O|O|O|O| O

¢ [RQn input is low

Edge detection:

0: IRQn interrupt request is not detected

[Clearing conditions]

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

o 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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7.3.6 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.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ N ‘PlNT7E‘P|NT6E‘PINT5E‘P|NT4E‘PlNTSE‘PINTZE‘PlNT1E‘PINTOE|

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 — All O 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
inputs to external interrupt input pins PINT7 to PINTO.
5 PINT5E 0 R/W ) . -
0: PINTn input interrupt request is disabled
4 PINT4E 0 RW 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=7t 0
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7.3.7 PINT Interrupt Request Register (PIRR)

PIRR is a 16-bit register that indicates interrupt requests from external input pins PINT7 to
PINTO.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ -] - -1 -1 -1-1 -1 - [p~mrlpnter/pinrsrlpintarlpinTar|PiNT2R|PINTIR[PINTOR]

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

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 PINT7R 0 R PINT Interrupt Request
6 PINT6R 0 R These bits indicate the status of the PINT7 to PINTO
interrupt requests.
5 PINT5R 0 R ) )
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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7.3.8 Bank Control Register (IBCR)

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

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

[ 5 | Eta | Exs | Et2 [ Er1 | E0] eo | 8 [ €7 | e6 | &5 [ B4 | B8 [ B2 | B0 [ - |
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 Ee o A nemepemiees ool o e
12 E12 0 R/W interrupt.
11 E11 0 R/W 0: Use of register banks is disabled
10 E10 0 R/WwW 1: Use of register banks is enabled
9 E9 0 R/W
8 ES8 0 R/W
7 E7 0 R/W
6 E6 0 R/W
5 E5 0 R/W
4 E4 0 R/W
3 E3 0 R/W
2 E2 0 R/W
1 E1 0 R/W
0 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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7.3.9 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.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oo o] 1 1 1 1 1 1T 1 1 1 o0 |

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

12t04 — AllO R Reserved

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

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.
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7.4 Interrupt Sources

There are six types of interrupt sources: NMI, user break, user debugging interface, 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.

7.4.1 NMI Interrupt

The NMI interrupt has a priority level of 16 and is accepted at all times when the NMI mask bit
(NMIM) in interrupt control register 0 (ICRO) is enabled. NMI interrupt requests are edge-
detected, and the NMI edge select bit (NMIE) in 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 10) in the status register (SR) to level 15.

When the NMIM bit in ICRO is set to 1 (NMI interrupt request is masked), the NMI interrupt is
not generated, however the NMI edge corresponding to NMIE bit of ICRO is detected and the
NMI interrupt request is retained until the interrupt request is accepted. The status of the interrupt
request can be checked by reading the NMI interrupt request bit (NMIF) in the ICRO. If O is
written to the NMIM bit (NMI interrupt request is enabled) when the NMIF bit is set to 1, the
NMI interrupt request that is retained is accepted. Once the NMIM bit is set to O (NMI interrupt
request is enabled), the NMIM bit cannot be set to 1 again, because only 0 can be written to the
NMIM bit. When the NME bit is changed, the NMI interrupt request that is retained is cleared.

When canceling software standby mode by the NMI interrupt, set the NMIM bit to O to enable the
NMI interrupt request after confirming that the NMI interrupt request has been cleared in the
NMIF. If software standby mode is entered when the NMIM bit is 1 (NMI interrupt request is
masked), the NMI interrupt cannot cancel software standby mode. In this case, the NMI edge
cannot be detected in software standby mode and the NMI interrupt is not generated even if
software standby mode is canceled by cancel source other than NMI. When the NMI pin keeps
level (low level after the falling edge or high level after the rising edge) in software standby mode
until software standby mode is canceled by cancel source other than NMI (until the clock is
initiated after the oscillation settling), that edge of the NMI in software standby mode can be
detected.

When deep standby mode is entered, deep standby mode is canceled by the NMI interrupt
regardless of the NMI mask bit setting. NMIM bit is initialized by a power-on reset after canceling
deep standby mode.

When a sleep instruction is to be executed after 0 has been written to the NMIM bit (enabling the
NMI), read the value of the NMIM bit before executing the sleep instruction.
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7.4.2 User Break Interrupt

A user break interrupt which occurs when a break condition set in the user break controller
matches has a priority level of 15. The user break interrupt exception handling sets the I3 to IO bits
in SR to level 15. For user break interrupts, see section 8, User Break Controller.

7.4.3 User Debugging Interface Interrupt

The user debugging interface interrupt has a priority level of 15, and occurs at serial input of a
user debugging interface interrupt instruction. User debugging interface interrupt requests are
edge-detected and retained until they are accepted. The user debugging interface interrupt
exception handling sets the I3 to IO bits in SR to level 15. For user debugging interface interrupts,
see section 50, User Debugging Interface.

7.4.4 IRQ Interrupts

IRQ interrupts are input from pins IRQ7 to IRQO. 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 interrupt
controller while the IRQ7 to IRQO pins are low. An interrupt request signal is stopped being sent
to the interrupt controller 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 interrupt controller. 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 I0 bits in SR to the priority level of the
accepted IRQ interrupt.

When returning from IRQ interrupt exception service routine, execute the RTE instruction after
confirming that the interrupt request has been cleared by the IRQ interrupt request register
(IRQRR) so as not to accidentally receive the interrupt request again.
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7.4.5 PINT Interrupts

PINT interrupts are input from pins PINT7 to PINTO. 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 0 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 interrupt controller while the PINT7 to PINTO pins are low. An interrupt request signal
is stopped being sent to the interrupt controller 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 I0 bits in SR to the priority level of the PINT interrupt.

When returning from IRQ interrupt exception service routine, execute the RTE instruction after
confirming that the interrupt request has been cleared by the PINT interrupt request register
(PIRR) so as not to accidentally receive the interrupt request again.
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7.4.6 On-Chip Peripheral Module Interrupts

On-chip peripheral module interrupts are generated by the following on-chip peripheral modules:

Direct memory access controller

USB 2.0 host/function module

Video display controller 4

Image renderer

Display out comparison unit

JPEG codec unit

OpenVG™-compliant Renesas graphics processor
Compare match timer

Bus state controller

Watchdog timer

Multi-function timer pulse unit 2

Motor control PWM timer

Sound generator

A/D converter

Serial sound interface

Renesas SPDIF interface

I’C bus interface 3

Serial communication interface with FIFO
Clock-synchronized serial I/O module with FIFO
Renesas serial peripheral interface
Renesas quad serial peripheral interface
Controller area network

IEBus™ controller

CD-ROM decoder

NAND flash memory controller

SD host interface

MMC host interface

Realtime clock

Sampling rate converter
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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 26 (IPROS5 to IPR26). 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.
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7.5 Interrupt Exception Handling Vector Table and Priority

Table 7.4 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 interrupt 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 6.4 in section 6, 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 26 (IPRO1, IPR02, and IPROS5 to IPR26). However, if two or more interrupts specified
by the same IPR among IPROS5 to IPR26 occur, the priorities are defined as shown in the IPR
setting unit internal priority of table 7.4, and the priorities cannot be changed. A power-on reset
assigns priority level 0 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 7.4.
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Table 7.4  Interrupt Exception Handling Vectors and Priorities

Interrupt Vector

IPR Setting
Vector Table Interrupt Priority Corresponding IPR  Unit Internal
Interrupt Source Vector Address Offset (Initial Value) (Bit) Priority Default Priority
NMI 1 H'0000002C to 16 — — High
H'0000002F A
User break 12 H'00000030 to 15 — —
H'00000033
User debug interface 14 H'00000038 to 15 — —
H'0000003B
IRQ IRQO 64 H'00000100 to 0to 15 (0) IPRO1 (15 to 12) —
H'00000103
IRQ1 65 H'00000104 to 0to 15 (0) IPRO1 (11 to 8) —
H'00000107
IRQ2 66 H'00000108 to 0to 15 (0) IPRO1 (7 to 4) —
H'0000010B
IRQ3 67 H'0000010C to 0to 15 (0) IPRO1 (3 t0 0) —
H'0000010F
IRQ4 68 H'00000110 to 0to 15 (0) IPRO2 (15 to 12) —
H'00000113
IRQ5 69 H'00000114 to 0to 15 (0) IPRO2 (11 to 8) —
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 (3 to 0) —
H'0000011F
PINT PINTO 80 H'00000140 to 0to 15 (0) IPRO5 (15 to 12) 1
H'00000143
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 v
H'00000153 Low
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Interrupt Vector

IPR Setting
Vector Table Interrupt Priority  Corresponding IPR  Unit Internal
Interrupt Source Vector Address Offset (Initial Value) (Bit) Priority Default Priority
PINT PINT5 85 H'00000154 to 0to 15 (0) IPRO5 (15 to 12) 6 High
H'00000157 A
PINT6 86 H'00000158 to 7
H'0000015B
PINT7 87 H'0000015C to 8
H'0000015F
Direct Channel0 DEIO 108 H'000001B0 to 0to 15 (0) IPRO6 (15 to 12) 1
memory H'000001B3
access
HEIO 109 H'000001B4 to 2
controller
H'000001B7
Channel 1 DEN 112 H'000001C0 to 0to 15 (0) IPRO6 (11 to 8) 1
H'000001C3
HEI1 113 H'000001C4 to 2
H'000001C7
Channel2 DEI2 116 H'000001DO0 to 0to 15 (0) IPRO6 (7 to 4) 1
H'000001D3
HEI2 117 H'000001D4 to 2
H'000001D7
Channel 3 DEI3 120 H'000001EQ to 0to 15 (0) IPRO6 (3 to 0) 1
H'000001E3
HEI3 121 H'000001E4 to 2
H'000001E7
Channel4 DEI4 124 H'000001FO0 to 0to 15 (0) IPRO7 (15 to 12) 1
H'000001F3
HEI4 125 H'000001F4 to 2
H'000001F7
Channel 5 DEI5 128 H'00000200 to 0to 15 (0) IPRO7 (11 to 8) 1
H'00000203
HEI5 129 H'00000204 to 2
H'00000207
Channel 6 DEI6 132 H'00000210 to 0to 15 (0) IPRO7 (7 to 4) 1
H'00000213
HEI6 133 H'00000214 to 2 v
H'00000217 Low
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Interrupt Vector

IPR Setting
Vector Table Interrupt Priority Corresponding IPR  Unit Internal
Interrupt Source Vector Address Offset (Initial Value) (Bit) Priority Default Priority
Direct Channel 7 DEI7 136 H'00000220 to 0to 15 (0) IPRO7 (3 to 0) 1 High
memory H'00000223
access
HEI7 137 H'00000224 to 2
controller
H'00000227
Channel 8 DEI8 140 H'00000230 to 0to 15 (0) IPRO8 (15 to 12) 1
H'00000233
HEI8 141 H'00000234 to 2
H'00000237
Channel 9 DEI9 144 H'00000240 to 0to 15 (0) IPRO8 (11 to 8) 1
H'00000243
HEI9 145 H'00000244 to 2
H'00000247
Channel DEI10 148 H'00000250 to 0to 15 (0) IPRO8 (7 to 4) 1
10 H'00000253
HEI10 149 H'00000254 to 2
H'00000257
Channel DEN1 152 H'00000260 to 0to 15 (0) IPRO8 (3 to 0) 1
11 H'00000263
HEI11 153 H'00000264 to 2
H'00000267
Channel DEH2 156 H'00000270 to 0to 15 (0) IPRO9 (15 to 12) 1
12 H'00000273
HEI12 157 H'00000274 to 2
H'00000277
Channel DEN3 160 H'00000280 to 0to 15 (0) IPRO9 (11 to 8) 1
13 H'00000283
HEN3 161 H'00000284 to 2
H'00000287
Channel DEI14 164 H'00000290 to 0to 15 (0) IPRO9 (7 to 4) 1
14 H'00000293
HEI4 165 H'00000294 to 2 v
H'00000297 Low
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Interrupt Vector

IPR Setting
Vector Table Interrupt Priority  Corresponding IPR  Unit Internal
Interrupt Source Vector Address Offset (Initial Value) (Bit) Priority Default Priority
Direct Channel DEI15 168 H'000002A0 to 0to 15 (0) IPRO9 (3 to 0) 1 High
memory 15 H'000002A3 A
access
HEN5 169 H'000002A4 to 2
controller
H'000002A7
USB 2.0 USBI 170 H'000002A8 to 0to 15 (0) IPR10 (15 to 12) —
host/ H'000002AB
function
module
Video VI_VSYNC 171 H'000002AC to 0to 15 (0) IPR10 (11 to 8) 1
display H'000002AF
controller 4 5 vsyne 172 H000002B0 to 2
H'000002B3
VSYNCERR 173 H'000002B4 to 3
H'000002B7
VLINE 174 H'000002B8 to 0to 15 (0) IPR10 (7 to 4) 1
H'000002BB
VFIELD 175 H'000002BC to 2
H'000002BF
VBUFERR1 176 H'000002CO to 0to 15 (0) IPR10 (3 to 0) 1
H'000002C3
VBUFERR2 177 H'000002C4 to 2
H'000002C7
VBUFERR3 178 H'000002C8 to 3
H'000002CB
VBUFERR4 179 H'000002CC to 4
H'000002CF
Image IMRI 180 H'000002D0 to 0to 15 (0) IPR11 (15t0 12) — v
renderer H'000002D3 Low
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Interrupt Vector

IPR Setting
Vector Table Address Interrupt Priority Corresponding IPR Unit Internal
Interrupt Source Vector Offset (Initial Value) (Bit) Priority Default Priority
JPEG JEDI 181 H'000002D4 to 0to 15 (0) IPR11 (11 t0 8) 1 High
codec unit H'000002D7 1}
JDTI 182 H'000002D8 to 2
H'000002DB
Display out CMPI 183 H'000002DC to 0to 15 (0) IPR11 (7 to 4) —
comparison H'000002DF
unit
OpenVG™- INT3 184 H'000002E0 to 0to 15 (0) IPR11 (3 to 0) 1
compliant H'000002E3
R
enesas INT2 185  H000002E4 to 2
graphics H'000002E7
processor
INT1 186 H'000002ES8 to 3
H'000002EB
INTO 187 H'000002EC to 4
H'000002EF
Compare Channel 0 CMIO 188 H'000002F0 to 0to 15 (0) IPR12 (15t0 12) —
match timer H'000002F3
Channel 1 CMI1 189  H'000002F4 to 0to 15 (0) IPR12 (11 to 8) —
H'000002F7
Bus state CMI 190 H'000002F8 to 0to 15 (0) IPR12 (7 to 4) —
controller H'000002FB
Watchdog timer ITI 191 H'000002FC to 0to 15 (0) IPR12 (3 to 0) —
H'000002FF
Multi- Channel 0 TGIOA 192 H'00000300 to 0to 15 (0) IPR13 (15t0 12) 1
function timer H'00000303
| it 2
pulse un! TGIOB 193 H'00000304 to 2
H'00000307
TGIOC 194 H'00000308 to 3
H'0000030B
TGIOD 195 H'0000030C to 4 v
H'0000030F Low
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Interrupt Vector

IPR Setting
Vector Table Address  Interrupt Priority Corresponding IPR Unit Internal
Interrupt Source Vector Offset (Initial Value) (Bit) Priority Default Priority
Multi- Channel 0 TCIOV 196 H'00000310 to 0to 15 (0) IPR13 (11 to0 8) 1 High
function timer H'00000313 ‘r
| it 2
puise unt TGIOE 197 H'00000314 to 2
H'00000317
TGIOF 198 H'00000318 to 3
H'0000031B
Channel 1 TGI1A 199 H'0000031C to 0to 15 (0) IPR13 (7 to 4) 1
H'0000031F
TGI1B 200 H'00000320 to 2
H'00000323
TCIHV 201 H'00000324 to 0to 15 (0) IPR13 (30 0) 1
H'00000327
TCHU 202 H'00000328 to 2
H'0000032B
Channel 2 TGI2A 203 H'0000032C to 0to 15 (0) IPR14 (15 to 12) 1
H'0000032F
TGI2B 204 H'00000330 to 2
H'00000333
TCI2V 205 H'00000334 to 0to 15 (0) IPR14 (11 to 8) 1
H'00000337
TCl2U 206 H'00000338 to 2
H'0000033B
Channel 3 TGI3A 207 H'0000033C to 0to 15 (0) IPR14 (7 to 4) 1
H'0000033F
TGI3B 208 H'00000340 to 2
H'00000343
TGI3C 209 H'00000344 to 3
H'00000347
TGI3D 210 H'00000348 to 4
H'0000034B
TCI3V 211 H'0000034C to 0to 15 (0) IPR14 (3 to0 0) — v
H'0000034F Low
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Interrupt Vector

IPR Setting
Vector Table Address  Interrupt Priority Corresponding IPR Unit Internal Default
Interrupt Source Vector Offset (Initial Value) (Bit) Priority Priority
Multi- Channel 4 TGI4A 212 H'00000350 to 0to 15 (0) IPR15 (15 to 12) 1 High
function timer H'00000353 ‘r
| it 2
puise unt TGl4B 213 H'00000354 to 2
H'00000357
TGl4C 214 H'00000358 to 3
H'0000035B
TGl4D 215 H'0000035C to 4
H'0000035F
TCl4V 216 H'00000360 to 0to 15 (0) IPR15 (11 to 8) —
H'00000363
Motor control Channel 1 217 H'00000364 to 0to 15 (0) IPR15 (7 to 4) —
PWM timer H'00000367
Channel 2 218 H'00000368 to 0to 15 (0) IPR15 (3 to 0) —
H'0000036B
Sound Channel 0 219 H'0000036C to 0to 15 (0) IPR16 (15 to 12) —
generator H'0000036F
Channel 1 220 H'00000370 to 0to 15 (0) IPR16 (11 to 8) —
H'00000373
Channel 2 221 H'00000374 to 0to 15 (0) IPR16 (7 to 4) —
H'00000377
Channel 3 222 H'00000378 to 0to 15 (0) IPR16 (3 to 0) —
H'0000037B
A/D converter  ADI 223 H'0000037C to 0to 15 (0) IPR17 (15t0 12) — v
H'0000037F Low
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Interrupt Vector

IPR Setting
Vector Table Address Interrupt Priority Corresponding Unit Internal
Interrupt Source Vector Offset (Initial Value) IPR (Bit) Priority Default Priority
Serial Channel 0 SSIF0 224 H'00000380 to 0to 15 (0) IPR17 (11t08) 1 High y
sound H'00000383 r
interface
SSIRXI0O 225 H'00000384 to 2
H'00000387
SSITXI0O 226 H'00000388 to 3
H'0000038B
Channel 1 SSII1 227 H'0000038C to 0to 15 (0) IPR17 (7to 4) 1
H'0000038F
SSIRTH 228 H'00000390 to 2
H'00000393
Channel 2 SSlI2 229 H'00000394 to 0to 15 (0) IPR17 (3t0o 0) 1
H'00000397
SSIRTI2 230 H'00000398 to 2
H'0000039B
Channel 3 SSII3 231 H'0000039C to 0to 15 (0) IPR18 (15 to 1
H'0000039F 12)
SSIRTI3 232 H'000003A0 to 2
H'000003A3
Channel 4 SSlI4 233 H'000003A4 to 0to 15 (0) IPR18 (11t0 8) 1
H'000003A7
SSIRTI4 234 H'000003A8 to 2
H'000003AB
Channel 5 SSII5 235 H'000003AC to 0to 15 (0) IPR18 (7to 4) 1
H'000003AF
SSIRTI5 236 H'000003B0 to 2
H'000003B3
Renesas SPDIFI 237 H'000003B4 to 0to 15 (0) IPR18 (3to 0) —
SPDIF H'000003B7 v
interface Low

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 2012 RENESAS

Page 197 of 3088



Section 7 Interrupt Controller

SH7268 Group, SH7269 Group

Interrupt Vector

IPR Setting
Vector Table Address Interrupt Priority Corresponding Unit Internal
Interrupt Source Vector Offset (Initial Value) IPR (Bit) Priority Default Priority
I’C bus Channel 0 STPIO 238 H'000003B8 to 0to 15 (0) IPR19 (15 to 1 High
interface 3 H'000003BB 12) A
NAKIO 239 H'000003BC to 2
H'000003BF
RXI0 240 H'000003CO0 to 3
H'000003C3
TXIO 241 H'000003C4 to 4
H'000003C7
TEIO 242 H'000003C8 to 5
H'000003CB
Channel 1 STPH 243 H'000003CC to 0to 15 (0) IPR19 (11t08) 1
H'000003CF
NAKI1 244 H'000003DO0 to 2
H'000003D3
RXI1 245 H'000003D4 to 3
H'000003D7
TXI1 246 H'000003D8 to 4
H'000003DB
TEN 247 H'000003DC to 5
H'000003DF
Channel 2 STPI2 248 H'000003EQ to 0to 15 (0) IPR19 (7to 4) 1
H'000003E3
NAKI2 249 H'000003E4 to 2
H'000003E7
RXI2 250 H'000003E8 to 3
H'000003EB
TXI2 251 H'000003EC to 4
H'000003EF
TEI2 252 H'000003F0 to 5 v
H'000003F3 Low
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Interrupt Vector

IPR Setting
Vector Table Interrupt Priority (Initial  Corresponding Unit Internal Default
Interrupt Source Vector Address Offset Value) IPR (Bit) Priority Priority
I’C bus Channel STPI3 253 H'000003F4 to 0to 15 (0) IPR19 (3 to 0) 1 High A
interface 3 3 H'000003F7
NAKI3 254 H'000003F8 to 2
H'000003FB
RXI3 255 H'000003FC to 3
H'000003FF
TXI3 256 H'00000400 to 4
H'00000403
TEI3 257 H'00000404 to 5
H'00000407
Serial Channel BRIO 258 H'00000408 to 0to 15 (0) IPR20 (15t0 12) 1
communi- 0 H'0000040B
cation interface ERI0 259  H0000040C to 2
with FIFO
H'0000040F
RXI0 260 H'00000410 to 3
H'00000413
TXI0 261 H'00000414 to 4
H'00000417
Channel BRI1 262  H'00000418 to 0to 15 (0) IPR20 (11t08) 1
1 H'0000041B
ERI 263 H'0000041C to 2
H'0000041F
RXI1 264 H'00000420 to 3
H'00000423
XN 265 H'00000424 to 4
H'00000427
Channel BRI2 266  H'00000428 to 0to 15 (0) PR20 (7 to 4) 1
2 H'0000042B
ERI2 267 H'0000042C to 2
H'0000042F
RXI2 268 H'00000430 to 3
H'00000433
TXI2 269 H'00000434 to 4 v
H'00000437 Low
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Interrupt Vector

IPR Setting
Vector Table Interrupt Priority (Initial  Corresponding  Unit Internal Default
Interrupt Source Vector Address Offset Value) IPR (Bit) Priority Priority
Serial Channel BRI3 270 H'00000438 to 0to 15 (0) PR20 (3 to 0) 1 High
communi- 3 H'0000043B 4
cation interface ERI3 271  HO0000043C to 2
witn FIFO H'0000043F
RXI3 272 H'00000440 to 3
H'00000443
TXI3 273 H'00000444 to 4
H'00000447
Channel BRI4 274  H'00000448 to 0to 15 (0) IPR21 (15t012) 1
4 H'0000044B
ERI4 275 H'0000044C to 2
H'0000044F
RXl14 276 H'00000450 to 3
H'00000453
TX14 277 H'00000454 to 4
H'00000457
Channel BRI5 278 H'00000458 to 0to 15 (0) IPR21 (11 to 8) 1
5 H'0000045B
ERI5 279 H'0000045C to 2
H'0000045F
RXI5 280 H'00000460 to 3
H'00000463
TXI5 281 H'00000464 to 4
H'00000467
Channel BRI6 282 H'00000468 to 0to 15 (0) IPR21 (7 to 4) 1
6 H'0000046B
ERI6 283 H'0000046C to 2
H'0000046F
RXI6 284 H'00000470 to 3
H'00000473 v
TXI6 285 H'00000474 to 4
H'00000477 Low
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Interrupt Vector IPR Setting
Unit
Vector Table Interrupt Priority (Initial Corresponding Internal
Interrupt Source Vector Address Offset Value) IPR (Bit) Priority Default Priority
Serial Channel 7 BRI7 286 H'00000478 to 0to 15 (0) IPR21 (3 to 0) 1 High
communi- H'0000047B A
cation interface ERI7 287  H0000047C to 2
witn FIFO H'0000047F
RXI17 288 H'00000480 to 3
H'00000483
TXI7 289 H'00000484 to 4
H'00000487
Clock- SIOFI 290 H'00000488 to 0to 15 (0) IPR22 (15t0 12) —
synchronized H'0000048B
serial /0
module with
FIFO
Controller area Channel 0 ERSO 291 H'0000048C to 0to 15 (0) IPR22 (11 to 8) 1
network H'0000048F
OVRO 292 H'00000490 to 2
H'00000493
RM0O0 293 H'00000494 to 3
H'00000497
RM10 294 H'00000498 to 4
H'0000049B
SLEO 295 H'0000049C to 5
H'0000049F
Channel 1 ERS1 296 H'000004A0 to 0to 15 (0) IPR22 (7 to 4) 1
H'000004A3
OVR1 297 H'000004A4 to 2
H'000004A7
RMO1 298 H'000004A8 to 3
H'000004AB
RM11 299 H'000004AC to 4
H'000004AF
SLE1 300  H'000004BO to 5 v
H'000004B3 Low
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Interrupt Vector IPR Setting
Unit
Vector Table Interrupt Priority (Initial Corresponding Internal
Interrupt Source Vector Address Offset Value) IPR (Bit) Priority Default Priority
Controller area Channel 2 ERS2 301 H'000004B4 to 0to 15 (0) IPR22 (3 to 0) 1 High
network H'000004B7 A
OVR2 302 H'000004B8 to 2
H'000004BB
RMO02 303 H'000004BC to 3
H'000004BF
RM12 304 H'000004CO to 4
H'000004C3
SLE2 305 H'000004C4 to 5
H'000004C7
Renesas serial Channel 0 SPEIO 306 H'000004C8 to 0to 15 (0) IPR23 (15t0 12) 1
peripheral H'000004CB
interface
SPRIO 307 H'000004CC to 2
H'000004CF
SPTIO 308 H'000004DO0 to 3
H'000004D3
Channel 1 SPEH 309 H'000004D4to  O'to 15 (0) IPR23 (11 to 8) 1
H'000004D7
SPRI1 310 H'000004D8 to 2
H'000004DB
SPTIH 311 H'000004DC to 3
H'000004DF
Renesas quad Channel 0 SPEIO 312 H'000004EO0 to 0to 15 (0) IPR23 (7 to 4) 1
serial H'000004E3
peripheral
SPRIO 313 H'000004E4 to 2
interface
H'000004E7
SPTIO 314 H'000004E8 to 3
H'000004EB
Channel 1 SPEI1 315 H'000004EC to 0to 15 (0) IPR23 (3 to 0) 1
H'000004EF
SPRI1 316 H'000004FO0 to 2
H'000004F3
SPTIH 317 H'000004F4 to 3 v
H'000004F7 Low
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Interrupt Vector IPR Setting
Interrupt Unit
Priority (Initial Corresponding Internal
Interrupt Source Vector Vector Table Address Offset Value) IPR (Bit) Priority Default Priority
IEBus™ IEB 318 H'000004F8 to H'000004FB 0to 15 (0) IPR24 (15t0 12) — High
controller 4
CD-ROM ISY 319 H'000004FC to H'000004FF 0to 15 (0) IPR24 (11 to 8) 1
decoder
IERR 320 H'00000500 to H'00000503 2
ITARG 321 H'00000504 to H'00000507 3
ISEC 322 H'00000508 to H'0000050B 4
IBUF 323 H'0000050C to H'0000050F 5
IREADY 324 H'00000510 to H'00000513 6
NAND flash ~ FLSTEI 325 H'00000514 to H'00000517 0to 15 (0) IPR24 (7 to 4) 1
memory
FLTENDI 326 H'00000518 to H'0000051B 2
controller
FLTREQOI 327 H'0000051C to H'0000051F 3
FLTREQ1I 328 H'00000520 to H'00000523 4
MMC host MMCO 329 H'00000524 to H'00000527 0to 15 (0) IPR24 (3 to 0) 1
interface
MMC1 330 H'00000528 to H'0000052B 2
MMC2 331 H'0000052C to H'0000052F 3
SD host Channel 0 SDHIO_3 332 H'00000530 to H'00000533 0to 15 (0) IPR25 (15t012) 1
interface
SDHIO_0 333 H'00000534 to H'00000537 2
SDHIO_1 334 H'00000538 to H'0000053B 3
Channel 1 SDHI1_3 335 H'0000053C to H'0000053F 0to 15 (0) IPR25 (11 to 8) 1
SDHI1_0 336 H'00000540 to H'00000543 2
SDHI1_1 337 H'00000544 to H'00000547 3
Realtime ARM 338 H'00000548 to H'0000054B 0to 15 (0) IPR25 (7 to 4) 1
clock v
PRD 339 H'0000054C to H'0000054F 2
Cup 340 H'00000550 to H'00000553 3 Low
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Interrupt Vector IPR Setting
Interrupt Unit
Vector Table Address Priority (Initial Corresponding Internal
Interrupt Source Vector Offset Value) IPR (Bit) Priority Default Priority
Sampling  Channel0  OVFO 341 H'00000554 to H'00000557 0 to 15 (0) IPR26 (15t012) 1 High
rate 4
UDFO 342 H'00000558 to H'0000055B 2
converter
CEFO 343 H'0000055C to H'0000055F 3
ODFIO 344 H'00000560 to H'00000563 4
IDEIO 345 H'00000564 to H'00000567 5
Channel 1 OVF1 346 H'00000568 to H'0000056B 0 to 15 (0) IPR26 (11 to 8) 1
UDF1 347 H'0000056C to H'0000056F 2
CEF1 348 H'00000570 to H'00000573 3
ODFI 349 H'00000574 to H'00000577 4
IDEI 350 H'00000578 to H'0000057B 5
Channel2  OVF2 351 H'0000057C to H'0000057F 0 to 15 (0) IPR26 (7 to 4) 1
UDF2 352 H'00000580 to H'00000583 2
CEF2 353 H'00000584 to H'00000587 3
ODFI2 354 H'00000588 to H'0000058B 4 v
IDEI2 355 H'0000058C to H'0000058F 5 Low
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7.6 Operation
7.6.1 Interrupt Operation Sequence
The sequence of interrupt operations is described below. Figure 7.2 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 26 (IPRO1,
IPRO02, and IPROS to IPR26). 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 7.4.

3. The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt level mask bits (I3 to 10) 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 7.4).

5. The interrupt exception service routine start address 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 I3 to 10 in SR.

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

8. The CPU jumps to the fetched interrupt exception service routine start address and starts
executing the program. The jump that occurs is not a delayed branch.

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 2012 RENESAS

Page 205 of 3088



Section 7 Interrupt Controller SH7268 Group, SH7269 Group

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 7.5 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 7.4.4, IRQ
Interrupts.

Interrupts held pending due to edge-sensing are cleared by a power-on reset.
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Program
execution state

User break?

Level 15 ~~0°
interrupt?

Level 14 No

interrupt? .

Level 1 No
interrupt?

13tol0 <
level 14?

13tol0<
level 137 ves
b Xes I3to 0=
level 0?7
Read exception No
handling vector table
| Save SR to stack |
Copy accept-interrupt
level to 13 to 10
1
| Save PC to stack |
i
Branch to interrupt
exception service routine
Figure 7.2 Interrupt Operation Flow
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7.6.2 Stack after Interrupt Exception Handling

Figure 7.3 shows the stack after interrupt exception handling.

Th— T—
Address
4n—-8 | PC* 32 bits J spee
4n-4| SR 32 bits
4n
TR TR

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 7.3 Stack after Interrupt Exception Handling

Page 208 of 3088 R0O1UH0048EJ0200 Rev. 2.00

RENESAS Sep 26, 2012




SH7268 Group, SH7269 Group Section 7 Interrupt Controller

7.7 Interrupt Response Time

Table 7.5 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
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 7.4 and 7.5 show examples of pipeline operation
when banking is disabled. Figures 7.6 and 7.7 show examples of pipeline operation when banking
is enabled without register bank overflow. Figures 7.8 and 7.9 show examples of pipeline
operation when banking is enabled with register bank overflow.

Table 7.5 Interrupt Response Time

Number of States
Serial
USB 2.0 |Communi-
User host/ cation Peripheral
User |Debugging |IRQ, function |Interface Modules Peripheral

Item NMI break |Interface |PINT module |with FIFO  |1+° Modules 2+ | Remarks
Time from occurrence of interrupt 2lcyc+ |[3lcyc [2lcyc+ 2lcyc+ |2lcyc+ 2 leyc + 2 leyc + 2 leyc +
request until interrupt controller identifies | 2 P1cyc 1 POcyc 3 Picyc+ [2Bcyc+ (4 Beyc+ 4 Beyc + 2 Beye
priority, compares it with mask bits in + 1 POcyc |2 Picyc 1 Picyc 1 POcyc
SR, and sends interrupt request signal |1 POcyc
to CPU
Time from input | No register | Min. 3lcyc + m1 + m2 Min. is when
of interrupt banking the interrupt

) Max. 4 Ieyc +2(m1 + m2) + m3 L )
request signal to wait time is
CPU until zero.
sequence Max. is when a
currently being higher-priority
executed is interrupt
completed, request has
interrupt occurred during
exception interrupt
handling starts, exception
and first handling.
instruction in
interrupt
exception
service routine
is fetched
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Number of States

Serial
USB 2.0 |Communi-
User host/ cation Peripheral
User |Debugging |IRQ, function |Interface Modules Peripheral
Item NMI break |Interface |PINT module |with FIFO  |1+° Modules 2+* | Remarks
Time from input | Register Min. — 3lcyc+ m1 + m2 Min. is when
of interrupt banking the interrupt
} ) Max. — 12 lcyc + m1 + m2 L )
request signal to | without wait time is
CPU until register bank zero.
sequence overflow Max. is when
currently being an interrupt
executed is request has
completed, occurred during
interrupt execution of
exception the RESBANK
handling starts, instruction.
and first
} . Register Min. — 3lcyc+ m1 + m2 Min. is when
instruction in
. banking with the interrupt
interrupt ) Max. |— 3 Icyc + m1 +m2 + 19(m4) S
. register bank wait time is
exception
N . overflow zero.
service routine Max_ is wh
is fetched ax. s when
an interrupt
request has
occurred during
execution of
the RESBANK
instruction.
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Number of States

Serial

USB 2.0 Communi-

User host/ cation Peripheral | Peripheral
User Debugging function Interface Modules | Modules
Item NMI break Interface |IRQ, PINT |module with FIFO  [1+° 2+ Remarks
Interrupt No register Min. 5 leyc + 6lcyc+ |5lcyc+ 5 leyc + 5 leyc + 5 lcyc + 5 lcyc + 5 lcyc + 266-MHz
response banking 2Picyc+ |m1+m2 [1POcyc+ |[3Picyc+ |[2Bcyc+ 4 Beyc + 4 Beyc + 2 Beyc + operation*'**:
time 1 POcyc + m1+m2 1POcyc+ |2P1icyc+ |1Picyc 1 POcyc mi1+m2 |0.029to 0.101 ps
m1 +m2 m1 +m2 m1 +m2 +mi+m2 | +mi1+m2
Max. 6 lcyc + 7 lcyc+ |6 lcyc+ 6 Icyc + 6 Icyc + 6 lcyc + 6 lcyc + 6 lcyc + 266-MHz

w12,

2 Picyc+ |2(m1 + 1POcyc+ [3Picyc+ [2Bcyc+ 4 Beyc + 4 Beyc + 2 Beyc + operation
1 POcyc + |m2) + m3 [2(m1 +m2) |1 POcyc + |2 Plicyc+ |1Pilcyc+ 1 POcyc + |2(m1+ 0.044t00.116 ps

2(m1 + +m3 2(m1 + m2) [2(m1 +m2) |2(m1 + m2) |2(m1 + m2)|m2) + m3
m2) + m3 +m3 +m3 +m3 +m3
Register Min. — 5 leyc + 5 leyc + 5 leyc + 5 lcyc + 5 lcyc + 5 lcyc + 266-MHz
banking 1POcyc+ [3Picyc+ |[2Bcyc+ 4 Beyc + 4 Beyc + 2 Beyc + operation*'**:
without m1 +m2 1POcyc+ |2Picyc+ |1Picyc+ 1POcyc+ |mi1+m2 |0.041t00.101 us
register bank m1+m2 m1+m2 +mi1+m2 | +m1+m2
overflow Max. — 14 leyc + 14 leyc + 14 leyc + 14 leyc + 14lcyc+ [14lcyc+ |266-MHz
1POcyc+ |3Picyc+ [2Bcyc+ |4 Bcyc+ 4Bcyc+ |2Bcyc+ |operation*'**
m1 +m2 1POcyc+ |2Picyc+ |1Picyc+ 1POcyc+ |mi1+m2 |0.075t00.135us
m1 +m2 m1 +m2 m1 +m2 m1 +m2
Register Min. — 5 leyc + 5 leyc + 5 leyc + 5 lcyc + 5 lcyc + 5 lcyc + 266-MHz
banking with 1POcyc+ [3Picyc+ |[2Bcyc+ 4 Beyc + 4 Beyc + 2 Beyc + operation*'**:
register bank m1 +m2 1POcyc+ |2Picyc+ |1Picyc+ 1POcyc+ |mi1+m2 |0.0411t00.102 us
overflow mi+m2 mi+m2 m1 +m2 m1 +m2
Max. — 5 leyc + 5 leyc + 5 leyc + 5 lcyc + 5 lcyc + 5 lcyc + 266-MHz

X2,

1POcyc + [3Picyc+ [2Bcyc+ 4 Beyc + 4 Beyc + 2 Beyc + operation
mi1+m2+ |1POcyc+ |2Picyc+ |1Picyc+ 1POcyc+ |ml1+m2+|0.112t00.173 pus
19(m4) mi+m2+ |ml+m2+ |ml+m2+ |ml+m2+ [19(m4)

19(m4) 19(m4) 19(m4) 19(m4)
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Notes: m1 to m4 are the number of states needed for the following memory accesses.

mi:
m2:
ma3:
m4:

Vector address read (longword read)

SR save (longword write)

PC save (longword write)

Banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored from the
stack.

In the case thatm1 =m2 =m3 =m4 =1 Icyc.

In the case that (l¢, By, P1¢, PO¢) = (266.67 MHz, 133.33 MHz, 66.67 MHz, 33.33
MHz).

Compare match timer, motor control PWM timer, multi-function timer pulse unit 2,
controller area network, IEBus™ controller, and sound generator.

Peripheral modules other than USB 2.0 host/function module, serial communication
interface with FIFO, and peripheral modules 1.

IRQ

Instruction (instruction replacing
interrupt exception handling)

First instruction in interrupt exception
service routine

[Legend]

Interrupt acceptance

3lcyc + m1 + m2

2 leyc + 3 P1cyc + POcyc m3

[

3lcyc mi  m2

[Flof[ele[m]m|[wm

n

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

Instruction decoding. Fetched instruction is decoded.
Instruction execution. Data operation or address calculation is performed in accordance with the result of decoding.

m2

m3

F: Instruction fetch. Instruction is fetched from memory in which program is stored.
D:

E

M

Memory access. Memory data access is performed.

Figure 7.4 Example of Pipeline Operation when IRQ Interrupt is Accepted

(No Register Banking)
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2 Icyc + 3 P1cyc + POcyc

IRQ —|

[Flof[e]le[m]m]wm

3 lcyc + m1 1lcyc + m1 + 2(m2) + m3

mi1 + m2 ' m3 mi1 ' m2

First instruction in interrupt exception
service routine

First instruction in multiple interrupt
exception service routine

H

- oo

| Interrupt acceptance | IMuItipIe interrupt acceptance

[Legend]

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

Figure 7.5 Example of Pipeline Operation for Multiple Interrupts
(No Register Banking)

Interrupt acceptance

3lcyc + m1 + m2

2 Icyc + 3 P1cyc + POcyc m3

IRQ —|

Instruction (instruction replacing
interrupt exception handling)

3 lcyc m1 m2

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

First instruction in interrupt exception
service routine

T
H

[Legend]

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

Figure 7.6 Example of Pipeline Operation when IRQ Interrupt is Accepted
(Register Banking without Register Bank Overflow)
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2 Ieyc + 3 P1cyc + POcyc

IRQ _l

9 lcyc 3lcyc + m1 + m2

' '
| |
i i
ResBANKinstucton | F | D[ E|E|E[E]E]E|E[E] E] L ,
' " rmilrm2,m3.
' ' I
Instruction (instruction replacing | i I . t .
interrupt exception handling) ' I D I E I E I M l M I M I E I
1 1 ' ' 1 '
' ' o ' i
First instruction in interrupt ' ' ' '
exception service routine I ! . . n
I

[Legend]

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

Figure 7.7 Example of Pipeline Operation when Interrupt is Accepted during RESBANK
Instruction Execution (Register Banking without Register Bank Overflow)

Interrupt acceptance

3lcyc + m1 + m2

2 Icyc + 3 P1cyc + POcyc E 3 lcyc ., mi m2 E m3 E
IRQ —| : : : : :
Instruction (instruction replacing
interrupt exception handling) | F D | E | E M M M | M |

First instruction in interrupt exception
service routine

-
O

[Legend]

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

Figure 7.8 Example of Pipeline Operation when IRQ Interrupt is Accepted
(Register Banking with Register Bank Overflow)
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2 Icyc + 3 P1cyc + POcyc

IRQ _l

RESBANK instruction | F

2 lcyc + 17(m4) 1 leyc + m1 + m2 + 2(m4)

m4 | m4 m1 m2 1 m3

pleE|m|m|[m]. |m

Instruction (instruction replacing
interrupt exception handling)

First instruction in interrupt
exception service routine

Interrupt acceptance

[Legend]

m1: Vector address read

m2: Saving of SR (stack)

m3:  Saving of PC (stack)

m4: Restoration of banked registers

Figure 7.9 Example of Pipeline Operation when Interrupt is Accepted during RESBANK
Instruction Execution (Register Banking with Register Bank Overflow)
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7.8 Register Banks

This LSI has fifteen register banks used to perform register saving and restoration required in the
interrupt processing at high speed. Figure 7.10 shows the register bank configuration.

Registers

Register banks

General
registers

Control
registers

System
registers

| Bank 0
Bank 1

Bank 14

RO RO
R1 R1
Interrupt generated
: (save) :
R14 R14

R15
GBR
SR
GBR MACH
VBR MACL
TBR BESBANK PR
instruction
MACH (restore) VTO
MACL
PR |
PC

Bank control registers (interrupt controller)

Bank control register

Bank number register

IBCR
IBNR

Note: :|: Banked register

VTO: Vector table address offset

Figure 7.10 Overview of Register Bank Configuration
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7.8.1 Banked Register and Input/Output of Banks
(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 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.

7.8.2 Bank Save and Restore Operations
(1) Saving to Bank

Figure 7.11 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
Q Bank 0
(c) Bank 1 RO to R14
: GBR
: MACH
a b
@ e 1 Ao
Bank i + 1 PR
: VTO
Bank 14

Figure 7.11 Bank Save Operations

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 2012 RENESAS

Page 217 of 3088




Section 7 Interrupt Controller

SH7268 Group, SH7269 Group

Figure 7.12 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

interrupt exception service routine.

2 Icyc + 3 Beye + 1 Peyc

3lcyc + m1 + m2

3 lcyc

m1

m2

m3

IRQ —|

Instruction (instruction replacing
interrupt exception handling)

Overrun fetch

First instruction in interrupt exception
service routine

[Legend]

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

[ F

p|e|cE

M

M

M

E

Saved to bank

== (1) VTO, PR, GBR, MACL

m— (2) R12, R13, R14, MACH
== (3) R8, RY, R10, R11

(4) R4, R5, R6, R7

— (5) RO, R1, R2, R3

@)

Figure 7.12 Bank Save Timing

Restoration from Bank

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 exception service routine, execute the RTE instruction to return from interrupt exception

service routine.
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7.8.3 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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7.8.4 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.

7.8.5 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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7.9 Data Transfer with Interrupt Request Signals

Interrupt request signals can be used to activate the direct memory access controller and transfer
data.

Interrupt sources that are designated to activate the direct memory access controller are masked
without being input to the interrupt controller. The mask condition is as follows:

Mask condition = DME e (DEO e interrupt source select 0 + DE1 e interrupt source select 1
+ DE2 e interrupt source select 2 + DES3 e interrupt source select 3 +
DE4 e interrupt source select 4 + DE5 e interrupt source select 5 + DE6
e interrupt source select 6 + DE7 e interrupt source select 7 + DES8 e
interrupt source select 8 + DE9 e interrupt source select 9 + DE10 o
interrupt source select 10 + DE11 e interrupt source select 11 + DE12 o
interrupt source select 12 + DE13 e interrupt source select 13 + DE14 o
interrupt source select 14 + DE15 e interrupt source select 15)

Figure 7.13 shows a block diagram of interrupt control.

Here, DME is bit 0 in DMAOR of the direct memory access controller, and DEn (n =0 to 15) is
bit 0 in CHCR_0 to CHCR_15 of the direct memory access controller. For details, see section 11,
Direct Memory Access Controller.

Interrupt source ——| pirect memory
access
Interrupt source controller
flag clearing

(by the direct memory
access controller)

Interrupt source (not specified as a direct memory access controller activating source)

Interrupt CPU interrupt request
controller CPU

Figure 7.13 Interrupt Control Block Diagram
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7.9.1 Handling Interrupt Request Signals as Sources for CPU Interrupt but Not Direct
Memory Access Controller Activating

1 Do not select direct memory access controller activating sources or clear the DME bit to 0. If,
direct memory access controller activating sources are selected, clear the DE bit to O for the
relevant channel of the direct memory access controller.

2. When interrupts occur, interrupt requests are sent to the CPU.

The CPU clears the interrupt source and performs the necessary processing in the interrupt
exception service routine.

7.9.2 Handling Interrupt Request Signals as Sources for Activating Direct Memory
Access Controller but Not CPU Interrupt

1. Select direct memory access controller activating sources and set both the DE and DME bits to
1. This masks CPU interrupt sources regardless of the interrupt priority register settings.

Activating sources are applied to the direct memory access controller when interrupts occur.

3. The direct memory access controller clears the interrupt sources when starting transfer.
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7.10  Usage Note

7.10.1 Timing to Clear an Interrupt Source

The interrupt source flags should be cleared in the interrupt exception service routine. 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 7.5 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.

Note: * When clearing the USB 2.0 host/function module interrupt source flag, read the flag
three times after clearing it.
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Section 8 User Break Controller

The user break controller 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 (bus cycle (CPU or direct
memory access controller) selection in the case of data read/write), data size, data contents,
address value, and stop timing in the case of instruction fetch are break conditions that can be set
in this module. 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 internal bus (I
bus) consists of the internal CPU bus, on which the CPU issues bus cycles, and the internal DMA
bus, on which the direct memory access controller issues bus cycles. This module monitors the C
bus and I bus.

8.1 Features

1. The following break comparison conditions can be set.
Number of break channels: two channels (channels 0 and 1)
User break can be requested as the independent condition on channels 0 and 1.
— Address
Comparison of the 32-bit address is maskable in 1-bit units.

One of the four address buses (F address bus (FAB), M address bus (MAB), internal CPU
address bus (ICAB), and internal DMA address bus (IDAB)) can be selected.

— Data
Comparison of the 32-bit data is maskable in 1-bit units.

One of the three data buses (M data bus (MDB), internal CPU data bus (ICDB), and
internal DMA data bus (IDDB)) can be selected.

— Bus selection when I bus is selected
Internal CPU bus or internal DMA bus
— Bus cycle
Instruction fetch (only when C bus is selected) or data access
— Read/write
— 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 8.1 shows a block diagram.

1Y

Access Internal bus (I bus) CPU bus (C bus)
control —
CPU CPU
Internal Internal memory  instruction
DMA bus CPU bus access bus fetch bus
—r —
IDDB IDAB ICDB ICAB MDB MAB FAB
Access
comparator
Address
comparator
Data
comparator
~ Channel 0
Access
comparator
Address
comparator
Data
comparator
Channel 1
- Control
[Legend]

BBR: Break bus cycle register
BAR: Break address register

BAMR: Break address mask register

BDR: Break data register

BDMR: Break data mask register

BRCR: Break control register

Internal
CPU bus

BBR_0

BAR_0O

BAMR_0

BDR_0

BDMR_0

BBR_1

BAR_1

BAMR_1

BDR_1

BDMR_1

BRCR

|—> User break interrupt request

—= UBCTRG pin output

Figure 8.1 Block Diagram
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8.2 Input/Output Pin

Table 8.1 shows the pin configuration.

Table 8.1 Pin Configuration

Pin Name Symbol /0 Function

User break trigger UBCTRG Output Indicates that a setting condition is

output satisfied on either channel 0 or 1 of this
module.
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8.3 Register Descriptions

Table 8.2 shows a register configuration. Five control registers for each channel and one common
control register for channel 0 and channel 1 are available. A register for each channel is described
as BAR_O for the BAR register in channel 0.

Table 8.2  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_0 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 HFFFC0414 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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8.3.1 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] and CP[1:0] in the break bus cycle register (BBR) select
one of the four address buses for a break condition.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ Ba31 | Baso | BA2o | BA28 | BA27 | BA2s | BA2s | BA24 | BA2S | BA22 | BA21 | BAZ0 | BAY9 | BATS | BA17 [ BATS |

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

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ Ba15 | Bata [ BAt3 | BAt12 | BA11 | BATO | BAO | BAs | BA7 | BA6 | BAs | BA« | BAS | 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 internal address bus (ICAB or IDAB)
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.
When the internal CPU bus (I bus) is selected by BBR,
specify an ICAB address in bits BA31 to BAO.

When the internal DMA bus (I bus) is selected by BBR,
specify an IDAB 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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8.3.2 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.

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|BAM18|BAM17|BAM1 6|

Initial value: 0 0 0 0

Bit: 15 14 13 12

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

11 10 9 8 7 6 5 4 3 2 1 0

[Bam15|BAm14[BAM13[BAM12|BAM11]BAM10] BAMS | BAMS | BAMT | BAMS | BAMS | BAMA | BAMS | BAM2 | BAM1 | BAMO|

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 BAM3I1 to All O
BAMO

R/W

Break Address Mask

Specify bits masked in the break address bits specified

by BAR (BA31 to BAO).

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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8.3.3 Break Data Register (BDR)

BDR is a 32-bit readable/writable register. The control bits CD[1:0] and CP[1:0] in the break bus
cycle register (BBR) select one of the three data buses for a break condition.

Bitt 31 80 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ Bos1 | BD30 | BD20 | BD28 | BD27 | BD26 | BD25 | BD24 | BD23 | BD22 | BD21 | BD20 | BD19 | BDIS | BD17 | BDIG |

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

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ 8015 | BD14 | BD13 | BD12 | BD11 | BD10 | BDO | BDS | BD7 | BDS | BDS | BD4 | BDS | BD2 | BD1 | BODO |

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 BD31toBDO AllO R/W  Break Data Bits
Store data which specifies a break condition.
When the C bus is selected by BBR, specify the break
data on MDB in bits BD31 to BDO.
When the internal CPU bus (I bus) is selected by BBR,
specify an ICDB address in bits BD31 to BDO.
When the internal DMA bus (I bus) is selected by BBR,
specify an IDDB address 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, 23to 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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8.34 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.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[eoMms1|BOME0|BOM29|BDM28|BDMA7|BDM26|BDME2S|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

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[som15|BDOM14{BDM13]BDM12]BDM11]/BDM10| BOMS | BDMS | BDM? | BDMS | BDMS | BDMA | BDMS | 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
31t00 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=31100

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 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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8.3.5 Break Bus Cycle Register (BBR)

BBR is a 16-bit readable/writable register, which specifies (1) disabling or enabling of user break
interrupt requests, (2) including or excluding of the data bus value, (3) internal CPU bus or
internal DMA 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.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - ‘ - ‘usm‘ DBE‘ - ‘ - ‘ CP[1:0] ‘ CDI[1:0] ID[1:0] RW[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  R/W R R 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
11,10 — All O 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

9,8

CP[1:0]

00

R/W

I-Bus Bus Select

Select the bus 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).

00: Condition comparison is not performed

01: Break condition is the internal CPU bus

10: Break condition is the internal DMA bus

11: Break condition is the internal CPU bus

7,6

CDI[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

RW[1:0]

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
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Initial
Bit Bit Name Value R/W  Description
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

8.3.6 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.

3. Specifies whether a trigger signal is output to the UBCTRG pin 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 0 is only possible. To clear the flag, write O to the flag
bit to be cleared and 1 to all other flag bits.

Bt 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16

[ -] - [ -1-1-1]-1-1-1-1-1-1- luropiurooe cksito |
Intialvave: 0 0 ©0 ©0O O O0O O 0 o0 ©0 ©O0 ©0 ©0 0 o0 o0
RWw: R R R R R R R R R R R R RW RW RW RW

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[sogresovrelsegrofseyre] - [ - [ - [ - | - leostleosol - [ - [ - [ - [ - |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW R R R R R RW RW R R R R R
Initial
Bit Bit Name Value R/W  Description
31to20 — 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
19 UTOD1 0 R/W  UBCTRG Output Disable 1
Specifies whether a trigger signal is output to the
UBCTRG pin when a break condition for channel 1 is
satisfied.
0: Outputs a trigger signal to the UBCTRG pin when a
break condition for channel 1 is satisfied
1: Does not output a trigger signal to the UBCTRG pin
when a break condition for channel 1 is satisfied
18 UTODO 0 R/W  UBCTRG Output Disable 0
Specifies whether a trigger signal is output to the
UBCTRG pin when a break condition for channel 0 is
satisfied.
0: Outputs a trigger signal to the UBCTRG pin when a
break condition for channel 0 is satisfied
1: Does not output a trigger signal to the UBCTRG pin
when a break condition for channel 0 is satisfied
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 cycle of peripheral
clock 1.
01: Pulse width of UBCTRG is two cycles of peripheral
clock 1.
10: Pulse width of UBCTRG is four cycles of peripheral
clock 1.
11: Pulse width of UBCTRG is eight cycles of
peripheral clock 1.
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
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Initial
Bit Bit Name Value R/W  Description
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 — All O R Reserved

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

6 PCB1 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
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Initial
Bit Bit Name Value R/W  Description
4t00 — AllO R Reserved

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

8.4.1 Flow of the User Break Operation

The flow from setting of break conditions to user break interrupt exception handling is described

below:

1.

The break address is set in a break address register (BAR). The masked address bits are set in a
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.

In the case where the break conditions are satisfied and the user break interrupt request is
enabled, this module sends a user break interrupt request to the interrupt controller 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.
On receiving a user break interrupt request signal, the interrupt controller 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 10 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 7, Interrupt Controller.
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.
There is a chance that the break set in channel 0 and the break set in channel 1 occur around
the same time. In this case, there will be only one user break request to the interrupt controller
but these two break channel match flags may both be set.
When selecting the I bus as the break condition, note as follows:
— Whether or not an access issued on the C bus by the CPU is issued on the internal CPU bus
depends on the cache settings. Regarding the I bus operation under cache conditions, see
table 9.8 in section 9, Cache.
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— When a break condition is specified for the I bus, only the data access cycle is monitored.
The instruction fetch cycle (including the cache renewal cycle) is not monitored.

— Only data access cycles are issued for the internal DMA bus cycles.

— If a break condition is specified for the I bus, even when the condition matches in an
internal CPU bus cycle resulting from an instruction executed by the CPU, at which
instruction the user break interrupt request is to be accepted cannot be clearly defined.

8.4.2 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
then be selected with the PCBO or PCB1 bit of the break control register (BRCR) for the
appropriate channel. If an instruction fetch cycle is set as a break condition, clear BAO bit 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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8.4.3 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 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 internal CPU bus, see 6 in section 8.4.1, 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 8.3.

Table 8.3 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

3. 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.

4. 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.

5. If the data access cycle is selected, the instruction at which the break will occur cannot be
determined.
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8.44 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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8.4.5 Usage Examples
(1) Break Condition Specified for C Bus Instruction Fetch Cycle
(Example 1-1)

e 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)

e 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'O0O000FFF

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'O0008FFE 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'O0O0ABCO00 to HO00ABCEFE.
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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'0194, BAR_1= H'00055555,
BAMR_1 =H'00000000, BBR_1 =H'12A9, BDR_1 = H'78787878, BDMR_1 = H'OFOFOFOF,
BRCR = H'00000000
<Channel 0>
Address: H'00314156, Address mask: H'00000000

Bus cycle: Internal CPU 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: Internal DMA bus/data access/write/byte

On channel 0, the setting of the internal CPU bus/instruction fetch is ignored.

On channel 1, a user break occurs when the direct memory access controller writes byte data
H'7x in address H'00055555 on the internal DMA bus (access via the internal CPU bus does
not generate a user break).
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8.5 Usage Notes

1. The CPU can read from or write to this module registers via the internal CPU bus.
Accordingly, during the period from executing an instruction to rewrite this module register till
the new value is actually rewritten, the desired break may not occur. In order to know the
timing when this module register is changed, read from the last written register. Instructions
after then are valid for the newly written register value.

2. This module cannot monitor the C bus, internal CPU, and internal DMA bus cycles in the
same channel.

3. 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 6.1 in section 6, Exception Handling. If an exception source with higher priority occurs,
the user break interrupt request is not received.

4. 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.

5. User breaks are disabled during module standby mode. Do not read from or write to this
module registers during module standby mode; the values are not guaranteed.

6. 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.

7. 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.

8. 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.

9. Do not set a user break before instruction execution for the instruction following the DIVU or
DIVS instruction. If a user break before instruction execution is set for the instruction
following the DIVU or DIVS instruction and an exception or interrupt occurs during execution
of the DIVU or DIVS instruction, a user break occurs before instruction execution even though
execution of the DIVU or DIVS instruction is halted.
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Section 9 Cache

9.1 Features

e Capacity
Instruction cache: 8 Kbytes
Operand cache: 8 Kbytes
e Structure: Instructions/data separated, 4-way set associative
e Way 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

9.1.1 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.

In each way, 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 9.1 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 0 to 3) LRU
i '
1
1
Entry 0 | V | U | Tag address Of Lwo LW1 Lw2 Lw3 0
Entry 1 1 1
Entry 127 | 127 L 127
23 (1 + 1+ 21) bits 128 (32 x 4) bits 6 bits
e —— e

LWO to LW3: Longword data 0 to 3

Figure 9.1 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 0, it has not.

The tag address holds the physical address used in the access to external memory or large-capacity
on-chip RAM. It consists of 21 bits (address bits 31 to 11) used for comparison during cache
searches. In this LSI, the addresses of the cache-enabled space are H'00000000 to H'| FFFFFFF
(see section 10, Bus State Controller), and therefore 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 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.

(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.
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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 9.1 when the cache lock function (only for operand
cache) is not used (concerning the case where the cache lock function is used, see section 9.2.2,
Cache Control Register 2 (CCR2)). If a bit pattern other than those listed in table 9.1 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 9.1.

The LRU bits are initialized to B'000000 by a power-on reset but not initialized by a manual reset
or in software standby mode.

Table 9.1 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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9.2 Register Descriptions

Table 9.2 shows the register configuration of the cache.

Table 9.2  Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size
Cache control register 1 CCR1 R/W  H'00000000 HFFFC1000 32

Cache control register 2 CCR2 R/W  H'00000000 HFFFC1004 32

9.2.1 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 a cache-disabled space, and a
cache-enabled space should be accessed after reading the contents of CCR1.

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

- r-r-r-r-r-r-r-t-ft-t-71-7T-1T-7T-°]
Initial value: 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R

I o
us)
X
us)
us)
us)
X

Bt: 15 14 13 12 1110 9 8 7 6 5 4 3 2 A 0
L - - [ -Joe] [ -Jee[ [ -] -]-Jor] - Juwr]oce]

Intialvalue: 0 0 0 o0 ©O0O O ©O0 O O 0 0O 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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Initial

Bit Bit Name Value R/W Description

31to12 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

11 ICF 0 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 the external memory or
the large-capacity on-chip RAM is not performed when
the instruction cache is flushed.

10,9 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

8 ICE 0 R/W Instruction Cache Enable

Indicates whether the instruction cache function is
enabled/disabled.

0: Instruction cache disable

1: Instruction cache enable

7t04 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

3 OCF 0 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 the external memory or
the large-capacity on-chip RAM is not performed when
the operand cache is flushed.

2 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

1 WT 0 R/W  Write Through
Selects write-back mode or write-through mode.

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

0 OCE 0 R/W  Operand Cache Enable

Indicates whether the operand cache function is
enabled/disabled.

0: Operand cache disable

1: Operand cache enable
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9.2.2 Cache Control Register 2 (CCR2)

CCR2 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 9.3. 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 0 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 9.4.

Programs that change the contents of CCR2 should be placed in a cache-disabled space, and a
cache-enabled space should be accessed after reading the contents of CCR2.

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

. r-r-rerere e e e bbb Je

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 11 10 9 8 7 6 5 4 3 2 1 0
L1 -7 - - -1 D8M& - -1 -[-[ [ l&l&

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 RW R/W 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 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

16 LE 0 R/W  Lock Enable
Controls the cache locking function.
0: Not cache locking mode
1: Cache locking mode

15t010 — All O 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 WB3LOCK 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.

7102 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

1 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 9.3 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 9.1)
1 X 0 X 0 Decided by LRU (table 9.1)
1 X 0 0 1 Decided by LRU (table 9.5)
1 0 1 X 0 Decided by LRU (table 9.6)
1 0 1 0 1 Decided by LRU (table 9.7)
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 9.4  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 9.1)
1 X 0 X 0 Decided by LRU (table 9.1)
1 X 0 X 1 Decided by LRU (table 9.5)
1 X 1 X 0 Decided by LRU (table 9.6)
1 X 1 X 1 Decided by LRU (table 9.7)
[Legend]

X: Don't care

Note: * The W3LOAD and W2LOAD bits should not be set to 1 at the same time.

Table 9.5 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 9.6 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 9.7 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
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9.3 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.

9.3.1 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 9.2 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 9.2 shows a hit on way 1.
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Access address

31 11 10

4 3210

Entry selection | Longword (LW) selection
Address array Data array
(ways 0 to 3) (ways 0 to 3)
1
 — I
Entry0 | v | U | Tag address Entry0 | WO LwWi1 Lw2 Lw3
Entry 1 Entry 1
L ..
Entry 127 T Entry 127 _—_
CMPO|CMP1|CMP2|CMP3|
Hit signal (way 1)
[Legend]
CMPO to CMP3: Comparison circuits 0 to 3
Figure 9.2 Cache Search Scheme
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9.3.2 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 internal bus cycle starts and the entry is updated. The way replaced follows table 9.4. Entries
are updated in 16-byte units. When the desired data that caused the miss is loaded from the
external memory or the large-capacity on-chip RAM 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 bitis setto 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. Cache update operation and write-back operation to the
memory are performed in wrap-around mode. When the lower four bits of the address of read-
miss data are H'4, for example, cache update operation and write-back operation to the memory
are performed in the following order of the lower 4-bit value of address: H4 — H'8 > H'C —»
H'0.

9.3.3 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 9.3. Other operations are
the same as those in the case of read miss.
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9.34 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 write cycle to the
external memory or the large-capacity on-chip RAM 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 a write cycle to the external memory or
the large-capacity on-chip RAM is issued. The U bit of the written entry is not updated and LRU
is updated so that the replaced way becomes the latest.

(2) Write Miss

In write-back mode, an internal bus cycle starts when a write miss occurs, and the entry is
updated. The way to be replaced follows table 9.4. 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. Cache update operation and write-back
operation to the memory are performed in wrap-around mode. When the lower four bits of the
address of write-miss data are H'4, for example, cache update operation and write-back operation
to the memory are performed in the following order of the lower 4-bit value of address: H'4 — H'8
— H'C - HO0.

In write-through mode, no write to cache occurs in a write miss; the write is only to the external
memory or the large-capacity on-chip RAM.

9.3.5 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 or the large-capacity on-chip RAM. 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 the external memory or the large-capacity on-
chip RAM. 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 9.3 shows the configuration
of the write-back buffer.
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A (3110 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 9.3 Write-Back Buffer Configuration

Operations in sections 9.3.2 to 9.3.5 are summarized in table 9.8.

Table 9.8  Cache Operations
Write-Back Mode/ Access to External Memory
CPU Hit/ Write-Through or Large-Capacity On-Chip
Cache Cycle Miss Mode U Bit RAM (Through Internal Bus) Cache Contents
Instruction Instruction Hit — — Not generated Not updated
cache fetch
Miss — — Cache update cycle is Updated to new values by cache
generated update cycle
Operand  Prefetch/  Hit Either mode is X Not generated Not updated
cache read available
Miss  Write-through — Cache update cycle is Updated to new values by cache
mode generated update cycle
Write-back mode 0 Cache update cycle is Updated to new values by cache
generated update cycle

1 Cache update cycle is Updated to new values by cache
generated. Then write-back update cycle
cycle in write-back buffer is
generated.

Write Hit Write-through — Write cycle CPU issue is Updated to new values by write

mode generated. cycle the CPU issues

Write-back mode  x Not generated Updated to new values by write
cycle the CPU issues

Miss  Write-through — Write cycle CPU issue is Not updated*
mode generated.
Write-back mode 0 Cache update cycle is Updated to new values by cache
generated update cycle. Subsequently

updated again to new values in
write cycle CPU issues.

1 Cache update cycle is Updated to new values by cache
generated. Then write-back update cycle. Subsequently
cycle in write-back buffer is updated again to new values in
generated. write cycle CPU issues.
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[Legend]
X: Don't care.

Note: Cache update cycle: 16-byte read access
Write-back cycle in write-back buffer: 16-byte write access

* Neither LRU updated. LRU is updated in all other cases.

9.3.6 Coherency of Cache and External Memory or Large-Capacity On-Chip RAM

Use software to ensure coherency between the cache and the external memory or the large-
capacity on-chip RAM. When memory shared by this LSI and another device is mapped in the
cache-enabled space, operate the memory-mapped cache to invalidate and write back as required.
The same operation should be performed for the memory shared by the CPU and the direct
memory access controller in this LSI.
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94 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'FO000000 to
H'FO7FFFFF, and the data array onto addresses H'F1000000 to H'F17FFFFF. The operand cache
address array is mapped onto addresses H'FO800000 to H'FOFFFFFF, and the data array onto
addresses H'F1800000 to H'F1FFFFFF. Only longword can be used as the access size for the
address array and data array, and instruction fetches cannot be performed.

94.1 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 for 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 O 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 9.4.
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.

(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.
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Write-back operation to the memory is performed in the following order of the lower 4-bit value
of address: H0 - H'4 — H'8 - H'C.

(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. Write-back operation to the memory is performed in the following order of the lower 4-bit
value of address: H0 - H'4 — H'S§ — H'C.

9.4.2 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'11 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 9.4.

The following two operations are possible for the data array. Information in the address array is
not modified by this operation.

(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.
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(2) Data Array Write

The longword data specified by the data is written to the position specified by the L bit in the
address from the entry address specified by the address and the entry corresponding to the way.

1. Instruction cache 2. Operand cache
1.1 Address array access 2.1 Address array access
(a) Address specification (a) Address specification

Read access 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] #--mreeeve- = | w | Entryaddress [ 0] *| o [o] | ERRRE LT I — <] w | Entryaddress Jo] ] o]o]

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] #-reerevvev «| w | Entryaddress [ A[ =] 0]o] | ERERTTT ] E— «| W | Entyaddress | A | o0]o]
(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 o0Tagaddress (28to 1) E|  LRU [ X x x[v] |00 ofTagaddress (28to1)| 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
| ERRRLTIRL) [— «| W | Entryaddress | L [o]o| = [111100011] #errrreeees <] w | Entryaddress | L Jo]o]
(b) Data specification (b) Data specification

31 0 31 0
| Longword data | | Longword data |

[Legend]

*: Don't care
E:  Bit 10 of entry address for read, don't care for write
X: 0 for read, don't care for write

Figure 9.4 Specifying Address and Data for Memory-Mapped Cache Access
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94.3 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 0, U=0, V=0

; R1=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 9.4 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

7

MOV.L @RO,R1

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 2012 RENESAS

Page 265 of 3088



Section 9 Cache SH7268 Group, SH7269 Group

9.4.4 Usage 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. Registers and memory-mapped cache can be accessed only by the CPU and not by the direct
memory access controller.
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Section 10 Bus State Controller

The bus state controller outputs control signals for various types of memory and external devices
that are connected to the external address space. The functions of this module enable this LSI to
connect directly with SRAM, SDRAM, and other memory storage devices, and external devices.

10.1 Features

1. External address space
— A maximum of 64 Mbytes for each of areas CSO to CS5.

— Can specify the normal space interface, SRAM interface with byte selection, burst ROM
(clocked synchronous or asynchronous), MPX-1/0, SDRAM memory type, and PCMCIA
interface for each address space.

— Can select the data bus width (8, 16, or 32 bits) for each of address spaces.
— Controls insertion of wait cycles for each address space.
— Controls insertion of wait cycles for each read access and write access.

— Can set independent idle cycles during the continuous access for five cases: read-write (in
same space/different spaces), read-read (in same space/different spaces), the first cycle is a
write access.

2. Normal space interface

— Supports the interface that can directly connect to the SRAM.
3. Burst ROM interface (clocked asynchronous)

— High-speed access to the ROM that has the page mode function.
4. MPX-I/O interface

— Can directly connect to a peripheral LSI that needs an address/data multiplexing.
5. SDRAM interface

— Can set the SDRAM in up to two areas.

— Multiplex output for row address/column address.

— Efficient access by single read/single write.

— High-speed access in bank-active mode.

— Supports an auto-refresh and self-refresh.

— Supports a power-down mode.

— Issues MRS and EMRS commands.
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6. PCMCIA direct interface

— Supports the IC memory card and I/O card interface defined in JEIDA specifications Ver.
4.2 (PCMCIA2.1 Rev. 2.1).

— Wait-cycle insertion controllable by program.
7. SRAM interface with byte selection

— Can connect directly to a SRAM with byte selection.
8. Burst ROM interface (clocked synchronous)

— Can connect directly to a burst ROM of the clocked synchronous type.
9. Bus arbitration

— Shares all of the resources with other CPU and outputs the bus enable after receiving the
bus request from external devices.

10. Refresh function

— Supports the auto-refresh and self-refresh functions.

— Specifies the refresh interval using the refresh counter and clock selection.

— Can execute concentrated refresh by specifying the refresh counts (1, 2, 4, 6, or 8).
11. Usage as interval timer for refresh counter

— Generates an interrupt request at compare match.
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Figure 10.1 shows a block diagram of this module.

g %)
>
\ 2
BREQ - o e
BACK - Bus o)
Bus request from | mastership < CMNCR [~ €
NAND flash memory controller _ controller
Bus use enable for =
NAND flash memory controller
< I CSOWCR |<->
Wait :
WAIT >1 controller .
- I CS5WCR |<->
< CSOBCR | ~<agup-]
TS0 to CS5 - Area : »
controller | ¢ . 3
- o
< CS5BCR || _g
o
B =
A25 to A0,
D31 to DO,
ES, RD/WR,
RD, WE3 to WEO, Memory
RAS, CAS, - controller
CKE, DQMxx,
AH, 10IS16, CE2A
A
Refresh
controller
[Legend]
CMNCR: Common control register
CSnWCR: CSn space wait control register (n =0 to 5)
CSnBCR: CSn space bus control register (n =0 to 5)
SDCR: SDRAM control register
RTCSR:  Refresh timer control/status register
RTCNT:  Refresh timer counter
RTCOR: Refresh time constant register
Figure 10.1 Block Diagram of Bus State Controller
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10.2  Input/Output Pins

Table 10.1 shows the pin configuration.

Table 10.1 Pin Configuration

Name /0 Function

A25 to A0 Output Address bus

D31 to DO IO Data bus

BS Output  Bus cycle start

CS0to CS4 Output  Chip select

CS5/CE1A Output  Chip select
Function as PCMCIA card select signals for D7 to DO when
PCMCIA is used.

CE2A Output  Function as PCMCIA card select signals for D15 to D8.

RD/WR Output  Read/write
Connects to WE pins when SDRAM or SRAM with byte
selection is connected.

RD Output Read pulse signal (read data output enable signal)

Functions as a strobe signal for indicating memory read
cycles when PCMCIA is used.

WE3/DQMUU/ICIOWR/  Output
AH

Indicates that D31 to D24 are being written to.

Connected to the byte select signal when a SRAM with byte
selection is connected.

Functions as the select signals for D31 to D24 when
SDRAM is connected.

Functions as a strobe signal for indicating I/O write cycles
when PCMCIA is used.

Functions as the address hold signal when the MPX-I/O is
used.

WE2/DQMUL/ICIORD  Output

Indicates that D23 to D16 are being written to.

Connected to the byte select signal when a SRAM with byte
selection is connected.

Functions as the select signals for D23 to D16 when
SDRAM is connected.

Functions as a strobe signal for indicating I/O read cycles
when PCMCIA is used.
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Name 1/0 Function

WE1/DQMLU/WE Output Indicates that D15 to D8 are being written to.
Connected to the byte select signal when a SRAM with byte
selection is connected.
Functions as the select signals for D15 to D8 when SDRAM
is connected.
Functions as a strobe signal for indicating memory write
cycles when PCMCIA is used.

WEO/DQMLL Output Indicates that D7 to DO are being written to.
Connected to the byte select signal when a SRAM with byte
selection is connected.
Functions as the select signals for D7 to DO when SDRAM
is connected.

RAS Output Connects to RAS pin when SDRAM is connected.

CAS Output Connects to CAS pin when SDRAM is connected.

CKE Output Connects to CKE pin when SDRAM is connected.

WAIT Input External wait input

BREQ Input Bus request input

BACK Output Bus enable output

10IS16 Input Indicates 16-bit I/O of PCMIA.

Enabled only in little endian mode. The pin should be driven
low in big endian mode.
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10.3  Area Overview

10.3.1  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 CSO to CS5 are cache-enabled when internal address A29 = 0 or cache-
disabled when A29 = 1.

The kind of memory to be connected and the data bus width are specified in each partial space.
The address map for the external address space is listed below.

Table 10.2 Address Map

Internal Address Space Memory to be Connected Cache

H'00000000 to H'03FFFFFF CSso Normal space, SRAM with byte selection, Cache-enabled
burst ROM (asynchronous or synchronous)

H'04000000 to H'07FFFFFF Cst Normal space, SRAM with byte selection

H'08000000 to H'OBFFFFFF CSs2 Normal space, SRAM with byte selection,
SDRAM

H'0C000000 to H'OFFFFFFF CS3 Normal space, SRAM with byte selection,
SDRAM

H'10000000 to H'13FFFFFF Cs4 Normal space, SRAM with byte selection,
burst ROM (asynchronous)

H'14000000 to H'17FFFFFF CS5 Normal space, SRAM with byte selection,
MPX-1/0, PCMCIA

H'18000000 to H'1FFFFFFF Other  SPI multi I/O bus space, large-capacity
on-chip RAM, reserved area*

H'20000000 to H'23FFFFFF CSo Normal space, SRAM with byte selection, Cache-disabled
burst ROM (asynchronous or synchronous)

H'24000000 to H'27FFFFFF CSt Normal space, SRAM with byte selection

H'28000000 to H'2BFFFFFF CSs2 Normal space, SRAM with byte selection,
SDRAM

H'2C000000 to H2FFFFFFF CS3 Normal space, SRAM with byte selection,
SDRAM

H'30000000 to H'33FFFFFF Cs4 Normal space, SRAM with byte selection,
burst ROM (asynchronous)

H'34000000 to H'37FFFFFF CS5 Normal space, SRAM with byte selection,
MPX-I/O, PCMCIA
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Internal Address Space Memory to be Connected Cache

H'38000000 to H'3FFFFFFF Other  SPI multi I/O bus space, large-capacity Cache-disabled
on-chip RAM, reserved area*

H'40000000 to H'FFFFFFFF Other High-speed on-chip RAM, on-chip peripheral —
modules, reserved area*

Note: * For the large-capacity on-chip RAM space and high-speed on-chip RAM space, access
the addresses shown in section 47, On-Chip RAM. For the on-chip peripheral module
space, access the addresses shown in section 51, List of Registers. Do not access
addresses which are not described in these sections. Otherwise, the correct operation
cannot be guaranteed.

10.3.2 Data Bus Width, Endian Specification, and Related Pin Setting for Each Area
Depending on Boot Mode

The initial state of data bus width, endian specification, and settings of the pins related to this
module depends on boot mode. For boot mode, refer to section 4, Boot Mode.

In boot modes 0 and 1, the state of area O is fixed to the state with bus width of 16 or 32 bits and
big endian, because this LSI is started up by the program stored in the ROM connected to area 0.
The initial states of areas 1 to 5 are the same as that of area 0, but can be changed by the program.
Immediately after a power-on reset in these modes, some of the address and data-bus signals and
the CSO and RD signals are automatically selected by default as the functions of the corresponding
pins, since these signals are required to read ROM data from area 0. With the exception of these
pins, the general purpose pin function is selected by default, and other required pin functions must
be specified by the program. Read access to area 0 is only permitted before the pin settings are
completed.

In boot modes 2 to 5, the state of areas 0 to 5 can be changed from the initial state by the program,
because the LSI is started by the program stored in the NAND flash memory, the serial flash
memory, the NAND flash memory with the SD controller, or the NAND flash memory with the
MMC controller. Since pin functions related to this module are not set automatically, they need to
be set by the program. Do not access external address spaces before the pin settings are completed.

Table 10.3 shows the initial state by areas 0 to 5 in boot modes 0O, 1, and 2 to 5.

The sample access waveforms shown in this section include the pins such as BS, RD/WR, and
WEn. They are the waveforms when pin functions are assigned to the general I/O ports. For
example, when 16-bit bus width is used in boot mode 1, setting for pin A1l is needed. When 8-bit
bus width is used, setting for pins Al and AO is also needed.

For details on pin function settings, see section 48, General Purpose 1/O Ports.
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Table 10.3 Initial States by Areas in Boot Modes 0, 1, and 2 to 5

Boot Mode Item

Area 0

Areas 1to 5

0 Data bus width  Fixed to 16 bits. 16 bits. Can be changed by
Not changeable. program.
Endian Fixed to big endian. Big endian.
specification Not changeable. Can be changed by
program.

Settings of pins
related to this
module

Pins A20 to A1, D15 to DO, CSO0, and RD are set automatically.
Other pins need to be set by program.

1 Data bus width

Fixed to 32 bits.
Not changeable.

32 bits. Can be changed by
program.

Endian
specification

Fixed to big endian.

Not changeable.

Big endian.
Can be changed by
program.

Settings of pins
related to this

Pins A20 to A2, D31 to DO, CSO0, and RD are set automatically.
Other pins need to be set by program.

module

2to5 Data bus width 32 bits. Can be changed by program.
Endian Big endian. Can be changed by program.
specification

Settings of pins
related to this
module

General I/0 function.

For external bus access, all the necessary pins need to be set by

program.

Notes: 1. In boot mode 0 or 1, if a boot ROM that uses higher-order address lines than A21 is
connected, the circuit board must include pull-down resistors for those address lines.
2. The data-bus width may be limited by the type of memory in use. For details, section
10.4.2, CSn Space Bus Control Register (CSnBCR) (n = 0 to 5).
3. Since the CS4 and A22 pin functions are assigned to the same pin, area 4 and modules
requiring A22 and higher-order address lines cannot be used at the same time.
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10.4

Register Descriptions

Table 10.4 shows the register configuration of this module.

Do not access the areas until settings of the connected memory interface are completed.

Table 10.4 Register Configuration

Access
Register Name Abbreviation R/W Initial Value  Address Size
Common control register CMNCR R/W H'00001010 H'FFFC0000 32
CSO0 space bus control  CSOBCR R/W H'36DB0400* H'FFFC0004 32
register
CS1 space bus control  CS1BCR R/W H'36DB0400* H'FFFC0008 32
register
CS2 space bus control  CS2BCR R/W H'36DB0400* H'FFFC000C 32
register
CS3 space bus control  CS3BCR R/W H'36DB0400* H'FFFC0010 32
register
CS4 space bus control  CS4BCR R/W H'36DB0400* H'FFFC0014 32
register
CS5 space bus control  CS5BCR R/W H'36DB0400* H'FFFC0018 32
register
CSO0 space wait control  CSOWCR R/W H'00000500 H'FFFC0028 32
register
CS1 space wait control CS1WCR R/W H'00000500 H'FFFC002C 32
register
CS2 space wait control  CS2WCR R/W H'00000500 H'FFFC0030 32
register
CS3 space wait control  CS3WCR R/W H'00000500 H'FFFC0034 32
register
CS4 space wait control  CS4WCR R/W H'00000500 H'FFFC0038 32
register
CS5 space wait control  CS5WCR R/W H'00000500 H'FFFC003C 32
register
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Register Name

Abbreviation R/W

Initial Value

Address

Access
Size

SDRAM control register

R/W H'00000000

H'FFFC004C

32

Refresh timer

control/status register

R/W H'00000000

H'FFFC0050

32

Refresh timer counter

R/W H'00000000

H'FFFC0054

32

Refresh time constant

register

R/W H'00000000

H'FFFC0058

32

Note: * H'36DB0400 in boot mode 0; H'36DB0600 in boot modes 1 to 5
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10.4.1 Common Control Register (CMNCR)

CMNCR is a 32-bit register that controls the common items for each area.

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
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
| - | - | - | - |BLOCK| DPRTY[1:0] DMAIW[2:0] | Dhs | - | - | - | e | e, |
Initial value: 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0
RW: R R R R RW RW RW RW RW RW RW R R R RW RW
Initial

Bit Bit Name Value R/W Description

31t013 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

12 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.

11 BLOCK 0 R/W Bus Lock

Specifies whether or not the BREQ signal is received.
0: Receives BREQ.
1: Does not receive BREQ.

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 2012 :{ENESAS

Page 277 of 3088



Section 10 Bus State Controller

SH7268 Group, SH7269 Group

Initial
Bit Bit Name Value

R/W

Description

10, 9 DPRTY[1:0] 00

R/W

DMA Burst Transfer Priority

Specify the priority for a refresh request/bus
mastership request during DMA burst transfer.

00: Accepts a refresh request and bus mastership
request during DMA burst transfer.

01: Accepts a refresh request but does not accept a
bus mastership request during DMA burst
transfer.

10: Accepts neither a refresh request nor a bus
mastership request during DMA burst transfer.

11: Reserved (setting prohibited)

8to6 DMAIWI[2:0] 000

R/W

Wait states between access cycles when DMA single
address transfer is performed.

Specify the number of idle cycles to be inserted after
an access to an external device with DACK when
DMA single address transfer is performed. The
method of inserting idle cycles depends on the
contents of DMAIWA.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Bit Bit Name

Initial
Value

R/W

Description

5 DMAIWA

0

R/W

Method of inserting wait states between access
cycles when DMA single address transfer is
performed.

Specifies the method of inserting the idle cycles
specified by the DMAIW[2:0] bit. Clearing this bit will
make this LSl insert the idle cycles when another
device, which includes this LSI, drives the data bus
after an external device with DACK drove it. However,
when the external device with DACK drives the data
bus continuously, idle cycles are not inserted. Setting
this bit will make this LSl insert the idle cycles after an
access to an external device with DACK, even when
the continuous access cycles to an external device
with DACK are performed.

0: Idle cycles inserted when another device drives the
data bus after an external device with DACK drove
it.

1: Idle cycles always inserted after an access to an
external device with DACK

Reserved

This bit is always read as 1. The write value should
always be 1.

3,2 —

All O

R

Reserved

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

1 HIZMEM

0

R/W

High-Z Memory Control

Specifies the pin state in software standby mode or
deep standby mode for A25 to A0, BS, CSn, CE2A,
RD/WR, WEn/DQMxx/AH, and RD. At bus-released
state, these pin are high-impedance states regardless
of the setting value of the HIZMEM bit.

0: High impedance in software standby mode or deep
standby mode.

1: Driven in software standby mode or deep standby
mode
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Initial
Bit Bit Name Value R/W Description
0 HIZCNT* 0 R/W High-Z Control

Specifies the state in software standby mode, deep
standby mode, or bus-released state for CKE, RAS,
and CAS.

0: High impedance in software standby mode, deep
standby mode, or bus-released state for CKE, RAS,
and CAS.

1: Driven in software standby mode, deep standby
mode, or bus-released state for CKE, RAS, and
CAS.

Note: * For High-Z control of CKIO, see section 5, Clock Pulse Generator.
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10.4.2  CSn Space Bus Control Register (CSnBCR) (n =0 to 5)

CSnBCR is a 32-bit readable/writable register that specifies the memory connected to each space,
the number of idle cycles between bus cycles, and the bus width.

Do not access external memory for the corresponding area until CSnBCR initial setting and pin
setting are completed.

Idle cycles may be inserted even when they are not specified. For details, see section 10.5.11, Wait
between Access Cycles.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| - | IWW[2:0] | IWRWD[2:0] | IWRWS[2:0] | IWRRD[2:0] | IWRRS[2:0] |

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

Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

| - | TYPE[2:0] |END|AV\4 BSZ[1:0] | - | - | - | - | - | - | - | - | - |
Initalvalue: 0 0 0 0 0 1+ o0 0 ©0 ©0 ©O0O O O 0 0 0
RW: R RW RW RW RW RW RW R R R R R R R R R

Note: * B'10 in boot mode 0; B'11 in boot mode 1 to 5.

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.
30t028 IWWIJ2:0] 011 R/W Idle Cycles between Write-Read Cycles and Write-
Write Cycles

These bits specify the number of idle cycles to be
inserted after the access to a memory that is
connected to the space. The target access cycles are
the write-read cycle and write-write cycle.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Initial
Bit Bit Name Value

R/W

Description

27t025 IWRWDI[2:0] 011

R/W

Idle Cycles for Another Space Read-Write

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target access cycle is a read-write one in
which continuous access cycles switch between
different spaces.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

24t022 IWRWS[2:0] 011

R/W

Idle Cycles for Read-Write in the Same Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-write cycle of which
continuous access cycles are for the same space.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Initial
Bit Bit Name Value R/W Description
21t019 IWRRD[2:0] 011 R/W Idle Cycles for Read-Read in Another Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-read cycle of which
continuous access cycles switch between different
space.

000: No idle cycle inserted
001: 1 idle cycle inserted

010: 2 idle cycles inserted

011: 4 idle cycles inserted

100: 6 idle cycles inserted

101: 8 idle cycles inserted

110: 10 idle cycles inserted
111: 12 idle cycles inserted

18to 16 IWRRS[2:0] 011 R/W Idle Cycles for Read-Read in the Same Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-read cycle of which
continuous access cycles are for the same space.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
15 — 0 R 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
14to12 TYPE[2:0] 000 R/W Specify the type of memory connected to a space.
000: Normal space

001: Burst ROM (clock asynchronous)
010: MPX-I/O

011: SRAM with byte selection

100: SDRAM

101: PCMCIA

110: Reserved (setting prohibited)
111: Burst ROM (clock synchronous)

For details for memory type in each area, see table
10.2.

Note: When connecting the burst ROM to the CSO
space in boot modes 0 and 1, change the
CSOWCR register to the settings by the burst
ROM CSOWCR uses and then set TYPE[2:0]
to the burst ROM setting. In boot modes 2 to
5, memory access should be performed after
setting CSOBCR and CSOWCR.

11 ENDIAN 0 R/W Endian Setting
Specifies the arrangement of data in a space.
0: Arranged in big endian
1: Arranged in little endian

Note: Little endian cannot be set for area 0 in boot
modes 0 and 1. In this case, this bit of
CSOBCR is always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
10,9 BSZ[1:0] 10%* R/W Data Bus Width Specification
Specify the data bus widths of spaces.
00: Reserved (setting prohibited)
01: 8-bit size
10: 16-bit size
11: 32-bit size
For MPX-1/O, selects bus width by address
Notes: 1. If area 5 is specified as MPX-I/O, the bus
width can be specified as 8 bits or 16
bits by the address according to the
SZSEL bit in CS5WCR by specifying the
BSZ[1:0] bits to 11. The fixed bus width
can be specified as 8 bits or 16 bits

2. In boot modes 0 and 1, the BSZ[1:0] bits
settings in CSOBCR are ignored.

3. If area 5 is specified as PCMCIA space,
the bus width can be specified as either
8 bits or 16 bits.

4. If area 2 or area 3 is specified as
SDRAM space, the bus width can be
specified as either 16 bits or 32 bits.

5. If area 0 is specified as clocked
synchronous burst ROM space, the bus
width can be specified as either 16 bits
or 32 bits.

8to 0 — AllO R Reserved

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

Note: * B'10 in boot mode 0; B'11 in boot modes 1 to 5.

RO1UHO0048EJ0200 Rev. 2.00

Sep 26, 2012 RENESAS

Page 285 of 3088



Section 10 Bus State Controller SH7268 Group, SH7269 Group

10.4.3 CSn Space Wait Control Register (CSnWCR) (n =0 to 5)

CSnWCR specifies various wait cycles for memory access. The bit configuration of this register
varies as shown below according to the memory type (TYPE2 to TYPEO) specified by the CSn
space bus control register (CSnBCR). Specify CSnWCR before accessing the target area. Specify
CSnBCR first, then specify CSnWCR.

(1) Normal Space, SRAM with Byte Selection, and MPX-1/0
e CSOWCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CT T [T T T T [ T T [ -Tel[ T [ [-]

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 RW  R/W

I o
T o
)
2
us)
s

Bitt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
| - | - | - | SW[1:0] WR[3:0] | WM | - | - | - | - | HWI1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW RW RW R R R R RW RW
Initial
Bit Bit Name Value R/W Description
31to22 — All O R Reserved

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

21 —* 0 R/W Reserved
Set this bit to 0 when the interfaces for normal space
or for SRAM with byte selection are used.

20 BAS 0 R/W SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the

SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read/write timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write
access cycle and asserts the RD/WR signal at the
write timing.

19, 18 — All O 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

17,16 —*

All O

R/W

Reserved

Set these bits to 0 when the interfaces for normal
space or for SRAM with byte selection are used.

15t013 —

All O

Reserved

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

12, 11 SW[1:0]

00

R/W

Number of Delay Cycles from Address, CSO Assertion
to RD, WEnN Assertion

Specify the number of delay cycles from address and
CS0 assertion to RD and WEnN assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles

11: 3.5 cycles

10to 7 WRJ[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
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Initial
Bit Bit Name Value R/W Description
6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored
5to2 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address,
CSO0 Negation
Specify the number of delay cycles from RD and WEn
negation to address and CSO negation.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
Note: * In boot modes 0 and 1, to connect the burst ROM to the CS0 space and switch to burst
ROM interface after activation, set the TYPE[2:0] bits in CSOBCR after setting the burst
number by the bits 20 and 21 and the burst wait cycle number by the bits 16 and 17. Do
not write 1 to the reserved bits other than above bits.
e CSIWCR
Bit: 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L -1 -[-[-[ - T - T -[-[ [ Jes] [ v
Initial value: 0 0 0 0 0 0 0 0 0 o 0 o 0 0 0 0
RW: R R R R R R R R R R R RW R RW RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ SW[1:0] WR[3:0] ‘ WM ‘ - ‘ - ‘ - ‘ - ‘ HW[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW RW RW R R R R RW RW
Initial
Bit Bit Name  Value R/W Description
31to21 — 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

20 BAS

0

R/W

SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the

SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read/write timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write
access cycle and asserts the RD/WR signal at the
write timing.

19 —

Reserved

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

18to 16  WWI[2:0]

000

R/W

Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for
write access.

000: The same cycles as WR[3:0] setting (number of
read access wait cycles)

001: No cycle
010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15t013 —

AllO

Reserved

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

12, 11 SW[1:0]

00

R/W

Number of Delay Cycles from Address, CSn Assertion
to RD, WEn Assertion

Specify the number of delay cycles from address and
CSn assertion to RD and WEnN assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Initial
Bit Bit Name Value R/W Description
10to 7 WR][3:0] 1010 R/W Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)

1110: Reserved (setting prohibited)

1111: Reserved (setting prohibited)
6 WM 0 R/W External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored
5t02 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address,
CSn Negation

Specify the number of delay cycles from RD and WEn
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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e CS2WCR, CS3WCR

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

Lttt -r-1-T-[-[-[-Jes] [ -1 ]-]
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 BRW R R R R
Bitt 15 14 13 12 11 io 9 8 7 6 5 4 3 2 1 0
CT T [ T [ wwa  Twl[ [ [ T [ T[]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

s}
)
)
s}
)
)

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

Initial
Bit Bit Name Value R/W Description
31to21 — All O R Reserved

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

20 BAS 0 R/W SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.

0: Asserts the WER signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read access
cycle and asserts the RD/WR signal at the write
timing.

19to 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
10to7 WR[3:0] 1010 R/W Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)

1110: Reserved (setting prohibited)

1111: Reserved (setting prohibited)
6 WM 0 R/W External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored
5t00 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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e CS4WCR

Bitt 31 8 20 28 27 26 25 24 23 22 21 20 19 18 17 16
L-1-1-[-[-T-T-[-[ -] -] Jes| -] wwen

Initalvalve: 0 0 0 0 O 0 0 0O 0 0 o 0o o o0 o0

RWw: R R R R R R R R R R RW R RW RW RW

I o

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

| - | - | - | SWI1:0] WR(3:0] | WM | - | - | - | - | HW[1:0]

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

o
o
o

Initial
Bit Bit Name Value R/W Description
31to21 — All O R Reserved

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

20 BAS 0 R/W SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.

0: Asserts the WER signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read access
cycle and asserts the RD/WR signal at the write
timing.

19 — 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

181016  WW][2:0]

000

R/W

Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for
write access.

000: The same cycles as WR[3:0] setting (number of
read access wait cycles)

001: No cycle
010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15t0183 —

AllO

Reserved

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

12,11 SW[1:0]

00

R/W

Number of Delay Cycles from Address, CS4 Assertion
to RD, WE Assertion

Specify the number of delay cycles from address and
CS4 assertion to RD and WE assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Initial
Bit Bit Name Value R/W Description
10to 7 WR][3:0] 1010 R/W Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)

1110: Reserved (setting prohibited)

1111: Reserved (setting prohibited)
6 WM 0 R/W External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored
5t02 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address,
CS4 Negation

Specify the number of delay cycles from RD and WEn
negation to address and CS4 negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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e CS5WCR

Bit:

31 30

23 22 21 20 19 18 17 16

MPXW/
| - |SZSEL| BAS| - | WW[2:0]

Initial value:
R/W:

Bit:

T o
us)

13

12 11 10

0 0 0 0 0 0 0 0 0 0
R R R R RW  R/W R RW RW R/W

9 8 7 6 5 4 3 2 1 0

| SWI[1:0]

WR[3:0] | WM | - | - | - | | HWI1:0]

Initial value:
R/W:

Bit

Bit Name

0 0 1
RW RW R/W

Initial
Value R/W

0 1 0 0 0 0 0 0 0 0
RW RW RW RW R R R RW  R/W

us)

Description

311022

AllO R

Reserved

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

21

SZSEL

MPX-I/O Interface Bus Width Specification

Specifies an address to select the bus width when the
BSZ[1:0] of CS5BCR are specified as 11. This bit is
valid only when area 5 is specified as MPX-I/O.

0: Selects the bus width by address A14
1: Selects the bus width by address A21

The relationship between the SZSEL bit and bus
width selected by A14 or A21 are summarized below.

SZSEL A14 A21 Bus Width
0 0 Not affected 8 bits

0 1 Not affected 16 bits

1 Not affected 0 8 bits

1 Not affected 1 16 bits

20

MPXW

MPX-1/O Interface Address Wait

This bit setting is valid only when area 5 is specified
as MPX-I/O. Specifies the address cycle insertion wait
for MPX-1/O interface.

0: Inserts no wait cycle
1: Inserts 1 wait cycle
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Initial
Bit Bit Name Value R/W Description
20 BAS 0 R/W SRAM with Byte Selection Byte Access Select

This bit setting is valid only when area 5 is specified

as SRAM with byte selection.

Specifies the WEn and RD/WR signal timing when the

SRAM interface with byte selection is used.

0: Asserts the WEN signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read access
cycle and asserts the RD/WR signal at the write
timing.

19 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

18to 16 WWI[2:0] 000 R/W Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for

write access.

000: The same cycles as WR[3:0] setting (number of

read access wait cycles)

001: No cycle

010: 1 cycle

011: 2 cycles

100: 3 cycles

101: 4 cycles

110: 5 cycles

111: 6 cycles

15t0 13 — All0 R Reserved

These bits are always read as 0. The write value

should always be 0.

12, 11 SWI[1:0] 00 R/W  Number of Delay Cycles from Address, CS5 Assertion
to RD, WE Assertion

These bits specify the number of delay cycles from

address and CS5 assertion to RD and WEn assertion

when area 5 is specified as normal space or SRAM
with byte selection. They specify the number of delay
cycles from address cycle (Ta3) to RD and WEn
assertion when area 5 is specified as MPX-1/O.

00: 0.5 cycles

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles
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Initial
Bit Bit Name Value R/W Description
10to 7 WRJ[3:0] 1010 R/W Number of Read Access Wait Cycles
Specify the number of cycles that are necessary for
read access.
0000: No cycle
0001: 1 cycle
0010: 2 cycles
0011: 3 cycles
0100: 4 cycles
0101: 5 cycles
0110: 6 cycles
0111: 8 cycles
1000: 10 cycles
1001: 12 cycles
1010: 14 cycles
1011: 18 cycles
1100: 24 cycles
1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

6 WM 0 R/W External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored

5to2 — AllO R Reserved

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

1,0 HWI1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address,
CS5 Negation

These bits specify the number of delay cycles from
RD and WEn negation to address and CS5 negation
when area 5 is specified as normal space or SRAM
with byte selection. They specify the number of delay
cycles from RD and WEn negation to CS5 negation
when area 5 is specified as MPX-1/0.

00: 0.5 cycles

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles
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(2) Burst ROM (Clocked Asynchronous)
e CSOWCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CT T T T T T T T T Twwal T T owo

Initial value: 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 RW  R/W RW  R/W

;o
T o

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

L - [-[- [ ] wiso) I I I A

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

o
o
o
o

Initial
Bit Bit Name  Value R/W Description
31to22 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
21,20 BST[1:0] 00 R/W Burst Count Specification

Specify the burst count for 16-byte access. These bits
must not be set to B'11, because B'11 setting is

reserved.
Bus Width BST[1:0] Burst count
8 bits 00 16 burst x one time
01 4 burst x four times
16 bits 00 8 burst x one time
01 2 burst x four times
10 4-4 or 2-4-2 burst
32 bits XX 4 burst x one time
19, 18 — All O R Reserved

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

R/W

Description

17,16 BWI[1:0] 00

R/W

Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted
between the second or subsequent access cycles in
burst access.

00: No cycle
01: 1 cycle

10: 2 cycles
11: 3 cycles

15to11 — AllO

Reserved

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

10to7  W[3:0] 1010

R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
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Bit Bit Name

Initial
Value

R/W

Description

6 WM

0

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored

5t00 —

All0

Reserved

These bits are always read as 0. The write value
should always be 0.
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e CS4WCR

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

L 1-r-T-1T-7T-7-7T-7-] -Jema] ]| swma
Inialvalue: 0 0o o o0 o0 ©O0 O O 0 ©0 O 0 0 0 0 0
RW: R R R R R R R R R R RW RW R R RW RW

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

| - | - | - | SWI[1:0] W[3:0] | WM | - | - | - | - | HWI[1:0]

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

I o

Initial
Bit Bit Name Value R/W Description
31to22 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
21,20 BST[1:0] 00 R/W Burst Count Specification

Specify the burst count for 16-byte access. These bits
must not be set to B'11, because B'11 setting is

reserved.
Bus Width  BST[1:0] Burst count
8 bits 00 16 burst x one time
01 4 burst x four times
16 bits 00 8 burst x one time
01 2 burst x four times
10 4-4 or 2-4-2 burst
32 bits XX 4 burst x one time
19, 18 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
17,16 BWI[1:0] 00 R/W Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted
between the second or subsequent access cycles in
burst access.

00: No cycle
01: 1 cycle

10: 2 cycles
11: 3 cycles
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Bit Bit Name

Initial
Value

R/W

Description

15t013 —

AllO

Reserved

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

12,11 SW[1:0]

R/W

Number of Delay Cycles from Address, CS4 Assertion
to RD, WEnN Assertion

Specify the number of delay cycles from address and
CS4 assertion to RD and WEnR assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

10to 7 WI[3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored
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Initial
Bit Bit Name Value R/W Description
5t02 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1,0 HWI[1:0] 00 R/W  Delay Cycles from RD, WEn Negation to Address,

CS4 Negation

Specify the number of delay cycles from RD and WEn
negation to address and CS4 negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

(3) SDRAM*
e CS2WCR

Bit: 31 30 29 28 27 26

25 24 23 22 21 20 19 18 17 16

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

T o
T o
T o
T o
T o
T o
T o
T o
T o
T o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
C T T T T T T Twwn [ [ [ [ [ [ 1]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

R/W: R R R R R R

R RW  R/W

uy)
uy)
uy)
ss)
uy)
uy)
uy)

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.
10 — 1 R Reserved
This bit is always read as 1. The write value should
always be 1.
9 — 0 R 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
8,7 A2CL[1:0] 10 R/W CAS Latency for Area 2
Specify the CAS latency for area 2.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles
6to0 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
Note: * If only one area is connected to the SDRAM, specify area 3. In this case, specify area 2
as normal space or SRAM with byte selection.
e CS3WCR
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
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | WTRP[1:0]* |WTRCD[1:O]* | - | A3CL[1:0] | - | - | TRWL[1:0]* | | WTRC[1:0]*
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R RW RW R RW RW R RW RW R R RW RW R RW RW

Note: * If both areas 2 and 3 are specified as SDRAM, WTRP[1:0], WTRCD[1:0], TRWL[1:0], and WTRCJ[1:0] bit settings are
used in both areas in common.

Initial
Bit Bit Name Value R/W Description
31to15 — 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
14,13  WTRP[1:0]* 00 R/W Number of Auto-Precharge Completion Wait Cycles
Specify the number of minimum precharge completion
wait cycles as shown below.
e From the start of auto-precharge and issuing of
ACTV command for the same bank
e From issuing of the PRE/PALL command to
issuing of the ACTV command for the same bank
o Till entering the power-down mode or deep power-
down mode
e From the issuing of PALL command to issuing
REF command in auto refresh mode
e From the issuing of PALL command to issuing
SELF command in self refresh mode
The setting for areas 2 and 3 is common.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
12 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
11,10  WTRCD[1:0] 01 R/W Number of Wait Cycles between ACTV Command
* and READ(A)/WRIT(A) Command
Specify the minimum number of wait cycles from
issuing the ACTV command to issuing the
READ(A)/WRIT(A) command. The setting for areas 2
and 3 is common.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
9 — 0 R 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
8,7 A3CL[1:0] 10 R/W CAS Latency for Area 3
Specify the CAS latency for area 3.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles
6,5 — AllO R Reserved

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

4,3 TRWL[1:0]* 00 R/W Number of Auto-Precharge Startup Wait Cycles

Specify the number of minimum auto-precharge
startup wait cycles as shown below.

e Cycle number from the issuance of the WRITA
command by this LSI until the completion of auto-
precharge in the SDRAM.

Equivalent to the cycle number from the issuance
of the WRITA command until the issuance of the
ACTV command. Confirm that how many cycles
are required between the WRITA command
receive in the SDRAM and the auto-precharge
activation, referring to each SDRAM data sheet.
And set the cycle number so as not to exceed the
cycle number specified by this bit.

e Cycle number from the issuance of the WRIT
command until the issuance of the PRE
command. This is the case when accessing
another low address in the same bank in bank
active mode.

The setting for areas 2 and 3 is common.

00: No cycle

01: 1 cycle

10: 2 cycles

11: 3 cycles

2 — 0 R 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
1,0 WTRC[1:0]* 00 R/W Number of Idle Cycles from REF Command/Self-

Refresh Release to ACTV/REF/MRS Command

Specify the number of minimum idle cycles in the
periods shown below.

e From the issuance of the REF command until the
issuance of the ACTV/REF/MRS command

e From releasing self-refresh until the issuance of
the ACTV/REF/MRS command.

The setting for areas 2 and 3 is common.

00: 2 cycles

01: 3 cycles

10: 5 cycles

11: 8 cycles

Note: * If both areas 2 and 3 are specified as SDRAM, WTRP[1:0], WTRCD[1:0], TRWL][1:0],
and WTRC[1:0] bit settings are used in both areas in common.
If only one area is connected to the SDRAM, specify area 3. In this case, specify area 2
as normal space or SRAM with byte selection.
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(4 PCMCIA
e CS5WCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L - [ | |- [ - (e [ -] -1 -1-]
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 RW  R/W R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | TEDI[3:0] PCWI[3:0] | WM | - | - | TEH[3:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

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

Initial
Bit Bit Name Value R/W Description
31to22 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
21,20 SA[1:0] 00 R/W Space Attribute Specification
Select memory card interface or 1/O card interface
when PCMCIA interface is selected.
SAT:
0: Selects memory card interface for the space for
A25 =1,
1: Selects I/0 card interface for the space for A25 = 1.
SAOQ:
0: Selects memory card interface for the space for
A25 = 0.
1: Selects I/0 card interface for the space for A25 = 0.
19to15 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
14to 11 TED[3:0] 0000 R/W Number of Delay Cycles from Address Output to

RD/WE Assertion

Specify the number of delay cycles from address
output to RD/WE assertion for the memory card or to
ICIORD/ICIOWR assertion for the 1/0 card in
PCMCIA interface.

0000: 0.5 cycle
0001: 1.5 cycles
0010: 2.5 cycles
0011: 3.5 cycles
0100: 4.5 cycles
0101: 5.5 cycles
0110: 6.5 cycles
0111: 7.5 cycles
1000: 8.5 cycles
1001: 9.5 cycles
1010: 10.5 cycles
1011: 11.5 cycles
1100: 12.5 cycles
1101: 13.5 cycles
1110: 14.5 cycles
1111: 15.5 cycles
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Bit Bit Name

Initial
Value

R/W

Description

10to 7 PCWI3:0]

1010

R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

3 cycles

6 cycles

9 cycles

12 cycles
15 cycles
18 cycles
22 cycles
26 cycles
30 cycles
33 cycles
36 cycles
38 cycles
52 cycles
60 cycles
64 cycles
80 cycles

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when

the number of access wait cycles is 0.
0: External wait input is valid
1: External wait input is ignored

All O

R

Reserved

These bits are always read as 0. The write value

should always be 0.
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Initial
Bit Bit Name Value R/W Description
3t00 TEH[3:0] 0000 R/W  Delay Cycles from RD/WE Negation to Address

Specify the number of address hold cycles from
RD/WE negation for the memory card or those from
ICIORD/ICIOWR negation for the 1/0 card in PCMCIA
interface.

0000: 0.5 cycle
0001: 1.5 cycles
0010: 2.5 cycles
0011: 3.5 cycles
0100: 4.5 cycles
0101: 5.5 cycles
0110: 6.5 cycles
0111: 7.5 cycles
1000: 8.5 cycles
1001: 9.5 cycles
1010: 10.5 cycles
1011: 11.5 cycles
1100: 12.5 cycles
1101: 13.5 cycles
1110: 14.5 cycles
1111: 15.5 cycles
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(5) Burst ROM (Clocked Synchronous)

e CSOWCR

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-T [ows

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 RW R/W

Bt: 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
L1 -1-[-T-] Wiz N B I N
Initialvalte: 0 o0 o0 o0 o0 1 o0 1 0 0 0 0 O 0O 0 0

R/W: R R R R R RW RW RW RW RW R 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 BWI1:0] 00 R/W Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted
between the second or subsequent access cycles in
burst access.

00: No cycle
01: 1 cycle

10: 2 cycles
11: 3 cycles

15to011 — 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
10to 7 WI[3:0] 1010 R/W Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

6 WM 0 R/W External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored
5t00 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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10.4.4 SDRAM Control Register (SDCR)

SDCR specifies the method to refresh and access SDRAM, and the types of SDRAM:s to be

connected.

Bit: 31 30 29 28

25 24 23 22 21 20 19 18 17 16

| i | . | i | . |A2ROW[1:0]| - |A2COL[1:0]

Initalvalue: 0 0 0 o0 ©0 ©0 ©0 ©0 ©0 O ©O0O O O 0O 0 0
RW.: R R R R R R R R R R R RW RW R RW RW

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

[ - | - |oeer| - |mrst|rvooepoowysacry] - [ - | - [ asmowrto) [ - | ascoirol
Initalvalue: 0 0 o0 ©0 ©0 ©0 ©0 ©0 ©0 ©O0O ©O0 O ©0 0 0 0

R/W: R R R/W R

Initial
Bit Bit Name Value

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

R/W

Description

31to21 — AllO

Reserved

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

20,19  A2ROW[1:0] 00

R/W

Number of Bits of Row Address for Area 2

Specify the number of bits of row address for area 2.
00: 11 bits

01: 12 bits

10: 13 bits

11: Reserved (setting prohibited)

18 — 0

Reserved

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

17,16 A2COL[1:0] 00

R/W

Number of Bits of Column Address for Area 2

Specify the number of bits of column address for
area 2.

00: 8 bits

01: 9 bits

10: 10 bits

11: Reserved (setting prohibited)
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Initial

Bit Bit Name Value R/W Description

15, 14 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

13 DEEP 0 R/W Deep Power-Down Mode
This bit is valid for low-power SDRAM. If the RFSH or
RMODE bit is set to 1 while this bit is set to 1, the
deep power-down entry command is issued and the
low-power SDRAM enters the deep power-down
mode.
0: Self-refresh mode
1: Deep power-down mode

12 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

11 RFSH 0 R/W Refresh Control
Specifies whether or not the refresh operation of the
SDRAM is performed.
0: No refresh
1: Refresh

10 RMODE 0 R/W Refresh Control
Specifies whether to perform auto-refresh or self-
refresh when the RFSH bit is 1. When the RFSH bit is
1 and this bit is 1, self-refresh starts immediately.
When the RFSH bit is 1 and this bit is 0, auto-refresh
starts according to the contents that are set in
registers RTCSR, RTCNT, and RTCOR.
0: Auto-refresh is performed
1: Self-refresh is performed
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Bit

Initial
Bit Name Value

R/W

Description

PDOWN 0

R/W

Power-Down Mode

Specifies whether the SDRAM will enter the power-
down mode after the access to the SDRAM. With this
bit being set to 1, after the SDRAM is accessed, the
CKE signal is driven low and the SDRAM enters the
power-down mode.

0: The SDRAM does not enter the power-down mode
after being accessed.

1: The SDRAM enters the power-down mode after
being accessed.

BACTV 0

R/W

Bank Active Mode

Specifies to access whether in auto-precharge mode

(using READA and WRITA commands) or in bank

active mode (using READ and WRIT commands).

0: Auto-precharge mode (using READA and WRITA
commands)

1: Bank active mode (using READ and WRIT
commands)

Note: Bank active mode can be set only for area 3.
When both areas 2 and 3 are set to SDRAM,
specify the auto-precharge mode.

7105

— AllO

Reserved

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

4,3

A3ROWI1:0] 00

R/W

Number of Bits of Row Address for Area 3

Specify the number of bits of the row address for
area 3.

00: 11 bits
01: 12 bits
10: 13 bits
11: Reserved (setting prohibited)

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

1,0 A3COL[1:0] 00 R/W Number of Bits of Column Address for Area 3

Specify the number of bits of the column address for
area 3.

00: 8 bits

01: 9 bits

10: 10 bits

11: Reserved (setting prohibited)
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10.4.5 Refresh Timer Control/Status Register (RTCSR)

RTCSR specifies various items about refresh for SDRAM.

When RTCSR is written, the upper 16 bits of the write data must be H'A55A to cancel write

protection.

The phase of the clock for incrementing the count in the refresh timer counter (RTCNT) is
adjusted only by a power-on reset. Note that there is an error in the time until the compare match
flag is set for the first time after the timer is started with the CKS[2:0] bits being set to a value

other than B'000.
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
R/W: 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
I - ‘ - ‘ ‘ - ‘ - ‘ ‘ - ‘ CMF ‘ CMIE ‘ CKS[2:0] RRC[2:0]
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 RW RW RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W Description
31t08 — All O R Reserved
These bits are always read as 0.
7 CMF 0 R/W Compare Match Flag
Indicates that a compare match occurs between the
refresh timer counter (RTCNT) and refresh time
constant register (RTCOR). This bit is set or cleared
in the following conditions.
0: Clearing condition: When 0 is written in CMF after
reading out RTCSR during CMF = 1.
1: Setting condition: When the condition RTCNT =
RTCOR is satisfied.
6 CMIE 0 R/W Compare Match Interrupt Enable
Enables or disables CMF interrupt requests when the
CMF bitin RTCSR is set to 1.
0: Disables CMF interrupt requests.
1: Enables CMF interrupt requests.
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Initial
Bit Bit Name Value R/W Description
5t03 CKS[2:0] 000 R/W Clock Select
Select the clock input to count-up the refresh timer
counter (RTCNT).
000: Stop the counting-up
001: CKIO¢/4

010: CKIO¢/16
011: CKIO¢/64
100: CKIO¢/256
101: CKIO¢/1024
110: CKIO¢/2048
111: CKIO¢/4096
2t00 RRCJ[2:0] 000 R/W Refresh Count

Specify the number of continuous refresh cycles,
when the refresh request occurs after the coincidence
of the values of the refresh timer counter (RTCNT)
and the refresh time constant register (RTCOR).
These bits can make the period of occurrence of
refresh long.

000: 1 time

001: 2 times

010: 4 times

011: 6 times

100: 8 times

101: Reserved (setting prohibited)
110: Reserved (setting prohibited)
111: Reserved (setting prohibited)
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10.4.6  Refresh Timer Counter (RTCNT)

RTCNT is an 8-bit counter that increments using the clock selected by bits CKS[2:0] in RTCSR.
When RTCNT matches RTCOR, RTCNT is cleared to 0. The value in RTCNT returns to O after
counting up to 255. When the RTCNT is written, the upper 16 bits of the write data must be
H'AS55A to cancel write protection.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
S N N N N N (N N N N BN N B

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

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. rt-r-r-r-r - PP

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
31t08 — AllO R Reserved
These bits are always read as 0.
7t00 AllO R/W 8-Bit Counter
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10.4.7 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-bit register. When RTCOR matches RTCNT, the CMF bit in RTCSR is set to 1
and RTCNT is cleared to 0.

When the RFSH bit in SDCR is 1, a memory refresh request is issued by this matching signal.
This request is maintained until the refresh operation is performed. If the request is not processed
when the next matching occurs, the previous request is ignored.

When the CMIE bit in RTCSR is set to 1, an interrupt request is issued by this matching signal.
The request continues to be output until the CMF bit in RTCSR is cleared. Clearing the CMF bit
only affects the interrupt request and does not clear the refresh request. Therefore, a combination
of refresh request and interval timer interrupt can be specified so that the number of refresh
requests are counted by using timer interrupts while refresh is performed periodically.

When RTCOR is written, the upper 16 bits of the write data must be H'A55A to cancel write
protection.

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
R/W: 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
. rt-r-r-r-r e PP
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
31t08 — AllO R Reserved
These bits are always read as 0.
7100 All O R/W 8-Bit Counter
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10.5 Operation

10.5.1 Endian/Access Size and Data Alignment

This LSI supports both big endian, in which the most significant byte (MSB) of data is that in the
direction of the Oth address, and little endian, in which the least significant byte (LSB) is that in
the direction of the Oth address. In the initial state after a power-on reset, all areas will be in big
endian mode. Endian mode can be changed by setting the CSnBCR register as long as the target
space is not being accessed.

Data bus width can be selected from 8 bits, 16 bits, and 32 bits for the normal memory and SRAM
with byte selection. Data bus width can be selected from 16 bits and 32 bits for SDRAM. Two
data bus widths (8 bits and 16 bits) are available for the PCMCIA interface. For MPX-1/0O, the
data bus width is fixed to either 8 or 16 bits, or made selectable as 8 bits or 16 bits by one of the
address lines.

Endian specification and data bus width varies depending on boot mode. For details, refer to
section 10.3.2, Data Bus Width, Endian Specification, and Related Pin Setting for Each Area
Depending on Boot Mode.

Data alignment is performed in accordance with the data bus width selected for the device. This
also means that four read operations are required to read longword data from a byte-width device.
In this LSI, data alignment and conversion of data length is performed automatically between the
respective interfaces.

Tables 10.5 to 10.10 show the relationship between device data width and access unit. Note that
the correspondence between addresses and strobe signals for the 32-bit bus width and 16-bit bus
width depends on the endian setting. For example, with big endian and a 16-bit bus width, WE1
corresponds to the Oth address, which is represented by WEO when little endian has been selected.

Since instructions are fetched with both 32- and 16-bit accesses, their alignment in the little-endian
area is difficult. Execute instructions from big-endian area.
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Table 10.5 32-Bit External Device Access and Data Alignment in Big Endian

Data Bus Strobe Signals
D31to D23to Di15to D7to WE3, WE2, WE1, WEOQ,
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at address 0 Data7 — — — Assert — — —
to0
Byte access at address 1 — Data7 — — — Assert — —
to0
Byte access at address 2 — — Data7 — — — Assert —
to0
Byte access at address 3 — — — Data7 — — — Assert
to0
Word access at address 0 Data 15 Data7 — — Assert Assert — —
to 8 to0
Word access at address 2 — — Data 15 Data7 — — Assert  Assert
to 8 to0
Longword access at address 0 Data 31 Data23 Data 15 Data7 Assert Assert Assert Assert
to 24 to 16 to 8 to0
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Table 10.6 16-Bit External Device Access and Data Alignment in Big Endian

Data Bus Strobe Signals
D31to D23to Di15to D7to WE3, WE2, WE1, WED,
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at address 0 — — Data7 — — — Assert —
to0
Byte access at address 1 — — — Data7 — — — Assert
to0
Byte access at address 2 — — Data7 — — — Assert —
to0
Byte access at address 3 — — — Data7 — — — Assert
to0
Word access at address 0 — — Data 15 Data7 — — Assert  Assert
to 8 to0
Word access at address 2 — — Data 15 Data7 — — Assert  Assert
to 8 to0
Longword 1st access at — — Data 31 Data23 — — Assert  Assert
access at address 0 to 24 to 16
address 0 2nd access at — — Data31 Data7 — — Assert  Assert
address 0 to 24 to0
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Table 10.7 8-Bit External Device Access and Data Alignment in Big Endian

Data Bus Strobe Signals
D31to D23to Di15to D7to WE3, WE2, WE1, WEOQ,
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at address 0 — — — Data7 — — — Assert
to0
Byte access at address 1 — — — Data7 — — — Assert
to0
Byte access at address 2 — — — Data7 — — — Assert
to0
Byte access at address 3 — — — Data7 — — — Assert
to0
Word 1st access at — — — Data 15 — — — Assert
access at address 0 to 8
address 0 2nd access at — — — Data7 — — — Assert
address 1 to0
Word 1st access at — — — Data 15 — — — Assert
access at address 0 to 8
address 2 2nd access at — — — Data7 — — — Assert
address 1 to0
Longword 1st access at — — — Data 31 — — — Assert
access at address 0 to 24
address 0 2nd access at — — — Data 23 — — — Assert
address 1 to 16
3rd access at — — — Data 15 — — — Assert
address 2 to 8
4th access at — — — Data7 — — — Assert
address 3 to0
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SH7268 Group, SH7269 Group

Section 10 Bus State Controller

Table 10.8 32-Bit External Device Access and Data Alignment in Little Endian

Data Bus Strobe Signals
D31to D23to Di5to D7to WE3, WE2, WE1, WED,
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at address 0 — — — Data7 — — — Assert
to0