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10.

11

12.

Notice

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software, and
information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third
parties arising from the use of these circuits, software, or information.
Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not
warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages incurred by you
resulting from errors in or omissions from the information included herein.
Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third
parties by or arising from the use of Renesas Electronics products or technical information described in this document.  No license,
express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas
Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration, modification, copy or
otherwise misappropriation of Renesas Electronics product.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.
“Standard™: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots etc.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime
systems; and safety equipment etc.
Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human
life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property damages
(nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product
before using it in a particular application. You may not use any Renesas Electronics product for any application for which it is not
intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred by you or third parties arising from the
use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.
You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages
arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further, Renesas
Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against
the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as
safety design for hardware and software including but not limited to redundancy, fire control and malfunction prevention, appropriate
treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very
difficult, please evaluate the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each
Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable laws and regulations that
regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics
assumes no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.
Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use,
or sale is prohibited under any applicable domestic or foreign laws or regulations. You should not use Renesas Electronics products or
technology described in this document for any purpose relating to military applications or use by the military, including but not limited to
the development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this
document, you should comply with the applicable export control laws and regulations and follow the procedures required by such laws
and regulations.
It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the
product with a third party, to notify such third party in advance of the contents and conditions set forth in this document, Renesas
Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas
Electronics products.
This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas
Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or
Renesas Electronics products, or if you have any other inquiries.

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

subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(2012.4)
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General Precautions in the Handling of Microprocessing Unit and
Microcontroller Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from
Renesas.

For detailed usage notes on the products covered by this document, refer to the relevant sections of the
document as well as any technical updates that have been issued for the products.

1. Handling of Unused Pins

Handle unused pins in accordance with the directions given under Handling of Unused Pins in the

manual.

* The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false recognition
of the pin state as an input signal become possible. Unused pins should be handled as described under
Handling of Unused Pins in the manual.

2. Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

» The states of internal circuits in the LSI are indeterminate and the states of register settings and pins
are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states of pins are
not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function are
not guaranteed from the moment when power is supplied until the power reaches the level at which
resetting has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

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

4. Clock Signals

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

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

stabilized.

*  When the clock signal is generated with an external resonator (or from an external oscillator) during a
reset, ensure that the reset line is only released after full stabilization of the clock signal.

Moreover, when switching to a clock signal produced with an external resonator (or by an external
oscillator) while program execution is in progress, wait until the target clock signal is stable.
5. Differences between Products

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

the change will not lead to problems.

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

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

A 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".

s

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_O: 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

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, _1 (CMCSR_0,)CMCSR_1)

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

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

14.3.1 Interval Count Operation

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

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

(©)
Note: The bit names and sentences in the above figure are examples and do not refer to
specific data in this manual.
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o 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 13 1" 9 8 7 6 5 4 3 2 1 0
I — | — @Z‘ASIM ‘ASIDO — ‘ — ‘ — ‘ Q ‘ACMP2‘ACMP1‘ACMPO‘ IFE I
Initial value: 0 0 0 0
RW: RW [ RW RW 9 RW RW RW RW RW RW RW RW RW
F
[Table of Bits] (V) “ ()
Bitl Bit Name _Initial Value R/W__Description ‘
15 - K
14 - R These bits are always read as 0.
13to 11 ASID2to AlIO R/W  Address Identifier
ASIDO These bits enable or disable the pin function.

0 R Reserved
This bit is always read as 0.

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) Bit name
Indicates the name of the bit or bit field.
When the number of bits has to be clearly indicated in the field, appropriate notation is
included (e.g., ASID[3:0]).
A reserved bit is indicated by "-".
Certain kinds of bits, such as those of timer counters, are not assigned bit names. In such
cases, the entry under Bit Name is blank.
Initial value
Indicates the value of each bit immediately after a power-on reset, i.e., the initial value.
0: The initial value is 0
1: The initial value is 1
—: The initial value is undefined
(4) RIW
For each bit and bit field, this entry indicates whether the bit or field is readable or writable,
or both writing to and reading from the bit or field are impossible.
The notation is as follows:
R/W: The bit or field is readable and writable.
R/(W): The bit or field is readable and writable.
However, writing is only performed to flag clearing.
R: The bit or field is readable.
"R" is indicated for all reserved bits. When writing to the register, write
the value under Initial Value in the bit chart to reserved bits or fields.
W: The bit or field is writable.
Description
Describes the function of the bit or field and specifies the values for writing.

3

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.2.00 to Rev.3.00

Item Page Revision (See Manual for Details)

Table 1.1 11 Table amended

SH7268/7269 ltems Specification

Features L
Video display

controller 4
* Input video control

Horizontal noise reduction (NR), brightness
adjustment and gain adjustment using matrix

operation
Table 1.2 Product 16 Table amended
Lineup
Table 1.3 Pin 26, 28 Table amended
Functions Classification Symbol  iFunction
Multi-function TIOC4A  iThe TGRA 4 to TGRD_4 input capture
. . " linput/output compare output/PWM output
timer pulse unit 2 TIOC4B, Epins.
Tloc4ac, !
TIOC4D
USB 2.0 REFRIN :Connected to USBAPVss via 5.6-kQ +
host/function 51% resistance (SH7268 and SH7269
module iproducts in QFP packages).

IConnected to Vss via 5.6-kQ + 1%
'resistance (SH7269 products in BGA
'packages).

Table 1.4 List of 41 Table amended
Pins SH7269
SH7268 SH7269 BGA

Pin No. Pin No. Pin No. Symbol /O Symbol 110

Function 1 Function 2
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Item Page Revision (See Manual for Details)

Figure 1.3 (2) 51 Figure amended
Simplified Circuit PAD
Diagram (TTL AND

Input Buffer) ETTL input data
TTL input enable

Table 10.6 16-Bit 325 Table amended
External Device

Operation
Access and Data oo ood )
Alignment in Big Longword access at 1st access at address 0 H
Endian address 0 2nd access at address 2 !
Table 10.9 16-Bit 328 Table amended
External Device Operation
Access and Data i |
Alignment in Little Longword access at 1st access ataddress 0 |
Endian address 0 2nd access at address 2
Table 10.24 405 Table amended
Number of Idle Next Cycle
Cycles Inserted
between Access Byte Byt
Cycles to Different Burst ROM MPX- SRAM SRAM Burst ROM
Memory Types Previous Cycle SRAM (Asynchronous) I/O  (BAS=0) (BAS=1) SDRAM PCMCIA (Synchronous)
SRAM 0 0 10 o1 01* 0 0
Burst ROM 0 0 10 o1* o1 0 0
(asynchronous)
MPX-I/O 1 1 0o 1 1 1 1 1
Byte SRAM 0 0 10 o1* o1 0 0
(BAS =0)
Byte SRAM  0/1*'  0/1* 12 01 0 0 o1* 01
(BAS =1)
Section 12 Section TCNTO, TCNT1, TCNT2, TCNT3, and TCNT4 have been
Abbreviations for 12 respectively changed to TCNT_0, TCNT_1, TCNT_2, TCNT_3,
register names All and TCNT_4.
12.1 Features 475 Description amended

25 interrupt sources
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Iltem Page Revision (See Manual for Details)
12.3.283 Timer 542 Description amended
Cycle Data TCDR is a 16-bit register used only in complementary PWM
Register (TCDR) mode. Set half the PWM carrier sync value (a value of two times

TDDR + 3 or greater) as the TCDR register value.
Figure 12.20 564 Amended
Cascaded [1] Set bits TPSC2 to TPSCO in the channel 1 TCR to B'111 to
Operation Setting select TCNT_2 overflow/underflow counting.
Procedure
12.4.8 594 Description amended
Complementary In complementary PWM mode, the PWM pulse cycle is set in two
PWM Mode registers—TGRA_3, in which the TCNT_3 upper limit value is set,
(2) Outline of and TCDR, in which the TCNT_4 upper limit value is set. The
Complementary settings should be made so as to achieve the following
PWM Mode relationship between these two registers:
Operation With dead time: TGRA_3 set value = TCDR set value + TDDR set
(g) PWM Cycle value
Setting TCDR set value > two times TDDR + 2

Without dead time: TGRA_3 set value = TCDR set value + 1

TCDR set value > 4
12.4.8 599 Description amended
Complementary If compare-match ¢ occurs first following compare-match a, as
PWM Mode shown in figure 12.47, compare-match b is ignored, and the
(2) Outline of negative phase is turned on by compare-match d. This is
Complementary because turning off of the positive phase has priority due to the
PWM Mode occurrence of compare-match c (positive phase off timing) before
Operation compare-match b (positive phase on timing) (consequently, the
(j) Complementary waveform does not change since the positive phase goes from off
PWM Mode PWM to off).
Output Generation
Method
Figure 12.46 600 Amended
(E;xam?le of [Before amendment] TGR3A_3
omplementary

PWM Mode [After amendment] TGRA_3

Waveform Output
(1)
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Item Page Revision (See Manual for Details)

Figure 12.71 620 Figure amended
Example Of (2)When rewriting the buffer register after passing 1 carrier cycle from TGIA_3 interrupt
Opel’atlon When TGIA_3 interrupt generation TGIA_3 interrupt generation
Buffer Transfer is
Linked with
Interrupt Skipping
(BTE1 =1 and
BTEO = 0) | ‘ !
| Buffer register rewrite timing | !
e 1 1
TITCRI6:4] 2 i
TITCNT[6:4] | 0 | 1 | 2 | 0 | . 1
Buffer register Data X 3 Datatl
Temporary register Data X ' Data1
General register Data X Datatl
Note: * The MD bits 3 to 0 = 1101 in TMDR_3, buffer transfer at the crest is selected.
The skipping count is set to two.
T3AEN and T4VEN are set to 1 and 0.
12.8.2 Reset Start 660 Description amended
Operation The output pins of this module (TIOC*) are initialized low by a
power-on reset and in deep standby mode. Since the pin
functions are selected using the general 1/0O ports, when the
general I/O port is set, the pin states at that point are output to the
ports.
Table 16.4 Bit 778 Table amended
ga:te'zs and SCBRR P1¢ (MH2)
etlings Bit Rate 50 60 66.67
(Asynchronous ) . . .
Mode, BGDM = 0, (bits/s) _n_ N___Error (%) n_N__Error (%) n_N__Error (%)
ABCS = 0) 600 2 162 -0.15 2 194 0.16 2 216 0.01
1200 2 80 0.47 2 97 -0.35 2 108 -0.45
2400 1 162 -0.15 1 194 0.16 1 216 0.01
4800 1 80 047 1 97 -0.35 1 108 -0.45
9600 0 162 -0.15 0 194 0.16 0 216 0.01
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Item Page

Revision (See Manual for Details)

17.3.9 Data
Control Register
(SPDCR)

838

Table amended

Bit

Bit Name

EDescription

7

TXDMY

;Dummy Data Transmission Enable
EEnabIes or disables dummy data transmission.
'When communication is performed with this bit
iset to 1, dummy data is transmitted from the
'MOSI pin and a serial communication can be
'performed even if there is no transmit data in the
1transmit buffer.

1Specifically, if there is no transmit data in the
'transmit buffer and this bit is set to 1, dummy
idata is transferred to the shift register.-Bata

Idummy-data If this bit is set to 1 afterthe
\initiatization and a transfer is performed, the
itransmitted dummy data is undefined.

'0: Disables dummy data transmission.

19.4.1 Common
Control Register
(CMNCR)

959 to
601

Table a

23,22

mended

Bit Name

MOIIO3[1:0]

SPBSSL Output Idle Value Fix SPBIO3_0,

SPBIO3_1

Fixes output values of SPBIO3_0 and

SPBIO3_1 in SPBSSL negation period.

00: Output value 0

01: Output value 1

10: Output value is the value of the
immediately previous bit (or the pin is Hi-
Z, if Hi-Z was the state in the immediately
previous bit period).

11: Output value Hi-Z

21,20

MOIIO2[1:0]

SPBSSL Output Idle Value Fix SPBIO2_0,

SPBIO2_1

Fixes output values of SPBIO2_0 and

SPBIO2_1 in SPBSSL negation period.

00: Output value 0

01: Output value 1

10: Output value is the value of the
immediately previous bit (or the pin is Hi-
Z, if Hi-Z was the state in the immediately
previous bit period).

11: Output value Hi-Z
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Item Page Revision (See Manual for Details)

19.4.1 Common 959 to

Control Register 601 Bit Bit Name Description

(CMNCR) 19,18 MOIIO1[1:0] [{SPBSSL Output Idle Value Fix SPBIO1_0,

SPBIO1_1

Fixes output values of SPBIO1_0 and

SPBIO1_1 in SPBSSL negation period.

00: Qutput value 0

01: Output value 1

10: Output value is the value of the
immediately previous bit (or the pin is Hi-
Z, if Hi-Z was the state in the immediately
previous bit period).

11: Qutput value Hi-Z

17,16

MOIIO0[1:0]

SPBSSL Output Idle Value Fix SPBIO0_0,

SPBIOO0_1

Fixes output values of SPBIO0_0 and

SPBIOO0_1 in SPBSSL negation period.

00: Output value 0

01: Output value 1

10: Output value is the value of the
immediately previous bit (or the pin is Hi-
Z, if Hi-Z was the state in the immediately
previous bit period).

11: Output value Hi-Z

15, 14

IO3FV[1:0]

SPBIO3_0, SPBIO3_1 Fixed Value for 1-

bit/2-bit Size

Fixes the output value of SPBIO3_0 and

SPBIO3_1 pins for 1-bit/2-bit size.

00: Output value 0

01: Output value 1

10: Output value is the value of the
immediately previous bit (or the pin is Hi-
Z, if Hi-Z was the state in the immediately
previous bit period).

11: Output value Hi-Z

13,12

I02FV[1:0]

SPBIO2_0, SPBIO2_1 Fixed Value for 1-
bit/2-bit Size

Fixes the output value of SPBIO2_0 and
SPBIO2_1 pins for 1-bit/2-bit size.

00: Output value 0

01: Output value 1

10: Output value is the value of the
immediately previous bit (or the pin is Hi-
Z, if Hi-Z was the state in the immediately
previous bit period).

11: Output value Hi-Z
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Iltem Page Revision (See Manual for Details)
19.4.1 Common 959 to
Control Register 601 Bit Bit Name Description
(CMNCR) 9,8 IO0FV[1:0] SPBIOO0_0, SPBIOO0_1 Fixed Value for 1-bit
Size Input
Fixes the output value of SPBIO0_0 and
SPBIOO0_1 pins for 1-bit size input.
00: QOutput value 0
01: Output value 1
10: Output value is the value of the
immediately previous bit (or the pin is Hi-
Z, if Hi-Z was the state in the immediately
previous bit period).
11: Output value Hi-Z
19.4.4 Data Read 968 Description amended
Control Register The bits should be changed when the TEND flag in CMNSR is 1;
(DRCR) otherwise, the operation cannot be guaranteed.
19.4.14 SPlI Mode 986 Description amended
Read Data Register SMRDRO is a 32-bit register that stores the read data in SPI
0 (SMRDRO) operating mode.
Access to this register should be performed in the same size as
the transfer size specified in the SPIDE[3:0] bits in the SPI mode
enable setting register (SMENR). Be sure to access from address
0.
19.4.15 SPIMode 987 Description amended
Read Data Register This register is enabled when the BSZ[1:0] bits in CMNCR are set
1 (SMRDR1) to 01 (two serial flash memories connected) and disabled when
the BSZ[1:0] bits in CMNCR are set to 00 (one serial flash
memory connected).
Access to this register should be performed in the same size as
the transfer size specified in the SPIDE[3:0] bits in the SPI mode
enable setting register (SMENR). Be sure to access from address
0.
19.4.16 SPl Mode 988 Description amended

Write Data Register
0 (SMWDRO)

SMWDRO is a 32-bit register that sets the write data in SPI
operating mode.

Access to this register should be performed in the same size as
the transfer size specified in the SPIDE[3:0] bits in the SPI mode
enable setting register (SMENR). Be sure to access from address
0.
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Item Page Revision (See Manual for Details)

19.4.17 SPIMode 989 Description amended
Write Data Register This register is enabled when the BSZ[1:0] bits in CMNCR are set
1 (SMWDR1) to 01 (two serial flash memories connected) and disabled when

the BSZ[1:0] bits in CMNCR are set to 00 (one serial flash
memory connected).

Access to this register should be performed in the same size as
the transfer size specified in the SPIDE[3:0] bits in the SPI mode
enable setting register (SMENR). Be sure to access from address

0.
Table 19.8 Pin 1017 Table amended
Status (2) Transfer Data
External Address Space Read
Operation SPI Operation
SPIRE Bit =1, SPIWE Bit=0
Pin .. LbitSize _2bitSize 4-bitSize _1-bitSize 2-bit Size _ 4-bit Size
SPBIO2_0, IO2FV bit IO2FV bit Input IO2FV bit I02FV bit Input
SPBIO2_1 value value value value
SPBIO3_0, IO3FV bit IO3FV bit Input IO3FV bit I03FV bit Input
SPBIO3_1  value value value value
Table 19.9 Pin 1017 Table amended
Status (3) Transfer Data
SPI Operation
SPIRE Bit =0, SPIWE Bit=1 SPIRE Bit =1, SPIWE Bit=1
Pin . LbitSize _2-bitSize _ 4-bitSize _1-bit Size  2-bitSize _4-bit Size
SPBIO2_0, IO2FVbit IO2FVbit  Output I02FV bit  Setting Setting
SPBIO2_1 value value value prohibited  prohibited
SPBIO3 0, IO3FVbit  I03FVbit  Output I03FV bit  Setting Setting
SPBIO3_1 value value value prohibited  prohibited
21.5.1 Limitations 1113 Description added
from Underflgw or After this, if reception had been in progress, write 0 to the error
Overflow during status flag bit to clear the error status, set the direct memory
DMA Operation access controller again and restart the transfer. For transmission,

issue a software reset and execute the procedure to start again.
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Item Page Revision (See Manual for Details)

21.5.3 Limits on 1113, Description added

TDM mode and WS 1114 If TDM mode or WS continue mode setting is changed, the

Continue Mode operation of the SSISCK and SSIWS signals immediately after
switching are not guaranteed. If it affects the device to be
connected, do not change the setting dynamically.

To temporarily halt and restart transmission while the WS
continue mode is enabled (SSITDMR.CONT = 1), after writing to
the transmit FIFO data register (SSIFTDR) a multiple of two
times, use the transmit underflow error interrupt or the
corresponding error status flag (SSISR.TUIRQ) to confirm that an
error has occurred, and then write 0 to the TEN bit of the SSISCR
register.

Note that after the transmit underflow error, the last value written
to SSIFTDR will be repeatedly sent as long as SSISCR.TEN = 1.
Therefore, write a dummy value as the last data for transmission
or mute the signal by writing 1 to the MUEN bit of the SSISCR
register.

To restart transmission, do not apply a software reset; after
writing O to the error status flag bit to clear it, use the idle mode
status flag (SSISR.IDST) to confirm that this module is in the idle
state, and then write 1 to the TEN bit of the SSISCR register.

26.3.6 Decoding 1384 Bit table amended

Option Setting Bit: 7 6 5 4 3 2 1 0
Control Register | > | LINK2 | - |EROSEL|NO,ECC| - | - | - |
(CROMCTL4)

Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
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26.3.6 Decoding 1385 Table amended
Option Setting

. Bit Bit Name EDescription
Control Register s

Reserved
(CROMCTL4) ’ EThe write value may be 0 or 1. When read, this
'bit has the value previously written to it.
6 LINK2 ELink Block Detection Condition
10:  The block is regarded as a link block when
! either run-out 1 or 2 and both run-in 3 and 4
i\ have been detected.
11: The block is regarded as a link block when
! two out of run-out 1 and 2 and “link” have
been detected.
26.3.12 Mode 1391 Table amended
Eetkersm"lat'on and Bit  Bit Name iDescription
Dlgtect?:noétatus 3 LINK_ON 'ThIS bit is set to 1 when a link block was
’ .recognlzed in link block determination.
Register iFor the criteria for link block determination, refer
(CROMST5) 'to the LINK2 blt in the CROMCTL4 reg|ster

26.3.41 Automatic 1408 Bit table amended

Buffering Setting Bit: 7 6 5 4 3 2 1 0
Control Register 0 [CBUETSB T T cavr worrar | 000 [B0r | |
(CBUFCTLO) Initial value: 0 o 0 0 0 1 0 0

RW: RW RW RW RW RW RW RW RW

1409 Table amended

Bit  Bit Name :Description

5 ‘Reserved
:ThIS bit is always read as 0.The write value
rshould always be 0.
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26.6.3 Link Blocks 1435 Description amended
Forcibly stop decoding, set the CROMSYO register to place the
decoder in external sync mode, and retry decoding by specifying
the MSF value stored above + 7 as the MSF value for the target
sector. The start sector address will be the address where
RUN_ OUT is stored + 7 whes -
28.1 Features 1465 Note added
(2) Access Modes: * Sector access mode*: Performs a read or write in sector units
This module can by specifying a sector address. By specifying the number of
select one of the sectors, the continuous physical sectors can be read or written.
following two Note: * The controller of this LSI chip is not capable of
access modes. reading data in sector access mode.
28.3.1 Common 1471, Table amended
(f:?_rgﬁlf\]%egmer 1472 Bit Bit Name :Description
( ) 11,10 ACM[1:0] .'AE:'cé's's' Mode Specification 1and0
’ 'Specify access mode.
100: Command access mode
101: Sector access mode*
110: Setting prohibited
eeeeeeeeoooo..___111:Setting prohibited
Note: * The controller is not capable of reading data in sector access
mode.
28.3.6 Data 1480 Table amended
Counter Register Bit Bit Name :Description
(FLDTCNTR) et e
11100 DTCNT nData Count Specification
'Specny the number of bytes of data to be read
[11:0] ror written in command access mode. (Up to
12048 + 64 bytes can be specified for writing,
'and up to 128 bytes for reading.)
29.1 Features 1510 Description amended

(5) Pipe
Configuration

* Transfer conditions that can be set for each pipe:

PIPEO: Control transfer (default control pipe: DCP), 256-byte
fixed single buffer
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Table 29.1 USB 1511 Table amended
Pin Configuration Category Name EFunction
Reference Reference ‘Reference resistor connection pin
resistor input EThis pin should be connected to
P {USBAPVss through a 5.6 kQ +1%
rresistor (SH7268 and SH7269 products
iin QFP packages).
'This pin should be connected to Vss
1through a 5.6 kQ +1% resistor (SH7269
_____________________________ products in BGA packages). ___________
29.3.28 DCP 1582, Bit table amended
Configuration 1583 Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Register I 7 I e B =
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(DCPCFG) RW: R R R R R R R BW RW R R RW R R R R
Table amended
Initial
Bit Bit Name Value R/W Description
1509 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
8 CNTMD 0 R/W  Continuous Transfer Mode

Specifies whether the DCP operates in continuous transfer
mode or not.

0: Non-continuous transfer mode
1: Continuous transfer mode

Change the setting of this bit only when CSSTS =0 and PID =
NAK, and no pipe has been selected using the CURPIPE bits.

When changing the setting of this bit after USB communication
using the DCP, write 1 to BCLR and clear the FIFO buffer
assigned to the DCP in addition to ensuring that the above
three registers are in the states indicated.

Before changing the setting of this bit after changing the
DCP’s PID bit from BUF to NAK, confirm that the values of
CSSTS and PBUSY are 0. However, it is not necessary for
this module to confirm the state of the PBUSY bit if the value
of the PID bit has already been changed to NAK.
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29.3.28 DCP 1583

Configuration Initial
Register Bit Bit Name Value R/W Description

(DCPCFQG) 7 SHTNAK 0 RW Disable Pipe when Transfer Finishes

Specifies whether the PID bit is changed to NAK when a
transfer finishes while the DCP is operating in the receive
direction.

0: Continue using pipe after transfer finishes.
1: Disable pipe when transfer finishes.

When this bit is set to 1, this module changes the PID bit
corresponding to the DCP to NAK when it determines that a
transfer to the DCP has finished.

This module determines that a transfer has finished when a
short packet of data (or a zero-length packet) is received
successfully.

Change the setting of this bit only when CSSTS =0 and PID =
NAK.

Before changing the setting of this bit after changing the
DCP’s PID bit from BUF to NAK, confirm that the values of
CSSTS and PBUSY are 0. However, it is not necessary for
this module to confirm the state of the PBUSY bit if the value
of the PID bit has already been changed to NAK.

6,5 — Allo R Reserved

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

Table 29.13 1622 Table amended

Operation of Th.IS PID Transfer Transfer Direction ~ Operation of This Module
Module depending Type (DIR Bit)

on PID Setting 00 (NAK) Bulkor  Operation does not Returns NAK in response to the
(when Function interrupt  depend on the setting. token from the USB host.
Controller Function '
is Selected)
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29.4.1 System 1639 Description added
Con.trol'and This module incorporates a pull-up resistor for the D+ signal and
Oscillation Control a pull-down resistor for the D+ and D- signals. These signals can
(4) USB Data Bus be pulled up or down using the DPRPU and DRPD bits in
Resistor Control SYSCFG.
When the function controller function is selected, set the DPRPU
bit in the SYSCFG register to 1 and pull up the D+ signal after
recognizing a connection to the USB host. When disconnection of
the USB host is recognized, manipulate the DPRPU and DCFM
bits as follows:
(1) Clear the DPRPU bit to 0.
(2) Wait a minimum of 1 us.
(3) Set the DCFM bit to 1.
(4) Wait a minimum of 200 ns.
() Clear the DCFM bit to 0.
Table 29.17 Pipe 1667 Table amended
Setting Iltems Register |
Name ____| BitName __iRemarks _____ . _____.
DCPCFG CNTMD 'DCP: Can be set
PIPECFG PIPE1 and PIPE2: Can be set (only when
i bulk transfer has been
' selected).
____________ \PIPE3to PIPES: Canbe set
SHTNAK 'DCP: Can be set
\PIPE1 and PIPE2: Can be set (only when
i bulk transfer has been
! selected)
eeieeceieeeo....iPIPESWPIPES: Canbeset
29.4.3 Pipe 1670 Note added
Control

(1) Pipe Control
Register Switching
Procedures

4. Wait until the corresponding PBUSY bit is cleared to 0.

Note: The PBUSY bit may remain set to 1 if the device is
detached while USB transaction processing is in
progress.
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29.4.4 FIFO Buffer 1676
Memory

(1) FIFO Buffer
Memory Allocation

Description deleted and amended

Figure 29.9 shows an example of a FIFO buffer memory map for
this module. The FIFO buffer memory is an area shared by the
CPU and this module. In the FIFO buffer memory status, there
are times when the access right to the buffer memory is allocated
to the user system (CPU side), and times when it is allocated to
this module (SIE side).

Independent buffer memory areas should be set for each pipe.
Each memory area can be set using the first block number and
the number of blocks (specified using the BUFNMB and BUFSIZE
bits in PIPEBUF), where one block comprises 64 bytes.

When continuous transfer mode has been selected using the
CNTMD bit in PIPECFG, the BUFSIZE bits should be set so that
the buffer memory size should be an integral multiple of the
maximum packet size. When double buffer mode has been
selected using the DBLB bit in PIPECFG, two planes of the
memory area specified using the BUFSIZE bits in PIPEBUF can
be assigned to a single pipe.

29.4.4 FIFO Buffer 1677
Memory

(1) FIFO Buffer
Memory Allocation

(a) Buffer Status

Description amended

Tables 29.18 and 29.19 show the buffer status. The buffer
memory status can be confirmed using the BSTS bit in DCPCTR
and the INBUFM bit in PIPEnCTR. The access direction for the
buffer memory can be specified using either the DIR bit in
PIPECFG or the ISEL bit in CFIFOSEL (when DCP is selected).

29.4.4 FIFO Buffer 1680
Memory

(1) FIFO Buffer

Memory Allocation

(e) Buffer Memory
Specifications
(Single/Double

Setting)

Description amended

Either a single or double buffer can be selected for PIPE1 to
PIPES, using the DBLB bit in PIPECFG. The double buffer is a
function that assigns two memory areas specified with the
BUFSIZE bit in PIPEBUF to the same pipe. Figure 29.10 shows
an example of buffer memory settings for this module.
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29.4.4 FIFO Buffer 1681 Description amended

Memory Either the continuous transfer mode or the non-continuous
(1) FIFO Buffer transfer mode can be selected, using the CNTMD bit in DCPCFG
Memory Allocation and PIPECFG. This selection is valid for DCP and PIPE1 to
(f) Buffer Memory PIPES.

Operation

(Continuous

Transfer Setting)

Table 29.22 1682 Table amended

Relationship Continuous or Non-

Continuous
Transfer Mode

between Transfer

Method of Determining if Reading or Transmitting Data is Enabled

Mode Settings by
CNTMD Bit and
Timings at which
Reading Data or
Transmitting Data
from FIFO Buffer is
Enabled

Non-continuous
transfer

(CNTMD = 0)

In the receiving direction (DIR = 0), reading data from the FIFO buffer is
enabled when:

. This module receives one packet.

In the transmitting direction (DIR = 1), transmitting data from the FIFO
buffer is enabled when:

FHo-bufferis-Data of the maximum packet size is written to the
FIFO buffer.

or

. Data of the short packet size (including 0-byte data) is written to the
FIFO buffer and then writes 1 to BVAL.

Continuous transfer

(CNTMD = 1)

In the receiving direction (DIR = 0), reading data from the FIFO buffer is

enabled when:

. The number of the data bytes received in the FIFO buffer assigned
to the selected pipe becomes the same as the number of assigned
data bytes (DCP: fixed at 256 bytes, pipes 1 to 5 (BUFSIZE + 1) x
64).

. This module receives a short packet other than a zero-length packet.

. This module receives a zero-length packet when data is already
stored in the FIFO buffer assigned to the selected pipe.
or

. This module receives the number of packets equal to the transaction
counter value specified for the selected pipe (PIPE1 to PIPE5 only).

In the transmitting direction (DIR = 1), transmitting data from the FIFO
buffer is enabled when:

. The number of the data bytes written to the FIFO buffer becomes
the same as the number of data bytes in a single FIFO buffer plane
assigned to the selected pipe.
or

. The number of data bytes less than the size of a single FIFO buffer
plane (including 0-byte data) assigned to the selected pipe is written
to the FIFO buffer and then 1 is written to BVAL.

. In a DMA transfer, the DMA transfer end sampling enable (TENDE)
bit is set to 1, a number of data bytes less than the size of a single
FIFO buffer plane assigned to the selected pipe (or O bytes) is
written to the FIFO buffer and the DMA transfer end signal is
received when the last byte is written (PIPE1 to PIPE5 only).
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29.4.4 FIFO Buffer 1685 Also, the bus width to be accessed should be selected using the
Memory MBW bit. The buffer memory access direction conforms to the
(2) FIFO Port DIR bit in PIPECFG. The ISEL bit determines this only for the
Functions DCP.
(a) FIFO Port
Selection
Figure 29.19 1705 Figure amended
Relationship uses I = O 31 O [
< J__f_mr
Frames and
EXpeCted T0ken PID bit setting | NAK | BUF | BUF | BUF | BUF | BUF | BUF
Receptlon when Token Token Token Token Token Token Token
“TV = 1 Token reception reception  reception  reception  reception  reception recep_iion
is not waited is not waited is waited is not waited is waited is not waited is waited
Interval counter started
Figure 30.5 1727 Figure amended
Example of Vertical ! !
Active |mage : 266 is not included :
Period (59.94 Hz oo U U
(525i)) i\ 265 | 266 | 267 | 268 | 269 | 270 | 271 | 272 | 273 | i
! SRCTOP(5:0) = 18 [lines] !
i i
v i
| SRCTOP(5:0) = 24 [lines] i
i i
' H
30.4.14 Digital 1752 Description amended
Clamp Control 3. Set clamp offset level of the signal to be monitored to Min
Register 1 value (512 for BLANKLEVEL Y, ¢-32 for
(DCPCR1) BLANKLEVEL CB/CR).
(2) Digital Clamp
Pulse Position
Check Control
Figure 30.15 1760 Figure amended
Digital Clamp DCPPOS_Y/C = 27 (usec) DCPWIDTH = 27 (usec)
Timing (Horizontal)
Horz. Sync
Clamp Pulse

colorburst
Video Signal \ "
synctip ¥
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30.4.23 Burst 1765 Title amended and description amended
Lock/Qhroma DEFAULTSYS sets the default color system when automatic
Decoding Control judgement of the color system for use in chroma decoding is not
Register (BTLCR) possible.
(5) Default Color
System during
Chroma Decoding
Table 30.15 1765 Table title amended
Default Color Table amended
System

DEFAULTSYS Default Color System

0 NTSC

1 PAL

SECAM
Not specified

30.4.25 ACC 1772 Description amended
Control Register 1 ACCLEVEL sets the burst amplitude of the chroma signal after
(ACCCR1) gain correction. ACCLEVEL is valid only when ACCMODE = 0.
(4) ACC Level
Control
Figure 30.20 1777 Figure amended

Example of R-Y
Axis Correction

R-Y Axis offset Normal (Center) R-Y Axis offset
+11.25 [deg.] —11.25 [deg ]
(Max: +11.25 [deg.]) (Max: —11.25 [deg.])

Red
/
Yellow

Green

11.25 deg. "

~11.25 [deg.] < 0AXis < 11.25 [deg.]
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Figure 30.21 1778 Figure amended
Example of Hue
Adjustment (TINT)
Correction
+45 [deg.] Normal (Center) —45 [deg.]
(Max: +180 [deg.]) (Max: —180 [deg.])
R-Y

Red

7/

Yellow Magenta

B-Y
Green Blue
=180 [deg.] < BHUE < +180 [deg.]

30.4.62 Chroma 1831 Description amended

Filter TAP
Coefficient (WA_FO
to WA_F8)
Registers for Y/C
Separation
(YCTWA_FO to
YCTWA_F8)

(1) Two-
Dimensional
Cascade
Broadband
(3.58/4.43/SECAM-
DR)/TAKE-OFF
Filter TAP
Coefficient 0 to 8
Control

FIL2_2D_WA_FO to FIL2_2D_WA_F8[12:0] control two-
dimensional cascade broadband (3.58/4.43/SECAM-
DR)/TAKEOFF filter TAP coefficient O to 8.
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30.4.63 Chroma
Filter TAP Coefficient
(WB_FO0 to WB_F8)
Registers for Y/C
Separation

(YCTWB_FO to
YCTWB_F8)

(1) Two-Dimensional
Cascade Broadband
(SECAM-DB) Filter
TAP Coefficient 0 to
8 Control

1833

Description amended

FIL2_2D_WB_FO0 to FIL2_2D_WB_F8[12:0] control two-
dimensional cascade broadband (SECAM-DB) filter TAP
coefficient 0 to 8.

30.4.64 Chroma
Filter TAP Coefficient
(NA_FO to NA_FB8)
Registers for Y/C
Separation
(YCTNA_FO to
YCTNA_F8)

(1) Two-Dimensional
Cascade
Narrowband
(8.58/4.43/SECAM-
DR) Filter TAP
Coefficient 0 to 8
Control

1835

Description amended

FIL2_2D_NA_FO0 to FIL2_2D_NA_F8[12:0] control two-
dimensional cascade narrowband (3.58/4.43/SECAM-DR) filter
TAP coefficient 0 to 8.

30.4.65 Chroma
Filter TAP Coefficient
(NB_FO to NB_FB8)
Registers for Y/C
Separation
(YCTNB_FO to
YCTNB_F8)

(1) Two-Dimensional
Cascade
Narrowband
(SECAM-DB) Filter
TAP Coefficient 0 to
8 Control

1837

Description amended

FIL2_2D_NB_FO to FIL2_2D_NB_F8[12:0] control two-
dimensional cascade narrowband (SECAM-DB) filter TAP
coefficient 0 to 8.
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30.5.3 Sync 1855 Description added
Separator Circuit The phases of the Hsync and Vsync signals are adjusted
(10) Timing according to the result of detecting the field, and output of the
Adjustment and Vsync signal from the sync separator circuit is delayed by one
Signal Detection horizontal period. When having video display controller 4 capture
Block the output signal from this module, take the above delay into
consideration and set SCLO_DS2.RES_VS (vertical position
setting for video signal capturing) as follows.
VSYNC + (V backporch - 2) lines
Figure 30.31 1857 Figure amended
Block Diagram of 0 o ) ©)
Y/C Separator st —osomy || [ o |
CirCUit Horizontal | Correlation '0"’(9;;‘5’3““" e
Sonrranan (e ¢
detection
Corrlaon | GoUoR0t 10
Table 30.40 1866 Table amended
Recommended SECAM SECAM
Settings for TWO' Cascade Filter Cascade Filter
Dimensional Y/C
Fl|teI’S (SECAM) Bypass TAKE-OFF Bypass TAKE-OFF
Bit Name Operation 1 Stage 2 Stages Filter Bit Name Operation 1 Stage 2 Stages Filter
Table 30.41 1873 Table amended
Recommended ‘Recommended
Setting Common to Register Bit ivalue (Decimal)
Various Color DCPCR5 DCPEND 12
Formats = itommemomesssosoooeoooosomooeoooooooo AToscotmooososososooosooooos
RGORCR1 RADJ_O_LEVELO :928
RGORCR2 RADJ_U_LEVELO 532
RGORCR5 RADJ_O_LEVEL2 5992
RGORCR6 RADJ_U_LEVEL2 164
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Table 30.42 1877 Table amended
Recommended 'NTSC-443
Setting for Each Register Bit 1(60 Hz) PAL-60
Color Format Capturing position setting
TGCR1 SRCLEFT 1256 256
TGCR2 SRCTOP 16 16
SRCHEIGHT 1241 241
TGCR3 SRCWIDTH 11428 1428
Horizontal AFC setting
HAFCCR1 HAFCTYP 1692 692
HAFCCR2 HAFCMAX 1792 792
HAFCCR3 HAFCMIN 1592 592
Vertical countdown setting
VCDWCR1 NOVCD50 1 1
NOVCD60 0 0
VCDDEFAULT 2 2
VCDWINDOW 130 30
VCDOFFSET 115 15
BCO setting
BTLCR DEFAULTSYS 0 1
NONTSC358 1 1
NONTSC443 0 1
NOPALM 1 1
NOPALN ' 1
NOPAL443 1 0
NOSECAM 1 1
ACC level setting
ACCCR1 ACCLEVEL 1220 230
AGC level setting
AGCCR1 AGCLEVEL 1230 242
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Table 30.42 1878 Table amended
Recommended ' NTSC-443
Setting for Each Register Bit . (60 Hz) PAL-60
Color Format Y/C separation setting
YCSCR3 K15 |2 2
K13 '8 8
K11 L4 3
YCSCR4 K16 3 4
K14 |16 63
K12 ) 2
YCSCR5 K22A E 32 32
K21A L6 10
YCSCR6 K22B '8 15
K21B | 6 10
YCSCR? K23B ' 6 3
K23A ' 3 3
K24 5 8
YCSCR9 DET2_ON L 0
HSEL_MIX_Y . 6 0
VSEL_MIX_Y .6 0
HVSEL_MIX_Y 10 0
YCSCR12 DET2_MIX_C ' 0 0
DET2_MIX_Y P2 0
FIL2_MODE_2D ' 0
FIL2_NARROW_2D ! 1 1
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Figure 32.5 BT601 1901 Figure amended
Ver‘tical T|m|ng TOP (First) field Quoted from ITU-R BT.470-6
(625 Lines/50.00 |

Hz) Jlu 201 250 25
] U N

622 623 624 625 1 2 3 4 5 6 7 23 24

~A
BOTTOM field O TOP field

P | N ) N | N | | | O ) S O N | I ) B

Vs |

FLD

BOTTOM (Second) field

2.5H 2.5H 2.5H

DN DORREERE!

309 310 311§ 312 3;3 314 | 315 316 317 318 319 320 336 337

iac
TOP field Oy BOTTOM field

| S ) N N ) O S ) S N ) P ) ) I

Vs [

FLD |

Figure 32.6 BT601 1903 Figure amended

Ver‘tica| Tlmlng TOP (First) field Quoted from ITU-R BT.470-6
(525 Lines/59.94 19t021H+a

HZ) 30H 3.0H 3.0H

A T U [

525 1 2 3 4 5 6 7 8 9 10 21 22

-~
BOTTOM field O TOP field

s LN Jfnn - nn.Jnn

Vs |

FLD

BOTTOM (Second) field

1910 21H + &

3.0H 3.0H 3.0H

Ty A T Y )

262 263 264 | 265 266 267 268 269 270 271 272 273 283 284

p ~a
TOP field O BOTTOM field

o S ) I I ) I ) S ) P ) ) B

vs [

FLD |
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Table 32.16 1912 Table amended
YCbCr/RGB Signal -
. - Item Description
Reception Timing .
Vertical valid period start From Vsync reference to the head of the
position (V_BP) video
____________________________ image: S linesormore
Vertical valid period end From the end of the video image to the
position (V_FP) Vsync
____________________________ reference: 4 lines ormore*!
Horizontal valid period end  From the end of the video image to the
position (H_FP) Hsync
reference: 16 CLK or more*®
Number of vertical lines Between vertical synchronization signals:
(V_BP+V_ACTIVE+V_FP) 2047 lines or less
Number of horizontal pixels Between horizontal synchronization
(H_BP+H_ACTIVE+H_FP) signals: 2047 CLK or less
Notes: 1. When V_FP is below 4 lines, the setting of
INP_DLY_ADJ.INP_VS_DLY_L[2:0] should be adjusted so that
V_FP is at least 4 lines.
2. When H_FP is below 16 CLK, the settings of
INP_DLY_ADJ.INP_VS_DLY[7:0], INP_HS_DLY[7:0], and INP_
FLD_DLY[7:0] should be adjusted so that H_FP is at least 16
CLK.
Table 33.7 Control 1961 Table amended
of Image Area to be Register 5
Captured Name Bit Name 'Description
SCL0_DS2 RES_VS[10:0] iVenicaI Position Setting for Video Signal
1Capturing
{(VSYNC + (V backporch - 1) lines)
iNote: The set value should be four or
! more (lines). RES_VS + RES_VW
i should be equal to or less than 2039
i (lines)
33.1.4 Setting 1962 Description amended

Angle of View

(2) Generating a
Full-Screen Enable
Signal

The vertical front porch should be set to four or more lines, and
the horizontal front porch should be 16 or more clock cycles.
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Table 33.8 Full- 1962 Table amended

Screen Enable Register i

Control Name _______ Bit Name ____ JDescription

SCLO_FRC7 RES_F HW Horizontal Enable Signal Width for Full
[10:0] 1Screen (pixel-clock cycles)

‘Notes: 1. RES_F_HS + RES_F_HW
should be equal to or less than
2015 (clock cycles).
2. The set value should be equal
i to (horizontal signal width for
full screen + 2) when serial
RGB output is selected as an
LCD output signal.

Figure 33.8 1964 Figure amended

Enable Settings Setting the area of input image to be captured

Input Hsync _|
signal

Input
Vsync
signal

RES_HS RES_HW

L[

RES_VS
+1

A Image area to be captured

RES_VW
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Table 33.15 1972
Vertical Scale
Down Control

Table amended

Register |
Name_ _______ Bit Name______ \Description
SCLO_DS7 RES_OUT_V Number of Valid Lines in Vertical

W[10:0] 'Direction Output by Scaling-Down
'Control Block (lines)
1 This bit setting is used for the number of
Elines to be written to the frame buffer.
'When SCL1_WR1.RES_LOOP is 0
i(frame write mode), these bits specify the
Enumber of lines for one frame.
‘When SCL1_WR1.RES_LOORP is 1
1(line write mode), these bits specify the
Enumber of lines for writing in a ring

‘configuration.
Table 33.20 1980 Table amended
Settings for Field Vertical Frame RES_FLD_
Determination Input Signal Rotation Processing Buffer DLY_SEL
Signal Control Progressive — — — —
Interlace Normal Vertical scale — —
Horizontal down
mirroring  Vertical scale Oneplane 0
180° up or less
rotation Two planes 1
or more
90° (Horizontal input
rotation — vertical
270° output) scale
rotation down
(Horizontal input Two planes 1
— vertical or more
output) scale up
33.1.11 IP 1981 Newly added
Conversion

(3) Switching of the
Field Determination
Signal (R version
only)

(3) Switching of the Field Determination Signal (R version only)

The source of the field determination signal to be output to the
scaling-up control block can be switched.
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Table 33.22 1981 Table added
SW|tch|pg the Field Register Initial
geterrrmanon Name Bit Name Value Description
ignal
9 SCLO_ RES_US_ 0 Field Determination Signal Switching
FRC8 FLD 0: The field determination signal is
generated by the synchronization
control block.
1: Frame number to be read (O: top field,
1: bottom field)
Note: When RES_FLM_MD is 0, set this
bit to 0.
Table 33.29 1987 Table amended
Frame Buffer Register
Transfer Mode Name Bit Name 'Description
SCL1_WR1 RES_BST_MD :Transfer Burst Length for Frame Buffer
'Writing
10: 32-byte transter{4-burstsy
11: 128-byte transter{+6-bursts)
Table 33.30 1987 Table amended
Wa.:pe BCUffe;r | Register
riting Contro '
g Name Bit Name ‘Description
SCL1_WR5 RES_WENB |Frame Buffer Write Enable
1After making the setting to enable writing,
'writing starts from the second frame.
i0: Frame buffer writing is disabled.
11: Frame buffer writing is enabled.
33.1.16 Writingto 1988 Description added

Frame Buffer

(4) Frame Buffer
Write Addresses

Frame buffer addresses are specified using the base address,
line offset address, frame offset address, data size of a line, and
the number of lines in a frame.

The frame buffer address generation mode is selectable (R

version only).
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Table 33.32 1989 Table amended
Frame Buffer Write

Register Initial

Address Control Name Bit Name Value Description
SCL1_ RES_ 0 Frame Buffer Address Generation Mode
WR1 FLM_MD Select

0: RES_BASE + RES_FLM_OFF x

frame number

1: RES_BASE + RES_FLM_OFF x

field information (top field: 0; bottom
field: 1)

Note: This bit should be set to 0 when a
progressive signal is being input.
When the setting of this bit is 1,
the setting for frame buffers
should be for the use of two. This
bit is only provided in the R
version. In products other than
the R version, this bit is always
read as 0, and when writing, the
value written should always be 0.

Figure 33.14 Data 1990 Figure amended
Arrangement in Input

Frame Buffer e | [ [ L
I‘—%E% RES_HS RES_HW
_| Y
RES_VS
+1
Y
A Image area to be captured
RES_VW
v
Table 33.33 1992 Table amended
Frame Buffer Write Register |
Control Name_ _______BitName ___iDescription . _ .. ...
SCL1_WR7 RES_FLM_ 'Frame Number of Frame Immediately
CNT[9:0] ‘Before That Currently Being Accessed
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Table 33.37 1996 Table amended
Reg|§ter . Initial Access
gg;lf(legruratlon of the Name Abbreviation R/W Value Address Size
Full-screen SCLO_FRC7 R/W H'0090 H'FFFF 32/16
horizontal size 0280 751C
register
Field SCLO_FRC8 R/W H'0000 H'FFFF 32/16
determination 0011 7520
signal switching
register (R
version only)
Vsync detection SCLO_FRC9 R H'0000 H'FFFF 32/16
register 0000 7524
33.2.8 Full-Screen 2007 Table amended
Horizontal Size :
Register Bit_____BitName _ !Description
(SCLO_FRC?7) 10to 0 RES_F_HW 'Horizontal Enable Signal Width for Full Screen
[10:0] |(pixelclock cycles)
'Notes: 1. RES_F_HS + RES_F_HW should be
equal to or less than 2015 (clock cycles).
2. The set value should be equal to
! (horizontal signal width for full screen + 2)
when serial RGB output is selected as an
LCD output signal.
33.2.9 Field 2008 Newly added
Determination
Signal Switching
Register
(SCLO_FRCS8) (R
version only)
33.2.12 Vertical 2011 Table amended

Capture Size
Register
(SCLO_DS2)

Bit ______ Bit Name
26to16 RES_VS
[10:0]

iDescription
" IVertical Position Setting for Video Signal
ECapturing (VSYNC + (V backporch — 1) lines)
Note: The set value should be four or more
(lines). RES_VS + RES_VW should be

equal to or less than 2039 (lines).
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33.2.16 Vertical 2015
Scaling Register
(SCLO_DS6)

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. Accordingly, even a scaled-up graphics
display requires both an input Vsync signal and output Vsync
signal.

33.2.17 Scaling- 2016
Down Control Block

Table amended

Bit Bit Name Description

Output Size !

Register 26to 16 RES_OUT 'Number of Valid Lines in Vertical Direction
SCLO DS7 _VWI[10:0] :Output by Scaling-down Control Block (lines)

( — ) ' This bit setting is used for the number of lines to

'be written to the frame buffer.

‘When SCL1_WR1.RES_LOOP is 0 (frame write

'mode), specify the number of lines for one frame.

'When SCL1_WR1.RES_LOOP is 1 (line write

imode), specify the number of lines for repeated

write.

ENote: The RES_OUT_VW value should be
aligned in 4-line units and equal to or
smaller than the RES_VW value.

33.2.25 Frame 2024 Note amended

Buffer Read Select RES_IBUS_SYNC_SEL is updated when the values of the
Register SCLO_VEN_B and SCLO_VEN_D bits in the SCLO register
(SCLO_USE) update control register (SCLO_UPDATE) are both 1.

RES_DISP_ON is updated when the value of the SCLO_VEN_B
bit in the SCLO register update control register (SCLO_UPDATE)
is 1.
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33.2.28 Writing 2027, Bit table amended
Mode Register 2028 Bt 31 30 20 28 27 26 25 24 23 22 21 20 19 18
(SCL1_WR1) [ I I I I I I I I S I S S
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R

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

ResFun - Fes | s,
| — | _ | — | L | — | Res_DS_ WR_bi20] Res_uo(10) |Loup |BsT MD|

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 RW R RW RW RW RW RW RW RW

Table amended

Initial
Bit Bit Name Value R/W Description

31t09 — AllO R Reserved

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

8 RES_FL 0 R/W  Frame Buffer Address Generation Mode Select

M_MD 0: RES_BASE + RES_FLM_OFF x frame number

1: RES_BASE + RES_FLM_OFF x field information
(top field: 0; bottom field: 1)

Note: This bit should be set to 0 when a progressive signal is
being input. When the setting of this bit is 1, the setting
for frame buffers should be for the use of two.

This bit is only provided in the R version. In products
other than the R version, this bit is always read as 0, and
when writing, the value written should always be 0.

7 — 0 R Reserved

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

0 RES_BS 0 R/W  Transfer Burst Length for Frame Buffer Writing
T_MD 0: 32-byte transfer-(4-bursisy
1: 128-byte transter(+6-bursts)

Note: RES_FLM_MD, RES_LOOP, and RES_BST_MD are updated when the
SCL1_VEN_B bit in the SCL1 register update control register
(SCL1_UPDATE) is 1.

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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33.2.32 Frame 2034 Table amended

Sub-Sampling ;

Register Bit_____] Bit Name _iDescription _________ ...

0 RES 1Frame Buffer Write Enable

(SCL1_WRS) WENB 'After making the setting to enable writing, writing
1starts from the second frame.
10: Frame buffer writing is disabled.
'1: Frame buffer writing is enabled.

33.2.34 Write 2036 Table amended

Detection Register !

(SCL1_WR?7) Bit_____] Bit Name _iDescription ________________________________.

- 9to 0 RES_FLM 'Frame Number of Frame Immediately Before
_CNT[9:0] :That Currently Being Accessed

33.3.1 Scaling 2058 Section title amended

Setting Example for

525i Video Input

and VGA-Size (640

x 480) Video

Output

Table 33.38 Input 2058 Table title amended

and Output Angles Table amended

for 525i Video Input

and VGA-Size (640 Input Signal  Output Signal Signal Format

x 480) Video 1440 x240 640 x 480 YCbCr

Output

33.3.1 Scaling 2058 Description amended

Setting Exa mple
for 525i Video Input
and VGA-Size (640
x 480) Video
Output

(2) Horizontal
Scaling (Horizontal
Scale Down,
Scaling Filter: 2-
Tap Linear)

RATIO_org = round (1440 + 640 x 4096) = 9216
o =(9216 x (640 — 1) — (1440 — 1) x 4096) + (640 - 1) = -8.01
Horizontal scaling ratio = round (9216 - (=8.01)) = 9225
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33.3.1 Scaling 2058
Setting Example for

525i Video Input

and VGA-Size (640

x 480) Video

Output

(2) Horizontal
Scaling (Horizontal
Scale Up, Scaling
Filter: 2-Tap Linear)

Description deleted

33.3.1 Scaling 2059
Setting Example for

525i Video Input

and VGA-Size (640

x 480) Video

Output

(3) Vertical Scaling
(Vertical Scale Up,
Scaling Filter: 2-

Description amended

RATIO_org = round (240 + 480 x 4096) = 2048

o = (2048 x (480 — 1) — (240 - 1) x 4096) = (480 — 1) = 4.27
Vertical scaling ratio = round (2048 — (4.07)) = 2044

Tap Linear)

Figure 35.9 2134 Description amended

Graphics Planes Current graphics and lower-layer graphics are blended and
with GR_DISP_ Displayed using the following f I =0 to 255):
SEL Setto 3 isplayed using the following formula (a x = 0 to ):

(Current graphics x a + lower graphics x (255 - a))/255

35.1.10 Display 2137
with Alpha Blending

in a Rectangular

Area

Description amended

Then, each time the Vsync signal rises for the number of times
set with the GR_ARC_RATE][7:0] bits + 1, the value of the
GR_ARC_COEF[7:0] bit is added to or subtracted from the a
value.

35.1.14 Alpha 2143
Blending
Calculation

Description amended

Alpha blending of two input signals is performed using the o value

as described below (rounded up if the result includes a decimal
fraction).

G output = (G value x o value + G input of the lower-layer
graphics x (255 - a value)) + 256

B output = (B value x o value + B input of the lower-layer graphics

x (255 - a value)) + 256

R output = (R value x a value + R input of the lower-layer
graphics x (255 - o value)) + 256
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Figure 35.12 Data 2143 Figure amended

Arrangement in 31 24 23 16 15 8 0

CLUT Table a value R value G value B value

Table 35.28 CLUT 2148 Table amended

Table Configuration :
Name Abbreviation R/W ;
Graphics 1 CLUT table =~ GR1_CLUTT R/W
Graphics 2 CLUT table GR2_CLUTT R/W
Graphics 3 CLUT table = GR3_CLUTT R/W i

35.2.3 Frame 2151 Note amended

Buffer Control GR2_LN_OFF_DIR and GR2_FLM_SEL are updated when

'(:‘gg'SL?r 12) GR2_IBUS_VEN in GR2_UPDATE is 1.

raphics
SR2HBYSVEN-s——=and
(GR2_FLM1) GR2_BST_MD is updated when

GR2_IBUS_VEN and GR2_P_VEN in GR2_UPDATE are 1.
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Table 36.5 2204 to Table amended
Gamma Correction 2206 Register Name _BitName \Description
GAM_G_AREA1 GAM_G_TH_01 | Start Threshold of Area 1 to 31 of G
to to 1Signal
GAM_G_AREA8 GAM_G_TH_31 iUnsigned (0 to 255 [LSB])
[7:0] IThreshold of previous area*' < Threshold
'of current area < Threshold of next area**
*1: GAM_G_TH_01is 0
5*2: GAM_G_TH_31is <255
GAM_B_AREA1 GAM_B_TH_01 iStart Threshold of Area 1 to 31 of B Signal
to to 1Unsigned (0 to 255 [LSB])
GAM_B_AREA8 GAM_B_TH_31 iThreshoId of previous area*' < Threshold
[7:0] iof current area < Threshold of next area*’
'*1: GAM_B_TH_01is 0
1*2: GAM_B_TH_31 is < 255
1
1
1
1
1
________________________________
GAM_R_AREA1 GAM_R_TH_01 1 Start Threshold of Area 1 to 31 of R Signal
to to 'Unsigned (0 to 255 [LSB])
GAM_R_AREA8 GAM_R_TH_31 i Threshold of previous area*' < Threshold
[7:0] Eof current area < Threshold of next area*
1*1: GAM_B_TH_01is 0
1%2: GAM_B_TH_31is < 255
36.2.4 Area 2246 Table amended
Setting RegiSter G1 Bit Bit Name | : Description.
in Gamma 23t0 16 GAM_G_TH_01 EStart Threshold of Area 1 of G Signal
Correction Block [7:0] ‘Unsigned (0 to 255 [LSB])
(GAM_G_AREA1 ) EO < Threshold of current area < Threshold of next
area
15t0 8 GAM_G_TH_02 'Start Threshold of Area 2 of G Signal
[7:0] 1Unsigned (0 to 255 [LSB])
'Threshold of previous area < Threshold of
‘current area < Threshold of next area
7t00 GAM_G_TH_03 1Start Threshold of Area 3 of G Signal
[7:0] "Unsigned (0 to 255 [LSB])

i Threshold of previous area < Threshold of
icurrent area < Threshold of next area d
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36.2.5 Area 2247 Table amended
Settlng Register G2 Bit Bit Name 'Description
in Gamma 31t024 GAM_G_TH_04 !Start Threshold of Area 4 of G Signal
Correction Block [7:0] 1Unsigned (0 to 255 [LSB])
(GAM_G_AREA2) 1 Threshold of previous area < Threshold of
'current area < Threshold of next area
23t016 GAM_G_TH_05 :Start Threshold of Area 5 of G Signal
[7:0] Unsigned (0 to 255 [LSB])
| Threshold of previous area < Threshold of
icurrent area < Threshold of next area
15t0 8 GAM_G_TH_06 ' Start Threshold of Area 6 of G Signal
[7:0] 1Unsigned (0 to 255 [LSBY])
1 Threshold of previous area < Threshold of
‘current area < Threshold of next area
7t00 GAM_G_TH_07 | Start Threshold of Area 7 of G Signal
[7:0] 1Unsigned (0 to 255 [LSB])
i Threshold of previous area < Threshold of
icurrent area < Threshold of next area €
36.2.6 Area 2248 Table amended
sett'ng Register G3 Bit Bit Name 'Description
in Gamma 31t024 GAM_G_TH_08 !Start Threshold of Area 8 of G Signal
Correction Block [7:0] !Unsigned (0 to 255 [LSB])
(GAM_G_AREA3) i Threshold of previous area < Threshold of current
Earea < Threshold of next area
23to 16 GAM_G_TH_09  Start Threshold of Area 9 of G Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of current
'area < Threshold of next area
15t08 GAM_G_TH_10  :Start Threshold of Area 10 of G Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of current
'area < Threshold of next area
7100 GAM_G_TH_11 EStart Threshold of Area 11 of G Signal
[7:0] 1Unsigned (0 to 255 [LSB])

EThreshoId of previous area < Threshold of current
'area < Threshold of next area
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36.2.7 Area 2249 Table amended
Setting Register G4 Bit Bit Name 'Description
in Gamma 311024 GAM_G_TH_12 !Start Threshold of Area 12 of G Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])
(GAM_G_AREA4) iThreshold of previous area < Threshold of
rcurrent area < Threshold of next area
2310 16 GAM_G_TH_13 EStarl Threshold of Area 13 of G Signal
[7:0] 'Unsigned (0 to 255 [LSB])
iThreshold of previous area < Threshold of
‘current area < Threshold of next area
15t08 GAM_G_TH_14 EStart Threshold of Area 14 of G Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7100 GAM_G_TH_15 EStart Threshold of Area 15 of G Signal
[7:0] 1Unsigned (0 to 255 [LSB))
i Threshold of previous area < Threshold of
icurrent area < Threshold of next area
36.2.8 Area 2250 Table amended
setting RegiSter G5 Bit Bit Name iDescription
in Gamma 31to24 GAM_G_TH_16 !Start Threshold of Area 16 of G Signal
Correction Block [7:0] 1Unsigned (0 to 255 [LSB])
(GAM_G_AREA5) 'Threshold of previous area < Threshold of
icurrent area < Threshold of next area
23to 16 GAM_G_TH_17 iStart Threshold of Area 17 of G Signal
[7:0] 'Unsigned (0 to 255 [LSB])
i\ Threshold of previous area < Threshold of
‘current area < Threshold of next area
15t08 GAM_G_TH_18  :Start Threshold of Area 18 of G Signal
[7:0] 'Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
'current area < Threshold of next area
7t00 GAM_G_TH_19 iStan Threshold of Area 19 of G Signal
[7:0] 1Unsigned (0 to 255 [LSBY])
iThreshoId of previous area < Threshold of

jcurrent area < Threshold of next area
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36.2.9 Area 2251 Table amended
Setting Register G6 Bit Bit Name 'Description
in Gamma 311024 GAM_G_TH_ 20 !Start Threshold of Area 20 of G Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])
(GAM_G_AREAG®6) iThreshold of previous area < Threshold of
rcurrent area < Threshold of next area
2310 16 GAM_G_TH_21 EStarl Threshold of Area 21 of G Signal
[7:0] 'Unsigned (0 to 255 [LSB])
iThreshold of previous area < Threshold of
'current area < Threshold of next area
15t08 GAM_G_TH_22 EStart Threshold of Area 22 of G Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7100 GAM_G_TH_23 EStart Threshold of Area 23 of G Signal
[7:0] 'Unsigned (0 to 255 [LSB))
i Threshold of previous area < Threshold of
icurrent area < Threshold of next area
36.2.10 Area 2252 Table amended
setting Register G7 Bit Bit Name 'Description
in Gamma 31t024 GAM_G_TH_24  :Start Threshold of Area 24 of G Signal
Correction Block [7:0] IUnsigned (0 to 255 [LSBI)
(GAM_G_AREA?7) I Threshold of previous area < Threshold of
‘current area < Threshold of next area
23t0o 16 GAM_G_TH_25 EStart Threshold of Area 25 of G Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
15t0 8 GAM_G_TH_26 iStarl Threshold of Area 26 of G Signal
[7:0] 'Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
rcurrent area < Threshold of next area
7t00 GAM_G_TH_27  :Start Threshold of Area 27 of G Signal
[7:0] 'Unsigned (0 to 255 [LSB))

EThreshoId of previous area < Threshold of
'current area < Threshold of next area
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36.2.11 Area 2253 Table amended
Setting Register G8 Bit Bit Name 'Description
in Gamma 311024 GAM_G_TH_28 !Start Threshold of Area 28 of G Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])
(GAM_G_AREAB8) i Threshold of previous area < Threshold of
rcurrent area < Threshold of next area
2310 16 GAM_G_TH_29 EStarl Threshold of Area 29 of G Signal
[7:0] 'Unsigned (0 to 255 [LSB])
I Threshold of previous area < Threshold of
'current area < Threshold of next area
15t08 GAM_G_TH_30 EStart Threshold of Area 30 of G Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7100 GAM_G_TH_31 EStart Threshold of Area 31 of G Signal
[7:0] 1Unsigned (0 to 255 [LSB))
i Threshold of previous area < Threshold of
icurrent area < 255
36.2.14 Area 2258 Table amended
_Setting Register B1 Bit Bit l_\lg_nje_:________j_D_e_s_c_ri_gt_ic_)g ______________________________
in Gamma 23t016  GAM_B_TH_01  |Start Threshold of Area 1 of B Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])
(GAM_B_AREAT1) EO < Threshold of current area < Threshold of next
‘area
15t0 8 GAM_B_TH_02 iStart Threshold of Area 2 of B Signal
[7:0] Unsigned (0 to 255 [LSB])
iThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7t00 GAM_B_TH_03 EStart Threshold of Area 3 of B Signal
[7:0] 1Unsigned (0 to 255 [LSB])

' Threshold of previous area < Threshold of
icurrent area < Threshold of next area ¢
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36.2.15 Area 2259 Table amended
Setting Register B2 Bit Bit Name 'Description
in Gamma 31t024 GAM_B_TH_04 !Start Threshold of Area 4 of B Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])
(GAM_B_AREA2) i Threshold of previous area < Threshold of
rcurrent area < Threshold of next area
2310 16 GAM_B_TH_05 EStarl Threshold of Area 5 of B Signal
[7:0] 'Unsigned (0 to 255 [LSB])
I Threshold of previous area < Threshold of
‘current area < Threshold of next area
15t08 GAM_B_TH_06 EStart Threshold of Area 6 of B Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7t00 GAM_B_TH_07 EStart Threshold of Area 7 of B Signal
[7:0] 'Unsigned (0 to 255 [LSB))
i Threshold of previous area < Threshold of
icurrent area < Threshold of next area ¢
36.2.16 Area 2260 Table amended
Setting Register B3 Bit Bit Name iDescription
in Gamma 311024 GAM_B_TH_08 Start Threshold of Area 8 of B Signal
Correction Block [7:0] 1Unsigned (0 to 255 [LSB))
(GAM_B_AREABR) 'Threshold of previous area < Threshold of
icurrent area < Threshold of next area
2310 16 GAM_B_TH_09 iStarl Threshold of Area 9 of B Signal
[7:0] 'Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
15t08 GAM_B_TH_10 i Start Threshold of Area 10 of B Signal
[7:0] !Unsigned (0 to 255 [LSB))
EThreshoId of previous area < Threshold of
‘current area < Threshold of next area
7t00 GAM_B_TH_11 EStart Threshold of Area 11 of B Signal
[7:0] 1Unsigned (0 to 255 [LSB])

EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
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36.2.17 Area 2261 Table amended
Setting Register B4 Bit Bit Name 'Description
in Gamma 31t024 GAM_B_TH_12  !Start Threshold of Area 12 of B Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])
(GAM_B_AREA4) i Threshold of previous area < Threshold of
rcurrent area < Threshold of next area
2310 16 GAM_B_TH_13 EStarl Threshold of Area 13 of B Signal
[7:0] 'Unsigned (0 to 255 [LSB])
I Threshold of previous area < Threshold of
‘current area < Threshold of next area
15t08 GAM_B_TH_14 EStart Threshold of Area 14 of B Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7100 GAM_B_TH_15 EStart Threshold of Area 15 of B Signal
[7:0] 1Unsigned (0 to 255 [LSB))
i Threshold of previous area < Threshold of
icurrent area < Threshold of next area
36.2.18 Area 2262 Table amended
setting RegiSter B5 Bit Bit Name iDescription
in Gamma 31to24 GAM_B_TH_16 !Start Threshold of Area 16 of B Signal
Correction Block [7:0] 1Unsigned (0 to 255 [LSB])
(GAM_B_AREA5) 'Threshold of previous area < Threshold of
icurrent area < Threshold of next area
23to 16 GAM_B_TH_17 iStart Threshold of Area 17 of B Signal
[7:0] 'Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
rcurrent area < Threshold of next area
15t08 GAM_B_TH_18 1 Start Threshold of Area 18 of B Signal
[7:0] 'Unsigned (0 to 255 [LSB])
1 Threshold of previous area < Threshold of
'current area < Threshold of next area
7t00 GAM_B_TH_19 iStan Threshold of Area 19 of B Signal
[7:0] 1Unsigned (0 to 255 [LSBY])

iThreshoId of previous area < Threshold of
jcurrent area < Threshold of next area
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36.2.19 Area 2263 Table amended
Setting Register B6 Bit Bit Name 'Description
in Gamma 31t024 GAM_B_TH_20 !Start Threshold of Area 20 of B Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])
(GAM_B_AREAG®6) i Threshold of previous area < Threshold of
rcurrent area < Threshold of next area
2310 16 GAM_B_TH_21 EStarl Threshold of Area 21 of B Signal
[7:0] 'Unsigned (0 to 255 [LSB])
I Threshold of previous area < Threshold of
‘current area < Threshold of next area
15t08 GAM_B_TH_22 EStart Threshold of Area 22 of B Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7100 GAM_B_TH_23 EStart Threshold of Area 23 of B Signal
[7:0] 'Unsigned (0 to 255 [LSB))
i Threshold of previous area < Threshold of
icurrent area < Threshold of next area
36.2.20 Area 2264 Table amended
setting Register B7 Bit Bit Name 'Description
in Gamma 31t024 GAM_B_TH_24  :Start Threshold of Area 24 of B Signal
Correction Block [7:0] IUnsigned (0 to 255 [LSBI)
(GAM_B_AREA7?) I Threshold of previous area < Threshold of
'current area < Threshold of next area
23to 16  GAM_B_TH_25 EStart Threshold of Area 25 of B Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
15t0 8 GAM_B_TH_26 iStarl Threshold of Area 26 of B Signal
[7:0] 'Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
rcurrent area < Threshold of next area
7t00 GAM_B_TH_27 1 Start Threshold of Area 27 of B Signal
[7:0] 'Unsigned (0 to 255 [LSB))

EThreshoId of previous area < Threshold of
'current area < Threshold of next area
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36.2.21 Area 2265 Table amended
Setting Register B8 Bit Bit Name 'Description
in Gamma 31t024 GAM_B_TH_28 !Start Threshold of Area 28 of B Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])
(GAM_B_AREAS8) i Threshold of previous area < Threshold of
rcurrent area < Threshold of next area
2310 16 GAM_B_TH_29 EStarl Threshold of Area 29 of B Signal
[7:0] 'Unsigned (0 to 255 [LSB])
I Threshold of previous area < Threshold of
icurrent area < Threshold of next area
15t08 GAM_B_TH_30 EStart Threshold of Area 30 of B Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7100 GAM_B_TH_31 EStart Threshold of Area 31 of B Signal
[7:0] 1Unsigned (0 to 255 [LSB))
i Threshold of previous area < Threshold of
icurrent area < 255
36.2.24 Area 2270 Table amended
setting RegiSter R1 Bit Bit Name J:_D_e_s_c_ri_gt_ic_)g ______________________________
in Gamma 23t016 GAM_R_TH_01  :Start Threshold of Area 1 of R Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])
(GAM_R_AREA1) 10 < Threshold of current area < Threshold of next
‘area
15t0 8 GAM_R_TH_02 EStart Threshold of Area 2 of R Signal
[7:0] iUnsigned (0 to 255 [LSBY])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7t00 GAM_R_TH_03 iStart Threshold of Area 3 of R Signal
[7:0] 1Unsigned (0 to 255 [LSB])

\ Threshold of previous area < Threshold of
icurrent area < Threshold of next area ¢
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36.2.25 Area 2271 Table amended
Setting Register R2 Bit Bit Name 'Description
in Gamma 311024 GAM_R_TH_04 !Start Threshold of Area 4 of R Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])
(GAM_R_AREA2) i Threshold of previous area < Threshold of
rcurrent area < Threshold of next area
2310 16 GAM_R_TH_05 EStarl Threshold of Area 5 of R Signal
[7:0] 'Unsigned (0 to 255 [LSB])
I Threshold of previous area < Threshold of
‘current area < Threshold of next area
15t0 8 GAM_R_TH_06 EStart Threshold of Area 6 of R Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7t00 GAM_R_TH_07 EStart Threshold of Area 7 of R Signal
[7:0] 'Unsigned (0 to 255 [LSB))
i Threshold of previous area < Threshold of
icurrent area < Threshold of next area ¢
36.2.26 Area 2272 Table amended
Setting Register R3 Bit Bit Name iDescription
in Gamma 311024 GAM_R_TH_08 Start Threshold of Area 8 of R Signal
Correction Block [7:0] 1Unsigned (0 to 255 [LSB))
(GAM_R_AREAB3) 'Threshold of previous area < Threshold of
icurrent area < Threshold of next area
2310 16 GAM_R_TH_09 iStarl Threshold of Area 9 of R Signal
[7:0] 'Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
15t0 8 GAM_R_TH_10  Start Threshold of Area 10 of R Signal
[7:0] !Unsigned (0 to 255 [LSB))
EThreshoId of previous area < Threshold of
‘current area < Threshold of next area
7t00 GAM_R_TH_11 EStart Threshold of Area 11 of R Signal
[7:0] 1Unsigned (0 to 255 [LSB])

EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area

Page liii of cvi



Item Page Revision (See Manual for Details)
36.2.27 Area 2273 Table amended
Setting Register R4 Bit Bit Name 'Description
in Gamma 31t024 GAM_R_TH_12  !Start Threshold of Area 12 of R Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])
(GAM_R_AREA4) i Threshold of previous area < Threshold of
rcurrent area < Threshold of next area
2310 16 GAM_R_TH_13 EStarl Threshold of Area 13 of R Signal
[7:0] 'Unsigned (0 to 255 [LSB])
I Threshold of previous area < Threshold of
‘current area < Threshold of next area
15t0 8 GAM_R_TH_14 EStart Threshold of Area 14 of R Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7100 GAM_R_TH_15 EStart Threshold of Area 15 of R Signal
[7:0] 1Unsigned (0 to 255 [LSB))
i Threshold of previous area < Threshold of
icurrent area < Threshold of next area
36.2.28 Area 2274 Table amended
setting RegiSter R5 Bit Bit Name iDescription
in Gamma 31to24 GAM_R_TH_16  !Start Threshold of Area 16 of R Signal
Correction Block [7:0] 1Unsigned (0 to 255 [LSB])
(GAM_R_AREAS5) 'Threshold of previous area < Threshold of
icurrent area < Threshold of next area
23to 16 GAM_R_TH_17 iStart Threshold of Area 17 of R Signal
[7:0] 'Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
rcurrent area < Threshold of next area
15t08 GAM_R_TH_18 1 Start Threshold of Area 18 of R Signal
[7:0] 'Unsigned (0 to 255 [LSB])
1 Threshold of previous area < Threshold of
'current area < Threshold of next area
7t00 GAM_R_TH_19 iStan Threshold of Area 19 of R Signal
[7:0] 1Unsigned (0 to 255 [LSBY])

iThreshoId of previous area < Threshold of
jcurrent area < Threshold of next area
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36.2.29 Area 2275 Table amended
Setting Register R6 Bit Bit Name 'Description
in Gamma 31t024 GAM_R_TH_20 !Start Threshold of Area 20 of R Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])
(GAM_R_AREA®) i Threshold of previous area < Threshold of
rcurrent area < Threshold of next area
2310 16 GAM_R_TH_21 EStarl Threshold of Area 21 of R Signal
[7:0] 'Unsigned (0 to 255 [LSB])
I Threshold of previous area < Threshold of
‘current area < Threshold of next area
15t0 8 GAM_R_TH_22 EStart Threshold of Area 22 of R Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7t00 GAM_R_TH_23 EStart Threshold of Area 23 of R Signal
[7:0] 'Unsigned (0 to 255 [LSB))
i Threshold of previous area < Threshold of
icurrent area < Threshold of next area
36.2.30 Area 2276 Table amended
setting Register R7 Bit Bit Name 'Description
in Gamma 31t024 GAM_R_TH_24  :Start Threshold of Area 24 of R Signal
Correction Block [7:0] IUnsigned (0 to 255 [LSBI)
(GAM_R_AREA?) I Threshold of previous area < Threshold of
'current area < Threshold of next area
23to 16  GAM_R_TH_25 EStart Threshold of Area 25 of R Signal
[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
15t0 8 GAM_R_TH_26 iStarl Threshold of Area 26 of R Signal
[7:0] 'Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
rcurrent area < Threshold of next area
7t00 GAM_R_TH_27 1 Start Threshold of Area 27 of R Signal
[7:0] 'Unsigned (0 to 255 [LSB))

EThreshoId of previous area < Threshold of
'current area < Threshold of next area
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36.2.31 Area 2277 Table amended

Setting Register R8 Bit Bit Name iDescription

in Gamma 31t024 GAM_R_TH_28 !Start Threshold of Area 28 of R Signal
Correction Block [7:0] 'Unsigned (0 to 255 [LSB])

(GAM_R_AREAS8)

i Threshold of previous area < Threshold of
icurrent area < Threshold of next area

23to 16 GAM_R_TH_29
[7:0]

EStarl Threshold of Area 29 of R Signal
'Unsigned (0 to 255 [LSB])

I Threshold of previous area < Threshold of
'current area < Threshold of next area

15t08 GAM_R_TH_30

EStart Threshold of Area 30 of R Signal

[7:0] 1Unsigned (0 to 255 [LSB])
EThreshoId of previous area < Threshold of
icurrent area < Threshold of next area
7100 GAM_R_TH_31 EStart Threshold of Area 31 of R Signal
[7:0] 1Unsigned (0 to 255 [LSB))

i Threshold of previous area < Threshold of
icurrent area < 255

Table 37.2 2312, Table amended
Interrupt Clear/Hold 2313 Register Name Bit Name Initial Value !
Settings SYSCNT_INT2 INT_STAO 0 :
INT_STA1 0 !
INT_STA2 0 E
INT_STA3 0 ;
INT_STA4 0 |
INT_STA5 0 i
Register Name Bit Name Initial Value I
SYSCNT_INT2 INT_STA6 0 i
INT_STA7 0 E
SYSCNT_INT1 INT_STAS 0 |
Table 37.3 2314 Table amended
InterrUpt OUtpUt Register Name Bit Name Initial Value I
On/Off Settings SYSCNT_INT4  INT_OUTO.ON _ 0 i
INT.OUTI.ON 0 ;
INT.OUT2.ON 0 :
INT_.OUT3. ON 0 !
INT_OUT4 ON 0 E
INT_OUT5_.ON 0 !
INT_OUT6_ON 0 i
INT_OUT7.ON 0 ;
SYSCNT_INT3 INT_.OUT8 ON 0 !
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Table 39.2 Pixel 2348 Table amended
Format CMPDFA  CMPDAUF
Bits in DOCMPMR CMPBT  [7:0] zol
32 bits/pixel ARGB8888 0 — —
RGB888 Arbitrary Arbitrary
16 bits/pixel RGB565 1 — —
41.2.30 JPEG 2400 Bit table amended
|nterrupt Enable Bitt 31 80 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Register 1 (JINTE1) S I I
Initial value: 0 0 0 0 0 0 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 6 5 4 3 2 1 0
[T=T=-T=T=T=T=T=T= T B8] = [ = Tosremen] *R]
Initial value: 0 0 0 0 0 [ 0 0 0 0 0 0 0 0
R/W(compress): R R R R R R R R R RW RW R R Undefined Undefined Undefined
R/W(decompress): R R R R R R R R R Undefined Undefined R R RW RW RW
Table 43.4 2477 Table amended
Relationship
FS[7: TONE[6: E %
between Tone ToneFrequ leney S S[O] ________ O [6 _0_] 444444 rfErff) 44444
Frequency and 1318.50 ED 8 0.005
Output Error 2637.00 ED 4 0.005
5274.00 ED 2 0.005
48.2.18 PortE 2616 Table amended
Data Register 0 !
(PEDRO) Bit ____] Bit Name _iDescription .. _________
7 PE7DR  :See table 48.16.
'Bits 7 to 4 are reserved in the SH7268 Group.
6 PEBDR iThese bits are always read as 1. The write value
sshould always be 1.
5 PESDR
4 PE4DR |
3 PE3DR |
2 PE2DR
1 PE1DR |
0 PEODR |
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48.2.19 PortE 2617 Table amended
Port Register 0 |
(PEPRO) Bit_____BitName_ Description _______________________________._.
7 PE7PR :The pin state is returned. These bits cannot be
'modified.
6 PE6PR  |Bits 7 to 4 are reserved in the SH7268 Group.
i These bits are always read as 1.
5 PESPR
2 PE4PR |
3 PE3PR
2 PE2PR |
1 PETPR |
0 PEOPR !
49.3.4 Deep 2727 Description amended
Standby Mode Deep standby mode is canceled by interrupts (NMI or realtime
(2) Canceling Deep clock alarm interrupt), change on the pins for canceling, or a reset
Standby Mode (power-on reset). The realtime clock alarm interrupt can always

cancel deep standby mode regardless of the interrupt priority
level or the settings of the status register (SR) in the CPU and of
the alarm interrupt enable flag (RCR1.AIE). When canceling the
mode by a source other than a reset, a power-on reset exception
handling is executed instead of an interrupt exception handling.

51.1 Register 2790 Table amended
Addresses (by

Number Access
functional module, Module Name Register Name Abbreviation  of Bits Address Size
in order of the Video display  Full-screen vertical size SCLO_FRC6 32 HFFFF7518 16, 32
corresponding controller 4 _register
Section Full-screen horizontal size ~ SCLO_FRC7 32 H'FFFF751C 16, 32
numbers)cd-rom register

Field determination signal SCLO_FRC8 32 H'FFFF7520 16, 32

switching register (R
version only)
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51.2 Register Bits

2867,

Table amended

2868’ Module Register Bit Bit Bit Bit Bit Bit Bit Bit
2875, | Name ___ | Abbreviation | SU2S/15/7 | S0/22/14/6_| 29/2U/13/5 | 2812014214 _ | 27/1911L/3 | 26/18/10/2 | 25117/9/1 _ | 24/16/810
2893, CD-ROM CROMCTL4 | — LINK2 — EROSEL  |NO_ECC |— — —
2896 dacoder CROMCTLS | — — — — — — = MSF_LBA
B [ S SEL__
] CBUFCTLO _ | CBUF AUTICBUF_EN |— _ __|( CBUF_MDI1]| CBUF_MDIO]| CBUF.TS | CBUF.Q _ 1 ___
USB 2.0 DCPCFG — — — — — — — CNTMD
host/function
SHTNAK | — — — — — — —
module e
Video display | SCLO_FRC8 |— | ] [ ] = = = = =
controller4 | (R version | - - | - | | ]
only)
[ ] [ ] [ ] | [ ] RES_US_F | — |
_________________________________________ LS I R,
SCL1_WR1 [— - — — _ _ _ _
— — — — — — — RES_FLM
_MD R
version
only)
— RES_DS_ |RES_DS_ |RES_DS_ |RES_MD[1] | RES_MDI[0] | RES_LOOP | RES_BST
L JeRMpE RO wA Mo | Lo o] Mo___
51.3 Register 2957, Table amended
States in EaCh 2958 Register Power-On  Manual Deep Software Module
Operating Mode Module Name _ Abbreviation Reset ___Reset __Standby _Standby Standby Sleep
Multi-function  All registers  Initialized Retained  Initialized Retained Initialized Retained
timer pulse unit
2 e
Realtime clock RCR3 Retained Retained  Retained Retained Retained Retained
Table 52.5 Clock 2976 Table amended
Timing . . .
Item Symbol Min Max. Unit Figure
Real time taosc — 3 s Figure
clock oscillation 52.6
settling fime ..
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Figure 52.3 2977 Figure amended
Power-On

. . . Oscillation settling time
Oscillation Settling o, R—————
o W a\V/aV AWAVAN

( (

Power Supply* Power Supply Min.
tosct Il
I
RES « ¢ # tvon

TRST f
MD_BOOT2, MD_BOOT1, MD_BOOTO Sj S}
MD_CLKO C

Note: * PVec, Vee, PLLVee, AVee, USBAPVce, USBDPVee, USBAVce, USBPVee, USBUVec, VDAVee
Note that SH7269 products in BGA packages do not have USBDVcc, USBUVcc, and USBDPVcc pins.

N

Figure 52.5 2978 Figure amended
Oscillation Settling

Time on Return Standby period Oscillation settling time .
from Standby CKIO, y

Internal clock
(Return by NMI or rlemal dlos

| RQ) tamiw, tiraw
/
NMI, IRQ
\8

tosca

Figure 52.11 2985 Figure amended
Basic Bus Timing 1 Tw Tk T2
for Normal Space

(One Software Wait
Cycle, One
External Wait
Cycle)

CKIO

Figure 52.13 2987 Figure amended
MPX-I/O Interface
Bus Cycle

(Three Address oKIo
Cycles,One =t~ = — =L — . = =L =
Software Wait

Cycle, One

External Wait

Cycle)

Table 52.15 SPI 3023 Table amended and note amended
Multi I/O Bus

- | L Min. Max. C o E
Controller Timing tem Symbo in ax Unit igure

SPBCLK clock t

Figure

SPBeyc

Note: t,,. indicates the bus clock (B¢) cycle.
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52.4.23 AC 3049 Description amended
Characteristics « 1/O signal reference level: PVcc/2, the minimum values of Vg,
Measurement Vr+, and Vou, and the maximum values of Vi, V1., and Vo (refer
Conditions to the individual timing chart)
Table 53.1 Pin 3053, Table amended
States 3056 Pin Function Pin State
Pin State Retained** Power-Down State
Normal
State EBUSKEEPE**
(Other (Other than Power
than Power- | States at Right) | o Deep Software
States On Reset | Standby | Standby
Type Pin Name at Right) | Reset*' |0 1 E Mode Mode
Clock EXTAL*® | | I 11z |
XTAL*® o o [o] o/L*® o/L*®
CKIO Boot |0 0/z+" o o 0/z+" 0/z+" 0/z+"
mode
Other | 0/z* o o/z+ o/z+ o/z+
than
above
AUDIO_CLK | — — z z
[seral |- noTeT00 oz |—  |oze | oz |oze |
communication
interface
with FIFO RxD7 (PE7, PJ25), | — — z z
RxD6 to RxDO
Table 53.2 Pin 3066 Description amended
States while the [Legend]
Bus Mastership is I- Inout
Released - NP
O: Output
H: High-level output
L: Low-level output
Z: High-impedance
—: Condition under which the pin function is not selectable
3067 Note amended

2. After the chip has shifted to the power-on reset state from deep
standby mode by the input on the NMI pin and so on, or by the
realtime clock alarm interrupt, the pins retain the state until the
IOKEEP bit in the deep standby cancel source flag register
(DSFR) is cleared (see section 49, Power-Down Modes).
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Table 53.5 3070 Table amended
Handling of Pins in . .
Deep Standby ?_”_] _______________ H z_i[]_d_lfr_]_g ________________________________________
Mode REFRIN Connect this pin to USBAPVss via 5.6 kQ + 1%
resistor (SH7268 and SH7269 products in QFP
packages).
Connect this pin to Vss via 5.6 kQ + 1% resistor
__________________ (SH7269 products in BGA packages). ____________.
VRT, VRB Connect these pins to VDAVss via 0.1-puF
__________________ capacitor. ...
Figure 53.2 3073 Figure amended
Example of 1218 PF18
219 PJ11
Externally Allocated 220 Put2
. . 0221 PJ13
Capacitors in the L gaziye
SH7269 (QFP) E—gute PLQPO2SELE-A
Group s b P
0228 PF22
229 PF23
230 PDO

231 PVee
232 PJ24
233 Vss

234 PD1

235 PD2

236 PD3
237 PJ25
238 PJ26
239 PJ27
240 PVee

L]
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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 I/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.

RO1UHO0048EJ0300 Rev. 3.00

Oct 21, 2016 RENESAS
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Section 1 Overview SH7268 Group, SH7269 Group

Table 1.1  SH7268/7269 Features

Items Specification

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

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

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

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

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

e Internal multiplier

¢ Five-stage pipeline

e Harvard architecture

RO1UHO0048EJ0300 Rev. 3.00

RENESAS Oct 21, 2016
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SH7268 Group, SH7269 Group Section 1 Overview

Iltems Specification

Floating-point unit ¢ Floating-point co-processor included
e Supports single-precision (32-bit) and double-precision (64-bit)
e Supports data type and exceptions that conforms to IEEE754 standard
e Two rounding modes: Round to nearest and round to zero
e 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
e Supports FMAC (multiplication and accumulation) instructions
e Supports FDIV (division) and FSQRT (square root) instructions
e 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

o Five-stage pipeline

Cache memory e Instruction cache: 8 Kbytes
e Operand cache: 8 Kbytes

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

o Write-back, write-through, LRU replacement algorithm

o 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
e 16 priority levels available

o Register bank enabling fast register saving and restoring in interrupt
processing

RO1UHO0048EJ0300 Rev. 3.00

Oct 21, 2016 RENESAS
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Section 1 Overview SH7268 Group, SH7269 Group

Iltems Specification

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

Mbytes

e 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 (CSO0 to CS5) according to the target
area (CS assert or negate timing can be selected by software)

o SDRAM refresh
Auto refresh or self refresh mode selectable
o SDRAM burst access

Direct memory access e Sixteen channels; external requests are available for one of them.
controller ¢ Can be activated by on-chip peripheral modules

o Burst mode and cycle steal mode

¢ Intermittent mode available (16 and 64 cycles supported)

e Transfer information can be automatically reloaded

Clock pulse generator e 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
e Peak values of EMI noise can be reduced by the on-chip SSCG circuit.
e Four types of clocks generated:

— CPU clock (1¢): Maximum 266.67 MHz

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

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

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

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

RO1UHO0048EJ0300 Rev. 3.00

RENESAS Oct 21, 2016
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SH7268 Group, SH7269 Group Section 1 Overview

Items Specification

Power-down modes e 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 e Maximum 16 lines of pulse inputs/outputs based on five channels of
pulse unit 2 16-bit timers

e 18 output compare and input capture registers
e Input capture function

e Pulse output modes

Toggle, PWM, complementary PWM, and reset-synchronized PWM
modes

e Synchronization of multiple counters
e 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

e Reset-synchronized PWM mode

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

e Phase counting mode
Two-phase encoder pulse counting available

Two-channel 16-bit counters

e 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

Compare match timer

Realtime clock e Internal clock, calendar function, alarm function

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

RO1UHO0048EJ0300 Rev. 3.00

Oct 21, 2016 RENESAS
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Section 1 Overview SH7268 Group, SH7269 Group

Iltems Specification

Serial communication e Eight channels

interface with FIFO Clocked synchronous or asynchronous mode selectable

e Simultaneous transmission and reception (full-duplex communication)
supported

e Dedicated baud rate generator

e Separate 16-byte FIFO registers for transmission and reception

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

Renesas serial e Two channels
peripheral interface SPI operation
o Master mode and slave mode selectable

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

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

Renesas quad serial e Two channels

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

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

¢ Consecutive transfers

e MSB first/LSB first selectable

e Maximum transfer rate: 266.67 Mbps

SPI multi I/0 bus e Up to two serial flash memories with multiple I/O bus sizes
controller (single/dual/quad) can be connected.

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

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

I°C bus interface 3 e SH7268: two channels, SH7269: four channels
e Master mode and slave mode supported

RO1UHO0048EJ0300 Rev. 3.00

RENESAS Oct 21, 2016
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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 /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

RO1UHO0048EJ0300 Rev. 3.00

Oct 21, 2016
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Section 1 Overview

SH7268 Group, SH7269 Group

Items

Specification

IEBus™ controller

o |EBus protocol control (layer 2) supported

Half-duplex asynchronous communications
Multi-master system
Broadcast communications function

Selectable mode (three types) with different transfer speeds

e 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)

e 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

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

e Audio word sizes of 16 to 24 bits per sample
e Biphase mark encoding

¢ Double buffered data

e Parity encoded serial data

e Simultaneous transmit and receive

e Receiver autodetects IEC 61937 compressed mode data

Page 8 of 3092
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SH7268 Group, SH7269 Group Section 1 Overview

Iltems Specification

CD-ROM decoder

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

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

e 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

RO1UHO0048EJ0300 Rev. 3.00

Oct 21, 2016 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

Page 10 of 3092
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SH7268 Group, SH7269 Group

Section 1 Overview

Iltems Specification

Video display .
controller 4

Input video control

Horizontal noise reduction (NR), brightness adjustment and gain
adjustment using matrix operation

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

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

Output video control

Black stretch: Black area stretched according to Y signal state

Enhancer capability: LTI (transient improvement) and sharpness

(contour emphasis) for Y signal

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, RGB838

Superimposition

Alpha blending in a rectangular area: Input video, layer 1, and layer 2
blended according to the
transparency percentage o

(fade-in and fade-out function
available)

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

RO1UH0048EJ0300 Rev. 3.00
Oct 21, 2016
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Section 1 Overview

SH7268 Group, SH7269 Group

Iltems 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

Page 12 of 3092
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SH7268 Group, SH7269 Group Section 1 Overview

Iltems Specification
Display out ¢ Calculates the CRC code of an arbitrary graphics plane and compares
comparison unit it with the pre-calculated CRC code.

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

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

OpenVG™-compliant e OpenVG™, which is an open 2D vector graphics API, can be
Renesas graphics processed.

rocessor . .
P 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

e 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

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

Sampling rate e Three channels
converter 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 OQutput sampling rate: 32/44.1/48 kHz, 8/16 kHz
(input sampling rate: 44.1 kHz)

RO1UH0048EJ0300 Rev. 3.00

Oct 21, 2016 RENESAS
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Section 1 Overview SH7268 Group, SH7269 Group

Iltems Specification
Sound generator e Capable of adjusting sound volume using 8-bit PWM output
e Four types of operating clocks (P0¢/2, PO¢/4, PO$/8, and PO¢/16) can
be selected.

¢ Frequency settings in the 31-Hz to 20-kHz range with precision of 1%
or less
e Automatic attenuator function can be selected

SD host interface e Two channels
e SD memory I/O card interface (1-/4-bits SD bus)
e Error check function: CRC7 (command), CRC16 (data)
¢ Interrupt requests
— Card access interrupt
— SDIO access interrupt
— Card detect interrupt
o DMA transfer requests
— SD_BUF write
— SD_BUF read
e Card detection function, write protect supported

MMC host interface e Interface to multi-media card (MMC)
e 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
e Card detection function

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

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

Motor control PWM ¢ Two 10-bit PWM channels, each with eight outputs
timer

User break controller e Two break channels

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

User debugging e E10A emulator support

interface e JTAG-standard pin assignment

RO1UHO0048EJ0300 Rev. 3.00

RENESAS Oct 21, 2016
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SH7268 Group, SH7269 Group

Section 1 Overview

Iltems 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: 3.0t0 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

RO1UH0048EJ0300 Rev. 3.00
Oct 21, 2016
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Section 1 Overview

SH7268 Group, SH7269 Group

1.2 Product Lineup
Table 1.2  Product Lineup
Improved
functionality for Controller
Product Product video display Area Operating Suitable
Classification Code controller 4 Network Temperature Package New application substitute
SH7268 Group  R5S72680 No Included Regular 208-pin Recommended -
W266FP specifications QFP
—_— (-20 to +85°C)
R5S572681 Included Not recommended R5S72680W2
W266FP 66FP
R5S72680 Not included Wide-range Not recommended R5S72681P26
P266FP specifications 6FP
_— (-40 to +85°C)
R5S572681 Included Recommended -
P266FP
R5S72680 Yes* Included Regular 208-pin Recommended -
RW266FP specifications QFP
(-20 to +85°C)
R5S72681 Wide-range Recommended -
RP266FP specifications
(-40 to +85°C)
SH7269 Group  R5S72690 No Included Regular 256-pin Recommended -
W266FP specifications QFP
—_— (-20 to +85°C)
R5S872691 Included Not recommended R5S872690W2
W266FP 66FP
R5S72690 Not included Wide-range Not recommended R5S72691P26
P266FP specifications 6FP
_— (-40 to +85°C)
R5S872691 Included Recommended -
P266FP
R5S72690 Included Regular 272-pin Recommended -
W266BG specifications BGA
_— (-20 to +85°C)
R5S72691 Included Not recommended R5S72690W2
W266BG 66BG
R5S72690 Not included Wide-range Not recommended R5S72691P26
P266BG specifications 6BG
—_— (-40 to +85°C)
R5S72691 Included Recommended -
P266BG
R5S72690 Yes* Included Regular 256-pin Recommended -
RW266FP specifications QFP
(-20 to +85°C)
R5S72691 Wide-range Recommended -
RP266FP specifications
(-40 to +85°C)
R5S72690 Regular 272-pin Recommended -
RW266BG specifications BGA
(-20 to +85°C)
R5S72691 Wide-range Recommended -
RP266BG specifications

(-40 to +85°C)

Note: * This product is referred to as the “R version” in this manual.
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1.3 Block Diagram

Section 1 Overview
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Section 1 Overview

Pin Assignment

14

VSYNC

LK

9,5
go3
253,
] 3238
o =] =3+
8 P20
] 5238
q 2929
g EREEE
Pzosce 332335
SEEEEE
zz2zzz2 28 1S Nx z2 a @ o Q
59855558800, 0:55,880532322825¢6253, 20,2828 8 .5, 00822
SS22i27T206E22383225880000084 toegezaaWddEkdsM s idnz
22241545255 85500828282222539 R SRR E I T T
ssu—fo 8858885883885 8858838858R RRRRIRN RBL88330G83858838 &
oo s
oar[—Jor 05
0L oot o
s oot o
oL ot P
s a
VOO0LL0OHIOVLYa 0019101004 et t s
oon—fert v [EJaxuanexuonzvizad
000LADHIVIVE GOV aN0d Yt ] =)
ssA—Jeout 2r [ 0" 101ds/0 nads 0080”1000 IO/ VI0ZEd
0001L20HIZYLYA 0 1RIaROd [ foit 1v f=—]0"0018dS/0"OWAAS/0ISON/0 00ID/0 OND/6 /618
ona or [ 1858451001850 15508 1VBI 84
axolanv i+ e oo
e o [T po8asioM0ds 0 104s0LL VLIS
ssn—foer P =)
Q000LLEDHIEYLYD a0TBI a0 et o [0 comasio commivieiaa
B s [FJoona
Vio0LBOHINYIYG QoT0zavod ezt ¢ [ETJ o z0mds0 constvsiad
Fmviime— e o e [E1-coiadsncoiomiviviad
VZO0LLSOHIOVLYa Q0 Vzz00d [ fset o Y O
82001L/20BILYLYA" 00 V820/20d [ Joet W 1e [=+ 201848/ 2ol w184
S — Q o oe s
VEOOLLOLNIABVLYA Q0 Tzae0d [ Jeet QO ez [ Jasooweivzias
on et o
A00ILL NIV G0 S804 oot c > z
9600IZINIGONYIYT 015210104 et S a 2 [Fweoolevisad
oond et T sz oo
QBOOLLELNI/LLYAVG 00220/t 19d [ ffest o) o vz [E—JaeoolLeviead
ssn —frer T e fJssn
PINIdZIYLVG Q0 V82a/210d [ fser (@) 2z [—JveoolLviied
oon Joet Al 1z fJoond
SINEIVIVO QoTzaRIod et oz [FJaiooiwevead
NI IVIVG GO T0eaod —feet o [ vioowsvsad
LINSIVIYG QoTieasiod et o [FIeon
O¥LVaNY/1Y1Ya GO TINNOGGHO0IZaMS O [—Jort Y =
sAC_ft a s
IVLVONV/ZIY1YG GO TNNNOTHYHMOIOIEaM 194 [—fert s [Fgo0001uevesd
oon e v [FJs000iwevizaa
$HOSNIAI0dSRIVLYA QO TPYIVE ATRIOd [ Jri & [Evooouwivia
SHOS/LNO ™ HIAdS/BIYLVA QOVSYLVA AQ6LDd [__Jsvh 21 ] 1XLOROXLO/IXLO/OX LESD/8Od
2ond —Jort M ==
YOUENOOL000ZYLYG"00TOVLVA ACI0Zd [ urt o [ vounoosomorawasorzod
ssn[_fort [ ==L
2VLVANVAOXLNOOL QOTIZVLVA 0TV A/zod [ Revt & [EJou0m1100x100001250815¥0/90d
oo st L [Fgone
ONASANV/SOXH/SNOOL 0OTZ2YAVA GOTezod [ fist 9 ] 00u12H0/1 00000/ YHISOd
EVLVONVISOXLONOOL GOEev1va 00 UEz0d st s Esownmoaamiamsoa
soraovzod —fest » EJsoumoaoameos
onooL aovszod st ¢ Eovosumauzos
IN0OL a0 V904 [ fsst 2 [Feona
S01X3 GO VZNOOL a0 /220d [—Jjost 1 JT]aunod
| 5B38EeB388EEERCNRIRENRe858338858385883885888588888588/
828 o mepS8 85 8908588858088 80083 E0I 003 888585¢8
255 mmmimmmwuvuu BECE5259a28 0 2 R LR8P 208102
S 233808783 = zsgg8s3:s = 2 0SS5 Z3 $5FF555Z § 2% 2
2 55229038 = SSX20SES T 2 S53:35:%F ousgssihb ;7 BERe
§ "SSgesfe p 2575838 5oz 3333388 [EQFREEET f Sit
§ SE2252°% I G5UNESS5 g & QSSEREEE  3gEsERi: § 836
e 8¥g238 ¢ z 223YppaE ¢ 8 253 53358358 § 583
2 <f5e 2 £ 332ifscg 2 £ 294 SEECRRZF 3 532
£ OESEERS 2 5 S0FEECEZ 2 ¢ g4 88 & g2k
4 e 8g & & 28 oke 2 % 288
g 588 Eg 2 ¢ gz g 3 8§ 7 Bk
B I t g 2 3¢ L g g gt
3 =B 8 27 e g g
2 2 [z £s [
£ £ B Eg &

PFA/CS2/QMI_1/QI01_1/MISO1/TIOCADIAUDIO_XOUT/SPBMI_1/SPBIOT_1

1/QI00_1/MOSI1/TIOK

Figure 1.2 (1) Pin Assignment for the SH7268 Group

Oct 21, 2016

RO1UHO048EJ0300 Rev. 3.00
RENESAS

Page 18 of 3092



Avret

3
S
2
3

g

8

OTGLKAILCD_EXTCLK
/O

PE1/SDATCLKB/AUDIO_CLKIDV_CLK

PEZISDARXD?
PESISDAZRXDSIDV_HSYNG
PE4ISCLIRXDAIDY_VSYNG
PU29/SSIWSS TIOC2AIERXD
PU2BISSISCKSITIOC1B/RTST
PAIMD_BOOT!

Pyec
PUsIID)

45
243

Section 1 Overview

s
'Y0OOLLIOOHIOVLYG 001910100

‘B000LL/LOHIIVLYT 0OVLIQ/0d]
on

9000LL/Z0HIZYLVA" QO BI0Z0d|

e
2Colany
X olany!

A
Q0O0LLEDHIBYLYG G061 80|

A
VS0OILIOMIMYLYG GOT02Q0d

aoniza
Q0 1Z20/99d|

raovea
VINMA/I0D GS/OVAYO GOTOVLYO AQOrd
0nd
IVLVG GOUIVLYE AQ/ITd
o
VEOOLLOLNIdIBVIYO COVrZaB0d]
20
QLML 0T S/2YLYO 00 VZYAYA AN
QLML 00" OS/EVLYO O VBYLY ARTd|
UM NO TSYLYT GOUPYLYA AT
SE00IL/HINIGIBYIVT 00201890
OROOLLEINIOIYLYT 0018200104
aond
(GEOOLL/BINIA WYY 00122011194
INGZIVIYG GOTB2040d)
SINIEIVLYG 0016208104
SINI/YIVIVO 00V080/¥10d!
LIS VIV QOVIEQsOd
OYLYANV/91Y1YG GOV INNOA/QHOIOIZIN91O|
SHVMG/ONO™OS/SYIVA QOTSYLYO ATSId|
o
OHNMA B0 OS/OVLYA GOTOVLYA ATId
o

M dm

IVLVGNV/ZIVAYG GO VNNNOQHYMMOIOVEIML19d)
20

HUNMA/} 20 0S/2Y1¥0 QO VAYLYD AQ/Zrd
SSLONVZNMAIOINIJBYLYO COVBYLYO AT/ENd
‘SSLUEZHIAA} INIBY1YO GO VVLYO AQEId|
‘PHOSNI JI0dSIYLYQ QOTPYLYA AGEIOd|
SOS/LNO HI0dS/6IVIVA GO VSYIYA /819
ond

YOXUENOOL GDVOZYLYG GOTVLY AQI0ZDd

2VLYONYIPOXLPNOOL GOVHZYAVO GOVLYLYA AQ/IZDd
200
ONASUNWSAHISNOOL GO1Z2VIVa 0017204

INODL 09119794
M1DLX3 QO 1ZNODL AVLZ0d

193
194
195
196
197

09
210
211
215
216
217
219
220

2
2
221

s3fpivee

4 ] extaL

256-pin QFP
Top view

10845 004510 M 104SO/L 1Y/ 8d
550

0°€0IAdS/0 E0I0I9IV/B18d

200

0 20/8dS/0”Z0I0IS /S8

1 COIRdS/1 EOIDIVIFIEd
XLOBOXLO/1XLO/EOHISNODL GO VERYLY GO VELYLYG AT/EZrd

N Ves
PF2WATT/QMO_1/QI00_1/MOSI1TIOCACITENDO/SPBMO_1/SPBIO0_1

PF1/BACK/QSSL_1/SSL10/TIOCABIDACKD|

PFOBREQIOSPOLK_1/RSPCK1TIOCAADREGU/AUDCK|

SH7268 Group, SH7269 Group

Bl
PF4/CSS/CETAISSISCKOISGOUT 0

Vss
PF16/SD_CD_0FCENRQAMMC_CD ]
Tx05

PF1/SD_D1_0/SSISCKYIROBMNG. D1 [ 218

PINT2/PY

PFI7/SD_WP

PFS/SSIS0/SGOUT 1
PF13/A24/SSISCK2/SCK2

PF12/SSIDATADV_DATASTAD1/MMC_D7|

PF11/SSIWS1/DV_DATAZIRXDI/MNC D6

1/MISOTTIOCAD/AUDIO_XOUT/SPEMI_1/SPBIOT

PJ1ADV_DATATAILCD_DATATIPINTSPWIZF,

PJI0DV_DATATOILCD.
PJI1/DV_DATAT11LCD.

PF3/CS2IQMI_11QI01

§3858288:85822256[p838
247878 JgEeg 355886E"
2 ¢ JEEEf 2 Fiicoz

$525 D 85352
b g 538% 5 28Bu8S
£ E 2e£8 §F BEB545
g2 223 ¢ FE
a 99 233
g8 g0d 8 g8
g 2 388 " 8k@
s 3 488 8§ Feg
o g ZkE o gg«
g gk g 2=
: g 2 £3
£ 4 28
: ]

g 8

I 2

PD4DAFREN

PDIIDIINAFSPWMEE
PDISDISNAFT/PWMZH

Q0 VZ2YLYa GO VZRYLYa AaRZrd
2X1081X10501L0/ZX L/ DHIPNOOL GO VIZYLVA QO IZYAVA A/IZrd
EN

1 20/845/1 2000V IEd
551

X010/ ORUOZXHOIDOHIENOOL IOV0ZY YD QO I02YLYA AQIZrd
20nd

| LNOX 0I0NY/GX0IS/A000LLI00SINEIYAYA OVBLYLYA ALd
0800121 V216

[9€00LL/ ¥kt

0XL40IS/00001L/0ISONBHYLYA 0OTBIVIYD AQBINd
ONASOIS/000LLIO0ISS LIVLYA QOVLIVLYA AQILIPd
08401S¥000ILIOMOASHISI¥1YO 00V9IVLYA AGI9Hd
200

a000LLYVIvEd

ssn

| LQXUHENMAILINISIVIVO GO VSIVIVG AQSHd

%00

90X LIOZNMA 9 NIIP YLV QOVPIYLYG AQ/Pird
2000LE VR

80001L2v/Z8d

¥000LL/1 /16

IXLOROUONXILONLOXES RO

20n

DB XOI0RO/HO/LORBHOILOd
=

2X10% X107 DXLD/LHOS/SYDIO0d
oond

00HI2440/ X010 SYS0d

RENESAS Page 19 of 3092

Figure 1.2 (2) Pin Assignment for the SH7269 Group (QFP)

RO1UHO0048EJ0300 Rev. 3.00

Oct 21, 2016




Section 1 Overview SH7268 Group, SH7269 Group

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
A [0i0i0I0!0!00i0!0!0!0i0;0;0;0;0{0!0!0i0]|a
B |0OI0{0{0:0;0i0;0;0;0/0;0;{0;0;0;0;0;0;0:0|B
c [0i0i0i0i0!0i0I0!0I0i0i0i0!0i0i0i0{0i0!0]|c
p |0T0I0[0i0I0I0i00I00i0i0i00i0i0/0i00]|D
E '6;%6'"6’;’6 6{6?6}6@
F1Oi0i0i0 272-pin BGA (16 thermal balls) 000:0F
G OOLOLO Top perspective view OO._OLO G
H10:0:0:0 0:0:0:0|H
J 01000 0{0;0:0 0:0:0:0]4
k [0i0:0:0 0000 0000k
L [0i0i010] 0i0i0i0] 0i0i0i0|L
M [0i0i0}i0 [sHeX ek} (0i0i0i0|M
N [OiCi0T0 (0/0i0i0|n
P '6’5“6{6@6 oooo P
R[0i0!0:0 (0i0i0!0|R
T [0i0i0i0 0:0i0i0|T
U [0I0i0i0;0i0iI0I0I0I0I0I0I0I0i0!0;0:0;0:0|u
v [070i0100i0i0:0:0i0i0i0i0i0i0i0;0i0i0i0|v
w [0T0I0i0:0I010I0I0 000! 00i0 00000 |w
v [6T01010i0161616161010161610161070161616] v

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Figure 1.2 (3) Pin Assignment for the SH7269 Group (BGA)
Page 20 of 3092 R0O1UH0048EJ0300 Rev. 3.00

RENESAS Oct 21,2016




SH7268 Group, SH7269 Group

Section 1 Overview

15 Pin Functions

Table 1.3  Pin Functions

Classification Symbol

I/O 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 I 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 I Power supply for Power supply for 1/O pins. All the

I/0 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 I Ground for PLL Ground pin for the on-chip PLL

Note: SH7269 (BGA)
Group products
do not have this

pin.

oscillator.
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Classification Symbol

/O Name

Function

Clock EXTAL I 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 O System clock I/O Supplies the system clock to
external devices.
AUDIO_CLK | External clock for  Input pin of external clock for
audio 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 I Crystal resonator/  Pins connected to a crystal
AUDIO_X2 0 extgrnal clock for resonator for'audlo. An.external
audio 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 O AUDIO_X1 clock Output for the on-chip crystal
output oscillator on AUDIO_X1 or the
external clock signal.

Operating MD_BOOT2 I Mode set Sets the operating mode. Do not

mode control D BOOTH change the signal levels on these

. pins while the RES pin is
MD_BOOTO asserted or until the mode is
fixed, after the negation.
MD_CLKO | Clock mode set Switches the SSCG circuit on or
off.
ASEMD I 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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Classification Symbol

/O 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 I 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 I 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.
00 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 I Interrupt requests 7 Maskable interrupt request pins.
to0 Only level-input detection can be

selected.
Address bus  A25 to AO O Address bus Outputs addresses.
Data bus D31 to DO I/O Data bus Bidirectional data bus.

RO1UH0048EJ0300 Rev. 3.00
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Classification Symbol

/O Name

Function

Bus control CS5to CSO

O Chipselect5to0

Chip-select signals for external
memory or devices.

O Read

Indicates that data is read from
an external device.

o

Read/write

Read/write signal.

@)

Bus start

Bus-cycle start signal.

O Address hold

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

WAIT

I Wait

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

EO

=

O Byte select

Indicates a write access to bits 7
to 0 of data of external memory
or device.

=
i

O Byte select

Indicates a write access to bits
15 to 8 of data of external
memory or device.

=

E2

O Byte select

Indicates a write access to bits
23 to 16 of data of external
memory or device.

E3

=

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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Classification Symbol /O 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 1/0
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.
101S16 I PCMCIA dynamic Indicates 16-bit I/O of the
bus sizing PCMCIA.
Direct memory DREQO I DMA-transfer Input pin to receive external
access request requests for DMA transfer.

controller DACKO

O DMA-transfer
request accept

Output pin for signals indicating
acceptance of external requests
from external devices.

TENDO

O DMA-transfer end
output

Output pin for DMA transfer end.

Multi-function TCLKA,
timer pulse TCLKB,
unit 2 TCLKC,

TCLKD

I Timer clock input

External clock input pins for the
timer.

TIOCOA,
TIOCOB,
TIOCOC,
TIOCOD

I/O Input capture/
output compare
(channel 0)

The TGRA_0 to TGRD_O input
capture input/output compare
output/PWM output pins.

TIOC1A,
TIOC1B

I/O Input capture/
output compare
(channel 1)

The TGRA_1 and TGRB_1 input
capture input/output compare
output/PWM output pins.

TIOC2A,
TIOC2B

I/O Input capture/
output compare
(channel 2)

The TGRA_2 and TGRB_2 input
capture input/output compare
output/PWM output pins.

RO1UH0048EJ0300 Rev. 3.00
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Classification Symbol /O Name Function
Multi-function TIOC3A, I/O 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 to TGRD_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 0 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.

communication
interface with
FIFO

RxD7 to RxDO

| Receive data

Data input pins.

SCK?7 to SCKO

I/O Serial clock

Clock input/output pins.

RTS7, RTS5, RTSH,

O Transmit request

Modem control pins.

Only RTS1 can be used in the
SH7268 Group.

CTS7, CTS5, CTSH

| Transmit enable

Modem control pins.

Only CTS1 can be used in the
SH7268 Group.

Renesas serial MOSI1, MOSIO /0O Data Data I/O pins.
peripheral MISO1, MISOO /O Data Data /O pins.
interface
RSPCK1, RSPCKO  1/O Clock Clock /O pins.
SSL00, SSL10 I/O Slave select Slave select 1/O pins.
Renesas quad QMO_0/QIO0_0, /O Data Data 1/O pins.
serial QMO_1/QI00_1
Pe”frhera' QMI_0/QI01_0, /O Data Data I/ pins.
interface QMI_1/QIO1_1
Ql02_0, Ql02_1 I/O Data Data I/O pins.
QIO3_0, QIO3_1 I/O Data Data I/O pins.
QSPCLK_O0, O Clock Clock output pins.
QSPCLK_1
QSSL_0, QSSL _1 O Slave select Slave select output pins.
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Classification Symbol /O Name Function

SPI multi /O SPBCLK O Clock
bus controller

Clock output pins.

SPBSSL O Slave select Slave select output pins.
SPBMO_0/SPBIOO0_0, I/0O Data Data I/O pins.
SPBMI_0/SPBIO1_0,

SPBIO2_0,

SPBIO3_0

SPBMO_1/SPBIOO0_1, I/O Data Data 1/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 I Data input Serial data input pin.
SSIDATAS to I/O Data I/O Serial data I/O pins.
SSIDATA1 Only SSIDATA3 to SSIDATA1
can be used in the SH7268
Group.
SSISCKS5 to SSISCKO 1/0  SSl clock I/0 1/O pins for serial clocks.
Only SSISCKS to SSISCKO can
be used in the SH7268 Group.
SSIWS5 to SSIWS0  I/0  SSil clock LR 1/0 I/O 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 /O with SIOFRxD | Data input Data input pin.
FIFO SIOFSCK I/O 1/O clock Clock 1/0 pin.
SIOFSYNC I/O 1/O chip select I/0 pin for chip selection.
Controller area CTx2 to CTx0 O CANbus transmit  Output pins for transmit data on

network

data

the CAN bus.

CRx2 to CRx0

CAN bus receive
data

Output pins for receive data on
the CAN bus.

RO1UH0048EJ0300 Rev. 3.00
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Classification Symbol /O Name Function
IEBus™ IETxD O IEBus™ controller ~ Output pin for transmit data on
controller transmit data IEBus™ controller.
IERXD I IEBus™ controller  Input pin for receive data on
receive data IEBus™ controller.
Renesas SPDIF_OUT O Output data Transmit data output pin.
_SPDIF SPDIF_IN I Input data Receive data input pin.
interface
NAND flash FALE O Flash memory Asserted for address output and
memory address latch negated for data 1/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 I 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 I/lO 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 I/lO USB 2.0 D- data pin for USB 2.0
host/function host/function module bus.
module D- data
VBUS I 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 (SH7268
and SH7269 products in QFP
packages).
Connected to Vss via 5.6-kQ +
1% resistance (SH7269 products
in BGA packages).
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Classification Symbol

/O Name

Function

USB 2.0 USB_X1 I 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 I Power supply for Power supply for pins.
transceiver analog
pins
USBAPVss I Ground for Ground for pins.
Note: SH7269 (BGA) transceiver analog
Group products pins

do not have this
pin.

USBDPVcc
Note: SH7269 (BGA)

I Power supply for
transceiver digital

Power supply for pins.

Group products pins

do not have this

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

Group products pins

do not have this

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

Group products
do not have this

pin.

USBDVcce

Note: SH7269 (BGA)
Group products
do not have this

pin.

I Power supply for
transceiver digital
core

Power supply for core.

RO1UH0048EJ0300 Rev. 3.00
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Classification Symbol /O Name Function
USB 2.0 USBDVss I Ground for Ground for core.
host/function  Note: SH7269 (BGA) transceiver digital
module Group products core
do not have this
pin.
USBUVcc I 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 I 480-MHz ground for Ground for 480-MHz sections

Note: SH7269 (BGA)

USB 2.0

Group products host/function
do not have this module
pin.
Digital video ~ VIN1, VIN2 I Composite video Composite video signal (CVBS)
decoder signal (CVBS) input input pins.
VIDEO_X1 I Crystal resonator/  Connected to a crystal resonator
VIDEO_X2 o) e.xt.ernall 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-pF
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-uF
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 I Analog power Power supply pin for the A/D
supply converter to input video signals.
VDAVss I Analog ground Ground pin for the A/D converter

to input video signals.

Page 30 of 3092

RENESAS

RO1UHO0048EJ0300 Rev. 3.00
Oct 21, 2016



SH7268 Group, SH7269 Group

Section 1 Overview

Classification Symbol

/O 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 I Panel clock source Panel clock source input pin.
DV_DATA23 to I 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 I VSYNC input VSYNC input pin.
DV_HSYNC I 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_0, 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_1 response input signals.
Only SD_CMD_0 can be used in
the SH7268 Group.
SD_D3 0to I/lO SD data SD data bus signals.
Sb_D0_0 Only SD_D3_0 to SD_DO0_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 /O MMC command MMC command output and

response input signal.
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Classification Symbol /O Name Function
MMC host MMC_D7 to MMC_DO /0 MMC data MMC data bus signals.
interface MMC_CD I 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 I A/D conversion External trigger input pin for
trigger input starting A/D conversion.
AVcc I Analog power Power supply pin for A/D
supply converter.
A/D converter AVss | Analog ground Ground pin for A/D converter.
AVref I Analog reference  Reference voltage pin for A/D
voltage converter.
General I/O PA1, PAO, I/O 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 PE3 to PEO can be used in
the SH7268 Group.
PH7 to PHO I General port 8 general input port pins.
Only PH5 to PHO can be used in
the SH7268 Group.
User TCK I Test clock Test-clock input pin.
ebugging - X
q T™MS I Test mode select  Test-mode select signal input
interface pin
TDI I Test data input Serial input pin for instructions
and data.
TDO O Test data output Serial output pin for instructions
and data.
TRST I Test reset Initialization-signal input pin.
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SH7268 Group, SH7269 Group

Section 1 Overview

Classification Symbol /O 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 I 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. Pin No. Pin No. Symbol 110 Symbol 110 Symbol 110 Symbol 110
1 1 C1 PC1 I(s)/0 RD o] — — — —
2 2 — PVce
3 3 E2 PC2 I(s)/O RD/WR o SCK6 Is))o  — —
4 4 E3 PC3 I(s)/0 WEO/DQMLL o RxD6 I(s) — —
5 5 F4 PC4 I(s)/O WET/WE/DQMLU O TxD6 0] — —
6 6 D1 PC5 I(s)/O RAS (0] — — CRx0 I(s)
7 7 — PVce
8 8 F2 PC6 I(s)/O CAS (0] SCK7 I(s)/O CTx0 o
9 9 — Vss
10 10 F3 pPC7 I(s)/O CKE o RxD7 I(s) CRx1 I(s)
11 11 — Vce
12 12 E1 PC8 I(s)/O CS3 o TxD7 O CTx1 o
13 13 G4 PB1 I(s)/O A1 o TIOCOA I(s)/O — —
14 14 G2 PB2 I(s)/O A2 (e] TIOCOB I(s)/O — —
15 15 G3 PB3 1(s)/O A3 o TIOCOC I(s)/O — —

SH7269 Function 5 Function 6 Function 7 Simplified Circuit

SH7268 SH7269 BGA Diagram
Pin No. PinNo. PinNo. Symbol 110 Symbol 110 Symbol 110 Figure 1.3
1 1 Ci — — — — — — (7)
2 2 —
3 3 E2 — — — — — — (7)
4 4 E3 — — — — — — (7)
5 5 F4 — — — — — — (7)
6 6 D1 CRXO0/CRx1/CRx2  I(s) IRQO I(s) — — (7)
7 7 —
8 8 F2 CTx0&CTx1&CTx2 O — — — — @)
9 9 —
10 10 F3 CRX0/CRx1 I(s) IRQ1 I(s) — — (7)
11 11 —
12 12 E1 CTx0&CTx1 o — — — — @)
13 13 G4 — — — — — — (7)
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 /10 Symbol 110 Symbol /10 Symbol /0
— 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 I(s)/O — —
18 21 Vee
— 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 SSL0O 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 I(s)/O — —
20 26 K2 PB6 I(s)/O A6 o TIOC1B I(s)/O — —
21 27 — PVcc
22 28 J1 PB7 I(s)/O A7 o TIOC2A I(s)/O — —
23 29 Vss
24 30 K3 PB8 I(s)/O A8 o TIOC2B 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
— 16 F1 PWM2G o TxD6 o — — (7)
— 17 _
— 18 H2 PWM2H [¢] TxD7 (0] — — (7)
16 19 —
17 20 H3 — — — — — — (7)
18 21 —
— 22 G1 TIOCOA I(s)/O SIOFSCK I(s)/O — — (7)
— 23 J3 TIOCOB I(s)/O SIOFSYNC I(s)/O — — (7)
— 24 J2 TIOCoC I(s)/O SIOFTxD o — — (7)
19 25 H1 — — — — — — (7)
20 26 K2 — — — — — — (7)
21 27 —
22 28 J1 — — — — — — (7)
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 110 Symbol 110 Symbol /10 Symbol /0
25 31 — Vce
26 32 K1 PB9 I(s)/O A9 o TIOC3A I(s)/O — —
27 33 L1 PB10 I(s)/O A10 o TIOC3B I(s)/O — —
28 34 L2 PB11 I(s)/O A1 o TIOC3C I(s)/O — —
29 35 M1 PB12 I(s)/O A12 o 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 o QI02_1 I(s)/O — —
32 41 — Vee
— 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_TCON5
— 44 P1 PJ23 I(s)/O DV_DATA23 I(s) LCD_DATA23 O LCD_TCON6
33 45 P2 PB14 I(s)/O Al4 o QIO3_1 I(s)/O — —

SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
Pin No. PinNo. PinNo. Symbol 110 Symbol 110 Symbol 110 Figure 1.3
25 31 —
26 32 K1 — — — — — — (7)
27 33 L1 — — — — — — (7)
28 34 L2 — — — — — — (7)
29 35 M1 — — — — — — (7)
— 36 L3 TIOCOD I(s))O  SIOFRxD I(s) AUDIO_XOUT o (7)
— 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 o CTx0&CTx1&CTx2 O (7)
— 43 M3 IRQ2 I(s) CRx1 I(s) CRx0/CRx1 I(s) (7)
— 44 P1 IRQ3 I(s) CTx1 o} CTx0&CTx1 o (7)
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. Pin No. PinNo. Symbol 110 Symbol /10 Symbol /10 Symbol /0
34 46 R1 PB15 I(s)/O A15 o QI02_0 I(s)/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 O QSPCLK_0 o RSPCKO I(s)/O
39 51 — Vee
40 52 P3 PB18 I(s)/O A18 o QSSL_0 O SSL0O I(s)/O
4 53 P4 PB19 I(s)/O A19 QMO_0/QI00_0 I(s)/O MOSI0 I(s)/O
42 54 T2 PB20 I(s)/O A20 o QMI_0/QIO1_0 [(s)/O MISO0 I(s)/O
43 55 — Vss
44 56 R3 PB21 I(s)/O A21 O CRx2 I(s) IERXD I(s)
45 57 — Vee
46 58 u2 PB22 I(s)/O A22 CTx2 o IETXD o
47 59 T3 PCO I(s)/O Cso O MD_BOOT2 I(s) — —
48 60 — PVee

SH7269 Function 5 Function 6 Function 7 Simplified Circuit
SH7268 SH7269 BGA Diagram
Pin No. Pin No. Pin No. Symbol 110 Symbol 1/0 Symbol 110 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 T — — — — SPBCLK o (7)
39 51 —
40 52 P3 — — — — SPBSSL o (7)
4 53 P4 — — — — SPBMO_0/SPBIO0_0 I(s)/O (7)
42 54 T2 — — — — SPBMI_0/SPBIO1_0 [(s)/O (7)
43 55 —
44 56 R3 — — — — — — (7)
45 57 —
46 58 U2 Cs4 o — — — — @)
47 59 T3 — — — — — — (7)
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. Pin No. PinNo. Symbol /10 Symbol /10 Symbol /10 Symbol /10
49 61 \"al CKIO o — — — — — —
50 62 — Vss
51 63 R4 PAO I(s)/O MD_BOOTO I(s) — — — —
52 64 — Vee
53 65 us PA1 I(s)/0 MD_BOOT1 I(s) — — — —
— 66 Y2 PJ28 I(s)/O — — SSISCK5 I(s)/O — —
— 67 w3 PJ29 I(s)/O — — SSIWS5 Is))o  — —
— 68 V4 PJ30 I(s)/O — — SSIDATA5 Is))o  — —
— 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 \'3 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)  SCLA1 I(s)/O(0)  TCLKC I(s) 10IS16 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 (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 110 Figure 1.3
49 61 V1 — — — — — — (5)
50 62 —
51 63 R4 — — — — — — )
52 64 —
53 65 us — — — — — — )
— 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 wa — — — — — ©)
55 71 V6 DV_CLK I(s) — — — _ ©
56 72 Y4 DV_VSYNC I(s) — — — — 9)
57 73 V5 DV_HSYNC I(s) — — — _ ©)
— 74 v7 — — — — — — )
— 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 110 Symbol 110 Symbol l[e]
— 76 W7 PE6 I(s)/O(0) SCL3 I(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 Weé ASEMD I(s) — — — — — _
62 82 — Vee
63 83 ue PLLVcc
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 110 Figure 1.3
— 76 W7 — — — — — — )
— 77 u7 — — — — — — )
58 78 —
59 79 V8 — — — — — — 3)
60 80 —
61 81 Weé — — — — — — (1)
62 82 —
63 83 ue
64 84 Y5 — — — — — — (10)
65 85 Y6 — — — — — —
66 86 —
67 87 —
68 88 W9 — — — _ _ _ ™
— 89 w8 — — — _ _ _ (1)
— 90 Y8 — — — — — _
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SH7268 Group, SH7269 Group

SH7269 Function 1 Function 2 Function 3 Function 4
SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /10 Symbol 110 Symbol 110 Symbol I[e]
69 91 — USBDPVce
70 92 — USBDPVss
71 93 Y9 DM /10 — — — — — _
72 94 Y10 DP 110 — — — — — —
73 95 W10 VBUS | — — — — — _
74 96 — USBDVce
75 97 — USBDVss
76 98 Uit REFRIN | — — — — — _
77 99 — USBAPVss
78 100 Vi1 USBAPVcc
79 101 V12 USBAVcc
80 102 — USBAVss
81 103 — USBUVce
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 ut1 — — — — — _
77 99 —
78 100 Vi1
79 101 V12
80 102 —
81 103 —
82 104 —
83 105 Y12 — — — — — — (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 110 Symbol 110 Symbol l[e]
85 107 — PVce
86 108 Y14 VIDEO_X1 | — — — — — —
87 109 W14 VIDEO_X2 (6} — — — — — —
88 110 — Vss
89 111 uU13 VDAVcc
90 112 uU15 VDAVss
91 113 Y15 VIN1 I(a) — — — — — —
92 114 Y16 VIN2 I(a) — — — — — —
93 115 W15 VRT 0 — — — — — —
94 116 W13 VRB 0 — — — — — —
95 117 w16 BIAS | — — — — — —
96 118 V14 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 1/10 Symbol /10 Symbol Figure 1.3
85 107 —
86 108 Y14 — — — — — (10)
87 109 W14 — — — — —
88 110 —
89 111 u13
90 112 u15
91 113 Y15 — — — — —
92 114 Y16 — — — — —
93 115 W15 — — — — —
94 116 W13 — — — — —
95 117 W16 — — — — —
9 118 V4 — — — _ _ )
97 119 V15 — — — — _ (4)
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 110 Symbol 110 Symbol /10 Symbol 110
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 ui4 PH6 I(s) AN6 I(a) PINT6 I(s) — —
103 126 Y18 AVcc
— 127 uie PH7 I(s) AN7 I(@) PINT7 I(s) — —
104 128 Y19 AVref
105 129 V20 TRST I(s) — — — — — —
106 130 u19 ASEBRKAK/ASEBRK  I(s)/O — — — — — —
107 131 u20 TDO o — — — — — —
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 1/10 Symbol /10 Symbol 110 Figure 1.3
99 121 V17 — — — — — — (4)
100 122 V16 — — — — — — (4)
101 123 W17 — — — — — — 4)

102 124 W18

— 125  U14  — — — — — — (4)

103 126 Y18

— 127 u1e — — — — — — (4)

104 128 Y19

105 129 v20 @ — — — — — — 3)

106 130 U9 — — — — — — @)

107 131 u20  — - - _ _ _ )

108 132 T8 — - — _ _ _ @

109 133 R17 — — — — — — @)

110 134  T19  — — — — — — @)

111 135  —
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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 110 Symbol 110 Symbol l[e]
112 136 R18 PGO I(s)/O D16 l[e] LCD_DATA0O O IRQO I(s)
113 137 — Vee
114 138 R19 PG1 I(s)/O D17 l[e] LCD_DATA1 o IRQ1 I(s)
115 139 — Vss
116 140 P18 PG2 I(s)/O D18 110 LCD_DATA2 O IRQ2 I(s)
117 141 — PVce
118 142 T20 AUDIO_X2 0 — — — — — —
119 143 R20 AUDIO_X1 | — — — — — —
120 144 — Vss
121 145 P17 PG3 I(s)/O D19 110 LCD_DATA3 O IRQ3 I(s)
122 146 — Vee
123 147 N18 PG4 I(s)/O D20 l[e] LCD_DATA4 O IRQ4 I(s)
124 148 P19 PG5 I(s)/O D21 110 LCD_DATA5 O IRQ5 I(s)
125 149 P20 PG6 I(s)/O D22 110 LCD_DATA6 O IRQ6 I(s)
126 150 M18 PG7 I(s)/O D23 110 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 1/10 Symbol /10 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 — — — — 8)
117 141 —
118 142 T20 — — — — — — (10)

119 143 R20 — — — — — —

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

123 147 N18  TIOC1A I(s)/0 — - — _ ®)
124 148 P19 TIOC1B I(s)/0 — — — _ ®)
125 149 P20 TIOC2A I(s)/0 — — — _ ®)
126 150  M18  TIOC2B I(s)/0 — — — _ ®)
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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 /10 Symbol 110 Symbol 110 Symbol I[e]
— 151 N19 PJO I(s)/O DV_DATAO I(s) LCD_DATA0O O SD_CD_1 I(s)
— 152 — PVce
— 153 N20 PJ1 I(s)/O DV_DATA1 I(s) LCD_DATA1 (o] SD_WP_1 I(s)
127 154 — Vss
128 155 L18 PG8 I(s)/O D24 /10 LCD_DATA8 O PINTO I(s)
129 156 — Vee
— 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_DO_1 I(s)/O
— 159 L20 PJ4 I(s)/O DV_DATA4 I(s) LCD_DATA4 O SD_CLK_1 o
130 160 L19 PG9 I(s)/O D25 /0 LCD_DATA9 O PINT1 I(s)
131 161 K20 PG10 I(s)/O D26 /0 LCD_DATA10 O PINT2 I(s)
132 162 — PVce
133 163 K18 PG11 I(s)/O D27 /10 LCD_DATA11 O PINT3 I(s)
134 164 — Vss
135 165 K19 PG12 I(s)/O D28 /0 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 l[e] Figure 1.3
— 151 N19 PWM1A o — — — — (7)
— 152 —
— 153 N20 PWM1B o — — — — (7)
127 154 —
128 155 L18 TIOC3A I(s)/O — — — — 8)
129 156 —
— 157 M19 PWM1C o — — — _ @)
— 158 M20 PWM1D o — — — — (7)
— 159 L20 PWM1IE o — — — — (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)
Page 44 of 3092 R0O1UHO0048EJ0300 Rev. 3.00

RENESAS Oct 21, 2016



SH7268 Group, SH7269 Group

Section 1 Overview

SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /O Symbol 110 Symbol 110 Symbol 110
136 166 — Vee
137 167 J20 PG13 I(s)/O D29 /0 LCD_DATA13 O PINT5 I(s)
138 168 J19 PG14 I(s)/O D30 /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 WEBS/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 1/10 Symbol /10 Symbol 110 Figure 1.3
136 166 —
137 167 J20 — — — — — — (8)
138 168 J19 — — — — — — (8)
139 169 H20 — — — — — — 8)
140 170 H19 — — — — AUDATAO (e] (7)
— 171 G20 PWM1F o — — — — (7)
— 172 —
— 173 H18 PWM1G o — — — — (7)
141 174
142 175 H17 — — — AUDATA1 (¢] (7)
143 176
— 177 G17 PWM1H o — — — — (7)
— 178 G19 PWM2A o CTS5 I(s)/O — — (7)
— 179 F20 PWM2B o RTS5 I(s)/O — — 7)
144 180 G18 SCK4 I(s)/O — — — — (7)
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SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /10 Symbol 110 Symbol 110 Symbol I[e]
145 181 F19 PG19 I(s)/O DV_DATA5 I(s) LCD_DATA19 O SPDIF_OUT o
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 — Vee
151 187 F18 PG22 I(s)/O — — LCD_DATA22 O LCD_TCONS5
152 188 E19 PG23 I(s)/O — — LCD_DATA23 O LCD_TCON6
153 189 D20 PG24 I(s)/O — — LCD_CLK o — —
154 190 E18 PG25 I(s)/O — — LCD_TCONO O — —
155 191 Cc20 PG26 I(s)/O — — LCD_TCON1 O — —
156 192 D19 PG27 I(s)/O — — LCD_TCON2 O LCD_EXTCLK I(s)
157 193 Al8 PFO I(s)/O BREQ I(s) QSPCLK_1 o) RSPCK1 I(s)/O
158 194 — PVce
159 195 C17 PF1 I(s)/O 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 /10 Symbol 110 Figure 1.3
145 181 F19 SCK5 I(s)/O — — — — (7)
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 o — — AUDATA3 (o] (7)
153 189 D20 — — — — — _ 7)
154 190 E18 — — — — — — 7)
155 191 C20 — — — — — — (7)
156 192 D19 — — — — — — (7)
157 193 A18 TIOC4A I(s)/O DREQO I(s) AUDCK (o] (7)
158 194 —
159 195 c17 TIOC4B I(s)/O DACKO O — — (7)
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SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /10 Symbol /10 Symbol /10 Symbol /10
160 196 — Vss
161 197 ci5 PF2 I(s)/O WAIT I(s) QMO_1/QI00_1 I(s)/O  MOSH I(s)/0
162 198 A17 PF3 I(s)/O cs2 (0] QMI_1/QI01_1 I(s))O  MISO1 I(s)/O
163 199 B16 PF4 I(s)/O CS5/CETA (0] SSISCKO Is))o — —
164 200 B17 PF5 I(s)/O — — SSIWS0 Is))o — —
165 201 D14 PF6 I(s)/O CE2A o SSITxDO o — —
166 202 A16 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 cst O SSISCK1 I(s)/O  DV_DATA1 I(s)
171 207 — Vss
172 208 c14 PF11 I(s)/0 — — SSIWS1 I(s))O DV_DATA2 I(s)
173 209 D13 PF12 I(s)/0 — — SSIDATAT I(s))O DV_DATA3 I(s)
174 210 B14 PF13 I(s)/O A24 o) SSISCK2 I(s))0  — —

SH7269 Function 5 Function 6 Function 7 Simplified
SH7268 SH7269 BGA Circuit Diagram
Pin No. Pin No. Pin No. Symbol 1/10 Symbol /10 Symbol 110 Figure 1.3
160 196 —
161 197 C15 TIOC4C I(s)/O TENDO o SPBMO_1/SPBIO0_1 I(s)/O (7)
162 198 A17 TIOC4D I(s)/O AUDIO_XOUT o SPBMI_1/SPBIO1_1 I(s)/O (7)
163 199 B16 — — SGOUT_0 o — — (7)
164 200 B17 — — SGOUT_1 o — — (7)
165 201 D14 — — SGOUT_2 o — — (7)
166 202 A16  RxDO I(s) SGOUT_3 (0] 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 @)
169 205 —
170 206 A5 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 TxDf o) MMC_D7 I(s)/O — — @)
174 210 B14  SCK2 I(s)/0 — — — — @
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SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol 1/10 Symbol /10 Symbol /10 Symbol /10
175 211 A14 PF14 I(s)/O A25 o SSIWS2 I(s))o — —
176 212 B13 PF15 I(s)/O A0 o SSIDATA2 I(s))O WDTOVF o
— 213 — PVcc
— 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 A2 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 I(s))0 — —
— 219 Ci1 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)/0 DV_DATA13  I(s) LCD_DATA13 O PINT5 I(s)
180 222 — PVce
181 223 C12 PF19 I(s)/O SD_D0_0 I(s)/O SSIws3 Is))O — —
182 224 — Vss
183 225 A10 PF20 I(s)/O SD_CLK_0 o) SSIDATA3 Is))o  — —

SH7269 Function 5 Function 6 Function 7 Simplified
SH7268 SH7269 BGA Circuit Diagram
Pin No. Pin No. Pin No. Symbol 1/10 Symbol /10 Symbol /10 Figure 1.3
175 211 A14  RxD2 I(s) — — — — @)
176 212 B13  TxD2 o UBCTRG o — — )
— 213 —
— 214 C13  PWM2C o SCK5 I(s)/0 — — @)
— 215 —
177 216 A13  IRQ4 I(s) MMC_CD I(s) — — @)
178 217 A12  IRQ5 I(s) — — — — 7)
179 218 B12 IRQ6 I(s) MMC_D1 I(s)/O — — (7)
— 219 ci1  PWM2D o SCK6 I(s)/O — — @)
— 220 A1l PWM2E o) SCK7 I(s)/O — — @)
— 221 B11 PWM2F o TxD5 o — — (7)
180 222 —
181 223 C12 IRQ7 I(s) MMC_DO I(s)/O — — (7)
182 224 —
183 225 A10 — — MMC_CLK (o} — — (7)
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SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol /10 Symbol /10 Symbol /10 Symbol /10
184 226 — Vee
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 /10 DO /10 — — PWM1A (0]
— 231 PVcc
— 232 A8 PJ24 I(s)/O SGOUT_0 o SSISCK4 I(s))/O  LCD_TCON3 (e}
— 233 Vss
189 234 Cc9 PD1 110 D1 /0 — — PWM1B o
190 235 B8 PD2 110 D2 /0 — — PWM1C o
191 236 A7 PD3 /0 D3 /10 — — PWM1D (0]
— 237 B7 PJ25 I(s)/O SGOUT_1 0 SSIWS4 I(s))/O  LCD_TCON4 O
— 238 c8 PJ26 I(s)/O SGOUT_2 O SSIDATA4 I(s))O  LCD_TCONS5 (0]
— 239 A6 PJ27 I(s)/O SGOUT_3 o — — — —
192 240 PVce

SH7269 Function 5 Function 6 Function 7 Simplified
SH7268 SH7269 BGA Circuit Diagram
Pin No. Pin No. Pin No. Symbol 1/10 Symbol /10 Symbol /10 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 — — (7)
— 233 —
189 234 C9 — — — — — — 6)
190 235 B8 — — — — — — (6)
191 236 A7 — — — — — — (6)
— 237 B7 SPDIF_OUT (0] RxD7 I(s) — — (7)
— 238 C8 — — TxD7 (o) — — (7)
— 239 A6 TIOC1A I(s)/0 CTS7 I(s)/O — — (7)
192 240 —
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SH7269 Function 1 Function 2 Function 3 Function 4

SH7268 SH7269 BGA
Pin No. PinNo. PinNo. Symbol 1/10 Symbol /10 Symbol /10 Symbol /10
193 241 — Vss
194 242 B6 PD4 110 D4 1/0 FRE o PWM1E o
195 243 D8 PD5 /10 D5 /10 FCLE (0] PWM1F (0]
196 244 c7 PD6 /0 D6 /10 FALE (0] PWM1G (0]
197 245 A5 PD7 /10 D7 /10 FWE (0] PWM1H (0]
198 246 B5 PD8 /0 D8 /10 NAFO /10 PWM2A o
199 247 C5 PD9 110 D9 /0 NAF1 1/0 PWM2B o
200 248 D7 PD10 1/0 D10 /0 NAF2 /0 PWM2C O
201 249 A4 PD11 1/0 D11 /0 NAF3 /0 PWM2D (e}
202 250 — PVce
203 251 Cé PD12 /0 D12 /10 NAF4 /0 PWM2E o
204 252 — Vss
205 253 C4 PD13 /10 D13 110 NAF5 /10 PWM2F
206 254 B4 PD14 /10 D14 /10 NAF6 /10 PWM2G o
207 255 A3 PD15 /0 D15 1/0 NAF7 1/0 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 110 Symbol 110 Symbol 110 Figure 1.3
193 241 —
194 242 B6 — — — — — — (6)
195 243 D8 — — — — — — (6)
196 244 Cc7 — — — — — — (6)
197 245 A5 — — — — — — (6)
198 246 B5 — — — — — — (6)
199 247 C5 — — — — — — (6)
200 248 D7 — — — — — — (6)
201 249 A4 — — — — — — (6)
202 250 —
203 251 Cé — — — — — — (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, Ve, and Vss functions can be allocated on SH7269 (BGA) Group products are listed below.
PVce: A19, B1, B18, C2, D2, D3, D11, D12, D15, D16, E4, J17, J18, N3, N4, T17, U18, V19, W20, Y11
Vce: 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

TTL input data

TTL 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

A/D analog input data II II

T

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

Qutput enable
| \I PAD

QOutput data

Schmitt input data 4€
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

TTL input enable _|

Schmitt input data

Schmitt input enable _|

aps

Q

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
(EXTAL, AUDIO_X1, USB_X1)

XOUT |Z o o {bc Input clock
(XTAL, AUDIO_X2, USB_X2)
g "

Input enable

Figure 1.3 (10) Simplified Circuit Diagram (Oscillation Buffer 1)
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XOuT N .
(RTC_X2) & :)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

2.1 Register Configuration

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

211 General Registers
Figure 2.1 shows the general registers.

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

31 0
RO"
R1

R2

R3

R4

R5
R6
R7
R8
R9
R10
R11

R12

R13

R14

R15, SP (hardware stack pointer)*2

Notes: 1. RO functions as an index register in the indexed register indirect addressing mode and indexed GBR indirect
addressing mode. In some instructions, RO functions as a fixed source register or destination register.
2. Ri15 functions as a hardware stack pointer (SP) during exception processing.

Figure 2.1 General Registers
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SH7268 Group, SH7269 Group

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.

S 7| Status register (SR)

31 1413 98 76543210
|---------- BOCS---M Q _ 1[3:0] _ --

31 0
| GBR

31 0
| VBR

31 0
| TBR

| Global base register (GBR)
| Vector base register (VBR)

| Jump table base register (TBR)

Figure 2.2 Control Registers

(1) Status Register (SR)

Btt 31 30 29 28 27 26 25 24 23 22 21 2 19 18 17 16
L r-r-f-[-1-7-[]-] | | [ -1
Initialvale: 0 o0 o0 ©0 ©0 0 0 O O ©O0O 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 1110 9 8 7 6 5 4 3 2 1 0
[ - lsofos| - [ -] -]wm[al 150 | [s ] 7]
Initialvalue: 0 0 0 0 0 0 - - 1 1 1 o o - -
RW. R RW RW R R R RW RW RW RW RW RW R R RW RW
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Bit Bit Name Initial Value R/W Description

31to15 — 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 CSs 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.

12t0 10 — 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 DIVOS, DIVOU, and DIV1 instructions.
7t04 I[3:0] 1111 R/W Interrupt Mask Level
3,2 — AllO R Reserved

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

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

0 T — R/W T Bit

True/false condition or carry/borrow bit

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

VBR is referenced as the branch destination base address 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.

RO1UH0048EJ0300 Rev. 3.00
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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.
31 0

Procedure register (PR):

I 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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Section2 CPU

2.1.4 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.

2.15 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

RO1UH0048EJ0300 Rev. 3.00
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2.2 Data Formats

221 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 l 7 0
Byte | Byte Byte | Byte
Address 2n —» Word Word

1

Address 4n —» Longword

Big endian

Figure 2.5 Data Formats in Memory
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2.2.3 Immediate Data Format

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

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

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

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

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,R0
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.

@) 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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Table2.4 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 TRGETO0 The program branches to TRGETO BGE TRGETO0
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,R0 MOV.W #H'1234,R0

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

28-bit immediate MOVI208S #H'12345,R0 MOV.L #H'1234567,R0
OR #H'67,R0

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

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

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

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

Table 2.6 Absolute Address Accessing

Classification SH-2A CPU Example of Other CPU

Up to 20 bits MOVI20 #H'12345,R1 MOV.B @H'12345,R0
MOV .B @R1,R0O

21 to 28 bits MOVI20S #H'12345,R1 MOV.B @H'1234567,R0
OR #H'67,R1
MOV.B @R1,R0O

29 bits or more MOV.L @(disp,PC),R1 MOV.B @H'12345678,R0
MOV .B @R1,R0O

.DATA.L H'12345678

(12) 16-Bit/32-Bit Displacement

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

Table 2.7  Displacement Accessing

Classification SH-2A CPU Example of Other CPU
16-bit displacement MoOvV.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 (After
increment instruction is executed. 1 is added for a byte instruction
operation, 2 for a word operation, and 4 for a execution)

I ion.
ongword operation Byte:

-Pmm Rn+ 1 Rn
O,

Word:
Rn+2 - Rn

1/2/4
_ Longword:

Rn +4 — Rn
Register indirect @-rRn 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 - Rn
Longword:
Rn-4 - Rn

(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, andis R, . disp x 2
quadrupled for a longword operation. Longword:
Rn + disp x 4
disp
(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 @ (R0, 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 \yqq:
a byte operation, is doubled for a word operation, GBR + disp x 2
and is quadrupled for a longword operation. Longword:
GBR GBR + disp x 4
disp GBR

(zero-extended)

1/2/4

+ disp x 1/2/4

RO1UH0048EJ0300 Rev. 3.00
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Indexed GBR @ (RO, GBR) The effective address is the sum of GBR value GBR + RO
indirect and RO.
TBR duplicate  c@ 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 H'FEFFFEFFC +
two bits of the PC value are masked. disp x 4

(for longword)

PC +disp x 2
or
PC & HFFFFFFFC
+ disp x 4

disp
(zero-extended)
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Addressing
Mode

Instruction
Format

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).

disp
(sign-extended)

PC + disp x 2

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).

disp
(sign-extended)

PC + disp x 2

PC + disp x 2

Rn

The effective address is the sum of PC value and

Rn.

PC + Rn
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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 0

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

[z s

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 XKXXXX XXXX XXXX |
n format — nnnn: Register MOVT Rn
15 direct
[ooox [ mman [ so00c oo Control register or  nnnn: Register STS  MACH,Rn
system register direct
RO (Register direct) nnnn: Register DIVU RO,Rn
direct
Control register or  nnnn: Register STC.L SR,@-Rn
system register indirect with pre-
decrement
mmmm: Register ~ R15 (Register MOVMU. L
direct indirect with pre- Rm, @-R15
decrement)
R15 (Register nnnn: Register MOVMU. L
indirect with post-  direct @R15+,Rn
increment)
RO (Register direct) nnnn: (Register MOV.L RO, @Rn+

indirect with post-
increment)
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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

mmmm: Register Control registeror  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
15 0 direct direct
| XXXX' nonn | o | R | 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
KKK xxxx| mmmm| dddad | with displacement
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Source Destination
Instruction Formats Operand Operand Example
nd4 format RO (Register direct) nnnndddd: MOV .B
15 0 Register indirect RO, @ (disp,Rn)
| XXXX XXXX | nnnn | ddda | with diSplacement
nmd format mmmm: Register nnnndddd: Register MOV.L
0 direct indirect with Rm, @ (disp, Rn)
| XXXX | nnnn | mmmm | dddd | displacement
mmmmdddd: nnnn: Register MOV.L
Register indirect direct @(disp,Rm),Rn
with displacement
nmd12 format mmmm: Register nnnndddd: Register MOV.L
32 16 direct indirect with Rm, @(displ2,Rn)
| xxxx| nnnn | mmmm | XXKK | diSp'acement
15 0 mmmmdddd: nnnn: Register MOV.L
|XXXX| dddd  ddad dddd| Register indirect direct @(displ2,Rm),Rn
with displacement
d format dddddddd: GBR RO (Register direct) MOV.L
15 0 indirect with @(disp,GBR),R0O
| XXXX ~ XXXX | dddd dddd | displacement
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 = dlSp +
| KKK | dddd dddd dddd | PC)
nd8 format dddddddd: PC nnnn: Register MOV.L
15 0 relative with direct @(disp, PC),Rn
| xxxx| rmnr1| daaa dddd| 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)

oo wooee| 53t id] oo RO (Register direct) AND  #imm, RO

iiiiiiii: Immediate — TRAPA  #imm

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

15

| XXXX | nnnn | iiii ddiii |

ni3 format nnnn: Register direct — BLD #imm3, Rn
iii: Immediate

| KXXX XXXX | nnnn |x| iii| . . .
— nnnn: Register direct BST #imm3, Rn

iii: Immediate

ni20 format iiiiiiiiiiiiiiiiii: nnnn: Register direct MOVI20

32 16 Immediate #1imm20, Rn

| xxxx| nnnn| iiii | KXXX |

15 0

| iiii i1iii iid4i iidd |

nid format nnnndddddddddddd: — BLD.B

32 Register indirect with #imm3, @ (displ2,Rn)

| xxxx| rmrml xiii | XXKK |

15 0
| xxxx| dddd dddd dddd |

displacement
iii: Immediate

nnnndddddddddddd: BsT.B
Register indirect with #imm3, @ (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 No. of
Classification Types Code Function Instructions
Data transfer 13 MOV Data transfer 62

Immediate data transfer
Peripheral module data transfer
Structure data transfer

Reverse stack transfer

MOVA

Effective address transfer

MOVI20

20-bit immediate data transfer

MOVI20S

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

MOVML

RO—-Rn register save/restore

MOVMU

Rn—R14 and PR register save/restore

MOVRT

T bit inversion and transfer to Rn

MOVT

T bit transfer

MOVU

Unsigned data transfer

NOTT

T bit inversion

PREF

Prefetch to operand cache

SWAP

Swap of upper and lower bytes

XTRCT

Extraction of the middle of registers connected
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Operation No. of
Classification Types Code Function Instructions
Arithmetic 26 ADD Binary addition 40
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

CLIPS Signed saturation value comparison

CLIPU Unsigned saturation value comparison

DIVS Signed division (32 + 32)

DIVU Unsigned division (32 + 32)

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

FSTS Floating-point store from system register FPUL

FSUB Floating-point subtraction

FTRC Floating-point conversion with rounding to

integer

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

BLD Bit load

BOR Bit OR

BSET Bit set

BST Bit store

BXOR Bit exclusive OR

BANDNOT Bit NOT AND

BORNOT Bit NOT OR

BLDNOT  Bit NOT load
Total: 112 253
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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):
M/Q/T: Flag bits in SR

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

A: Exclusive logical OR of
each bit

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

Memory operand

>>n: n-bit right shift

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 Data Transfer Instructions

Table 2.11 Data Transfer Instructions

Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV #imm,Rn 1110nnnniiiiiiii imm — sign extension > Rn 1 — Yes Yes Yes
MOV.W  @(disp,PC),Rn 1001nnnndddddddd (disp x 2 + PC) — sign 1 — Yes Yes Yes
extension — Rn
MOV.L @ (disp,PC),Rn 1101nnnndddddddd (disp x 4 + PC) - Rn 1 — Yes Yes  Yes
MOV Rm,Rn 0110nnnnmmmm0011 Rm — Rn 1 — Yes Yes Yes
MOV.B Rm,@Rn 0010nnnnmmmm0000  Rm — (Rn) 1 — Yes Yes Yes
MOV.W  Rm,@Rn 0010nnnnmmmm0001  Rm — (Rn) 1 — Yes Yes Yes
MOV.L Rm,@Rn 001 0nnnnmmmm0010  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 001 0nnnnmmmm0100 Rn-1 — Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.W Rm,@-Rn 0010nnnnmmmm0101  Rn-2 — Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.L Rm,@-Rn 0010nnnnmmmm0110 Rn-4 — Rn, Rm — (Rn) 1 — Yes Yes Yes
MOV.B @Rm+,Rn 0110nnnnmmmm0100 (Rm) — sign extension —» Rn, 1 — Yes Yes Yes
Rm+1— Rm
MOV.W  @Rm+,Rn 0110nnnnmmmm0101  (Rm) — sign extension — Rn, 1 — Yes Yes Yes
Rm +2 - Rm
MOV.L @Rm+,Rn 0110nnnnmmmm0110 (Rm) — Rn, Rm + 4 — Rm 1 — Yes Yes Yes
MOV.B RO, @ (disp,Rn) 10000000nnnndddd RO — (disp + Rn) 1 — Yes Yes Yes
MOV.W RO, @(disp,Rn) 10000001nnnndddd RO — (disp x 2 + Rn) 1 — Yes Yes Yes
MOV.L Rm,@(disp,Rn)  0001nnnnmmmmdddd Rm — (disp x 4 + Rn) 1 — Yes Yes  Yes
MOV.B @(disp,Rm),R0  10000100mmmmdddd (disp + Rm) — sign extension 1 — Yes Yes Yes
— RO
MOV.W  @(disp,Rm),R0  10000101mmmmdddd (disp x 2 + Rm) — 1 — Yes Yes Yes
sign extension — RO
MOV.L @(disp,Rm),Rn  010lnnnnmmmmndddd (disp x 4 + Rm) - Rn 1 — Yes Yes Yes
MOV.B Rm, @ (RO,Rn) 0000nnnnmmmm0100 Rm — (RO + Rn) 1 — Yes Yes Yes
MOV.W  Rm,@(RO,Rn) 0000nnnnmmmm0101  Rm — (RO + Rn) 1 — Yes Yes Yes
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Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV.L Rm, @ (RO,Rn) 0000nnnnmmmm0110 Rm — (RO + Rn) 1 — Yes Yes Yes
MOV.B @(R0,Rm),Rn 0000nnnnmmmm1100 (RO + Rm) — 1 — Yes Yes Yes
sign extension — Rn
MOV.W  @(R0O,Rm),Rn 0000nnnnmmmm1101 (RO + Rm) — 1 — Yes Yes Yes
sign extension — Rn
MOV.L @(R0O,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),R0 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 R0O,@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) 0011nnnnmmmm0001 Rm — (disp + Rn) 1 — Yes
0000dddddddddddd
MOV.W  Rm,@(disp12,Rn) 0011nnnnmmmm0001 Rm — (disp x 2 + Rn) 1 — Yes
0001dddddddddddd
MOV.L Rm,@(disp12,Rn) 0011nnnnmmmm0001 Rm — (disp x 4 + Rn) 1 — Yes
0010dddddddddddd
MOV.B @(disp12,Rm),Rn 001 Innnnmmmm0001 (disp + Rm) — 1 — Yes
0100dddaddddadad Sign extension — Rn
MOV.W  @(disp12,Rm),Rn 001 1lnnnnmmmm0001 (disp x 2 + Rm) — 1 — Yes
0101dddaddddadad Sign extension — Rn
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ibili
Execu- Compatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOV.L @(disp12,Rm),Rn 001 1nnnnmmmm0001 (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
1iidiiiiidiiidiiiii
MOQOVI20S #imm20,Rn 0000nnnniiii0001 imm << 8 — sign extension 1 — Yes
iiiiiiiiiiiiiiii 7 Rn
MOVML.L Rm,@-R15 0100mmmm11110001 R15-4 —» R15, Rm — (R15) 1to16 — Yes
R15-4 — R15, Rm-1 - (R15)
R15-4 — R15, RO — (R15)
Note: When Rm = R15, read
Rm as PR
MOVML.L @R15+,Rn 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) 1to16 — 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 1t0o16 — 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
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Execu- ompatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
MOVU.B  @(disp12,Rm),Rn 001 1lnnnnmmmm0001 (disp + Rm) — 1 — Yes
10004ddddddddddd zero extension — Rn
MOVU.W  @(disp12,Rm),Rn 0011nnnnmmmm0001 (disp x 2 + Rm) — 1 — Yes
1001ddddadddddaa 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 0110nnnnmmmm1001 Rm — swap upper and lower 1 — Yes Yes Yes
words — Rn
XTRCT Rm,Rn 0010nnnnmmmm1101  Middle 32 bits of Rm:Rn — Rn 1 — Yes Yes Yes
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Arithmetic Operation Instructions

Table 2.12 Arithmetic Operation Instructions

Compatibilit
Execu- P y
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ADD Rm,Rn 001 1lnnnnmmmml100 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,R0O 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
1->T parison
Otherwise, 0 > T result
CMP/GE Rm,Rn 0011nnnnmmmm0011  When Rn > Rm (signed), 1 Com- Yes Yes Yes
15T parison
Otherwise, 0 > T result
CMP/HI  Rm,Rn 0011nnnnmmmm0110  When Rn > Rm (unsigned), 1 Com- Yes Yes Yes
15T parison
Otherwise, 0 - T result
CMP/GT Rm,Rn 0011lnnnnmmmm0111  When Rn > Rm (signed), 1 Com- Yes Yes Yes
15T 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
15T parison
Otherwise, 0 - T result
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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
CLIPS.W Rn 0100nnnn10010101  When Rn > (H'00007FFF), 1 — Yes
(H'00007FFF) - Rn, 1 - CS
When Rn < (H'FFFF8000),
(H'FFFF8000) — Rn, 1 - CS
CLIPU.B Rn 0100nnnn10000001  When Rn > (H'000000FF), 1 — Yes
(H'000000FF) — Rn, 1 - CS
CLIPUW Rn 0100nnnn10000101  When Rn > (H'0000FFFF), 1 — Yes
(H'0000FFFF) — Rn, 1 — CS
DIV1 Rm,Rn 0011nnnnmmmm0100  1-step division (Rn + Rm) 1 Calcu- Yes Yes Yes
lation
result
DIVOS Rm,Rn 0010nnnnmmmm0111  MSB of Rn — Q, 1 Calcu- Yes Yes Yes
MSBof Rm ->M,MAQ—>T lation
result
DIVoU 0000000000011001 0 — M/Q/T 1 0 Yes Yes Yes
DIVS RO,Rn 0100nnnn10010100  Signed operation of Rn + RO 36 — Yes
— Rn 32 + 32 — 32 bits
DIVU RO,Rn 0100nnnn10000100  Unsigned operation of Rn + RO 34 — Yes
— Rn 32 + 32 — 32 bits
DMULS.L Rm,Rn 0011lnnnnmmmm1101  Signed operation of Rn x Rm 2 — Yes Yes Yes
— MACH, MACL
32 x 32 — 64 bits
DMULU.L Rm,Rn 0011nnnnmmmm0101  Unsigned operation of Rn x 2 — Yes Yes Yes

Rm — MACH, MACL
32 x 32 — 64 bits

DT Rn 0100nnnn00010000 Rn—-1—-Rn 1 Compa Yes Yes Yes
When Rnis0,1 > T -rison
When Rnisnot0,0 > T result

EXTS.B  Rm,Rn 0110nnnnmmmml1110  Byte in 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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Execu- Compatibility
tion SH2,

Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A

EXTU.B Rm,Rn 0110nnnnmmmm1100  Byte in 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+ 0100nnnnmmmml111  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 0010nnnnmmmm1111  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-Bm-T — Rn, borrow — T 1 Borrow Yes Yes Yes

SuUB Rm,Rn 0011lnnnnmmmm1000  Rn-BRm — Rn 1 — Yes Yes Yes

SUBC Rm,Rn 0011nnnnmmmm1010  Rn-Rm-T — Rn, borrow - T 1 Borrow Yes Yes Yes

SUBV Rm,Rn 0011nnnnmmmm1011  Rn-Rm — Rn, underflow - T 1 Over- Yes Yes Yes

flow
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Table 2.13 Logic Operation Instructions

Logic Operation Instructions

Ci tibilit
Execu- ompatibility
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
AND Rm,Rn 0010nnnnmmmm1001 Rn & Rm — Rn 1 — Yes Yes Yes
AND #imm,R0O 11001001liiiiiiii RO &imm— RO 1 — Yes Yes Yes
AND.B #imm,@(R0,GBR) 11001101iiiiiiii (RO+ GBR)&imm — 3 — Yes Yes Yes
(RO + GBR)
NOT Rm,Rn 0110nnnnmmmm0111 ~Rm — Rn 1 — Yes Yes Yes
OR Rm,Rn 0010nnnnmmmm1011 Rn|Rm — Rn 1 — Yes Yes Yes
OR #imm,R0O 11001011iiiiiiii ROIlimm — RO 1 — Yes Yes Yes
OR.B #imm,@(R0O,GBR) 11001111iiiiiiii (RO+ GBR)|imm— 3 — Yes Yes Yes
(RO + GBR)
TAS.B @Rn 0100nnNnn00011011 When (Rn)is0,1—> T 3 Test Yes Yes Yes
Otherwise, 0 —> T, result
1 — MSB of(Rn)
TST Rm,Rn 0010nnnnmmmm1000 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 0010nnnnmmmm1010 Rn~ARm — Rn 1 — Yes Yes Yes
XOR #imm,R0O 11001010iiiiiiii RO~imm — RO 1 — Yes Yes Yes
XOR.B #imm,@(R0O,GBR) 11001110iiiiiiii (RO + GBR)Aimm — 3 — Yes Yes Yes

(RO + GBR)
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Shift Instructions

Table 2.14 Shift Instructions

C tibilit
Execu- ompatibility
tion SH2,

Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
ROTL Rn 0100nNNN00000100 T « Rn « MSB 1 MSB Yes Yes Yes
ROTR Rn 0100nnnn00000101 LSB—>Rn—>T 1 LSB Yes Yes Yes
ROTCL Rn 0100nNNN00100100 T« Rn«T 1 MSB Yes Yes Yes
ROTCR Rn 0100nnnn00100101 T>Rn>T 1 LSB Yes Yes Yes
SHAD Rm,Rn 0100nnNnnnmmmm1100 When BRm >0, Rn<<Rm - Rn 1 — Yes Yes

When BRm < 0, Rn >> IRm| —»

[MSB — Rn]
SHAL Rn 0100nnnNn00100000 T« Rn«0 1 MSB Yes Yes Yes
SHAR Rn 0100nnnNn00100001 MSB —->Rn—>T 1 LSB Yes Yes Yes
SHLD Rm,Rn 0100nnnnmmmm1101 When BRm >0, Rn<<Rm —- Rn 1 — Yes Yes

When BRm < 0, Rn >> IRm| —»

[0 - Rn]
SHLL Rn 0100nnNNN00000000 T« Rn«0 1 MSB Yes Yes Yes
SHLR Rn 0100nnnNn00000001 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 0100nnnNn00101000 Rn << 16 - Rn 1 — Yes Yes Yes
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1 — Yes Yes Yes
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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, disp x2 + PC >
PC,
When T =0, nop
BRA label 1010dddddddddddd  Delayed branch, 2 — Yes Yes Yes
dispx2 + PC —» PC
BRAF Rm 0000mmmm00100011  Delayed branch, 2 — Yes Yes Yes
Rm + PC —» PC
BSR label 1011dddddddddddd  Delayed branch, PC — PR, 2 — Yes Yes Yes
disp x 2+ PC—> PC
BSRF Rm 0000mmmm00000011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm + PC —» PC
JMP @Rm 0100mmmm00101011  Delayed branch, Rm — PC 2 — Yes Yes Yes
JSR @Rm 0100mmmm00001011  Delayed branch, PC — PR, 2 — Yes Yes Yes
Rm — PC
JSR/N @Rm 0100mmmm01001011 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 0000mmmm01111011 Rm — RO, PR —» PC 3 — Yes
Note: * One cycle when the program does not branch.
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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 0—>T 1 0 Yes Yes Yes
CLRMAC 0000000000101000 0 - MACH,MACL 1 — Yes Yes Yes
LDBANK @Rm,R0O 0100mmmm11100101  (Specified register bank entry) 6 — Yes
— RO
LDC Rm,SR 0100mmmm00001110 Rm — SR 3 LSB Yes Yes Yes
LDC Rm,TBR 0100mmmm01001010 Rm — TBR 1 — Yes
LDC Rm,GBR 0100mmmm00011110 Rm — GBR 1 — Yes Yes Yes
LDC Rm,VBR 0100mmmm00101110 Rm — VBR 1 — Yes Yes Yes
LDC.L @Rm+,SR 0100mmmm00000111  (Rm) —» SR, Rm + 4 —» Rm 5 LSB Yes Yes Yes
LDC.L @Rm+,GBR 0100mmmm00010111  (Rm) -»> GBR,Rm+4 > Rm 1 — Yes Yes Yes
LDC.L @Rm+,VBR 0100mmmm00100111  (Rm) -» VBR,Rm+4 —->Rm 1 — Yes Yes Yes
LDS Rm,MACH 0100mmmm00001010 Rm — MACH 1 — Yes Yes Yes
LDS Rm,MACL 0100mmmm00011010 Rm — MACL 1 — Yes Yes Yes
LDS Rm,PR 0100mmmm00101010 Rm — PR 1 — Yes Yes Yes
LDS.L @Rm+,MACH  0100mmmm00000110 (Rm)—> MACH, Rm +4 — Rm 1 — Yes Yes Yes
LDS.L @Rm+,MACL  0100mmmm00010110 (Rm)—> MACL, Rm+4 - Rm 1 — Yes Yes Yes
LDS.L @Rm+,PR 0100mmmm00100110 (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 1T 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 0000nnNNn00100010 VBR — Rn 1 — Yes Yes Yes
STC.L SR,@-Rn 0100nnnNn00000011  Rn-4 - Rn, SR — (Rn) 2 — Yes Yes Yes
STC.L GBR,@-Rn 0100nnnNn00010011 Rn-4 — Rn, GBR — (Rn) 1 — Yes Yes Yes
STC.L VBR,@-Rn 0100nnnNn00100011  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 0000nNNNn00101010 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 0100nnnNn00100010 Rn-4 — Rn, PR — (Rn) 1 — Yes Yes Yes
TRAPA #imm 11000011uaaiiiii 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 IFRnl — FRn 1 — Yes Yes Yes
FABS DRn 1111nnn001011101 IDRnl — DRn 1 — Yes Yes
FADD FRm, FRn 1111nnnnmmmmO000 FRn + FRm — FRn 1 — Yes Yes Yes
FADD DRm, DRn 1111nnnOmmmO0000 DRn + DRm — DRn 6 — Yes Yes
FCMP/EQ FRm, FRn 1111nnnnmmmm0100 (FRn=FRm)? 1.0 >T 1 Com-  Yes Yes Yes

parison

result
FCMP/EQ DRm, DRn 11121nnnOmmm00100 (DRn=DRmM)?1:0 > T 2 Com- Yes Yes

parison

result
FCMP/GT FRm, FRn 1112nnnnmmmm0101 (FRn >FRm)? 1.0 > T 1 Com-  Yes Yes Yes

parison

result
FCMP/GT DRm, DRn 1112nnnOmmm00101 (DRn>DRm)? 1:0 > T 2 Com- Yes Yes

parison

result
FCNVDS DRm, FPUL 1111mmm010111101 (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 1111nnnOmmmO0011 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 1111mmmm00011101 FRm — FPUL 1 — Yes Yes Yes
FLOAT FPUL,FRn 1111nnnn00101101 (float)FPUL — FRn 1 — Yes Yes Yes
FLOAT FPUL,DRn 1111nnn000101101 (double)FPUL - DRn 2 — Yes Yes
FMAC FRO,FRm,FRn 1111nnnnmmmm1110 FRO x FRm+FRn — 1 — Yes Yes Yes

FRn

FMOV FRm, FRn 1111nnnnmmmm1100 FRm — FRn 1 — Yes Yes Yes
FMOV DRm, DRn 1111nnnOmmm01100 DRm — DRn 2 — Yes Yes
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Execu- SH-2A/
tion SH2A-

Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FMOV.S @(RO, Rm), FRn  1111nnnnmmmm0110 (RO + Rm) —» FRn 1 — Yes Yes Yes
FMOV.D @(RO, Rm), DRn  1111nnnOmmmmO0110 (RO + Rm) —» DRn 2 — Yes Yes
FMOV.S @Rm+, FRn 1111nnnnmmmm1001 (Rm) —» FRn, Rm+=4 1 — Yes Yes Yes
FMOV.D @Rm+, DRn 1111nnnOmmmm1001 (Rm) > DRn,Rm+=8 2 — Yes Yes
FMOV.S @Rm, FRn 1112nnnnmmmm1000 (Rm) —» FRn 1 — Yes Yes Yes
FMOV.D @Rm, DRn 1111nnnOmmmm1000 (Rm) —» DRn 2 — Yes Yes
FMOV.S @(disp12,Rm),FRn 0011nnnnmmmmO001 (disp x4+ Rm) > FRn 1 — Yes

0111dddddddddddd
FMOV.D @(disp12,Rm),DRn 0011nnnOmmmmO001 (disp x 8+ Rm) > DRn 2 — Yes

0111dddddddddddd
FMOV.S FRm, @(RO,Rn) 1112nnnnmmmm0111 FRm — (RO + Rn) 1 — Yes Yes Yes
FMOV.D DRm, @(RO,Rn) 1111nnnnmmm00111 DRm — (RO + Rn) 2 — Yes Yes
FMOV.S FRm, @-Rn 1111nnnnmmmm1011 Rn-=4, FRm — (Rn) 1 — Yes Yes Yes
FMOV.D DRm, @-Rn 1111nnnnmmm01011 Rn-=8, DRm — (Rn) 2 — Yes Yes
FMOV.S FRm, @Rn 1111nnnnmmmm1010 FRm — (Rn) 1 — Yes Yes Yes
FMOV.D DRm, @Rn 1112nnnnmmm01010 DRm — (Rn) 2 — Yes Yes
FMOV.S FRm, 0011nnnnmmmmO001 FRm — (disp x4 + Rn) 1 — Yes
@(disp12,Rn) 0011dddddddddddd
FMOV.D DRm, 0011nnnnmmm0O0001 DRm — (disp x8 + Rn) 2 — Yes
@(disp12,Rn) 0011dddddddddddd
FMUL FRm, FRn 1111nnnnmmmm0010 FRn x FRm — FRn 1 — Yes Yes Yes
FMUL DRm, DRn 1111nnnOmmm00010 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 \FRn — 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 1111nnnnmmmmO001 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 1111nnnOmmmO0001 DRn-DRm — DRn 6 — Yes Yes
FTRC FRm, FPUL 1112mmmm00111101 (long)FRm — FPUL 1 — Yes Yes Yes
FTRC DRm, FPUL 1111mmm000111101 (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 0100mmmm01101010 Rm — FPSCR 1 — Yes Yes Yes
LDS Rm,FPUL 0100mmmm01011010 Rm — FPUL 1 — Yes Yes Yes
LDS.L @Rm+, FPSCR 0100mmmm01100110 (Rm) - FPSCR, Rm+=4 1 — Yes Yes Yes
LDS.L @Rm+, FPUL 0100mmmm01010110 (Rm) > FPUL, Rm+=4 1 — Yes Yes Yes
STS FPSCR, Rn 0000nnnNn01101010 FPSCR — Rn 1 — Yes Yes Yes
STS FPUL,Rn 0000nnNnn01011010 FPUL — Rn 1 — Yes Yes Yes
STS.L FPSCR,@-Rn 0100nnnn01100010 Rn-=4, FPCSR — (Rn) 1 — Yes Yes Yes
STS.L FPUL,@-Rn 0100nnnNn01010010 Rn-=4, FPUL — (Rn) 1 — Yes Yes Yes
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2.4.10

Bit Manipulation Instructions

Table 2.19 Bit Manipulation Instructions

Compatibilit:
Execu- P y
tion SH2,
Instruction Instruction Code Operation Cycles TBit SH2E SH4 SH-2A
BAND.B #imm3, @ (disp12,Rn) 0011nnnNnOiiil1001 (imm of (disp + Rn)) & T — 3 Ope- Yes
0100dddddddddddd ration
result
BANDNOT.B  #imm3,@(disp12,Rn) 0011nnnNnOiiil001 ~(immof(disp+Rn) &T—>T 3 Ope- Yes
1100dddddddddddd ration
result
BCLR.B #imm3, @ (disp12,Rn) 0011nnnNnOiiil001 0 — (imm of (disp + Rn)) 3 — Yes
0000dddddddddddd
BCLR #imm3,Rn 10000110nnnnOiii 0 — imm of Rn 1 — Yes
BLD.B #imm3, @ (disp12,Rn) 0011nnnnOiii1001  (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) 0011nnnnOiii1001  ~(imm of (disp + Rn)) 3 Ope- Yes
1011dddddddddddd T ration
result
BOR.B #imm3, @ (disp12,Rn) 0011nnnnOiii1001  (immof(disp+Rn)) IT—>T 3 Ope- Yes
0101dddddddddddd ration
result
BORNOT.B  #imm3,@(disp12,Rn) 0011nnnnOiii1001  ~(immof (disp+Rn)) IT>T 3 Ope- Yes
1101dddddddddddd ration
result
BSET.B #imm3, @ (disp12,Rn) 0011nnnnOiii1001 1 — (imm of (disp + Rn)) 3 — Yes
0001dddddddddddd
BSET #imm3,Rn 10000110nnnnliii 1 — imm of Rn 1 — Yes
BST.B #imm3, @ (disp12,Rn) 0011nnnNnOi1i1001 T — (imm of (disp + Rn)) 3 — Yes
0010dddddddddddd
BST #imm3,Rn 10000111nnnnOiii T — imm of Rn 1 — Yes
BXOR.B #imm3, @ (disp12,Rn) 0011nnnNnOiiil001  (immof (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 Power-on reset from any state

Manual reset state Power-on reset state

Reset state

Reset canceled

Interrupt source or

Exception )
DMA address error occurs handiing state ll\}l:(l\él)l :mg:rrﬂg: g::curs
B t .
us reques Exception A .
cleared " Exception
handiing | | 2 giin
Bus request  source 9

generated  occurs ends

Bus request

Bus-released state
Wﬁd v
Bus request

generated Program execution state

Bus request

generated Bus request

STBY bit cleared | STBY bit set
cleared

for SLEEP

for SLEEP and DEEP bit ! !
instruction cleared for SLEEP, instruction
instruction

3 Sleep mode Software standby mode

STBY and DEEP bits set

NMl interrupt,

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

and power-on reset

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.

R0O1UH0048EJ0300 Rev. 3.00
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Section 3 Floating-Point Unit (FPU)

3.1 Features
The FPU has the following features.

e Conforms to IEEE754 standard

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

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

e Denormalization modes: Flush to zero

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

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

321 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 , —1and E  + 1 are

distinguished as follows. E , — 1 indicates zero (both positive and negative sign) and a
denormalized number, and E__+ 1 indicates positive or negative infinity or a non-number (NaN).

‘max

Table 3.1 shows E . and E__ values.

min max
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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

‘min

Floating-point number value v is determined as follows:

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

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

IfE=E_, —1andf=0,v=(-1)0 [positive or negative zero]
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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'7FF0 0000 0000 0001

Positive infinity

H'7F80 0000

H'7FFO 0000 0000 0000

Positive normalized
number

H'7F7F FFFF to H'0080 0000

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

Positive denormalized
number

H'007F FFFF to H'0000 0001

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

Positive zero

H'0000 0000

H'0000 0000 0000 0000

Negative zero

H'8000 0000

H'8000 0000 0000 0000

Negative denormalized
number

H'8000 0001 to H'807F FFFF

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

Negative normalized
number

H'8080 0000 to H'FF7F FFFF

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

Negative infinity

H'FF80 0000

H'FFFO 0000 0000 0000

Quiet non-number

H'FF80 0001 to H'FFBF FFFF

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

Signaling non-number

H'FFCO 0000 to 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 bit is 1

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

31 30 23 22 0

X 11111111 INXXXXXXXXXXXXXXXXXXXXXX

N = 1: sNaN
N = 0: gNaN

Figure 3.3 Single-Precision NaN Bit Pattern

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

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

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

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

The gNAN values as operation results are as follows:

o Single-precision qNaN: H'7FBF FFFF
e Double-precision gNaN: 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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3.2.3 Denormalized Numbers

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

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

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

331 Floating-Point Registers

Figure 3.4 shows the floating-point register configuration. There are sixteen 32-bit floating-point
registers FPRO to FPR 15, 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 80 20 28 27 26 25 24 23 22 2120 19 18 17 16
- -1-T-7-[-[-[-[]-Joas]-Jszfem[on] came |
Initalvalue: 0 0 0 0 0 0 0 o o o o 0o 1 0 0
RW. R R R R R R R R R RW R RW RW R RW RW

o

Bit: 15 14 13 12 11 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 0 0 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31t023 — All O R Reserved

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

22 Qls 0 R/W  Nonnunerical Processing Mode
0: Processes qNaN or +oo as such

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

21 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
20 Sz 0 R/W  Transfer Size Mode
0: Data size of FMQOV instruction is 32-bits
1: Data size of FMOV instruction is a 32-bit register pair
(64 bits)
19 PR 0 R/W  Precision Mode

0: Floating-point instructions are executed as single-
precision operations
1: Floating-point instructions are executed as double-
precision operations (graphics support instructions
are undefined)
18 DN 1 R Denormalization Mode (Always fixed to 1 in SH2A-
FPU)

1: Denormalized number is treated as zero
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Initial
Bit Bit Name Value

R/W

Description

17to 12 Cause H'00

R/W

11to7 Enable H'00

R/W

6102 Flag H'00

R/W

FPU Exception Cause Field

FPU Exception Enable Field

FPU Exception Flag Field

Each time floating-point operation instruction is
executed, the FPU exception cause field is cleared to 0
first. When an FPU exception on floating-point
operation occurs, the bits corresponding to the FPU
exception cause field and FPU exception flag field are
set to 1. The FPU exception flag field remains set to 1
until it is cleared to O 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.

RMH1 0
0 RMO

R/W
R/W

Rounding Mode

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

01: Round to Zero

10: Reserved

11: Reserved

Table 3.3  Bit Allocation for FPU Exception Handling

FPU Invalid Division Overflow Underflow Inexact
Field Name Error (E) Operation (V) by Zero (2) (O) (9)] ()
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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3.33 Floating-Point Communication Register (FPUL)

Information is transferred between the FPU and CPU via FPUL. FPUL is a 32-bit system register
that is accessed from the CPU side by means of LDS and STS instructions. For example, to
convert the integer stored in general register R1 to a single-precision floating-point number, the
processing flow is as follows:

R1 — (LDS instruction) - FPUL — (single-precision FLOAT instruction) — FR1
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3.4 Rounding

In a floating-point instruction, rounding is performed when generating the final operation result
from the intermediate result. Therefore, the result of combination instructions such as FMAC 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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35 FPU Exceptions
35.1 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)

o 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

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

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

o 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

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

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

o 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. Ttis 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_BOQOTO0) Settings and Corresponding Boot
Modes

MD_BOOT2 MD_BOOT1 MD_BOOTO Boot Mode

* 0 0 Boot Mode 0

Boots the LSI from the memory (bus width: 16 bits)
connected to the CSO0 space.

* 1 0 Boot Mode 1
Boots the LSI from the memory (bus width: 32 bits)
connected to the CSO0 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
43.1 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.

RO1UH0048EJ0300 Rev. 3.00

Oct 21, 2016 RENESAS

Page 117 of 3092



Section 4 Boot Mode SH7268 Group, SH7269 Group

(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 f
On-chip ROM for boot Read request‘ NAND loader program NAND flash memory
initiation (not publicly disclosed) »=| flash memory =1 Loader program
controller (8 KB)
// (2) (b) Loading into high-
igh- -chi speed on-chip RAM -
HEFFS 0000 High-speed on-chip RAM/ p p Application
Read program
Read request, -
HFFF8 1FFF |  Loader program o
(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 O 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
433 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 Read request= Renesas serial Read _ Serial flash memory
initiation (not publicly disclosed) peripheral P Loader program
interface (8 KB)
w/ (2) Loading into high-speed
p— 00OGHigh-speed on-chip RAM/ on-chip R:Md Application
Loader program ca > program
(8 KB) Read reguesl’
H'FFF8 1FFF]|
|_1(3) Loading into external External RAM
/< or on-chip RAM
|
On-chip RAM / \ Application
program
Application
program

Note: * Booting the LSl 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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434 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
(1) Program execution with SD controller
On-chip ROM for boot Read request [ SD host interface _ | Loader program
initiation (not publicly disclosed) »~| Channel 0 s (16 KB)
(2) Loading into high-speed L
High-speed on-chip RAM (page 0) / on-chip RAM Application
H'FFF8_0000 -« | program
Loader program Read requegt Read _
(16 KB) » g
H'FFF8_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) r on-chip RAM
HFFF8_7FFF
On-chip RAM / Application
program
Application
program

Figure 4.4 Schematic View of Specification for Boot Mode 4
4.35 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.

Page 122 of 3092 R0O1UH0048EJ0300 Rev. 3.00

RENESAS Oct 21, 2016




SH7268 Group, SH7269 Group Section 4 Boot Mode

(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 NAND flash memory

with MMC controller

(1) Program execution

On-chip ROM for boot initiation Read request [ MMC host interface | Loader program
(not publicly disclosed) = > (16 KB)
(2) Loading into high-speed L
High-speed on-chip RAM (page 0) / on-chip RAM Application
H'FFF8_0000 -« | program
Loader program [ Reaq requegt Read
| ead requegl | >

(16 KB)

H'FFF8_3FFF
High-speed on-chip RAM (page 1)
H'FFF8_4000
Work memory for | < (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 CSO 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 (B¢),
peripheral clock 0 (PO¢), and peripheral clock 1 (P1¢). The clock pulse generator consists of a
crystal oscillator, PLL circuits, and divider circuits.

51 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.

1
1
1
1
1
1
1
1
1| Crystal
xTaL B T| oscillator >
1
1
1
1

PLL circuit
(x20)

 /

SSCG circuit

—

Divider 1

x1
x 1/2
x 1/4

x1/8

CPU clock

[ (1) Max: 266.67 MHz)

1
1
1
1
1
1
Ly Internal Bus clock
H (B¢ Max: 133.33 MHz)

YYVYYVYY

o Peripheral clock 0

T (PO Max: 33.33 MHz)
1

Peripheral clock 1

1
— >
1 (P1¢ Max: 66.67 MHz)

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

Peripheral clock 1C
(P1¢p Max: 66.67 MHz)

> Peripheral clock 0C
(PO Max: 33.33 MHz)

Clock frequency

MD_CLKO & : control circuit

Standby control circuit

[Legend]
FRQCR:

A
\
Bus interface
A
Y

 Peripheral bus »

Frequency control register

Peripheral clocks OC 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) Divider1

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 1/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 I/O

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:P0O)* Clock*® Pin) (1) (B9) (P19) (POg)
H'x015 ON (x20) 20:10:5:5/2 10to 13.333 50to0 66.67 200 to 100 to 50 to 66.67 25 to 33.33
266.66 133.33
H'x035 ON (x20) 20:5:5:5/2 1010 13.333 5010 66.67 200 to 50 to 66.67 50 to 66.67 25 to 33.33
266.66
H'x115 ON (x20) 10:10:5:5/2 10to 13.333 50to0 66.67 100 to 100 to 50 to 66.67 25 to 33.33
133.33 133.33
H'x135 ON (x20) 10:5:5:5/2 10to 13.333 501to0 66.67 100 to 50 to 66.67 50 to 66.67 25 to 33.33
133.33

H'x335 ON (x20) 5:5:5:5/2 10 to 13.333 501t066.67 501t066.67 501t066.67 501to66.67 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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5.4 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.

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

I - ‘ oo ‘ 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 — AllO 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-2Z) Output off (Hi-2)

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-Z) Output off (Hi-Z)  Output off (Hi-Z) Output off (Hi-Z)
Note: * Note that the first cycle of the output CKIO clock may be missing after release from

deep standby.
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55 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).

55.1 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

uUSB_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
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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
CL1
Xin
—I ]_ D24
Crystal = >
resonator = Ror = RF \/
cL2 Xout
To internal
1 1 & vy D O sections
Rob Rip
T

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

57.1 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
¢ 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
e 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)

(f0 -2.5%)

Modulation rate

\

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 4
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 Detected when instruction is decoded and starts when the
Interrupts previous executing instruction finishes executing.
Register bank Bank underflow  Starts upon attempted execution of a RESBANK instruction
error when saving has not been performed to register banks.
Bank overflow In the state where saving has been performed to all register

bank areas, starts when acceptance of register bank overflow
exception has been set by the interrupt controller (the BOVE bit
in IBNR of the 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 = 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 IO bits in SR. In the case of
exception handling due to an address error or instruction, the I3 to I0 bits are not affected. The
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 1/0

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.
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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 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. 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 ilt’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 other thana  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 O to
15. Level 16 cannot be set. See section 7.3.1, Interrupt Priority Registers 01, 02, 05 to 26 (IPRO1,
IPRO2, IPROS5 to IPR26), for details of IPRO1, IPR0O2, 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 I3 to I0 bits is HF
(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.

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 lllegal 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.
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.
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6.6.4 General lllegal 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 Iy
SP » Address of instruction 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) F T
Address of instruction .
SP > after executed instruction 32 bits
SR 32 bits
Register bank error (underflow) E iy
Start address of relevant .
SP | RESBANK instruction 32 bits
SR 32 bits
Trap instruction E iy
Address of instruction .
SP after TRAPA instruction 32 bits
SR 32 bits
Slot illegal instruction F oy
Jump destination address .
SP > of delayed branch instruction 32 bits
SR 32 bits
General illegal instruction F T
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 32 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 I0) 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. 1: 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 CSO 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 1/0 Function

Nonmaskable interrupt input ~ NMI Input Input of nonmaskable interrupt

pin request signal

Interrupt request input pins IRQ7 to IRQO Input Input of maskable interrupt request

PINT7 to PINTO Input

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'FFFE0800 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 IPR0O6 R/W H'0000 H'FFFEOC00 16, 32
Interrupt priority register 07 IPRO7 R/W H'0000 H'FFFEOC02 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 H'FFFEOC14 16, 32
Interrupt priority register 17 IPR17 R/W H'0000 H'FFFEOC16 16, 32
Interrupt priority register 18 IPR18 R/W H'0000 H'FFFEOC18 16, 32
Interrupt priority register 19 IPR19 R/W H'0000 H'FFFEOC1A 16, 32
Interrupt priority register 20 IPR20 R/W H'0000 H'FFFEOC1C 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 H'FFFEOC1E 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 H'FFFEOC24 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, IPRO5 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 [PRO1,

IPRO2, and IPRO5 to IPR26.

Bit: 15 13 12 11 10 9 8 7 6 5 4 2 1 0
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 IPRO1, IPR02, and IPRO05 to IPR26
Register Name Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
IPRO1 IRQO IRQA1 IRQ2 IRQ3
IPR0O2 IRQ4 IRQ5 IRQ6 IRQ7
IPR0O5 PINT7 to PINTO Reserved Reserved Reserved
IPR0O6 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
IPR0O8 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 ~ Compare match  Bus state Watchdog timer
timer channel 0 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) (TGIV, 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) (TGI3A 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) (TGI4V)

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 O 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 /0 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 0 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.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L] - [ - [ -] - -] - Jowme] -] -] -] -] 7] [nwe]nm
Initialvalue: ** 0o o0 o0 ©0O O ©0 O O 0 0 0 0 0 0 1

R/W: R R 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.

Initial
Bit Bit Name Value R/W Description
15 NMIL * R NMI Input Level

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

0: Low level is input to NMI pin
1: High level is input to NMI pin

14t09 — AllO R Reserved

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

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

7t02 — 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

1 NMIF 0 R NMI Interrupt Request

This bit indicates the status of the NMI interrupt
request. This bit cannot be modified.

0: NMI interrupt request has not occurred

[Clearing conditions]

e Cleared by changing NMIE of ICRO

e Cleared by executing NMI interrupt exception
handling

1: NMl 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

*2 . .
Selects whether to enable interrupt request input to
external interrupt input pin NMI.

0: NMI 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.

Bitt 15 14 12 10 9 8 7 6 5 4 3 2 1 0
[ra71s|ira7os]iRas1s]iRasos|iras1s|iRasos|iras1s|iRasos]iRast slirasos|irazis|irazes|iRat 1s/IRatos)iRao1s|iRAOOS]
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
corresponding to pins IRQ7 to IRQO are detected by a
13 IRQ61S 0 R/W low level, falling edge, rising edge, or both edges.
12 IRQ60S 0 RW  o0: Interrupt request is detected on low level of IRQN
11 IRQ51S 0 R/W input
10 IRQ50S 0 r/w O1: Interrupt request is detected on falling edge of IRQn
input
9 IRQ41S 0 R/W P . -
10: Interrupt request is detected on rising edge of IRQn
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 IRQ00S 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
| - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘PINT7S‘PINTGS‘PINTSS‘PINT4S‘PINTSS‘F’INT23‘PINT1S‘P|NTOS|

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 O.
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
° 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 R/W 1: :::)irtrupt request is detected on high level of PINTn
1 PINT1S 0 R/W
0 PINTOS 0 R/W
[Legend]
n=7t0
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7.35 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 0 to the IRQ7F to IRQOF bits after
reading IRQ7F to IRQOF = 1 cancels the retained interrupts.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ IRQ7F‘ IRQGF‘ IRQ5F ‘ IRQ4F‘ IRQSF‘ IRQZF‘ IRQ1F ‘ IROOFI

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*

Note: * Only 0 can be written to clear the flag after 1 is read.
Initial
Bit Bit Name Value R/W Description

15t08 — AllO R Reserved

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

IRQ7F
IRQ6F
IRQ5F
IRQ4F
IRQ3F
IRQ2F
IRQ1F
IRQOF

* |RQ Interrupt Request

« These bits indicate the status of the IRQ7 to IRQ0
interrupt requests.

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

* [Clearing condition]

* o |[RQn input is high
x 1: IRQn interrupt has occurred
[Setting condition]

= N W|lO|O| N

oO|lO0O|O0O|O|OC|O|O| O

o

¢ |RQn inputis low

Edge detection:

0: IRQn interrupt request is not detected

[Clearing conditions]

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

¢ 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
PINT7 to PINTO.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|- ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘ - ‘PINT7E‘PINTGE‘PINTSE‘PINT4E‘P|NT3E‘F’INT2E‘PINT1E‘P|NTOE|

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=7t0
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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
|- | - | - | - | - | - | - | - |PINT7R|PINT6R|PINT5R|F’INT4R|PINT3R|PINT2R|F‘INT1HlPINTOF\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 R R R R R R R R R R

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 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 PINTh 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
| E15 | E14 | E13 | E12 | E11 | E10 | E9 | E8 | E7 | E6 | E5 | E4 | E3 | E2 | E1 | - |
Intialvae: 0 0 o0 o0 ©O0O O ©O0 O O ©O0 O O 0 0O 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
W o AW e e
12 E12 0 R/W interrupt.
11 E11 0 R/W 0: Use of register banks is disabled
10 E10 0 R/w 1: Use of register banks is enabled
9 E9 0 R/W
8 E8 0 R/W
7 E7 0 R/W
6 E6 0 R/W
5 E5 0 R/W
4 E4 0 R/W
3 E3 0 R/W
2 E2 0 R/W

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

I BE[1:0] \ BOVE \ - \ - \ - \ - \ - \ - \ - \ - \ - \ BN[3:0] I
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RW R/W R/W 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.

3to0 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.

741 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 I0) 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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74.2 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 10 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 I0 bits in SR to level 15. For user debugging interface interrupts,
see section 50, User Debugging Interface.

744 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 IPR0O2).

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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745 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 O to 15 can be set for all PINT7 to PINTO interrupts by bits
15 to 12 in interrupt priority register 05 (IPROS).

When using low-level sensing for the PINT7 to PINTO interrupts, an interrupt request signal is
sent to the 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 IO 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 TPROS to IPR26). However, if two or more interrupts specified
by the same IPR among IPROS 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 to 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 7 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
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
troll
controter H000001B7
Channel 1 DEN 112 H'000001CO0 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'000001EO to 0to 15 (0) IPRO6 (3 to 0) 1
H'000001E3
HEI3 121 H'000001E4 to 2
H'000001E7
Channel4 DEI4 124 H'000001F0 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
Channel6 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  H00000224 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 DEI11 152 H'00000260 to 0to 15 (0) IPRO8 (3 to 0) 1
11 H'00000263
HEI11 153 H'00000264 to 2
H'00000267
Channel DEI12 156 H'00000270 to 0to 15 (0) IPRO9 (15 to 12) 1
12 H'00000273
HEI12 157 H'00000274 to 2
H'00000277
Channel DEI13 160 H'00000280 to 0to 15 (0) IPRO9 (11 to 8) 1
13 H'00000283
HEI13 161 H'00000284 to 2
H'00000287
Channel DEI4 164 H'00000290 to 0to 15 (0) IPRO9 (7 to 4) 1
14 H'00000293
HEI14 165 H'00000294 to 2 v
H'00000297 Low
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Direct Channel DEI15 168 H'000002A0 to 0to 15 (0) IPRO9 (3 to 0) 1 High
memory 15 H'000002A3
access HEI5 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
" LO_VSYNC 172 H'000002B0 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'000002CO0 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 (15 to 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 to 8) 1 High
codec unit H'000002D7 A
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'000002EQ to 0to 15 (0) IPR11 (3 to 0) 1
compliant H'000002E3
Ri
enesas INT2 185  HO00002E4 to 2
graphics
H'000002E7
processor
INT1 186 H'000002ES8 to 3
H'000002EB
INTO 187 H'000002EC to 4
H'000002EF
Compare Channel CMIO 188 H'000002FO0 to 0to 15 (0) IPR12 (15 t0 12) —
match timer 0 H'000002F3
Channel CMI1 189 H'000002F4 to 0to 15 (0) IPR12 (11 to 8) —
1 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 TGIOA 192  H'00000300 to 0to 15 (0) IPR13 (15 to 12) 1
function timer 0 H'00000303
pulse unit 2
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 TCIOV 196 H'00000310 to 0to 15 (0) IPR13 (11 to 8) 1 High
function timer 0 H00000313 4
I it 2
pulse unt TGIOE 197  H00000314 to 2
H'00000317
TGIOF 198 H'00000318 to 3
H'0000031B
Channel TGHA 199 H'0000031C to 0to 15 (0) IPR13 (7 to 4) 1
1 H'0000031F
TGI1B 200 H'00000320 to 2
H'00000323
TCHV 201 H'00000324 to 0to 15 (0) IPR13 (3 to 0) 1
H'00000327
TCHU 202 H'00000328 to 2
H'0000032B
Channel TGI2A 203  H'0000032C to 01015 (0) IPR14 (15 to 12) 1
2 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
TCI2U 206 H'00000338 to 2
H'0000033B
Channel TGI3A 207 H'0000033C to 0to 15 (0) IPR14 (7 to 4) 1
3 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 (3to 0) — J'
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 4
pulse unit 2
TGI4B 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 (15 to 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 SSIFO 224 H'00000380 to 0to 15 (0) IPR17 (11t0 8) 1 High A
sound H'00000383
interf
interiace SSIRXIO 225  H00000384 to 2
H'00000387
SSITXI0 226 H'00000388 to 3
H'0000038B
Channel 1 SSII1 227 H'0000038C to 0to 15 (0) IPR17 (7to 4) 1
H'0000038F
SSIRTI1 228 H'00000390 to 2
H'00000393
Channel 2 SSII2 229 H'00000394 to 0to 15 (0) IPR17 (83to 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 SSllI4 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 y
interface 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
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'000003C0 to 3
H'000003C3
TXIO 241 H'000003C4 to 4
H'000003C7
TEIO 242 H'000003C8 to 5
H'000003CB
Channel 1 STPI 243 H'000003CC to 0to 15 (0) IPR19 (11t0 8) 1
H'000003CF
NAKI1 244 H'000003DO0 to 2
H'000003D3
RXI1 245 H'000003D4 to 3
H'000003D7
XN 246 H'000003D8 to 4
H'000003DB
TEN 247 H'000003DC to 5
H'000003DF
Channel 2 STPI2 248 H'000003EO0 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 ‘L
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 (3t0 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
ERIO 259 H'0000040C to 2
with FIFO
H'0000040F
RXI0 260 H'00000410 to 3
H'00000413
TXI0O 261 H'00000414 to 4
H'00000417
Channel BRI1 262 H'00000418 to 0to 15 (0) IPR20 (11t08) 1
1 H'0000041B
ERI1 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
RXI12 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
tion interf
cation intertace ERI3 271 H0000043C to 2
with 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 (15t0 12) 1
4 H'0000044B
ERI4 275 H'0000044C to 2
H'0000044F
RXI4 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 (11t08) 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
RXl6 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 (3t0 0) 1 High
communi- H'0000047B A
tion interf
cation intertace ERI7 287  H0000047C to 2
with FIFO
H'0000047F
RXI7 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 I/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
RMOO 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  H000004BO 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
RMO2 303 H'000004BC to 3
H'000004BF
RM12 304 H'000004CO0 to 4
H'000004C3
SLE2 305 H'000004C4 to 5
H'000004C7
Renesas serial Channel 0 SPEI0O 306 H'000004C8 to 0to 15 (0) IPR23 (15t0 12) 1
peripheral H'000004CB
interf
interiace SPRIO 307  H000004CC to 2
H'000004CF
SPTIO 308 H'000004DO0 to 3
H'000004D3
Channel 1 SPEI1 309 H'000004D4to  0to 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'000004EOQ to 0to 15 (0) IPR23 (7 to 4) 1
serial H'000004E3
eripheral
perip SPRIO 313 H'000004E4 to 2
interface
H'000004E7
SPTIO 314 H'000004E8 to 3
H'000004EB
Channel 1 SPEI1 315 H'000004ECto  Oto 15 (0) IPR23 (3 to 0) 1
H'000004EF
SPRI1 316 H'000004F0 to 2
H'000004F3
SPTH 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 (15t0 12) 1
interface
SDHIO0_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
R0O1UH0048EJ0300 Rev. 3.00 Page 203 of 3092

Oct 21, 2016

RENESAS



Section 7 Interrupt Controller

SH7268 Group, SH7269 Group

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 0to 15 (0) IPR26 (15t0 12) 1 High
rate UDFO 342 H'00000558 to H'0000055B 2 4
converter

CEFO 343 H'0000055C to H'0000055F 3

ODFI0 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

IDEI1 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,
IPRO2, 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 I0) in the status register (SR) of the CPU. If the interrupt
request priority level is equal to or less than the level set in bits I3 to 10, the interrupt request is
ignored. If the interrupt request priority level is higher than the level in bits I3 to 10, the
interrupt controller accepts the interrupt and sends an interrupt request signal to the CPU.

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

ser debug interface
interrupt?

Level 15 o
interrupt?

Y
level 14? es

I13to 10 <
level 13?

Read exception
handling vector table

1
| Save SR to stack

1
Copy accept-interrupt
level to I3 to 10

1
| Save PC to stack

i
Branch to interrupt
exception service routine

Yes Level 14 No
interrupt? .
13to 10 <

Level 1 No
interrupt?

Yes

Yes 13tol0=
level 0?7

No

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.

Addres:v ™
4n-8 | PC*! 32 bits <l SP#2
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
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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+ |3leyc [2lcyc+ 2lecyc+ [2lcyc+ 2 leyc + 2 leyc + 2 leyc +
request until interrupt controller identifies [ 2 P1cyc 1 POcyc 3 Picyc+|2Bcyc+ [4Bcyc+ 4 Beyc + 2 Beyc
priority, compares it with mask bits in + 1POcyc |2 Pi1cyc 1 P1cyc 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
request signal to Max. 4leyo+2(m1 +m2) + m3 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
. X Max. — 12lcyc + 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
. L Register Min. — 3lcyc+ mi1+m2 Min. is when
instruction in
. banking with the interrupt
interrupt ) Max. |— 3lcyc + m1 + m2 + 19(m4) e
N register bank wait time is
exception
. . overflow zero.
service routine
. Max. is when
is fetched i
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*® 24 Remarks
Interrupt No register Min. 5 lcyc + 6 Icyc + 5 lcyc + 5 lcyc + 5lcyc + 5lcyc + 5lcyc + 5lcyc + 266-MHz
response banking 2P1icyc+ |m1+m2 |1POcyc+ [3Picyc+ |[2Bcyc+ 4 Beye + 4 Beye + 2Bcyc+ |operation*'*:
time 1 POcyc + m1+m2 1POcyc+ |2P1icyc+ |1Picyc 1 POcyc m1+m2 |0.029to 0.101 ps
m1+m2 m1+m2 m1+m2 +mi1+m2 [ +ml+m2
Max. 6 lcyc + 7lcyc+ |6 lcyc+ 6 lcyc + 6 lcyc + 6 lcyc + 6 lcyc + 6 lcyc + 266-MHz

*142,

2Picyc+ |2(m1+ 1POcyc+ [3Picyc+ [2Bcyc+ 4 Beyc + 4 Beyc + 2 Beyc + operation
1POcyc+ |m2) +m3 [2(m1+m2) 1 POcyc+ [2P1cyc+ |1Plicyc+ 1POcyc+ [2(m1+ 0.044 t0 0.116 pus

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 lcyc + 5 lcyc + 5lcyc + 5lcyc + 5lcyc + 5lcyc + 266-MHz
banking 1POcyc+ [3Picyc+ [2Bcyc+ |4 Bcyc+ 4Bcyc+ |2Bcyc+ |operation*'**:
without m1+m2 1POcyc+ |2P1icyc+ |1Picyc+ 1POcyc+ [m1+m2 [0.041t00.101 us
register bank m1+m2 m1+m2 +ml1+m2 [ +m1+m2
overflow Max.  |— 14lcyc+ |14leyc+ [14lcyc+ |14leyc+  [14lcyc+ |14lcyc+ |266-MHz
1POcyc+ [3Picyc+ [2Bcyc+ 4 Beyc + 4 Beyc + 2 Beyc + operation*‘*z:
m1+m2 1POcyc+ |2P1icyc+ |1Picyc+ 1POcyc+ [m1+m2 [0.075t00.135 us
m1+m2 m1+m2 m1+m2 m1 +m2
Register Min. — 5 lcyc + 5 lcyc + 5lcyc + 5lcyc + 5lcyc + 5lcyc + 266-MHz
banking with 1POcyc+ |[3Picyc+ |2Bcyc+ 4 Beyc + 4 Beyc + 2 Beyc + operation*'**:
register bank m1+m2 1POcyc+ |2P1icyc+ |1Picyc+ 1POcyc+ [m1+m2 [0.041to0.102 us
overflow m1+m2 m1+m2 m1+m2 m1 +m2
Max. — 5 lcyc + 5 lcyc + 5lcyc + 5lcyc + 5lcyc + 5lcyc + 266-MHz

*142,

1POcyc+ [3Picyc+ [2Bcyc+ 4 Beyc + 4 Beyc + 2 Beyc + operation
mi+m2+ |1POcyc+ |2P1icyc+ |1Picyc+ 1POcyc+ |mi1+m2+|0.1121t00.173 us
19(m4) mi+m2+ [m1+m2+ [m1+m2+ [m1+m2+ |19(m4)

19(md) 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.

[ B

m1: Vector address read (longword read)
m2: SR save (longword write)
m3: PC save (longword write)
m4: Banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored from the
stack.
1. Inthe casethatm1 =m2=m3=m4 =1 Icyc.
2. Inthe case that (I¢, B, P1¢, PO¢) = (266.67 MHz, 133.33 MHz, 66.67 MHz, 33.33
MHz).
3. Compare match timer, motor control PWM timer, multi-function timer pulse unit 2,
controller area network, IEBus™ controller, and sound generator.
4. Peripheral modules other than USB 2.0 host/function module, serial communication
interface with FIFO, and peripheral modules 1.
i 3lcyc + m1 + m2 ' '
2 Iecyc + 3 P1cyc + POcyc i 3 lcyc mi1  m2 i m3 i
é o

Instruction (instruction replacing
interrupt exception handling)

First instruction in interrupt exception
service routine

[Legend]

[Flo|le]le[m]m]wm

n
H

m1: Vector address read

m2: Saving of SR (stack)

m3: Saving of PC (stack)

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

D:  Instruction decoding. Fetched instruction is decoded.

E: Instruction execution. Data operation or address calculation is performed in accordance with the result of decoding.
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 lcyc + 3 P1cyc + POcyc

IRQ —|

[Flof[ele[m]|[m]wm

3 lcyc + m1 1leyc + m1 +2(m2) + m3

mi + m2 ' m3 mi1 ' m2

First instruction in interrupt exception
service routine

First instruction in multiple interrupt
exception service routine

H

- m e 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 mi  m2

[Flolele|[m|[m]m]eE]

First instruction in interrupt exception
service routine

-
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 Icyc + 3 P1cyc + POcyc

IRQ _l

9 leyc 3lcyc + m1 + m2

| |
1 1
1 1
rResBANKinstrucon | F [ D] E| E[ e e e[ e e]e]| e o .
| " rmirm2,m3:
! ! LLLLGSLLLGLLE
Instruction (instruction replacing , i , I 1 ,
interrupt exception handling) ' I D I E I E I M I M I M I E I
First instruction in interrupt I ! 1 ]
exception service routine E E ' ' n
! ! H H ! H

[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 Icyc ., m1m2 E m3 E
IRQ —| E A
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

2 lcyc + 17(m4) 1lcyc + m1 + m2 + 2(m4)

, , .
\ \ \
i i i
E :m4:m4: :m1:m2:m3
RESBANK nstrucion | F [ D] E|M|[mM|[m] - [m|[m]m]w]
1 R !
Instruction (instruction replacing: i D i E i E i M i M i M I I
interrupt exception handling) E . ! ! 1 1 .
First instruction in interrupt E E E E E E I
exception service routine ' ! , , H H EEr

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
| Bank 0
General RO RO Bank 1
registers R1 R1
. Interrupt generated . Bank 14
: (save) :
R14 R14
R15
GBR
Control SR
registers GBR MACH
VBR MACL
TBR BESBANK PR
instruction
System MACH (restore) V7O
registers MACL
PR |
PC

Bank control registers (interrupt controller)

Bank control register IBCR
Bank number register

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 0 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
0 Bank 0
(c) Bank 1 RO to R14
: GBR
: MACH
a b
@ e |1 [CwAc
Bank i + 1 PR
: VTO
Bank 14

Figure 7.11 Bank Save Operations
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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 lcyc + 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|elcE

M

M

M

E

Saved to bank

== (1) VTO, PR, GBR, MACL

— (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.

RO1UH0048EJ0300 Rev. 3.00
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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 O + DE1 e interrupt source select 1
+ DE2 e interrupt source select 2 + DES3 e interrupt source select 3 +
DE4 e interrupt source select 4 + DES5 e interrupt source select 5 + DE6
e interrupt source select 6 + DE7 o interrupt source select 7 + DE8 e
interrupt source select 8 + DE9 e interrupt source select 9 + DE10 o
interrupt source select 10 + DE11 e interrupt source select 11 + DE12 e
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.

2. 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.

RO1UHO048EJ0300 Rev. 3.00
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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 O 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.

R0O1UHO0048EJ0300 Rev. 3.00

Oct 21, 2016 RENESAS

Page 225 of 3092



Section 8 User Break Controller

SH7268 Group, SH7269 Group

Figure 8.1 shows a block diagram.

I8

Access Internal bus (I bus) CPU bus (C bus)
control —N —_—
Internal Internal CPU CcPU
DMAbus  CPU bus memory instruction
access bus fetch bus
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 BDR: Break data register
BAR: Break address register BDMR: Break data mask register

BAMR: Break address mask register ~ BRCR: Break control register

Internal
CPU bus

BBR_0

BAR_0

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 110 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_0O R/W H'00000000 H'FFFC0404 32
Break bus cycle register_0 BBR_0 R/W H'0000 H'FFFCO4A0 16
Break data register_0 BDR_0 R/W H'00000000 H'FFFC0408 32
Break data mask register_0 BDMR_0 R/W H'00000000 H'FFFC040C 32
1 Break address register_1 BAR_1 R/W H'00000000 H'FFFC0410 32
Break address mask register_1 BAMR_1 R/W H'00000000 H'FFFC0414 32
Break bus cycle register_1 BBR_1 R/W H'0000 H'FFFC04B0 16
Break data register_1 BDR_1 R/W H'00000000 H'FFFC0418 32
Break data mask register_1 BDMR_1 R/W H'00000000 H'FFFC041C 32
Common  Break control register BRCR RW 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 | BA30 | BA29 | BA28 | BA27 | BA26 | BA25 | BA24 | BA23 | BA22 | BA21 | BA20 | BA19 | BA18 | BA17 | BA16 |

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

Bt: 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[ Ba1s | Bata [ BAt3 | BAt12 | BA11 | BATO | BAO | BAS | BA7 | BAG | BAS | BA4 | BAS | BA2 | BAY | 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 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAM15|BAM14|BAM13|BAM12|BAM11|BAM10| BAM9| BAMS | BAM7| BAM6 | BAM5| BAM4| BAM3| BAM2| BAM1 | BAMOl

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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 BAM31 to AllO R/W  Break Address Mask
BAMO 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=311t0 0
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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.

Bit 31 80 20 28 27 26 25 24 23 22 21 20 19 18 17 16
|BD31 | BD30 | BD29 | BD28 | BD27 | BD26 | BD25 | BD24 | BD23 | BD22 | BD21 | BD20 | BD19 | BD18 | BD17 | BD16|

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

Bt: 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
|BD15| BD14| BD13|BD12| BD11 | BD10| BD9 | BD8 | BD7 | BD6 | BD5 | BD4 | BD3 | BD2 | BD1 | BDO |

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

Initial
Bit Bit Name Value R/W  Description
31to0 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, 23 to 16, 15 to 8, and 7 to 0 in BDR as the break data. Similarly, when the
word size is selected, the same word data must be set in bits 31 to 16 and 15 to 0.
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8.3.4 Break Data Mask Register (BDMR)

BDMR is a 32-bit readable/writable register. BDMR specifies bits masked in the break data bits
specified by BDR.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BDM31 |BDM30|BDM29|BDM28|BDM27|BDM26|BDM25|BDM24|BDM23|BDM22|BDM21 |BDM20|BDM1 9|BDM1 8|BDM17|BDM16|

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

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BDM15|BDM14|BDM13|BDM12|BDM11|BDM10| BDM9| BDM8 | BDM7| BDM6 | BDM5 | BDM4| BDM3 | BDM2 | BDM1 | BDMOl

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 BDM31to All O 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=311t0 0

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, 15t0 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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8.35 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
I - ‘ - ‘UBID‘ DBE‘ - ‘ - ‘ CP[1:0] ‘ CD[1:0] ID[1:0] RWI[1:0] ‘ SZ[1:0]

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

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 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

CD[1:0]

00

R/W

C Bus Cycle/l Bus Cycle Select

Select the C bus cycle or | bus cycle as the bus cycle
of the break condition.

00: Condition comparison is not performed

01: Break condition is the C bus (F bus or M bus) cycle
10: Break condition is the | bus cycle

11: Break condition is the C bus (F bus or M bus) cycle

54

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

BRCR sets the following conditions:

Break Control Register (BRCR)

1. Specifies whether a start of user break interrupt exception processing by instruction fetch cycle
is set before or after instruction execution.

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.

Bit: 31 30 29

27

26

20 19 18 17 16

|uTopi|utopo|  CKs1:0] |

Initial value: 0 0 0 0

uy)
ns)
us)
us)
uy)
us)
I o

0 0 0 0

RW: 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
TP e] - - 1 - 1 - 1 - Jeoaeom] - [ - - -] -]

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
31t020 — AllO R Reserved

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

R0O1UHO0048EJ0300 Rev. 3.00
Oct 21, 2016

Page 235 of 3092

RENESAS



Section 8 User Break Controller

SH7268 Group, SH7269 Group

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 SCMFCO0 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 set to 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 SCMFCH1 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 set to 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 set to 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 set to 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
4100 — 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 I0 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 O 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 PCBI1 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 0 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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8.4.4 Value of Saved Program Counter

When a user break interrupt request is received, the address of the instruction from where
execution is to be resumed is saved to the stack, and the exception handling state is entered. If the
C bus (FAB)/instruction fetch cycle is specified as a break condition, the instruction at which the
break should occur can be uniquely determined. If the C bus/data access cycle or I bus/data access
cycle is specified as a break condition, the instruction at which the break should occur cannot be
uniquely determined.

1. When C bus (FAB)/instruction fetch (before instruction execution) is specified as a break
condition:
The address of the instruction that matched the break condition is saved to the stack. The
instruction that matched the condition is not executed, and the break occurs before it. However
when a delay slot instruction matches the condition, the instruction is executed, and the branch
destination address is saved to the stack.

2. 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.

3. 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

)

Break Condition Specified for C Bus Instruction Fetch Cycle

(Example 1-1)

Register specifications

BAR_0 = H'00000404, BAMR_0 = H'00000000, BBR_0 = H'0054, BAR_1 = H'00008010,
BAMR_1 = H'00000006, BBR_1 = H'0054, BDR_1 = H'00000000, BDMR_1 = H'00000000,
BRCR = H'00000020

<Channel 0>

Address:  H'00000404, Address mask: H'00000000

Bus cycle: C bus/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channel 1>
Address:  H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Bus cycle: C bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction of address H'00000404 is executed or before

instructions of addresses H'00008010 to H'00008016 are executed.

(Example 1-2)

Register specifications

BAR_0=H'00027128, BAMR_0 = H'00000000, BBR_0 = H'005A, BAR_1=H'00031415,
BAMR_1 = H'00000000, BBR_1 = H'0054, BDR_1 = H'00000000, BDMR_1 = H'00000000,
BRCR = H'00000000

<Channel 0>

Address:  H'00027128, Address mask: H'00000000

Bus cycle: C bus/instruction fetch (before instruction execution)/write/word

<Channel 1>

Address: H'00031415, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Bus cycle: C bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

On channel 0, a user break does not occur since instruction fetch is not a write cycle. On

channel 1, a user break does not occur since instruction fetch is performed for an even address.
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(Example 1-3)

)

Register specifications

BAR_0 =H'00008404, BAMR_0 = H'00000FFF, BBR_0 = H'0054, BAR_1=H'00008010,
BAMR_1 = H'00000006, BBR_1 = H'0054, BDR_1 = H'00000000, BDMR_1 = H'00000000,
BRCR = H'00000020

<Channel 0>

Address:  H'00008404, Address mask: H'O0O000OFFF

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'00008FFE 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'000ABCO00 to H'O00ABCFE.
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®3)

Break Condition Specified for | Bus Data Access Cycle

(Example 3-1)

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 0 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
—— ~—

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'I 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 5to 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 CCRt1 R/W  H'00000000 HFFFC1000 32
Cache control register 2 CCR2 R/W  H'00000000 HFFFC1004 32

9.21 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 17 16
- r-r-tr-tr-r-r-r-t-t-;t-;t-[{-7-7-°"]}

Initial value: 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

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

<)
)
<)
)
<)
)
I o
2o
=3
I o
)
o
)
2o
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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 — AllO 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

7104 — AllO 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
CCR?2 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-r-r-fr-r-t-71-7-7-7-7-7T-7- -Jej
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW. R R R R R R R R R R R R R R R RW

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

L1 -1T-T-T-T -Jo&l&l -1 -1 -1 -1 -1- a4
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 — AllO 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

15t0 10 — 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.

7to02 — AllO 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 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 5to 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 5to 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 5to 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.

931 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)
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§ - HC —
H'0.

9.33 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'S8
— H'C - H0.

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.

9.35 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(31to4)

Longword 0O

Longword 1 Longword 2

Longword 3

A (31 to 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 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 Cache update cycle is Updated to new values by cache
generated update cycle
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 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 Cache update cycle is Updated to new values by cache
generated update cycle. Subsequently
updated again to new values in
write cycle CPU issues.
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 HF0800000 to HFOFFFFFF, and the data array onto
addresses H'F1800000 to H'FI1FFFFFF. 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: H'0 —» 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: H'0 - H'4 — H'S - H'C.

94.2 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'10 is 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
| ERRRL LT — = | w | Entryaddress [ o] =] o [o] | ERRRE L I — « [ w | Entryaddress [ o] *[ 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] #rrereeve- «| w | Entryaddress [ A[ =] 0]o] [111100001] #errreres +| W | Entryaddress [ A[ =] o]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 0Tagaddress (28to 1) E|  LRU [ X x x[v] |0 0 ofTagaddress (28to 1) E|  LRU [ X x| u|v]
1.2 Data array access (both read and write accesses) 2.2 Data array access (both read and write accesses)

(a) Address specification (a) Address specification

31 23 22 13 12 11 10 4 3 2 1 0 31 23 22 13 12 11 10 4 3 2 1 0
[111100010] #rrrrrees +| W | Entryaddress | L [o]o|  [111100011] #errreeemee <] w | Entryaddress | L [o]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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9.4.3 Usage Examples
(1) Invalidating Specific Entries

Specific cache entries can be invalidated by writing O to the entry's V bit in the memory mapping
cache access. When the A bit is 1, the tag address specified by the write data is compared to the
tag address within the cache selected by the entry address, and data is written to the bits V and U
specified by the write data when a match is found. If no match is found, there is no operation.
When the V bit of an entry in the address array is set to 0, the entry is written back if the entry's U
bitis 1.

An example when a write data is specified in RO and an address is specified in R1 is shown below.

; RO=H'0110 0010; tag address(28-11)=B'0 0001 0001 0000 0000 0, U=0, V=0
; R1I=H'F080 0088; operand cache address array access, entry=B'000 1000, A=1

MOV.L RO,G@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
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944 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.

R0O1UH0048EJ0300 Rev. 3.00
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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.

Normal space interface

— Supports the interface that can directly connect to the SRAM.
Burst ROM interface (clocked asynchronous)

— High-speed access to the ROM that has the page mode function.
MPX-1/O interface

— Can directly connect to a peripheral LSI that needs an address/data multiplexing.
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.

RO1UHO048EJ0300 Rev. 3.00
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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.

R0O1UH0048EJ0300 Rev. 3.00
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Figure 10.1 shows a block diagram of this module.

o 1%}
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BACK Bus o)
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NAND flash memory controller controller
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NAND flash memory controller
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D31 to DO,
ES, RD/WR,
RD, WES 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 110 Function

A25 to A0 Output Address bus

D31 to DO I/0 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 110 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

I0IS16 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

10.3.1  Address Map

Area Overview

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 CSo Normal space, SRAM with byte selection, Cache-enabled
burst ROM (asynchronous or synchronous)
H'04000000 to H'07FFFFFF CS1 Normal space, SRAM with byte selection
H'08000000 to H'OBFFFFFF Cs2 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 CSso Normal space, SRAM with byte selection, Cache-disabled
burst ROM (asynchronous or synchronous)
H'24000000 to H'27FFFFFF CS1 Normal space, SRAM with byte selection
H'28000000 to H'2BFFFFFF Cs2 Normal space, SRAM with byte selection,
SDRAM
H'2C000000 to H'2FFFFFFF 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/0, PCMCIA
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Internal Address Space Memory to be Connected Cache

H'38000000 to H'3FFFFFFF Other SPI multi I/0 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 O.
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 0, 1, and 2 to 5.

The sample access waveforms shown in this section include the pins such as BS, RD/WR, and
WERn. 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 Al is needed. When 8-bit
bus width is used, setting for pins Al and A0 is also needed.

For details on pin function settings, see section 48, General Purpose I/O Ports.
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Table 10.3 Initial States by Areas in Boot Modes 0, 1, and 2to 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

Pins A20 to A1, D15 to DO, CSO0, and RD are set automatically.
Other pins need to be set by program.

module
1 Data bus width  Fixed to 32 bits. 32 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

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/0O 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.

Page 274 of 3092

RENESAS

RO1UH0048EJ0300 Rev. 3.00
Oct 21, 2016



SH7268 Group, SH7269 Group

Section 10 Bus State Controller

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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Access
Register Name Abbreviation R/W Initial Value  Address Size
SDRAM control register SDCR R/W H'00000000 H'FFFC004C 32
Refresh timer RTCSR R/W H'00000000 H'FFFC0050 32
control/status register
Refresh timer counter RTCNT R/W H'00000000 H'FFFC0054 32
Refresh time constant RTCOR R/W H'00000000 H'FFFC0058 32

register

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 o 0 o 0 0 0 o 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
| - | - | | - |BLOCK| DPRTY[1:0] DMAIW[2:0] | Dhs |- | - | o | dhe,
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
311013 — 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.
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Bit Bit Name

Initial
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)

8106  DMAIW[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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Initial
Bit Bit Name  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 LSI 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

4 — 1 R 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.

Bt 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
[ -] wwea | wawoeog WRWS(20] |  IWRRDI20] |  IWRmsiz0] |

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 11 10 9 8 7 6 5 4 3 2 1 0

| - | TYPE[2:0] |ENDIAN| BSZ[1:0] | : | ; | ; | ; | . | . | ] | ] | ] |
Initial value: 0 0 0 0 0 1% 0* 0 0 0 0 0 0 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 IWWI[2:0] 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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Bit

Initial
Bit Name Value

R/W

Description

27 10 25

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

24 to 22

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
21to 19 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-1/0O
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-I/O, selects bus width by address
Notes: 1. If area 5 is specified as MPX-1/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.

8to0 — AllO R Reserved

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

Note: * B'10in boot mode 0; B'11 in boot modes 1 to 5.
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10.4.3  CSn Space Wait Control Register (CSNWCR) (n=0to 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
Bitt 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 -Twl[ [ T-T-
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R RW RW R R RW RW
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ SWI[1:0] WR[3:0] ‘ WM ‘ - ‘ - ‘ - ‘ - ‘ HWI[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
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 — 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

17,16 —* AllO

R/W

Reserved

Set these bits to 0 when the interfaces for normal
space or for SRAM with byte selection are used.

15t0 13 — AllO

Reserved

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

12,11 SW[1:0] 00

R/W

Nuﬂber of Delay Cycles from Address, CS0 Assertion
to RD, WEnN Assertion

Specify the number of delay cycles from address and
CSO0 assertion to RD and WEnN assertion.

00: 0.5 cycles
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles

10t07  WRI[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

5t02 — All0 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
Bt 81 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
L- - [ - [ -1-T-T-T-[-[]-7]-Tes|]-] wweo
Initialvalue: 0 0 O o0 O 0 O o0 ©O0 ©0 ©0 0 0 0 0 0
RW: R R R R R R R R R R R RW R RW RW RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[T -7 -] sw WR(3:0] fwa | - [ - [ - - | wwg
Iitialvalue: 0 0 0 o0 o0 1 0 1 0 o0 0 o0 0 o0 0 o

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

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

18t0 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

151013 — All O R Reserved

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

12, 11 SWI1:0] 00 R/W Number of Delay Cycles from Address, CSn Assertion
to RD, WEnN 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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Bit Bit Name

Initial
Value

R/W

Description

10to7  WRI[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)

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 HW[1:0]

00

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

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L[ - [ | | L[ -Jes] - [ -] [-]
Initial value: 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R RW R R R R
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L[ -1 | A3 N O A I B
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R R R RW RW RW RW RW R R R R R R
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.

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 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 — 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
10to 7 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 — All O R 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
-1 - 1] |- LT[ - Jes| - [ wweo

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/W R RW RW R/W

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

| - | - | | 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 RW RW RW RW RW RW R R R R RW R/W

R/W: R R R

Bit Bit Name

Initial
Value

R/W

Description

31to21 —

AllO

R

Reserved

These bits are always read as 0. The write value

should always be 0.

20 BAS

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 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 —

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

15013 —

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

5102 — 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
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e CS5WCR
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 [ TowloT [ o
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R RW R/W R RW RW R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ SW[1:0] WRI3:0] ‘ WM ‘ - ‘ - ‘ - ‘ - ‘ HWI[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

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

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 SZSEL 0 R/W MPX-1/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-1/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 Al4 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 0 R/W MPX-I/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

151013 — AllO 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 WEnN
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

RO1UHO048EJ0300 Rev. 3.00
Oct 21, 2016 RENESAS

Page 297 of 3092



Section 10 Bus State Controller SH7268 Group, SH7269 Group

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,
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

T T-T-T-T-T-T-T-T [eva -] owa
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 RW R/W

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

L [-[-1-[-1 Ws N N I B
Initial value: 0 0 0 0 0 1 0 1 0 0 o 0 0 0 0 0
RW: R R R R R RW RW RW RW RW R R R R R R
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 O.

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 BW[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

15to 11 — AllO

Reserved

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

10t07  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

5to0 —

AllO

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

[T T T T [T T T T T Tow [ T [ owo
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 RW R/W
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - ‘ - ‘ - ‘ SW[1:0] WI[3:0] ‘ WM ‘ - ‘ - ‘ - ‘ - ‘ HWI[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0

o
3
=
T
2

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

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 — All O 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

RO1UH0048EJ0300 Rev. 3.00

Page 302 of 3092
o RENESAS Oct 21, 2016



SH7268 Group, SH7269 Group

Section 10 Bus State Controller

Initial
Bit Bit Name Value

R/W

Description

15t013 — AllO

Reserved

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

12,11 SW[1:0] 00

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 WEnN assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

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)

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
5102 — 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
Bitt 3 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 o 0 0 o 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
L1 -[-7-1 | oo | -1 -[-]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW R R R R R R R
Initial
Bit Bit Name Value R/W Description
31to11 — All O 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 — All O 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
SN N N N N N N NN N N A

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
| - |WTRP[1:O]*| - |WTRCD[1:0]* | 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
R/W: R RW R/W R RW R/W R RW R/W R R RW R/W R RW R/W

Note: * If both areas 2 and 3 are specified as SDRAM, WTRP[1:0], WTRCDI[1:0], TRWL[1:0], and WTRC[1:0] bit settings are
used in both areas in common.

Initial
Bit Bit Name Value R/W Description
31to15 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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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 WTRCDI[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 — All 0 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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25 24 23 22 21 20 19 18 17 16

| [ - [ -Toswa [ -] -] -]}

0 0 0 0 0 0
R R R R RW R/W

I o

R R R

9 8 7 6 5 4 3 2 1 0

PCW[3:0] |WM| - | - | TEH[3:0]

(4) PCMCIA
e CS5WCR
Bit: 31 30 29 28
Initial value: 0 0 0 0
R/W: R R R R
Bit: 15 14 13 12
| - | TEDI[3:0]
Initial value: 0 0 0 0

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 R/W

Initial
Bit Bit Name Value Description
31t022 — AllO Reserved
These bits are always read as 0. The write value
should always be 0.
21, 20 SA[1:0] 00 Space Attribute Specification
Select memory card interface or 1/O card interface
when PCMCIA interface is selected.
SAT1:
0: Selects memory card interface for the space for
A25=1.
1: Selects I/O card interface for the space for A25 = 1.
SAOQ:
0: Selects memory card interface for the space for
A25 = 0.
1: Selects I/O card interface for the space for A25 = 0.
19to 15 — AllO Reserved

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

RO1UH0048EJ0300 Rev. 3.00
Oct 21, 2016

RENESAS

Page 309 of 3092



Section 10 Bus State Controller

SH7268 Group, SH7269 Group

Initial
Bit Bit Name  Value R/W Description
14t0 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:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

0.5 cycle
1.5 cycles
2.5 cycles
3.5 cycles
4.5 cycles
5.5 cycles
6.5 cycles
7.5 cycles
8.5 cycles
9.5 cycles
10.5 cycles
11.5 cycles
12.5 cycles
13.5 cycles
14.5 cycles
15.5 cycles
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Bit Bit Name

Initial
Value

R/W

Description

10to7  PCW[3:0]

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

AllO

R

Reserved
These bits are always read as 0. The write value

should always be 0.
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Initial
Bit Bit Name  Value R/W Description
3t00 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 1/0O card in PCMCIA
interface.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

0.5 cycle
1.5 cycles
2.5 cycles
3.5 cycles
4.5 cycles
5.5 cycles
6.5 cycles
7.5 cycles
8.5 cycles
9.5 cycles
10.5 cycles
11.5 cycles
12.5 cycles
13.5 cycles
14.5 cycles
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
CT T T T T T T T T T T T T Tow
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
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LT T T T T  weo  Tw[ [ T [ [ T[]
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 RW RW RW RW RW R R R R R R

Initial
Bit Bit Name  Value R/W Description
31018 — 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

15to 11 — AllO R Reserved

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

5to0 — AllO 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

| - | - | - | - |A2ROW[1:O]| - |A2COL[1:0]

Initial value: 0 0 0 0 0 o 0 0 0 o 0 0 0 0 0
RW: R R R R R R R R R R RW RW R RW RW
Bit: 15 14 13 12 11 9 8 7 6 5 4 3 2 1 0
| - | - | DEEP | - | RFSH |RMODE|PDOWV\4 BACTV| - | - | - | A3ROW[1:0] | - | A3COL[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R RW R RW RW RW RW R R R RW RW 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.
20, 19 A2ROWI[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 R 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 — AllO 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

RO1UH0048EJ0300 Rev. 3.00
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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

A3ROW[1:0] 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'AS5A 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 3 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 o 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
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
31to8 — AllO 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 RRC[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'ASS5A to cancel write protection.

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

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

o

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 s set to 1
and RTCNT is cleared to O.

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'AS5A 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 N
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW.. R R R R R R R R R R R R R R R R

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

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
31to8 — AllO R Reserved
These bits are always read as 0.
7100 AllO 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, WEI
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.

RO1UH0048EJ0300 Rev. 3.00

Oct 21, 2016 RENESAS

Page 323 of 3092



Section 10 Bus State Controller

SH7268 Group, SH7269 Group

Table 10.5 32-Bit External Device Access and Data Alignment in Big Endian

Data Bus Strobe Signals
D31to D23to D15to D7to  WES, WE2, WET1, WEDO,
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at address 0 Data7 — — — Assert — — —
to0
Byte access at address 1 — Data7 — — — Assert — —
to 0
Byte access at address 2 — — Data7 — — — Assert —
to0
Byte access at address 3 — — — Data7 — — — Assert
to0
Word access at address 0 Data15 Data7 — — Assert Assert — —
to 8 to 0
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 D15to D7to WES3, WE2, WET1, WEO,
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at address 0 — — Data7 — — — Assert —
to0
Byte access at address 1 — — — Data7 — — — Assert
to 0
Byte access at address 2 — — Data7 — — — Assert —
to0
Byte access at address 3 — — — Data7 — — — Assert
to 0
Word access at address 0 — — Data 15 Data7 — — Assert  Assert
to 8 to0
Word access at address 2 — — Data15 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 2 to 24 to 0
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Oct 21, 2016 RENESAS

Page 325 of 3092



Section 10 Bus State Controller

SH7268 Group, SH7269 Group

Table 10.7 8-Bit External Device Access and Data Alignment in Big Endian

Data Bus Strobe Signals
D31to D23to D15to D7to WES3, WE2, WET1, WEO,
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at address 0 — — — Data7 — — — Assert
to 0
Byte access at address 1 — — — Data7 — — — Assert
to 0
Byte access at address 2 — — — Data7 — — — Assert
to 0
Byte access at address 3 — — — Data7 — — — Assert
to 0
Word 1st access at — — — Data 15 — — — Assert
access at address 0 to 8
address 0 2nd access at — — — Data7 — — — Assert
address 1 to 0
Word 1st access at — — — Data 15 — — — Assert
access at address 0 to 8
address 2 2nd access at — — — Data7 — — — Assert
address 1 to 0
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 to 0
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Table 10.8 32-Bit External Device Access and Data Alignment in Little Endian

Data Bus Strobe Signals
D31to D23to D15to D7to WES, WE2, WEH1, WEDO,
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 — — Data15 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 10.9 16-Bit External Device Access and Data Alignment in Little Endian

Data Bus Strobe Signals
D31to D23to D15to D7to WES3, WE2, WET1, WEO,
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
to 0
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 — — Data15 Data7 — — Assert  Assert
to 8 to0
Longword 1st access at — — Data15 Data7 — — Assert  Assert
access at address 0 to 8 to 0
address 0 2nd access at — — Data 31 Data23 — — Assert  Assert
address 2 to 24 to 16
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Table 10.10 8-Bit External Device Access and Data Alignment in Little Endian

Data Bus Strobe Signals
D31to D23to D15to D7to WES3, WE2, WET1, WEO,
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at address 0 — — — Data7 — — — Assert
to 0
Byte access at address 1 — — — Data7 — — — Assert
to 0
Byte access at address 2 — — — Data7 — — — Assert
to 0
Byte access at address 3 — — — Data7 — — — Assert
to 0
Word 1st access at — — — Data7 — — — Assert
access at address 0 to0
address 0 2nd access at — — — Data 15 — — — Assert
address 1 to 8
Word 1st access at — — — Data7 — — — Assert
access at address 0 to0
address 2 2nd access at — — — Data 15 — — — Assert
address 1 to 8
Longword 1st access at — — — Data7 — — — Assert
access at address 0 to0
address 0 2nd access at — — — Data 15 — — — Assert
address 1 to 8
3rd access at — — — Data 23 — — — Assert
address 2 to 16
4th access at — — — Data 31 — — — Assert
address 3 to 24
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10.5.2  Normal Space Interface
(1) Basic Timing

For access to a normal space, this LSI uses strobe signal output in consideration of the fact that
mainly static RAM will be directly connected. When using SRAM with a byte-selection pin, see
section 10.5.8, SRAM Interface with Byte Selection. Figure 10.2 shows the basic timings of
normal space access. A no-wait normal access is completed in two cycles. The BS signal is
asserted for one cycle to indicate the start of a bus cycle.

A25 to A0 X

Read RD i
N

! 1

! 1

P

__ 1 :

RD/WR ' \

1

1 1

1 L

1 1

Write WEn b /
1 1 1

|

Note: * The waveform for DACKn is when active low is specified.

Figure 10.2 Normal Space Basic Access Timing (Access Wait 0)

There is no access size specification when reading. The correct access start address is output in the
least significant bit of the address, but since there is no access size specification, 32 bits are always
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read in case of a 32-bit device. 16 bits are always read in case of a 16-bit device. When writing,
only the WEn signal for the byte to be written is asserted.

It is necessary to output the data that has been read using RD when a buffer is established in the
data bus. The RD/WR signal is in a read state (high output) when no access has been carried out.
Therefore, care must be taken when controlling the external data buffer with this signal, to avoid
output collision.

Figures 10.3 and 10.4 show the basic timings in continuous access to normal space. If the WM bit
in CSnWCR is cleared to 0, a Tnop cycle is inserted after the CSn space access to evaluate the
external wait (figure 10.3). If the WM bit in CSnWCR is set to 1, external waits are ignored and
no Tnop cycle is inserted (figure 10.4).

CKIO

A25 to A0

' P
' '
' ' ' ! !
! '
1 ! 1 1 1
' ' ' T ' ' ' N '
' '
__ T ' T ' T
WEn ! ' ' ' ' ' ' ' ' ' '
' | ' ' ' ' ' ' ' H '
' H ' ' ' ' '
Write ' ' ! ' ' ' ! | ! | !
'
4
1
| | |

' ! ' ! i ! ' ! ' .
Note: * The waveform for DACKn is when active low is specified.

Figure 10.3 Continuous Access to Normal Space (1)
Bus Width = 16 Bits, Longword Access, CSN\WCR.WM Bit =0
(Access Wait = 0, Cycle Wait = 0)
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T T2 0 T T2
T ~r-  r T r- T T

CKIO

d U
1
1
1 1
1 1
A25 to A0 i i
1

X
/_
(2 @
I

DACKn* _\ I
wAT /I/II//I///I///II//I///I///II//I/

Note: * The waveform for DACKn is when active low is specified.

Figure 10.4 Continuous Access to Normal Space (2)
Bus Width = 16 Bits, Longword Access, CSN\WCR.WM Bit =1
(Access Wait = 0, Cycle Wait = 0)
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This LSI

A18

D24
WE3
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D16
WE2
D15
D8
WET
D7

128K x 8-bit
SRAM

A16

A0

cs

OE
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WE
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1/00

WE

A16

A0
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Figure 10.5 Example of 32-Bit Data-Width SRAM Connection

RO1UH0048EJ0300 Rev. 3.00

Oct 21, 2016

RENESAS

Page 333 of 3092




Section 10 Bus State Controller SH7268 Group, SH7269 Group

128K x 8-bit
This LSI SRAM
A17 A16
Al Ao
Csn cs
RD OE
D15 1107
_D8 1/00
WE1 WE
D7
DO A16
WEO
Ao
cs
OE
1107
1/00
WE

Figure 10.6 Example of 16-Bit Data-Width SRAM Connection

128K x 8-bit
This LSI SRAM
A16 A16
A0 A0
CSn cs
RD OE
D7 1107
DO 1/00
WEO WE

Figure 10.7 Example of 8-Bit Data-Width SRAM Connection
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10.5.3  Access Wait Control

Wait cycle insertion on a normal space access can be controlled by the settings of bits WR3 to
WRO in CSnWCR. It is possible for areas 1, 4, and 5 to insert wait cycles independently in read
access and in write access. Areas 0, 2, and 3 have common access wait for read cycle and write
cycle. The specified number of Tw cycles are inserted as wait cycles in a normal space access
shown in figure 10.8.

T T

owo /N S

s\ Y
DACKn* _r\

Note: * The waveform for DACKn is when active IoW is specified.

) w
peson YTy
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ROWR X:
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Read : | : i | . |
D3ttoDO____ & 1 | /\::>_

Write E E E E
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]

Figure 10.8 Wait Timing for Normal Space Access (Software Wait Only)
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When the WM bit in CSnWCR s cleared to O, the external wait input WAIT signal is also
sampled. WAIT pin sampling is shown in figure 10.9. A 2-cycle wait is specified as a software
wait. The WAIT signal is sampled on the falling edge of CKIO at the transition from the T1 or Tw
cycle to the T2 cycle.

Wait states inserted

by WAIT signal

L le R le R T\fvx . T.2 N

CKIO _j ! ! | / :
A25t0 A0 ! I —— I I X:
w1
owR Yy

Hd{ TN L L
. D31 to DO D_
wf ETA
R D &
wAT TTTTUTTIOTURNU & 6/F ATTATTR

BS O\ T

e N S N U U N N N/

Note: * The waveform for DACKn is when active low is specified.

Figure 10.9 Wait Cycle Timing for Normal Space Access
(Wait Cycle Insertion Using WAIT Signal)
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10.5.4  CSn Assert Period Expansion

The number of cycles from CSn assertion to RD, WEn assertion can be specified by setting bits
SW1 and SWO0 in CSnWCR. The number of cycles from RD, WEn negation to CSn negation can
be specified by setting bits HW1 and HWO. Therefore, a flexible interface to an external device
can be obtained. Figure 10.10 shows an example. A Th cycle and a Tf cycle are added before and
after an ordinary cycle, respectively. In these cycles, RD and WEn are not asserted, while other
signals are asserted. The data output is prolonged to the Tf cycle, and this prolongation is useful
for devices with slow writing operations.

. Th . T . T2 . Tf .

oo N S S S
A25 to AO :X

—
=N
I -

RDWR | X

RD | i | I i
Read i i i i E
D31to DO __. . . < > . .

WEn H | | ' '
Write { E ' E ' | : |
D31 to DO —.-( V—

Note: * The waveform for DACKn is when active low is specified.

Figure 10.10 CSn Assert Period Expansion
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10.5.5 MPX-1/O Interface

Access timing for the MPX space is shown below. In the MPX space, CS5, AH, RD, and WEn
signals control the accessing. The basic access for the MPX space consists of 2 cycles of address
output followed by an access to a normal space. The bus width for the address output cycle or the
data input/output cycle is fixed to 8 bits or 16 bits. Alternatively, it can be 8 bits or 16 bits
depending on the address to be accessed.

Output of the addresses D15 to DO or D7 to DO is performed from cycle Ta2 to cycle Ta3.
Because cycle Tal has a high-impedance state, collisions of addresses and data can be avoided
without inserting idle cycles, even in continuous access cycles. Address output is increased to 3
cycles by setting the MPXW bit in CSSWCR to 1.

The RD/WR signal is output at the same time as the CS5 signal; it is high in the read cycle and
low in the write cycle.

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.
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Data

Address

D15/D7 to DO
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Note: * The waveform for DACKn is when active low is specified.

Figure 10.11 (1) Access Timing for MPX Space
(Address Cycle No Wait, Data Cycle No Wait)
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Note: * The waveform for DACKn is when active low is specified.

Figure 10.11 (2) Access Timing for MPX Space (Address Cycle No Wait,
Assert Extension Cycle 1.5, Data Cycle No Wait, Negate Extension Cycle 1.5)
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Tadw Ta2 Ta3 T T2
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D15/D7 to DO
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Note: * The waveform for DACKn is when active low is specified.

Figure 10.12 Access Timing for MPX Space (Address Cycle Wait 1, Data Cycle No Wait)
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Note: * The waveform for DACKn is when active low is specified.

Figure 10.13 Access Timing for MPX Space
(Address Cycle Access Wait 1, Data Cycle Wait 1, External Wait 1)
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10.5.6 SDRAM Interface
(1) SDRAM Direct Connection

The SDRAM that can be connected to this LSI is a product that has 11/12/13 bits of row address,
8/9/10 bits of column address, 4 or less banks, and uses the A10 pin for setting precharge mode in
read and write command cycles.

The control signals for di