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Send any inquiries to http://www.renesas.com/inquiry.
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Notice

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

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.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou 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.

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

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

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

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

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

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy 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 system
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.

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.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




ENESANS

The revision list can be viewed directly by clicking the title page.
The revision list summarizes the locations of revisions and
additions. Details should always be checked by referring to the
relevant text.

-
»
@
ﬁ\
»
<
)
-
-
)

SH-2E SH7059 F-ZTAT™,
SH7058S5 F-ZTAT™

Hardware Manual
Renesas 32-Bit RISC Microcomputer
SuperH™ RISC engine Family/SH7000 Series

W
N

Renesas Electronics
WWW renesas.com Rev.5.00 2010.02


Revision list
The revision list can be viewed directly by clicking the title page. The revision list summarizes the locations of revisions and additions. Details should always be checked by referring to the relevant text.


Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

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

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

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

1. Handling of Unused Pins

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

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

2. Processing at Power-on

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

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

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

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

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

4. Clock Signals

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

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

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

5. Differences between Products

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

not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers may differ because of the
differences in internal memory capacity and layout pattern. When changing to products of different type
numbers, implement a system-evaluation test for each of the products.
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Preface

The SH7059/SH7058S is a single-chip RISC (reduced instruction set computer) microcomputer that has the 32-bit internal
architecture CPU, SH-2E, as its core, and also includes peripheral functions necessary for system configuration.

This LSI is equipped with on-chip peripheral functions necessary for system configuration, including a floating-point unit
(FPU), large-capacity ROM and RAM, a direct memory access controller (DMAC), timers, a serial communication
interface (SCI), controller area network (HCAN), A/D converter, and I/O ports, therefore, it can be used as a
microprocessor built in a high-level control system.

This LSI is an F-ZTAT* (Flexible Zero Turn-Around Time) version with flash memory as its on-chip ROM, and it can
rapidly and flexibly deal with each situation on an application system with fluid specifications from an early stage of mass
production to full-scale production.

Note: * F-ZTAT is a trademark of Renesas Technology, Corp.
Target users: This manual was written for users who will be using the SH7059 F-ZTAT and SH7058S F-ZTAT in the
design of application systems. Users of this manual are expected to understand the fundamentals of
electrical curcuits, logical circuits, and microcomputers.

Objective: ~ This manual was written to explain the hardware functions and electrical characteristics of the SH7059
F-ZTAT and SH7058S F-ZTAT to the above users.
Refer to the SH-2E 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-2E Software Manual.
Rule: Bit order: The MSB (most significant bit) is on the left and the LSB (least significant bit) is on the
right.
Releated Manuals: The latest versions of all related manuals are available from our web site. Please ensure you have
the latest versions of all documents you require.
http://www.renesas.com/

SH7059 F-ZTAT and SH7058S F-ZTAT Manuals:

Document Title Document No.
SH-2E SH7059 F-ZTAT™, SH7058S F-ZTAT™ Hardware Manual This manual
SH-2E Software Manual REJ09B0316-0200
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User's Manuals for Development Tools:

Document Title

Document No.

SuperH™ RISC engine C/C++ Compiler, Assembler, Optimizing Linkage
Editor User's Manual

REJ10B0047-0100H

SuperH™ RISC engine Simulator/Debugger User's Manual

REJ10B0210-0400

SuperH™ RISC engine Simulator/Debugger (for SPARC solaris, HP9000
Series 700) User's Manual

ADE-702-203

High-performance Embedded Workshop V.4.03 User's Manual

REJ10J1586-0100

High-performance Embedded Workshop V.4.04 User's Manual

REJ10J1737-0100

Application note:

Document Title

Document No.

C/C++ Compiler

REJ05B0463-0400

All trademarks and registered trademarks are the property of their respective owners.
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Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

All

All
Synchronous serial communication unit (SSU) added

1.1 Features
Table 1.1 SH7058 Features
3,4

Clock pulse generator (CPG/PLL)

e On-chip clock-multiplication PLL circuit (x 4, x 8)
Interrupt controller (INTC)

e 117 internal interrupt sources

(ATU-II x 75, SCI x 20, DMAC x 4, A/D x 5, WDT x 1, UBC
x 1, CMT x 2, HCAN-II x 8, H-UDI x 1)

Direct memory access controller (DMAC) (4 channels)

o DMA transfer requests by on-chip modules
— SCI, A/D converter, ATU-1I, HCAN-II

Advanced user debugger (AUD)
¢ RAM monitor mode
— Data input/output frequency: 10 MHz or less

1.1 Features
Table 1.1 SH7059 Features
CPG/PLL, INTC, DMAC, and AUD amended

Clock pulse generator (CPG/PLL)

e On-chip clock-multiplication PLL circuit (
Interrupt controller (INTC)

e 123 internal interrupt sources

(ATU-II x 75, SCI x 20, DMAC x 4, A/D x 5, WDT x 1, UBC
x 1, CMT x 2, HCAN-II x 8, H-UDI x 1, SSU x 6)

Direct memory access controller (DMAC) (4 channels)

x 8)

o DMA transfer requests by on-chip modules
— SCI, A/D converter, ATU-Il, HCAN-II, SSU

Synchronous serial communication unit (SSU) (2 channels)
e Support for master mode

e Synchronous serial communications with devices
having a different clock phase or polarity

e Choice of 8/16/32-bit width of transmit/receive data
e Full-duplex communication capability

e Continuous serial communications

e Choice of LSB-first or MSB-first transfer

¢ Choice of clock source from among seven internal
clocks

o Five interrupt sources

Advanced user debugger (AUD)
e RAM monitor mode

— Data input/output frequency: 1/8 or less of the
internal operating frequency (¢)
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Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

1.1 Features

Table 1.1 SH7058 Features
6,7

ROM

e 1-MB flash memory

e 1-MB divided into 16 blocks
Small blocks: 4 kB x 8

Medium block: 96 kB x 1
Large blocks: 128 kB x 7

¢ 1-MB flash memory

1-MB divided into 16 blocks 1-MB divided into 16 blocks

— Small blocks: 4 kB x 8
— Medium block: 96 kB x 1
— Large blocks: 128 kB x 7

¢ RAM emulation function (using 4 kB small block)

RAM
e 48 kB SRAM

1.1 Features

Table 1.1 SH7059 Features
ROM, and RAM amended
ROM

¢ 1MB Flash memory (SH7058S), 1.5MB Flash memory

(SH7059)
¢ Flash memory: Divided into 16 blocks
SH7058S
— 4KB x 8 blocks
— 96KB x 1 block
— 128KB x 7 blocks
SH7059
4KB x 8 blocks
96KB x 1 block
128KB x 3 blocks
256KB x 4 blocks

¢ RAM emulation function (using 4 KB = block)

RAM

o 48KB (SH7058S), 80KB (SH7059) SRAM

1.2 Block Diagram
Figure 1.1 Block Diagram
7

Port/control signals
PF15/BREQ
PF14/BACK

ROM (Flash)

1MB

RAM 48 kB

SCI (5 channels)

HCAN:-II (2 channels)

1.2 Block Diagram
Figure 1.1 Block Diagram
Figure amended
Port/control signals
PF15/BREQ/SCS0
PF14/BACK/SCS1

ROM (Flash)
1.5MB (SH7059)
1.0MB (SH7058S)

RAM
80KB (SH7059)
48KB (SH7058S)

SCI (5 channels)
SSU (2 channels)
HCAN:-II (2 channels)
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Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

1.2 Block Diagram
Figure 1.1 Block Diagram
7

Port

PL7/SCK2

PL12/IRQ4
PL13/IRQOUT

PA14/TxD0O
PA15/RxD0
PB13/SCKO
PB15/PULS5/SCK2
PC2/TxD2
PC3/RxD2

XTAL — Clock pulse generator

Peripheral address bus (9 bits)

1.2 Block Diagram

Figure 1.1 Block Diagram

Figure amended
Port
SSCK1/PL7/SCK2
SCS0/PL12/IRQ4

SCS1/PL13/IRQOUT

PA14/TxD0/SSO0
PA15/RxD0/SSI0
PB13/SCK0/SSCKO

PB15/PULS5/SCK2/SSCK1

PC2/TxD2/SSO1
PC3/RxD2/SSI1

XTAL <> Clock pulse generator

Peripheral address bus (19 bits)

1.3.1 Pin Arrangement
Figure 1.2 Pin Arrangement (FP-256H)
8

45 PF14/BACK

46 PF15/BREQ

143 PA14/TxD0O

144 PA15/RxD0

160 PB13/SCKO

164 PB15/PULS5/SCK2
167 PC2/TxD2

168 PC3/RxD2

223 PL7/SCK2

230 PL12/IRQ4

231 PL13/IRQOUT

1.3.1 Pin Arrangement

Figure 1.2 Pin Arrangement

Pin name added

45 SCS0/PF14/BACK

46 SCS1/PF15/BREQ
143 PA14/TxD0/SSO0

144 PA15/RxD0/SS
160 PB13/SCKO0/SS

10
CKO

164 PB15/PULS5/SCK2/SSCK1
167 PC2/TxD2/SSO1

168 PC3/RxD2/SSI

223 SSCK1/PL7/SCK2

230 SCS0/PL12/IRQ4

231 SCS1/PL13/IRQOUT

Figure 1.3 Pin Assignments
9

C13 PF15/BREQ

D12 PF14/BACK

K1 PL13/IRQOUT

K2 PL12/IRQ4

M3 PL7/SCK2

U10 PC3/RxD2

U12 PB15/PULS5/SCK2
W10 PC2/TxD2

Y12 PB13/SCKO

Figure 1.3 Pin Arran
Pin name added

gement (BP-272)

C13 PF15/BREQ/SCST1

D12 PF14/BACK/SCS0

K1 PL13/IRQOUT/SCS1

K2 PL12/IRQ4/SCS0

M3 PL7/SCK2/SSCK1

U10 PC3/RxD2/SSI

U12 PB15/PULS5/SCK2/SSCK1
W10 PC2/TxD2/SSO1

Y12 PB13/SCK0/SSCKO

RENESAS
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Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

1.3.2 Pin Functions
Table 1.2 Pin Functions

11

Pin No.
Type Symbol FP-256H BP-272 110
Clock  XTAL ¢ 53 A5 Input

1.3.2 Pin Functions
Table 1.2 Pin Functions
Table amended

Pin No.
Type Symbol FP-256H BP-272 /0
Clock XTAL 53 A15 Input/

Synchronous Serial Communication Unit (SSU) added
SS00, SSOf1, SSIo, SSI1, SSCKO0, SSCK1, SCS0, SCS1

1.3.3 Pin Assignments
Table 1.3 Pin Assignments

1.3.3 Pin Assignments
Table 1.3 Pin Assignments

20, 23, 24, 26 Table amended
Pin No. Pin No.
FP-256H BP-272  MCU Mode Programmer Mode FP-256H Bp-272 MCU Mode Programmer Mode
33 co PF4/A20 A20
33 c9 PF4/A20 NC 34 c10 PF5/A21/POD A21
34 c10 PF5/A21/POD NC 45 D12 PF14/BACK/SCSO NC
45 D12 PF14/BACK NG 6 c13 PF15/BREQ/SCST Vee
— 14 % PA14/TXDO/SSO NC
6 c13 PF15/BREQ Vee o i 14TO0SS00
144 Y16 PA15/RXDO/SSIO NC
143 Y17 PA14/TxD0 NC 160 iz PB13/SCKO/SSCKO NC
144 Y16 PA15/RxD0 NC 164 U2 PB15/PULS5/SCK2/SSCK1 NC
160 vio PB13/SCKO NG 167 wio PC2/TxD2/SS0T NC
168 U0 PC3/RxD2/SSH NC
164 u12 PB15/PULS5/SCK2 NC 553 M3 PL/SCKSSORT NG
167 W10 PC2/TxD2 NC 230 K2 PL12/RQ4/SCS0 OF
168 Uu10 PC3/RxD2 NC 231 K1 PL13/RQOUT/SCST NC
223 M3 PL7/SCK2 NC
230 K2 PL12/IRQ4 OE
231 K1 PL13/RQOUT NC

2.3.1 RISC-type Instruction Set
One Instruction per Cycle:
35

The microprocessor can execute basic instructions in one
cycle using the pipeline system. Instructions are executed

in 25 ns at 40 MHz.

2.3.1 RISC-type Instruction Set
One Instruction per Cycle
Description amended

The microprocessor can execute basic instructions in one
cycle using the pipeline system. Instructions are executed
in 12.5 ns at 80 MHz.
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Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

2.5.1 State Transitions
Figure 2.8 Transitions between Processing States
59

From any state
when RES =0
and HSTBY =1

When an interrupt source
or DMA address error occurs

Exception processing state

Bus request
cleared

NMI interrupt
source occurs

Bus request
generated

; Exception Exception
Bus release state _ - processing processing
. source occurs ends

Bus request
cleared

Bus request
generated

Bus request
cleared

Bus request
generated

Program execution state

SBY bit
cleared
for SLEEP
instruction

Sleep mode Software standby mode
: Hardware standby mode ;

Powerdownstate |
From any state when
RES =0 and HSTBY =0

SBY bit set
for SLEEP
instruction

Note: An internal reset due to the WDT causes a transition from the program execution state
or sleep mode to the exception processing state.

2.5.1 State Transitions
Figure 2.8 Transitions between Processing States

Figure amended

From any state
when RES =0
and HSTBY =1

When an interrupt source
or DMA address error occurs

Exception processing state

Bus request
cleared

Bus release state "’

Bus request
generated

Bus request
generated

Exception Exception
processing processing
source occurs ends

Bus request
cleared

Bus request
cleared

Bus request

generated Program execution state

SBY bit
cleared
for SLEEP
instruction

Sleep mode Software standby mode
: Hardware standby mode ;

Powerdownstate |
From any state when
RES =0 and HSTBY =0

SBY bit set
for SLEEP
instruction

Note: An internal reset due to the WDT causes a transition from the program execution state
or sleep mode to the exception processing state.

5.1 Overview
73

The internal clock signal (¢), with frequency either four or
eight times the frequency of the clock signal input from the
EXTAL pin, is mainly supplied to the bus master modules.

5.1 Overview
Description amended

The internal clock signal (¢), with frequency  eight times
the frequency of the clock signal input from the EXTAL pin,
is mainly supplied to the bus master modules.

5.1.1 Block Diagram
Figure 5.1 Block Diagram of Clock Pulse Generator

73

XTAL — Oscillator circuit
PLL multiplier circuit — Internal clock (¢)
X4o0rX8

5.1.1 Block Diagram
Figure 5.1 Block Diagram of Clock Pulse Generator
Figure amended
SYSCRH1, Oscillation stop detection circuit, and On-chip
oscillator circuit deleted
XTAL <« Oscillator circuit
PLL multiplier circuit — Internal clock (¢)
X8

5.1.2 Pin Configuration
Table 5.1 CPG Pins

74
Pin Name Abbreviation /0

5.1.2 Pin Configuration

Table 5.1 CPG Pins

Table amended

Pin Name Abbreviation /0
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5.1.3 Related Register
Table 5.2 CPG Register
74

5.1.3 Related Register
Table 5.2 CPG Register
Deleted

5.2.1 Frequency Ranges
Table 5.3 Input Frequency and Operating Frequency
75

The internal clock signal (¢), with frequency either four or
eight times the frequency of the clock signal input from the
EXTAL pin, is mainly supplied to the bus master modules
such as CPU, FPU, and DMAC.

Figure 5.2 Frequencies and Phases of Clock Signals

5.2.1 Frequency Ranges
Table 5.2 Input Frequency and Operating Frequency
Table amended

Description of x 4 version (PLL Multiplication Factor)
deleted

Description amended

The internal clock signal (¢), with frequency  eight times
the frequency of the clock signal input from the EXTAL pin,
is mainly supplied to the bus master modules such as
CPU, FPU, and DMAC.

Figure 5.2 Frequencies and Phases of Clock Signals
Figure amended
Description of internal clock (¢) = input clock x 4 deleted

5.2.2 Clock Selection
75,76

5.2.2 Clock Selection
Deleted

5.2.3 Notes on Register Access
Figure 5.3 Writing to SYSCR2

5.2.3 Notes on Register Access
Figure 5.3 Writing to SYSCR2

76,77 Deleted
5.4 Oscillation Stop Detection Function Deleted
79 - 81

6.1.1Types of Exception Processing and Priority

Table 6.1 Types of Exception Processing and Priority
Order

85

Exception Source

Interrupt  On-chip peripheral modules: ® Serial communication interface (SCI)
o Controller area network 0 (HCANO)

6.1.1Types of Exception Processing and Priority

Table 6.1 Types of Exception Processing and Priority
Order

On-chip peripheral modules: Synchronous serial
communication unit (SSU) added

Exception Source
Interrupt On-chip peripheral modules: © Serial communication interface (SCI)
® Synchronous serial communication unit (SSU)

e Controller area network 0 (HCANO)

6.2.2 Power-On Reset
90

Power-On Reset by Means of RES Pin: When the RES pin
is driven low, the chip enters the power-on reset state. To
reliably reset the chip, the RES pin should be kept at the
low level for at least the duration of the oscillation settling
time at power-on or when in standby mode (when the clock
is halted), or at least 20 t,, when the clock is running. In the
power-on reset state, the CPU's internal state and all the
on-chip peripheral module registers are initialized.

6.2.2 Power-On Reset
Description amended

Power-On Reset by Means of RES Pin: When the RES pin
is driven low, the chip enters the power-on reset state. To
reliably reset the chip, the RES pin should be kept at the
low level for at least the duration of the oscillation settling
time at power-on or when in standby mode (when the clock
is halted), or at least 10 t,, when the clock is running. In the
power-on reset state, the CPU’s internal state and all the
on-chip peripheral module registers are initialized.

6.4.1 Interrupt Sources
Table 6.7 Interrupt Sources
93

6.4.1 Interrupt Sources
Table 6.7 Interrupt Sources
Synchronous serial communication unit (SSU) added

Type Request Source Number of Sources

On-chip peripheral module Synchronous communication unit (SSU) 6
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6.8.2 Value of Vector Base Register (VBR)
99

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 processing.

6.8.2 Value of Vector Base Register (VBR)
Description amended

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 vector table is accessed during exception processing.

7.1.2 Block Diagram
Figure 7.1 INTC Block Diagram
102

7.1.2 Block Diagram
Figure 7.1 INTC Block Diagram

SSU interrupt request added to CPU/DMAC request
judgment

7.2.5 On-Chip Peripheral Module Interrupts
105

7.2.5 On-Chip Peripheral Module Interrupts
Synchronous communication unit (SSU) added

7.2.6 Interrupt Exception Vectors and Priority Rankings
Table 7.3 Interrupt Exception Processing Vectors and
Priorities

113, 114

Interrupt Source

Interrupt Source

7.2.6 Interrupt Exception Vectors and Priority Rankings

Table 7.3 Interrupt Exception Processing Vectors and
Priorities

Interrupt Source: SSU added
Interrupt Source

SClo/
SSU0*

ERIO/
SSERIO

RXI10/
SSRXI0

TXI0/
SSTSI0

SSERI1

RXI12/
SSRXI1

TXI2/
SSTSI

7.3.1 Interrupt Priority Registers A—L (IPRA-IPRL)
Table 7.4 Interrupt Request Sources and IPRA-IPRL
116

Bits
Register 15-12 7-4
Interrupt priority register K SCI0 SCI2

7.3.1 Interrupt Priority Registers A—L (IPRA-IPRL)
Table 7.4 Interrupt Request Sources and IPRA-IPRL
Table amended

Bits
Register 15-12 7-4
Interrupt priority register K SCI0/SSU0* SCI2/SSU1*

7.3.1 Interrupt Priority Registers A-L (IPRA-IPRL)
116

If multiple on-chip peripheral modules are assigned to the
same bit (DMACO and DMAC1, DMAC2 and DMACS3,
CMTO, A/DO, and MTADO, and CMT1, A/D1, and MTAD1),
those multiple modules are set to the same priority rank.
IPRA-IPRL are initialized to H'0000 by a reset and in
hardware standby mode. They are not initialized in
software standby mode.

7.3.1 Interrupt Priority Registers A-L (IPRA-IPRL)
Description amended

If multiple on-chip peripheral modules are assigned to the
same bit (DMACO and DMAC1, DMAC2 and DMACS3,
CMTO, A/DO, and MTADO, CMT1, A/D1, and MTAD1, SCIO
and SSUO0*, and SCI2 and SSU1*), those multiple modules
are set to the same priority rank.

IPRA-IPRL are initialized to H'0000 by a reset, in hardware
standby mode and in software standby mode.

7.3.3 IRQ Status Register (ISR)
118

A reset and hardware standby mode initialize ISR but
software standby mode does not.

7.3.3 IRQ Status Register (ISR)
Description amended

A reset, hardware standby mode and software standby
mode initialize ISR
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7.5 Interrupt Response Time

Table 7.5 Interrupt Response Time (Multiplication Ratio of
8)

122
Number of States
Peripheral
ltem Module NMI IRQ Notes
Synchronizing input signal 0 or 6 1to4 6t09 For the number of states
(synchronized with peripheral [0 or 3] [1or2] [3to 5] required for each interrupt,

clock P¢) with internal clock
and DMAC activation
judgment

see the note (*) below.
The values enclosed in [ ]
are values for when the
multiplication ratio is 4.

7.5 Interrupt Response Time
Table 7.5 Interrupt Response Time

Table amended

Number of States
Item Peripheral Module NMI IRQ

Synchronizing input signal 0 or 6 1t04 6t09
(synchronized with

peripheral clock P ) with

internal clock and DMAC

activation judgment

Notes

For the number of states
required for each interrupt,
see the note below.

8.2.1 User Break Address Register (UBAR)
128

UBARH and UBARL are initialized to H'0000 by a power-on
reset and in module standby mode. They are not initialized
in software standby mode.

8.2.1 User Break Address Register (UBAR)
Description amended

UBARH and UBARL are initialized to H'0000 by a power-on
reset, in module standby mode, and in software standby
mode.

8.2.2 User Break Address Mask Register (UBAMR)
129

UBAMRH and UBAMRL are initialized to H'0000 by a
power-on reset and in module standby mode. They are not
initialized in software standby mode.

8.2.2 User Break Address Mask Register (UBAMR)
Description amended

UBAMRH and UBAMRL are initialized to H'0000 by a
power-on reset, in module standby mode, and in software
standby mode.

8.2.3 User Break Bus Cycle Register (UBBR)
130

UBBR is initialized to H'0000 by a power on reset and in
module standby mode. It is not initialized in software
standby mode.

8.2.3 User Break Bus Cycle Register (UBBR)
Description amended

UBBR is initialized to H'0000 by a power on reset, in
module standby mode, and in software standby mode.

8.2.4 User Break Control Register (UBCR)
132
UBCR is initialized to H'0000 by a power-on reset and in

module standby mode. It is not initialized in software
standby mode.

Bits 2 and 1—Clock Select 1 and 0 (CKS1, CKSO0)

e Bits 2 and 1—Clock Select 1 and 0 (CKS1, CKS0): These bits specify the pulse width of the
UBCTRG signal output in the event of a condition match.
Bit 2: CKS1

Bit 1: CKS0 Description

When the internal clock is four times an input clock, UBCTRG
pulse width is ¢/2

When the internal clock is eight times an input clock, UBCTRG
pulse width is ¢/4 (Initial value)

Notes: ¢: Internal clock

See section 8.5.7, Internal Clock (¢) Multiplication Ratio
and UBCTRG Pulse Width.

8.2.4 User Break Control Register (UBCR)
Description amended

UBCR is initialized to H'0000 by a power-on reset, in
module standby mode, and in software standby mode.

Bits 2 and 1—Clock Select 1 and 0 (CKS1, CKSO0)

Bit 2: CKS1 Bit 1: CKS0 Description

0 0 UBCTRG pulse width is /4 (Initial value)

Notes: ¢: Internal clock

8.5.7 Internal Clock (¢) Multiplication Ratio and UBCTRG
Pulse Width

140

8.5.7 Internal Clock (¢) Multiplication Ratio and UBCTRG
Pulse Width

Deleted

9.1.2 Block Diagram
Figure 9.1 BSC Block Diagram
142

9.1.2 Block Diagram
Figure 9.1 BSC Block Diagram
Bus arbitration control unit added

Bus
arbitration
control unit

BREQ ———»

BACK «—
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9.1.4 Register configuration
143

All registers are 16 bits. All BSC registers are all initialized
by a power-on reset and in hardware standby mode.
Values are retained in a manual reset and in software
standby mode.

9.1.4 Register configuration
Description amended

All registers are 16 bits. All BSC registers are all initialized
by a power-on reset and in hardware standby mode.
Values are retained in a manual reset

9.1.5 Address Map
Table 9.3 Address Map
145

9.1.5 Address Map

Table 9.3 Address Map (SH7058S)

Table deleted

o Number of Access Cycles for On-Chip Peripheral
Module Registers

Table 9.4 Address Map (SH7059)
Newly added

Table 9.5 Number of Access Cycles for Peripheral Module
registers

Newly added

9.2.1 Bus Control Register 1 (BCR1)
146

BCR1 is initialized to H'0O00F by a power-on reset and in
hardware standby mode. It is not initialized by a manual
reset or in software standby mode.

9.2.1 Bus Control Register 1 (BCR1)
Description amended

BCR1 is initialized to H'0O00F by a power-on reset and in
hardware standby mode, and in software standby mode. It
is not initialized by a manual reset

9.2.2 Bus Control Register 2 (BCR2)
148

BCR2 is initialized to H'FFFF by a power-on reset and in
hardware standby mode. It is not initialized by a manual
reset or in software standby mode.

9.2.2 Bus Control Register 2 (BCR2)
Description amended

BCR2 is initialized to H'FFFF by a power-on reset and in
hardware standby mode, and in software standby mode. It
is not initialized by a manual reset

9.2.3 Wait Control Register (WCR)
151

WCR is initialized to H'7777 by a power-on reset and in
hardware standby mode. It is not initialized by a manual
reset or in software standby mode.

9.2.3 Wait Control Register (WCR)
Description amended

WCR is initialized to H'7777 by a power-on reset and in
hardware standby mode, and in software standby mode. It
is not initialized by a manual reset

9.2.4 RAM Emulation Register (RAMER)
152

RAMER is initialized to H'0000 by a power-on reset and in
hardware standby mode. It is not initialized by a manual
reset or in software standby mode.

9.2.4 RAM Emulation Register (RAMER)
Description amended

RAMER is initialized to H'0000 by a power-on reset and in
hardware standby mode, in software standby mode. It is
not initialized by a manual reset

e SH7059
Newly added

10.1.2 Block Diagram
Figure 10.1 DMAC Block Diagram
165

10.1.2 Block Diagram

Figure 10.1 DMAC Block Diagram

Figure amended

SSU0*, SSU1* — Request priority control

10.2.4 DMA Channel Control Registers 0-3
(CHCRO-CHCR3)

172

Bit 20: RS4 Bit 19: RS3 Bit18: RS2 Bit17: RS1 Bit 16: RS0 Description

10.2.4 DMA Channel Control Registers 0-3
(CHCR0-CHCRS3)
Table amended

Bit 20: RS4 Bit 19: RS3 Bit 18: RS2 Bit 17: RS1
0 1 1 1

Bit 16: RS0 Description
SSU0 transmission*
0 SSUO0 reception*

0 0 0
1 1 1 0 1 SSU1 transmission*
1 1 1

0 SSU1 reception*
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10.3.2 DMA Transfer Requests
179 - 182

On-Chip Peripheral Module Request Mode: In this mode
a transfer is performed at the transfer request signal
(interrupt request signal) of an on-chip peripheral module.
As indicated in table 10.2, there are 26 transfer request
signals: 12 from the advanced timer unit (ATU-II), which
are compare match or input capture interrupts; the receive
data full interrupts (RXI) and transmit data empty interrupts
(TXI) of the five serial communication interfaces (SClI); the
receive interrupt of HCANO; and the A/D conversion end
interrupts (ADI) of the three A/D converters. When DMA
transfers are enabled (DE = 1, DME =1, TE = 0, NMIF =0,
AE = 0), a transfer is performed upon the input of a transfer
request signal.

When the transfer request is set to RXI (transfer request
because the SCI’s receive data register is full), the transfer
source must be the SCI’s receive data register (RDR).
When the transfer request is set to TXI (transfer request
because the SCI’s transmit data register is empty), the
transfer destination must be the SCI's transmit data
register (TDR). If the transfer request is set to the A/D
converter, the data transfer source must be the A/D
converter register; if set to HCANO, the transfer source
must be HCANO message data.

10.3.2 DMA Transfer Requests
Description amended

On-Chip Peripheral Module Request Mode: In this mode
a transfer is performed at the transfer request signal
(interrupt request signal) of an on-chip peripheral module.
As indicated in table 10.2, there are 26 transfer request
signals: 12 from the advanced timer unit (ATU-II), which
are compare match or input capture interrupts; the receive
data full interrupts (RXI) and transmit data empty interrupts
(TXI) of the five serial communication interfaces (SClI); the
receive interrupt of HCANO; and the A/D conversion end
interrupts (ADI) of the three A/D converters; the receiver
data full interrupts (SSRXI), transmit data empty or transmit
end interrupts (SSTSI) from two synchronous serial
communication unit (SSU). When DMA transfers are
enabled (DE =1, DME =1, TE =0, NMIF =0, AE=0), a
transfer is performed upon the input of a transfer request
signal.

When the transfer request is set to RXI (transfer request
because the SCl's receive data register is full), the transfer
source must be the SCI's receive data register (RDR).
When the transfer request is set to TXI (transfer request
because the SCl's transmit data register is empty), the
transfer destination must be the SCI's transmit data register
(TDR). If the transfer request is set to the A/D converter,
the data transfer source must be the A/D converter
register; if set to HCANO, the transfer source must be
HCANO message data. If the transfer request by the
receive data full of the SSU (SSRXI) is selected, the
transfer destination must be the SS receive data register
(SSRDR) of the SSU. If the transmit data empty or transmit
end of the SSU (SSTSI) is selected, the transfer
destination must be the SS transmit data register (SSTDR)
of the SSU.
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10.3.2 DMA Transfer Requests 10.3.2 DMA Transfer Requests

Table 10.2 Selecting On-Chip Peripheral Module Request ~ Table 10.2 Selecting On-Chip Peripheral Module Request
Modes with the RS Bits Modes with the RS Bits

180, 181 Table and legend amended

SSUO0 transmit block, SSUO receive block, SSU1 transmit
block, and SSU1 receive block added.

Legend:
DMAC Description of SSU0,SSU1 added

Transfer
Request  DMAC Transfer Transfer  Transfer DMACTransfer  DMAC Transfer Transfer Transfer
RS4 RS3 RS2 RS1 RSO Source  Request Signal Source Destination Bus Mode RS4 RS3 RS2 RS1 RSO RequestSource Request Signal Source Destination  Bus Mode
0 0 0 0 1 'SCI0 TXI0 (SCIO transmit- Don't care* TDRO Burst/cycle- 0 0 0 0 1 SCIO transmit block lec (sclo uans;mr Don'tcare*  TDRO Cycle-steal
transmit data-empty transfer steal . ;:::;;my fransfer
block request)
1 0 SCIO receive block  RXIO (SCIO receive-data- RDRO Don't care* Cycle-steal
1 0 SClo RXI0 (SCIO receive- RDRO Don't care*  Burst/cycle- full transfer request)
receive data-full transfer steal 1 SCI1 transmit block  TXI1 (SCI1 transmit- Don't care* TDR1 Cycle-steal
block request) data-empty transfer
request)
it- ’ " .
1 SCI1~ TXI1(SCI transmit-  Don't care* TDR1 Burst/cycle 1 0 0 SCI receive block RXI1 (SCH1 receive-data- RDR1 Don't care* Cycle-steal
transmit  data-empty transfer steal ful transfer request)
block request) 1 SCI2 transmitblock  TXI2 (SCI2 transmit- _ Don'tcare*  TDR2 Cycle-steal
1 0 0 sciH RXI1 (SCI1 receive- RDR1 Don't care*  Burst/cycle- fa‘a'e"“p'y transfer
receive data-full transfer steal equest)
block request) 1 0 SCI2 receive block  RXI2 (SCI2 receive-data- RDR2 Don't care* Cycle-steal
full transfer request)
1 SCI2 TXI2 (SCI2 transmit-  Don’t care* TDR2 Burst/cycle- 1 SCI3 transmitblock TXI3 (SCI3 transmit-  Don'tcare*  TDR3 Cycle-steal
transmit data-empty transfer steal data-empty transfer
block request) request)
— gy " . 1 0 0 0 SCI3 receive block  RXI3 (SCI3 receive-data- RDR3 Don't care* Cycle-steal
1 0 SCI? RXI2 (SCI2 receive- RDR2 Don't care Burst/cycle full transfer request)
receive - data-full ransfer steal 1 SCl4t itblock TXI4 (SCI4 t - Dont TDR4. Cycle-steal
ransmit blocl ransmit- on't care* yole-steal
block request) data-empty transfer
1 SCI3 TXI3 (SCI3 transmit- Don’t care* TDR3 Burst/cycle- request)
transmit data-empty transfer steal 1 0 SCl4 receive block ~ RXI4 (SCl4 receive-data- RDR4 Don't care* Cycle-steal
block request) full transfer request)
" 1 AIDO ADIO (A/DO ADDRO- Don't care* Burst/cycle-
1 0 0 0 SCI§ RXI3 (SCI3 receive- RDR3 Don'tcare*  Burst/cycle- Co,we(,sion end interrupt) ADDR1 steal i
receive  data-full transfer steal 1 0 0 AD1 ADI1 (AD1 ADDR12-  Don‘tcare*  Burstcycle-
block request) conversion end interrupt) ADDR23 steal
1 SCl4 TXI4 (SCl4 transmit- Don’t care* TDR4 Burst/cycle- 1 AD2 ADI2 (A/D2 ADDR24— Don't care* Burst/cycle-
transmit  data-empty transfer steal conversion end interrupt) ADDR31 steal
block request) 1 0 SSUO transmit block SSTSIO (transmit- Don't care* SSTDRO_Oto  Cycle-steal
1 0  sCl4 RXI4 (SCl4 receive- RDR4 Don'tcare*  Burstcycle- data-empty or SSTDR3_0
N transmit-end transfer
kr)elcell(\/e data-fu‘\l transfer steal request of SSU0)
oc request) 1 HCANO RMO (HCANO MBO-MB31  Don't care* Burst/cycle-
1 A/DO ADIO (A/DO ADDRO- Don't care*  Burst/cycle- receive interrupt) steal
conversion end ADDR11 steal 1 0 0 0 0 SSUO receive block SSRXIO (receive-data- SSRDR0O_Oto Don't care* Cycle-steal
interrupt) full transfer request of ~ SSRDR3_0
SSUO
1 0 0 A/D1 ADI1 (A/D1 ADDR12-  Don'tcare*  Burst/cycle- T yevaT \CloA’(lCRoA‘ . Dot Dot - P
. - input on't care* on't care: urst/cycle-
conversion end ADDR23 steal capture generation) steal
interrupt) 1 0 ATU-I ICIOB (ICROB input Don'tcare*  Don'ttcare*  Burstcycle-
1 A/D2 ADI2 (A/D2 ADDR24-  Don'tcare*  Bursticycle- CHELD AN steal
conversion end ADDR31 steal 1 ATU-I 1CI0C (ICROC input Don'tcare*  Don'tcare® Burst/cycle-
interrupt) capture generation) steal
1 0 0 ATU-I 1CIOD (ICROD input Don'tcare*  Don'tcare® Burst/cycle-
1 1 HCANO RMO (HCANO MBO0-MB15 Don't care*  Burst/cycle- capture generation) steal
receive interrupt) steal 1 ATU-II CMIBA (CYLR6A Don't care* Don't care* Bursticycle-
compare-match steal
generation)
DMAC
Transfer DMAC Transfer ~ DMAC Transfer Transfer Transfer
Request DMAC Transfer Transfer  Transfer RS4 RS3 RS2 RS1 RSO RequestSource Request Signal Source Destination  Bus Mode
RS4 RS3 RS2 RS1 RSO Source Request Signal Source Destination Bus Mode 1 0 1 1 0 ATU-II CMI6B (CYLR6B Don't care* Don't care* Burst/cycle-
compare-match steal
1 0 0 0 1 ATU-II ICIOA (ICROA input  Don’tcare* Don'tcare*  Burst/cycle- generation)
capture generation) steal 1 ATUAI CMI6C (CYLR6C Don'tcare*  Don't care* Burstcycle-
10  ATUIl  ICIOB(ICROBinput Don'tcare* Don'tcare* Burstcycle- Pl ezl
capture generation) steal
1 0 ) 0 ATU-I CMI6D (CYLRED Don'tcare*  Don'tcare® Burst/cycle-
1 ATU-Il ICIOC (ICROC input ~ Don’t care* Don'tcare*  Burst/cycle- compare-match steal
capture generation) steal (GEEIE )
- g g 1 ATU-I CMI7A (CYLR7A Don'tcare*  Don'tcare® Burst/cycle-
1 0 0 ATU-Il ICIOD (ICROD input  Don’t care* Don'tcare*  Burst/cycle- compa,(e,ma(ch steal &
capture generation) steal generation)
1 ATU-Il CMIBA (CYLR6A Don'tcare* Don’tcare*  Burst/cycle- L o ATU-I Sm;‘;r(f;';ga Don'tcare*  Don't care* Bl"'sl‘/CYC‘e’
- steal
czrnn;gi;:)\atch steal )
9 1 ATU-I CMI7C (CYLR7C Don'tcare*  Don'tcare® Burst/cycle-
1 0 ATU-II CMI6B (CYLR6B Don’'t care* Don'tcare*  Burst/cycle- compare-match steal
compare-match steal generation)
generation) 1 0 0 ATU-II CMI7D (CYLR7D Don'tcare*  Don'care® Burst/cycle-
compare-match steal
1 ATU-II CMI6C (CYLR6C Don’'t care* Don'tcare*  Burst/cycle- generation)
€ U1 transmit block SSTSI (transmit- Don't care* TDRO_1to  Cycle-steal
compare-match steal 1 SS SSTS! S o
generation) data-empty or SSTDR3_1
1 0 0 0 ATU-II CMI6D (CYLR6D Don’t care* Don't care*  Burst/cycle- transmit-end transfer
compare-match steal request of SSU1)
generation) 1 0 SSU1 receive block SSRXI1 (receive-data- SSRDRO_1to Don't care* Cycle-steal
SSRDR3_1
1 ATUl CMI7A (CYLR7A Don'tcare* Don'tcare*  Burstcycle- ;“;;'Jf'"s‘“’ request of SISSHDHI
compare-match steal
generation)
1 0 ATU-II CMI7B (CYLR7B Don’t care* Don’tcare*  Burst/cycle-
compare-match steal
generation)
1 ATU-Il CMI7C (CYLR7C Don’'t care* Don'tcare*  Burst/cycle-
compare-match steal
generation)
1 0 0 ATU-Il CMI7D (CYLR7D Don’'t care* Don'tcare*  Burst/cycle-
compare-match steal

generation)
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10.3.7 Relationship between Request Modes and Bus
Modes by DMA Transfer Category

190

1. Auto-request or on-chip peripheral module request
enabled. However, in the case of an on-chip peripheral
module request, it is not possible to specify the SCI,
HCANO, or A/D converter for the transfer request source.

2. Auto-request or on-chip peripheral module request
possible. However, if the transfer request source is also the
SCI, HCANO, or A/D converter, the transfer source or
transfer destination must be same as the transfer source.

3. When the transfer request source is the SCI, only
cycle-steal mode is possible.

10.3.7 Relationship between Request Modes and Bus
Modes by DMA Transfer Category

Note amended

1. Auto-request or on-chip peripheral module request
enabled. However, in the case of an on-chip peripheral
module request, it is not possible to specify the SCI,
HCANO, SSU*°, or A/D converter for the transfer request
source.

2. Auto-request or on-chip peripheral module request
possible. However, if the transfer request source is also the
SCI, HCANO, SSU*®, or A/D converter, the transfer source
or transfer destination must be same as the transfer
source.

3. When the transfer request source is the SCI, or SSU*°,
only cycle-steal mode is possible.

11.1.1 Features
Table 11.1 ATU-Il Functions

11.1.1 Features
Table 11.1 ATU-Il Functions

202, 203 Table amended
Item Channel 0 Channel 1 Channel 2 Channels 3-5 Item Channel 0 Channel 1 Channel 2 Channels 3-5
Counter Clock sources ~ 0—0/32 (9—0/32) x (1/2n) (6-0/32) x (1/20) (6-0/32) x (1/2n) Counter Clock sources  P¢—P¢/32 (P9—P0/32) x (1/2n) (Po-P§/32) x (1/21) (Po—P/32) x (1/2)
configuration (n=0-5) (n=0-5) (n=0-5) configuration (n=0-5) (n=0-5) (n=0-5)
TCLKA, TCLKB, AGCK, TCLKA, TCLKB, AGCK, TCLKA, TCLKB, AGCK, TCLKA, TCLKB, AGCK, TCLKA, TCLKB, AGCK, TCLKA, TCLKB, AGCK,
AGCKM AGCKM AGCKM AGCKM AGCKM AGCKM
Item Channels 6,7 Channel 8 Channel 9 Channel 10 Channels 11 Item Channels 6,7 Channel 8 Channel 9 Channel 10 Channels 11
Counter Clock sources (¢-¢/32) x (1/2) (0-0/32) x (1/2n) — (0-0/32) (0-0/32) x (1/2) Counter Clock sources (Po-P¢/32) x (1/21)  (Pg-P¢/32) x (1/2n)  — (Po-P9/32) (P9-P9/32) x (1/2n)
configuration (n=0-5) (n=0-5) (n=0-5) configuration (n=0-5) (n=0-5) (n=0-5)

TCLKA, TCLKB

TCLKA, TCLKB

11.1.6 Prescaler Diagram
Figure 11.12 Prescaler Diagram
229

Input clock ¢/2

11.1.6 Prescaler Diagram
Figure 11.12 Prescaler Diagram
Figure amended

Input clock P¢

11.2.5 Timer Status Registers (TSR)

273

¢ Bit 3—Input Capture/Compare-Match Flag 3D (IMF3D):
Status flag that indicates GR5D input capture or
compare-match.

11.2.5 Timer Status Registers (TSR)

Description amended

¢ Bit 3—Input Capture/Compare-Match Flag 3D (IMF3D):
Status flag that indicates GR3D input capture or
compare-match.

11.3.9 PWM Timer Function
Figure 11.21 PWM Timer Operation
375

- [UULUUTIIU U Ui vy n iyt

STR

e LTI

; N
NED (e e o o e et

11.3.9 PWM Timer Function
Figure 11.21 PWM Timer Operation
Figure amended
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11.3.11 Event Count Function and Event Cycle
Measurement

Figure 11.25 Event Cycle Measurement Operation
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11.3.11 Event Count Function and Event Cycle
Measurement

Figure 11.25 Event Cycle Measurement Operation
Figure amended
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11.6 Sample Setup Procedures

Figure 11.60 Sample Setup Procedure for PWM Timer
Operation (Channels 6 and 7)

408

2. Set the port B control register L (PBCRL) corresponding
to the waveform output port to ATU PWM output. Also set
the corresponding bit to 1 in the port B 10 register (PBIOR)
to specify the output attribute.

11.6 Sample Setup Procedures

Figure 11.60 Sample Setup Procedure for PWM Timer
Operation (Channels 6 and 7)

Description amended

2. Set the port B control register L (PBCRL) corresponding
to the waveform output port to ATU PWM output.

11.7 Usage Notes
423

External Output Value in Software Standby Mode: In
software standby mode, the ATU register and external
output values are cleared to 0. However, while the channel
1,2,and 11 TIO1A to TIO1H, TIO2A to TIO2H, TIO11A,
and TIO11B external output values are cleared to 0
immediately after software standby mode is exited, other
external output values and all registers are cleared to 0
immediately after a transition to software standby mode.

Also, when pin output is inverted by the pin function
controller's port B invert register (PBIR) or port K invert
register (PKIR), the corresponding pins are set to 1.

Figure 11.74 External Output Value Transition Points in
Relation to Software Standby Mode

423

11.7 Usage Notes
Title and description amended

External Output Values in Software Standby Mode and
Pin State after Software Standby Mode Release: In
software standby mode, the ATU register and external
output values are initialized. The pin state is high
impedance.

Since the settings of the pin function controller (PFC) are
initialized, the PFC must be set again to use the function of
the ATU-II external pins after software standby release.

Figure 11.74 External Output Value Transition Points in
Relation to Software Standby Mode

Figure deleted

12.1.4 Register Configuration
Table 12.2 Advanced Pulse Controller Register
429

Note: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

12.1.4 Register Configuration
Table 12.2 Advanced Pulse Controller Register
Note deleted

12.2.1 Pulse Output Port Control Register (POPCR)
430

POPCR is initialized to H'0000 by a power-on reset and in
hardware standby mode. It is not initialized in software
standby mode.

12.2.1 Pulse Output Port Control Register (POPCR)
Description amended

POPCR is initialized to H'0000 by a power-on reset, in
hardware standby mode and in software standby mode.
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13.2.2 Timer Control/Status Register (TCSR)
441
Bits 2 to 0—Clock Select 2 to 0 (CKS2 to CKS0)

Description

Overflow Interval*
(¢ = 40 MHz)

12.8 pys
409.6 ps
0.8 ms
1.6 ms
3.3 ms
6.6 ms
26.2 ms
52.4 ms

Note: * The overflow interval listed is the time from when
the TCNT begins counting at H'00 until an overflow occurs.
Refer to section 13.4.7, Multiplication Factor for Internal
Clock Signal (¢) and Overflow Time.

13.2.2 Timer Control/Status Register (TCSR)
Table amended
Bits 2 to 0—Clock Select 2 to 0 (CKS2 to CKS0)
Description
Overflow Interval* (¢ = 80 MHz)
6.4 us
204.8 s
409.6 ps
0.8 ms
1.6 ms
3.3 ms
13.1 ms
26.2 ms

Note amended

Note: * The overflow interval listed is the time from when
the TCNT begins counting at H'00 until an overflow occurs.

13.4.7 Multiplication Factor for Internal Clock Signal (¢) and
Overflow Time

449

13.4.7 Multiplication Factor for Internal Clock Signal (¢) and
Overflow Time

Deleted

14.1.3 Register Configuration

Table 14.1 Register Configuration

453

Notes: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles for

byte access and word access, and eight or nine internal
clock (¢) cycles for longword access.

* Only 0 can be written to the CMCSRO and CMCSR1 CMF
bits to clear the flags.

14.1.3 Register Configuration
Table 14.1 Register Configuration
Note amended

Notes: * Only O can be written to the CMCSRO and
CMCSR1 CMF bits to clear the flags.

15.1.4 Register Configuration
Table 15.2 Register
467

Notes: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles for
byte access and word access, and eight or nine internal
clock (¢) cycles for longword access.

1. Only 0 can be written to clear the flags.
2. Do not access empty addresses.

15.1.4 Register Configuration
Table 15.2 Register

Note amended

Notes:  *1 Only 0 can be written to clear the flags.

*2 Do not access empty addresses.

15.2.5 Serial Mode Register (SMR)

469

The CPU can always read and write to SMR. SMR is
initialized to H'00 by a power-on reset and in hardware
standby mode. It is not initialized by a manual reset and in
software standby mode.

15.2.5 Serial Mode Register (SMR)
Description amended

The CPU can always read  to SMR. The CPU should only
perform write operations when making initial settings. Do
not use the CPU to perform writes during transmit, receive,
or transmit/receive operation. SMR is initialized to H'00 by
a power-on reset, in hardware standby mode. The value is
not retrained in software standby mode and it is initialized
after release. It is not initialized by a manual reset.
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15.2.6 Serial Control Register (SCR)

472

The CPU can always read and write to SCR. SCR is
initialized to H'00 by a power-on reset and in hardware

standby mode. It is not initialized by a manual reset and in
software standby mode.

15.2.6 Serial Control Register (SCR)
Description amended

The CPU can always read/write to SCR.  SCR is initialized
to H'00 by a power-on reset and in hardware standby mode.
The value is not retrained in software standby mode and it is
initialized after release. It is not initialized by a manual reset.

15.2.7 Serial Status Register (SSR)
476-478
Note: * Only O can be written to clear the flag.

The CPU can always read and write to SSR, but cannot
write 1 in the status flags (TDRE, RDRF, ORER, PER, and
FER). These flags can be cleared to 0 only if they have first
been read (after being set to 1). Bits 2 (TEND) and 1 (MPB)
are read-only bits that cannot be written. SSR is initialized to
H'84 by a power-on reset, and in hardware standby mode
and software standby mode. It is not initialized by a manual
reset.

Bit 7—Transmit Data Register Empty (TDRE):

Bit 7: TDRE Description

15.2.7 Serial Status Register (SSR)
Description and table amended

Note: * This bit can be written to when its value is read as 1,
and it cannot be written to when its value is read as 0.

The CPU can always read and write to SSR, but when the
TDRE, RDRF, ORER, PER, or PEF bit is read as 1 it
becomes writable, and when it is read as 0 it is not writable.
As examples of ways to prevent a flag from being set
inadvertently by a write operation, either prohibit writing 1 to
the bit during the period from when it is read as 1 and the
next time it is read as 0, or write 0 immediately after the bit is
cleared to 0, so that it is always in a not writable state
except when performing a flag clearing operation. Bits 2
(TEND) and 1 (MPB) are read-only bits that cannot be
written. SSR is initialized to H'84 by a power-on reset, and in
hardware standby mode and software standby mode. It is
not initialized by a manual reset.

Bit 7—Transmit Data Register Empty (TDRE):

Bit 7: TDRE Description

1 TDR does not contain valid transmit data
[Setting conditions]

(Initial value)

* Power-on reset, hardware standby mode, or software standby mode
s When the TE bitin SCRis 0
* When data is transferred from TDR to TSR, enabling new data to be written in TDR

Bit 6—Receive Data Register Full (RDRF):

Bit 6: RDRF Description

1 TDR does not contain valid transmit data
[Setting conditions]

(Initial value)

« Power-on reset, hardware standby mode, or software standby mode

¢ When the TE bit in SCRis 0

When data is transferred from TDR to TSR, enabling new data to be written in TDR
When 1 is written after the first clearing condition is met

Bit 6—Receive Data Register Full (RDRF):

Bit 6: RDRF Description

1 RDR contains valid received data
[Setting condition]
RDRF is set to 1 when serial data is received normally and transferred from RSR to RDR

Bit 5—Overrun Error (ORER):

Bit 5: ORER Description

1 RDR contains valid received data
[Setting condition]
* RDRF is set to 1 when serial data is received normally and transferred from RSR to RDR
* When 1 is written after the second clearing condition is met

Bit 5—Overrun Error (ORER):

Bit 5: ORER

Description

1 A receive overrun error occurred

RDR continues to hold the data received before the overrun error, so subsequent receive
data is lost. Serial receiving cannot continue while ORER is set to 1. In synchronous mode,
serial transmitting is disabled.

[Setting condition]
ORER is set to 1 if reception of the next serial data ends when RDRF is set to 1

Bit 4—Framing Error (FER):

Bit 4: FER Description

1 A receive overrun error occurred

RDR continues to hold the data received before the overrun error, so subsequent receive
data is lost. Serial receiving cannot continue while ORER is set to 1. In synchronous mode,
serial transmitting is disabled.

[Setting condition]
* ORERis set to 1 if reception of the next serial data ends when RDRF is set to 1
« When 1 is written after the second clearing condition is met

Bit 4—Framing Error (FER):

Bit 4: FER Description

1 A receive framing error occurred
When the stop bit length is two bits, only the first bit is checked to see if it is a 1. The second
stop bit is not checked. When a framing error occurs, the SCI transfers the receive data into
RDR but does not set RDRF. Serial receiving cannot continue while FER is set to 1. In
synchronous mode, serial transmitting is also disabled.
[Setting condition]
FER is set to 1 if the stop bit at the end of receive data is checked and found to be 0

Bit 3—Parity Error (PER):

Bit 3: PER Description

1 A receive parity error occurred
When a parity error occurs, the SCI transfers the receive data into RDR but does not set
RDRF. Serial receiving cannot continue while PER is set to 1.
[Setting condition]

PERis set to 1 if the number of 1s in receive data, including the parity bit, does not match
the even or odd parity setting of the parity mode bit (O/E) in the serial mode register (SMR)

1 A receive framing error occurred
When the stop bit length is two bits, only the first bit is checked to see if it is a 1. The second
stop bit is not checked. When a framing error occurs, the SCI transfers the receive data into
RDR but does not set RDRF. Serial receiving cannot continue while FER is set to 1. In
synchronous mode, serial transmitting is also disabled.
[Setting condition]
e FERis setto 1 if the stop bit at the end of receive data is checked and found to be 0

« When 1 is written after the second clearing condition is met
Bit 3—Parity Error (PER):

_Bit3: PER Description
1 A receive parity error occurred
When a parity error occurs, the SCI transfers the receive data into RDR but does not set
RDRF. Serial receiving cannot continue while PER is set to 1.

[Setting condition]

« PERis setto 1if the number of 1s in receive data, including the parity bit, does not
match the even or odd parity setting of the parity mode bit (O/E) in the serial mode
register (SMR)

* When 1 is written after the second clearing condition is met
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15.2.8 Bit Rate Register (BRR)
480

The CPU can always read and write to BRR. BRR is
initialized to H'FF by a power-on reset and in hardware
standby mode. It is not initialized by a manual reset and in
software standby mode. Each channel has independent
baud rate generator control, so different values can be set
for each channel.

15.2.8 Bit Rate Register (BRR)
Description amended

The CPU can always read  to BRR. The CPU should only
perform write operations when making initial settings. Do not
use the CPU to perform writes during transmit, receive, or
transmit/receive operation. BRR is initialized to H'FF by a
power-on reset and in hardware standby mode. The value is
not retained in software standby mode and it is initialized
after release. It is not initialized by a manual reset . Each
channel has independent baud rate generator control, so
different values can be set for each channel.

15.2.9 Serial Direction Control Register (SDCR)
487
The description in this section assumes LSB-first transfer.

SDCR is initialized to H'F2 by a power-on reset and in the
hardware standby mode. It is not initialized by a manual
reset and in software standby mode.

15.2.9 Serial Direction Control Register (SDCR)
Description amended
The description in this section assumes LSB-first transfer.

The CPU can always read from SDCR. The CPU should
only write to SDCR when making initial settings. Do not use
the CPU to write to SDCR during transmit, receive, or
transmit/receive operation.

SDCR is initialized to H'F2 by a power-on reset and in the
hardware standby mode. The value is not retained in
software standby mode and it is initialized after release. It is
not initialized by a manual reset

15.3.2 Operation in Asynchronous Mode

SCl Initialization (Asynchronous Mode):

Figure 15.5 Sample Flowchart for Transmitting Serial Data
494

Clear TE bit in SCR to 0;
select theTxD pin as an
output port with the PFC

15.3.2 Operation in Asynchronous Mode

SCI Initialization (Asynchronous Mode):

Figure 15.5 Sample Flowchart for Transmitting Serial Data
Figure amended and note added

Clear TE bit in SCR to 0;
select theTxD pin as an 5
output port with the PFC

Note: Do not write to SMR, SCR, BRR, or SDCR between
the start and the end of a transmit operation. However, this
does not apply to operation 5.
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15.3.2 Operation in Asynchronous Mode

Figure 15.6 SCI Transmit Operation in Asynchronous Mode
(Example: 8-Bit Data with Parity and One Stop Bit)

496

15.3.2 Operation in Asynchronous Mode

Figure 15.6 SCI Transmit Operation in Asynchronous Mode
(Example: 8-Bit Data with Parity and One Stop Bit)

Figure amended
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data data
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T ((
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I interrupt:
|
|
|
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|
I
|
|

TXI TXI interrupt TXI interrupt TXI TXI interrupt
interrupt handler writes request interrupt handler writes request
request datain TDR request datain TDR
: and clears : and clears
! TDRE to 0 ! TDRE to 0
: 1 frame : 1 frame

Receiving Serial Data (Asynchronous Mode):
Figure 15.7 Sample Flowchart for Receiving Serial Data (1)
497
I
Clear RE bitin SCR to 0
I

Receiving Serial Data (Asynchronous Mode):
Figure 15.7 Sample Flowchart for Receiving Serial Data (1)
Figure amended and note added
I
Clear RE bitin SCR to 0 5
I

Note: Do not write to SMR, SCR, BRR, or SDCR between
the start and the end of a receive operation. However, this
does not apply to operation 5.

Figure 15.8 Sample Flowchart for Receiving Serial Data (2)
498

Yes

No

’ Framing error handling ‘ ’ Clear RE bitin SCRto 0 ‘

B — e

Figure 15.8 Sample Flowchart for Receiving Serial Data (2)
Figure amended and note added

No

A 4
‘ ’ Clear RE bitin SCRto 0 5

’ Framing error handling

e

Note: Do not write to SMR, SCR, BRR, or SDCR between
the start and the end of a receive operation. However, this
does not apply to operation 5.
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15.3.2 Operation in Asynchronous Mode
Figure 15.9 SCI Receive Operation
Example: 8-Bit Data with Parity and One Stop Bit)
500
Start

Parity Stop Start Parity Stop

15.3.2 Operation in Asynchronous Mode

Figure 15.9 SCI Receive Operation

(Example: 8-Bit Data with Parity and One Stop Bit)

Figure amended
Start
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data § 5 (marking)
TDRF
) 5
RXI interrupt request [
FER . iptreq .
|
1 frame RXl interrupt Framing error
handler reads generates
data in RDR and ERl interrupt

clears RDRF to 0. request.

RXI interrupt request
L

| r

FER

1 frame RXI interrupt Framing error
handler reads generates
data in RDR and ERl interrupt
clears RDRF to 0. request.

15.3.3 Multiprocessor Communication
Transmitting Multiprocessor Serial Data:

Figure 15.11 Sample Flowchart for Transmitting
Multiprocessor Serial Data

502

Clear TE bit in SCR to 0;
select theTxD pin function as
an output port with the PFC

15.3.3 Multiprocessor Communication
Transmitting Multiprocessor Serial Data:

Figure 15.11 Sample Flowchart for Transmitting
Multiprocessor Serial Data

Figure amended and note added

I
Clear TE bit in SCR to 0;
select theTxD pin function as | 5
an output port with the PFC

Note: Do not write to SMR, SCR, BRR, or SDCR between
the start and the end of a transmit operation. However, this
does not apply to operation 5.

Figure 15.12 SCI Multiprocessor Transmit Operation

(Example: 8-Bit Data with Multiprocessor Bit and One Stop
Bit)

503
Multiprocessor
bit
Start Stop
1 bit Data bit
Serial R
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TXI TXI interrupt TXI
interrupt  handler writes interrupt
request datain TDR and request

‘ clears TDRE to O
D 1 frame g

Figure 15.12 SCI Multiprocessor Transmit Operation
(Example: 8-Bit Data with Multiprocessor Bit and One Stop
Bit)
Figure amended
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15.3.3 Multiprocessor Communication
Receiving Multiprocessor Serial Data:

Figure 15.13 Sample Flowchart for Receiving
Multiprocessor Serial Data (1)

504

Clear RE bitin SCR to 0
I

15.3.3 Multiprocessor Communication
Receiving Multiprocessor Serial Data:

Figure 15.13 Sample Flowchart for Receiving
Multiprocessor Serial Data (1)

Figure amended and note added

|
Clear RE bitin SCR to 0 6
I
Note: Do not write to SMR, SCR, BRR, or SDCR between

the start and the end of a receive operation. However, this
does not apply to operation 6.

Figure 15.14 Sample Flowchart for Receiving
Multiprocessor Serial Data (2)

| o .

Figure 15.14 Sample Flowchart for Receiving
Multiprocessor Serial Data (2)

Figure amended and note added

[ no .

’ Framing error handling ‘ ’ Clear RE bit in SCR to 0 ‘

— |

’ Framing error handling ‘ ’ Clear RE bit in SCR to 0 ‘ 6

— |

Note: Do not write to SMR, SCR, BRR, or SDCR between
the start and the end of a receive operation. However, this
does not apply to operation 6.

Figure 15.15 SCI Receive Operation

(Example: 8-Bit Data with Multiprocessor Bit and One Stop
Bit)

506
Start Data Stop Start Data Stop
T bit (D1)  MPB bit bit (datat) MPB bit 1
Serial o[oo[o1['[o7] 1 1]o[pof[p1] [D7] 01 Iding
s 5 (marking)
()( S(
MPB ‘
5
2 5
MPIE
RDRF B B
D) R
RDR _ § a\
value >< 5 D1

RXI interrupt request
(multiprocessor
interrupt), MPIE = 0

RXl interrupt handler
reads data in RDR
and clears RDRF to 0

(A) ID Does Not Match

Not station's
ID, so MPIE is
setto 1 again

No RXI interrupt,
RDR maintains
state

Start Data Stop Start Data Stop
1obit  (ID2) MPB bit bit (data2) MPB  bit 1
Sg”f" 0‘D0‘D1‘»‘D7‘1 1 ‘0‘D0‘D1‘”‘D7‘0‘1 Idling
ata ) S (marking)
S )
MPB ‘
«
R
S —
MPIE ‘
(¢
\ K A
RDRF B ;
Ay AN,
RDR R 2
value ID1 5 >< ID2 " >< DTa 2
RXI interrupt request RXl interrupt handler  Station's ID, so receiving MPIE
(multiprocessor reads data in RDR continues, with data  bit is again
interrupt), MPIE = 0 and clears RDRF to 0 received by the RXI setto 1

interrupt processing routine
(B) ID Matches

Figure 15.15 SCI Receive Operation

(Example: 8-Bit Data with Multiprocessor Bit and One Stop
Bit)
Figure amended
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(multiprocessor reads data in RDR continues, with data  bit is again
interrupt), MPIE = 0 and clears RDRF to 0 received by the RXI setto 1

interrupt processing routine
(B) ID Matches
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15.3.4 Synchrono

Transmitting Serial Data (Synchronous Mode):

us Operation

Figure 15.18 Sample Flowchart for Serial Transmitting

509

Clear TE bit to 0 in SCR

15.3.4 Synchronous Operation
Transmitting Serial Data (Synchronous Mode):

Figure 15.18 Sample Flowchart for Serial Transmitting
Figure amended and note added

Clear TE bit to 0 in SCR 4

Note: Do not write to SMR, SCR, BRR, or SDCR between
the start and the end of a transmit operation. However, this
does not apply to operation 4.

Figure 15.19 Example of SCI Transmit Operation

510

Transfer direction

-«

Serial clock

LSB

Serial data m X Bit7

L L

MSB

L(¢
;

TDRE
!

TEND

—

TXI interrupt

request h
da
cle:

TXI interrupt

TXI interrup
andler writes request
ta in TDR and

ars TDRE to 0

1 frame

*

TEl interrupt
request

Figure 15.19 Example of SCI Transmit Operation

Figure amended

Transfer direction
-

LSB

MSB

Bit 7

TDRE
A f A
TEND (¢ (¢ ’7
)1 i A
TXI interrupt TXlinterrupt  TXI interrupt TEl interrupt

handler writes
data in TDR and
clears TDRE to 0

request

request

1 frame

request

Receiving Serial Data (Synchronous Mode):

Figure 15.20 Sample Flowchart for Serial Receiving (1)

511

Clear RE bit in SCR to 0

Receiving Serial Data (Synchronous Mode):
Figure 15.20 Sample Flowchart for Serial Receiving (1)
Figure amended and note added

Clear RE bit in SCR to 0 5

Note: Do not write to SMR, SCR, BRR, or SDCR between
the start and the end of a receive operation. However, this
does not apply to operation 5.
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15.3.4 Synchronous Operation
Figure 15.22 Example of SCI Receive Operation
512

Transfer direction

—
Serial clock

Serial p " Ny N -
Al CE) CT 4 €13 €10 €10 9 CO €
()(
RDRF ‘
(¢
AL, [
ORER 5 « (
RXI interrupt Read data with RXI RXI interrupt
request interrupt processing request ERIl interrupt
routine and clear request generated
RDRF bit to 0 by overrun error

1 frame

15.3.4 Synchronous Operation
Figure 15.22 Example of SCI Receive Operation
Figure amended

Transfer direction

—
Serial clock

Sata X817 )(Bito) Bit 7
RDRF I (’(
«

ORER / I :( \ ()( ’7
/ :

Read data with RXI
interrupt processing
routine and clear

RDRF bit to 0

RXI interrupt
request

RXl interrupt
request ERl interrupt
request generated

by overrun error

1 frame

Transmitting and Receiving Serial Data Simultaneously
(Synchronous Mode):

Figure 15.23 Sample Flowchart for Serial Transmission
and Reception

514
I

Clear TE and RE bits in SCR to 0
I

Transmitting and Receiving Serial Data Simultaneously
(Synchronous Mode):

Figure 15.23 Sample Flowchart for Serial Transmission
and Reception

Figure amended and notes added

I
Clear TE and RE bitsin SCRto0 | 6

Note: Do not write to SMR, SCR, BRR, or SDCR between
the start and the end of a transmit/receive operation.
However, this does not apply to operation 6.

15.5.10 Note on Writing to Registers During Transmit,
Receive, and Transmit/Receive Operations

Newly added

Section 16 Synchronous Serial Communication Unit (SSU)
Newly added

16.4.2 Master Control Register_n (MCR_n) (n=0, 1)
545
Bit 5: MCR5

Important: Usage of sleep mode is limited. Be sure to
carefully read section 16.8, Usage Notes.

17.4.2 Master Control Register_n (MCR_n) (n=0, 1)
Description amended

Bit 5: MCR5

Note: Do not access to MB during sleep mode.

Certain restrictions apply when using sleep mode, Be sure
to read section 17.8, Usage Notes.

16.4.3 General Status Register_n (GSR_n) (n=0, 1)
550

Transmit/Receive Warning Flag

Indicates an error warning.

0: Reset condition: When TEC < 96, REC < 96, or TEC >
256

1: When 96 < TEC < 256 or 96 < REC

17.4.3 General Status Register_n (GSR_n) (n=0, 1)
Description amended

Transmit/Receive Warning Flag

Indicates an error warning.

0: Reset condition: When TEC < 96, or REC < 96, or TEC >
256

1: When 96 < TEC < 256 or 96 < REC

Rev. 5.00 Feb. 24,2010 Page xxvii of xciv
REJ09B0177-0500

RENESAS



Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

16.4.4 HCAN-II_Bit timing Configuration Register n
(HCAN-II_BCRO_n, HCAN-II_BCR1_n) (n =0, 1)

About Bit Configuration Register:
553
1-bit time (8-25 quanta)

Table 16.5 TSEG1 and TSEG2 Settings
554

Note: *When BRP[7:0] = 0, TSEG2[2:0] > 2
When BRP[7:0] > 1, TSEG2[2:0] > 1

17.4.4 HCAN II_ Bit Configuration Register n((HCAN
II_BCRO_n,HCAN II_BCR1_n) (n=0, 1)

About Bit Configuration Register:
Description amended
1-bit time (9-25 quanta)

Table 17.5 TSEG1 and TSEG2 Settings
Table and note amended
Note: *When BPR [7:0] = H'00000000, TSEG [2:0] = H'001

16.5.8 Unread Message Status Register n (UMSR1n,
UMSRON) (n=0, 1)

¢ UMSRON (n=0, 1)

580

Indicate that an unread message has been
overwritten for mailboxes 15 to 0.

17.5.8 Unread Message Status Register n (UMSR1n,
UMSRON) (n=0, 1)

¢ UMSRON (n=0, 1)

Table amended

Indicate that an unread message has been
overwritten or overrun for mailboxes 15 to 0.

16.6.2 Timer Control Register_n (TCR_n) (n =0, 1)
583

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

TCR
15

TCR
14

TCR|TCR|TCR|TCR 'TPSC|TPSC|TPSC|TPSC|TPSC|TPSC|
13 12 1 10 5 4 3 2 1 0

TCR9 TCR7|

Initial Value: 0 0 0 O O 0 O O O O O O o o0 0 O
R/W:R/W R/W RW RW RW RW RW — RW — RWRW — — — —

586

Bit Bit Name Initial Value R/W Description

5 TCR5 0 R/W HCAN-II Timer Prescaler

4 TCR4 0 R/W Divide the source clock (2« HCAN peripheral

3 TCR3 0 _ clock) before it is used for the timer. The following

P TCR2 0 o r_elatlonshlp exists between source clocks and the
timer

1 TCR1 0 - 000000: 1  source clock

0 TCRO 0

- 000001: 2 « source clock
000010: 4 « source clock
000011: 6 « source clock
000100: 8 « source clock

111111: 126 « source clock

17.6.2 Timer Control Register_n (TCR_n) (n =0, 1)
Bit table amended

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

TCR | TCR | TCR | TCR | TCR | TCR TCRo
15 | 14 | 13 | 12 1 10

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

TCR9 TCR7 TCR5 | TCR4 | TCR3 | TCR2 | TCR1

Table amended

Bit Bit Name
5 TCR5

4 TCR4
3

2

1

0

nitial Value R/W  Description

R/W  HCAN-II Timer Prescaler

RW  Divide the source clock (2 x Pg) before it is used for the timer. The following
R/w relationship exists between source clocks and the timer

R/MW  000000: 1 x source clock

000001: 2 x source clock

000010: 4 x source clock

000011: 6 x source clock

000100: 8 x source clock

TCR3
TCR2
TCR1
TCRO

©oooooo

111111: 126 x source clock

16.7.2 HCAN Settings

Figure 16.7 Reset Sequence

598

Clear all mailboxes**

(MSG-control, data, timestamp, LAFM)

17.7.2 HCAN Settings

Figure 17.7 Reset Sequence

Figure amended

Clear all mailboxes**

(MSG-control, data, timestamp, LAFM, Txtrigger)

16.7.4 Message Transmission Cancellation Sequence
Figure 16.10 Transmission Cancellation Sequence
602

Set ABACK[N] *#*  Set TXACKIN]

17.7.4 Message Transmission Cancellation Sequence
Figure 17.10 Transmission Cancellation Sequence
Figure amended

Set ABACK[N]  Set TXACKIN]*
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16.7.9 DMAC Interface
Figure 16.13 DMAC Transfer Flowchart
608

Initial setting of DMAC : Processing by hardware
Set activation source
Set source and destination addresses

Set number of transmissions and interrupts

Receive a message at
mailbox 0 in channel 0

|

: Setting by user

’ Activate DMAC ‘

Set DMAC transfer end bit
Clear RXPR and RFPR

’ Interrupt to CPU ‘

’ Clear DMAC interrupt flag
I

e )

17.7.9 DMAC Interface
Figure 17.13 DMAC Transfer Flowchart
Figure amended

Initial setting of DMAC : Processing by hardware
Set activation source

Set source and destination addresses

|

Set number of transmissions and interrupts : Setting by user

Receive a message at
mailbox 0 in channel 0

’ Activate DMAC ‘

Set DMAC transfer end bit
Clear RXPR and RFPR

’ Clear DMAC interrupt flag |

[ e )

16.7.11 CAN Bus Interface
Figure 16.16 High-Speed Interface Using HA13721
610

17.7.11 CAN Bus Interface

Figure 17.16 Using the PCA82C250 in a High-Speed
Interface

Replaced due to the transceiver IC changed.

17.1.1 Features
617
¢ High-speed conversion

Conversion time: minimum 13.3 pus per channel (when
peripheral clock (Pf) = 20 MHz)

18.1.1 Features
Description amended
» High-speed conversion

Conversion time: minimum 13.3 us per channel (when fop
=20 MHz)

17.1.4 Register Configuration
Table 17.2 A/D Converter Registers
624

Notes: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

1. A 16-bit access must be made on a word boundary.
2. Only 0 can be written to bit 7 to clear the flag.

18.1.4 Register Configuration
Table 18.2 A/D Converter Registers
Notes amended

Notes: 1. A 16-bit access must be made on a word
boundary.

2. Only 0 can be written to bit 7 to clear the flag.

17.4.3 Analog Input Sampling and A/D Conversion Time
Table 17.4 A/D Conversion Time (Single Mode)

644

CKSO : Peripheral Clock (P¢) = 10 to 20MHz

CKS1 : Peripheral Clock (P¢) = 10MHz

States (peripheral clock (P¢))

18.4.3 Analog Input Sampling and A/D Conversion Time
Table 18.4 A/D Conversion Time (Single Mode)

Table amended

CKSO : fop = 10 to 20MHz

CKS1 : fop = 10MHz

States (CK base)
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17.6 Usage Notes
648
2. Relation between, AV, AV__and V, V.

When using the A/D converter, set AV ,=5.0V £0.5V,
and AV = V.. When the A/D converter is not used, set
AV =V, and do not leave the AV pin open.

3. AV_ input range

Set AV =4.5V to AV . when the A/D converter is used,
and AVref < AV_. when not used.

If conditions above are not met, the reliability of the device
may be adversely affected.

18.6 Usage Notes

Description amended

2. Relation between, AV, AV__ and V, V.

When using the A/D converter, set AV, =5.0V £0.5V,
and AV = V.. When the A/D converter is not used, set
AV =V, and the setting range is AV, < AV <5.5 V.
3. AV_ input range

Set AV, = 4.5V to AV, when the A/D converter is used,
and AV, - 1.0 V<AV <AV  and AV <AV _ when not
used.

If conditions above are not met, the reliability of the device
may be adversely affected.

18.2.1 A/D Trigger Control Registers 0 and 1 (ADTCRO
and ADTCR1)

655
¢ Bits 7 and 6—Clock Select 1 and 0 (CKSEL1x and
CKSELOx): Halt the counter or select internal clock ¢” from

among ¢/2, ¢/5, and ¢/10, which are obtained by dividing
clock ¢.

Bit 7: CKSEL1x Bit 6: CKSELOx Description

19.2.1 A/D Trigger Control Registers 0 and 1 (ADTCRO
and ADTCR1)

Description and table amended

¢ Bits 7 and 6—Clock Select 1 and 0 (CKSEL1x and
CKSELOx): Halt the counter or select internal clock ¢” from
among P¢/2, P¢/5, and P¢/10, which are obtained by
dividing clock P¢.

Bit 7: CKSEL1x Bit 6: CKSELOx Description

0 0 Counter is halted

Counter is incremented with internal clock ¢ = %/2

0 0 Counter is halted

Counter is incremented with internal clock ¢" = Pé/2

Counter is incremented with internal clock ¢ = /5

1
1 0
1

Counter is incremented with internal clock ¢ = ¢/10

Counter is incremented with internal clock ¢" = P¢/5

1
1 0
1 Counter is incremented with internal clock ¢" = P¢/10

18.3 Interrupt Interface

Deleted

18.4 PFC and I/O Port Interfaces

Deleted

18.5.1 Overview
(2) Prescalers
683

The channels incorporate dedicated prescalers, which can
halt the clock signal that is input from the first stage or
divide the frequency of the clock signal by 2, 5, or 10
according to the setting of the A/D trigger control register in
the corresponding channels.

19.3.1 Overview
(2) Prescalers
Description amended

Each channel has a dedicated prescaler that can halt the
clock signal or divide its frequency by 2, 5, or 10, according
to the setting of the A/D trigger control registers (ADTCRO
and ADTCR1) for the corresponding channel.

18.6 Appendices

Deleted

19.1.4 Register Configuration
Table 19.2 Register Configuration

697
Register Abbreviation Initial Value**
Status register ¢ SDSR | HOBO1
ID code register SDIDR | H'001D200F

Notes:
2. Initial value when the TRST signal is input. Registers are
not initialized by a reset (power-on or manual) or in standby
mode.

20.1.4 Register Configuration
Table 20.2 Register Configuration
Table and note amended

Register Abbreviation Initial Value**

Status register ¢ SDSR | H'5001 (SH7058SF)
H'0F01 (SH7059F)

ID code register ¢ SDIDR | H'08016447 (SH7058SF)

H'0800B447 (SH7059F)

Notes:

2. Initial value when the TRST signal is input. Registers are
not initialized by a reset (power-on or manual)

19.3.1 Instruction Register (SDIR)
699

SDIR can be initialized by the TRST signal, but is not
initialized by a reset or in software standby mode.

20.3.1 Instruction Register (SDIR)
Description amended

SDIR can be initialized by the TRST signal or in software
standby mode, but is not initialized by a reset
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19.3.2 Status Register (SDSR)

701
Bit: 15 14 13 12 11 10 9 8
[ - [ -1 -T=-T=-T-T=-1T1T=
Initial value: 0 0 0 0 1 0 1 1
R/W: R R R R R R R R

SDSR is initialized by TRST signal input, but is not
initialized by a reset or in software standby mode.

Bits 15 to 1—Reserved: Bits 15to 12 and 7 to 1 are always
read as 0, and the write value should always be 0. Bit 11,
9, and 8 are always read as 1, and the write value should
always be 1.

Bit 0—Serial Data Transfer Control Flag (SDTRF):
Indicates whether H-UDI registers can be accessed by the
CPU. The SDTRF bit is reset by the TRST signal, but is not
initialized by a reset or in software standby mode.

20.3.2 Status Register (SDSR)
Description amended

(SH7058SF)
Bit: 15 14 13 12 11 10 9 8
[T -T-T-T-T=-T=-T==1
Initial value: 0 1 0 1 0 0 0 0
R/W: R R R R R R
(SH7059F)
Bit: 15 14 13 12 11 10 9 8
-1 -T=-1T-1T=-1-T=1=1
Initial value: 0 0 0 0 1 1 1 1
R/W: R R R R R R R

SDSR is initialized by TRST signal input or in software
standby mode, but is not initialized by a reset

(SH7058SF)

Bits 15, 13, and 11 to 1 are always read as 0, and the write
value should always be 0.

Bits 14 and 12 are always read as 1, and the write value
should always be 1.

(SH7059F)
Bits 15 to 1—Reserved: Bits 15to 12 and 7 to 1 are always
read as 0, and the write value should always be 0. Bits 11

to 8 are always read as 1, and the write value should
always be 1

Bit 0—Serial Data Transfer Control Flag (SDTRF):
Indicates whether H-UDI registers can be accessed by the
CPU. The SDTREF bit is reaset by the TRST signal, but is
not initialized by a reset

19.3.3 Data Register (SDDR)
702

This register is not initialized by a reset, in hardware or
software standby mode, or by the TRST signal.

20.3.3 Data Register (SDDR)
Description amended

This register is not initialized by a reset, or by the TRST

signal.
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19.3.5 Boundary scan register (SDBSR)

Table 19.5 Correspondence between Pins and Boundary
Scan Register Bits

708, 710, 711, 713, 718

Pin No Pin Name

45 PF14/BACK

46 PF15/BREQ

135  PAS/TIO4A

136 PA9/TIO4B

137 PA10/TIO4C

138 PA11/TIO4D

143 PAL4/TXDO

144 PA15/RxDO

160  PB13/SCKO

164  PBI5/PULSS/
SCK2

167  PC2TxD2

168 PC3/RxD2

223 PL7/SCK2

230  PL12/IRQ4

231 PL13/IRQOUT

20.3.5 Boundary scan register (SDBSR)

Table 20.5 Correspondence between Pins and Boundary
Scan Register Bits

Table amended

Pin No Pin Name
45 PF14/BACKISCSO
46 PF15/BREQ/SCST1
135 PASTIO4A
/ADTOOA
136 PA9/TIO4B
/ADTOOB
137 PA10/TIO4C
J/ADTO1A
138 PA11/TIO4D
/ADTO1B
143 PA14/TXDO
/SSO0
144 PA15/RxD0
/SSI0
160 PB13/SCKO
/SSCKO
164 PB15/PULS5/
SCK2/SSCK1
167 PC2/TxD2/SSO1
168 PC3/RxD2/SSI1
223 PL7/SCK2/SSCK1
230 PL12/RQ4/SCSO
231 PL13/IRQOUT/SCST

19.3.6 ID code register (SDIDR)

719

The ID code register (SDIDR) is a 32-bit register. In the
IDCODE mode, SDIDR can output H'001D200F, which is a
fixed code, from TDO. However, no serial data can be
written to SDIDR via TDI. For SDIDR, read/write by the
CPU cannot be performed.

20.3.6 ID code register (SDIDR)
Description and table amended

The ID code register (SDIDR) is a 32-bit register. In the
IDCODE mode, SDIDR outputs a fixed code via TDO. The
codes are H'0802558 for the SH7058SF and H'0800B447
for the SH7059F. Serial data can not be written to SDIDR
via TDI. For SDIDR, read/write by the CPU cannot be
performed.

Table (SH7058SF)

27 12 [11 1021 12 11 1

0001 0001 1101 0010|0000 0000 111 | +000 0000 ~ 0001 0110 | 0100 0100 011 |
(SH7059F)
P27 12 11 1
; IO DN - 0100 0100 " 011 " |
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19.4.3 H-UDI Reset
724

20.4.3 H-UDI Reset
Desciption added

¢ In software standby mode

19.5.2 Notes on Use
725

20.5.2 Notes on Use
5to 10 added

20.2.1 Pin Descriptions

Pin Functions in RAM Monitor Mode
733

Description of AUDCK pin

The external clock input pin. Input the clock to be used for
debugging to this pin. The input frequency must not exceed
10 MHz. When no connection is made, this pin is pulled up
internally.

21.2.1 Pin Descriptions

Pin Functions in RAM Monitor Mode
Description amended

Description of AUDCK pin

The external clock input pin. Input the clock to be used for
debugging to this pin. The input frequency must not exceed
1/8 of the internal operating frequency(¢). When no
connection is made, this pin is pulled up internally.

20.3.2 Operation
Figure 20.2 Example of Data Output (32-Bit Output)
734

21.3.2 Operation
Figure 21.2 Example of Data Output (32-Bit Output)*
Title amended and note added

Note: * For details on the AUD reset timing and the timing
in branch trace mode, refer to section 29.3.13, AUD timing.

20.4.3 Operation

Figure 20.5 Example of Read Operation (Byte Read)
Figure 20.6 Example of Write Operation (Longword Write)
Figure 20.7 Example of Error Occurrence (Longword Read)
736,737

21.4.3 Operation
Figure 21.5 Example of Read Operation (Byte Read)*
Figure 21.6 Example of Write Operation (Longword Write)*

Figure 21.7 Example of Error Occurrence (Longword
Read)*

Title amended and note added

Note: * For details on the AUD reset timing and the timing
in branch trace mode, refer to section 29.3.13, AUD timing.

20.5.1 Initialization
737
3. When AUDRST is driven low

4. When the AUDSRST bit is set to 1 in the SYSCR1
register (see section 25.2.2)

5. When the MSTOP3 bit is set to 1 in the SYSCR2 register
(see section 25.2.3)

21.5.1 Initialization

Description added and amended
3. In software standby mode

4. When AUDRST is driven low

5. When the AUDSRST bit is set to 1 in the SYSCR1
register (see section 27.2.2)

6. When the MSTOP3 bit is set to 1 in the SYSCR2 register
(see section 27.2.3)

20.5.2 Operation in Software Standby Mode
737

21.5.2 Operation in Software Standby Mode
Deleted
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21.1 Overview
Table 21.1 SH7058 Multiplex Pins
739 -741,743

Function 1
(Related Module)

Function 3
(Related Module)

Function 2
(Related Module)

Function 4
(Related Module)

PA14 input/output (port)  TxDO output (SCI)

PA15 input/output (port)  RxDO input (SCI)

PC2 input/output (port) TxD2 output (SCI)

PC3 input/output (port)  RxD2 input (SCI)

PF14 input/output (port) BACK output (BSC)

PF15 input/output (port)  BREQ input (BSC)

PL12 input/output (port)  IRQ4 input (INTC)

PL13 input/output (port)  IRQOUT output (INTC) IRQOUT output (INTC)

22.1 Overview
Table 22.1 SH7059 Multiplex Pins
Table amended

Function 1 Function 2 Function 3 Function 4
(Related Module) (Related Module) (Related Module) (Related Module)
TXDO output (SCI) SS00 output (SSU)

RxDO input (SCI)

SCKO input/output (SCI)

SSCK1 output (SSU)

PC2 inputioutput (port) TxD2 output (SCI) SSO1 output (SSU)

PC3 inputioutput (port) RxD2 input (SCI) SSIL input (SSU)

PF14 input/output (port) BACK output (BSC)
PF15 input/output (port) BREQ input (BSC)

PL7 input/output (port) SCK2 input/output (SCI)

PL12 input/output (port) TRQ4 input (INTC)
IRQOUT output (INTC)

Klouput(SSU)

SCS0 input/output (SSU)
IRQOUT output (INTC)

PL13 input/output (port) SCS1 input/output (SSU)

21.3.1 Port A IO Register (PAIOR)
745

Bits PA15I0R to PAOIOR correspond to pins PA15/RxD0
to PAO/TIOA. PAIOR is enabled when port A pins function
as general input/output pins (PA15 to PAQ) or ATU-II
input/output pins, and disabled otherwise.

...When port A pins function as PA15 to PAO or ATU-II
input/output pins, a pin becomes an output when the
corresponding bit in PAIOR is set to 1, and an input when
the bit is cleared to 0.

PAIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.1 Port A IO Register (PAIOR)
Description amended

Bits PA15I0R to PAOIOR correspond to pins
PA15/RxD0/SSI0 to PAO/TIOA. PAIOR is enabled when
port A pins function as general input/output pins (PA15 to
PAOQ), ATU-II input/output pins or transmit/receive
input/output for the SSU (SSI0 and SSOO0), and disabled
otherwise.

...When port A pins function as PA15 to PAO, ATU-II
input/output pins or transmit/receive input/output for the
SSU (SSI0 and SSO0), a pin becomes an output when the
corresponding bit in PAIOR is set to 1, and an input when
the bit is cleared to 0.

PAIOR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

21.3.2 Port A Control Registers H and L (PACRH, PACRL)
746

PACRH and PACRL are initialized to H'0000 by a power-on
reset (excluding a WDT power-on reset), and in hardware

standby mode. They are not initialized in software standby
mode or sleep mode.

22.3.2 Port A Control Registers H and L (PACRH, PACRL)
Description amended

PACRH and PACRL are initialized to H'0000 by a power-on
reset (excluding a WDT power-on reset), in hardware
standby mode, and in software standby mode. They are
not initialized in  sleep mode.
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21.3.2 Port A Control Registers H and L (PACRH, PACRL)
Port A Control Register H (PACRH)

746
Bitt 15 14 13 12 8
| — [paismMp| — ‘PAlAMD|iiiiiii|PA12MD|
Initial value: 0 0 0 0 0
RIW: RIW RIW RIW

e Bit 15—Reserved: This bit is always read as 0. The
write value should always be 0.

¢ Bit 14—PA15 Mode Bit (PA15MD): Selects the function
of pin PA15/RxDO0.

Bit 14: PA15MD Description
0 General input/output (PA15) (Initial value)
1 Receive data input (RxD0)

e Bit 13—Reserved: This bit is always read as 0. The
write value should always be 0.

22.3.2 Port A Control Registers H and L (PACRH, PACRL)
Port A Control Register H (PACRH)
Description amended

Bitt 15 14 13 12 8
[PA15MD1/PA15MDOJPA14MD1]PA14MDO|
Initial value: 0 0 0 0 0
RIW:  RMW RIW RIW RIW RIW

e Bits 15 and 14—PA15 Mode Bit 1,0 (PA15MDf1,
PA15MDO0): Selects the function of pin
PA15/RxD0/SSIO0.

Bit 15: PA15SMD1 Bit 14: PA15MDO
0 0

Description

General input/output (PA15) (Initial value)

1 Receive data input (RXDO)
1 0 Receive data input (SSI0)
1

Received (Do not set)

¢ Bits 13 and 12—PA14 Mode Bit 1,0 (PA14MDf1,
PA14MDO0): Selects the function of pin

PA14/TxD0/SSO0.
e Bit 122—PA14 Mode Bit (PA14MD): Selects the function
Of pln PA1 4/TXD0 Bit 13: PA14MD1 Bit 12: PA14MDO Description
Bit12: PA1AMD  Description 0 ‘z f;:z::“z::‘xz:‘t ‘(:i‘é‘;)) (Initial value)
0 General input/output (PA14) (Initial value) 1 0 Transmit data output (SSO0)
1 Transmit data output (TxDO0) 1 Received (Do not set)
21.3.3 Port B 10 Register (PBIOR) 22.3.3 Port B 10 Register (PBIOR)

750

Bits PB15I0OR to PBOIOR correspond to pins
PB15/PULS5/SCK2 to PBO/TO6A. PBIOR is enabled when
port B pins function as general input/output pins (PB15 to
PBO) or serial clock pins (SCK0, SCK1, SCK2), and
disabled otherwise.

When port B pins function as PB15 to PB0O or SCKO0, SCK1,
and SCK2, a pin becomes an output when the
corresponding bit in PBIOR is set to 1, and an input when
the bit is cleared to 0.

PBIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

Description amended

Bits PB15I0OR to PBOIOR correspond to pins
PB15/PULS5/SCK2/SSCK1 to PBO/TO6A. PBIOR is
enabled when port B pins function as general input/output
pins (PB15 to PBO) or serial clock pins (SCK0, SCK1,
SCK2, SSCKO0, SSCK1), and disabled otherwise.

When port B pins function as PB15 to PBO or SCKO0, SCK1,
SCK2, SSCKO0, and SSCK1, a pin becomes an output
when the corresponding bit in PBIOR is set to 1, and an
input when the bit is cleared to 0.

PBIOR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.
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SH7058S/SH7059

21.3.4 Port B Control Registers H and L (PBCRH, PBCRL)
751, 752

PBCRH and PBCRL are initialized to H'0000 by a power-on
reset (excluding a WDT power-on reset), and in hardware
standby mode. They are not initialized in software standby
mode or sleep mode.

Port B Control Register H (PBCRH)

Bit: 15 11 10
PB15 | — PB13
MD1 MD
Initial value: 0 0 0
RIW:  R/W RIW

e Bits 15 and 14—PB15 Mode Bits 1 and 0 (PB15MD1,
PB15MDO0): These bits select the function of pin
PB15/PULS5/SCK2.

Bit 15: PB15MD1 Bit 14: PB15MDO Description

e Bit 11—Reserved: This bit is always read as 0. The
write value should always be 0.

e Bit 10—PB13 Mode Bit (PB13MD): Selects the function
of pin PB13/SCKO.

Bit 10: PB13MD Description
0 General input/output (PB13) (Initial value)
1 Serial clock input/output (SCKO0)

22.3.4 Port B Control Registers H and L (PBCRH, PBCRL)
Description amended

PBCRH and PBCRL are initialized to H'0000 by a power-on
reset (excluding a WDT power-on reset), in hardware
standby mode and in software standby mode. They are not
initialized in  sleep mode.

Port B Control Register H (PBCRH)

Bit: 15 11 10
PB15 | PB13 | PB13
MD1 MDL1 | MDO

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

e Bits 15 and 14—PB15 Mode Bits 1 and 0 (PB15MD1,
PB15MDO0): These bits select the function of pin
PB15/PULS5/SCK2/SSCK1.

Bit 15: PB15MD1 Bit 14: PB15MDO
1 1

Description
Serial clock output (SSCK1)

e Bits 11 and 10—PB13 Mode Bit 1,0 (PB13MDI1,
PB13MDO0): Selects the function of pin
PB13/SCK0/SSCKO.

Bit 11: PB13MD1 Bit 10: PB13MDO
0 0

Description

General input/output (PB13)
Serial clock input/output (SCK0)
Serial clock output (SSCKO)
Reserved (Do not set)

(Initial value)

1
1 0
1

21.3.5 Port B Invert Register (PBIR)
756

Bits PB15IR to PB13IR and PB11IR to PBOIR correspond
to pins PB15/PULS5/SCK2 to PB13/SCKO0 and
PB11/RxD4/HRxD0/TO8H to PBO/TO6A. PBIR is enabled
when port B pins function as ATU-II outputs or serial clock
pins, and disabled otherwise.

...PBIR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.5 Port B Invert Register (PBIR)
Description amended

Bits PB15IR to PB13IR and PB11IR to PBOIR correspond
to pins PB15/PULS5/SCK2/SSCK1 to PB13/SCK0/SSCKO
and PB11/RxD4/HRxDO/TO8H to PBO/TO6A. PBIR is
enabled when port B pins function as ATU-II outputs or
serial clock pins, and disabled otherwise.

...PBIR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.
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21.3.6 Port C 10 Register (PCIOR)
757

PCIOR is enabled when port C pins function as general
input/output pins (PC4 to PCO0), and disabled otherwise.

When port C pins function as PC4 to PCO, a pin becomes
an output when the corresponding bit in PCIOR is set to 1,
and an input when the bit is cleared to 0.

PCIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.6 Port C IO Register (PCIOR)
Description amended

PCIOR is enabled when port C pins function as general
input/output pins (PC4 to PCO or transmit/receive
input/output for the SSU (SSI1 and SSO1)), and disabled
otherwise.

When port C pins function as PC4 to PCO or
transmit/receive input/output for the SSU (SSI1 and SSO1),
a pin becomes an output when the corresponding bit in
PCIOR is set to 1, and an input when the bit is cleared to 0.

PCIOR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

21.3.7 Port C Control Register (PCCR)

758
Bit: 7 6 5 4 0
[ — [pcsmp] — [ecawn]  [Pcomp]
Initial value: 0 0 0 0 0
R/W: R/W R/W R/W

PCCR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

e Bit 7—Reserved: This bit is always read as 0. The write
value should always be 0.

¢ Bit 6—PC3 Mode Bit (PC3MD): Selects the function of
pin PC3/RxD2.

22.3.7 Port C Control Register (PCCR)
Bit table amended

Bit. 7 6 5 4 0
|PC3MD1|PC3MDO|PCZMD1‘ PCZMDO| """"" PCOMD
Initial value: 0 0 0 0 0
RW: RW RW  RW  RW RIW

Description amended

PCCR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), in hardware standby
mode, and software standby mode. It is not initialized in
sleep mode.

e Bits 7 and 6—PC3 Mode Bit 1, 0 (PC3MD1, PC3MDO0):
Selects the function of pin PC3/RxD2/SSI1.

Bit 7: PC3MD1 Bit 6: PC3MDO
0 0

Description

General input/output (PC3) (Initial value)

1 Receive data input (RxD2)
1 0 Receive data input (SSI1)
1

Bit 6: PC3MD Description Reserved (Do not set)
0 General input/output (PC3) (Initial value)
1 Receive data input (RxD2)

o Bit 5—Reserved: This bit is always read as 0. The write
value should always be 0.

¢ Bit 4—PC2 Mode Bit (PC2MD): Selects the function of

pin PC2/TxD2.
Bit 4: PC2MD Description
0 General input/output (PC2) (Initial value)
1 Transmit data output (TxD2)

e Bits 5 and 4—PC2 Mode Bit 1, 0 (PC2MD1, PC2MDO):
Selects the function of pin PC2/TxD2/SSO1.

Bit 5: PC2MD1 Bit 4: PC2MDO
0 0

Description

General input/output (PC2) (initial value)

Transmit data output (TxD2)
Transmit data output (SSO1)
Reserved (Do not set)

1
i 0
1

21.3.8 Port D 10 Register (PDIOR)

759

PDIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.8 Port D 10 Register (PDIOR)

Description amended

PDIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), in hardware standby
mode, and in software standby mode. It is not initialized
sleep mode.
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21.3.9 Port D Control Registers H and L (PDCRH, PDCRL)
760

PDCRH and PDCRL are initialized to H'0000 by a
power-on reset (excluding a WDT power-on reset), and in
hardware standby mode. They are not initialized in
software standby mode or sleep mode.

22.3.9 Port D Control Registers H and L (PDCRH, PDCRL)
Description amended

PDCRH and PDCRL are initialized to H'0000 by a
power-on reset (excluding a WDT power-on reset), in

hardware standby mode, and in software standby mode.
They are not initialized in = sleep mode.

21.3.10 Port E 10 Register (PEIOR)

764

PEIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware

standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.10 Port E 10 Register (PEIOR)

Description amended

PEIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

21.3.11 Port E Control Register (PECR)

765

PECR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware

standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.11 Port E Control Register (PECR)
Description amended

PECR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

21.3.12 Port F IO Register (PFIOR)
770

Bits PF15I0R to PFOIOR correspond to pins PF15/BREQ
to PFO/A16.

... PFIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.12 Port F IO Register (PFIOR)
Description amended

Bits PF15I0R to PFOIOR correspond to pins
PF15/BREQ/SCS1 to PFO/A16.

... PFIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), in hardware standby
mode, and in software standby mode. It is not initialized in

sleep mode. It is not initialized by a WDT power-on
reset.

Rev. 5.00 Feb. 24,2010 Page xxxviii of xciv
REJ09B0177-0500
RENESAS



Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

21.3.13 Port F Control Registers H and L (PFCRH,
PFCRL)

771,772

PFCRH and PFCRL are initialized to H'0015 and H'5000,
respectively, by a power-on reset (excluding a WDT
power-on reset), and in hardware standby mode. They are
not initialized in software standby mode or sleep mode.

Bit: 15 14 13 12 11 8
I T i T I N

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

e Bit 14—PF15 Mode Bit (PF15MD): Selects the function
of pin PF15/BREQ.

Description
Single-Chip Mode

Bit 14: PF15MD Expanded Mode

0 General input/output (PF15) General input/output (PF15)
(Initial value) (Initial value)
1 Bus request input (BREQ) General input/output (PF15)

e Bit 13—Reserved: This bit is always read as 0. The
write value should always be 0.

e Bit 12—PF14 Mode Bit (PF14MD): Selects the function
of pin PF14/BACK.

22.3.13 Port F Control Registers H and L (PFCRH,
PFCRL)

Description amended

PFCRH and PFCRL are initialized to H'0015 and H'5000,
respectively, by a power-on reset (excluding a WDT
power-on reset), in hardware standby mode, and in

software standby mode. They are not initialized in  sleep
mode.
Bit: 15 14 13 12 11 8
CKHIZ |PF15MD|PF15MD|PF14MD|PF14MD| PF12MD
0 1 0 1
Initial value: 0 0 0 0 o 0
R/W: R/W R/W R/W R/W R/W R/W

e Bits 14 and 13—PF15 Mode Bit 0, 1 (PF15MDO,
PF15MD1): Selects the function of pin
PF15/BREQ/SCSH.

Description
Single-Chip Mode

Bit 14: PF15MD0O Bit 13: PF15MD1 Expanded Mode

0 0 General input/output (PF15) General input/output (PF15)
(Initial value) (Initial value)
1 Reserved (Do not set) Chip select input/output (SCST)
1 0 Bus request input (BREQ) General input/output (PF15)
il Reserved (Do not set)

e Bits 12 and 11—PF14 Mode Bit 0,1(PF14MDO,
PF14MD1): Selects the function of pin

Description :
Bit 12: PF14MD Expanded Mode Single-Chip Mode Description
0 General inputioutput (PF14) General inputioutput (PF14) Bit 12: PF14MDO Bit 11: PF14MD1 Expanded Mode Single-Chip Mode
(Initial value) (Initial value) 0 0 General input/output (PF14) Gen_eral input/output (PF14)
(Initial value) (Initial value)
1 Bus acknowledge output (BACK) General input/output (PF14) 1 Reserved (Do not set) Chip select inputioutput (5CS0)
1 0 Bus acknowledge output (BACK) General input/output (PF14)

e Bit 11—Reserved: This bit is always read as 0. The
write value should always be 0.

1 Reserved (Do not set)

21.3.14 Port G 10 Register (PGIOR)

776

PGIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware

standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.14 Port G 10 Register (PGIOR)

Description amended

PGIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), in hardware standby
mode, in software standby mode. It is not initialized in
sleep mode.

21.3.15 Port G Control Register (PGCR)

777

PGCR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.15 Port G Control Register (PGCR)

Description amended

PGCR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.
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21.3.16 Port H 10 Register (PHIOR)

778

PHIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.16 Port H 10 Register (PHIOR)

Description amended

PHIOR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

21.3.17 Port H Control Register (PHCR)

779

PHCR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware

standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.17 Port H Control Register (PHCR)
Description amended

PHCR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

21.3.18 Port J 10 Register (PJIOR)

785

PJIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware

standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.18 Port J 10 Register (PJIOR)

Description amended

PJIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

21.3.19 Port J Control Registers H and L (PJCRH, PJCRL)
786

PJCRH and PJCRL are initialized to H'0000 by a power-on
reset (excluding a WDT power-on reset), and in hardware
standby mode. They are not initialized in software standby
mode or sleep mode.

22.3.19 Port J Control Registers H and L (PJCRH, PJCRL)
Description amended

PJCRH and PJCRL are initialized to H'0000 by a power-on
reset (excluding a WDT power-on reset), in hardware
standby mode, and in software standby mode. They are
not initialized in  sleep mode.

21.3.20 Port K 10 Register (PKIOR)

790

PKIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.20 Port K 10 Register (PKIOR)

Description amended

PKIOR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

21.3.21 Port K Control Registers H and L (PKCRH,
PKCRL)

790
PKCRH and PKCRL are initialized to H'0000 by a power-on
reset (excluding a WDT power-on reset), and in hardware

standby mode. They are not initialized in software standby
mode or sleep mode.

22.3.21 Port K Control Registers H and L (PKCRH,
PKCRL)

Description amended
PKCRH and PKCRL are initialized to H'0000 by a power-on
reset (excluding a WDT power-on reset), in hardware

standby mode, and in software standby mode. They are
not initialized in  sleep mode.

21.3.22 Port K Invert Register (PKIR)
795

PKIR is initialized to H'0000 by a power-on reset (excluding
a WDT power-on reset), and in hardware standby mode. It
is not initialized in software standby mode or sleep mode.

22.3.22 Port K Invert Register (PKIR)
Description amended

PKIR is initialized to H'0000 by a power-on reset (excluding
a WDT power-on reset), in hardware standby mode, and in
software standby mode. It is not initialized in ~ sleep
mode.
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21.3.23 Port L 10 Register (PLIOR)
796

Bits PL13IOR to PLOIOR correspond to pins PL13/IRQOUT
to PLO/TI10. PLIOR is enabled when port L pins function as
general input/output pins (PL13 to PLO), timer input/output
pins (TIO11A, TIO11B), or serial clock pins (SCK2, SCK3,
SCK4), and disabled otherwise.

When port L pins function as PL13 to PLO, TIO11A and
TIO11B, or SCK2, SCKS, and SCK4, a pin becomes an
output when the corresponding bit in PLIOR is set to 1, and
an input when the bit is cleared to 0.

PLIOR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

22.3.23 Port L 10 Register (PLIOR)
Description amended

Bits PL13IOR to PLOIOR correspond to pins
PL13/IRQOUT/SCS1 to PLO/TI10. PLIOR is enabled when
port L pins function as general input/output pins (PL13 to
PLO), timer input/output pins (TIO11A, TIO11B), or serial
clock pins (SCK2, SCK3, SCK4, SSCK1), and disabled
otherwise.

When port L pins function as PL13 to PLO, TIO11A and
TIO11B, or SCK2, SCK3, SCK4, and SSCK1 a pin
becomes an output when the corresponding bit in PLIOR is
set to 1, and an input when the bit is cleared to 0.

PLIOR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

21.3.24 Port L Control Registers H and L (PLCRH, PLCRL)
Port L Control Register H (PLCRH)
797, 798

PLCRH and PLCRL are initialized to H'0000 by a power-on
reset (excluding a WDT power-on reset), and in hardware
standby mode. They are not initialized in software standby
mode or sleep mode.

Bit: 15 9 8
— 1 — | P2
MD
Initial value: o 0 0
R/W: R/W

e Bits 11 and 10—PL13 Mode Bits 1 and 0 (PL13MD1,
PL13MDO0): These bits select the function of pin
PL13/IRQOUT.

Bit 11: PL13MD1 Bit 10: PL13MDO Description
0 0 General input/output (PL13) (Initial value)
1 TRQOUT is fixed high (IRQOUT)
1 0 TRQOUT is output by INTC interrupt request
(IRQOUT)
1 Reserved (Do not set)

o Bit 9—Reserved: This bit is always read as 0. The write
value should always be 0.

e Bit 83—PL12 Mode Bit (PL12MD): Selects the function
of pin PL12/IRQ4.

22.3.24 Port L Control Registers H and L (PLCRH, PLCRL)
Port L Control Register H (PLCRH)
Description amended

PLCRH and PLCRL are initialized to H'0000 by a power-on
reset (excluding a WDT power-on reset), in hardware
standby mode, and in software standby mode. They are

not initialized in  sleep mode.
Bitt 15 9 8
— PL12 | PL12
MDL1 | MDO
Initial value: 0 0 0
RIW: RW  RW

e Bits 11 and 10—PL13 Mode Bits 1 and 0 (PL13MD1,
PL13MDO): These bits select the function of pin
PL13/IRQOUT/SCSH.

Bit 11: PL13MD1 Bit 10: PL13MDO
0 0

Description

General input/output (PL13)

IRQOUT is fixed high (IRQOUT)

IRQOUT is output by INTC interrupt request (IRQOUT)
Chip select input/output (SCST)

(Initial value)

1
1 0
1

e Bit9, 8—PL12 Mode Bit 1,0 (PL12MD0,PL12MDO0):
Selects the function of pin PL12/IRQ4/SCS0.

Bit 8: PL12MD Description
0 General input/output (PL12) (Initial value)
1 Interrupt request input (IRQ4)

Bit 9: PL12MD1 Bit 8: PL12MDO
0 0

Description

General input/output (PL12) (Initial value)

Interrupt request input (IRQA)

Chip select input/output (SCS0)

1
1 0
1 Reserved (Do not set)
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21.3.24 Port L Control Registers H and L (PLCRH, PLCRL)
Port L Control Register L (PLCRL)

799
Bit: 15 14 8
[— Trowe] " [raw]
Initial value: 0 0 0
R/W: R/W R/W

e Bit 15—Reserved: This bit is always read as 0. The
write value should always be 0.

e Bit 14—PL7 Mode Bit (PL7MD): Selects the function of
pin PL7/SCK2.

Bit 14: PL7MD Description

0 General input/output (PL7) (Initial value)

1 Serial clock input/output (SCK2)

22.3.24 Port L Control Registers H and L (PLCRH, PLCRL)
Port L Control Register L (PLCRL)
Description amended

Bit: 15 14 8
fprowbilerwon] e
Initial value: 0 0 0
R/W: R/W R/W R/W

e Bits 15 and 14—PL7 Mode Bit 1, 0 (PL7MD1,
PL7MDO): Selects the function of pin
PL7/SCK2/SSCK1.

Bit 15: PL7MD1 Bit 14: PL7MDO
0 0

Description

General inputioutput (PL7) (Initial value)

Serial clock input/output (SCK2)
Serial clock output (SSCK1)
Reserved (Do not set)

1
il 0
1

21.3.25 Port L Invert Register (PLIR)
801

Bits PL9IR to PL7IR correspond to pins PL9/SCK4/IRQ5 to
PL7/SCK2. PLIR is enabled when port L pins function as
serial clock pins, and disabled otherwise.

...PLIR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode

22.3.25 Port L Invert Register (PLIR)

Description amended

Bits PL9IR to PL7IR correspond to pins PL9/SCK4/IRQ5 to

PL7/SCK2/SCK1. PLIR is enabled when port L pins

function as serial clock pins, and disabled otherwise.

...PLIR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

22.2 Port A
Figure 22.1 Port A
803

PA15 (I/0) / RxDO (input)
PA14 (1/0) / TxDO (output)

23.2 Port A
Figure 23.1 Port A
Figure amended

PA15 (I/0) / RxDO (input) / SSIO (input)
PA14 (1/0) / TxDO (output) / SSOO0 (output)

22.2.1 Register Configuration
Table 22.1 Register Configuration
804

Note: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

23.2.1 Register Configuration
Table 23.1 Register Configuration
Note deleted

22.2.2 Port A Data Register (PADR)
804

Bits PA15DR to PAODR correspond to pins PA15/RxDO0 to
PAO/TIOA.

...PADR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

23.2.2 Port A Data Register (PADR)
Description amended

Bits PA15DR to PAODR correspond to pins
PA15/RxD0/SSIO0 to PAO/TIOA.

...PADR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

22.2.3 Port A Port Register (PAPR)
805

Bits PA15PR to PAOPR correspond to pins PA15/RxDO0 to
PAO/TIOA.

23.2.3 Port A Port Register (PAPR)
Description amended

Bits PA15PR to PAOPR correspond to pins
PA15/RxD0/SSIO0 to PAO/TIOA.
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22.3 PortB
Figure 22.2 Port B
806

23.3 Port B
Figure 23.2 Port B
Figure amended

PB15 (I/O) / PULS5 (output) / SCK2 (1/O)

PB15 (I/0) / PULS5 (output) / SCK2 (1/0O) / SSCK1 (output)

PB13 (I/0) / SCKO (1/O)

PB13 (I/0) / SCKO (1/0) / SSCKO (output)

22.3.1 Register Configuration
Table 22.3 Register Configuration
806

Note: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

23.3.1 Register Configuration
Table 23.3 Register Configuration
Note deleted

22.3.2 Port B Data Register (PBDR)
807

Bits PB15DR to PBODR correspond to pins
PB15/PULS5/SCK2 to PBO/TOBA.

...PBDR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

23.3.2 Port B Data Register (PBDR)
Description amended

Bits PB15DR to PBODR correspond to pins
PB15/PULS5/SCK2/SSCK1 to PBO/TOB6A.

...PBDR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

22.3.3 Port B Port Register (PBPR)
808

Bits PB15PR to PBOPR correspond to pins
PB15/PULS5/SCK2 to PBO/TOB6A.

23.3.3 Port B Port Register (PBPR)
Description amended

Bits PB15PR to PBOPR correspond to pins
PB15/PULS5/SCK2/SSCK1 to PBO/TOB6A.

22.4 Port C
Figure 22.3 Port C
808

PC3 (I/0) / RxD2 (input)
PC2 (1/0) / TxD2 (output)

23.4 Port C

Figure 23.3 Port C

Figure amended
PC3 (I/0) / RxD2 (input) / SSI1 (input)
PC2 (I/0) / TxD2 (output) / SSO1 (output)

22.4.1 Register Configuration
Table 22.5 Register Configuration
808

Note: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

23.4.1 Register Configuration
Table 23.5 Register Configuration
Note deleted

22.4.2 Port C Data Register (PCDR)

809

PCDR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware

standby mode. It is not initialized in software standby mode
or sleep mode.

23.4.2 Port C Data Register (PCDR)

Description amended

PCDR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

22.5.1 Register Configuration
Table 22.7 Register Configuration
810

Note: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

23.5.1 Register Configuration
Table 23.7 Register Configuration
Note deleted
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22.5.2 Port D Data Register (PDDR)

811

PDDR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware

standby mode. It is not initialized in software standby mode
or sleep mode.

23.5.2 Port D Data Register (PDDR)

Description amended

PDDR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

22.6.1 Register Configuration
Table 22.9 Register Configuration
813

Note: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

23.6.1 Register Configuration
Table 23.9 Register Configuration
Note deleted

22.6.2 Port E Data Register (PEDR)

814

PEDR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware

standby mode. It is not initialized in software standby mode
or sleep mode.

23.6.2 Port E Data Register (PEDR)

Description amended

PEDR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

22.7 Port F
Figure 22.6 Port F
816
Single-chip mode
PF15 (I/O)
PF14 (1/0)

23.7 Port F

Figure 23.6 Port F

Figure amended

Single-chip mode
PF15 (1/0) / SCS1 (I/O)
PF14 (1/0) / SCSO (1/0)

22.7.1 Register Configuration
Table 22.11 Register Configuration
816

Note: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

23.7.1 Register Configuration
Table 23.11 Register Configuration
Note deleted

22.7.2 Port F Data Register (PFDR)
817

Bits PF15DR to PFODR correspond to pins PF15/BREQ to
PFO/A16.

... PFDR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

23.7.2 Port F Data Register (PFDR)
Description amended

Bits PF15DR to PFODR correspond to pins
PF15/BREQ/SCS1 to PFO/A16.

... PFDR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

22.8.1 Register Configuration
Table 22.13 Register Configuration
819

Note: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

23.8.1 Register Configuration
Table 23.13 Register Configuration
Note deleted

22.8.2 Port G Data Register (PGDR)
819

PGDR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

23.8.2 Port G Data Register (PGDR)
Description amended

PGDR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.
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22.9.1 Register Configuration
Table 22.15 Register Configuration
822

Note: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

23.9.1 Register Configuration
Table 23.15 Register Configuration
Note deleted

22.9.2 Port H Data Register (PHDR)

822

PHDR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

23.9.2 Port H Data Register (PHDR)

Description amended

PHDR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

22.10.1 Register Configuration
Table 22.17 Register Configuration
824

Note: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

23.10.1 Register Configuration
Table 23.17 Register Configuration
Note deleted

22.10.2 Port J Data Register (PJDR)

824

PJDR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware

standby mode. It is not initialized in software standby mode
or sleep mode.

23.10.2 Port J Data Register (PJDR)
Description amended

PJDR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

22.11.1 Register Configuration
Table 22.19 Register Configuration
826

Note: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

23.11.1 Register Configuration
Table 23.19 Register Configuration
Note deleted

22.11.2 Port K Data Register (PKDR)

827

PKDR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware

standby mode. It is not initialized in software standby mode
or sleep mode.

23.11.2 Port K Data Register (PKDR)

Description amended

PKDR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

2212 Port L
Figure 22.11 Port L
828

PL13 (/0) / TRQOUT (output)
PL12 (1/O) / TRQ4 (input)
PL7 (I/O) / SCK2 (1/O)

23.12 Port L
Figure 23.11 Port L
Pin name added

PL13 (/0) / TRQOUT (output) / SCST (1/0)
PL12 (I/O) / TRQ# (input) / SCSO (1/0)
PL7 (I/0) / SCK2 (1/0) / SSCK1 (output)

22.12.1 Register Configuration
Table 22.21 Register Configuration
828

Note: Register access with an internal clock multiplication
ratio of 4 requires four or five internal clock (¢) cycles.

23.12.1 Register Configuration
Table 23.21 Register Configuration
Note deleted
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22.12.2 Port L Data Register (PLDR)

829

Bits PL13DR to PLODR correspond to pins PL13/IRQOUT
to PLO/TI10.

... PLDR is initialized to H'0000 by a power-on reset
(excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode
or sleep mode.

23.12.2 Port L Data Register (PLDR)
Description amended

Bits PL13DR to PLODR correspond to pins
PL13/IRQOUT/SCS1 to PLO/TI10.

... PLDR is initialized to H'0000 by a power-on reset

(excluding a WDT power-on reset), in hardware standby

mode, and in software standby mode. It is not initialized in
sleep mode.

23.1 Features

833, 834
e Two flash-memory MATs according to LSl initiation
mode

— The user boot MAT is initiated at a power-on reset
in user boot mode: 8 kbytes
e Operating frequency at programming/erasing

The operating frequency at programming/erasing is a
maximum of 40 MHz.

24 1 Features
Description amended
e Two flash-memory MATs according to LSl initiation
mode
— The user boot MAT is initiated at a power-on reset
in user boot mode: 12 Kbytes
e Operating frequency at programming/erasing

The operating frequency at programming/erasing is a
maximum of 80 MHz.

23.2.1 Block Diagram

Figure 23.1 Block Diagram of Flash Memory
835

Memory MAT unit

User boot MAT : 8 kbytes

24.2.1 Block Diagram

Figure 24.1 Block Diagram of Flash Memory
Figure amended

Memory MAT unit

User boot MAT : 12 Kbytes

23.2.4 Flash Memory Configuration
Figure 23.3 Flash Memory Configuration
839

This LSI's flash memory is configured by the 1-Mbyte user
MAT and 8-kbyte user boot MAT.

<User Boot MAT>
Address H'00,0000 to H'00,1FFF 8 kbytes

The user MAT and user boot MAT have different memory
sizes. Do not access a user boot MAT that is 8 kbytes or
more. When a user boot MAT exceeding 8 kbytes is read
from, an undefined value is read.

24.2.4 Flash Memory Configuration
Figure 24.3 Flash Memory Configuration
Description amended

This LSI's flash memory is configured by the 1-Mbyte user
MAT and 12-Kbyte user boot MAT.

Figure amended
<User Boot MAT>
Address H'00,0000 to H'00,2FFF 12 Kbytes

Description amended

The user MAT and user boot MAT have different memory
sizes. Do not access a user boot MAT that is 12 Kbytes or
more. When a user boot MAT exceeding 12 Kbytes is read
from, an undefined value is read.

Rev. 5.00 Feb. 24,2010 Page xlvi of xciv
REJ09B0177-0500

RENESAS



Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

23.4.2 Programming/Erasing Interface Registers
847

The programming/erasing interface registers are as
described below. They are all 8-bit registers that can be
accessed in bytes. Except for the FLER bit in FCCS and
FMATS, these registers are initialized at a power-on reset,
in hardware standby mode, or in software standby mode.
The FLER bit or FMATS is not initialized in software
standby mode.

¢ Bit 0—Source Program Copy Operation (SCO):

... Four NOP instructions must be executed immediately
after setting this bit to 1.

24.4.2 Programming/Erasing Interface Registers
Descritpion amended

The programming/erasing interface registers are as
described below. They are all 8-bit registers that can be
accessed in bytes. These regiseters are initialized at a
power-on reset, in hardware standby mode, or in software
standby mode.

e Bit 0—Source Program Copy Operation (SCO):

... Eight NOP instructions must be executed immediately
after setting this bit to 1.

23.4.3 Programming/Erasing Interface Parameters

851

... This parameter uses the general registers of the CPU
(R4, R5, and RO) or the on-chip RAM area. The initial value

is undefined at a power-on reset or in hardware standby
mode.

24.4.3 Programming/Erasing Interface Parameters
Description amended

... This parameter uses the general registers of the CPU
(R4, R5, and RO) or the on-chip RAM area. The initial value
is undefined at a power-on reset, in hardware standby
mode, or in software standby mode.

(1) Download Control

852

... The on-chip RAM area to be downloaded is the area as
much as 2 kbytes starting from the start address specified

by FTDAR. For the address map of the on-chip RAM, see
figure 23.10.

(1) Download Control
Description amended

...The on-chip RAM area to be downloaded is the area as
much as 3 Kbytes starting from the start address specified
by FTDAR. For the address map of the on-chip RAM, see
figure 24.10.

23.4.4 RAM Emulation Register (RAMER)
862

... RAMER is initialized to H'0000 at a power-on reset or in
hardware standby mode and is not initialized in software
standby mode. The RAMER setting must be executed in
user mode or in user program mode.

24.4.4 RAM Emulation Register (RAMER)
Description amended

... RAMER is initialized to H'0000 at a power-on reset or in
hardware standby mode, or in software standby mode. The
RAMER setting must be executed in user mode or in user
program mode.

23.5.1 Boot Mode
864

...After the SCI bit rate is automatically adjusted, the
communication with the host is executed by means of the
control command method.

24.5.1 Boot Mode
Description added

... After the SCI bit rate is automatically adjusted, the
communication with the host is executed by means of the
control command method. The RAM areas used by boot
mode are 3 Kbytes starting at address H'FFFF0000, 4
Kbytes starting at address H'FFFFB00O, and 128 bytes
from H'FFFFBF80 to H'FFFFBFFF, which are used as the
stack.

(1) SClI Interface Setting by Host

Table 23.8 System Clock Frequency that Can
Automatically Adjust Bit Rate of This LSI

865

Host Bit Rate System Clock Frequency Which Can Automatically Adjust LSI's Bit Rate

(1) SClI Interface Setting by Host

Table 24.8 System Clock Frequency that Can
Automatically Adjust Bit Rate of This LSI

Table amended

Host Bit Rate System Clock Frequency Which Can Automatically Adjust LSI's Bit Rate

9,600 bps 20 to 40 MHz (input frequency of 5 to 10 MHz)

9,600 bps 40 to 80 MHz (input frequency of 5 to 10 MHz)

19,200 bps 20 to 40 MHz (input frequency of 5 to 10 MHz)

19,200 bps 40 to 80 MHz (input frequency of 5 to 10 MHz)
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23.5.2 User Program Mode

(1) On-Chip RAM Address Map when
Programming/Erasing is Executed

Figure 23.10 RAM Map after Download
869

Area to be downloaded (Size: 2 kbytes)
Address

FTDAR setting+2048

24.5.2 User Program Mode

(1) On-Chip RAM Address Map when
Programming/Erasing is Executed

Figure 24.10 RAM Map after Download
Figure amended

Area to be downloaded (Size: 3 Kbytes)
Address

FTDAR setting+3072

(2.3) VBRis cleared to 0 and 1 is written to the SCO bit of
FCCS, and then download is executed.

871

When download is executed, particular interrupt
processing, which is accompanied by the bank switch as
described below, is performed as an internal
microcomputer processing, so VBR need to be cleared to
0. Four NOP instructions are executed immediately after
the instructions that set the SCO bit to 1.

(2.3) VBRis cleared to 0 and 1 is written to the SCO bit of
FCCS, and then download is executed.

Description amended

When download is executed, particular interrupt
processing, which is accompanied by the bank switch as
described below, is performed as an internal
microcomputer processing, so VBR need to be cleared to
0. Eight NOP instructions are executed immediately after
the instructions that set the SCO bit to 1.

(4) Erasing and Programming Procedure in User Program
Mode

Figure 23.13 Sample Procedure of Repeating RAM
Emulation, Erasing, and Programming (Overview)

877
Set FTDAR to H'03
(Specify HFFFF1800 as download destination)

e Be sure to initialize both the erasing program and
programming program.

Initialization by setting the FPEFEQ and FUBRA
parameters must be performed for both the erasing
program and the programming program. Initialization must
be executed for both entry addresses: (download start
address for erasing program) + 32 bytes (H'FFFF1020 in
this example) and (download start address for
programming program) + 32 bytes (H'FFFF1820 in this
example).

(4) Erasing and Programming Procedure in User Program
Mode

Figure 24.13 Sample Procedure of Repeating RAM
Emulation, Erasing, and Programming (Overview)

Figure amended
Set FTDAR to H'04
(Specify H'FFFF2000 as download destination)

Description amended

e Be sure to initialize both the erasing program and
programming program.

Initialization by setting the FPEFEQ and FUBRA
parameters must be performed for both the erasing
program and the programming program. Initialization must
be executed for both entry addresses: (download start
address for erasing program) + 32 bytes (H'FFFF1020 in
this example) and (download start address for
programming program) + 32 bytes (H'FFFF2020 in this
example).

23.5.3 User Boot Mode
(1) User Boot Mode Initiation
878

... When the reset start is executed in user boot mode, the
check routine for flash-memory related registers runs. The
RAM area about 1.2 kbytes from H'FFFF0800 and 4 bytes
from H'FFFFBFFC (a stack area) is used by the routine.
While the check routine is running, NMI and all other
interrupts cannot be accepted. Neither can the AUD be
used in this period. This period is 100 us while operating at
an internal frequency of 40 MHz.

24.5.3 User Boot Mode
(1) User Boot Mode Initiation
Description amended

... When the reset start is executed in user boot mode, the
check routine for flash-memory related registers runs. The
RAM area about 3 Kbytes from H'FFFFB000 and 128 bytes
from H'FFFFBF80 to H'FFFFBFFF (a stack area) is used
by the routine. While the check routine is running, NMI and
all other interrupts cannot be accepted. Neither can the
AUD be used in this period. This period is 100 us while
operating at an internal frequency of 80 MHz.
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23.6.1 Hardware Protection
881

Programming and erasing of flash memory is forcibly
disabled or suspended by hardware protection. In this
state, the downloading of an on-chip program and
initialization of the flash memory are possible.

24.6.1 Hardware Protection
Description amended

Programming and erasing of flash memory is forcibly
disabled or suspended by hardware protection. In this state
by the FWE pin, the downloading of an on-chip program
and initialization of the flash memory are possible.

23.6.3 Error Protection
Figure 23.16 Transitions to and from Error Protection State
883, 884

e When the relevant bank area of flash memory is read
during programming/erasing (including a vector read or
an instruction fetch)

e When a SLEEP instruction (including software standby
mode) is executed during programming/erasing

...Note that the reset signal should only be released after
providing a reset input over a period longer than the normal
100 ps.

Reset or standby

Program mode )
R (Hardware protection)
»>

Erase mode

Read disabled
Programming/erasing

enabled
FLER=0

Error occurred \

Error protection mode

Read enabled
Programming/erasing disabled,
FLER=0

Programming/erasing interface
RES=0 or register is in its initial state.
HSTBY=0

Error protection mode
(Software standby)

Software standby mode
—_—>

Read enabled
Programming/erasing disabled
FLER=1

e
Cancel

software standby mode

Read disabled
Programming/erasing disabled,
FLER=1

Programming/erasing interface
register is in its initial state.

24.6.3 Error Protection

Figure 24.16 Transitions to and from Error Protection State

Description amended

. Flash memory is read during programming/erasing
(including a vector read or an instruction fetch)

¢ When a SLEEP instruction
programming/erasing

is executed during

...Note that the reset signal should only be released after
providing a reset input over a period longer than the normal
100 ps.

Figure amended

Reset or standby

Program mode )
o (Hardware protection)

Erase mode

Read disabled
Programming/erasing
enabled
FLER=0

Error occurred x

Error protection mode ) Software standby mode
—_— >

Read enabled
Programming/erasing disabled
FLER=0

Programming/erasing interface
R'ES:O register is in its initial state
HSTBY=0

or software standby mode cancellation

(Software standby)

Read enabled
Programming/erasing disabled
FLER=1

Read disabled
Programming/erasing disabled
FLER=undefined

The power is not supplied in this LSI.

23.7 Flash Memory Emulation in RAM
Figure 23.18 Example of Overlapped RAM Operation
886

EBO to EB15

H'00000

H'01000

H'02000

H'03000

H'04000

H'05000

H'06000

H'07000

H'08000

H'FFFFF

24.7 Flash Memory Emulation in RAM
Figure 24.18 Example of Overlapped RAM Operation
Address amended

EBO to EB15

H'000000

H'001000

H'002000

H'003000

H'004000

H'005000

H'006000

H'007000

H'008000

H'OFFFFF
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23.7 Flash Memory Emulation in RAM
Figure 23.19 Programming of Tuned Data
887

EBO to EB15

H'00000

H'01000

H'02000

H'03000

H'04000

H'05000

H'06000

H'07000

H'08000

H'FFFFF

24.7 Flash Memory Emulation in RAM
Figure 24.19 Programming of Tuned Data
Address amended

EBO to EB15

H'000000

H'001000

H'002000

H'003000

H'004000

H'005000

H'006000

H'007000

H'008000

H'OFFFFF

23.8.1 Switching between User MAT and User Boot MAT
888

(2) To ensure that the MAT that has been switched to is
accessible, execute four NOP instructions in on-chip RAM
immediately after writing to FMATS of on-chip RAM (this
prevents access to the flash memory during MAT
switching).

(5) Memory sizes of the user MAT and user boot MAT are
different. When accessing the user boot MAT, do not
access addresses exceeding the 8-kbyte memory space. If
access goes beyond the 8-kbyte space, the values read
are undefined.

24.8.1 Switching between User MAT and User Boot MAT
Description amended

(2) To ensure that the MAT that has been switched to is
accessible, execute eight NOP instructions in on-chip RAM
immediately after writing to FMATS of on-chip RAM (this
prevents access to the flash memory during MAT
switching).

(5) Memory sizes of the user MAT and user boot MAT are
different. When accessing the user boot MAT, do not
access addresses exceeding the 12-Kbyte memory space.
If access goes beyond the 12-Kbyte space, the values read
are undefined.

Figure 23.20 Switching between User MAT and User Boot
MAT

889
Procedure for switching to the user boot MAT

(3) Execute four NOP instructions before accessing the
user boot MAT.

Procedure for switching to the user MAT

(3) Execute four NOP instructions before accessing the
user MAT.

Figure 24.20 Switching between User MAT and User Boot
MAT

Figure amended
Procedure for switching to the user boot MAT

(3) Execute eight NOP instructions before accessing the
user boot MAT.

Procedure for switching to the user MAT

(3) Execute eight NOP instructions before accessing the
user MAT.
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23.8.2 Interrupts during Programming/Erasing
(2) Interrupts during programming/erasing
892, 893

1. When flash memory is being programmed or erased,
both the user MAT and user boot MAT cannot be
accessed. Prepare the interrupt vector table and interrupt
processing routine in on-chip RAM or external memory.
Make sure the flash memory being programmed or erased
is not accessed by the interrupt processing routine. If flash
memory is read, the read values are not guaranteed. If the
relevant bank in flash memory that is being programmed or
erased is accessed, the error protection state is entered,
and programming or erasing is aborted. If a bank other
than the relevant bank is accessed, the error protection
state is not entered but the read values are not guaranteed.

5. When a transition is made to sleep mode or software
standby mode in the interrupt processing routine, the error
protection state is entered and programming/erasing is
aborted.

24.8.2 Interrupts during Programming/Erasing
(2) Interrupts during programming/erasing
Description amended

1. When flash memory is being programmed or erased,
both the user MAT and user boot MAT cannot be
accessed. Prepare the interrupt vector table and interrupt
processing routine in on-chip RAM or external memory.
Make sure the flash memory being programmed or erased
is not accessed by the interrupt processing routine. If flash
memory is read, the read values are not guaranteed. If
flash memory that is being programmed or erased is
accessed, the error protect state is entered, and
programming or erasing is aborted.

5. When a transition is made to sleep mode in the
interrupt processing routine, the error protection state is
entered and programming/erasing is aborted.

23.8.3 Other Notes
893, 894
1. Download time of on-chip program

The programming program that includes the initialization
routine and the erasing program that includes the
initialization routine are each 2 kbytes or less. Accordingly,
when the CPU clock frequency is 40 MHz, the download
for each program takes approximately 75 us at maximum.

2. User branch processing intervals

The intervals for executing the user branch processing
differs in programming and erasing. The processing phase
also differs. Table 23.11 lists the maximum and minimum
intervals for initiating the user branch processing when the
CPU clock frequency is 40 MHz.

Table 23.11 Initiation Intervals of User Branch Processing

Processing Name Maximum Interval Minimum Interval

Programming Approximately 1 ms Approximately 17 us

24.8.3 Other Notes

Description amended

1. Download time of on-chip program

The programming program that includes the initialization
routine and the erasing program that includes the
initialization routine are each 3 Kbytes or less. Accordingly,

when the CPU clock frequency is 80 MHz, the download
for each program takes approximately 305 ps at maximum.

2. User branch processing intervals

The intervals for executing the user branch processing
differs in programming and erasing. The processing phase
also differs. Table 24.11 lists the minimum and maximum
user branch processing intervals when the CPU clock
frequency is 80 MHz.

Table 24.11
Table and title amended

User Branch Processing Intervals

Processing Name Maximum Interval Minimum Interval

Programming Approximately 1 ms Approximately 19 us

Erasing Approximately 5 ms Approximately 17 ps

However, when operation is done with CPU clock of 40
MHz, maximum and minimum values of the time until initial
user branch processing are as shown in table 23.12.

Table 23.12 Initial User Branch Processing Time

Processing Name Max. Min.

Erasing Approximately 5 ms Approximately 19 us

However, when operation is done with CPU clock of 80
MHz, maximum and minimum values of the time until initial
user branch processing are as shown in table 24.12.

Table 24.12 Intervals Until Start of User Branch Processing

Table and title amended

ing Name Max. Min.

Programming Approximately 113 us Approximately 113 ps

Programming Approximately 500 s Approximately 500 s

Erasing Approximately 85 pis Approximately 45 ps

Erasing Approximately 2300 us Approximately 1000 ps
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23.8.3 Other Notes

894

4. State in which AUD operation is disabled and interrupts

are ignored

— Checking the flash-memory related registers

immediately after user boot mode is initiated
(Approximately 100 ps if operation is done at an
internal frequency of 40 MHz after the reset signal is
released)

24.8.3 Other Notes

Description amended

4. State in which AUD operation is disabled and interrupts

are ignored

— Checking the flash-memory related registers

immediately after user boot mode is initiated
(Approximately 100 ps if operation is done at an
internal frequency of 80 MHz after the reset signal is
released)

7. FWE pin state
Newly added

23.9 Programmer Mode
894

In programmer mode, set the mode pins as shown in table
23.13, and provide a 6-MHz input-clock signal.

24.9 Programmer Mode
Description amended

In programmer mode, set the mode pins as shown in table
24.13, and provide a 6-MHz input-clock signal. This
enables this LSI to operate at 48 MHz.

23.9.1 Pin Arrangement of Socket Adapter
Figure 23.24 Mapping of On-Chip Flash Memory
895
On-chip ROM space (user MAT)
On-chip ROM space (user MAT) 1 Mbyte
Address in PROM mode

H'0,0000 to H'F,FFFF

On-chip ROM space (user boot MAT)
On-chip ROM space (user boot MAT) 8 kbytes
Address in MCU mode
H'0000,0000 to H'0000,1FFF
Address in PROM mode
H'0,0000 to H'0,1FFF

24.9.1 Pin Arrangement of Socket Adapter
Figure 24.24 Mapping of On-Chip Flash Memory
Figure amended
On-chip ROM space (user MAT)
On-chip ROM space (user MAT) 1 Mbyte
Address in PROM mode

H'00,0000 to H'OF,FFFF

On-chip ROM space (user boot MAT)
On-chip ROM space (user boot MAT) 12 Kbytes
Address in MCU mode
H'0000,0000 to H'0000,2FFF
Address in PROM mode
H'0,0000 to H'0,2FFF
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23.9.1 Pin Arrangement of Socket Adapter

Figure 23.25 Pin Arrangement of Socket Adapter

896

24.9.1 Pin Arrangement of Socket Adapter

Figure 24.25 Pin Arrangement of Socket Adapter
Figure amended

SH7058F } Sockel Adapter | [11N27C4096HG (40 pins) BP-272 and Note * added
Pin No. Pin Name 3 C()(nvév;{:)n) 3 Pin No. Pin Name
7 A0 L ‘ 21 A0 i SH7058SF Socket Adapter| | HN27CA096HG (40 pins)
8 Al : i 22 Al BP-272 FP-256H Pin Name cJ?fef:Cm) PinNo. | Pin Name
9 A2 T + 23 A2 B3 7 A0 21 A0
10 A3 ! 2 A3 D4 8 AL 22 AL
i ! c4 9 A2 23 A2
12 A4 ! | 25 A4 A3 10 A3 24 A3
14 A5 T 1 26 AS B4 12 A4 25 A4
15 A6 ! : 27 A6 A4 14 A5 26 A5
6 A7 : : 28 A7 cs 15 A6 27 A6
1 ' BS 16 AT 28 A7
17 A8 1 ‘ 29 A8 A5 17 A8 29 A8
18 A9 T * 31 A9 D6 18 A9 31 A9
19 AL0 ‘ . 32 AL0 B6 19 AL0 32 AL0
1 ALL ! i 33 ALL A6 21 All 33 A1l
' ! c7 23 AL2 34 AL2
23 Al2 T ; 34 Al2 B7 24 AL3 35 AL3
24 A13 : ; 35 A13 AT 3 AL4 36 AL
25 Ald 3 ! 36 Ald D8 26 Al5 37 Al
1 ' c8 27 Al6 38 Al6
26 A15 i ! 87 A1S B8 28 ALT 39 AL
27 Al6 T : 38 Al6 A8 29 A18 10 AlgH
28 Al17 3 ’ 39 A17 D9 31 A19 9 A19#
29 A8 . 3 0 A8 co 33 A20 8 A20+
! ' D15 63 DO 19 1/00
31 A19 ] ' 9 A19 B18 64 D1 18 1101
63 DO T + 19 1100 Al9 65 D2 17 1102
64 D1 ! 18 /01 cis 66 D3 16 1103
' ' B19 67 D4 15 1104
65 D2 ' | 17 o2 B20 68 D5 14 1105
66 D3 T ; 16 1103 c17. 69 D6 13 1106
67 D4 : : 15 1104 c19 71 D7 12 1107
68 D5 ‘ : 14 1/05 El 218 Cce 2 CE
i ' K2 230 OE 20 OE
69 D6 " ; 13 1/06 = 226 WE 3 WE
71 D7 i - 12 1107 D14 56 FWE 4 FWE
218 CE . . 2 CE D5,C6,A10,C11,A12,C12,C13, | 11,20,37,39,42,43,46,49,52,55, 1,40 Ve
— 1 ] —— D13,814,C15,A16,C16,D16,F17, 57,59,70,75,83,100,101,119, Vee L T Ves
230 OE + 20 OE F18,K19,K20,T20,T19,U19,U16, | 120,128,139,148,172,187,194, -
— 1 ' — V15,V9,U6,V5,U4,P3,J3,H4 203,212,237,247 5.6.7 NC
226 WE , : 3 WE [A9,813,B15,D7,812,D11,C14,F19,| 13,22,32,41,44,47,50,54,72,77, Legend
B FE 1 R W R E e e i R s e
59.70.75,83,100401. 110 130, L e I S E— e Cpena
,70,75,83,100,101,119,120, ! . CE Chip enable
128,139,148,172,187,194,203, Vee ; I vss 816 58 Fes -l {oE oupuenavee
212,237,247 1 i 56,7 NC E 5 Al : E Wit enable
13,22,32,41,44,475054,72,77, | | 8 A20 Al4 51 EXTAL ’ oSG
84,85,99,121,126,141,150,163, Vss : ! 3 AL9 AL7 60 PLLVee | vl
174,185,196,205,214,227,239, ! ) B17 61 PLLCAP  |—{PLL circuit— unused /0 pins
249 1 | A18 62 PLLVss || are adopted to
58 RES 3 B9,Y11,M2 30,161,225 VoL I capacitor |-} ’s':‘au’;‘ea;: L"r’ B
= XTAL L Fosmor || <tegend> Other Other NC (OPEN) address pins.
51 EXTAL 3 FWE : Flash-write enable
50 PLLVee |t | wo7t00 :Datalio
' o A191to 0 :Address input
61 PLLCAP ——PLL c”CU”AL CE : Chip enable
62 PLLVsS % 'l OE : Output enable
30,161,225 VCL j:, Capacitor % E : Write enable
Other NC (OPEN) .

23.9.2 Programmer Mode Operation
Table 23.14 Settings for Each Operating Mode of

Programmer Mode

897

Pin Name

24.9.2 Programmer Mode Operation

Table 23.14 Settings for Each Operating Mode of
Programmer Mode

Table amended

Pin Name

RENESAS
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23.10.1 Serial Communication Interface Specification for
Boot Mode

Programming

917,918

(1) User boot MAT programming selection

(2) User MAT programming selection

(3) Two-user-MAT simultaneous programming selection

Figure 23.30 Programming Sequence
Programming selection (H'42, H'43, H'44)

24.10.1 Serial Communication Interface Specification for
Boot Mode

Programming

Description and figure amended

(1) User boot MAT programming selection
(2) User MAT programming selection

Figure 24.30 Programming Sequence
Programming selection (H'42, H'43 )

(3) Selection of Two-User-Boot MAT Simultaneous
Programming

(3) Selection of Two-User-Boot MAT Simultaneous
Programming

919 Description deleted
User Boot MAT Sum Check: User Boot MAT Checksum:
923, 924 Description amended

User Boot MAT Sum Check: The boot program will add the amount of data in user boot MATs and return the result.

Command

— Command: H'4A (one byte): Sum check of user boot MATs
Response ‘H'SA ‘Size ‘MATchecksum ‘SUM ‘

— Response: H'5A (one byte): Response to sum check of user boot MATs

— Size (one byte): Number of characters in checksum data (fixed at 4)
— MAT checksum (four bytes): Checksum of user boot MATs

The total amount of data is obtained in byte units.
— SUM (one byte): Checksum (for transmit data)

User Boot MAT Checksum: The boot program will add the amount of data in user boot MATs and return the result. The
user boot MAT checksum value is calculated as a 16-Kbyte area. The checksum value is the sum of 12 Kbytes of user boot
MAT data and 4 Kbytes of H'FF data.

Command

— Command: H'4A (one byte): Checksum of user boot MATs
Response ‘ H'5A ‘ Size ‘MAT checksum ‘SUM ‘

— Response: H'5A (one byte): Response to checksum of user boot MATs

— Size (one byte): Number of characters in checksum data (fixed at 4)

— MAT checksum (4 bytes): The user boot MAT checksum value calculated by adding byte units, with a further 4
Kbytes of H'FF data added

— SUM (one byte): Checksum (for transmit data)

23.10.2 AC Characteristics and Timing in Programmer
Mode

Figure 23.32 Memory Read Timing after Command Write

Figure 23.33 Timing at Transition from Memory Read Mode
to Other Modes

Figure 23.34 CE/OE Enable State Read
Figure 23.35 CE/OE Clock Read

Figure 23.36 Timing in Auto-Program Mode
Figure 23.37 Timing in Auto-Erase Mode
Figure 23.38 Timing in Status Read Mode
927 to 932

A19-0

24.10.2 AC Characteristics and Timing in Programmer
Mode

Figure 24.32 Memory Read Timing after Command Write

Figure 24.33 Timing at Transition from Memory Read Mode
to Other Modes

Figure 24.34 CE/OE Enable State Read
Figure 24.35 CE/OE Clock Read

Figure 24.36 Timing in Auto-Program Mode
Figure 24.37 Timing in Auto-Erase Mode
Figure 24.38 Timing in Status Read Mode

Figure amended
A21-0

Table 23.25 AC Characteristics in Auto-Program Mode
930

Code Symbol Min Max Unit Note

Table 24.25 AC Characteristics in Auto-Program Mode
Table amended

Code Symbol Min Max Unit Note

Memory programming time [ 1 3000 ms

Memory programming time [ — t, ms t,: Refer to section 29.5, Flash
Memory Characteristics

Table 23.26 AC Characteristics in Auto-Erase Mode
931

Code Symbol Min Max Unit Note

Table 24.26 AC Characteristics in Auto-Erase Mode
Table amended

Code Symbol Min Max Unit  Note

Memory erase time te 100 40000 ms

Memory erase time [ — 8xt, s t.: Refer to section 29.5, Flash

Memory Characteristics
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23.1 Features
833, 834

This LSI has 1-Mbyte on-chip flash memory. The flash
memory has the following features.

¢ Two flash-memory MATs according to LSl initiation
mode
— The user MAT is initiated at a power-on reset in
user mode: 1 Mbyte
— The user boot MAT is initiated at a power-on reset
in user boot mode: 8 kbytes

e Operating frequency at programming/erasing

The operating frequency at programming/erasing is a
maximum of 40 MHz.

25.1 Features
Description amended

This LS| has 1.5-Mbyte on-chip flash memory. The flash
memory has the following features.

e Two flash-memory MATSs according to LSl initiation
mode
— The user MAT is initiated at a power-on reset in
user mode: 1.5 Mbyte
— The user boot MAT is initiated at a power-on reset
in user boot mode: 12 Kbytes

e Operating frequency at programming/erasing

The operating frequency at programming/erasing is a
maximum of 80 MHz.

23.2.1 Block Diagram

Figure 23.1 Block Diagram of Flash Memory
835

Memory MAT unit

User MAT : 1 MBbyte

User boot MAT : 8 kbytes

25.2.1 Block Diagram

Figure 25.1 Block Diagram of Flash Memory
Figure amended

Memory MAT unit

User MAT : 1.5 MBbyte

User boot MAT : 12 Kbytes

23.2.4 Flash Memory Configuration
Figure 23.3 Flash Memory Configuration
839

This LSI's flash memory is configured by the 1-Mbyte user
MAT and 8-kbyte user boot MAT

The user MAT is divided into two 512-kbyte banks (bank 0
and bank 1).

<User MAT>

<User boot MAT>
Address H'00,0000-H'00,1FFF 8 kbytes

The user MAT and user boot MAT have different memory
sizes. Do not access a user boot MAT that is 8 kbytes or
more. When a user boot MAT exceeding 8 kbytes is read
from, an undefined value is read.

25.2.4 Flash Memory Configuration
Figure 25.3 Flash Memory Configuration
Description amended

This LSI's flash memory is configured by the 1.5-Mbyte
user MAT and 12-Kbyte user boot MAT

The user MAT is divided into three 512-Kbyte banks (bank
0, bank 1 and bank 2).

Figure amended

<User MAT>

Bank 2 (512-Kbytes) added

<User boot MAT>

Address H'00,0000-H'00,2FFF 12 Kbytes

Description amended

The user MAT and user boot MAT have different memory
sizes. Do not access a user boot MAT that is 12 Kbytes or
more. When a user boot MAT exceeding 12 Kbytes is read
from, an undefined value is read.

23.2.5 Block Division
Figure 23.4 Block Division of User MAT
840

The user MAT is divided into 128 kbytes (seven blocks), 96
kbytes (one block), and 4 kbytes (eight blocks) as shown in
figure 23.4.

User MAT : Bank 1 amended
128 kB x 4 (EB12, EB13, EB14, EB15)

25.2.5 Block Division
Figure 25.4 Block Division of User MAT
Description amended

The user MAT is divided into 256 Kbytes (4 blocks), 128
Kbytes (three blocks), 96 Kbytes (one block), and 4 Kbytes
(eight blocks) as shown in figure 25.4.

Figure amended

User MAT : Bank 1 amended
256 Kbytes x 2 (EB12, EB13 )
User MAT : Bank 2 addded
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23.4.1 Reqgisters
Table 23.4 (1) Register Configuration
844

4. The registers except RAMER can be accessed only in
bytes, and the access requires four cycles. Since RAMER
is in the BSC, when it is accessed in bytes or words, the
access requires four cycles, and when it is accessed in
longwords, the access requires eight cycles.

25.4.1 Registers

Table 25.4 (1) Register Configuration

Note amended

4. The registers except RAMER can be accessed only in
bytes, and the access requires four cycles. Since the
RAMER register is in the BSC, when it is accessed in
bytes , the access requires four cycles, and when it is
accessed in longwords, the access requires eight cycles.

23.4.2 Programming/Erasing Interface Registers
846, 847

The programming/erasing interface registers are as
described below. They are all 8-bit registers that can be
accessed in bytes. Except for the FLER bit in FCCS and
FMATS, these registers are initialized at a power-on reset,
in hardware standby mode, or in software standby mode.
The FLER bit or FMATS is not initialized in software
standby mode.

(1) Flash Code Control and Status Register (FCCS)

e Bit 0—Source Program Copy Operation (SCO):
Requests the on-chip programming/erasing program to
be downloaded to the on-chip RAM.

Four NOP instructions must be executed immediately after
setting this bit to 1.

25.4.2 Programming/Erasing Interface Registers
Description amended

The programming/erasing interface registers are as
described below. They are all 8-bit registers that can be
accessed in bytes.  These registers are initialized at a
power-on reset, in hardware standby mode, or in software
standby mode.

(1) Flash Code Control and Status Register (FCCS)

e Bit 0—Source Program Copy Operation (SCO):
Requests the on-chip programming/erasing program to
be downloaded to the on-chip RAM.

Eight NOP instructions must be executed immediately after
setting this bit to 1.

(6) Flash Transfer Destination Address Register (FTDAR)
850, 851

FTDAR specifies the on-chip RAM address to which the
on-chip program is downloaded. Make settings for FTDAR
before writing 1 to the SCO bit in FCCS. The initial value is
H'00 which points to the start address (H'FFFF0000) in
on-chip RAM.

e Bits 6 to 0—Transfer Destination Address (TDAG6 to
TDAO): These bits specify the download start address.

Bits 6 to 0

TDAG6 to

TDAO Description

H'00 Download start address is set to H'FFFFO000 (Initial value)
H'01 Download start address is set to H'FFFF0800
H'02 Download start address is set to H'FFFF1000
H'03 Download start address is set to H'FFFF1800
H'04 Download start address is set to H'FFFF2000
H'05 Download start address is set to H'FFFF2800

(6) Flash Transfer Destination Address Register (FTDAR)
Description amended

FTDAR specifies the on-chip RAM address to which the
on-chip program is downloaded. Make settings for FTDAR
before writing 1 to the SCO bit in FCCS. The initial value is
H'00 which points to the start address (H'FFFE8000) in
on-chip RAM.

Table amended

e Bits 6 to 0—Transfer Destination Address (TDAG6 to
TDAO): These bits specify the download start address.

Bits 6 to 0

TDAG6 to TDAO
Description

H'00 Download start address is set to H'FFFE8000
H'01 Download start address is set to H'FFFE8800
H'02 Download start address is set to H'FFFE9000
H'03 Download start address is set to H'FFFE9800
H'04 Download start address is set to H'FFFEA000
H'05 Download start address is set to H'FFFEA800

(Initial value)

23.4.3 Programming/Erasing Interface Parameters
851

... The initial value is undefined at a power-on reset or in
hardware standby mode.

25.4.3 Programming/Erasing Interface Parameters
Description amended

... The initial value is undefined at a power-on reset, in
hardware standby mode, or in software standby mode.

(1) Download Control

852

... The on-chip RAM area to be downloaded is the area as
much as 2 kbytes starting from the start address specified

by FTDAR. For the address map of the on-chip RAM, see
figure 23.10.

(1) Download Control
Description amended

... The on-chip RAM area to be downloaded is the area as
much as 3 Kbytes starting from the start address specified
by FTDAR. For the address map of the on-chip RAM, see

figure 25.10.
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23.4.4 RAM Emulation Register (RAMER)
Table 23.7 Overlapping of RAM Area and User MAT Area
862, 863

... RAMER is initialized to H'0000 at a power-on reset or in
hardware standby mode and is not initialized in software
standby mode.

Bit : 7 2 1 0

’ — ‘ ‘ RAM2 ‘ RAM1 ‘ RAMO ‘
Initial value : 0 0 0 0
RIW: RW  RW  RW

25.4.4 RAM Emulation Register (RAMER)
Table 25.7 Overlapping of RAM Area and User MAT Area
Bit table amended

... RAMER is initialized to H'0000 at a power-on reset or in
hardware standby mode, or in software standby mode.

Bit : 7 2 1 0
= [ =1 = [raw]
Initial value : 0 0 0 0

Table replaced

23.5.1 Boot Mode
864

...After the SCI bit rate is automatically adjusted, the
communication with the host is executed by means of the
control command method.

25.5.1 Boot Mode
Description added

...After the SCI bit rate is automatically adjusted, the
communication with the host is executed by means of the
control command method. The RAM areas used by boot
mode are 3 Kbytes starting at address H'FFFE8000, 4
Kbytes starting at address H'FFFFB000, and 128 bytes
from H'FFFFBF80 to H'FFFFBFFF, which are used as the
stack.

(1) SCI Interface Setting by Host

Table 23.8 System Clock Frequency that Can
Automatically Adjust Bit Rate of This LSI
865

Host Bit Rate System Clock Frequency Which Can Automatically Adjust LSI's Bit Rate

(1) SCI Interface Setting by Host

Table 25.8 System Clock Frequency that Can
Automatically Adjust Bit Rate of This LSI

Table amended

Host Bit Rate System Clock Frequency Which Can Automatically Adjust LSI's Bit Rate

9,600 bps 20 to 40 MHz (input frequency of 5 to 10 MHz)

9,600 bps 40 to 80 MHz (input frequency of 5 to 10 MHz)

19,200 bps 20 to 40 MHz (input frequency of 5 to 10 MHz)

19,200 bps 40 to 80 MHz (input frequency of 5 to 10 MHz)

23.5.2 User Program Mode

(1) On-Chip RAM Address Map when
Programming/Erasing is Executed

Figure 23.10 RAM Map after Download
869
Area to be downloaded (Size: 2 kbytes)

Address
RAMTOP (H'FFFF0000)
FTDAR setting+2048

25.5.2 User Program Mode

(1) On-Chip RAM Address Map when
Programming/Erasing is Executed

Figure 25.10 RAM Map after Download
Figure amended
Area to be downloaded (Size: 3 kbytes)

Address
RAMTOP (H'FFFE8000)
FTDAR setting+3072

(2.3) VBRis cleared to 0 and 1 is written to the SCO bit of
FCCS, and then download is executed.

871

... Four NOP instructions are executed immediately after
the instructions that set the SCO bit to 1.

(2.3) VBRis cleared to 0 and 1 is written to the SCO bit of
FCCS, and then download is executed.

Description amended

... Eight NOP instructions are executed immediately after
the instructions that set the SCO bit to 1.
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23.5.2 User Program Mode
(4) Erasing and Programming Procedure in User Program
Mode

Figure 23.13 Sample Procedure of Repeating RAM
Emulation, Erasing, and Programming (Overview)

877
Set FTDAR to H'02
(Specify H'FFFF1000 as download destination)

Set FTDAR to H'03
(Specify H'FFFF1800 as download destination)

Set FMPDR to H'FFFF0000 to program relevant block
(execute programming program)

In the above example, the erasing program and
programming program are downloaded to areas excluding
the 4 kbytes (H'FFFF0000 to H'FFFFOFFF) from the start
of on-chip ROM.

e Be sure to initialize both the erasing program and
programming program.

Initialization by setting the FPEFEQ and FUBRA
parameters must be performed for both the erasing
program and the programming program. Initialization must
be executed for both entry addresses: (download start
address for erasing program) + 32 bytes (H'FFFF1020 in
this example) and (download start address for
programming program) + 32 bytes (H'FFFF1820 in this
example).

25.5.2 User Program Mode

(4) Erasing and Programming Procedure in User Program
Mode

Figure 25.13 Sample Procedure of Repeating RAM
Emulation, Erasing, and Programming (Overview)

Figure amended

Set FTDAR to H'02

(Specify H'FFFE9000 as download destination)

Set FTDAR to H'04
(Specify H'FFFEAQ00 as download destination)

Set FMPDR to H'FFFE8000 to program relevant block
(execute programming program)

In the above example, the erasing program and
programming program are downloaded to areas excluding
the 4 Kbytes (H'FFFE8000 to H'FFFE8FFF) from the start
of on-chip ROM.

Description amended

e Be sure to initialize both the erasing program and
programming program.

Initialization by setting the FPEFEQ and FUBRA
parameters must be performed for both the erasing
program and the programming program. Initialization must
be executed for both entry addresses: (download start
address for erasing program) + 32 bytes (H'FFFE9020 in
this example) and (download start address for
programming program) + 32 bytes (H'FFFEA020 in this
example).

23.5.3 User Boot Mode

(1) User Boot Mode Initiation

878

The RAM area about 1.2 kbytes from H'FFFF0800 and 4
bytes from H'FFFFBFFC (a stack area) is used by the
routine. ... Neither can the AUD be used in this period. This

period is 100 ps while operating at an internal frequency of
40 MHz.

25.5.3 User Boot Mode

(1) User Boot Mode Initiation

Description amended

The RAM area about 3 Kbytes from H'FFFFB0O0O and 128
bytes from H'FFFFBF80 to H'FFFFBFFF (a stack area) is
used by the routine. ... Neither can the AUD be used in this
period. This period is approximately 100 us while operating
at an internal frequency of 80 MHz.

23.6.1 Hardware Protection

881

Programming and erasing of flash memory is forcibly
disabled or suspended by hardware protection. In this

state, the downloading of an on-chip program and
initialization of the flash memory are possible.

25.6.1 Hardware Protection
Description amended

Programming and erasing of flash memory is forcibly
disabled or suspended by hardware protection. In this state
by the FWE pin, the downloading of an on-chip program
and initialization of the flash memory are possible.
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23.6.3 Error Protection
Figure 23.16 Transitions to and from Error Protection State
883, 884

o When the relevant bank area of flash memory is read
during programming/erasing (including a vector read or
an instruction fetch)

e When a SLEEP instruction (including software standby
mode) is executed during programming/erasing

Error protection is cancelled (FLER bit is cleared) only by a
power-on reset or in hardware standby mode.

Note that the reset signal should only be released after
providing a reset input over a period longer than the normal
100 ps.

Reset or standby

Program mode 3
(Hardware protection)

Erase mode

Read disabled
Programming/erasing

enabled
FLER=0

Error occurred \

Read enabled
Programming/erasing disabled,
FLER=

Programming/erasing interface
RES=0 or register is in its initial state.
HSTBY=0

Error protection mode
(Software standby)

Error protection mode ) Software standby mode
—_—

Read enabled
Programming/erasing disabled
FLER=1

Read disabled
Programming/erasing disabled,
FLER=1

Cancel
software standby mode

Programming/erasing interface
register is i its initial state.

25.6.3 Error Protection

Figure 25.16 Transitions to and from Error Protection State

Description amended

e Flash memory is read during programming/erasing
(including a vector read or an instruction fetch)

e When a SLEEP instruction
programming/erasing

is executed during

Error protection is cancelled (FLER bit is cleared) by a
power-on reset, in software standby mode, or in hardware
standby mode.

Note that the reset signal should only be released after
providing a reset input over a period longer than the normal
100 ps.

Figure amended

Reset or standby

Program mode g
(Hardware protection)

Erase mode

Read disabled
Programming/erasing

enabled
FLER=0

Error occurred x

Read enabled
Programming/erasing disabled,
FLE

Programming/erasing interface
RES=0 register is in its initial state.
HSTBY=0

or software standby mode cancellation

Error protection mode ) Software standby mode (Software standby)
— >

Read enabled
Programming/erasing disabled
FLER=1

Read disabled
Programming/erasing disabled,
FLER=undefined

The power is not supplied in this LSI.

23.7 Flash Memory Emulation in RAM
Figure 23.18 Example of Overlapped RAM Operation
886

EBO to EB15

H'00000

H'01000

H'02000

H'03000

H'04000

H'05000

H'06000

H'07000

H'08000

H'FFFFF
On-chip RAM
H'FFFF0000

H'FFFFOFFF

H'FFFFBFFF

25.7 Flash Memory Emulation in RAM
Figure 25.18 Example of Overlapped RAM Operation
Address amended

EBO to EB15

H'000000

H'001000

H'002000

H'003000

H'004000

H'005000

H'006000

H'007000

H'008000

H'17FFFF
On-chip RAM
H'FFFE8000

H'FFFEBFFF

H'FFFFBFFF
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23.7 Flash Memory Emulation in RAM
886

Figure 23.18 shows an example of an overlap on block
area EBO of the flash memory.

Emulation is possible for a single area selected from
among the eight areas, from EBO to EB7, of the user MAT.
The area is selected by the setting of the RAM2 to RAMO
bits in RAMER.

(1) To overlap a part of the RAM on area EBO, to allow
realtime programming of the data for this area, set the
RAMS bit in RAMER to 1, and each of the RAM2 to RAMO
bits to 0.

(2) Realtime programming is carried out using the overlaid
area of RAM.

In programming or erasing the user MAT, it is necessary to
run a program that implements a series of procedural
steps, including the downloading of an on-chip program. In
this process, set the download area with FTDAR so that
the overlaid RAM area and the area where the on-chip
program is to be downloaded do not overlap. The initial
setting (H'00) of FTDAR causes the tuned data area to
overlap with the download area. When using the initial
setting of FTDAR, the data that is to be programmed must
be saved beforehand in an area that is not used by the
system.

Figure 23.19 shows an example of programming data that
has been emulated to the EBO area in the user MAT.

25.7 Flash Memory Emulation in RAM
Description amended

Figure 25.18 shows an example of an overlap on block
area EBO to EBS3 of the flash memory.

Emulation is possible for four areas selected from among
the eight areas, from EBO to EB7, of the user MAT. The
area is selected by the setting of the RAMO bit in RAMER.

(1) To overlap a part of the RAM on area EBO to EB3, to
allow realtime programming of the data for this area, set
the RAMS bit in RAMER to 1, and each of the RAMO bit to
0.

(2) Realtime programming is carried out using the overlaid
area of RAM.

In programming or erasing the user MAT, it is necessary to
run a program that implements a series of procedural
steps, including the downloading of an on-chip program. In
this state, note that the RAM area overlaps with the area
where the on-chip program is downloaded. Prevent
destruction of the data once it has been safely written to
RAM by following either of the procedures below.

(1) Once the tuning data has been safely written to the four
areas used to emulate flash memory, secure the data in an
unused area.

(2) Write the tuning data to one of the four areas used to
emulate flash memory. In this case, use the FTDAR
register to select an area for downloading that does not
overlap with the area to be tuned.

Figure 25.19 shows an example in which the EBO area is
selected for tuning from among the four areas used for
emulation, and the data, once safely written to RAM, is
then written to the EBO area in the user MAT.
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23.7 Flash Memory Emulation in RAM
Figure 23.19 Programming of Tuned Data
887

EBO to EB15

H'00000

H'01000

H'02000

H'03000

H'04000

H'05000

H'06000

H'07000

H'08000

H'FFFFF

<On-chip RAM>

25.7 Flash Memory Emulation in RAM
Figure 25.19 Programming of Tuned Data
Address amended

EBO to EB15

H'000000

H'001000

H'002000

H'003000

H'004000

H'005000

H'006000

H'007000

H'008000

H17FFFF

<On-chip RAM>

H'FFFF0000 H'FFFE8000
H'FFFFOFFF H'FFFE8FFF
FTDAR setting FTDAR setting
H'FFFEBFFF
H'FFFFBFFF H'FFFFBFFF
<On-chip RAM>
H'FFFEBFFF—EB4
887 Note amended

Note: Setting the RAMS bit to 1 puts all the blocks in flash
memory in the programming/erasing-protected state
regardless of the values of the RAM2 to RAMO bits
(emulation protection). Clear the RAMS bit to 0 before
actual programming or erasure.

Note: Setting the RAMS bit to 1 puts all the blocks in flash
memory in the programming/erasing-protected state
regardless of the values of the RAMO bit (emulation
protection). Clear the RAMS bit to 0 before actual
programming or erasure.

23.8.1 Switching between User MAT and User Boot MAT
888

(2) To ensure that the MAT that has been switched to is
accessible, execute four NOP instructions in on-chip RAM
immediately after writing to FMATS of on-chip RAM (this
prevents access to the flash memory during MAT
switching).

(5) Memory sizes of the user MAT and user boot MAT are
different. When accessing the user boot MAT, do not
access addresses exceeding the 8-kbyte memory space. If
access goes beyond the 8-kbyte space, the values read
are undefined.

25.8.1 Switching between User MAT and User Boot MAT
Description amended

(2) To ensure that the MAT that has been switched to is
accessible, execute eight NOP instructions in on-chip RAM
immediately after writing to FMATS of on-chip RAM (this
prevents access to the flash memory during MAT
switching).

(5) Memory sizes of the user MAT and user boot MAT are
different. When accessing the user boot MAT, do not
access addresses exceeding the 12-Kbyte memory space.
If access goes beyond the 12-Kbyte space, the values read
are undefined.
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23.8.1 Switching between User MAT and User Boot MAT

Figure 23.20 Switching between User MAT and User Boot
MAT

889
Procedure for switching to the user boot MAT

(3) Execute four NOP instructions before accessing the
user boot MAT.

Procedure for switching to the user MAT

(3) Execute four NOP instructions before accessing the
user MAT.

25.8.1 Switching between User MAT and User Boot MAT

Figure 25.20 Switching between User MAT and User Boot
MAT

Figure amended
Procedure for switching to the user boot MAT

(3) Execute eight NOP instructions before accessing the
user boot MAT.

Procedure for switching to the user MAT

(3) Execute eight NOP instructions before accessing the
user MAT.

23.8.2 Interrupts during Programming/Erasing
(2) Interrupts during programming/erasing
892, 893

1. When flash memory is being programmed or erased,
both the user MAT and user boot MAT cannot be
accessed. Prepare the interrupt vector table and interrupt
processing routine in on-chip RAM or external memory.
Make sure the flash memory being programmed or erased
is not accessed by the interrupt processing routine. If flash
memory is read, the read values are not guaranteed. If the
relevant bank in flash memory that is being programmed or
erased is accessed, the error protection state is entered,
and programming or erasing is aborted. If a bank other
than the relevant bank is accessed, the error protection
state is not entered but the read values are not guaranteed.

5. When a transition is made to sleep mode or software
standby mode in the interrupt processing routine, the error
protection state is entered and programming/erasing is
aborted.

If a transition is made to the reset state, the reset signal
should only be released after providing a reset input over a
period longer than the normal 100 us to reduce the
damage to flash memory.

25.8.2 Interrupts during Programming/Erasing
(2) Interrupts during programming/erasing
Description amended

1. When flash memory is being programmed or erased,
both the user MAT and user boot MAT cannot be
accessed. Prepare the interrupt vector table and interrupt
processing routine in on-chip RAM or external memory.
Make sure the flash memory being programmed or erased
is not accessed by the interrupt processing routine. If flash
memory is read, the read values are not guaranteed. If
flash memory that is being programmed or erased is
accessed, the error protect state is entered, and
programming or erasing is aborted.

5. When a transition is made to sleep mode  in the
interrupt processing routine, the error protection state is
entered and programming/erasing is aborted.

If a transition is made to the reset state, the reset signal
should only be released after providing a reset input over a
period longer than the normal 100 pus to reduce the
damage to flash memory.
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23.8.3 Other Notes
893, 894
1. Download time of on-chip program

The programming program that includes the initialization
routine and the erasing program that includes the
initialization routine are each 2 kbytes or less. Accordingly,
when the CPU clock frequency is 40 MHz, the download
for each program takes approximately 75 ps at maximum.

2. User branch processing intervals

The intervals for executing the user branch processing
differs in programming and erasing. The processing phase
also differs. Table 23.11 lists the maximum and minimum
intervals for initiating the user branch processing when the
CPU clock frequency is 40 MHz.

Table 23.11 Initiation Intervals of User Branch Processing
Maximum Interval

Processing Name Minimum Interval

Programming Approximately 1 ms Approximately 17 ps

Erasing Approximately 5 ms Approximately 17 us

However, when operation is done with CPU clock of 40
MHz, maximum and minimum values of the time until initial
user branch processing are as shown in table 23.12.

Table 23.12 Initial User Branch Processing Time

Processing Name Max. Min.

Programming Approximately 113 ps Approximately 113 ps

Erasing Approximately 85 pus Approximately 45 us

4, State in which AUD operation is disabled and interrupts
are ignored
— Checking the flash-memory related registers
immediately after user boot mode is initiated
(Approximately 100 ps if operation is done at an
internal frequency of 40 MHz after the reset signal is
released)

25.8.3 Other Notes
Description amended
1. Download time of on-chip program

The programming program that includes the initialization
routine and the erasing program that includes the
initialization routine are each 3 Kbytes or less. Accordingly,
when the CPU clock frequency is 80 MHz, the download
for each program takes approximately 300 ps at maximum.

2. User branch processing intervals

The intervals for executing the user branch processing
differs in programming and erasing. The processing phase
also differs. Table 25.11 lists the minimum and maximum
user branch processing intervals when the CPU clock
frequency is 80 MHz.

Table 25.11
Table and title amended

User Branch Processing Intervals

Processing Name Maximum Interval Minimum Interval

Programming Approximately 1 ms Approximately 19 us

Erasing Approximately 5 ms Approximately 19 us

However, when operation is done with CPU clock of 80
MHz, maximum and minimum values of the time until initial
user branch processing are as shown in table 25.12.

Table 25.12 Intervals Until Start of User Branch Processing

Table and title amended

Processing Name Max. Min.

Programming Approximately 500 us

Approximately 2300 s

Approximately 500 us
Approximately 1000 s

Erasing

4. State in which AUD operation is disabled and interrupts
are ignored

Description amended
— Checking the flash-memory related registers
immediately after user boot mode is initiated
(Approximately 100 ps if operation is done at an
internal frequency of 80 MHz after the reset signal is
released)

7. FWE pin state added

23.9 Programmer Mode
894

In programmer mode, set the mode pins as shown in table
23.13, and provide a 6-MHz input-clock signal.

25.9 Programmer Mode
Description amended

In programmer mode, set the mode pins as shown in table
25.13, and provide a 6-MHz input-clock signal. This
enables this LSI to operate at 48 MHz.
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23.9.1 Pin Arrangement of Socket Adapter
Figure 23.24 Mapping of On-Chip Flash Memory

895

On-chip ROM space(user MAT) 1 Mbyte

Address in MCU mode

H'0000,0000 to H'000F,FFFF

Address in PROM mode
H'0,0000 to H'F,FFFF

On-chip ROM space (user boot MAT) 8 kbytes
Address in MCU mode

H'0000,0000 to H'0000,1FFF

Address in PROM mode
H'0,0000 to H'0,1FFF

25.9.1 Pin Arrangement of Socket Adapter
Figure 25.24 Mapping of On-Chip Flash Memory
Figure amended

On-chip ROM space(user MAT) 1.5 Mbyte
Address in MCU mode

H'0000,0000 to H'0017,FFFF

Address in PROM mode

H'00,0000 to H'17,FFFF

On-chip ROM space (user boot MAT) 12 Kbytes
Address in MCU mode

H'0000,0000 to H'0000,2FFF

Address in PROM mode

H'0,0000 to H'0,2FFF

Figure 23.25 Pin Arrangement of Socket Adapter

Figure 25.25 Pin Arrangement of Socket Adapter
Figure amended

896
Py [ Sodket Adapier
Pin No. Pin Name i CD(:\?E-Z,T,")
7 A0 :
8 AL
9 A2 .
10 A3 :
12 A4
14 A5 :
15 A6 T
16 A7 :
17 A8
18 A9 .
19 AL0
21 ALl
23 AlL2
24 A13 T
25 Ald :
26 Al5
27 AL6 .
28 AL7
29 AL8 :
31 AL9
63 DO !
64 D1 :
65 D2
66 D3 :
67 D4 !
68 D5 :
69 D6
71 D7 T
218 CE
230 OE :
226 WE T
56 FWE
11,20,39,42,43,46,49,52,55 57, 1
59,70,75,83,100,101,119,120, ﬁJ
128,139,148,172,187,194,203, vee ;
212,237,247 '
13,22,32,41,44,47,50,54,72,77,
84.85.99.121,126,141,150,163, Vss :
174,185,196,205,214,227,239, :
: reset circuit]
53 XTAL
51 EXTAL —L_cireuit
60 PLvee | 1
61 PLLCAP  |—{PLL circuif
! L
62 PLLVss |+
30,161,225 vCL H—{ capacitor
Other NC (OPEN) | ‘

HN27C4096HG (40 pins) BP-272 and Note* added
Pin No. Pin Name
21 A0 NG, SHT058SF Socrjé/;ﬁzmer HN27C4096HG (40 pins)
22 Al BP-272 FP-256H Pin Name Conversion) PinNo. | Pin Name
23 A2 B3 7 A0 21 A0
24 A3 D4 8 AL 22 AL
ca 9 A2 23 A2
25 A4 A3 10 A3 24 A3
26 A5 B4 12 A4 25 A4
27 A6 A4 14 A5 26 A5
28 A7 c5 15 A6 27 A6
BS 16 AT 28 AT
29 A8 A5 17 A8 29 A8
31 A9 D6 18 A9 31 A9
32 AL0 B6 19 A10 32 A10
A6 21 ALl 33 ALl
33 ALL c7 23 AL2 34 AL2
34 Al2 B7 24 AL3 35 AL3
35 Al13 A7 25 Al4 36 AL4
36 ALd D8 26 AlS 37 Al5
c8 27 Al6 38 Al6
37 Al5 B8 28 AL7 39 AL7
38 Al6 A8 29 A18 10 Al18*
39 Al7 D9 31 AL9 9 A19%
0 A8 c9 33 A20 8 A20%
Pt D15 63 Do 19 1100
° A19 B18 64 D1 18 101
19 1/00 A19 65 D2 17 1102
18 /01 ci8 66 D3 16 1103
T — Ee—— B19 67 D4 15 1104,
17 102 B20 68 D5 14 1105
16 1103 c17 60 D6 13 1106
15 1104 c19 71 D7 12 1107
12 105 P1 218 CE 2 CE
K2 230 OE 20 OF
13 1106 L3 226 WE 3 WE
12 1/07 D14 56 FWE 4 FWE
2 CE D5,C6,A10,C11,A12,C12,C13, | 11,20,37,39,42,43,46,49 52,55, 1,40 Vee
—— D13,B14,C15,A16,C16,D16,F17, 57,59,70,75,83,100,101,119, vee I T1.30 Ves
20 OE F18,K19,K20,T20,T19,U19,U16, | 120,128,139,148,172,187,194, -
— V15V9,U6.V5,U4P3.J3H4 | 203,212,237,247 56,7 NC
3 E A9,B13,B15,07,812,D11,C14,F19, 13,22,32,41 44,47 50,54,72,77, Legend:
4 FWE G3,617,E20,4,020,U20,09 to 12, | 84,85,99,121,126,141,150,163, Vss FWE  : Flash-write enable
K9 t0 12,09 to 12,M1,M9 to 12,P4, | 174,185,196,205,214,227,239), 1107100 : Data /0
1,40 Vee [T18,U5,U9,V6,V16. Wil A21 10 0: Address input
1130 vss = = = Poveror {0 Guipu eravle
i B16 58 RES m It s
567 NC A = STAL il '959‘19"5““ WE Write enable
8 A20 AL4 51 EXTAL 7:1 Ogllator ||| Note: *with using the
HN27C4096HG
9 ALO AL7 60 PLLVee | A
B17 61 PLLCAP L PLL circuit— unused 1/O pins
A18 62 PLLVss || are adopted to
B9,Y11,M2 30,161,225 Veu I capacitor |- 'S';f‘o‘;‘sagz g’ the
<Legend> Other. Other NC (OPEN) address pins.
FWE : Flash-write enable
1/07t0 0 : Datal/O
Al19to 0 :Address input
CE : Chip enable
OE : Output enable
WE : Write enable
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23.9.2 Programmer Mode Operation

Table 23.14 Settings for Each Operating Mode of
Programmer Mode

897
Pin Name
Mode : A19 to A0

........ e

25.9.2 Programmer Mode Operation

Table 25.14 Settings for Each Operating Mode of
Programmer Mode

Table amended
Pin Name
A20 to AO

;
:
........ PR

23.10.1 Serial Communication Interface Specification for
Boot Mode

Programming

917,918

(1) User boot MAT programming selection

(2) User MAT programming selection

(3) Two-user-MAT simultaneous programming selection

Figure 23.30 Programming Sequence
Programming selection (H'42, H'43, H'44)

25.10.1 Serial Communication Interface Specification for
Boot Mode

Programming

Description and figure amended

(1) User boot MAT programming selection
(2) User MAT programming selection

Figure 25.30 Programming Sequence
Programming selection (H'42, H'43 )

(3) Selection of Two-User-Boot MAT Simultaneous
Programming

(3) Selection of Two-User-Boot MAT Simultaneous
Programming

919 Description deleted
User Boot MAT Sum Check: User Boot MAT Checksum:
923, 924 Description amended

User Boot MAT Sum Check: The boot program will add the amount of data in user boot MATs and return the result.

Command

— Command: H'4A (one byte): Sum check of user boot MATs
Response ‘ H'B5A ‘ Size ‘ MAT checksum ‘ SUM ‘

— Response: H'5A (one byte): Response to sum check of user boot MATs
— Size (one byte): Number of characters in checksum data (fixed at 4)
— MAT checksum (four bytes): Checksum of user boot MATs
The total amount of data is obtained in byte units.
— SUM (one byte): Checksum (for transmit data)

User Boot MAT Checksum: The boot program will add the amount of data in user boot MATs and return the result. The
user boot MAT checksum value is calculated as a 16-Kbyte area. The checksum value is the sum of 12 Kbytes of user boot
MAT data and 4 Kbytes of H'FF data.

Command | H'4A
— Command: H'4A (one byte): Checksum of user boot MATs
Response ‘ H'5A ‘ Size ‘ MAT checksum ‘ SUM ‘
— Response: H'5A (one byte): Response to checksum of user boot MATs
— Size (one byte): Number of characters in checksum data (fixed at 4)
— MAT checksum (4 bytes): The user boot MAT checksum value calculated by adding byte units, with a further 4
Kbytes of H'FF data added
— SUM (one byte): Checksum (for transmit data)

User MAT Sum Check:
924

User MAT Sum Check: The boot program will add the amount of data in user MATs and return the result.

Command

— Command: H'4B (one byte): Sum check of user MATs
Response ‘ H'5B ‘ Size ‘ MAT checksum

[sum ]
— Response: H'5B (one byte): Response to sum check of user MATs
— Size (one byte): Number of characters in checksum data (fixed at 4)
— MAT checksum (four bytes): Checksum of user MATs

The total amount of data is obtained in byte units.

— SUM (one byte): Checksum (for transmit data)

User MAT Checksum:
Description amended

User MAT Checksum: The boot program will add the amount of data in user MATs and return the result. The user MAT
checksum value is calculated as a 2-Mbyte area. The checksum value is the sum of 1.5 Mbytes of user MAT data and 512
Kbytes of H'FF data.

Command | H4B
— Command: H'4B (one byte): Checksum of user MATs
Response ‘ H'5B ‘ Size ‘ MAT checksum ‘ SUM ‘
— Response: H'5B (one byte): Response to checksum of user MATs
— Size (one byte): Number of characters in checksum data (fixed at 4)
— MAT checksum (4 bytes): The user MAT checksum value calculated by adding byte units, with a further 512
Kbytes of H'FF data added
— SUM (one byte): Checksum (for transmit data)

23.10.2 AC Characteristics and Timing in Programmer
Mode

Figure 23.32 Memory Read Timing after Command Write

Figure 23.33 Timing at Transition from Memory Read Mode
to Other Modes

Figure 23.34 CE/OE Enable State Read
Figure 23.35 CE/OE Clock Read

Figure 23.36 Timing in Auto-Program Mode
Figure 23.37 Timing in Auto-Erase Mode
Figure 23.38 Timing in Status Read Mode
927 to 932

A19-0

25.10.2 AC Characteristics and Timing in Programmer
Mode

Figure 25.32 Memory Read Timing after Command Write

Figure 25.33 Timing at Transition from Memory Read Mode
to Other Modes

Figure 25.34 CE/OE Enable State Read
Figure 25.35 CE/OE Clock Read

Figure 25.36 Timing in Auto-Program Mode
Figure 25.37 Timing in Auto-Erase Mode
Figure 25.38 Timing in Status Read Mode
Figure amended

A21-0
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SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

23.10.2 AC Characteristics and Timing in Programmer
Mode

Table 23.25 AC Characteristics in Auto-Program Mode
930

Code Symbol Min Max Unit Note

25.10.2 AC Characteristics and Timing in Programmer
Mode

Table 25.25 AC Characteristics in Auto-Program Mode
Table amended

Code Symbol Min Max Unit Note

Memory programming time  t,,,. 1 3000 ms

Memory programming time  t,,,. — t, ms 1.0 Refer to section 29.5, Flash

Memory Characteristics

Table 23.26 AC Characteristics in Auto-Erase Mode
931

Code Symbol Min Max Unit  Note

Table 25.26 AC Characteristics in Auto-Erase Mode
Table amended

Code Symbol Min Max Unit  Note

Memory erase time to 100 40000 ms

Memory erase time L. — 61, s 1.2 Refer o section 29.5, Flash

Memory Characteristics

24.1 Overview
941

The SH7058 has 48 kbytes of on-chip RAM. The on-chip
RAM is linked to the CPU, direct memory access controller
(DMAC), and advanced user debugger (AUD) with a 32-bit
data bus (figure 24.1).

The on-chip RAM is allocated to addresses H'FFFF0O000 to
H'FFFFBFFF.

Figure 24.1 Block Diagram of RAM

H'FFFF0000 H'FFFF0001 H'FFFF0002 H'FFFF0003
H'FFFF0004 H'FFFFO005 H'FFFF0006 H'FFFF0007

HFFFFBFFC HFFFFBFFD HFFFFBFFE HFFFFBFFF

26.1 Overview
Description amended

The SH7058S and SH7059 have 48 and 80 Kbytes of
on-chip RAM, respectively. The on-chip RAM is linked to
the CPU, direct memory access controller (DMAC), and
advanced user debugger (AUD) with a 32-bit data bus
(figure 26.1).

The on-chip RAM is allocated to addresses H'FFFF0O000 to
H'FFFFBFFF in the SH7058S and H'FFFE8000 to H'FFFF
BFFF in the SH7059

Figure 26.1 Block Diagram of RAM

SH7059 added

H'FFFE8000 H'FFFE8001 H'FFFE8002 H'FFFE8003
H'FFFE8004 H'FFFE8005 H'FFFE8006 H'FFFE8007

HFFFFBFFC HFFFFBFFD HFFFFBFFE HFFFFBFFF

24.2 Operation
942

When the RAME bit in SYSCR is set to 1, the on-chip RAM
is enabled. Accesses to addresses
H'FFFFO000-H'FFFFBFFF are then directed to the on-chip
RAM.

26.2 Operation

Description amended

When the RAME bit in SYSCR is set to 1, the on-chip RAM
is enabled. Accesses H'FFFFO000-H'FFFFBFFF in the

SH7058S or H'FFFE8000 to H'FFFFBFFF in the SH7059
then provide access to the on-chip RAM.

25.1.1 Power-Down States
943
1. Hardware standby mode

A transition to hardware standby mode is made according
to the input level of the RES and HSTBY pins.

In hardware standby mode, all SH7058 functions are
halted.

This state is exited by means of a power-on reset.

2. Software standby mode

A transition to software standby mode is made by means of
software (a CPU instruction).

In software standby mode, all SH7058 functions are halted.

This state is exited by means of a power-on reset or an
NMI interrupt.

27.1.1 Power-Down States
Description amended
1. Hardware standby mode

A transition to hardware standby mode is made according
to the input level of the RES and HSTBY pins.

In hardware standby mode, all this LSI functions are halted
and the power supply to most circuits of this LSI is stopped.

This state is exited by means of a power-on reset.

2. Software standby mode

A transition to software standby mode is made by means of
software (a CPU instruction).

In software standby mode, all this LSI functions are halted
and the power supply to most circuits of this LSl is stopped.
This state is canceld by a power-on reset or a rising edge
of the NMI signal.
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SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

25.1.1 Power-Down States
Table 25.1 Power-Down State Conditions

State
On-Chip

Entering CPU Peripheral Canceling
Mode Procedure Clock CPU Registers Modules RAM Pins Procedure
Hardware Low-level Halted Halted Undefined Halted Held** Initialized High-level input
standby input at at HSTBY pin,

HSTBY pin executing

power-on reset

Software  Execute Halted Halted Held Halted®  Held Held or « NMI
standby ~ SLEEP high interrupt

instruction impe-

with SSBY dance® ~ * Power-on

bit set to 1 in reset

SBYCR
Sleep Execute Runs Halted Held Runs Held Held « Interrupt

SLEEP . DMA

instruction dd

with SSBY address

bit cleared to error

0in SBYCR . Power-on

reset
+ Manual
reset

Notes:

1. Some bits within on-chip peripheral module registers are
initialized in software standby mode, and some are not.
Refer to the register descriptions for each peripheral
module.

2. Clear the RAME bit in SYSCR1 to 0 in advance when

changing the state from the program execution state in
hardware standby mode.

3. The state of the I/O ports in standby mode is set by the
port high impedance bit (HIZ) in SBYCR. See section
25.2.1, Standby Control Register (SBYCR).

27.1.1 Power-Down States
Table 27.1 Power-Down State Conditions
Description of CPU Registers deleded and table amended

State

On-Chip
Peripheral Canceling
Mode Entering Procedure Clock CPU Modules RAM Pins Procedure
Hardware  Low-level input at HSTBY Halted Halted Halted Held™* Initialized High-level input at
standby pin (Power  (Power  (Power supply HSTBY pin,
supply  supply  stopped) executing
stopped)  stopped) power-on reset
Software  Execute SLEEP instructionHalted Halted ~ Halted™' Held High +Rising edge of
standby \évﬂh SSBY e (Power  (Power  (Power supply impedance™ N
tsetto 1in SBYCR
a supplyd supplyd| stopped) . Power-on
stopped) stopped) reset
Sleep Execute SLEEP instructionRuns Halted and Runs Runs Runs « Interrupt
with SSBY held in

- DMA address
error

bit cleared to 0 in SBYCR registers

- Power-on
reset
*Manual reset

Note *1 deleted and notes amended

Notes:

1. Clear the RAME bit in SYSCR1 to 0 in advance when
changing the state from the program execution state in
hardware standby mode.

2. When leaving software standby mode, the inside of this
LSl is initiated in the reset state. The pin function controller
and I/O port-related registers are initialized. For details on
the pin state, see Appendix B, Pin States.

25.1.2 Pin Configuration
Table 25.2 Pin Configuration
945

27.1.2 Pin Configuration

Table 27.2 Pin Configuration
Table amended

Description of NMI input pin added

25.1.3 Related Registers
Table 25.3 Related Registers
945

Abbreviation*'

Notes: 1. Register access with an internal clock
multiplication ratio of 4 requires four internal clock (¢)
cycles for SBYCR, and four or five internal clock (¢) cycles
for SYSCR1 and SYSCR2.

27.1.3 Related Registers
Table 27.3 Related Registers
Table amended

Abbreviation

Note*' deleted
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SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

25.2.1 Standby Control Register (SBYCR)

945, 946

The standby control register (SBYCR) is an 8-bit
readable/writable register that sets the transition to standby
mode, and the port state in standby mode. SBYCR is
initialized to H'1F by a power-on reset.

Bit: 7 6 5 0
[ssev [ mz [ — [ [ — ]

Initial value: 0 0 0 1

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

Bit 6: Port High Impedance (HIZ)
Bit 5: Reserved

27.2.1 Standby Control Register (SBYCR)
Description amended

The standby control register (SBYCR) is an 8-bit
readable/writable register that sets the transition to standby
mode . SBYCR is initialized to H'1F by a power-on reset,
and set to H'3F in software standby mode.

Bit: 7 6 5 0
[ssev | — [sseve| [ — ]
Initial value: 0 0 0 1
R/W: R/W R R

Bits 6 and 5: Description amended
Bit 6: Reserved
Bit 5: Software Standby Flag (SSBYF)

25.2.2 System Control Register 1 (SYSCR1)

946, 947
Bit: 7 6 0
oscsTor[wosce] [ mave |
Initial value: — 0 1
R/W: R R/W R/W

e Bits 7 and 6: Refer to section 5.4, Precautions for
Performing Crystal Resonator Stoppage Detection
Function.

e Bits 5 to 2—Reserved: These bits are always read as 0.
The write value should always be 0.

27.2.2 System Control Register 1 (SYSCR1)
Bit table amended

Bit: 7 6 0
= =1 ]

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

e Bits 7 to 2—Reserved: These bits are always read as 0.
The write value should always be 0.

25.2.3 System Control Register 2 (SYSCR2)

947
Bit: 7 0
[okseL] [MsTOPO]
Initial value: 0 1
R/W: R/W R/W

¢ Bit 7—Internal Clock (¢) Select (CKSEL): See section
5, Clock Pulse Generator (CPG).

27.2.3 System Control Register 2 (SYSCR2)
Bit 7: Description amended

Bit: 7 0
[= [ [msToro]
Initial value: 0 1
R/W: R R/W

e Bit 7—Reserved: This bit is always read as 0 and
cannot be modified.

25.3.1 Transition to Hardware Standby Mode
949

Hardware standby mode reduces power consumption
drastically by halting all SH7058 functions. As the transition
to hardware standby mode is made by means of external
pin input, the transition is made asynchronously, regardless
of the current state of the SH7058, and therefore the chip
state prior to the transition is not preserved.

27.3.1 Transition to Hardware Standby Mode
Description amended

In hardware standby mode, power consumption is
drastically reduced by halting all the functions in this LSI
and stopping the internal power supply except the on-chip
RAM. Since the the transition to hardware standby mode is
made by external pin input, the transition is made
asynchronously, regardless of the current state of this LSI,
and internal power supply is stopped except the on-chip
RAM. Therefore the chip state prior to the transition is not
preserved.
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SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

25.4.1 Transition to Software Standby Mode
950

... The SH7058 switches from the program execution state
to software standby mode. In software standby mode,
power consumption is greatly reduced by halting not only
the CPU, but the clock and on-chip peripheral modules as
well. CPU register contents and on-chip RAM data are held
as long as the prescribed voltages are applied (when the
RAME bit in SYSCRH1 is 0). The register contents of some
on-chip peripheral modules are initialized, but some are
not. The I/O port state can be selected as held or high
impedance by the port high impedance bit (HIZ) in SBYCR.

27.4.1 Transition to Software Standby Mode
Description amended

... This LSI switches from the program execution state to
software standby mode. In software standby mode, power
consumption is drastically reduced by halting all the
functions in this LSI and stopping the internal power supply
except the on-chip RAM. The contents of the on-chip RAM
are held as long as the given voltages are suppled. For
details on the regiseter states of on-chip peripheral
modules, see Appendix A.2, Register States in Reset and
Power-Down States. For details on the pin states, see
Appendix B, Pin States.

25.4.2 Canceling Software Standby Mode
950

Software standby mode is canceled by an NMI interrupt or
a power-on reset.

Cancellation by NMI:

27.4.2 Canceling Software Standby Mode
Description amended

Software standby mode is canceled by a rising edge of the
NMI pin or a power-on reset.

Cancellation by a rising edge of the NMI pin:
Replaced

Cancellation by Power-On Reset:
951

A power-on reset of the SH7058 caused by driving the
RES pin low cancels software standby mode.

Cancellation by Power-On Reset:
Description added

When the RES pin is driven low, this LSI enters the
power-on reset state and software standby mode is
canceled. At this time, the software standby flag (SSBYF)
is cleared to 0.

25.4.3 Software Standby Mode Application Example
952

This example describes a transition to software standby
mode on the falling edge of the NMI signal, and
cancellation on the rising edge of the NMI signal. The
timing is shown in figure 25.3.

When the NMI pin is changed from high to low level while
the NMI edge select bit (NMIE) in ICR is set to 0 (falling
edge detection), the NMI interrupt is accepted. When the
NMIE bit is set to 1 (rising edge detection) by the NMI
exception service routine, the software standby bit (SSBY)
in SBYCR is set to 1, and a SLEEP instruction is executed,
software standby mode is entered.

Thereafter, software standby mode is canceled when the
NMI pin is changed from low to high level.

Figure 25.3 Software Standby Mode NMI Timing
(Application Example)

27.4.3 Software Standby Mode Application Example
Description amended

In this example, the NMI exception processing is started by
the falling edge of the NMI signal: a transition to software
standby mode is made; the mode is canceled by the rising
edge of the NMI signal. The timing is shown in figure 27.3

When the NMI signal is driven from high to low while the
NMI edge select bit (NMIE) in ICR is set to 0 (falling edge
detection), the NMI interrupt is accepted. When the NMIE
bit is set to 1 (rising edge detection) by the NMI exception
service routine and the SLEEP instruction is executed with
the software standby bit (SSBY) in SBYCR set to 1,
software standby mode is entered and the internal power
supply is stopped.

Thereafter, software standby mode is canceled when the
NMI signal is driven from low to high. After the internal
power supply is provided, the clock starts oscillation, and
the oscillation settling counter overflows, the power-on
reset exception processing begins.

Figure 27.3 Software Standby Mode NMI Timing
(Application Example)

Figure replaced
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SH7058S/SH7059

25.5.2 Canceling Sleep Mode
953

27.5.2 Canceling Sleep
Note added

Note: When performing cancellation by power-on reset, do
not place RAM write instructions immediately (within eight
instructions) after the sleep instruction. This will ensure that
no instructions are executed before the transition to the

reset.

27.1 Absolute Maximum Ratings
Table 27.1 Absolute Maximum Ratings

29.1 Absolute Maximum Ratings
Table 29.1 Absolute Maximum Ratings

957 Table amended
Item Symbol Rating Unit Remarks Item Symbol Rating Unit Remarks
Power Vee and PLLV e Vee -0.3to0 +4.3 Vv The PLLCAP, EXTAL, Power Vecand PLLVee Ve -0.3to+4.3 \ The  EXTAL, XTAL, CK, and
supply pins XTAL, CK, and H-UDI pins supply pins H-UDI pins are concerned.
voltage* are concerned. voltage* (Ve and PLLV are the same
(Ve and PLLVc are the voltage)
same voltage) PVccl and PVee ~0.310+6.5 v Except for the PLLCAP, EXTAL,
PVccl and PVee 0310 +65 v Except for the PLLCAP, PVe2 pins XTAL, CK, and H-UDI pins and
PVcc2 pins EXTAL, XTAL, CK, and the analog input pin
H-UDI pins and the analog -
iny Input voltage EXTAL and Vin -0.3toVcc+0.3 \ Refer to table 29.2,
put pin
Input voltage EXTAL and vin 030V t03 v H-UDI pins Correspondence between Power
’ o ubI s Al pins other than  Vin -0310PVc+03  V StpplyiNamesland(Rins
pins
analog input,
Al pins other Vin -0.3to PV +0.3 Vv Refer to table 27.2, EXTAL, PLLCAP.
than analog Correspondence between and H-LJDI pins '
input, EXTAL, Power Supply Names and . _
Pins PLLCAP pin Vin -03to+2.1 v

and H-UDI pins

27.2 DC Characteristics

Table 27.2 Correspondence between Power Supply

Names and Pins

960, 964, 965, 967
Pin
No.

(FP-2 Function Function
56H) 3 4

29.2 DC Characteristics

Table 29.2 Correspondence between Power Supply

Names and Pins
Description of functions 3 and 4 amended

Pin No. Function 3 Function 4
45 scso
46 SCS1
35 ADTOOA
136 ADTOOB
137 ADTO1A
138 ADTO1B
143  ssoo
144 SSI0

160  sscko
164  SCK2  SSCK1
167 sso1
168 SSI1

223 sscki
23  §cso
231 JRQOUT  SCST
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SH7058S/SH7059

27.2 DC Characteristics
Table 27.4 DC Characteristics

29.2 DC Characteristics
Table 29.4 DC Characteristics

973, 974 Table amended
Measurement Measurement
Item Symbol Min Typ Max Unit Conditions Item Symbol  Min Typ Max Unit  Conditions
- Current Normal operation I — 100 150 mA =80 MHz (SH7058SF)
CC;Jnr;eur:]ption Normal operation lee - 100 150 mA =80 MHz consumption — 30 180 =80 MHz (SH7059F)
Sleep — 80 130 mA Sleep — 80 130 mA  f=80 MHz (SH7058SF)
Standby — — 300 pA T, <50°C — 90 160 =80 MHz (SH7059F)
(2.7V<Vcec<3.6V) _ _ 750 uA 50°C < Ta Standby — — 300 uA  T,<50°C
105°C (24V<Vees36V) - — 750 WA 50°C<T,< 105°C
_ _ 1000 pA 105°C < Ta — — 1000 pA  105°C<T,< 125°C
125°C Write operation — 110 170 mA V=33V
RAM standby — — 600 uA T,<50°C f = 80 MHz (SH7058SF)
(24V<Vec<2.7V) — — 1000 pA 50°C<Ta - 140 200 Vee =33V
105°C =80 MHz (SH7059F)
— — 1000 pA 105°C < Ta
125°C
Write operation — 80 130 mA V=33V
f =40 MHz
Measurement Measurement
Item Symbol Min Typ Max Unit Conditi Item Symbol  Min Typ Max Unit Conditions
" Analog supply During AID Al - 45 12 mA
Analog supply During A/D Alee - 125 mA current conversion B
current conversion Awaiting A/D conversion, — 10 30 HA
Awaiting A/D — 1.0 30 UA standby

conversion, standby

27.3.5 Advanced Timer Unit Timing and Advance Pulse
Controller Timing

Figure 27.13 ATU Clock Input Timing

29.3.5 Advanced Timer Unit Timing and Advance Pulse

Controller Timing
Figure 29.13 ATU Clock Input Timing

987 Figure replaced
o ! w w o ./ \ Vou
treks trcks treks treks
TCLKA, TCLKB 5’( »_;% dﬁ TCLKA, TCLKB 5’( — i
f Trokwe If TrokwH | I troxkwe trekwH
27.3.9 HCAN Timing 29.3.9 HCAN Timing
991 Usage note added.

Rev. 5.00 Feb. 24,2010 Page Ixxi of xciv

RENESAS

REJ09B0177-0500



Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H) SH7058S/SH7059

27.3.10 A/D Converter Timing 29.3.10 A/D Converter Timing
Table 27.15 A/D Converter Timing Table 29.15 A/D Converter Timing
992 Description amended
CKS=0:fop=T.B.D CKS=0:fop=10 to 20 MHz
CKS=1:fop=T.B.D CKS=1:fop=10 MHz

29.3.11MTAD Timing
Newly added

29.3.15 SSU Timing
Newly added

27.5 Flash Memory Characteristics 29.5.1 SH7058S

Table 27.20 Flash Memory Characteristics Table 29.22 Flash Memory Characteristics

1001 Table and notes amended

Item Symbol Min Typ Max Unit Item Symbol Min Typ Max Unit

Programming time*#** t, — 3 200 ms/128 bytes Progra‘mmun‘g}@e*‘y“‘ L - L 2 MS128 bytes
NN Erase time*"* e - 13 35 s/block

Erase time*™ L - 2 20 s/block Reprogramming count N, 100 — — Times

Reprogramming count Nyee 100 — — Times Notes: 1. Use the on-chip p i ing routine for pr

Notes: 1. Use the on-chip programming/erasing routine for programming/erasure. 2. When all 0 are programmed
128 Kbytes of block

2. When all 0 are programmed. 4. The total reprogramming time (programming time + erasing time) is as follows.
3. 128 kbytes of block 20 s (typ), 35 s (reference value), 50 s (max)
4. The total reprogramming time (programming time + erasing time) is as follows. Hawever, 90% of the values are within the reference value.
. 5. t, distributes focusing on near the typ. value.
40 s (typ.), reference value: 60 s, 80 s (max.) B
However, 90% of the values are within the reference value.
5. t,, t_ distributes focusing on near the typ. value.

w

29.5.2 SH7059
Newly added

A.1 Address A.1 Address
Table A.1 Address Table A.1 Address
1007, 1008, 1029, 1030 Table and notes amended

N N Bit Names Bit Names
Register Abbrevi-
Name ation  Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0 RegisterName _ _Abbreviation ~ Bit7 | Bite . Bits | Bita f Bits B2 Bit1 Bito
""""""""""""""""""""""""""""""""""""""""""""""""" HFFFFD082 TCR TCR15 TCR14 TCR13 TCR12 TCR11 TCR10 TCR9 —_
HFFFFD082 TCR TCR15 TCR14 TCR13 TCR12 TCR11 TCR10 TCR9 —
HFFFFDO083 TCR? - TCRS TCR4 TCR3 TCR2 TCRL TCRO
HFFFFD083 TCR7 — TPSC5  TPSC4  TPSC3  TPSC2  TPSCL  TPSCO T 777777 7o o oo oo oo oo oo ooooooooooooooooooooooooooooooooooo
i X Bit Names
Register Abbrevi- Bit Names
Name ation  Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Register Name Abbreviation  Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit1 Bit 0
HFFFFD10C MBX[11], MSG_DATA_4 HFFFFD10C MBO[11], [12] ~ MSG_DATA 4
wrrrrp100 M2 MSG_DATA_5 HFFFFD10D MSG_DATA_S
N N Bit Names Bit Names
Register Abbrevi- Register Name Abbreviation  Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Name ation  Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BIO e el
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, HFFFFD882 TCR TCR15 TCR14 TCR13 TCR12 TCR11 TCR10 TCR9 —
HFFFFD8S2 TCR  TCR15  TCRI4  TCRI13  TCRI2  TCR1l  TCRI0  TCR9  — Trrrroses P . I I R T
HFFFFD883 TCR7 — TPSC5  TPSC4  TPSC3  TPSC2  TPSCL  TPSCO
Register Abbrevi- Bit Names
Na i i Register Name Abbreviation  Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
HFFFFDY0C MBx[11], MSG_DATA 4 HFFFFDO0C MBO[11],[12] ~ MSG_DATA 4
[12] HFFFFDI0D MSG_DATA_5

H'FFFFD90D MSG_DATA_5
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SH7058 (Rev.3, REJ09B0046-0300H) SH7058S/SH7059

A.1 Address A.1 Address
Table A.1 Address Table A.1 Address
1051, 1065, 1067- 1069, 1072 Table and notes amended

Bit Names Bit Names
Register Abbrevi- B -
Name ation Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0 Register Name Abbreviation Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
HFFFFEC14 SBYCR SSBY = SSBYF — — — — —
HFFFFEC14 SBYCR SSBY HIZ — — - — — -
HFFFFEC26 RAMER** - - - - - - - -
HFFFFEC26 RAMER — — — — — — — —
HFFFFEC27 — — — — RAMS RAM2 RAM1 RAMO
HFFFFEC27 — — — — RAMS RAM2 RAM1 RAMO 5
HFFFFEC26 RAMER* - - - — - - - -
HFFFFEC27 - — — — RAMS = = RAMO
Notes: 1. This s the read address. The Write Address is H'FFFEC10 for TCSR and TCNT, and
H'FFFEC12 for RSTCSR. For details, see section 13.2.4, Register Access.
2. Version with 1-Mbyte ROM and 48-Kbyte RAM
3. Version with 1.5-Mbyte ROM and 80-Kbyte RAM
N N Bit Names
Register Abbrevi-a
Bit Names
Name tion Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Register Name Abbreviation Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
HFFFFF708 SYSCRL OSCSTOP INOSCE — — — — AUDSRST RAME P — SYSCRL = - _ _ _ _ AUDSRST  RAME
HFFFFF70A SYCSR2* — — — - — — — — HFFFFFT0A SYCSR2+ - - - — - - - -
2 HFFFFF70B SYCSR2** — — — — MSTOP3 MSTOP2 MSTOP1 MSTOPO
HFFFFF70B SYCSR2* CKSEL ~ — — — MSTOP3 MSTOP2 MSTOP1 MSTOPO
Bit Names
N - Bit Names
Register  Abbrevi-ati
Register Name Abbreviation Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Name on Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 H'FFFFF722 PACRH PAISMD1 PA15MDO PA14MD1 PA14MDO — PA13MD —_ PA12MD
HFFFFF722 PACRH — — PAISMD — PALAMD — PAI3MD — PAL12MD
HFFFFF723 PA11MD1 PA11IMDO PA10OMD1 PA10MDO PA9MD1 PAIMDO PABMD1 PABMDO
HFFFFF723 PA11IMD1 PA11MDO PA10MD1 PA10MDO PA10MD1 PASMDO PA8SMD1 PA8BMDO HFFFFF732 PBCRH PBISMD1 PBISMDO PB14MD1 PB14MDO PB13MD1 PB13MDO PB12MD1 PB12MDO
HFFFFF732 PBCRH  PBISMD1 PBISMDO PB14MD1 PB14MDO — PBI3MD PB12MD1 PB12MDO HFFFFFT33 PBLIMDL  PBLIMDO  PBIOMDL  PBIOMDO  PBOMDL ~ PBOMDO  PBSMDL  PBEMDO
HFFFFF73C PCCR — — — — — — — PC4MD
HFFFFF733 PB11MD1 PB11MDO PBIOMD1 PBIOMDO PBOMD1 PBOMDO PBSMD1 ~PBSMDO
”””””””””””””””””””””””””””””””””””””””””””””””””” HFFFFF73D PC3MD1 PC3MDO ~ PC2MD1 PC2MDO - PCIMD - PCOMD
HFFFFF73C PCCR — — — — — — — PC4MD
HFFFFF74A PFCRH CKHIZ PF15MDO PF15MD1 PF14MDO PF14MD1 PF13MD — PF12MD
HFFFFF73D — PC3VD  — PC2MD  — PCIMD  — PCOMD
HFFFFF748 — PF1IMD  — PFIOMD  — PFOMD  — PF8MD
HFFFFF74A PFCRH  CKHIZ ~ PFISMD — PFLAMD  — PFI3VD — PF12MD e PLCRH _ _ _ _ pL1sMDL  PL13MD0 IEEBRBH PLi2MOB
HFFFEF74B _ PF1IMD — PFIOMD — PFOMD  — PF8MD HFFFFF759 PLIIMD1 PL1IMDO PLIOMD1 PLIOMDO PLOMDL  PLOMDO — — PL8MD
HFFFFF75A PLCRL PL7MD1 PL7MDO — PL6MD — PLSMD — PLAMD
HFFFFF758 PLCRH — — — — — PLI3MD1 PL13MDO — PL12MD
HFFFFF75B — PL3MD PL2MD1 PL2MDO PL1IMD1 PLIMDO — PLOMDO
HFFFFF759 PLIIMD1 PL1IMDO PLIOMD1 PLIOMDO PLOMD1 PLOMDO — PL8MD
HFFFFF76E ADTRGRO EXTRG — —_ —_ —_ - —_ —
HFFFFF75A PLCRL ~ — PL7MD  — PLEMD  — PLSMD  — PLAMD
HFFFFF784 PDPR — — PD13PR PD12PR PD11PR PD10PR PD9PR PD8PR
HFFFFF758 - PL3VD PL2MD1 PL2MDO PLIMDL PLIMDO - PLOMDO HFFFFF785 PD7PR PDE6PR PD5PR PD4PR PD3PR PD2PR PD1PR PDOPR
HFFFFF76E ADTRGO EXTRG —_ — — — — — — HFFFFF788 PLPR — — PL13PR PL12PR PL11PR PL10PR PL9PR PL8PR
HFFFFF784 PDPR PDISPR PD14PR PDI13PR PDI12PR PDIIPR PDIOPR PDOPR  PD8PR HFFFFFTE9 PL7PR - PLGPR - PLSPR - PLAPR - PL3PR - PLZPR - PLIPR - PLOPR
HFFFFF86C ADTCRO CKSEL10 CKSELOO — — DTSELOB DTSELOA ADSELOB ADSELOA
HFFFFF785 PD7PR  PD6PR  PDSPR  PD4PR  PD3PR  PD2PR  PDIPR  PDOPR
””””””””””””””””””””””””””””””””””””””””””””””””””””” H'FFFFF86D ADTSRO —_ TADFOB TADFOA ADDFOB ADDFOA ADCYLFO ADCMFOB ADCMFOA
HFFFFF788 PLPR PLISPR  PL14PR  PLI3PR PLI2PR PL1IPR PLIOPR PL9PR  PL8PR
HFFFFF86E ADTIERO ADTRGO TADEOB TADEOA ADDEOB ADDEOA ADCYLEO ADCMEOB ADCNEOA
HFFFFF789 PL7PR  PL6PR  PLSPR  PL4PR  PL3PR  PL2PR  PLIPR  PLOPR
HFFFFF87C ADTCR1 CKSEL11 CKSELO1 — — DTSEL1B DTSEL1A ADSEL1B ADSEL1A
HFFFFFB6C ADTCRO  CKSEL1x CKSELOX — — DTSELxB DTSELXA ADSELXB ADSELxA HFFFFFS7D ADTSRL — TADFIB  TADFIA  ADDFIB  ADDFIA  ADCYLF1 ADCMF1E ADCMFIA
HFFFFF86D ADTSRO — TADFXB TADFXA ADDFXB ADDFXA ADCYLFx ADCMFXB ADCMFXA HFFFFFSTE ADTIERL ADTRG1 ~TADEIB TADEIA ADDEIB ADDEIA ADCYLEL ADCMELB ADCNEIA
HFFFFF86E ADTIERO ADTRGx TADExB TADExA ADDEXB ADDEXA ADCYLEx ADCMEXB ADCNEXA SSU neWIy added
HFFFFF87C ADTCRL ~ CKSEL1x CKSELOX — — DTSELXB DTSELXA ADSELXB ADSELXA
HFFFFF87TD ADTSRL — — TADFxB ~ TADFXA ADDFxB ADDFXA ADCYLFx ADCMFxB ADCMFXA

HFFFFF87E ADTIER1 ADTRGx TADExB TADExA ADDExB ADDExXA ADCYLEx ADCMExB ADCNEXA
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Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H) SH7058S/SH7059

A.2 Register States in Reset and Power-Down States

Table A.2 Register States After Reset and Power-Down
States

A.2 Register States in Reset and Power-Down States
Table A.2 Register States in Reset and Power-Down
States

1073, 1075, 1076 Title and figure amended

Synchronous Serial Communication Unit (SSU),
Multi-trigger A/D (MTAD) added, note deleted.

Table A.2 Register States in Reset and Power-Down Table amended

States Power-Down State
Hardware Software
Power-Down State Type Name Standby Standby
Hardware Software CPU RO to R15 Initialized Initialized

Type Name Standby Standby SR

CPU RO to R15 Initialized Held GBR
SR VBR
MACH, MACL
GBR
PR
VBR PC
MACH, MACL FPU FRO to FR15 Initialized Initialized
PR FPUL
PC FPSCR
Interrupt IPRA to IPRL Initialized Initialized
FPU FRO to FR15 Initialized Held controller (INTC) cR
FPUL ISR
FPSCR User break UBARH, UBARL Initialized Initialized
controller (UBC)
Interrupt IPRA to IPRL Initialized Held UBAMRH, UBAMRL
UBBR
controller (INTC) ICR
UBCR
ISR Bus state BCRL, BCR2 Initialized Initialized
User break UBARH, UBARL Initialized  Held controller (BSC) WCR
controller (UBC) - “5AMRH. UBAMRL ‘Advanced pulse | POPCR  Initialized | Initialized
! controller (APC)
UBBR Serial SMROto SMR4 | Initialized | Initialized
communication
UBCR interface (SC) BRRO to BRR4
Bus state BCR1, BCR2 Initialized Held SCRO to SCR4
controller (BSC) WCR TDRO to TDR4

Advancedoulse POPCR T e SSRO to SSR4
Advanced pulse  POPCR Initialized Held RDRO 0 RDRA
controller (APC)

e P SDCROtoSDCR4 EEEER
S(?rrrln?r!unication SMRO to SMR4 Initialized Held AID converter ADDRO (H/L) to Initialized Initialized
interface (SCI) BRRO to BRR4 ADDR31 (H/L)

ADSCRO, ADCSR1,
SCRO to SCR4 ADCSR2
TDRO to TDR4 Intialized ADCRO, ADCR1,
SSRO to SSR4 ADCR2
ADTRGRO, ADTRGR1
RDRO to RDR4 ADTRGR2
SDCRO to SDCR4 Held
AID converter ADDRO (H/L) to Initialized Initialized
ADDR31 (H/L)
ADSCRO, ADCSR1
ADCSR2
ADCRO, ADCR1
ADCR2
ADTRGRO, ADTRGR1 Held

ADTRGR2
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Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H) SH7058S/SH7059

A.2 Register States in Reset and Power-Down States
Table A.2 Register States in Reset and Power-Down

A.2 Register States in Reset and Power-Down States
Table A.2 Register States After Reset and Power-Down

States States
1076-1077 Hardware Software
Type Name Standby Standby
Power-Down State Pin function controller PAIOR, PBIOR, | Initialized | Initialized
(PFC) PCIOR, PDIOR,
Hardware Software PEIOR. PFIOR.
Type Name Standby Standby PGIOR, PHIOR,
Pin function PAIOR, PBIOR Initialized  Held PJIOR, PKIOR, PLIOR
controller (PFC)  PCIOR, PDIOR iggg[‘-;@?;h F’CiCRHv
PEIOR, PFIOR PDCRH', PDC;?L, PEéR,
PGIOR, PHIOR PFCRH, PFCRL,
PJIOR, PKIOR, PLIOR PGCR, PHCR, PJCRH,
PJCRL, PKCRH,
PACRH, PACRL PKCRL, PKIR, PLCRH,
PBCRH, PBCRL PLCRL, PLIR
PBIR, PCCR, PDCRH 110 ports PADR, PBDR, PCDR, PDDR, Initialized Initialized
PDCRL, PECR PEDR, PFDR, PGDE, PHDR,
PFCRH, PFCRL PJDR, PKDR, PLDR
PGCR, PHCR, PJCRH PAPR, PBPR, PDPR, PJPR, Pin state Pin state
PJCRL, PKCRH PR
PKCRL, PKIR, PLCRH Flash ROM RAMER Initialized Initialized
PLCRL,PLIR FCccs
1/0 ports PADR, PBDR, PCDR Initialized Held FPCS
PDDR, PEDR, PFDR FECS
PGDE, PHDR, PJDR FKEY
PKDR, PLDR FMATS
Flash ROM RAMER Initialized Held FTDAR
FCCS Initialized/ Power-down SBYCR Initialized Initialized
3
L state related SYSCR1, SYSCR2
FPCS Initialized oo
FECS
FKEY
FMATS Held
FTDAR Initialized
Power-down SBYCR Initialized Held
state related SYSCR1, SYSCR2
MSTCR
Hardware  Software Hardware Software
Type Name Power-On  Standby  Standby Type Name Power-On Standby Standby
Controller MB Undefined Undefined Undefined
Controller MB Undefined Held Held area network
area network (HCAN)
(HCAN) High-peﬁormance SDIR Held Undefined Undefined
High-performance SDIR Held Held Held tﬁigihug erface - spsr
user debug sosk SDDRH, SDDRL

interface (H-UDI)
SDDRH, SDDRL

Note deleted.

Note: * Bit 7 (FLER) is held, and bit 0 (SCO) is initialized.
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Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H) SH7058S/SH7059

Appendix B Pin States Appendix B Pin States
Table B.1 Pin States Table B.1 Pin States
1079, 1080 Table amended

Pin State Pin State
Reset State Power-Down State Reset State Power-Down State
Power-On
Power-On ROMless
oM Expanded Mode  Expanded  Single-Chi H-UDI AUD Module Bus-Release
E)(pandedesﬂ:ode Expanded Single- H-UDI AUD Bus-Relea Type Pin Name 78 o Py g;l: with P Mode :::::re z;l:::e g;::l: Standby d State
- h i i
—  Modewith Chip Hardware Software Module Module sed State ki ad il il il
Type  Pin Name 8Bits 16 Bits ROM Mode Standby Standby Standby Standby Clock oK o z z ° ° °
= — XTAL o L L o o o
Clock CK’ o z H o o o EXTAL n 3 3 I I I
XTAL o L L o o o PLLCAP | | | | | |
EXTAL 1 z 1 1 1 1 System  RES ! z ! ! ! !
control
PLLCAP 1 | 1 1 1 1 FWE ! ! ! ! ! !
. Z . . . . HSTBY [ | [ | [ [
System FES oo . . . . . .
FWE I I I I I I MD1 i T T T T
HSTBY | | | | | | MD2 | | | | | |
MDO | | | | | | WDTOVF o z z o o o
MD1 I I I I I I LHEQ z z ! ! !
BACK — z z o o L
MD2 ! ! ! ! ! ! Interrupt NMI [ z | | [ [
WDTOVF [¢] z o [¢] o e} TRQO to IRQ7 — z z ] ] ]
BREQ — Z Z | | | RQOUT — z z o o o
— Address bus A to A2L o — z z o o z
BACK — z z o o L
Databus DO D7 z - z z ) ) z
Interrupt NMI ! z ! ! ! ! D8 10 D15 z — z z ) o z
IRQO to IRQ7 — z z I I I Bus AT 1 — z z 1 I I
— control
IRQOUT — z o# o o o /RH, WRL H - z z o ° z
RD H - z z o o z
Address A0 to A21 o — z z o o z —
bus 50 H — z z o o z
CS110CS3 - z z ] ] z
Data bus DO to D7 z — z z 1o 1o Port o0 — Z Z T T T
D8to D15 — z — z z o o z ATU-I TIOA to TIOD — z z 1 1 1
Bus WAIT | — z z | | | TOIALTIOH  — z z 10 o o
control WAH. WAL " — Z 7 ) ) 7 TIO2A to TIO2H - z z 110 110 110
— TI03AWTIOND  — z z 110 10 0
RD H — z z o] [e] z
Cso H — z z o o z
CS1toCS3 — z z o o z
Port POD — z z I I I
ATU-II TIOA to TIOD — z z I I I
TIO1Ato TIOIH — z K+ [} e} [}
TIO2At0 TIO2H — z K+ 1o 1o [l[e]
TIO3Ato TIO3D — z K [l[e] o 1o
Pin State Pin State
Reset State Power-Down State Reset State Power-Down State
Power-On
Power-On "ROMI
less. i :
HOMiess Expanded Mode  EXpanded  Single-Chi H-UDI AUD Module Bus-Release
" y | e Modewith  pMode Hardware Software  Module  Standby  d State
Expanded Mode EXpanded  Single- H-UDl - AUD Bus-Relea Type Pin Name 8Bits 16Bits  ROM Standby  Standby  Standby
— Modewith Chip Hardware Software Module Module sed State
Type  Pin Name 8Bits  16Bits ROM Mode Standby Standby Standby Standby ATUAL - TIOMAWTION  — z Z ro ro ro
TIOSAtTIOSD  — z z ) o o
X — o
ATU-II TIO4A to TIO4D z K [lle] e} [lle] TOBA 10 TOBD — 7 z o o o
TIO5Ato TIOSD — z K [lle] o 1o TO7A to TO7D — z z o o o
TOBAt0 TOBD  — z o+ ) o ) TOBA 10 TOBP — z z o o o
To7AlTOTD  — 7 o ) o ° TI9A 10 TISF — z z | [ |
Tio — z z | [ [
— -
TO8A 10 TOSP z o ° ° ° TIOLIA TIO11B — z z o 1o o
TI9A to TI9F — z z | | | TCLKA, TCLKB — z z ! ! |
TI0 — z z | | | scl SCKO to SCK4 — z z o o o
TIOL1A, TIOL1B  — z K 110 110 110 TxD0to 1D - z z ° ° °
RxDO t0 RXD4 — z z 1 1 |
TOLKA, TCLKE  — z z ! ! ! AD ANO 10 AN3L z z z | | |
SCI SCKO to SCK4 — z K+ 1o e} [} converter AR RGo, — z z i i i
TXDOto TxD4  — z o+ o o o ADTRGT
ADEND — z z o o o
RxDO to RxD4 — z z I I I Avrel 1 T 1 1 T T
AD ANO to AN31 z z z | | | MTAD  ADTOOA = Z Z o o o
converterzm——x
ADTRGO, — z z | | | ADTO0B — z z o o o
ADTRG1 ADTO1A — z z o o o
ADEND — z o+ o ) o) ADTO1B = z z o o o
APC PULSO10PULS?  — z z o o o
Avref I I I I I I
HCAN  HTxDO, HTXDL — z z o o o
APC PULSO to PULS7 — z O o] [e] [e] HRxDO, HRXD1 — Z z | o |
HCAN  HTXDO, HTxD1 z o* [e] o [e] uBC UBCTRG — z z o o o
HRXDO, HRxD1 z z | | | o PAO 10 PALS z z z o o o
U5 UBCTRG 7 o 5 5 5 port PBO o PB15 z z z o o o
- PCOt0 PC4 z z z o o o
I/OO" PAO to PA1S z z K* 1o e} [} PDO 1o PD13 Z Z Z o o o
P PBO to PB15 z z K 1o o 1o PEO to PE15 — z z z 1o 1o 1o
PCO to PC4 z z K o o o PFO 10 PF5 — z z z o o o
PDO to PD13 z z Kt 110 110 1) PF6 0 PF10 - z z z o o o
- PHLL to PF15 z z z o o o
PEO to PE15 — z z K 110 1o 1o PGO10PG3 Z Z Z o o o
PFO to PF5 — z z K o 1o o PHO to PH7 — z z z 110 110 110
PF6 to PF10 — z z K o 110 1o PHB to PH15 z — z z z o o o
PHIL10PFI5  Z z K 110 110 110 PI0t0 P15 z z 2 o o ro
PKO to PK15 z z z o o 1o
o
PGOto PG3 z z K o o o PLOt0 PL13 z z z o o o
PHO to PH7 — z z K+ 1o o 1o Ssu* SSCKO, SSCK1 — z z o o o
PH8 to PH15 z — z z K+ 1o e} e} SSI0, Ssi1 - z z ' ' '
PJ0 0 PI15 z z K 110 110 110 SS00°SSO1, = z z © © ©
5CS0, 5081 — z z 10 3 110
PKO to PK15 z z K+ 1o e} [}
PLOto PL13 z z K [l[e] o [l[e]
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Differences between SH7058 and SH7058S/SH7059

SH7058 (Rev.3, REJ09B0046-0300H)

SH7058S/SH7059

Appendix B Pin States
Table B.2 Pin States
1081

Appendix B Pin States
Table B.2 Pin States
Table amended

Pin Software Software
Type Name Standby Type Pin Name Standby
H-UDI TMS | H-UDI T™MS z
TRST | TRST z
TDI | TDI Z
TDO o/z TDO z
TCK | TCK z
Table B.3 Pin States Table B.3 Pin States
1081 Table amended
Software Standby Hardware Standby |
Hardware Standby AUD Reset AUDSRST = 1/ ) Software Standby AUD Reset AUDSRST =1/,
Type Pin Name AUD Module Standby (AUDRST = L) Normal Operation Tvee Pin Name AUD Module Standby (AUDRST =1) Normal Operation
AUD AUDRST z Linput Hinput
AUD  AUDRST z L input H input AUDMD Z | |
AUDMD z | | AUDATAO to z When AUDMD = H: 1 When AUDMD = H: 1/0
AUDATA3 When AUDMD = L: H (pulled - When AUDMD = L: O
AUDATAOto Z When AUDMD = H: | When AUDMD = H: I/O up internally)
AUDATA3 When AUDMD = L: H When AUDMD = L: O AUDCK z When AUDMD = H: | When AUDMD = H: |
(pulled up internally) When AUDMD = L: H (pulled When AUDMD = L: O
up internally)
AUDCK z When AUDMD =H: | When AUDMD = H: | AUDSYNC z ‘When AUDMD = H: | ‘When AUDMD = H: |

When AUDMD = L: H
(pulled up internally)

When AUDMD =L: O

AUDSYNC z

When AUDMD = H: |
When AUDMD = L: H
(pulled up internally)

When AUDMD = H: |
When AUDMD =L: O

Notes: 1. When the port impedance bit (HIZ) in the standby

control register (SBYCR) is set to 1, output pins become

high-impedance.

When AUDMD = L: H (pulled
up internally)

When AUDMD =L: O

Note 1. deleted

Appendix C. Product Lineup
Table C.1 SH7059 F-ZTAT Pro
Newly added

duct Lineup

Table C.2 SH7058 F-ZTAT Product Lineup

1083

Product Type Model Name

Mark Model

Name Package

Operating
Temperature

(Except for W/E of

Flash Memory)

SH7058 F-ZTAT HD64F7058BF80L

64F7058F80

256-pin (FP-256H) —40°C to 105°C

HD64F7058BF80K

64F7058F80

256-pin (FP-256H) —40°C to 125°C

Table C.2 SH7058S F-ZTAT Product Lineup

Table amended

Operating Temperature

Mark Model (Except for W/E of
Product Type Model Name Name Package Flash Memory)
SH7058S F-ZTAT  R4F70580SCLBOFP  R4F70580SC  256-pin (FP-256H) - 40°C to 105°C
RAF70580SCK8OFP  RAF70580SC  256-pin (FP-256H) - 40°C to 125°C

R4F70580SCL8B0BG

R4F70580SC

272-pin (BP-272) -40°C to 105°C

R4F70580SCK80BG

R4F70580SC

272-pin (BP-272) -40°C to 125°C

HD64F7058BP80L

64F7058BP80 272-pin (BP-272)

—40°C to 105°C

HD64F7058BP80K

64F7058BP80 272-pin (BP-272)

—40°C to 125°C
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1. Overview

Section 1 Overview

1.1 Features

This LSI is a single-chip RISC microcontroller that integrates a RISC CPU core using an original Renesas architecture
with peripheral functions required for system configuration.

The CPU has a RISC-type instruction set. Basic instructions can be executed in one state (one system clock cycle), which
greatly improves instruction execution speed. In addition, the 32-bit internal architecture enhances data processing power.
With this CPU, it has become possible to assemble low-cost, high-performance/high-functionality systems even for
applications such as real-time control, which could not previously be handled by microcontrollers because of their high-
speed processing requirements.

In addition, this LSI includes on-chip peripheral functions necessary for system configuration, such as a floating-point unit
(FPU) , ROM , RAM, a direct memory access controller (DMAC), timers, a serial communication interface (SCI),
controller area network-I1 (HCAN-II), A/D converter, interrupt controller INTC), and I/O ports.

ROM and SRAM can be directly connected by means of an external memory access support function, greatly reducing
system cost.

On-chip ROM is available as flash memory in the F-ZTAT* (Flexible Zero Turn Around Time) version. The flash
memory can be programmed with a programmer that supports this LSI programming, and can also be programmed and
erased by software. Since the programming/erasing control program is included as firmware, programming and erasing
can be performed by calling this program with a user program. This enables the chip to be programmed by the user while
mounted on a board.

The features of this LSI are summarized in table 1.1.

Note: * F-ZTAT is a trademark of Renesas Technology, Corp.
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1. Overview

Table 1.1  Features

Item

Features

CPU

Maximum operating frequency: 80 MHz
Original Renesas SH-2E CPU

32-bit internal architecture

General register machine

— Sixteen 32-bit general registers
—  Three 32-bit control registers

—  Four 32-bit system registers

Instruction execution time: Basic instructions execute in one state
(12.5 ns/instruction at 80 MHz operation)

Address space: Architecture supports 4 Gbytes
Five-stage pipeline

Operating states

Operating modes

—  Single-chip mode

—  8/16-bit bus expanded mode
* Mode with on-chip ROM
* Mode with no on-chip ROM

Processing states

— Reset state

— Program execution state

— Exception handling state

— Bus-released state

— Power-down state

Power-down state

— Sleep mode

— Software standby mode

— Hardware standby mode

— Module standby

Multiplier

32 x 32 — 64 multiply operations executed in two to four cycles
32 x 32 + 64 — 64 multiply-and-accumulate operations executed in two to four cycles

Floating-point unit (FPU)

SuperH architecture coprocessor
Supports single-precision floating-point operations
Supports a subset of the data types specified by the IEEE standard

Supports invalid operation and division-by-zero exception detection (subset of IEEE
standard)

Supports Round to Zero as the rounding mode (subset of IEEE standard)

Sixteen 32-bit floating-point data registers

Supports the FMAC instruction (multiply-and-accumulate instruction)

Supports the FDIV instruction (divide instruction)

Supports the FLDIO/FLDI1 instructions (constant 0/1 load instructions)

Instruction delay time: Two cycles for each of FMAC, FADD, FSUB, and FMUL instructions
Execution pitch: One cycle for each of FMAC, FADD, FSUB, and FMUL instructions
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1. Overview

Item

Features

Clock pulse generator
(CPG/PLL)

On-chip clock pulse generator (maximum operating frequency: 80 MHz)
Independent generation of CPU system clock and peripheral clock for peripheral modules
On-chip clock-multiplication PLL circuit (x8)

Internal clock frequency range: 5 to 10 MHz

Interrupt controller (INTC)

Nine external interrupt pins (NMI, IRQO to IRQ7)

123 internal interrupt sources

(ATU-II x 75, SCI x 20, DMAC x 4, A/D x 5, WDT x 1, UBC x 1, CMT x 2, HCAN-Il x 8, H-
UDI x 1, SSU* x 6)

16 programmable priority levels

User break controller
(UBC)

Requests an interrupt when the CPU or DMAC generates a bus cycle with specified
conditions (interrupt can also be masked)

Trigger pulse output (UBCTRG) on break condition
— Selection of trigger pulse width (¢ x1, x4, x8, x16)
Simplifies configuration of an on-chip debugger

Bus state controller (BSC)

Supports external memory access (SRAM and ROM directly connectable)
—  8/16-bit bus space
3.3 V bus interface

16 MB address space divided into four areas, with the following parameters settable for
each area:

— Bus size (8 or 16 bits)

— Number of wait cycles

— Chip select signals (CSO0 to CS3) output for each area
Wait cycles can be inserted using an external WAIT signal
External access in minimum of two cycles

Provision for idle cycle insertion to prevent bus collisions

Direct memory access
controller (DMAC)
(4 channels)

DMA transfer possible for the following devices:

— External memory, on-chip memory, on-chip peripheral modules (excluding DMAC, UBC,
BSC)

DMA transfer requests by on-chip modules

— SCI, A/D converter, ATU-Il, HCAN-II, SSU*
Cycle steal or burst mode transfer

Dual address mode

— Direct transfer mode

— Indirect transfer mode (channel 3 only)
Address reload function (channel 2 only)
Transfer data width: Byte/word/longword

Note: * SSU: Synchronous Serial Communication Unit
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1. Overview

Item

Features

Advanced timer unit-1l
(ATU-II)

Maximum 65 inputs or outputs can be processed

— Four 32-bit input capture inputs

— Thirty 16-bit input capture inputs/output compare outputs
— Sixteen 16-bit one-shot pulse outputs

— Eight 16-bit PWM outputs

— Six 8-bit event counters

— One gap detection function

I/0 pin output inversion function

Advanced pulse controller
(APC)

Maximum eight pulse outputs on reception of ATU-II (channel 11)
compare-match signal

Watchdog timer (WDT)
(1 channel)

Can be switched between watchdog timer and interval timer function
Internal reset, external signal, or interrupt generated by counter overflow
Two kinds of internal reset

— Power-on reset

— Manual reset

Compare-match timer
(CMT)
(2 channels)

Selection of 4 counter input clocks
A compare-match interrupt can be requested independently for each channel

Serial communication
interface (SCI)
(5 channels)

Selection of asynchronous or synchronous mode

Simultaneous transmission/reception (full-duplex) capability

Serial data communication possible between multiple processors (asynchronous mode)
Clock inversion function

LSB-/MSB-first selection function for transmission

Synchronous serial
communication unit (SSU)
(2 channels)

Support for master mode

Synchronous serial communications with devices having a different clock phase or polarity
Choice of 8/16/32-bit width of transmit/receive data

Full-duplex communication capability

Continuous serial communications

Choice of LSB-first or MSB-first transfer

Choice of clock source from among seven internal clocks

Five interrupt sources

Controller area network-I|
(HCAN-II)
(2 channels)

CAN version: Bosch 2.0B active compatible
Buffer size (per channel): Transmit/receive x 31, receive-only x 1
Receive message filtering capability
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1. Overview

Item Features

A/D converter e Thirty-two channels
e Three sample-and-hold circuits
— Independent operation of 12 channels x 2 and 8 channels x 1
e Selection of two conversion modes
— Single conversion mode
— Scan mode
* Continuous scan mode
* Single-cycle scan mode
e Can be activated by external trigger or ATU-II compare-match
¢ 10-bit resolution
e Accuracy: +2 LSB

Multi-trigger A/D (MTAD) ¢ While performing conversion on the specified channels in scan mode, A/D conversion on the
channels for which conversion has been requested can be performed prior to the other
channels when a compare match occurs with respect to the timer in the A/D converter

High-performance user ¢ Compliant with IEEE1149.1

debug interface (H-UDI) — Five test signals (TCK, TDI, TDO, TMS, and TRST)

— TAP controller

— Instruction register
— Data register
— Bypass register
e Test mode compliant with IEEE1149.1
— Standard instructions: BYPASS, SAMPLE/PRELOAD, EXTEST
— Optional instructions: CLAMP, HIGHZ, IDCODE
e H-UDl interrupt
— H-UDI interrupt request to INTC

Advanced user debugger ¢ Eight dedicated pins
(AUD)

¢ RAM monitor mode
— Data input/output frequency: 1/8 or less of the internal operating frequency (¢)
— Possible to read/write to a module connected to the internal/external bus

e Branch address output mode

1/O ports (including timer e Dual-function input/output pins: 149
KSSQ'S”)S’ address and data Schmitt input pins: NMI, TRQn, RES, ASTBY, FWE, TCLK, IC, IC/OC, SCK, ADTRG
e Input port protection
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1. Overview

ltem Features

ROM ¢ 1 MB Flash memory (SH7058S), 1.5 MB Flash memory (SH7059)
¢ Flash memory: Divided into 16 blocks
SH7058S

— 4 KB x 8 blocks

— 96 KB x 1 block

— 128 KB x 7 blocks
SH7059

— 4 KB x 8 blocks

— 96 KB x 1 block

— 128 KB x 3 blocks

— 256 KB x 4 blocks
¢ RAM emulation function (using 4 KB block)
e Programming/erasing control program included as firmware
e Flash memory programming methods

— Boot mode

— User program mode

— User boot mode

— Programmer mode

RAM e 48 KB (SH7058S), 80 KB (SH7059) SRAM
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1. Overview

1.2

Block Diagram

RES
HSTBY
FWE
MD2
MD1
MDO

NMI
WDTOVF

Vee (x8)
PVcel (x4)
PVce2 (x6)

Ve(x3)

Vss (x21)
AVref (x2)
AVcc (x2)
AVss (x2)
AN31-0
AUDRST
AUDMD
AUDATA3-0

AUDCK
AUDSYNC

MS

PDO/TIO1A
PD1/TIO1B
PD2/TIO1C

HEHTH

|~— PF15/BREQ/SCS1

[~— PF5/A21/POD
[+~— PF4/A20
l+—= PF3/A19
[~— PF2/A18
[~—- PF1/A17
[~—- PFO/A16

[~— PF14/BACK/SCS0

|~— PF13/CS3

[+~ PF12/CS2

[+~— PF11/CS1

[~—- PF10/CSO

[~—~ PF8/WAIT

l+— PF7/WRH

[~—- PF6/WRL

[~— PF9/RD
PE14/A14

[~—- PE13/A13
[~— PE12/A12
[+~ PE11/A11
|=— PE10/A10
[~— PE9/A9
[~— PEB8/A8
[~ PE7/A7
|+ PE6/A6
[~— PE5/A5
[~— PE4/A4
[=— PE3/A3
|~— PE2/A2
[=— PE1/A1
[~—- PEO/AQ

Port/control signals |

Clock pulse
generator

2 («—= PE15/A15

:

o
o

‘addres:

»

signals

RAM
80 KB (SH7059)
148 KB (SH70589)

ROM (flash)
1.5 MB (SH7059)
1.0 MB (SH7058S)

Multiplier

Interrupt
controller

O

PD3/TIO1D

PD4/TIO1E

PDS5/TIOTF

PD6/TIO1G

PD7/TIOTH

PD8/PULSO

PD9/PULS1

PD10/PULS2

PD11/PULS3

PD12/PULS4
PD13/PULS6/HTXDO/HTXD1
PLO/TI10

PL1/TIO11A/IRQ6
PL2/TIO11B/IRQ7
PL3/TCLKB

PL4/ADTRGO

PL5/ADTRG1

PL6/ADEND
SSCK1/PL7/SCK2
PL8/SCK3

PL9/SCK4/IRQ5
PL10/HTXDO/HTxD1/HTxDO & HTxD1
PL11/HRxDO/HRxD1/HRxDO & HRxD1
SCS0/PL12/IRQ4
SCS1/PL13/IRQOUT

Port

SRR AR RN RN R R RN

Port/data signals

T

PK15/TO8P =+

PK14/TO80~"
PK13/TO8N =
PK12/TO8M~=—>
PK11/TO8L =
PK10/TO8K =

- : Peripheral address bus (19 bits)
<:> : Peripheral data bus (16 bits)
([IIID : Internal address bus (32 bits)
@ : Internal upper data bus (16 bits)
(D : Internal lower data bus (16 bits)

Note: * SSU: Synchronous Serial Communication Unit

Port

R

PH15/D15
PH14/D14
PH13/D13
PH12/D12
PH11/D11
PH10/D10
PH9/D9
PH8/D8
PH7/D7
PH6/D6
PH5/D5
PH4/D4
PH3/D3
PH2/D2
PH1/D1
PHO/DO

PAO/TIOA

PA1/TIOB

PA2/TIOC

PA3/TIOD

PA4/TIO3A

PA5/TIO3B

PA6/TIO3C

PA7/TIO3D
PA8/TIO4A/ADTO0A
PA9/TIO4B/ADTO0B
PA10/TIO4C/ADTO1A
PA11/TIO4D/ADTO1B
PA12/TIO5A
PA13/TIO5B
PA14/TxD0/SSO0
PA15/RxD0/SSIO
PBO/TOBA

PB1/TO6B

PB2/TO6C

PB3/TO6D
PB4/TO7A/TOBA
PB5/TO7B/TO8B
PB6/TO7C/TO8C
PB7/TO7D/TO8D
PB8/TxD3/TO8E
PBOY/RxD3/TO8F
PB10/TxD4/HTXDO/TO8G
PB11/RxD4/HRXDO/TO8H
PB12/TCLKA/UBCTRG
PB13/SCKO/SSCKO
PB14/SCK1/TCLKB/TI10
PB15/PULS5/SCK2/SSCK1
PCO/TxD1

PC1/RxD1
PC2/TxD2/SSO1
PC3/RxD2/SSI1
PC4/RQ0
PGO/PULS7/HRXDO/HRXD1
PG1/IRQ1
PG2/IRQ2/ADEND _
PG3/IRQ3/ADTRGO

Figure 1.1 Block Diagram
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Figure 1.3 Pin Assignments
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1. Overview

1.3.2 Pin Functions

Table 1.2 summarizes the pin functions.

Table 1.2  Pin Functions
Pin No.
Type Symbol FP-256H BP-272 /0 Name Function
Power supply Ve 11, 49, 52, 75, D5, D13, B14, Input  Power supply Power supply for chip-internal and
139, 187, 203, F17,U16, U6, U4, system ports (RES, MD2-MDO, FWE,
237 J3 HSTBY, NMI, CK, EXTAL, XTAL, H-UDI
port). Connect all V. pins to the system
power supply. The chip will not operate if
there are any open pins.

PV 1 20, 39, 70, 83 C6, V11, D16, F18Input  Port power Power supply for bus ports (ports E, F,

supply 1 and H). Connect all PV 1 pins to the
system bus power supply. The chip will
not operate if there are any open pins.

PV.2 128, 148, 172, U19, V15, V9, V5, Input  Port power Power supply for peripheral module ports

194, 212, 247 P3, H4 supply 2 (ports A, B, C, D, G, J, K, and L, the AUD
port, and WDTOVF). Connect all PV_.2
pins to the system peripheral module
power supply. The chip will not operate if
there are any open pins.

Vo 30, 161, 225 B9, Y11, M2 Input Internal step-  Pins for connection to a capacitor used
down power  for stablizing the voltage of the internal
supply step-down power supply.

Connect V to this pin through a
(0.33,0.47)-uF capacitor. The capacitor
should be located near the pin. Do not
connect an external power supply to the
pin.

Vs 13, 22, 32, 41, A9, B13, B15, D7, Input  Ground For connection to ground.

47,54,72,77, D11, F19, G3, Connect all V pins to the system

85, 126, 141, G17, 44, J9-12, ground. The chip will not operate if there

150, 163, 174, K9-12, L9-12, M1, are any open pins.

185, 196, 205, M9-12, P4, T18,

214, 227, 239, U5, U9, V6, V186,

249 W11

Flash memory FWE 56 D14 Input  Flash write Connected to ground in normal operation.
enable

Apply V; during on-board programming.
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1. Overview

Pin No.
Type Symbol FP-256H BP-272 /0 Name Function
Clock PLLV 60 A17 Input  PLL power On-chip PLL oscillator power supply.
supply For power supply connection, see section
5, Clock Pulse Generator (CPG).
PLLV 62 A18 Input  PLL ground On-chip PLL oscillator ground.
For power supply connection, see section
5, Clock Pulse Generator (CPG).
PLLCAP 61 B17 Input  PLL On-chip PLL oscillator external
capacitance capacitance connection pin.
For external capacitance connection, see
section 5, Clock Pulse Generator (CPG).
EXTAL 51 A14 Input  External clock For connection to a crystal resonator. An
external clock source can also be
connected to the EXTAL pin.
XTAL 53 A15 Input/ Crystal For connection to a crystal resonator.
output
CK 48 A13 Output Peripheral Supplies the peripheral clock to
clock peripheral devices.
System control RES 58 B16 Input  Power-on reset Executes a power-on reset when driven
low.
WDTOVF 124 R17 Output Watchdog WDT overflow output signal.
timer overflow
BREQ 46 C13 Input Busrequest  Driven low when an external device
requests the bus.
BACK 45 D12 Output Bus request  Indicates that the bus has been granted
acknowledge to an external device. The device that
output the BREQ signal recognizes that
the bus has been acquired when it
receives the BACK signal.
Operating mode  MDO to MD2 59, 55, 50 C16,C15,C14 Input  Mode setting  These pins determine the operating
control mode. Do not change the input values
during operation.
HSTBY 57 A16 Input  Hardware When driven low, this pin forces a
standby transition to hardware standby mode.
Interrupts NMI 84 E20 Input  Nonmaskable Nonmaskable interrupt request pin.
interrupt Acceptance on the rising edge or falling
edge can be selected.
IRQO0 to IRQ7 169, 171,173, V10, Y8, W9, W8, Input Interrupt Maskable interrupt request pins.
175, 230, 226, K2, L3, P2, P1 requests Level input or edge input can be selected.
217,218 Oto7
IRQOUT 231 K1 Output Interrupt Indicates that an interrupt has been
request generated.
output

Enables interrupt generation to be
recognized in the bus-released state.
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1. Overview

Pin No.
Type Symbol FP-256H BP-272 /0 Name Function
Address bus AO0-A21 7-10, 12, 14-19, B3, D4, C4, A3, Output Address bus Address output pins.
21, 23-29, 31, B4, A4, C5, B5,
33, 34 A5, D6, B6, A6,
C7,B7, A7, D8,
C8, B8, A8, D9,
C9, C10
Data bus D0-D15 63-69, 71, 73, D15, B18, A19, Input/ Data bus 16-bit bidirectional data bus pins.
74,76, 78-82 C18,B19,B20, output
C17, C19, D18,
D17, E17, E18,
D19, C20, E19,
D20
Bus control CS0-CS3 40, 42-44 A11, A12,C12, Output Chip select 0 to Chip select signals for external memory
B12 3 or devices.
RD 38 B11 Output Read Indicates reading from an external
device.
RH 36 D10 Qutput Upper write Indicates writing of the upper 8 bits of
external data.
RL 35 B10 Output Lower write Indicates writing of the lower 8 bits of
external data.
WAIT 37 A10 Input  Wait Input for wait cycle insertion in bus cycles
during external space access.
Advanced timer ~ TCLKA 159, 162, 219 W12, Y10, N3 Input  ATU-ll timer  ATU-II counter external clock Input pins.
unit-1l (ATU-II) TCLKB clock input
TIOA-TIOD 125,127, 129, U18,T17,V20, Input ATU-llinput  Channel 0 input capture input pins.
130 V19 capture
(channel 0)
TIO1A-TIO1H 248, 250-256 C1,G4,E2,B1, Input/ ATU-llinput  Channel 1 input capture input/output
D2, F3, F4, E3 output capture/output compare output pins.
compare
(channel 1)
TIO2A-TIO2H 176-183 Y7,Y6,V8,U8, Input/ ATU-llinput Channel 2 input capture input/output
W7, Y5, W6, V7 output capture/output compare output pins.
compare
(channel 2)
TIO3A-TIO3D 131-134 W20, V18, W19, Input/ ATU-llinput  Channel 3 input capture input/output
Y19 output capture/output compare/PWM output pins.
compare/PWM
output (channel
3)
TIO4A-TIO4D 135-138 W18, U17,Y18, Input/ ATU-llinput  Channel 4 input capture input/output
V17 output capture/output compare/PWM output pins.
compare/PWM
output (channel
4)
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1. Overview

Pin No.
Type Symbol FP-256H BP-272 /0 Name Function
Advanced timer  TIO5A-TIO5D 140, 142, 184, 186W17, W16, U7, Y4lnput/ ATU-llinput  Channel 5 input capture input/output
unit-11 (ATU-II) output capture/output compare/PWM output pins.
compare/PWM
output (channel
5)
TOBA-TO6D 145-147,149 U15, W15, Y15, Output ATU-Il PWM  Channel 6 PWM output pins.
Y14 output
(channel 6)
TO7A-TO7D 151-154 U14, V14, W14, Output ATU-Il PWM  Channel 7 PWM output pins.
Y13 output
(channel 7)
TOBA-TO8P  151-158, 195, U14, V14, W14, Output ATU-II one- Channel 8 down-counter one-shot pulse
197-202, 204, Y13, W13, U13, shot pulse output pins.
206-211, 213, V13, V12, W1, V3, (channel 8)
215 W2, V2, V1, U1,
T4, U2, R4, U3,
T3,T2,R3, T1,
R2, R1
TI9A-TIOF 188-193 Y3, W5, Y2, W4, Input ATU-llevent Channel 9 event counter input pins.
W3, V4 input
(channel 9)
TIHO 162, 216 Y10, N4 Input  ATU-II Channel 10 external clock input pin.
multiplied clock
generation
(channel 10)
TIOT1A, 217,218 P2, P1 Input/  ATU-ll input  Channel 11 input capture input/output
TIO11B output capture/output compare output pins.
compare
Advanced pulse  PULS0-PULS7 1-6, 164, 170 E4, D3, C2, C3, Output APC pulse APC pulse output pins.
controller (APC) B2, A2, U12, Y9 outputs 0 to 7
Serial TxD0-TxD4 143, 165, 167, Y17,V11, W10, Output Transmit data SCIO to SCI4 transmit data output pins.
communication 155, 157 W13, V13 (channels 0 to
interface (SCI) 4)
RxD0-RxD4 144, 166, 168, Y16, U11,U10, Input Receive data SCIO to SCl4 receive data input pins.
156, 158 uU13, vi12 (channels 0 to
4)
SCKO-SCK4 160, 162, 223, Y12, Y10, M3, L4, Input/ Serial clock SCIO to SCl4 clock input/output pins.
224, 226, 164 L3, U12 output (channels 0 to
4)
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1. Overview

Pin No.
Type Symbol FP-256H BP-272 /0 Name Function
Synchronous serial SSO0 143 Y17, W10 Qutput Transmit data SSUO and SSU1 transmit data output
communication SSO1 167 (Channels 0 pins.
unit (SSU) and 1)
SSI0 144 Y16, U10 Input Receive data SSUO and SSU1 receive data input pins.
SSI1 168 (Channels 0
and 1)
SSCKO 160 Y12, U12, M3 Output SSU clock SSUO0 and SSU1 clock output pins.
SSCKi1 164, 223 (Channels 0
and 1)
SCS0 45, 230 D12, K2, C13, K1 Input/ SSU chip SSUO0 and SSU1 chip select input/output
SCS1 46. 231 output select pins.
(Channels 0
and 1)
Controller area HTxDO, HTxD1 157, 228, 6 V13, L1, A2 Output Transmit data CAN bus transmit data output pins.
?Hegf'\rlk”')' HRxDO, HRxD1 158, 229,170 V12, L2, Y9 input Receive data CAN bus receive data input pins.
A/D converter AV, 101, 119 K20, T20 Input  Analog power A/D converter power supply.
supply
AV 99, 121 J20, U20 Input  Analog ground A/D converter power supply.
AV 100, 120 K19, T19 Input  Analog Analog reference power supply input
reference pins.
power supply
ANO-AN31 86-98, 102-118, H17,G18,G19, |Input Analoginput Analog signal input pins.
122, 123 F20, H18, G20,
J17, H19, H20,
J19, J18, K18,
K17, L19, L18,
L20, M20, L17,
M19, N20, M18,
P20, N19, P19,
R20, M17, N18,
P18, R19, N17,
P17, R18
ADTRGO, 175, 220, 221 W8, M4, N1 Input  A/D conversion External trigger input pins for starting A/D
ADTRGH1 trigger input  conversion.
ADEND 173, 222 W9, N2 Output ADEND output A/D2 channel 31 conversion timing
monitor output pins.
ADTOOA 135 w18 Output PWM output ~ PWM output pin for multi-trigger A/D
conversion.
ADTOOB 136 u17 Output PWM output  PWM output pin for multi-trigger A/D
conversion.
ADTO1A 137 Y18 Output PWM output  PWM output pin for multi-trigger A/D
conversion.
ADTO1B 138 V17 Output PWM output  PWM output pin for multi-trigger A/D

conversion.
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1. Overview

Pin No.
Type Symbol FP-256H BP-272 /0 Name Function
User break UBCTRG 159 W12 Output User break UBC condition match trigger output pin.
controller (UBC) trigger output
High-performance TCK 236 J2 Input  Test clock Test clock input pin.
yser debug TMS 232 K3 Input  Test mode Test mode select signal input pin.
interface
select
(H-UDI)
TDI 234 K4 Input Test data input Instruction/data serial input pin.
TDO 235 HA1 Output Test data Instruction/data serial output pin.
output
TRST 233 Ji Input  Test reset Initialization signal input pin.
Advanced AUDATAO- 241-244 G1, F1, G2, E1 Input/  AUD data Branch trace mode: Branch destination
user debugger AUDATA3 output address output pins.
(AUD) RAM monitor mode: Monitor address
input / data input/output pins.
AUDRST 238 H2 Input  AUD reset Reset signal input pin.
AUDMD 240 H3 Input  AUD mode Mode select signal input pin.
Branch trace mode: Low
RAM monitor mode: High
AUDCK 245 D1 Input/  AUD clock Branch trace mode: Serial clock output
output pin.
RAM monitor mode: Serial clock input
pin.
AUDSYNC 246 F2 Input/  AUD Branch trace mode: Data start position
output synchronization identification signal output pin.
signal RAM monitor mode: Data start position
identification signal input pin.
1/0 ports POD 34 C10 Input  Port output Input pin for port pin drive control when
disable general port is set for output.
PAO-PA15 125,127,129— U18,T17,V20, Input/ PortA General input/output port pins.
138, 140, 142— V19, W20, V18, output Input or output can be specified bit by bit.
144 W19, Y19, W18,
u17, Y18, V17,
W17, W16, Y17,
Y16
PB0-PB15 145-147, 149, U15, W15, Y15, Input/ PortB General input/output port pins.
151-160, 162, 16414, U14, V14,  output Input or output can be specified bit by bit.
W14, Y13, W13,
U13, V13, V12,
W12, Y12, Y10,
ui2
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1. Overview

Pin No.
Type Symbol FP-256H BP-272 /0 Name Function
1/0 ports PC0-PC4 165-169 V11, U11, W10, Input/ PortC General input/output port pins.
u10, V10 output Input or output can be specified bit by bit.
PD0-PD13 248, 250256, C1,G4,E2,B1, Input/ PortD General input/output port pins.
1-6 D2, F3, F4,E3,  output Input or output can be specified bit by bit.
E4, D3, C2, C3,
B2, A2
PEO-PE15 7-10, 12, 14-19, BS3, D4, C4, A3, Input/ PortE General input/output port pins.
21,23-26 B4, A4, C5,B5,  output Input or output can be specified bit by bit.
A5, D6, B6, A6,
C7,B7, A7, D8
PFO-PF15 27-29, 31, 33-38, C8, B8, A8, D9, Input/ PortF General input/output port pins.
40, 42-46 C9, C10,B10,  output Input or output can be specified bit by bit.
D10, A10, B11,
A11,A12, C12,
B12, D12, C13
PG0-PG3 170, 171,173, Y9, Y8, W9, W8 Input/ PortG General input/output port pins.
175 output Input or output can be specified bit by bit.
PHO-PH15 63-69, 71, 73, 74, D15, B18, A19,  Input/ PortH General input/output port pins.
76, 78-82 C18,B19, B20, output Input or output can be specified bit by bit.
C17,C19, D18,
D17, E17, E18,
D19, C20, E19,
D20
PJO-PJ15 176-184, 186, Y7,Y6,V8,U8, Input/ Portd General input/output port pins.
188-193 W7, Y5, W6, V7, output Input or output can be specified bit by bit.
U7, Y4, Y3, W5,
Y2, W4, W3, V4
PKO-PK15 195, 197-202, W1, V3, W2, V2, Input/ PortK General input/output port pins.
204,206-211,  V1,U1,T4, U2,  output Input or output can be specified bit by bit.
213,215 R4, U3, T3, T2,
R3, T1, R2, R1
PLO-PL13 216224, 226, N4, P2, P1,N3, Input/ PortL General input/output port pins.
228-231 M4, N1, N2, M3, output Input or output can be specified bit by bit.

L4, L3, L1, L2, K2,
K1
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1. Overview

1.3.3 Pin Assignments
Table 1.3  Pin Assignments

Pin No.
FP-256H BP-272 MCU Mode Programmer Mode
1 E4 PD8/PULS0O NC
2 D3 PD9/PULS1 NC
3 c2 PD10/PULS2 NC
4 C3 PD11/PULS3 NC
5 B2 PD12/PULS4 NC
6 A2 PD13/PULS6/HTxDO/HTxD1 NC
7 B3 PEO/AO A0
8 D4 PE1/A1 Al
9 C4 PE2/A2 A2
10 A3 PE3/A3 A3
11 D5 Vee Vcee
12 B4 PE4/A4 A4
13 * Vss Vss
14 A4 PE5/A5 A5
15 C5 PE6/A6 A6
16 B5 PE7/A7 A7
17 A5 PE8/A8 A8
18 D6 PE9/A9 A9
19 B6 PE10/A10 A10
20 C6 PVcci Vce
21 A6 PE11/A11 Al
22 * Vss Vss
23 C7 PE12/A12 A12
24 B7 PE13/A13 A13
25 A7 PE14/A14 Al4
26 D8 PE15/A15 A15
27 Cc8 PFO/A16 A16
28 B8 PF1/A17 A17
29 A8 PF2/A18 A18
30 B9 Vg, Ve,
31 D9 PF3/A19 A19
32 * Vss Vss
33 C9 PF4/A20 A20
34 Cc10 PF5/A21/POD A21
35 B10 PF6/WRL NC
36 D10 PF7/WRH NC
37 A10 PF8/WAIT Vce
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1. Overview

Pin No.
FP-256H BP-272 MCU Mode Programmer Mode
38 B11 PF9/RD NC
39 C11 PVcci Vce
40 A11 PF10/CSO NC
41 * Vss Vss
42 A12 PF11/CST Vee
43 Ci12 PF12/CS2 Vce
44 B12 PF13/CS3 Vss
45 D12 PF14/BACK/SCS0 NC
46 C13 PF15/BREQ/SCS1 Vee
47 * Vss Vss
48 A13 CK NC
49 D13 Vce Vcce
50 Cl14 MD2 Vss
51 A14 EXTAL EXTAL
52 B14 Vce Vce
53 A15 XTAL XTAL
54 * Vss Vss
55 C15 MD1 Vce
56 D14 FWE FWE
57 A16 HSTBY Vee
58 B16 RES RES
59 C16 MDO Vee
60 A17 PLLVcc PLLVcc
61 B17 PLLCAP PLLCAP
62 A18 PLLVss PLLVss
63 D15 PHO/DO DO
64 B18 PH1/D1 D1
65 A19 PH2/D2 D2
66 c18 PH3/D3 D3
67 B19 PH4/D4 D4
68 B20 PH5/D5 D5
69 Cc17 PH6/D6 D6
70 D16 PVcci Vce
71 c19 PH7/D7 D7
72 * Vss Vss
73 D18 PH8/D8 NC
74 D17 PH9/D9 NC
75 F17 Vce Vcce
76 E17 PH10/D10 NC
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1. Overview

Pin No.
FP-256H BP-272 MCU Mode Programmer Mode
77 * Vss Vss
78 E18 PH11/D11 NC
79 D19 PH12/D12 NC
80 C20 PH13/D13 NC
81 E19 PH14/D14 NC
82 D20 PH15/D15 NC
83 F18 PVccet Vce
84 E20 NMI Vss
85 * Vss Vss
86 H17 ANO NC
87 G18 AN1 NC
88 G19 AN2 NC
89 F20 AN3 NC
90 H18 AN4 NC
91 G20 AN5 NC
92 J17 ANG6 NC
93 H19 AN7 NC
94 H20 AN8 NC
95 J19 AN9 NC
96 J18 AN10 NC
97 K18 AN11 NC
98 K17 AN12 NC
99 J20 AVss Vss
100 K19 AVref Vce
101 K20 AVcc Vce
102 L19 AN13 NC
103 L18 AN14 NC
104 L20 AN15 NC
105 M20 AN16 NC
106 L17 AN17 NC
107 M19 AN18 NC
108 N20 AN19 NC
109 M18 AN20 NC
110 P20 AN21 NC
111 N19 AN22 NC
112 P19 AN23 NC
113 R20 AN24 NC
114 M17 AN25 NC
115 N18 AN26 NC
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1. Overview

Pin No.
FP-256H BP-272 MCU Mode Programmer Mode
116 P18 AN27 NC
117 R19 AN28 NC
118 N17 AN29 NC
119 T20 AVcc Vce
120 T19 AVref Vce
121 u20 AVss Vss
122 P17 AN30 NC
123 R18 AN31 NC
124 R17 WDTOVF NC
125 ui8 PAO/TIOA NC
126 * Vss Vss
127 T17 PA1/TIOB NC
128 u19 PVcc2 Vce
129 V20 PA2/TIOC NC
130 V19 PA3/TIOD NC
131 W20 PA4/TIO3A NC
132 V18 PA5/TIO3B NC
133 W19 PA6/TIO3C NC
134 Y19 PA7/TIO3D NC
135 W18 PA8/TIO4A/ADTO0A NC
136 ut7 PA9/TIO4B/ADTO0B NC
137 Y18 PA10/TIO4C/ADTO1A NC
138 V17 PA11/TIO4D/ADTO1B NC
139 u16 Vcee Vce
140 W17 PA12/TIO5A NC
141 * Vss Vss
142 W16 PA13/TIO5B NC
143 Y17 PA14/TxD0/SSO0 NC
144 Y16 PA15/RxD0/SSI0 NC
145 uis PBO/TO6A NC
146 W15 PB1/TO6B NC
147 Y15 PB2/TO6C NC
148 V15 PVcc2 Vcece
149 Y14 PB3/TO6D NC
150 * Vss Vss
151 ut4 PB4/TO7A/TO8A NC
152 Vi4 PB5/TO7B/TO8B NC
153 W14 PB6/TO7C/TO8C NC
154 Y13 PB7/TO7D/TO8D NC
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1. Overview

Pin No.
FP-256H BP-272 MCU Mode Programmer Mode
155 W13 PB8/TxD3/TO8E NC
156 u13 PB9/RxD3/TO8F NC
157 V13 PB10/TxD4/HTxD0/TO8G NC
158 V12 PB11/RxD4/HRxD0/TO8H NC
159 w12 PB12/TCLKA/UBCTRG NC
160 Y12 PB13/SCK0/SSCKO0 NC
161 Y11 Vv, v,
162 Y10 PB14/SCK1/TCLKB/TI10 NC
163 * Vss Vss
164 ut2 PB15/PULS5/SCK2/SSCK1 NC
165 Vi1 PCO/TxD1 NC
166 uti PC1/RxD1 NC
167 W10 PC2/TxD2/SSO1 NC
168 u1o PC3/RxD2/SSI NC
169 V10 PC4/1IRQ0 NC
170 Y9 PGO/PULS7/HRxDO/HRxD1 NC
171 Y8 PG1/RQT NC
172 V9 PVcc2 Vce
173 w9 PG2/IRQ2/ADEND NC
174 * Vss Vss
175 ws PG3/IRQ3/ADTRGO NC
176 Y7 PJO/TIO2A NC
177 Y6 PJ1/TIO2B NC
178 V8 PJ2/TI02C NC
179 us PJ3/TIO2D NC
180 w7 PJ4/TIO2E NC
181 Y5 PJ5/TIO2F NC
182 we PJ6/TIO2G NC
183 V7 PJ7/TIO2H NC
184 u7 PJ8/TIO5C NC
185 * Vss Vss
186 Y4 PJ9/TIO5D NC
187 ue Vce Vce
188 Y3 PJ10/TI9A NC
189 W5 PJ11/TI9B NC
190 Y2 PJ12/TI9C NC
191 w4 PJ13/TI9D NC
192 w3 PJ14/TI9E NC
193 V4 PJ15/TI9F NC
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1. Overview

Pin No.
FP-256H BP-272 MCU Mode Programmer Mode
194 V5 PVcc2 Vce
195 Wi PKO/TO8A NC
196 * Vss Vss
197 V3 PK1/TO8B NC
198 w2 PK2/TO8C NC
199 V2 PK3/TO8D NC
200 V1 PK4/TO8E NC
201 Ut PK5/TO8F NC
202 T4 PK6/TO8G NC
203 U4 Vce Vce
204 U2 PK7/TO8H NC
205 * Vss Vss
206 R4 PK8/TO8I NC
207 us PK9/TO8J NC
208 T3 PK10/TO8K NC
209 T2 PK11/TO8L NC
210 R3 PK12/TO8M NC
211 T1 PK13/TO8N NC
212 P3 PVcc2 Vce
213 R2 PK14/TO80 NC
214 * Vss Vss
215 R1 PK15/TO8P NC
216 N4 PLO/TI10 NC
217 P2 PL1/TIO11A/IRQ6 NC
218 P1 PL2/TIO11B/IRQ7 CE
219 N3 PL3/TCLKB NC
220 M4 PL4/ADTRGO NC
221 N1 PL5/ADTRG1 NC
222 N2 PL6/ADEND NC
223 M3 PL7/SCK2/SSCK1 NC
224 L4 PL8/SCK3 NC
225 M2 Vv, Vv,
226 L3 PL9/SCK4/IRQ5 WE
227 * Vss Vss
228 L1 PL10/HTxDO/HTxD1/HTxDO & HTxD1  NC
229 L2 PL11/HRxDO/HRxD1/HRxDO & HRxD1 NC
230 K2 PL12/IRQ4/SCS0 OE
231 K1 PL13/IRQOUT/SCS1 NC
232 K3 TMS NC
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1. Overview

Pin No.
FP-256H BP-272 MCU Mode Programmer Mode
233 J1 TRST NC
234 K4 TDI NC
235 H1 TDO NC
236 J2 TCK NC
237 J3 Vcce Vce
238 H2 AUDRST NC
239 * Vss Vss
240 H3 AUDMD NC
241 G1 AUDATAO NC
242 F1 AUDATA1 NC
243 G2 AUDATA2 NC
244 E1 AUDATA3 NC
245 D1 AUDCK NC
246 F2 AUDSYNC NC
247 H4 PVcec2 Vce
248 C1 PDO/TIO1A NC
249 * Vss Vss
250 G4 PD1/TIO1B NC
251 E2 PD2/TIO1C NC
252 B1 PD3/TIO1D NC
253 D2 PD4/TIO1E NC
254 F3 PD5/TIO1F NC
255 F4 PD6/TIO1G NC
256 E3 PD7/TIO1H NC
— Al NC NC
— A20 NC NC
— Y1 NC NC
— Y20 NC NC

Note: * Vssis connected in the board.
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2. CPU

Section 2 CPU

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

In addition, the FPU has eighteen internal registers: sixteen 32-bit floating-point registers and two 32-bit floating-point
system registers.

2.1.1 General Registers (Rn)

The sixteen 32-bit general registers (Rn) are numbered RO-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 recovering the status register (SR) and program counter (PC) in
exception processing is accomplished by referencing the stack using R15. Figure 2.1 shows the general registers.

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 indirect indexed register addressing
mode and indirect indexed GBR addressing mode. In some instructions, RO
functions as a fixed source register or destination register.

2. R15 functions as a hardware stack pointer (SP) during exception processing.

Figure 2.1 General Registers
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2.1.2 Control Registers

The 32-bit control registers consist of the 32-bit status register (SR), global base register (GBR), and vector base register
(VBR). The status register indicates processing states. The global base register functions as a base address for the indirect
GBR 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 processing vector area (including interrupts). Figure 2.2 shows the control registers.

31 98 76543210
SR| ————————- MQI3 121110 --ST | SR: Status register

T T I_> T bit: The MOVT, CMP/cond, TAS, TST,

BT (BT/S), BF (BF/S), SETT, CLRT, and
FCMP/cond instructions use the T bit to
indicate true (1) or false (0). The ADDV,
ADDC, SUBV, SUBC, NEGC, DIVOU,
DIVOS, DIV1, SHAR, SHAL, SHLR, SHLL,
ROTR, ROTL, ROTCR, and ROTCL
instructions also use the T bit to indicate
carry/borrow or overflow/underflow.

— S bit: Used by the MAC instruction.

—» Reserved bits. These bits always read 0.
The write value should always be 0.

——» Bits 13—-10: Interrupt mask bits.
» M and Q bits: Used by the DIVOU, DIVOS,
and DIV1 instructions.

» Reserved bits. These bits always read 0.
The write value should always be 0.

31 0 Global base register (GBR):

GBR Indicates the base address of the indirect
GBR addressing mode. The indirect GBR
addressing mode is used in data transfer
for on-chip peripheral module register
areas and in logic operations.

31 0 Vector base register (VBR):
VBR Stores the base address of the exception
processing vector area.

Figure 2.2 Control Register Configuration
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2.13 System Registers

System registers consist of four 32-bit registers: high and low multiply and accumulate registers (MACH and MACL), the
procedure register (PR), and the program counter (PC). The multiply-and-accumulate registers store the results of
multiply-and-accumulate operations. The procedure register stores the return address from a subroutine procedure. The
program counter stores program addresses to control the flow of the processing. Figure 2.3 shows the system registers.

3L 0 Multiply-and-accumulate (MAC)
MACH registers high and low (MACH,
MACL MACL): Store the results of
multiply-and-accumulate operations.

31 0 Procedure register (PR): Stores
| PR the return address from a
subroutine procedure.

31 0  Program counter (PC): Indicates
| PC the fourth byte (second instruction)
after the current instruction.

Figure 2.3 System Register Configuration
2.14 Floating-Point Registers

There are sixteen 32-bit floating-point registers, designated FRO to FR15, which are used by floating-point instructions.
FRO functions as the index register for the FMAC instruction. These registers are incorporated into the floating-point unit
(FPU). For details, see section 3, Floating-Point Unit (FPU).

31 0
FRO
FR1
FR2
FR3
FR4
FR5
FR6
FR7
FR8
FR9
FR10
FR11
FR12
FR13
FR14

FRO functions as the index register
for the FMAC instruction.

FR15

Figure 2.4 Floating-Point Registers
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2.1.5 Floating-Point System Registers

There are two 32-bit floating-point system registers: the floating-point communication register (FPUL) and the floating-
point status/control register (FPSCR). FPUL is used for communication between the CPU and the floating-point unit
(FPU). FPSCR indicates and stores status/control information relating to FPU exceptions.

These registers are incorporated into the floating-point unit (FPU). For details, see section 3, Floating-Point Unit (FPU).

31 0

| FPUL | FPUL:  Floating-point communication register
Used for communication between
the CPU and the FPU.

31 0

| FPSCR: Floating-point status/control register
Indicates and stores status/control
information relating to FPU exceptions.

| FPSCR

Figure 2.5 Floating-Point System Registers
2.1.6 Initial Values of Registers
Table 2.1 lists the values of the registers after reset.

Table 2.1 Initial Values of Registers

Classification Register Initial Value
General registers R0-R14 Undefined

R15 (SP) Value of the stack pointer in the vector address table
Control registers SR Bits 13—10 are 1111 (H'F), reserved bits are 0, and other

bits are undefined

GBR Undefined

VBR H'00000000
System registers MACH, MACL, PR Undefined

PC Value of the program counter in the vector address table
Floating-point registers FRO-FR15 Undefined
Floating-point system registers FPUL Undefined

FPSCR H'00040001

2.2 Data Formats

2.2.1 Data Format in Registers

Register operands are always longwords (32 bits). When the memory operand is only a byte (8 bits) or a word (16 bits), it
is sign-extended into a longword when loaded into a register (figure 2.6).

31

Figure 2.6 Data Format in Registers
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2.2.2 Data Formats in Memory

Memory data formats are classified into bytes, words, and longwords. Byte data can be accessed from any address, but an
address error will occur if an attempt is made to access word data starting from an address other than 2n or longword data
starting from an address other than 4n. In such cases, the data accessed cannot be guaranteed. The hardware stack area,
referred to by the hardware stack pointer (SP, R15), uses only longword data starting from address 4n because this area
holds the program counter and status register (figure 2.7).

Addressm+1  Addressm + 3
Address m Address m + 2
Ta1 l 23 15 l 7 0
Byte | Byte Byte | Byte
Address 2n —» Word Word
Address 4n —»| Longword

§

Figure 2.7 Data Formats in Memory
223 Immediate Data Format

Byte (8 bit) immediate data resides 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.

Word or longword immediate data is not located in the instruction code, but instead is stored in a memory table. An
immediate data transfer instruction (MOV) accesses the memory table using the PC relative addressing mode with
displacement.

2.3 Instruction Features

2.3.1 RISC-Type Instruction Set
All instructions are RISC type. This section details their functions.
16-Bit Fixed Length: All instructions are 16 bits long, increasing program code efficiency.

One Instruction per Cycle: The microprocessor can execute basic instructions in one cycle using the pipeline system.
Instructions are executed in 12.5 ns at 80 MHz.

Data Length: Longword is the standard data length for all operations. Memory can be accessed in bytes, words, or
longwords. Byte or word data accessed from memory is sign-extended and handled as longword data. Immediate data is
sign-extended for arithmetic operations or zero-extended for logic operations. It also is handled as longword data (table
2.2).
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Table 2.2  Sign Extension of Word Data

This LSI CPU Description Example of Conventional CPU
MOV.W @(disp, PC),R1 Data is sign-extended to 32 bits, and R1 becomes ADD.W #H'1234,R0
ADD R1,RO H'00001234. It is next operated upon by an ADD

instruction.

.DATA.W H'1234

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

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.

Delayed Branch Instructions: Unconditional branch instructions are delayed branch instructions. With a delayed branch
instruction, the branch is taken after execution of the instruction following the delayed branch instruction. There are two
types of conditional branch instructions: delayed branch instructions and ordinary branch instructions.

Table 2.3  Delayed Branch Instructions

This LSI CPU Description Example of Conventional CPU
BRA TRGET Executes the ADD before branching to TRGET. ADD.W R1,RO
ADD R1,RO BRA TRGET

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 + 64bit — 64-bit multiply-and-accumulate operations are executed in
two to four cycles.

T Bit: The T bit in the status register changes according to the result of the comparison, and in turn is the condition
(true/false) that determines if the program will branch. The number of instructions that change the T bit is kept to a
minimum to improve the processing speed (table 2.4).

Table 2.4 T Bit

This LSI CPU Description Example of Conventional CPU
CMP/GE R1,RO T bit is set when RO > R1. The program branches CMP.W R1,R0
BT TRGETO to TRGETO BGE  TRGETO
when RO > R1 and to TRGET1 when RO < R1.
BF TRGET1 BLT TRGET1
ADD #1,R0O T bit is not changed by ADD. SUB.W #1,R0
CMP/EQ  #0,R0 'IF;git i(s) set when RO = 0. The program branches if ggq TRGET
BT TRGET e

Immediate Data: Byte (8-bit) immediate data resides in the instruction code. Word or longword immediate data is not
input via instruction codes but is stored in a memory table. An immediate data transfer instruction (MOV) accesses the
memory table using the PC relative addressing mode with displacement (table 2.5).
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Table 2.5 Immediate Data Accessing

Classification This LSI CPU Example of Conventional CPU

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

16-bit immediate MOV . W @(disp, PC),RO MOV.W #H'1234,R0
.DATA.W H'1234

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

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

Absolute Address: When data is accessed by absolute address, the value already in the absolute address is placed in the
memory table. Loading the immediate data when the instruction is executed transfers that value to the register and the data
is accessed in the indirect register addressing mode (table 2.6).

Table 2.6  Absolute Address Accessing

Classification This LSI CPU Example of Conventional CPU
Absolute address MOV.L @(disp,PC),R1 MOV.B @H'12345678,R0
MOV.B @R1,RO

.DATA.L H'12345678

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

16-Bit/32-Bit Displacement: When data is accessed by 16-bit or 32-bit displacement, the pre-existing displacement value
is placed in the memory table. Loading the immediate data when the instruction is executed transfers that value to the
register and the data is accessed in the indirect indexed register addressing mode (table 2.7).

Table 2.7 Displacement Accessing

Classification This LSI CPU Example of Conventional CPU
16-bit displacement MOV .W @(disp, PC),RO MOV.W @(H'1234,R1),R2
MOV .W @(RO,R1) ,R2

.DATA.W H'1234

Note: @(disp,PC) accesses the immediate data.
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2.3.2 Addressing Modes

Table 2.8 describes addressing modes and effective address calculation.

Table 2.8  Addressing Modes and Effective Addresses
Addressing Mode Instruction

Format Effective Address Calculation Equation
Direct register Rn The effective address is register Rn. (The operand is the —
addressing contents of register Rn.)
Indirect register @Rn The effective address is the contents of register Rn. Rn
odresane
Post-increment indirect @Rn+ The effective address is the contents of register Rn. Rn

register addressing

A constant is added to the content of Rn after the

instruction is executed. 1 is added for a byte operation, 2
for a word operation, and 4 for a longword operation.

e

H

n

(After the instruction
executes)

Byte: Rn+1 —> Rn
Word: Rn +2 - Rn

Longword: Rn + 4 —
Rn

Pre-decrement indirect @-Rn

register addressing

The effective address is the value obtained by subtracting
a constant from Rn. 1 is subtracted for a byte operation, 2
for a word operation, and 4 for a longword operation.

Rn —1/2/4

Byte: Rn—1 — Rn
Word: Rn—2 —» Rn
Longword: Rn — 4 —
Rn (Instruction
executed with Rn
after calculation)

Indirect register
addressing with
displacement

@(disp:4, Rn) The effective address is Rn plus a 4-bit displacement
(disp). The value of disp is zero-extended, and remains
the same for a byte operation, is doubled for a word
operation, and is quadrupled for a longword operation.

disp
(zero-extended)

Rn + disp x 1/2/4

Byte: Rn + disp
Word: Rn + disp x 2

Longword: Rn + disp
x 4

Indirect indexed
register addressing

@ (RO, Rn)

Rn + RO
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Addressing Mode Instruction
Format Effective Address Calculation Equation
Indirect GBR @(disp:8, The effective address is the GBR value plus an 8-bit Byte: GBR + disp
addressing with GBR) displacement (disp). The value of disp is zero-extended,  \yorg: GBR + disp x 2
displacement and remains the same for a byte operation, is doubled
) . Longword: GBR +
for a word operation, and is quadrupled for a longword di 4
operation. ISP x
disp . GBR
(zero-extended) + disp x 1/2/4
Indirect indexed GBR @ (RO, GBR) The effective address is the GBR value plus RO. GBR + RO
addressing
Indirect PC addressing @ (disp:8, PC) The effective address is the PC value plus an 8-bit Word: PC + disp x 2
with displacement displacement (disp). The value of disp is zero-extended, | ongword: PC &

and is doubled for a word operation, and quadrupled for  'FFFFFFFC + disp x
a longword operation. For a longword operation, the lowest 4
two bits of the PC value are masked.

PC + disp x 2
or
PC & H'FFFFFFFC
+ disp x 4

disp
(zero-extended)
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Instruction
Format

Addressing Mode

Effective Address Calculation Equation

PC relative addressing disp:8

The effective address is the PC value sign-extended with PC + disp x 2
an 8-bit displacement (disp), doubled, and added to the PC
value.

disp
(sign-extended)

PC + disp x 2

disp:12

The effective address is the PC value sign-extended with  PC + disp x 2
a 12-bit displacement (disp), doubled, and added to the PC
value.

disp
(sign-extended)

PC + disp x 2

Rn

PC + Rn

Immediate addressing #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 quadrupled.
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2.3.3 Instruction Format

Table 2.9 lists the instruction formats for the source operand and the destination operand. 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

increment register

system register

Table 2.9  Instruction Formats
Source Destination
Instruction Formats Operand Operand Example
0 format — — NOP
15 0
| XXXX  XXXX  XXXX XXXX |
n format — nnnn: Direct register MOVT Rn
15 0 Control register or system nnnn: Direct register STS  MACH,Rn
| XXXX | nnnn | XXXX  XXXX | register
Control register or system nnnn: Indirect pre- STC.L SR,@-Rn
register decrement register
m format mmmm: Direct register Control register or LDC Rm, SR
15 0 system register
| XXXX |mmmm| XXXX  XXXX mmmm: Indirect post- Control register or LDC.L @Rm+,SR

XXXX  XXXX |mmmm| dddd |

register with displacement

mmmm: Direct register — JMP @Rm
mmmm: PC relative using — BRAF Rm
Rm
nm format mmmm: Direct register nnnn: Direct register  ADD Rm, Rn
mmmm: Direct register nnnn: Indirect register MOV.L Rm, @Rn
XXXX XXXX .
| | nnnn |mmmm| | mmmm: Indirect post- MACH, MACL MAC.W @Rm+, @Rn+
increment register (multiply-
and-accumulate)
nnnn*: Indirect post-
increment register (multiply-
and-accumulate)
mmmm: Indirect post- nnnn: Direct register MOV.L @Rm+,Rn
increment register
mmmm: Direct register nnnn: Indirect pre- MOV.L Rm,@-Rn
decrement register
mmmm: Direct register nnnn: Indirect indexed MOV.L. Rm,@(RO,Rn)
register
md format mmmmdddd: Indirect RO (Direct register) MOV.B @ (disp,Rn),RO
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Instruction Formats

Source
Operand

Destination
Operand

Example

nd4 format RO (Direct register) nnnndddd: Indirect MOV.B RO,@(disp,Rn)
15 0 register with
| XXXX | XXXX | nnnn| dddd displacement
nmd format mmmm: Direct register nnnndddd: Indirect MOV.L Rm,@(disp,Rn)
15 register with
| XXXX | nnnn |mmmm| dddd displacement
mmmmdddd: Indirect nnnn: Direct register MOV.L @ (disp,Rm),Rn
register with displacement
d format dddddddd: Indirect GBR RO (Direct register) MOV.L @(disp,GBR),RO
15 0 with displacement
XXXX  Xxxx | dddd dddd | RO (Direct register) dddddddd: Indirect MOV.L RO, @(disp,GBR)
GBR with
displacement
dddddddd: PC relative with RO (Direct register) MOVA @ (disp, PC),RO
displacement
— dddddddd: PC relative BF label
d12 format — dddddddddddd: PC BRA label
15 0 relative (label = disp + PC)

| %0 | dddd  dddd  dddd

nd8 format dddddddd: PC relative with  nnnn: Direct register MOV.L @ (disp,PC),Rn
15 displacement

| xox | nnnn | dddd  dddd
i format iiiiiiii: Immediate Indirect indexed GBR AND.B #imm,@ (RO, GBR)
15 0 iiiiiiii: Immediate RO (Direct register) AND #imm, RO

[ oo 000 | i i iiiii: Immediate — TRAPA #imm
ni format iiiiiiii: Immediate nnnn: Direct register ADD #imm, Rn
15 0

|xxxx | nnnn| Piii Piii

Note: *

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

24.1 Instruction Set by Classification

Table 2.10 lists the instructions according to their classification.

Table 2.10 Classification of Instructions

Classification Types Operation Code Function I'\:\:tzlfctions
Data transfer 5 MOV Data transfer, immediate data transfer, peripheral 39
module data transfer, structure data transfer

MOVA Effective address transfer

MOVT T bit transfer

SWAP Swap of upper and lower bytes

XTRCT Extraction of the middle of registers connected
Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

DIVA Division

DIV0OS Initialization of signed division

DIVOU Initialization of unsigned division

DMULS Signed double-length multiplication

DMULU Unsigned double-length multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-length

multiply-and-accumulate operation

MUL Double-length multiply operation

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SuB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow
Logic operations 6 AND Logical AND 14

NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
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Classification Types Operation Code Function I'\:lc;.t:::ctions
Shift 10 ROTL One-bit left rotation 14
ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right 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 9 BF Conditional branch, conditional branch with delay 11

(Branch when T = 0)

BT Conditional branch, conditional branch with delay
(Branch when T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure

System control 11 CLRT T bit clear 31

CLRMAC MAC register clear

LDC Load to control register

LDS Load to system register

NOP No operation

RTE Return from exception processing

SETT T bit set

SLEEP Transition to power-down mode

STC Store control register data

STS Store system register data

TRAPA Trap exception handling
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Classification Types Operation Code Function I'\:lc;.t:::ctions
Floating-point 15 FABS Floating-point absolute value 22
instructions FADD Floating-point addition

FCMP Floating-point comparison

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 Integer-to-floating-point conversion

FMAC Floating-point multiply-and-accumulate operation

FMOV Floating-point data transfer

FMUL Floating-point multiplication

FNEG Floating-point sign inversion

FSTS Floating-point store from system register FPUL

FSUB Floating-point subtraction

FTRC Floating-point conversion with rounding to integer
FPU-related CPU 2 LDS Load into floating-point system register 8
instructions STS Store from floating-point system register

Total: 79 172
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Table 2.11 shows the format used in tables 2.12 to 2.19, which list instruction codes, operation, and execution states in

order by classification.

Table 2.11 Instruction Code Format

Item Format

Explanation

Instruction OP.Sz SRC,DEST

OP: Operation code

Sz: Size (B: byte, W: word, or L: longword)

SRC: Source

DEST: Destination

Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement*!

Instruction code MSB « LSB

mmmm: Source register
nnnn: Destination register
0000: RO
0001: R1

1111: R15
iiii. Immediate data
dddd: Displacement

Operation —,

Direction of transfer

(xx)

Memory operand

M/Q/T

Flag bits in the SR

Logical AND of each bit

Logical OR of each bit

Exclusive OR of each bit

Logical NOT of each bit

<<n

n-bit left shift

>>N

n-bit right shift

Execution cycles —

Value when no wait states are inserted*2

T bit —

Value of T bit after instruction is executed. An em-dash (—) in the

column means no change.

Notes: 1. Depending on the operand size, displacement is scaled x1, x2, or x4. For details, see the SH-2E Software

Manual.

2. Instruction execution cycles: The execution cycles shown in the table are minimums. The actual number of
cycles may be increased when (1) contention occurs between instruction fetches and data access, or (2) when
the destination register of the load instruction (memory — register) and the register used by the next instruction

are the same.
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Table 2.12 Data Transfer Instructions

Execution
Cycles T Bit
Instruction Instruction Code Operation
MOV  #imm,Rn 1110nnnniiiiiiii #imm — Sign extension -> Rn 1 —
MOV.W @ (disp, PC),Rn 1001nnnndddddddd (disp x 2 + PC) — Sign 1 —
extension — Rn
MOV.L @ (disp, PC),Rn 1101nnnndddddddd (disp x 4 + PC) > Rn 1 —
MOV Rm, Rn 0110nnnnmmmmO0011 Rm — Rn 1 —
MOV.B Rm, @Rn 0010nnnnmmmm0000 Rm — (Rn) 1 —
MOV.W Rm, @Rn 0010nnnnmmmm0001 Rm — (Rn) 1 —
MOV.L Rm, @Rn 0010nnnnmmmm0010 Rm — (Rn) 1 —
MOV.B @Rm, Rn 0110nnnnmmmm0000 (Rm) — Sign extension — Rn 1 —
MOV.W @Rm, Rn 0110nnnnmmmm0001 (Rm) — Sign extension — Rn 1 —
MOV.L @Rm,Rn 0110nnnnmmmm0010 (Rm) -> Rn 1 —
MOV.B Rm, @-Rn 0010nnnnmmmm0100 Rn—1 — Rn, Rm — (Rn) 1 —
MOV.W Rm, @-Rn 0010nnnnmmmm0101 Rn-2 — Rn, Rm — (Rn) 1 —
MOV.L Rm,@-Rn 0010nnnnmmmm0110 Rn—4 — Rn, Rm — (Rn) 1 —
MOV.B @Rm+,Rn 0110nnnnmmmm0100 (Rm) — Sign extension — 1 —
Rn,Rm + 1 — Rm
MOV.W @Rm+,Rn 0110nnnnmmmm0101 (Rm) — Sign extension — 1 —
Rn,Rm + 2 - Rm
MOV.L @Rm+,Rn 011l0nnnnmmmm0110 (Rm) > Rn,Rm + 4 - Rm 1 —
MOV.B RO, @(disp,Rn) 10000000nnnndddd RO — (disp + Rn) 1 —
MOV.W RO, @ (disp,Rn) 10000001nnnndddd RO — (disp x 2 + Rn) 1 —
MOV.L Rm, @ (disp,Rn) 0001nnnnmmmmdddd Rm — (disp x 4 + Rn) 1 —
MOV.B @(disp,Rm),RO 100001 00mmmmdddd (disp + Rm) — Sign extension — 1 —
RO
MOV.W @(disp,Rm), RO 100001 01mmmmdddd (disp x 2 + Rm) — Sign 1 —
extension - RO
MOV.L @(disp,Rm),Rn 0101lnnnnmmmmdddd (disp x 4 + Rm) — Rn 1 —
MOV.B Rm, @ (RO,Rn) 0000nnnnmmmm0100 Rm — (RO + Rn) 1 —
MOV.W Rm,@(RO,Rn) 0000nnnnmmmm0101 Rm — (RO + Rn) 1 —
MOV.L Rm,@(RO,Rn) 0000nnnnmmmm0110 Rm — (RO + Rn) 1 —
MOV.B @(RO,Rm),Rn 0000nnnnmmmml100 (RO + Rm) — Sign extension —» 1 —
Rn
MOV.W @(RO,Rm),Rn 0000nnnnmmmm1101 (RO + Rm) — Sign extension —» 1 —
Rn
MOV.L. @(RO,Rm),Rn 0000nnnnmmmm1110 (RO + Rm) - Rn 1 —
MOV.B RO, @(disp,GBR) 11000000dddddddd RO — (disp + GBR) 1 —
MOV.W RO,@(disp,GBR) 11000001dddddddd RO — (disp x 2 + GBR) 1 —
MOV.L RO,@(disp,GBR) 11000010dddddddd RO — (disp x 4 + GBR) 1 —
MOV.B @ (disp,GBR),R0O 11000100dddddddd (disp + GBR) — Sign extension 1 —

— RO
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Execution
Cycles T Bit
Instruction Instruction Code Operation
MOV.W @ (disp,GBR), RO 11000101dddddddd (disp x 2 + GBR) — Sign 1 —
extension - RO
MOV.L @(disp,GBR),R0O 11000110d4ddddddd (disp x 4 + GBR) —» RO 1 —
MOVA  @(disp, PC),RO 11000111dddddddd disp x4 + PC — RO 1 —
MOVT Rn 0000nnnn00101001 T—>Rn 1 —
SWAP.B Rm, Rn 0110nnnnmmmml000 Rm — Swap bottom two bytes 1 —
— Rn
SWAP.W Rm, Rn 0110nnnnmmmm1001 Rm — Swap two consecutive 1 —
words — Rn
XTRCT Rm,Rn 0010nnnnmmmml101 Rm: Middle 32 bits of 1 —

Rn — Rn
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Table 2.13 Arithmetic Operation Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
ADD Rm, Rn 001lnnnnmmmml1100 Rn+ RBm — Rn 1 —
ADD #imm, Rn 0lllnnnniiiiiiii Rn+imm — Rn 1 —
ADDC Rm, Rn 00llnnnnmmmml1110 Rn+Rm+T—Rn,Carry > T 1 Carry
ADDV Rm, Rn 00llnnnnmmmmll11l  Rn+ Rm — Rn, Overflow » T 1 Overflow
CMP/EQ #imm, RO 10001000iiiiiiii IfRO=imm,1>T 1 Comparison result
CMP/EQ Rm,Rn 001lnnnnmmmm0000 IfRn=Rm,1->T 1 Comparison result
CMP/HS Rm,Rn 0011lnnnnmmmm0010 If Rn=Rm with unsigned data, 1 > T 1 Comparison result
CMP/GE Rm,Rn 001llnnnnmmmm0011 If Rn = Rm with signed data, 1 > T 1 Comparison result
CMP/HI Rm,Rn 0011lnnnnmmmm0110 If Rn > Rm with 1 Comparison result
unsigned data, 1 > T
CMP/GT Rm,Rn 001llnnnnmmmm0111 If Rn > Rm with signed data, 1 > T 1 Comparison result
CMP/PL Rn 0100nnnn00010101 IfRn>0,1->T 1 Comparison result
CMP/PZ Rn 0100nnnn00010001 IfRNn=0,1->T 1 Comparison result
CMP/STR Rm, Rn 0010nnnnmmmm1100 If Rn and Rm have 1 Comparison result
an equivalent byte,
15T
DIV1 Rm, Rn 001lnnnnmmmm0100  Single-step division 1 Calculation result
(Rn = Rm)
DIVOS Rm,Rn 0010nnnnmmmm0111  MSB of Rn —» Q, MSB 1 Calculation result
of RmMm—>M, MAQ->T
DIVOU 0000000000011001 0 —> M/Q/T 1 0
DMULS.L Rm, Rn 00llnnnnmmmml1101  Signed operation of Rn 2to4* —
x Rm — MACH, MACL 32 x 32 — 64 bits
DMULU.L Rm, Rn 001lnnnnmmmm0101  Unsigned operation of Rn x Rm —» MACH, 2to4* —
MACL 32 x 32 — 64 bits
DT Rn 0100nnnn00010000 Rn-1— Rn,whenRnis0,1—>T.When 1 Comparison result
Rnis nonzero,0 > T
EXTS.B Rm,Rn 0110nnnnmmmml1110 Byte in Rm is sign-extended — Rn 1 —
EXTS.W Rm,Rn 0110nnnnmmmm1111  Word in Rm is sign-extended — Rn 1 —
EXTU.B Rm,Rn 0110nnnnmmmm1100 Byte in Rm is zero-extended — Rn 1 —
EXTU.W Rm,Rn 0110nnnnmmmm1101  Word in Rm is zero-extended — Rn 1 —
MAC.L  @Rm+,@Rn+ 0000nnnnmmmmllll  Signed operation of 3/ —
(Rn) x (Rm) + MAC —» MAC 32 x 32 + 64 — (2 to 4)*
64 bits
MAC.W @Rm+,@Rn+ 0100nnnnmmmmll1l  Signed operation of 3@ —
(Rn) x (Rm) + MAC - MAC 16 x 16 + 64 —
64 bits
MUL.L Rm,Rn 0000nnnnmmmm0111 Rn x Rm — MACL, 2to4* —
32 x 32 —» 32 bits
MULS.W Rm,Rn 0010nnnnmmmml1111l  Signed operation of 1to3* —

Rn x Rm — MACL 16 x
16 — 32 bits
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Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
MULU.W Rm,Rn 001l0nnnnmmmml1110 Unsigned operation of Rn x Rm - MACL 1to3* —
16 x 16 — 32 bits
NEG Rm, Rn 0110nnnnmmmml1011l O —Rm — Rn 1 —
NEGC Rm, Rn 0110nnnnmmmm1010 O—-Rm-T — Rn, Borrow — T 1 Borrow
SUB Rm, Rn 0011lnnnnmmmml1000 Rn—-Rm — Rn 1 —
SUBC Rm, Rn 0011lnnnnmmmml1010 Rn—-Rm-T — Rn, 1 Borrow
Borrow — T
SUBV Rm, Rn 001lnnnnmmmm1011 Rn-—Rm — Rn, Underflow —» T 1 Overflow

Note: * The normal minimum number of execution cycles. (The number in parentheses is the number of cycles when
there is contention with following instructions.)

Table 2.14 Logic Operation Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
AND Rm, Rn 0010nnnnmmmm1001 Rn & Rm — Rn 1 —
AND #imm, RO 11001001iiiiiiii RO & imm — RO 1 —
AND.B #imm,@(R0,GBR) 11001101iiiiiiii (RO + GBR) & imm — (RO + GBR) 3 —
NOT Rm, Rn 0110nnnnmmmmO0l111l ~Rm — Rn 1 —
OR Rm, Rn 0010nnnnmmmm1011 Rn|Rm — Rn 1 —
OR #imm, RO 11001011iiiiiiii RO|imm — RO 1 —
OR.B #imm,@(R0O,GBR) 11001111iiiiiiii (RO + GBR)|imm — (RO + GBR) 3 —
TAS.B @Rn 0100nnnn00011011 If(Rn)is0,1—>T;1—>MSBof(Rn) 4 Test result
TST Rm,Rn 0010nnnnmmmml1000 Rn & Rm;iftheresultis0,1 > T 1 Test result
TST #imm, RO 11001000iiiiiiii RO & imm;iftheresultis0,1 —>T 1 Test result
TST.B #imm,@(RO,GBR) 11001100iiiiiiii (RO + GBR) & imm;ifthe resultis0,1 3 Test result
->T
XOR  Rm,Rn 0010nnnnmmmm1010 Rn~ARm — Rn 1 —
XOR  #imm,RO 11001010iiiiiiii RO~ imm — RO 1 —
XOR.B #imm,@(R0O,GBR) 11001110iiiiiiii (RO + GBR)”imm — (RO + GBR) 3 —
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Table 2.15 Shift Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
ROTL Rn 0100nnnn00000100 T « Rn <« MSB 1 MSB
ROTR Rn 0100nnnn00000101 LSB—>Rn—>T 1 LSB
ROTCL Rn 0100nnnn00100100 T« Rn«T 1 MSB
ROTCR Rn 0100nnnn00100101 T—>Rn—>T 1 LSB
SHAL Rn 0100nnnn00100000 T+« Rn«0 1 MSB
SHAR Rn 0100nnnn00100001 MSB—>Rn—>T 1 LSB
SHLL Rn 0100nnnn00000000 T« Rn«0 1 MSB
SHLR Rn 0100nnnn00000001 O—>Rn—>T 1 LSB
SHLL2 Rn 0100nnnn00001000 Rn<<2 — Rn 1 —
SHLR2 Rn 0100nnnn00001001 Rn>>2 — Rn 1 —
SHLL8 Rn 0100nnnn00011000 Rn<<8 — Rn 1 —
SHLR8 Rn 0100nnnn00011001 Rn>>8 — Rn 1 —
SHLL16 Rn 0100nnnn00101000 Rn<<16 —» Rn 1 —
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1 —
Table 2.16 Branch Instructions
Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
BF label 10001011dddddddd I T=0,dispx2+PC — PC;ifT= 3/1* —
1, nop
BF/S label 10001111dddddddd Delayed branch, if T=0,dispx 2+ PC —» 3/1* —
PC;if T=1, nop
BT label 10001001dddddddd IfT=1,dispx2+PC — PC;ifT = 3/1* —
0, nop
BT/S label 10001101dddddddd Delayed branch, if T=1,dispx2 + PC —» 2/1* —
PC; if T =0, nop
BRA label 1010dddddddddddd Delayed branch, disp x 2 + PC — 2 —
PC
BRAF Rm 0000mmmm00100011 Delayed branch, Rm + PC — PC —
BSR 1label 1011dddddddddddd Delayed branch, PC — PR, disp x 2 —
+PC - PC
BSRF Rm 0000mmmm00000011  Delayed branch, PC — PR, 2 —
Rm + PC —» PC
JMP @Rm 0100mmmm00101011 Delayed branch, Rm —» PC —
JSR @Rm 0100mmmm00001011 Delayed branch, PC — PR, —
Rm — PC
RTS 0000000000001011 Delayed branch, PR — PC 2 —
Note: * One state when the program does not branch.
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Table 2.17 System Control Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
CLRT 0000000000001000 0—>T 1 0
CLRMAC 0000000000101000 0 — MACH, MACL 1 —
LDC  Rm, SR 0100mmmm00001110 Rm — SR 1 LSB
LDC  Rm,GBR 0100mmmm00011110 Rm — GBR 1 —
LDC  Rm,VBR 0100mmmm00101110 Rm — VBR 1 —
LDC.L @Rm+, SR 0100mmmm00000111  (Rm) - SR, Rm + 4 — Rm 3 LSB
LDC.L @Rm+,GBR 0100mmmm00010111 (Rm) -» GBR, Rm +4 —» Rm 3 —
LDC.L @Rm+,VBR 0100mmmm00100111 (Rm) —» VBR, Rm +4 - Rm 3 —
LDS  Rm,MACH 0100mmmm00001010 Rm — MACH 1 —
LDS Rm,MACL 0100mmmm00011010 Rm — MACL 1 —
LDS Rm, PR 0100mmmm00101010 Rm — PR 1 —
LDS.L @Rm+,MACH 0100mmmm00000110 (Rm) »> MACH, Rm + 4 - Rm 1 —
LDS.L @Rm+,MACL 0100mmmm00010110 (Rm) - MACL, Rm + 4 — Rm 1 —
LDS.L @Rm+, PR 0100mmmm00100110 (Rm) > PR, Rm + 4 — Rm 1 —
NOP 0000000000001001  No operation 1 —
RTE 0000000000101011 Delayed branch, stack area 4 —
— PC/SR

SETT 0000000000011000 1T 1 1
SLEEP 0000000000011011  Sleep 3 —
STC SR,Rn 0000nnnn00000010 SR — Rn 1 —
STC GBR, Rn 0000nnnn00010010 GBR — Rn 1 —
STC VBR, Rn 0000nnnn00100010 VBR — Rn 1 —
STC.L SR,@-Rn 0100nnnn00000011 Rn-4 — Rn, SR — (Rn) 2 —
STC.L GBR,@-Rn 0100nnnn00010011 Rn-4— Rn, GBR — (Rn) 2 —
STC.L VBR,@-Rn 0100nnnn00100011 Rn-4 — Rn, BR — (Rn) 2 —
STS MACH, Rn 0000nnnn00001010 MACH — Rn 1 —
STS MACL, Rn 0000nnnn00011010 MACL — Rn 1 —
STS PR, Rn 0000nnnn00101010 PR —Rn 1 —
STS.L MACH,@-Rn 0100nnnn00000010 Rn-4— Rn, MACH — (Rn) 1 —
STS.L MACL,@-Rn 0100nnnn00010010 Rn-4 — Rn, MACL — (Rn) 1 —
STS.L PR,@-Rn 0100nnnn00100010 Rn-4— Rn, PR — (Rn) 1 —
TRAPA #imm 11000011iiiiiiii PC/SR — stack area, (imm x4 + VBR) > 8 —

PC

Note: * The number of execution cycles before the chip enters sleep mode: The execution cycles shown in the table are
minimums. The actual number of cycles may be increased when (1) contention occurs between instruction
fetches and data access, or (2) when the destination register of the load instruction (memory — register) and
the register used by the next instruction are the same.
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Table 2.18 Floating-Point Instructions

Execu-

tion
Instruction Instruction Code Operation Cycles T Bit
FABS FRn 1111nnnn01011101 |FRn| - FRn 1 —
FADD FRm, FRn 111 1nnnnmmmmO0000 FRn + FRm — FRn 1 —
FCMP/EQ FRm, FRn 1111lnnnnmmmm0100 (FRn=FRm)?1:0 > T 1 Comparison result
FCMP/GT FRm, FRn 1111lnnnnmmmm0101 (FRn>FBRmM)? 1.0 > T 1 Comparison result
FDIV FRm, FRn 1111nnnnmmmmO0011 FRn/FRm — FRn 13 —
FLDIO FRn 1111nnnnl10001101 0x00000000 — FRn 1 —
FLDI1 FRn 1111nnnnl0011101 0x3F800000 — FRn 1 —
FLDS FRm, FPUL 1111mmmm00011101 FRm — FPUL 1 —
FLOAT FPUL,FRn 1111nnnn00101101 (float) FPUL — FRn 1 —
FMAC FRO, FRm, FRn 1111nnnnmmmml110 FRO x FRm + FRn - FRn 1 —
FMOV FRm, FRn 111lnnnnmmmml100 FBRm — FRn 1 —
FMOV.S @(RO,Rm),FRn 1111lnnnnmmmmO0110 (RO + Rm) —» FRn 1 —
FMOV.S @Rm+,FRn 1111lnnnnmmmml001 (Rm) -> FRn, Rm+ =4 1 —
FMOV.S @Rm, FRn 1111lnnnnmmmml000 (Rm) — FRn 1 —
FMOV.S FRm,@(RO,Rn) 111llnnnnmmmm0111 FRm — (RO + Rn) 1 —
FMOV.S FRm,@-Rn 111lnnnnmmmml011 Rn— =4, FRm — (Rn) 1 —
FMOV.S FRm, @Rn 1111lnnnnmmmml010 FRm — (Rn) 1 —
FMUL FRm, FRn 1111nnnnmmmmO0010 FRn x FRm — FRn 1 —
FNEG FRn 1111nnnn01001101 —FRn — FRn 1 —
FSTS FPUL, FRn 1111nnnn00001101 FPUL — FRn 1 —
FSUB FRm, FRn 1111lnnnnmmmmO0001 FRn - FRm — FRn 1 —
FTRC FRm, FPUL 1111mmmm00111101 (long) FRm — FPUL 1 —
Table 2.19 FPU-Related CPU Instructions

Execu-

tion
Instruction Instruction Code Operation Cycles T Bit
LDS Rm, FPSCR 0100mmmm01101010 Rm — FPSCR 1 —
LDS Rm, FPUL 0100mmmm01011010 Rm — FPUL 1 —
ILDS.L. @Rm+, FPSCR 0100mmmm01100110 @Rm — FPSCR, Rm+ =4 1 —
LDS.L @Rm+, FPUL 0100mmmm01010110 @Rm — FPUL, Rm+ =4 1 —
STS FPSCR, Rn 0000nnnn01101010 FPSCR — Rn 1 —
STS FPUL, Rn 0000nnnn01011010 FPUL — Rn 1 —
STS.L  FPSCR,@-Rn 0100nnnn01100010 Rn- =4, FPCSR —» @Rn 1 —
STS.L  FPUL,@-Rn 0100nnnn01010010 Rn- =4, FPUL - @Rn 1 —

RENESAS
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2.5 Processing States
2541 State Transitions

The CPU has five processing states: power-on reset, exception processing, bus release, program execution and power-
down. Figure 2.8 shows the transitions between the states.

From any state

when RES =0
and HSTBY =1
\4 RES=0
HSTBY =1
@reset state < \
NMI pin

0 —1

When an interrupt source
or DMA address error occurs

A

Bus request
cleared

Bus request
generated

Exception Exception
processing processing
source occurs ends

Bus request
generated

Bus request
cleared

Bus request
cleared

Bus request
generated

Program execution state

SBY bit SBY bit set
Cleared for SLEEP
for SLEEP

. . instruction
instruction

Sleep mode Software standby mode
Hardware standby mode /

Power-down state
From any state when

RES = 0 and HSTBY =0

Note: An internal reset due to the WDT causes a transition from the program execution state
or sleep mode to the exception processing state.

Figure 2.8 Transitions between Processing States
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Power-On Reset State: The CPU resets in the reset state. When the HSTBY pin is driven high and the RES pin level goes
low, the power-on reset state is entered.

Exception Processing State: The exception processing state is a transient state that occurs when exception processing
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 processing 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 processing vector table; the CPU then
branches to that address and the program starts executing, thereby entering the program execution state.

Program Execution State: In the program execution state, the CPU sequentially executes the program.

Power-Down State: In the power-down state, the CPU operation halts and power consumption declines. The SLEEP
instruction places the CPU in the sleep mode or the software standby mode. If the HSTBY pin is driven low when the RES
pin is low, the CPU will enter the hardware standby mode.

Bus Release State: In the bus release state, the CPU releases access rights to the bus to the device that has requested them.
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3. Floating-Point Unit (FPU)

Section 3 Floating-Point Unit (FPU)

3.1 Overview

This LSI has an on-chip floating-point unit (FPU), The FPU's register configuration is shown in figure 3.1.

Floating-point registers

31 0

FRO FRO functions as the index register
FR1 for the FMAC instruction.

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

Floating-point system registers

31 0

Floating-point communication register

| FPUL | Specifies buffer as communication register between CPU
and FPU*.

31 0 Floating-point status/control register

| FPSCR |

Indicates status/control information relating to FPU
exceptions*.

Note: * For details, see section 3.2, Floating-Point Registers and Floating-Point System Registers.

Figure 3.1 Overview of Register Configuration
(Floating-Point Registers and Floating-Point System Registers)

3.2 Floating-Point Registers and Floating-Point System Registers
3.21 Floating-Point Register File

This LSI has sixteen 32-bit single-precision floating-point registers. Register specifications are always made as 4 bits. In
assembly language, the floating-point registers are specified as FR0O, FR1, FR2, and so on. FRO functions as the index
register for the FMAC instruction.

3.2.2 Floating-Point Communication Register (FPUL)

Information for transfer between the FPU and the CPU is transferred via the FPUL communication register, which
resembles MACL and MACH in the integer unit. This LSI is provided with this communication register since the integer
and floating-point formats are different. The 32-bit FPUL is a system register, and is accessed by the CPU by means of
LDS and STS instructions.
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3. Floating-Point Unit (FPU)

3.23 Floating-Point Status/Control Register (FPSCR)

This LSI has a floating-point status/control register (FPSCR) that functions as a system register accessed by means of LDS
and STS instructions (figure 3.2). FPSCR can be written to by a user program. This register is part of the process context,
and must be saved when the context is switched. It may also be necessary to save this register when a procedure call is
made.

FPSCR is a 32-bit register that controls the storage of detailed information relating to the rounding mode, asymptotic
underflow (denormalized numbers), and FPU exceptions. The module stop bit that disables the FPU itself is provided in
the module standby control register (MSTCR). For details, see section 27, Power-Down State. After a reset start, the FPU
is enabled.

Table 3.1 shows the flags corresponding the five kinds of FPU exception. A sixth flag is also provided as an FPU error
flag that indicates an floating-point unit error state not covered by the other five flags.

Table 3.1 Floating-Point Exception Flags

Flag Meaning Support in this LSI
E FPU error —

\Y Invalid operation Yes

z Division by zero Yes

(0] Overflow (value not expressed) —

U Underflow (value not expressed) —

Inexact (result not expressed) —

The bits in the cause field indicate the exception cause for the instruction executing at the time. The cause bits are
modified by a floating-point instruction. These bits are set to 1 or cleared to 0 according to whether or not an exception
state occurred during execution of a single instruction.

The bits in the enable field specify the kinds of exception to be enabled, allowing the flow to be changed to exception
processing. If the cause bit corresponding to an enable bit is set by the currently executing instruction, an exception
occurs.

The bits in the flag field are used to keep a tally of all exceptions that occur during a series of instructions. Once one of
these bits is set by an instruction, it is not reset by a subsequent instruction. The bits in this field can only be reset by the
explicit execution of a store operation on FPSCR.
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3. Floating-Point Unit (FPU)

31 19 18171615 14 13121110 9 8 7 6 5 4 3 210
Cause field Enable field Flag field
Reserved
pn[celcv|czlcaleu| i ev|ezleo]eu| e |Fv|Fz[Folru| Fi rm
Legend:
DN: Denormalized bit
In this LSI, this bit is always set to 1, and the source or destination operand
of a denormalized number is 0. This bit cannot be modified even by an LDS
instruction.
CV: Invalid operation cause bit
When 1: Indicates that an invalid operation exception occurred during execution
of the current instruction.
When 0: Indicates that an invalid operation exception has not occurred.
CZ: Division-by-zero cause bit
When 1: Indicates that a division-by-zero exception occurred during execution
of the current instruction.
When 0: Indicates that a division-by-zero exception has not occurred.
EV: Invalid operation exception enable
When 1: Enables invalid operation exception generation.
When 0: An invalid operation exception is not generated, and a gNAN is returned
as the result.
EZ: Division-by-zero exception enable
When 1: Enables exception generation due to division-by-zero during execution
of the current instruction.
When 0: A division-by-zero exception is not generated, and infinity with the sign
(+ or ) of the current expression is returned as the result.
FV: Invalid operation exception flag bit
When 1: Indicates that an invalid operation exception occurred during instruction
execution.
When 0: Indicates that an invalid operation exception has not occurred.
FZ: Division-by-zero exception flag bit
When 1: Indicates that a division-by-zero exception occurred during instruction
execution.
When 0: Indicates that a division-by-zero exception has not occurred.
RM: Rounding bit.
In this LSI, the value of these bits is always 01, meaning that rounding to zero (RZ
mode) is being used. These bits cannot be modified even by an LDS instruction.
Note: In this LSI, the cause field EOUI bits (CE, CO, CU, and Cl), enable field OUI bits

(EO, EU, and El), and flag field OUI bits (FO, FU, and FI), and the reserved area,
are preset to 0, and cannot be modified even by using an LDS instruction.

Figure 3.2 Floating-Point Status/Control Register
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3. Floating-Point Unit (FPU)

33 Floating-Point Format

331 Floating-Point Format

This LSI supports single-precision floating-point operations, and fully complies with the IEEE754 floating-point standard.
A floating-point number consists of the following three fields:

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

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

The range of unbiased exponent EisE , —1to E  + 1. The two values E , — 1 and 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
.18 —126,and E__ is

‘mi)

negative infinity or a non-number (NaN). In a single-precision operation, the bias value is 127, E
127.

31 30 23 22 0

Figure 3.3 Floating-Point Number Format
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, —-landfl=0,v= (-1)2°™ (0.f) [denormalized number]
IfE=E_ —1and f=0,v=(-1)0 [positive or negative zero]

3.3.2 Non-Numbers (NaN)

With non-number (NaN) representation in a single-precision operation value, at least one of bits 22 to O is set. If bit 22 is
set, this indicates a signaling NaN (sNaN). If bit 22 is reset, the value is a quiet NaN (qNaN).

The bit pattern of a non-number (NaN) is shown in the figure below. Bit N in the figure is set for a signaling NaN and
reset for a quiet NaN. x indicates a don't care bit (with the proviso that at least one of bits 22 to 0 is set). In a non-number
(NaN), the sign bit is a don't care bit.

31 30 23 22 0

X 11111111 NXXXXXXXXXXXXXXXXXXXXXX

Note: N = 1: sNaN
N = 0: gNaN

Figure 3.4 NaN Bit Pattern
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3. Floating-Point Unit (FPU)

If a non-number (sNalN) is input in an operation that generates a floating-point value:

e When the EV bit in the FPSCR register is reset, the operation result (output) is a quiet NaN (gNaN).

e When the EV bit in the FPSCR register is set, an invalid operation exception will be generated. In this case, the
contents of the operation destination register do not change.

If a quiet NaN is input in an operation that generates a floating-point value, and a signaling NaN has not been input in that
operation, the output will always be a quiet NaN irrespective of the setting of the EV bit in the FPSCR register. An
exception will not be generated in this case.

Refer to the SH-2E Software Manual for details of floating-point operations when a non-number (NaN) is input.
3.3.3 Denormalized Number Values

For a denormalized number floating-point value, the biased exponent is expressed as 0, the fraction as a non-zero value,
and the hidden bit as 0. In this LSI's floating-point unit, a denormalized number (operand source or operation result) is
always flushed to 0 in a floating-point operation that generates a value (an operation other than copy).

3.34 Other Special Values
Floating-point value representations include the seven different kinds of special values shown in table 3.2.

Table 3.2  Representation of Special Values in Single-Precision Floating-Point Operations Specified by IEEE754

Standard
Value Representation
+0.0 0x00000000
-0.0 0x80000000
Denormalized number As described in section 3.3.3, Denormalized Number Values
+INF 0x7F800000
—INF 0xFF800000
gNaN (quiet NaN) As described in section 3.3.2, Non-Numbers (NaN)
sNaN (signaling NaN) As described in section 3.3.2, Non-Numbers (NaN)

34 Floating-Point Exception Model

341 Enable State Exceptions

Invalid operation and division-by-zero exceptions are both placed in the enable state by setting the enable bit. All
exceptions generated by the FPU are mapped as the same exception event. The meaning of a particular exception is
determined by software by reading system register FPSCR and analyzing the information held there.

34.2 Disable State Exceptions

If the EV enable bit is not set, a qNaN will be generated as the result of an invalid operation (except for FCMP and
FTRC). If the EZ enable bit is not set, division-by-zero will return infinity with the sign (+ or —) of the current expression.
Overflow will generate a finite number which is the largest value that can be expressed by an absolute value in the format,
with the correct sign. Underflow will generate zero with the correct sign. If the operation result is inexact, the destination
register will store that inexact result.
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3. Floating-Point Unit (FPU)

343 FPU Exception Event and Code

All FPU exceptions have a vector table address offset in address H'00000034 as the same general exception event; that is,
an FPU exception.

344 Floating-Point Data Arrangement in Memory

Single-precision floating-point data is located in memory at a 4-byte boundary; that is, it is arranged in the same form as
this LSI long integer.

345 Arithmetic Operations Involving Special Operands

All arithmetic operations involving special operands (qNaN, sNaN, +INF, —INF, +0, —0) comply with the specifications of
the IEEE754 standard. Refer to the SH-2E Software Manual for details.

3.5 Synchronization with CPU

Synchronization with CPU: Floating-point instructions and CPU instructions are executed in turn, according to their
order in the program, but in some cases operations may not be completed in the program order due to a difference in
execution cycles. When a floating-point instruction accesses only FPU resources, there is no need for synchronization with
the CPU, and a CPU instruction following an FPU instruction can finish its operation before completion of the FPU
operation. Consequently, in an optimized program, it is possible to effectively conceal the execution cycle of a floating-
point instruction that requires a long execution cycle, such as a divide instruction. On the other hand, a floating-point
instruction that accesses CPU resources, such as a compare instruction, must be synchronized to ensure that the program
order is observed.

Floating-Point Instructions That Require Synchronization: Load, store, and compare instructions, and instructions that
access the FPUL or FPSCR register, must be synchronized because they access CPU resources. Load and store
instructions access a general register. Post-increment load and pre-decrement store instructions change the contents of a
general register. A compare instruction modifies the T bit. An FPUL or FPSCR access instruction references or changes
the contents of the FPUL or FPSCR register. These references and changes must all be synchronized with the CPU.

3.6 Usage Notes

Of the arithmetic operations that come up with special operand in this FPU, the following two patterns generate values
whose sign is different from that defined in IEEE754 Standard.

(1) FADD FRm, FRn FRm = -INF (0xFF800000)
FRn = MAX (0x7F7FFFFF)
In this case, although the expectation value in IEEE754 is —INF (0xFF800000), the result is +INF (0xFF800000).

(2) FSUB FRm, FRn FRm = +INF (0x7F800000)
FRn = MAX (0x7F7FFFFF)
In this case, although the expectation value in IEEE754 is —INF (0xFF800000), the result is +INF (0x7F800000).
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Section 4 Operating Modes

4.1 Operating Mode Selection

This LSI has five operating modes that are selected by pins MD2 to MDO and FWE. The mode setting pins should not be
changed during operation of this LSI, and only the setting combinations shown in table 4.1 should be used.

The PV .1 power supply voltage must be within the range shown in table 4.1.

Table 4.1  Operating Mode Selection

Operating Pin Settings On-Chip Area 0 Bus

ModeNo. FWE WMD2 MD1 MDO Mode Name ROM Width PVCC1 Voltage
Mode 0 0 1 0 0 MCU expanded mode Disabled 8 bits 3.3V+03V
Mode 1 0 1 0 1 16 bits

Mode 2 0 1 1 0 Enabled Set by BCR1

Mode 3 0 1 1 1 MCU single-chip mode  Enabled — 50Vx05V
Mode 4 1 1 0 0 Boot mode Enabled Setby BCR1 3.3V =03V
Mode 5 1 1 0 1 — 50V+05V
Mode 6 1 1 1 0 User program mode Enabled Setby BCR1 33V =03V
Mode 7 1 1 1 1 — 50V+05V
Mode 8 1 0 0 0 User boot mode Enabled Setby BCR1 3.3V =03V
Mode 9 1 0 0 1 — 50V+05V
— 0/1 0 1 1 Programmer mode — — 3.3V=+03V

There are two MCU operating modes: MCU single-chip mode and MCU expanded mode.

Modes in which the flash memory can be programmed are boot mode, user boot mode and user program mode (the two
on-board programming modes) and programmer mode in which programming is performed with an EPROM programmer
(a type which supports programming of this device).

For details, see section 24, ROM (SH7058S) and section 25, ROM (SH7059).
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5. Clock Pulse Generator (CPG)

Section 5 Clock Pulse Generator (CPG)

5.1 Overview

The clock pulse generator (CPG) supplies clock pulses inside this LSI chip and to external devices. This LSI CPG consists
of an oscillator circuit and a PLL multiplier circuit. There are two methods of generating a clock with the CPG: by
connecting a crystal resonator, or by inputting an external clock. The oscillator circuit oscillates at the same frequency as
the input clock. Two types of clock signals, internal clock (¢) and peripheral clock (P¢) signals, are supplied and used by
this LSI. The internal clock signal (¢), with frequency eight times the frequency of the clock signal input from the EXTAL
pin, is mainly supplied to the bus master modules. The peripheral clock signal (P¢), with frequency two times the
frequency of the clock signal input from the EXTAL pin, is mainly supplied to the on-chip peripheral modules. The CK
pin outputs the peripheral clock signal (P¢).

The CPG is halted in software standby mode and hardware standby mode.
5.1.1 Block Diagram

A block diagram of the clock pulse generator is shown in figure 5.1.

O.scil'lator ' PLLVce
circuit

——————PLLVss

PLL multiplier circuit

<—'—'— PLLcap

CK pin
(System clock)

Figure 5.1 Block Diagram of Clock Pulse Generator
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5. Clock Pulse Generator (CPG)

5.1.2 Pin Configuration
The pins relating to the clock pulse generator are shown in table 5.1.

Table 5.1 CPG Pins

Pin Name Abbreviation /0 Description

External clock EXTAL Input Crystal oscillator or external clock input
Crystal XTAL Input/output Crystal oscillator connection

System clock CK Output System clock output

PLL power supply PLLV . Input PLL multiplier circuit power supply

PLL ground PLLV Input PLL multiplier circuit ground

PLL capacitance PLLCAP Input PLL multiplier circuit oscillation external

capacitance pin

5.2 Frequency Ranges
5.21 Frequency Ranges
The input frequency and operating frequency ranges are shown in table 5.2.

Table 5.2  Input Frequency and Operating Frequency

Internal Clock (¢) Peripheral Clock (P$) System Clock
Input Frequency PLL Multiplication Frequency Range Frequency Range Frequency Range
Range (MHz) Factor (MHz) (MHz) (MHz)
5t0 10 x 8 40 to 80 10 to 20 10t0 20

Note: Crystal oscillator and external clock input

Two types of clock signals, internal clock (¢) and peripheral clock (P¢) signals, are supplied and used by this LSI.

The internal clock signal (¢), with frequency eight times the frequency of the clock signal input from the EXTAL pin, is
mainly supplied to the bus master modules such as CPU, FPU, and DMAC.

The peripheral clock signal (P¢), with frequency two times the frequency of the clock signal input from the EXTAL pin, is
mainly supplied to the on-chip peripheral modules. The CK pin outputs the peripheral clock signal (P¢) signal as the
system clock signal.
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5. Clock Pulse Generator (CPG)

Input clock (EXTAL pin) ,—\—,—\_

System clock (CK pin) | | | | | | ,_
Internal clock (¢) |_| |_| |_| |_| |_| |_| |_| |_| |_| |_|
Peripheral clock (Pd) | | | | | | ,_

Internal clock (¢) = input clock x 8

Note: Since the input clock signal is multiplied by the PLL multiplier
circuit, the phase relationships between the input clock signal
and the other clock signals are not determined uniformly.

Figure 5.2 Frequencies and Phases of Clock Signals

5.3 Clock Source

Clock pulses can be supplied from a connected crystal oscillator or an external clock.

5.3.1 Connecting a Crystal Oscillator

Circuit Configuration: Figure 5.3 shows an example of connecting a crystal oscillator. Use the damping resistance (Rd)
shown in table 5.3. An AT-cut parallel-resonance type crystal oscillator should be used. Load capacitors (CL1, CL2) must
be connected as shown in the figure.

The clock pulses generated by the crystal oscillator and internal oscillator are sent to the PLL multiplier circuit, where a
multiplied frequency is selected and supplied inside this LSI chip and to external devices.

The crystal oscillator manufacturer should be consulted concerning the compatibility between the crystal oscillator and the
chip.

EXTAL * || /J7
-

XTAL AV || J,

Note: CL1 = CL2 = 18 to 22 pF

Figure 5.3 Connection of Crystal Oscillator (Example)

Table 5.3 Damping Resistance Values (Recommended Values)

Frequency (MHz)
Parameter 5 10
Rd () 500 0
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5. Clock Pulse Generator (CPG)

Crystal Oscillator: Figure 5.4 shows an equivalent circuit of the crystal oscillator. Use a crystal oscillator with the
characteristics listed in table 5.4.

EXTAL <—¢ —» XTAL

Figure 5.4 Crystal Oscillator Equivalent Circuit

Table 5.4  Crystal Oscillator Parameters (Recommended Values)

Frequency (MHz)
Parameter 5 10
Rs max (Q) 100 50
Co max (pF) 7 7

The crystal oscillator manufacturer should be consulted concerning the compatibility between the crystal oscillator and the
chip.

5.3.2 External Clock Input Method
An example of external clock input connection is shown in figure 5.5.
When the XTAL pin is placed in the open state, the parasitic capacitance should be 10 pF or less.

Even when an external clock is input, provide for a wait of at least the oscillation settling time when powering on or
exiting standby mode in order to secure the PLL settling time.

Open >XX—— XTAL

External clock input — EXTAL

Figure 5.5 External Clock Input Method (Example)

Rev. 5.00 Feb. 24, 2010 Page 62 of 950
REJ09B0177-0500
RENESAS
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54 Usage Notes

Notes on Board Design: Place the crystal oscillator and its load capacitors as close as possible to the XTAL and EXTAL

pins.

To prevent induction from interfering with correct oscillation, do not allow any signal lines to cross the XTAL or EXTAL

lines (figure 5.6).

Crossing of signal

lines prohibited

i

XTAL

il

EXTAL

J7::

Figure 5.6 Precautions for Oscillator Circuit System Board Design

PLL Oscillation Power Supply: Separate PLLV . and PLLV from the other V. and V lines at the board power supply
source, and be sure to insert bypass capacitors C,, and C, close to the pins.

PLLCAP

Rp

PLLVcc

MW

Vee

1
PLLVss 1
1
T

Vss

Recommended values
CpB, CB: 01|J.F
Rp: 20002

Figure 5.7 Points for Caution in PLL Power Supply Connection
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PLLVSS p T
J I
PLLCAP AN —‘7

PLLVcc

o
-]
1

XTAL [
EXTAL [}

] !
Vss j

{0

Figure 5.8 Actual Example of Board Design
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Section 6 Exception Processing

6.1 Overview

6.1.1 Types of Exception Processing and Priority

Exception processing is started by four sources: resets, address errors, interrupts and instructions and have the priority
shown in table 6.1. When several exception processing sources occur at once, they are processed according to the priority
shown.

Table 6.1 Types of Exception Processing and Priority Order

Exception Source Priority
Reset Power-on reset High
Manual reset A
Address error CPU address error
DMAC address error
Instructions FPU exception
Interrupt NMI
User break
H-UDI
IRQ
On-chip peripheral modules: e Direct memory access controller (DMAC)

e Advanced timer unit-1l (ATU-II)

e Compare match timer 0 (CMTO0)

e Multi trigger A/DO (MTADO)

e A/D converter channel 0 (A/DO)

e Compare match timer 1 (CMT1)

e Multi trigger A/D1 (MTAD1)

e A/D converter channel 1 (A/D1)

e A/D converter channel 2 (A/D2)

e Serial communication interface (SCI)
e Synchronous serial communication unit (SSU)
e Controller area network 0 (HCANO)

e Watchdog timer (WDT)

e Controller area network 1 (HCAN 1)

Instructions Trap instruction (TRAPA instruction)

General illegal instructions (undefined code) v

llegal slot instructions (undefined code placed directly after a delay branch instruction*' or  Low
instructions that rewrite the PC*?)
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.
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6.1.2 Exception Processing Operations
The exception processing sources are detected and begin processing according to the timing shown in table 6.2.

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

Exception Source Timing of Source Detection and Start of Processing
Reset Power-on reset Starts when the RES pin changes from low to high or when the WDT overflows.
Manual reset Starts when the WDT overflows.
Address error Detected when instruction is decoded and starts when the previous executing
instruction finishes executing.
Interrupts Detected when instruction is decoded and starts when the previous executing
instruction finishes executing.
Instructions Trap instruction Starts from the execution of a TRAPA instruction.
General illegal Starts from the decoding of undefined code anytime except after a delayed
instructions branch instruction (delay slot).

lllegal slot instructions ~ Starts from the decoding of undefined code placed in a delayed branch instruction
(delay slot) or of instructions that rewrite the PC.

Floating point Starts when a floating-point instruction causes an invalid operation exception
instructions (IEEE754 specification) or division-by-zero exception.

When exception processing starts, the CPU operates as follows:

1. Exception processing triggered by reset:

The initial values of the program counter (PC) and stack pointer (SP) are fetched from the exception processing 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 Processing Vector Table, for more
information. H'00000000 is then written to the vector base register (VBR) and H'F (1111) is written to the interrupt
mask bits (I3—10) of the status register (SR). The program begins running from the PC address fetched from the
exception processing vector table.

2. Exception processing triggered by address errors, interrupts and instructions:

SR and PC are saved to the stack indicated by R15. For interrupt exception processing, the interrupt priority level is
written to the SR's interrupt mask bits (I3—10). For address error and instruction exception processing, the I3-I0 bits are
not affected. The start address is then fetched from the exception processing vector table and the program begins
running from that address.

6.1.3 Exception Processing Vector Table

Before exception processing begins running, the exception processing vector table must be set in memory. The exception
processing vector table stores the start addresses of exception service routines. (The reset exception processing 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 processing, the start addresses of the exception service routines are fetched
from the exception processing vector table, which is indicated by this vector table address.

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

Rev. 5.00 Feb. 24, 2010 Page 66 of 950
REJ09B0177-0500
RENESAS



6. Exception Processing

Table 6.3  Exception Processing Vector Table

Exception Sources Vector Numbers Vector Table Address Offset
Power-on reset PC 0 H'00000000—-H'00000003
SP 1 H'00000004—-H'00000007
Manual reset PC 2 H'00000008—-H'0000000B
SP 3 H'0000000C—H'0000000F
General illegal instruction 4 H'00000010-H'00000013
(Reserved by system) 5 H'00000014-H'00000017
Slot illegal instruction 6 H'00000018-H'0000001B
(Reserved by system) 7 H'0000001C—-H'0000001F
8 H'00000020-H'00000023
CPU address error 9 H'00000024—-H'00000027
DMAC address error 10 H'00000028-H'0000002B
Interrupts NMI 11 H'0000002C—H'0000002F
User break 12 H'00000030-H'00000033
FPU exception 13 H'00000034—-H'00000037
H-UDI 14 H'00000038-H'0000003B
(Reserved by system) 15 H'0000003C—H'0000003F
31 H'0000007C—H'0000007F
Trap instruction (user vector) 32 H'00000080-H'00000083
63 H'000000FC—H'000000FF
Interrupts IRQO 64 H'00000100-H'00000103
IRQ1 65 H'00000104—-H'00000107
IRQ2 66 H'00000108-H'0000010B
IRQ3 67 H'0000010C—H'0000010F
IRQ4 68 H'00000110-H'00000113
IRQ5 69 H'00000114-H'00000117
IRQ6 70 H'00000118-H'0000011B
IRQ7 71 H'0000011C—H'0000011F
On-chip peripheral module* 72 H'00000120-H'00000124
255 H'000003FC—-H'000003FF
Note: * The vector numbers and vector table address offsets for each on-chip peripheral module interrupt are given in

table 7.3.
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Table 6.4  Calculating Exception Processing Vector Table Addresses

Exception Source Vector Table Address Calculation

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

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

Notes: 1. VBR: Vector base register
2. Vector table address offset: See table 6.3.
3. Vector number: See table 6.3.

6.2 Resets
6.2.1 Types of Reset

A reset is the highest-priority exception processing source. There are two kinds of reset, power-on and manual. As shown
in table 6.5, the CPU state is initialized in both a power-on reset and a manual reset. On-chip peripheral module registers
are also initialized by a power-on reset, but not by a manual reset.

Table 6.5 Exception Source Detection and Exception Processing Start Timing

Conditions for Transition to

Reset State Internal States
CPU/MULT/ On-Chip eripheral
Type RES WDT Overflow FPU/INTC Modules PFC, 10 Port
Power-on reset Low — Initialized Initialized Initialized
High Power-on reset Initialized Initialized Not initialized
Manual reset High Manual reset Initialized Not initialized Not initialized

6.2.2 Power-On Reset

Power-On Reset by Means of RES Pin: When the RES pin is driven low, the chip enters the power-on reset state. To
reliably reset the chip, the RES pin should be kept at the low level for at least the duration of the oscillation settling time at
power-on or when in standby mode (when the clock is halted), or at least 10 t_, when the clock is running. In the power-on
reset state, the CPU's internal state and all the on-chip peripheral module registers are initialized.

In the power-on reset state, power-on reset exception processing starts when the RES pin is first driven low for a set period
of time 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 processing vector
table.

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

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (I3-10) of the status register (SR)
are set to HF (1111).

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

Be certain to always perform power-on reset processing when turning the system power on.
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Power-On Reset Initiated by WDT: When a setting is made for a power-on reset to be generated in the WDT's watchdog
timer mode, and the WDT's TCNT overflows, the chip enters the power-on reset state.

The pin function controller (PFC) registers and I/O port registers are not initialized by the reset signal generated by the
WDT (these registers are only initialized by a power-on reset from off-chip).

If reset caused by the input signal at the RES pin and a reset caused by WDT overflow occur simultaneously, the RES pin
reset has priority, and the WOVF bit in RSTCSR is cleared to 0. When WDT-initiated power-on reset processing is
started, the CPU operates as follows:

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

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

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (I3-10) of the status register (SR)
are set to H'F (1111).

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

6.2.3 Manual Reset

When a setting is made for a manual reset to be generated in the WDT's watchdog timer mode, and the WDT's TCNT
overflows, the chip enters the power-on reset state.

When WDT-initiated manual reset processing is started, the CPU operates as follows:

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

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

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (I3-10) of the status register (SR)
are set to H'F (1111).

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

When a manual reset is generated, the bus cycle is retained, but if a manual reset occurs while the bus is released or during
DMAC burst transfer, manual reset exception processing will be deferred until the CPU acquires the bus. However, if the
interval from generation of the manual reset until the end of the bus cycle is equal to or longer than the internal manual
reset interval of 512 cycles, the internal manual reset source is ignored instead of being deferred, and manual reset
exception processing is not executed.
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6.3

6.3.1

Address Errors

Address Error Sources

Address errors occur when instructions are fetched or data read or written, as shown in table 6.6.

Table 6.6 Bus Cycles and Address Errors
Bus Cycle

Type Bus Master Bus Cycle Description Address Errors

Instruction fetch CPU Instruction fetched from even address None (normal)
Instruction fetched from odd address Address error occurs
Instruction fetched from other than on-chip peripheral None (normal)
module space*
Instruction fetched from on-chip peripheral module Address error occurs
space*
Instruction fetched from external memory space Address error occurs
when in single chip mode

Data read/write CPU or DMAC Word data accessed from even address None (normal)

Word data accessed from odd address

Address error occurs

Longword data accessed from a longword boundary

None (normal)

Longword data accessed from other than a long-
word boundary

Address error occurs

Byte or word data accessed in on-chip peripheral
module space*

None (normal)

Longword data accessed in 16-bit on-chip peripheral
module space*

None (normal)

Longword data accessed in 8-bit on-chip peripheral
module space*

Address error occurs

External memory space accessed when in single
chip mode

Address error occurs

Note: *

6.3.2

When an address error occurs, the bus cycle in which the address error occurred ends. When the executing instruction then

Address Error Exception Processing

finishes, address error exception processing starts up. The CPU operates as follows:

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

See section 9, Bus State Controller (BSC), for details of the on-chip peripheral module space.

2. 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.

3. The exception service routine start address is fetched from the exception processing vector table that corresponds to the
address error that occurred and the program starts executing from that address. The jump that occurs is not a delayed

branch.
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6.4 Interrupts

6.4.1 Interrupt Sources

Table 6.7 shows the sources that start up interrupt exception processing. These are divided into NMI, user breaks, H-UDI,
IRQ, and on-chip peripheral modules.

Table 6.7 Interrupt Sources

Type Request Source Number of Sources
NMI NMI pin (external input) 1
User break User break controller 1
H-UDI High-performance user debug interface 1
IRQ TRQO-IRQ7 (external input) 8
On-chip peripheral module Direct memory access controller (DMAC) 4
Advanced timer unit-1l (ATU-I1) 75
Compare match timer (CMT) 2
A/D converter
Serial communication interface (SCI) 20
Synchronous communication unit (SSU) 6
Watchdog timer (WDT)
Controller area network-Il (HCAN-II) 8

Each interrupt source is allocated a different vector number and vector table offset. See table 7.3, for more information on
vector numbers and vector table address offsets.

6.4.2 Interrupt Priority Level

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

The priority order of interrupts is expressed as priority levels 0—16, with priority O the lowest and priority 16 the highest.
The NMI interrupt has priority 16 and cannot be masked, so it is always accepted. The user break interrupt and H-UDI
interrupt priority level is 15. IRQ interrupts and on-chip peripheral module interrupt priority levels can be set freely using
the INTC's interrupt priority registers A through L (IPRA to IPRL) as shown in table 6.8. The priority levels that can be
set are 0—15. Level 16 cannot be set. See section 7.3.1, Interrupt Priority Registers A—L (IPRA-IPRL), for details of the
interrupt priority registers.

Table 6.8 Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level.

H-UDI 15 Fixed priority level.

IRQ 0-15 Set with interrupt priority level setting registers A through L (IPRA to IPRL).
On-chip peripheral module  0-15 Set with interrupt priority level setting registers A through L (IPRA to IPRL).
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6.4.3 Interrupt Exception Processing

When an interrupt occurs, its priority level is ascertained by the interrupt controller (INTC). NMI is always accepted, but
other interrupts are only accepted if they have a priority level higher than the priority level set in the interrupt mask bits
(I3-10) of the status register (SR).

When an interrupt is accepted, exception processing begins. In interrupt exception processing, the CPU saves SR and the
program counter (PC) to the stack. The priority level value of the accepted interrupt is written to SR bits 13—10. For NMI,
however, the priority level is 16, but the value set in 1310 is H'F (level 15). Next, the start address of the exception service
routine is fetched from the exception processing vector table for the accepted interrupt, that address is jumped to and
execution begins. See section 7.4, Interrupt Operation, for further details.

6.5 Exceptions Triggered by Instructions

6.5.1 Types of Exceptions Triggered by Instructions

Exception processing can be triggered by trap instructions, general illegal instructions, and illegal slot instructions, and
floating-point instructions, as shown in table 6.9.

Table 6.9 Types of Exceptions Triggered by Instructions

Type Source Instruction Comment

Trap instructions TRAPA

lllegal slot instructions Undefined code placed immediately Delayed branch instructions: JMP, JSR, BRA, BSR,
after a delayed branch instruction RTS, RTE, BF/S, BT/S, BSRF, BRAF
(delay slot) and instructions that rewrite nstryctions that rewrite the PC: JMP, JSR, BRA,
the PC BSR, RTS, RTE, BT, BF, TRAPA, BF/S, BT/S,

BSRF, BRAF

General illegal instructions ~ Undefined code anywhere besides in a
delay slot

Floating-point instructions Instruction causing an invalid operation FADD, FSUB, FMUL, FDIV, FMAC, FCMP/EQ,
exception defined in the IEEE754 FCMP/GT, FNEG, FABS, FTRC

standard or a division-by-zero exception

6.5.2 Trap Instructions
When a TRAPA instruction is executed, trap instruction exception processing starts up. The CPU operates as follows:

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

2. 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.

3. The exception service routine start address is fetched from the exception processing vector table that corresponds to the
vector number specified in the TRAPA instruction. That address is jumped to and the program starts executing. The
jump that occurs is not a delayed branch.
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6.5.3 Illegal Slot Instructions

An instruction placed immediately after a delayed branch instruction is said to be placed in a delay slot. When the
instruction placed in the delay slot is undefined code, illegal slot exception processing starts up when that undefined code
is decoded. Illegal slot exception processing also starts up when an instruction that rewrites the program counter (PC) is
placed in a delay slot. The processing starts when the instruction is decoded. The CPU handles an illegal slot instruction as
follows:

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

2. 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 or the instruction that rewrites the PC.

3. The exception service routine start address is fetched from the exception processing vector table that corresponds to the
exception that occurred. That address is jumped to and the program starts executing. The jump that occurs is not a
delayed branch.

6.5.4 General Illegal Instructions

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

When the FPU has been stopped by means of the module stop bit, floating-point instructions and FPU-related CPU
instructions are treated as illegal instructions.

6.5.5 Floating-Point Instructions

When the V or Z bit is set in the enable field of the FPSCR register, an FPU exception occurs. This indicates that a
floating-point instruction has caused an invalid operation exception defined in the IEEE754 standard or a division-by-zero
exception. Floating-point instructions which can cause an exception are as follows:

FADD, FSUB, FMUL, FDIV, FMAC, FCMP/EQ, FCMP/GT, FNEG,
FABS, FTRC

An FPU exception occurs only if the corresponding enable bit is set. When the FPU detects an exception source, FPU
operation is suspended and the occurrence of the exception is reported to the CPU. When exception processing is started,
the CPU saves the SR and PC contents to the stack (the PC value saved is the start address of the instruction following the
last instruction executed), and branches to the address stored in VBR + H'00000034.

The exception flag bits in the FPSCR are always updated, regardless of whether or not an FPU exception is accepted, and
remain set until the user clears them explicitly with an instruction. FPSCR cause bits change each time an FPU instruction
is executed.

Exception events other than those defined in the IEEE754 standard (i.e., underflow, overflow, and inexact exceptions) are
detected by the FPU but do not result in the generation of any kind of exception. Neither is an FPU exception generated by
a floating-point instruction relating to data transfer, such as FLOAT.
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6.6

When Exception Sources Are Not Accepted

When an address error or interrupt is generated after a delayed branch instruction or interrupt-disabled 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 Generation of Exception Sources Immediately after a Delayed Branch Instruction or Interrupt-

Disabled Instruction

Exception Source

Point of Occurrence Bus Error Interrupt FPU Exception
Immediately after a delayed branch instruction*1 Not accepted Not accepted Not accepted
Immediately after an interrupt-disabled instruction*2 Not accepted™ Not accepted Accepted
Immediately after an FPU instruction*3 Not accepted Not accepted Accepted
Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF, BRAF

2. Interrupt-disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, STS, STS.L

3. FPU instructions: Table 2.18 and table 2.19.

4.

In the SH-2 a bus error is accepted.

Rev. 5.00 Feb. 24,2010 Page 74 of 950
REJ09B0177-0500

RENESAS



6. Exception Processing

6.7 Stack Status after Exception Processing Ends
The status of the stack after exception processing ends is as shown in table 6.11.

Table 6.11 Stack Status After Exception Processing Ends

Exception Type Stack Status
Address error E iy
Address of instruction .
SP> after executed instruction 32 bits
SR 32 bits
Trap instruction T g
Address of instruction .
SP > after TRAPA instruction 32 bits
SR 32 bits
General illegal instruction NAdd f I T
ress of genera .
SP > jllegal instruction 32 bits
SR 32 bits
Interrupt F T
Address of instruction .
SP > after executed instruction 32 bits
SR 32 bits
lllegal slot instruction E iy
sp Jump destination address 32 bit
 of delay branch instruction 1s
SR 32 bits
FPU exception E ” f - y
Address of instruction after .
SP FPU exception instruction 32 bits
SR 32 bits

6.8 Usage Notes
6.8.1 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 processing.

6.8.2 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
vector table is accessed during exception processing.
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6.8.3 Address Errors Caused by Stacking of Address Error Exception Processing

When the stack pointer is not a multiple of four, an address error will occur during stacking of the exception processing
(interrupts, etc.) and address error exception processing will start up as soon as the first exception processing is ended.
Address errors will then also occur in the stacking for this address error exception processing. To ensure that address error
exception processing 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 processing 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.
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Section 7 Interrupt Controller (INTC)

7.1 Overview

The interrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt requests to the CPU. The
INTC has registers for setting the priority of each interrupt which can be used by the user to order the priorities in which
the interrupt requests are processed.

7.1.1 Features
The INTC has the following features:

e 16 levels of interrupt priority

By setting the twelve interrupt-priority level registers, the priorities of IRQ interrupts and on-chip peripheral module
interrupts can be set in 16 levels for different request sources.

e NMI noise canceler function

NMI input level bits indicate the NMI pin status. By reading these bits with the interrupt exception service routine, the
pin status can be confirmed, enabling it to be used as a noise canceler.

¢ Notification of interrupt occurrence can be reported externally IRQOUT pin)

For example, it is possible to request the bus if an external bus master is informed that a peripheral module interrupt
request has occurred when the chip has released the bus.
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7.1.2

Block Diagram

Figure 7.1 is a block diagram of the INTC.
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IRQ1 — > > !
—> —> —>
% ! Input | 1} CPU/ | | Priority |
I control DMAC ranking :
IRQ4 — > 1 request [ ™| judg- |
IRQ5 ———» —> judg- | ment _»| Interrupt
IRQ6 ———» —» ment | | |request
RQ7 ———» - - |
! A I
! i SR
UBC ! (Interrupt request) > L, : m
"(Int t t
H-UDI :(n errupt request) > L : CPU
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|
 (Interrupt request) _ |
AI;[:A'I; | (Interrupt request) | > |
| (Interrupt request) | | — |
AD = (Interrupt request) > — |
MTAD —; >
sol (Interrupt request) [~ > i
ssu i (Interrupt request) |~ :: !
WDT i (Interrupt request) |~ !
| (Interrupt request) | g [
HCAN-Il — > —> !
a ,, j |
|
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|
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i IPRA-IPRL |
= 0 o i f
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|
Bus =
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' Module bus interface \__| £
: Mk
e INTC -~ ————————————————- ANy
Legend:
UBC: User break controller SCl: Serial communication interface
H-UDI:  High-perfotmance user debug SSuU: Synchronous serial communication unit
interface WDT: Watchdog timer
DMAC: Direct memory access controller HCAN-II: Controller area network-I|
ATU-Il:  Advanced timer unit-II ICR: Interrupt control register
CMT: Compare match timer ISR: IRQ status register
A/D: A/D converter IPRA-IPRL: Interrupt priority level setting registers Ato L
MTAD:  Multi trigger A/D SR: Status register

Figure 7.1 INTC Block Diagram
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7.

Interrupt Controller (INTC)

7.1.3 Pin Configuration

Table 7.1 shows the INTC pin configuration.

Table 7.1  Pin Configuration

Name Abbreviation /O Function

Non-maskable interrupt input pin ~ NMI | Input of non-maskable interrupt request signal

Interrupt request input pins IRQO-IRQ7 I Input of maskable interrupt request signals

Interrupt request output pin IRQOUT o Output of notification signal when an interrupt has occurred

7.14 Register Configuration

The INTC has the 14 registers shown in table 7.2. These registers set the priority of the interrupts and control external

interrupt input signal detection.

Table 7.2  Register Configuration

Name Abbr. R/W Initial Value Address Access Sizes
Interrupt priority register A IPRA R/W H'0000 H'FFFF EDOO 8, 16, 32
Interrupt priority register B IPRB R/W H'0000 H'FFFF EDO2 8, 16, 32
Interrupt priority register C IPRC R/W H'0000 H'FFFF ED0O4 8, 16, 32
Interrupt priority register D IPRD R/W H'0000 H'FFFF EDO6 8, 16, 32
Interrupt priority register E IPRE R/W H'0000 H'FFFF EDO8 8, 16, 32
Interrupt priority register F IPRF R/W H'0000 H'FFFF EDOA 8, 16, 32
Interrupt priority register G IPRG R/W H'0000 H'FFFF EDOC 8,16, 32
Interrupt priority register H IPRH R/W H'0000 H'FFFF EDOE 8, 16, 32
Interrupt priority register | IPRI R/W H'0000 H'FFFF ED10 8,16, 32
Interrupt priority register J IPRJ R/W H'0000 H'FFFF ED12 8,16, 32
Interrupt priority register K IPRK R/W H'0000 H'FFFF ED14 8, 16, 32
Interrupt priority register L IPRL R/W H'0000 H'FFFF ED16 8, 16, 32
Interrupt control register ICR R/W ! H'FFFF ED18 8,16, 32
IRQ status register ISR R/(W)*? H'0000 H'FFFF ED1A 8,16, 32

Notes: In register access, four cycles are required for byte access and word access, and eight cycles for longword access.
1. The value when the NMI pin is high is H'8000; when the NMI pin is low, it is H'0000.
2. Only 0 can be written, in order to clear flags.

RENESAS
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7. Interrupt Controller (INTC)

7.2 Interrupt Sources

There are five types of interrupt sources: NMI, user breaks, H-UDI, IRQ, and on-chip peripheral modules. Each interrupt
has a priority expressed as a priority level (0 to 16, with O the lowest and 16 the highest). Giving an interrupt a priority
level of 0 masks it.

7.2.1 NMI Interrupts

The NMI interrupt has priority 16 and is always accepted. Input at the NMI pin is detected by edge. Use the NMI edge
select bit (NMIE) in the interrupt control register (ICR) to select either the rising or falling edge. NMI interrupt exception
processing sets the interrupt mask level bits (I3-10) in the status register (SR) to level 15.

7.2.2 User Break Interrupt

A user break interrupt has a priority of level 15, and occurs when the break condition set in the user break controller
(UBC) is satisfied. User break interrupt requests are detected by edge and are held until accepted. User break interrupt
exception processing sets the interrupt mask level bits (I3-10) in the status register (SR) to level 15. For more information
about the user break interrupt, see section 8, User Break Controller (UBC).

7.2.3 H-UDI Interrupt

A serial debug interface (H-UDI) interrupt has a priority level of 15, and occurs when an H-UDI interrupt instruction is
serially input. H-UDI interrupt requests are detected by edge and are held until accepted. H-UDI exception processing sets
the interrupt mask level bits (I3-10) in the status register (SR) to level 15. For more information about the H-UDI interrupt,
see section 20, High-performance User Debug Interface (H-UDI).

7.24 IRQ Interrupts

IRQ interrupts are requested by input from pins IRQO-IRQ?7. Set the IRQ sense select bits (IRQOS-IRQ7S) of the
interrupt control register (ICR) to select low level detection or falling edge detection for each pin. The priority level can be
set from O to 15 for each pin using interrupt priority registers A and B (IPRA-IPRB).

When IRQ interrupts are set to low level detection, an interrupt request signal is sent to the INTC during the period the
IRQ pin is low. Interrupt request signals are not sent to the INTC when the IRQ pin becomes high. Interrupt request levels
can be confirmed by reading the IRQ flags (IRQOF-IRQ7F) of the IRQ status register (ISR).

When IRQ interrupts are set to falling edge detection, interrupt request signals are sent to the INTC upon detecting a
change on the IRQ pin from high to low level. IRQ interrupt request detection results are maintained until the interrupt
request is accepted. Confirmation that IRQ interrupt requests have been detected is possible by reading the IRQ flags
(IRQOF-IRQT7F) of the IRQ status register (ISR), and by writing a O after reading a 1, IRQ interrupt request detection
results can be withdrawn.

In IRQ interrupt exception processing, the interrupt mask bits (I3—10) of the status register (SR) are set to the priority level
value of the accepted IRQ interrupt.
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7.2.5 On-Chip Peripheral Module Interrupts
On-chip peripheral module interrupts are interrupts generated by the following on-chip peripheral modules:

e Direct memory access controller (DMAC)

e Advanced timer unit-IT (ATU-II)

e Compare match timer (CMT)

e A/D converter (A/D)

e Multi trigger A/D (MTAD)

e Serial communication interface (SCI)

e Synchronous serial communication unit (SSU)
e Watchdog timer (WDT)

e Controller area network-II (HCAN-II)

A different interrupt vector is assigned to each interrupt source, so the exception service routine does not have to decide
which interrupt has occurred. Priority levels between 0 and 15 can be assigned to individual on-chip peripheral modules in
interrupt priority registers C—L. {PRC-IPRL).

On-chip peripheral module interrupt exception processing sets the interrupt mask level bits (I3—I0) in the status register
(SR) to the priority level value of the on-chip peripheral module interrupt that was accepted.

7.2.6 Interrupt Exception Vectors and Priority Rankings
Table 7.3 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 vector numbers and address offsets. In interrupt exception processing, the exception service routine start
address is fetched from the vector table indicated by the vector table address. See table 6.4, Calculating Exception
Processing Vector Table Addresses, in section 6, Exception Processing.

IRQ interrupts and on-chip peripheral module interrupt priorities can be set freely between 0 and 15 for each pin or
module by setting interrupt priority registers A—-L (IPRA-IPRL). The ranking of interrupt sources for [IPRC-IPRL,
however, must be the order listed under Priority within IPR Setting Range in table 7.3 and cannot be changed. A power-on
reset assigns priority level O to IRQ 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, their priority order is the
default priority order indicated at the right in table 7.3.
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Table 7.3

Interrupt Exception Processing Vectors and Priorities

Interrupt Vector

Interrupt
Vector Table Priority Corre- Priority
Vector Address (Initial sponding within IPR Default
Interrupt Source No. Offset Value) IPR (Bits) Setting Range Priority
NMI 11 H'0000002Cto 16 — — High
H'0000002F
UBC 12 H'00000030to 15 — — A
H'0000003B
H-UDI 14 H'00000038to0 15 — —
H'0000003B
IRQO 64 H'00000100to  Oto 15 (0) IPRA (15-12) —
H'0000013B
IRQA1 65 H'00000104to  0to 15 (0) IPRA (11-8) —
H'00000107
IRQ2 66 H'00000108to  0to 15 (0) IPRA (7-4) —
H'0000010B
IRQ3 67 H'0000010Cto 0to 15 (0) IPRA (3-0) —
H'0000010F
IRQ4 68 H'00000110to  0to 15 (0) IPRB (15-12) —
H'00000113
IRQ5 69 H'00000114to  Oto 15 (0) IPRB (11-8) —
H'00000117
IRQ6 70 H'00000118to  0to 15 (0) IPRB (7-4) —
H'0000011B
IRQ7 71 H'0000011Cto 0to 15 (0) IPRB (3-0) —
H'0000011F
DMACO DEIO 72 H'00000120 to 0to 15 (0) IPRC (15-12) 0 1
H'00000123
DMAC1 DEN 74 H'00000128to  0to 15 (0) J 2
H'0000012B
DMAC2 DEI2 76 H'00000130to  0Oto 15 (0) IPRC (11-8) 0 1
H'00000133
DMAC3 DEI3 78 H'00000138to 0to 15 (0) J 2
H'0000013B
ATUO ATUO1 ITV1/ 80 H'00000140to  0to 15 (0) IPRC (7-4)
ITV2A/ H'00000143
ITV2B
ATUO02 ICIOA 84 H'00000150to  0to 15 (0) IPRC (3-0) 0 1
H'00000153
ICIOB 86 H'00000158 to J 2
H'0000015B
ATUO3 ICloC 88 H'00000160to  Oto 15 (0) IPRD (15-12) 1T 1
H'00000163
ICloD 90 H'00000168 to v 2 Y
H'0000016B
ATUO4 ovio 92 H'00000170to  0to 15 (0) IPRD (11-8) Low
H'00000173
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Interrupt Vector

Interrupt
Vector Table Priority Corre- Priority
Vector Address (Initial sponding within IPR Default
Interrupt Source No. Offset Value) IPR (Bits) Setting Range Priority
ATU1 ATU11 IMI1A/ 96 H'00000180to 0Oto 15(0)  IPRD (7—4) 0 1 High
CMIA1 H'00000183
IMI1B 97 H'00000184 to 2 A
H'00000187
IMI1C 98 H'00000188 to 3
H'0000018B
IMI1D 99 H'0000018C to J 4
H'0000018F
ATU12 IMHE 100 H'00000190to 0to 15 (0) IPRD (3-0) 0 1
H'00000193
IMIMF 101 H'00000194 to 2
H'00000197
IMHG 102 H'00000198 to 3
H'0000019B
IMITH 103 H'0000019C to J 4
H'0000019F
ATU13 OVHA/ 104 H'000001A0to 0to 15 (0) IPRE (15-12)
OVIiB H'000001A3
ATU2 ATU21 IMI2A/ 108 H'000001BOto  0Oto 15 (0) IPRE (11-8) 0 1
CMI2A H'000001B3
IMI2B/ 109 H'000001B4 to 2
CMI2B H'000001B7
IMI2C/ 110 H'000001B8 to 3
CMI2C H'000001BB
IMI2D/ 111 H'000001BC to J 4
CMI2D H'000001BF
ATU22 IMI2E/ 112 H'000001C0to 0to 15(0) IPRE (7-4) 0 1
CMI2E H'000001C3
IMI2F/ 113 H'000001C4 to 2
CMI2F H'000001C7
IMI2G/ 114 H'000001C8 to 3
CMI2G H'000001CB
IMI2H/ 115 H'000001CC to J 4  /
CMI2H H'000001CF
ATU23 OVI2A/ 116 H'000001D0to 0to 15 (0) IPRE (3-0) Low
ovi2B H'000001D3
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Interrupt Vector

Interrupt
Vector Table Priority Corre- Priority
Vector Address (Initial sponding within IPR Default
Interrupt Source No. Offset Value) IPR (Bits) Setting Range Priority
ATU3 ATU31 IMI3A 120 H'000001EOto O0to15(0) IPRF (15-12) 1 1 High
H'000001E3
IMI3B 121 H'000001E4 to 2 A
H'000001E7
IMI3C 122 H'000001E8 to 3
H'000001EB
IMI3D 123 H'000001EC to J 4
H'000001EF
ATU32 oVI3 124 H'000001F0Oto 0to 15 (0) IPRF (11-8)
H'000001F3
ATU4 ATU41 IMI4A 128 H'00000200to Oto 15(0)  IPRF (7—4) 0 1
H'00000203
IMI4B 129 H'00000204 to 2
H'00000207
IMI4C 130 H'00000208 to 3
H'0000020B
IMI4D 131 H'0000020C to J 4
H'0000020F
ATU42 ovi4 132 H'00000210to  0Oto 15 (0) IPRF (3-0)
H'00000213
ATU5 ATU51 IMISA 136 H'00000220to 0to 15(0) IPRG (15-12) 7* 1
H'00000223
IMI5B 137 H'00000224 to 2
H'00000227
IMI5C 138 H'00000228 to 3
H'0000022B
IMI5D 139 H'0000022C to J 4
H'0000022F
ATU52 OVi5 140 H'00000230to  0to 15 (0) IPRG (11-8)
H'00000233
ATUG CMIBGA 144 H'00000240to  0to 15 (0) IPRG (7-4) 0 1
H'00000243
CMIeB 145 H'00000244 to 2
H'00000247
CMIeC 146 H'00000248 to 3 |/
H'0000024B
CMIBD 147 H'0000024C to J 4 Low
H'0000024F
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7. Interrupt Controller (INTC)
Interrupt Vector Interrupt
Vector Table Priority Corre- Priority
Vector Address (Initial sponding within IPR Default
Interrupt Source No. Offset Value) IPR (Bits) Setting Range Priority
ATU7 CMI7A 148 H'00000250t0 0to 15(0)  IPRG (3-0) 0 1 High
H'00000253
CMI7B 149 H'00000254 to 2 A
H'00000257
CMI7C 150 H'00000258 to 3
H'0000025B
CMI7D 151 H'0000025C to \2 4
H'0000025F
ATU8 ATUS1 OSIBA 152 H'00000260to Oto15(0) IPRH (15-12) 7 1
H'00000263
0osisB 153 H'00000264 to 2
H'00000267
0slI8C 154 H'00000268 to 3
H'0000026B
osIsD 155 H'0000026C to \2 4
H'0000026F
ATU82 OSI8E 156 H'00000270to 0to15(0) IPRH (11-8) 0 1
H'00000273
OSI8F 157 H'00000274 to 2
H'00000277
0sI8G 158 H'00000278 to 3
H'0000027B
OSI8H 159 H'0000027C to \ 4
H'0000027F
ATUS83 osisl 160 H'00000280to 0Oto15(0) IPRH (7-4) 0 1
H'00000283
osisJ 161 H'00000284 to 2
H'00000287
0OSI8sK 162 H'00000288 to 3
H'0000028B
osisL 163 H'0000028C to \2 4
H'0000028F
ATU84 OsisM 164 H'00000290to 0Oto15(0) IPRH (3-0) 0 1
H'00000293
OSI8N 165 H'00000294 to 2
H'00000297
OSI80 166 H'00000298 to 3 \J
H'0000029B
osli8pP 167 H'0000029C to J 4 Low
H'0000029F
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Interrupt Vector

Interrupt
Vector Table Priority Corre- Priority
Vector Address (Initial sponding within IPR Default
Interrupt Source No. Offset Value) IPR (Bits) Setting Range Priority
ATU9 ATU91 CMI9A 168 H'000002A0to 0to15(0) IPRI(15-12) 7 14 High
H'000002A3
CMI9B 169 H'000002A4 to 2 A
H'000002A7
CMI9C 170 H'000002A8 to 3
H'000002AB
CMIOD 171 H'000002AC to A 4
H'000002AF
ATU92 CMI9E 172 H'000002BOto 0to15(0) IPRI(11-8) ) 1
H'000002B3
CMI9F 174 H'000002B8 to \ 2
H'000002BB
ATU10 ATU101  CMI10A 176 H'000002C0to 0to15(0) IPRI (7-4) ) 1
H'000002C3
CMI10OB 178 H'000002C8 to \2 2
H'000002CB
ATU102 ICI10A/ 180 H'000002D0to 0 to 15(0) IPRI (3-0)
CMI10G H'000002D3
ATU11 IMIT1A 184 H'000002E0to  0to15(0) IPRJ (15-12) 7 1
H'000002E3
IMI11B 186 H'000002ES8 to 2
H'000002EB
OVIi1 187 H'000002EC to \2 3
H'000002EF
CMTO CMTIO 188 H'000002F0to 0to15(0) |PRJ(11-8) 0 1
H'000002F3
MTADO ADTO 189 H'000002F4 to 2
H'000002F7
A/DO ADIO 190 H'000002F8 to \2 3
H'000002FB
CMT1 CMTI 192 H'00000300to O0to15(0) IPRJ (7-4) 0 1
H'00000303
MTAD1 ADT1 193 H'00000304 to 2
H'00000307
A/D1 ADI1 194 H'00000308 to \2 3 |/
H'0000030B
A/D2 ADI2 196 H'00000310to 0to15(0) IPRJ (3-0) Low
H'00000313
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Interrupt Vector

Interrupt
Vector Table Priority Corre- Priority
Vector Address (Initial sponding within IPR Default
Interrupt Source No. Offset Value) IPR (Bits) Setting Range Priority
SClo/ ERIO/ 200 H'00000320to  0to 15 (0) IPRK (15-12) 1T 1 High
SSuUO* SSERIO H'00000323
RXI10/ 201 H'00000324 to 2 A
SSRXI0 H'00000327
TXI0/ 202 H'00000328 to 3
SSTSI0 H'0000032B
TEIO 203 H'0000032C to J 4
H'0000032F
SCIi1 ERI1 204 H'00000330to 0to 15 (0) IPRK (11-8) 0 1
H'00000333
RXH 205 H'00000334 to 2
H'00000337
TXH 206 H'00000338 to 3
H'0000033B
TENH 207 H'0000033C to J 4
H'0000033F
SCl2/ ERI2/ 208 H'00000340to 0to 15 (0) IPRK (7-4) 0 1
SSuU1* SSERI1 H'00000343
RXI12/ 209 H'00000344 to 2
SSRXI1 H'00000347
TXI2/ 210 H'00000348 to 3
SSTSH H'0000034B
TEI2 211 H'0000034C to J 4
H'0000034F
SCI3 ERI3 212 H'00000350to0  0to 15 (0) IPRK(3-0) 0 1
H'00000353
RXI3 213 H'00000354 to 2
H'00000357
TXI3 214 H'00000358 to 3
H'0000035B
TEI3 215 H'0000035C to J 4
H'0000035F
SCl4 ERI4 216 H'00000360to  0to 15 (0) IPRL (15-12) 7 1
H'00000363
RXI14 217 H'00000364 to 2
H'00000367
TXI4 218 H'00000368 to 3 v
H'0000036B
TEI4 219 H'0000036C to J 4 Low
H'0000036F
Note: * SSU: Synchronous Serial Communication Unit
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Interrupt Vector

Interrupt
Vector Table Priority Corre- Priority
Vector Address (Initial sponding within IPR Default
Interrupt Source No. Offset Value) IPR (Bits) Setting Range Priority
HCANO ERSO 220 H'00000370to  0to 15 (0) IPRL (11-8) 0 1 High
H'00000373
OVRO 221 H'00000374 to 2 A
H'00000377
RMO 222 H'00000378 to 3
H'0000037B
SLEO 223 H'0000037C to A 4
H'0000037F
WDT ITI 224 H'00000380to 0to15(0) IPRL (7-4)
H'00000383
HCAN1 ERS1 228 H'00000390to 0to15(0) IPRL (3-0) 0 1
H'00000393
OVR1 229 H'00000394 to 2
H'00000397
RMA1 230 H'00000398 to 3  J
H'0000039B
SLET 231 H'0000039C to \2 4 Low
H'0000039F
7.3 Description of Registers
7.3.1 Interrupt Priority Registers A—-L. IPRA-IPRL)
Bit: 15 14 13 12 11 10 9 8
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Interrupt priority registers A—L (IPRA-IPRL) are 16-bit readable/writable registers that set priority levels from O to 15 for
IRQ interrupts and on-chip peripheral module interrupts. Correspondence between interrupt request sources and each of
the IPRA-IPRL bits is shown in table 7.4.
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Table 7.4  Interrupt Request Sources and IPRA-IPRL

Bits
Register 15-12 11-8 7-4 3-0
Interrupt priority register A IRQO IRQ1 IRQ2 IRQ3
Interrupt priority register B IRQ4 IRQ5 IRQ6 IRQ7
Interrupt priority register C DMACO, 1 DMAC2, 3 ATUO1 ATUO2
Interrupt priority register D ATUO3 ATUO4 ATU11 ATU12
Interrupt priority register E ATU13 ATU21 ATU22 ATU23
Interrupt priority register F ATUS31 ATU32 ATU4A1 ATU42
Interrupt priority register G ATUS51 ATU52 ATUG ATU7
Interrupt priority register H ATUS81 ATU82 ATUS83 ATU84
Interrupt priority register | ATU9 ATU92 ATU101 ATU102
Interrupt priority register J ATU11 CMTO, A/DO, MTADO CMT1, A/D1, MTAD1 A/D2
Interrupt priority register K SCI0/SSU0* SCH SCI2/SSU1* SCI3
Interrupt priority register L SCl4 HCANO WDT HCAN1

As indicated in table 7.4, four IRQ pins or groups of 4 on-chip peripheral modules are allocated to each register. Each of
the corresponding interrupt priority ranks are established by setting a value from H'0 (0000) to H'F (1111) in each of the
four-bit groups 15-12, 11-8, 7—4 and 3-0. Interrupt priority rank becomes level O (lowest) by setting H'0, and level 15
(highest) by setting H'F. If multiple on-chip peripheral modules are assigned to the same bit (DMACO and DMACI,
DMAC?2 and DMAC3, CMTO, A/DO, and MTADO, CMT1, A/D1, and MTADI1, SCIO and SSUO*, and SCI2 and SSUT*),
those multiple modules are set to the same priority rank.

IPRA-IPRL are initialized to H'0000 by a reset, in hardware standby mode and in software standby mode.

Note: * SSU: Synchronous Serial Communication Unit
7.3.2 Interrupt Control Register (ICR)
Bit: 15 14 13 12 11 10 9 8
NMIL | — — — — — — NMIE
Initial value: * 0 0 0 0 0 0 0
R/W: R R R R/W
Bit: 7 6 5 4 3 2 1 0
IRQOS IRQ1S IRQ2S IRQ3S IRQ4S IRQ5S IRQ6S IRQ7S
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * When NMI input is high: 1; when NMI input is low: O

ICR is a 16-bit register that sets the input signal detection mode of the external interrupt input pin NMI and IRQO —IRQ7
and indicates the input signal level at the NMI pin. A reset, hardware standby mode, and software standby mode initialize

ICR.
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Bit 15—NMI Input Level (NMIL): Sets the level of the signal input at the NMI pin. This bit can be read to determine
the NMI pin level. This bit cannot be modified.

Bit 15: NMIL Description

0

NMI input level is low

1

NMI input level is high

Bits 14 to 9—Reserved: These bits are always read as 0. The write value should always be 0.
Bit 8—NMI Edge Select (NMIE)

Bit 8: NMIE Description

0

Interrupt request is detected on falling edge of NMI input (Initial value)

1

Interrupt request is detected on rising edge of NMI input

Bits 7 to 0—IRQO-IRQ7 Sense Select IRQOS-IRQ7S): These bits set the IRQO-IRQ7 interrupt request detection
mode.

Bits 7-0: IRQ0S-IRQ7S Description

0

Interrupt request is detected on low level of IRQ input  (Initial value)

1

Interrupt request is detected on falling edge of IRQ input

7.3.3 IRQ Status Register (ISR)

Bit: 15 14 13 12 11 10 9 8
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R
Bit: 7 6 5 4 3 2 1 0
IRQOF IRQ1F IRQ2F IRQ3F IRQ4F IRQ5F IRQ6F IRQ7F
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

ISR is a 16-bit register that indicates the interrupt request status of the external interrupt input pins IRQO-IRQ7. When
IRQ interrupts are set to edge detection, held interrupt requests can be withdrawn by writing 0 to IRQnF after reading
IRQnF = 1.

A reset, hardware standby mode, and software standby mode initialize ISR.

Bits 15 to 8—Reserved: These bits are always read as 0. The write value should always be 0.
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7. Interrupt Controller (INTC)

Bits 7 to 0—IRQO-IRQ7 Flags (IRQOF-IRQ7F): These bits display the IRQO-IRQ?7 interrupt request status.

Bits 7-0: IRQOF-IRQ7F Detection Setting Description

0

Level detection No IRQn interrupt request exists
[Clearing condition]
When IRQn input is high

Edge detection No IRQn interrupt request was detected (Initial value)

[Clearing conditions]
e When 0 is written after reading IRQnF = 1
¢ When IRQn interrupt exception processing has been executed

Level detection An IRQn interrupt request exists
Setting condition: When IRQn input is low

Edge detection An IRQn interrupt request was detected
Setting condition: When a falling edge occurs at an IRQn input

Note: n=7to0

7.4 Interrupt Operation

7.4.1 Interrupt Sequence

The sequence of interrupt operations is explained below. Figure 7.2 is a flowchart of the operations.

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

The interrupt controller selects the highest priority interrupt in the interrupt requests sent, following the priority levels
set in interrupt priority registers A—L (IPRA-IPRL). Lower-priority interrupts are ignored. They are held pending until
interrupt requests designated as edge-detect type are accepted. For IRQ interrupts, however, withdrawal is possible by
accessing the IRQ status register (ISR). See section 7.2.4, IRQ Interrupts, for details. Interrupts held pending due to
edge detection are cleared by a power-on reset or a manual reset. If two of these interrupts have the same priority level
or if multiple interrupts occur within a single module, the interrupt with the highest default priority or the highest
priority within its IPR setting range (as indicated in table 7.3) is selected.

The interrupt controller compares the priority level of the selected interrupt request with the interrupt mask bits (I3-10)
in the CPU’s status register (SR). If the request priority level is equal to or less than the level set in 1310, the request is
ignored. If the request priority level is higher than the level in bits I3-I0, the interrupt controller accepts the interrupt
and sends an interrupt request signal to the CPU.

4. When the interrupt controller accepts an interrupt, a low level is output from the IRQOUT pin.

The CPU detects the interrupt request sent from the interrupt controller when it decodes the next instruction to be
executed. Instead of executing the decoded instruction, the CPU starts interrupt exception processing (figure 7.4).

6. SR and PC are saved onto the stack.
7. The priority level of the accepted interrupt is copied to the interrupt mask level bits (I3 to 10) in the status register (SR).

8. When the accepted interrupt is sensed by level or is from an on-chip peripheral module, a high level is output from the

IRQOUT pin. When the accepted interrupt is sensed by edge, a high level is output from the IRQOUT pin at the point
when the CPU starts interrupt exception processing instead of instruction execution as noted in 5 above. However, if
the interrupt controller accepts an interrupt with a higher priority than one it is in the process of accepting, the
IRQOUT pin will remain low.

The CPU reads the start address of the exception service routine from the exception vector table for the accepted
interrupt, jumps to that address, and starts executing the program there. This jump is not a delay branch.
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+ A

Program
execution state

User break?

H-UDI
interrupt?

| m::ow level1 |

v
| Save SR to stack | Yes
I3to 10 <
v level 14?
| Save PC to stack |
v No

Copy accept-interrupt
level to I3 to 10
v

Level 15
interrupt?

Level 14
interrupt?

Level 1 No

interrupt?

I3to 10 <
level 13?7

1I3to 10 =

|TRQOUT = high level+2

Read exception
vector table
v
Branch to exception
service routine
[

level 0?

Notes: 13 to 10: Interrupt mask bits of status register

1. As IRQOUT is synchronized with a peripheral clock P¢, it may be output later than a

CPU interrupt request.

2. When the accepted interrupt is sensed by edge, the IRQOUT pin becomes high level at the
point when the CPU starts interrupt exception processing instead of instruction execution

(before SR is saved to the stack).

If the interrupt controller has accepted another interrupt with a higher priority and has
output an interrupt request to the CPU, the IRQOUT pin will remain low.

Figure 7.2 Interrupt Sequence Flowchart
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7.4.2 Stack after Interrupt Exception Processing

Figure 7.3 shows the stack after interrupt exception processing.

Address

4n-8

4n—4

4n

PC1

32 bits

< sp#2

SR

32 bits

Notes: 1. PC: Start address of the next instruction (return destination instruction)
after the executing instruction

2. Always be certain that SP is a multiple of 4

Figure 7.3 Stack after Interrupt Exception Processing
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7.5 Interrupt Response Time

Table 7.5 indicates the interrupt response time, which is the time from the occurrence of an interrupt request until the
interrupt exception processing starts and fetching of the first instruction of the interrupt service routine begins. Figure 7.4
shows an example of pipeline operation when an IRQ interrupt is accepted.

Table 7.5 Interrupt Response Time

Number of States

Item Peripheral Module NMI IRQ Notes

Synchronizing input signal 0 or 6 1to4 6t09 For the number of states
(synchronized with required for each interrupt,
peripheral clock P¢) with see the note below.

internal clock ¢ and DMAC
activation judgment

Compare identified interrupt 2 2 2

priority with SR mask level

Wait for completion of X (=0) The longest sequence is for
sequence currently being interrupt or address-error
executed by CPU exception processing (X = 4

+m1+m2+m3+md4). If
an interrupt-masking
instruction follows, however,
the time may be even

longer.
Time from start of interrupt 5+m1+m2+m3 Performs the PC and SR
exception processing until saves and vector address
fetch of first instruction of fetch.
exception service routine
starts
Interrupt Total: (7 or 13) (8 or11) (13 to 16)
response time +mT+m2+m3+X+m1i+m2+m3+X +mi1+m2+m3+X
Minimum: 10 11 16
Maximum: 17 + 2 15+2 20+ 2
(M +m2+m3)+ (M1 +m2+m3)+m4(mi1+m2+m3)+mé
m4

Notes: Whenm1=m2=m3=m4 =1
m1-m4 are the number of states needed for the following memory accesses.
m1: SR save (longword write)
m2: PC save (longword write)
m3: Vector address read (longword read)
m4: Fetch first instruction of interrupt service routine

*  Number of states needed for synchronization and DMAC activation judgment

The relations between numbers of states needed for synchronizing an input signal (synchronized with the
peripheral clock P¢) with the internal clock ¢ and DMAC activation judgment and vector numbers are shown
below.

0 state: 9, 10, 12, 13, 14, 72, 74, 76, 78, 189, 193, and 224
6 states: Peripheral module interrupts other than vector number 222 (HCANO/RMO) and the above.

7 states: Interrupts with vector number 222 requested by HCANO Mailbox 0 (the needed states for this interrupt
differs from other interrupts with vector number 222 since the interrupt by HCANO Mailbox 0 can activate the
DMAC.)

6 states: Interrupts with vector number 222 other than the above
The same number of states is needed to cancel interrupt sources.
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If the necessary number of states is not secured after flag clear of the interrupt source, the interrupt may occur
again.

Interrupt acceptance

Gl Y

5+m1+m2+m3

i
t |
&» := =i
— I I
IRQ synchronization ! A :
2 | 3 mim2 1 m3 1|
Interrupt controller operation A !
. , : by
Instruction (instruction [FID[E[E[M|M|E|M|E|E]
replaced by interrupt ; B
exception processing) ! [ T T
|
Overrun fetch i
| |
Interrupt service routine !
start instruction | FIDIE]
|

Legend:

F: Instruction fetch (instruction fetched from memory where program is stored).

D: Instruction decoding (fetched instruction is decoded).

E: Instruction execution (data operation and address calculation is performed
according to the results of decoding).

M: Memory access (data in memory is accessed).

Figure 7.4 Example of Pipeline Operation when an IRQ Interrupt is Accepted
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7.6 Data Transfer with Interrupt Request Signals
The following data transfer can be carried out using interrupt request signals:
e Activate DMAC only, without generating CPU interrupt

Among interrupt sources, those designated as DMAC activating sources are masked and not input to the INTC. The
masking condition is as follows:

Mask condition = DME e (DEO  source selection 0 + DE1 * source selection 1 + DE2 ¢ source selection 2 + DE3 ¢
source selection 3)

7.6.1 Handling CPU Interrupt Sources, but Not DMAC Activating Sources

1. Either do not select the DMAC as a source, or clear the DME bit to 0.
2. Activating sources are applied to the CPU when interrupts occur.

3. The CPU clears interrupt sources with its interrupt processing routine and performs the necessary processing.

7.6.2 Handling DMAC Activating Sources but Not CPU Interrupt Sources

1. Select the DMAC as a source and set the DME bit to 1. CPU interrupt sources are masked regardless of the interrupt
priority level register settings.

2. Activating sources are applied to the DMAC when interrupts occur.

3. The DMAC clears activating sources at the time of data transfer.
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Section 8 User Break Controller (UBC)

8.1 Overview

The user break controller (UBC) provides functions that simplify program debugging. Break conditions are set in the UBC
and a user break interrupt is generated according to the conditions of the bus cycle generated by the CPU or DMAC. This
function makes it easy to design an effective self-monitoring debugger, enabling the chip to easily debug programs
without using a large in-circuit emulator.

8.1.1 Features
The features of the user break controller are:

e The following break compare conditions can be set:
— Address
— CPU cycle/DMA cycle
— Instruction fetch or data access
— Read or write
— Operand size: byte/word/longword
e User break interrupt generated upon satisfying break conditions
A user-designed user break interrupt exception processing routine can be run.
o Select either to break in the CPU instruction fetch cycle before the instruction is executed or after.

e Satisfaction of a break condition can be output to the UBCTRG pin.
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8. User Break Controller (UBC)

8.1.2 Block Diagram

Figure 8.1 shows a block diagram of the UBC.

Module bus

UBAMRH| | UBARH

interface

| UBCR || UBBR

UBAMRL| | UBARL

U U

Break condition

Internal bus

comparator
User break
—> interrupt
» generating > Interrupt request
circuit
. Interrupt controller
»| Trigger output

generating
> circuit

» UBCTRG pin output

|
|
|
|
Bus —
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
f
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Il
|
|
|

Legend:

UBARH, UBARL.: User break address registers H, L
UBAMRH, UBAMRL: User break address mask registers H, L
UBBR: User break bus cycle register

UBCR: User break control register

Figure 8.1 User Break Controller Block Diagram
8.1.3 Register Configuration
The UBC has the six registers shown in table 8.1. Break conditions are established using these registers.

Table 8.1 Register Configuration

Name Abbr. R/W Initial Value Address* Access Size
User break address register H UBARH R/W H'0000 H'FFFFECO00 8,16, 32
User break address register L UBARL R/W H'0000 H'FFFFECO02 8,16, 32
User break address mask register H UBAMRH R/W H'0000 H'FFFFECO04 8,16, 32
User break address mask register L UBAMRL R/W H'0000 H'FFFFEC06 8, 16, 32
User break bus cycle register UBBR R/W H'0000 H'FFFFECO08 8, 16, 32
User break control register UBCR R/W H'0000 H'FFFFECOA 8, 16, 32
Note: * In register access, four cycles are required for byte access and word access, and eight cycles for longword
access.
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8. User Break Controller (UBC)

8.2 Register Descriptions

8.2.1 User Break Address Register (UBAR)

UBARH:
Bit:
Initial value:
R/W:
Bit:
Initial value:
R/W:
UBARL:
Bit:
Initial value:
R/W:
Bit:
Initial value:
R/W:

15 14 13 12 11 10 9 8
UBA31 UBA30 UBA29 UBA28 UBA27 UBA26 UBA25 UBA24
0 0 0 0 0 0 0 0
R/W RW R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
UBA23 UBA22 UBA21 UBA20 UBA19 UBA18 UBA17 UBA16
0 0 0 0 0 0 0 0
R/W R/W RW R/W R/W R/W R/W R/W
15 14 13 12 11 10 9 8
UBA15 UBA14 UBA13 UBA12 UBA11 UBA10 UBA9 UBAS8
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
UBA7 UBAG UBA5 UBA4 UBA3 UBA2 UBAT1 UBAO
0 0 0 0 0 0 0 0
R/W RW R/W R/W R/W R/W R/W R/W

The user break address register (UBAR) consists of user break address register H (UBARH) and user break address
register L (UBARL). Both are 16-bit readable/writable registers. UBARH stores the upper bits (bits 31 to 16) of the
address of the break condition, while UBARL stores the lower bits (bits 15 to 0). UBARH and UBARL are initialized to

H'0000 by a power-on reset, in module standby mode, and in software standby mode.

e UBARH Bits 15 to 0—User Break Address 31 to 16 (UBA31 to UBA16): These bits store the upper bit values (bits 31

to 16) of the address of the break condition.

e UBARL Bits 15 to 0—User Break Address 15 to 0 (UBA15 to UBAO): These bits store the lower bit values (bits 15 to
0) of the address of the break condition.
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8. User Break Controller (UBC)

8.2.2 User Break Address Mask Register (UBAMR)

UBAMRH:
Bit: 15 14 13 12 11 10 9 8
UBMS31 UBMS30 UBM29 uBM28 uBm27 UBM26 uBM25 uBmM24
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
UBM23 UuBM22 UBM21 UBM20 UBM19 UBM18 UBM17 UBM16
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
UBAMRL:
Bit: 15 14 13 12 11 10 9 8
UBM15 UuBM14 UBM13 UBM12 uBM11 UBM10 UBM9 UBMS8
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
UBM7 UBM6 UBM5 UBM4 UBM3 UBM2 UBM1 UBMO
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The user break address mask register (UBAMR) consists of user break address mask register H (UBAMRH) and user
break address mask register L (UBAMRL). Both are 16-bit readable/writable registers. UBAMRH designates whether to
mask any of the break address bits established in UBARH, and UBAMRL designates whether to mask any of the break
address bits established in UBARL. UBAMRH and UBAMRL are initialized to H'0000 by a power-on reset, in module
standby mode, and in software standby mode.

e UBAMRH Bits 15 to 0—User Break Address Mask 31 to 16 (UBM31 to UBM16): These bits designate whether to
mask the corresponding break address 31 to 16 bits (UBA31 to UBA16) established in UBARH.

e UBAMRL Bits 15 to 0—User Break Address Mask 15 to 0 (UBM15 to UBMO): These bits designate whether to mask
the corresponding break address 15 to 0 bits (UBA15 to UBAO) established in UBARL.

Bits 15-0: UBMn Description
0 Break address UBAnN is included in the break conditions (Initial value)
1 Break address UBAn is not included in the break conditions

Note: n=311t00
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8. User Break Controller (UBC)

8.2.3

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

User Break Bus Cycle Register (UBBR)

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

CP1 CPO ID1 IDO Rw1 RWO SZ1 SZ0
0 0 0 0 0 0 0 0
R/W R/W RW R/W R/W R/W R/W R/W

The user break bus cycle register (UBBR) is a 16-bit readable/writable register that selects from among the following four
break conditions:

sl S

CPU cycle/DMA cycle

Instruction fetch/data access

Read/write

Operand size (byte, word, longword)

UBBR is initialized to H'0000 by a power on reset, in module standby mode, and in software standby mode.

Bits 15 to 8—Reserved: These bits are always read as 0. The write value should always be 0.

Bits 7 and 6—CPU Cycle/DMA Cycle Select (CP1, CP0): These bits designate break conditions for CPU cycles or

DMA cycles.
Bit 7: CP1 Bit 6: CP0O Description
0 0 No user break interrupt occurs (Initial value)
1 Break on CPU cycles
1 0 Break on DMA cycles
1 Break on both CPU and DMA cycles
e Bits 5 and 4—Instruction Fetch/Data Access Select (ID1, ID0): These bits select whether to break on instruction fetch
and/or data access cycles.
Bit 5: ID1 Bit 4: IDO Description
0 0 No user break interrupt occurs (Initial value)
1 Break on instruction fetch cycles
1 0 Break on data access cycles
1 Break on both instruction fetch and data access cycles
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8. User Break Controller (UBC)

Bits 3 and 2—Read/Write Select (RW1, RWO0): These bits select whether to break on read and/or write cycles.

Bit 3: RW1 Bit 2: RW0 Description

0 0 No user break interrupt occurs (Initial value)
1 Break on read cycles

1 0 Break on write cycles
1 Break on both read and write cycles

e Bits 1 and 0—Operand Size Select (SZ1, SZ0): These bits select operand size as a break condition.

Bit 1: SZ1 Bit 0: SZ0 Description

0 0 Operand size is not a break condition (Initial value)
1 Break on byte access

1 0 Break on word access
1 Break on longword access

Note: When breaking on an instruction fetch, clear the SZ0 bit to 0. All instructions are considered to be word-size
accesses (even when there are instructions in on-chip memory and two instruction fetches are performed

simultaneously in one bus cycle).

Operand size is word for instructions or determined by the operand size specified for the CPU/DMAC data access. It
is not determined by the bus width of the space being accessed.

8.24 User Break Control Register (UBCR)
Bit: 15 14 13 12 11 10 9 8
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R
Bit: 7 6 5 4 3 2 1 0
— — — — — CKS1 CKSO0 UBID
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W

The user break control register (UBCR) is

a 16-bit readable/writable register that (1) enables or disables user break

interrupts and (2) sets the pulse width of the UBCTRG signal output in the event of a break condition match.

UBCR is initialized to H'0000 by a power-on reset, in module standby mode, and in software standby mode.

e Bits 15 to 3—Reserved: These bits are
[ )

in the event of a condition match.

always read as 0. The write value should always be 0.

Bits 2 and 1—Clock Select 1 and 0 (CKS1, CKSO0): These bits specify the pulse width of the UBCTRG signal output
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8. User Break Controller (UBC)

Bit 2: CKS1 Bit 1: CKS0 Description

0 0 UBCTRG pulse width is ¢/4 (Initial value)
1 UBCTRG pulse width is ¢/4

1 0 UBCTRG pulse width is ¢/8
1 UBCTRG pulse width is ¢/16

Note: ¢: Internal clock

e Bit 0—User Break Disable (UBID): Enables or disables user break interrupt request generation in the event of a user
break condition match.

Bit 0: UBID Description
0 User break interrupt request is enabled (Initial value)
1 User break interrupt request is disabled

8.3 Operation

8.3.1 Flow of the User Break Operation
The flow from setting of break conditions to user break interrupt exception processing is described below:

1. The user break addresses are set in the user break address register (UBAR), the desired masked bits in the addresses
are set in the user break address mask register (UBAMR) and the breaking bus cycle type is set in the user break bus
cycle register (UBBR). If even one of the three groups of the UBBR's CPU cycle/DMA cycle select bits (CP1, CPO0),
instruction fetch/data access select bits (ID1, IDO0), and read/write select bits (RW1, RWO) is set to 00 (no user break
generated), no user break interrupt will be generated even if all other conditions are in agreement. When using user
break interrupts, always be certain to establish bit conditions for all of these three groups.

2. The UBC uses the method shown in figure 8.2 to judge whether set conditions have been fulfilled. When the set
conditions are satisfied, the UBC sends a user break interrupt request signal to the interrupt controller (INTC). At the
same time, a condition match signal is output at the UBCTRG pin with the pulse width set in bits CKS1 and CKSO.

3. The interrupt controller checks the accepted user break interrupt request signal's priority level. The user break interrupt
has priority level 15, so it is accepted only if the interrupt mask level in bits I3-I0 in the status register (SR) is 14 or
lower. When the I3-10 bit level is 15, the user break interrupt cannot be accepted but it is held pending until user break
interrupt exception processing can be carried out. Consequently, user break interrupts within NMI exception service
routines cannot be accepted, since the 13—I0 bit level is 15. However, if the 1310 bit level is changed to 14 or lower at
the start of the NMI exception service routine, user break interrupts become acceptable thereafter. Section 7, Interrupt
Controller (INTC), describes the handling of priority levels in greater detail.

4. The INTC sends the user break interrupt request signal to the CPU, which begins user break interrupt exception
processing upon receipt. See section 7.4, Interrupt Operation, for details on interrupt exception processing.
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8. User Break Controller (UBC)

| UBARH/UBARL|

| UBAMRH/UBAMRL

Internal address
bits 31-0

CPU cycle

DMA cycle

Instruction fetch

Data access

Read cycle

Write cycle

Byte size

Word size

Longword size

32
N 32 )

32
32 /

32

B

v

bl

SZ71 | SZ0

piliop

UBID

User
break
interrupt

8.3.2

On-chip memory (on-chip ROM and/or RAM) is always accessed as 32 bits in one bus cycle. Therefore, two instructions
can be ret