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Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention 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 alter, 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 lossesincurred 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 devel opment 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 errorsin 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. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
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 bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect 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 physica 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 aresult 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 sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Keep safety first in your circuit designs!

. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

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

2. Treatment of Unused Input Pins

Note:

Fix all unused input pinsto high or low level.

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

3. Processing before Initialization

Note:

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

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

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

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

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

e CPU and System-Control Modules

e  On-Chip Peripheral Modules

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

i) Feature

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

v) Usage Note

o 0k wbdPE

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

7. List of Registers

8. Electrical Characteristics

9. Appendix

10. Main Revisions and Additionsin this Edition (only for revised versions)

Thelist of revisionsis asummary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locationsin this
manual.

11. Index
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Preface

The H8SX/1653 Group is a single-chip microcomputer made up of the high-speed internal 32-hit
H8SX CPU asits core, and the periphera functions required to configure a system. The H8SX
CPU is upward compatible with the H8/300, H8/300H, and H8S CPUs.

Target Users:  This manual was written for users who will be using the H8SX/1653 Group in the
design of application systems. Target users are expected to understand the
fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8SX/1653 Group to the target users.
Refer to the H8SX Family Software Manual for a detailed description of the
instruction set.

Notes on reading this manual:

e Inorder 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 Inorder to understand the details of the CPU's functions
Read the H8SX Family Software Manual.
e Inorder to understand the details of aregister when its name is known
Read the index that is the final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 23,
List of Registers.
Examples:  Register name: The following notation is used for cases when the same or a
similar function, e.g. 16-bit timer pulse unit or serial
communication interface, is implemented on more than one

channel:

XXX_N (XXX istheregister name and N is the channel

number)
Bit order: The MSB is on the left and the LSB ison theright.
Number notation:  Binary is B'xxxx, hexadecimal is H'xxxx, decimal is xxxx.
Signal notation: An overbar is added to alow-active signal: xxxx

Related Manuals:  Thelatest 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/
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H8SX/1653 Group manuals:

Document Title Document No.

H8SX/1653 Group Hardware Manual This manual

H8SX Family Software Manual REJ09B0102
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Section 1 Overview

Section 1l Overview

1.1 Features

32-bit high-speed H8SX CPU

Upward compatible with the H8/300 CPU, H8/300H CPU, and H8S CPU
Object programs for those CPUs are executable
Sixteen 16-bit general registers

87 basic instructions

Extensive peripheral functions

DMA controller (DMAC)

Datatransfer controller (DTC)

16-hit timer pulse unit (TPU)

Programmable pulse generator (PPG)

8-hit timer (TMR)

Watch dog timer (WDT)

Serial communication interface (SCI) can be used in asynchronous and clocked synchronous
mode

Universal Serial Bus Interface (USB)
12C Bus Interface2 (11C2)

10-bit A/D converter

8-bit D/A converter

Clock pulse generator

On-chip memory

Product Classification Product Model ROM RAM
Flash memory H8SX/1653 R5F61653 384 kbytes 40 kbytes
version H8SX/1654 R5F61654 512 kbytes 40 kbytes

General 1/O port

75 input/output ports

Nine input ports

Supports power-down modes
Small package
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Section 1 Overview

Package

Code

Body Size

Pin Pitch

TQFP-120

TFP-120 (TFP-120V*) 14.0 x 14.0 mm

0.40 mm

Note: * Pb-free version

12 Block Diagram

RAM

ROM

H8SX
CPU

Internal bus

DTC

Clock pulse
generator

N
Interrupt |
controller
BSC [|C

Peripheral bus

NS

(

External bus

WDT Port 1
TMR (unit 0)
x 2 channels Port 2
TMR (unit 1)
x 2 channels Port 5
TMR (unit 2)
x 2 channels
Port 6
TMR (unit 3)
x 2 channels
Port A
TPU x 6 channels
PPG Port B
SCI x 6 channels Port D
USB
Port E
1IC2 x 2 channels
Port F
A/D converter
Port H
D/A converter
Port |
Port M

[Legend]
CPU:  Central processing unit TPU:
DTC: Data transfer controller PPG:

BSC: Bus controller
DMAC: DMA controller
WDT: Watchdog timer
TMR:  8-bit timer

USB:

lica:

16-bit timer pulse unit

Programmable pulse generator
Serial communication interface

Universal Serial Bus Interface
12C Bus Interface2

Figurel.1 Block Diagram
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13 Pin Assignments

131 Pin Assignments
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CRRRORY RN = OO T OO @R ®D Y DN
P62/TMO2/SCK4/DACK2/IRQT0-B/TRST [ o ® ® ® @ @ ® @D 0 @™ NROOOOO OO0 %N pHeDs
PLLVce O 92 5901 PH5/D5
P63/TMRI3/DREQ3/RQT1-B/TMS O] 93 5801 PH4/D4
PLLVss [] 94 5701 Vss
P64/TMCI3/TEND3/TDI O} 95 56[0 PH3/D3
P65/TMO3/DACK3/TCK [ 96 551 PH2/D2
mpo O 97 5411 PH1/D1
P50/ANO/IRQO-B [ 98 531 PHO/DO
P51/AN1/IRQ1-B O] 99 521 NMI
P52/AN2/IRQ2-8 [}100 511 P27/PO7/TIOCAS/TIOCBS
Avee C]101 500 P26/PO6/TIOCAS/TMO1/TXD1
P53/AN3/RQ3-B C]102 49 P25/POS5/TIOCA4/TMCI1/RxD1
Avss C]103 48[ P24/PO4/TIOCA4/TIOCB4/TMRI1/SCK1
P54/AN4/RQ4-B T]104 471 P23/PO3/TIOCC3/TIOCD3/RQT1-A
vret CJ105 TEP-120 46|01 P22/PO2/TIOCC3/TMOO/TXDO/IRQT0-A
P55/AN5/IRQ5-B []106 450 P21/PO1/TIOCA3/TMCIO/RXDO/IRQS-A
P56/AN6/DAO/IRQ6-B []107 (top view) 44 Vce
P57/AN7/DA1/IRQ7-B C}108 431 P20/PO0/TIOCA3/TIOCB3/TMRIO/SCKO/TRQS-A
MD1 109 4201 Vss
PAO/BREQO/BS-A CJ110 410 MD_CLK
PA1/BACK/(RDWR-A) C]111 400 vBUS
PA2/BREQWAIT 112 3901 Drvss
PA3/LLWR/LLB CJ113 380 USD+
PA4/LHWR/LUB 37[3 USD-
____PA5/RD 115 363 DrvCC
PA6/AS/AH/BS-B O} 116 3500 PM4
vss OJ117 34f1 PM3
PA7/Bo C]118 330 EMLE
______Vec 119 321 PDO/AO
PBO/CS0/CS4/CS5-8 O]120 O A h 15O © 0O a®e o~ o3P PDVAI
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PB

Note: *  This is an on-chip emulator enable pin. Drive this pin low for the connection in normal operating mode.
When this pin is driven high, the on-chip emulation function is enabled and pins P62, P63, P64, P65, and
WDTOVF are dedicated for the on-chip emulator. For details on a connection example with the E10A,
refer to the E10A Emulator User's Manual.

Figurel.2 Pin Assignments
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132 Pin Configuration in Each Operating Mode

Table1.1 Pin Configuration in Each Operating Mode

Operating Mode

Pin No. Modes 2,6,7 Modes 4,5

1 PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-B PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-B
2 PB2/CS2-A/CS6-A PB2/CS2-A/CS6-A
3 PB3/CS3/CS7-A PB3/CS3/CS7-A
4 MD2 MD2

5 PMO0/TxD6 PMO0/TxD6

6 PM1/RxD6 PM1/RxD6

7 PM2 PM2

8 PF4/A20 PF4/A20

9 PF3/A19 PF3/A19

10 Vs Ve

11 PF2/A18 PF2/A18

12 PF1/A17 PF1/A17

13 PFO/A16 PFO/A16

14 PE7/A15 A15

15 PE6/A14 A4

16 PE5/A13 A13

17 Vs Ve

18 PE4/A12 A12

19 Vg Veo

20 PE3/A11 A11

21 PE2/A10 A10

22 PE1/A9 A9

23 PEO/A8 A8

24 PD7/A7 A7

25 PD6/A6 A6

26 Vs Vs

27 PD5/A5 A5

28 PD4/A4 A4

29 PD3/A3 A3
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Operating Mode

Pin No. Modes 2,6, 7 Modes 4, 5

30 PD2/A2 A2

31 PD1/A1 A1

32 PDO/AO A0

33 EMLE EMLE

34 PM3 PM3

35 PM4 PM4

36 DrvCC DrvVCC

37 USD+ USD+

38 USD- USD-

39 Drvss DrvSss

40 VBUS VBUS

41 MD_CLK MD_CLK

42 Vg Vg

43 P20/PO0/TIOCA3/TIOCB3/TMRIO/SCKO/IRQ8-A  P20/PO0/TIOCA3/TIOCB3/TMRIO/SCKO/IRQS-A
44 Ve Vg

45 P21/PO1/TIOCA3/TMCI0/RxDO/IRQ9-A P21/PO1/TIOCA3/TMCI0/RxD0O/IRQ9-A
46 P22/PO2/TIOCC3/TMOO0/TxDO/IRQ10-A P22/PO2/TIOCC3/TMOO0/TxDO/IRQ10-A
47 P23/PO3/TIOCC3/TIOCD3/IRQ11-A P23/PO3/TIOCC3/TIOCD3/IRQ11-A

48 P24/PO4/TIOCA4/TIOCB4/TMRI1/SCK1 P24/PO4/TIOCA4/TIOCB4/TMRI1/SCK1
49 P25/PO5/TIOCA4/TMCI1/RxD1 P25/PO5/TIOCA4/TMCI1/RxD1

50 P26/PO6/TIOCA5/TMO1/TxD1 P26/PO6/TIOCA5/TMO1/TxD1

51 P27/PO7/TIOCA5/TIOCB5 P27/PO7/TIOCA5/TIOCB5

52 NMI NMI

53 PH0/DO DO

54 PH1/D1 D1

55 PH2/D2 D2

56 PH3/D3 D3

57 Vg Vg

58 PH4/D4 D4

59 PH5/D5 D5

60 PH6/D6 D6

RENESAS
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Section 1 Overview

Operating Mode

Pin No. Modes 2,6, 7 Modes 4, 5

61 PH7/D7 D7

62 Vg Ve

63 Plo/D8 Plo/D8

64 PI1/D9 PI1/D9

65 PI2/D10 PI2/D10

66 PI3/D11 PI3/D11

67 Ve Vs

68 Pl4/D12 Pl4/D12

69 PI5/D13 PI5/D13

70 Pl6/D14 Pl6/D14

71 PI7/D15 PI7/D15

72 P10/TxD2/DREQO-A/IRQ0-A P10/TxD2/DREQO-A/IRQ0-A

73 P11/RxD2/TENDO-A/IRQ1-A P11/RxD2/TENDO-A/IRQT-A

74 P12/SCK2/DACKO-A/IRQ2-A P12/SCK2/DACKO-A/IRQ2-A

75 P13/ADTRGO/IRQ3-A P13/ADTRGO/IRQ3-A

76 Ve Ve

77 RES RES

78 Vg, v,

79 P14/TxD5/IrTXD/DREQ1-A/IRQ4-A/ P14/TxD5/IrTXD/DREQ1-A/IRQ4-A/
TCLKA-B/SDAT TCLKA-B/SDAT1

80 P15/RxD5/IrRXD/TEND1-A/IRQ5-A/ P15/ RxD5/IrRXD/TEND1-A/IRQ5-A/
TCLKB-B/SCL1 TCLKB-B/SCL1

81 WDTOVF/TDO WDTOVF/TDO

82 Ve Ve

83 XTAL XTAL

84 EXTAL EXTAL

85 Vg Ve

86 P16/DACK1-A/IRQ6-A/TCLKC-B/SDAO P16/DACK1-A/IRQ6-A/TCLKC-B/SDAO

87 P17/IRQ7-A/TCLKD-B/SCLO P17/IRQ7-A/TCLKD-B/SCLO

88 STBY STBY

89 P60/TMRI2/TxD4/DREQ2/IRQ8-B P60/TMRI2/TxD4/DREQ2/IRQ8-B

90 P61/TMCI2/RxD4/TEND2/IRQ9-B P61/TMCI2/RxD4/TEND2/IRQ9-B
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Section 1 Overview

Operating Mode

Pin No. Modes 2,6, 7 Modes 4, 5

91 P62/TMO2/SCK4/DACK2/IRQ10-B/TRST  P62/TMO2/SCK4/DACK2/IRQ10-B/TRST
92 PLLV,, PLLV,,

93 P63/TMRI3/DREQ3/IRQ11-B/TMS P63/TMRI3/DREQ3/IRQ11-B/TMS
94 PLLV, PLLV,

95 P64/TMCI3/TEND3/TDI P64/TMCI3/TEND3/TDI
96 P65/TMO3/DACK3/TCK P65/TMO3/DACK3/TCK
97 MDO MDO

98 P50/ANO/IRQO-B P50/ANO/IRQO-B

99 P51/AN1/IRQ1-B P51/AN1/IRQ1-B

100 P52/AN2/IRQ2-B P52/AN2/IRQ2-B

101 AV, AV,

102 P53/AN3/IRQ3-B P53/AN3/IRQ3-B

103 AV, AV,

104 P54/AN4/IRQ4-B P54/AN4/IRQ4-B

105 Vref Vref

106 P55/AN5/IRQ5-B P55/AN5/IRQ5-B

107 P56/AN6/DA0/IRQ6-B P56/AN6/DAO/IRQ6-B
108 P57/AN7/DA1/IRQ7-B P57/AN7/DA1/IRQ7-B
109 MD1 MD1

110 PAO/BREQO/BS-A PAO/BREQO/BS-A

111 PA1/BACK/(RD/WR-A) PA1/BACK/(RD/WR-A)
112 PA2/BREQ/WAIT PA2/BREQ/WAIT

113 PA3/LLWR/LLB PA3/LLWR/LLB

114 PA4/LHWR/LUB PA4/LHWR/LUB

115 PA5/RD PA5/RD

116 PA6/AS/AH/BS-B PA6/AS/AH/BS-B

117 Ve Ve

118 PA7/B¢ PA7/B¢

119 Vg Vg

120 PB0/CS0/CS4/CS5-B PB0/CS0/CS4/CS5-B

RENESAS
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Section 1 Overview

1.3.3 Pin Functions

Tablel.2 Pin Functions

Classification  Abbreviation

Pin No.
(TFP-120) I/10

Description

Power supply Ve

19, 44, 62, 85, Input

Power supply pins. Connect to the system

119 power supply.

Ve 78 Input  Connect to V via a 0.1-uF capacitor (place it
close to this pin).

Vg 10, 17, 26, 42, Input  Ground pins. Connect to the system power

57, 67, 76, 82, supply (0 V).
117

PLLV 92 Input  Power supply pin for the PLL circuits. Connect
to the system power supply.

PLLV 94 Input  Ground pin for the PLL circuits.

DrvCC 36 Input  Power supply pin for USB on-chip transceiver.
Connect to the system power supply.

DrVSS 39 Input  Ground pin for USB on-chip transceiver

Clock XTAL 83 Input  Pins for a crystal resonator. External clock can

EXTAL 84 Input be input to the EXTAL pin. For a connection
example, see section 21, Clock Pulse
Generator.

Bd 118 Output Outputs the system clock for external devices.

Operating mode MD2 4 Input  Pins for setting the operating mode. The signal
control MD1 109 levels of these pins must not be changed

MDO 97 during operation.

MD_CLK 41 Input  Pin for changing the multiplication ratio of the
clock pulse generator. The signal levels of this
pin must not be changed during operation.

System control  RE 77 Input  Reset signal input pin. This LSI enters the
reset state when this signal goes low.

STBY 88 Input  This LSI enters hardware standby mode when
this signal goes low.

EMLE 33 Input  Input pin for on-chip emulator enable signal. If
the on-chip emulator is used, the signal level
should be fixed high. If the on-chip emulator is
not used, the signal level should be fixed low.
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Classification

Abbreviation

Pin No.
(TFP-120) I/10

Description

On-chip TRST 91 Input On-chip emulator pins. When the EMLE pin
emulator ™S 93 Input is driven high, these pins are dedicated for
the on-chip emulator.
TDI 95 Input
TCK 96 Input
TDO 81 Output
Address bus A20 8 Output  Output pins for the addresses.
A19 9
A18 11
A17 12
A16 13
A15 14
A14 15
A13 16
A12 18
A1l 20
A10 21
A9 22
A8 23
A7 24
A6 25
A5 27
A4 28
A3 29
A2 30
A1l 31
A0 32
Data bus D15 71 Input/ Bidirectional data bus. These pins also
D14 70 output  output addresses when accessing the
D13 69 address/data multiplexed I/O interface
D12 68 space.
D11 66
D10 65
D9 64
D8 63
D7 61
D6 60
D5 59
D4 58
D3 56
D2 55
D1 54
DO 53
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Classification  Abbreviation

Pin No.
(TFP-120)

110

Description

Bus control BREQ

112

Input

External bus masters request the bus by
this signal.

BREQO

110

Output

The internal bus masters request the bus to
access the external space in the external
bus released state.

Bus control BACK

111

Output

Bus acknowledge signal which indicates
that the bus has been released.

BS-A/BS-B

110/116

Output

Indicates the start of a bus cycle.

116

Output

Strobe signal which indicates that the output
address on the address bus is valid when
accessing the basic bus interface or byte
control SRAM interface space.

116

Output

This signal is used to hold the address
when accessing the address/data
multiplexed /O interface space.

115

Output

Strobe signal to indicates that the basic bus
interface space is being read from.

RD/WR-A

111

Output

Indicates the direction (input/output) of the
data bus.

LHWR

114

Output

Strobe signal which indicates that the upper
byte (D15 to D8) is valid when accessing
the basic bus interface space.

LLWR

113

Output

Strobe signal which indicates that the lower
byte (D7 to DO) is valid when accessing the
basic bus interface space.

-
@

114

Output

Strobe signal which indicates that the upper
byte (D15 to D8) is valid when accessing
the byte control SRAM interface space.

-
-
vs)

113

Output

Strobe signal which indicates that the lower
byte (D7 to DO) is valid when accessing the
byte control SRAM interface space.
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Pin No.
Classification  Abbreviation (TFP-120) I/0 Description
Bus control CSo 120 Output  Select signals for areas 7 to 0.
cst 1
CS2-A/CS2-B 2/1
Ccs3 3
Cs4 120
CS5-A/CS5-B 1/120
CS6-A/CS6-B 2/1
CS7-A/CS7-B 3/1
WAIT 112 Input Requests wait cycles when accessing the
external space.

Interrupt NMI 52 Input Non-maskable interrupt request signal. When
this pin is not in use, this signal must be fixed
high.

IRQ11-A/IRQ11-B  47/93 Input Maskable interrupt request signal.
IRQ10-A/IRQ10 46/91
IRQ9-A/IRQ9-B 45/90
IRQ8-A/TRQ8-B 43/89
IRQ7-A/IRQ7-B 87/108
IRQ6-A/IRQ6-B 86/107
IRQ5-ATRQ5-B 80/106
IRQ4-A/IRQ4-B 79/104
IRQ3-A/TRQ3-B 75/102
IRQ2-AMRQ2-B 74/100
IRQ1-A/IRQ1-B 73/99
IRQO-A/IRQO-B 72/98

DMA controller DREQO-A 72 Input Requests DMAC activation.

(DMAC) DREQ1-A 79
DREQ2 89
DREQS3 93
DACKO-A 74 Output DMAC single address transfer acknowledge
DACK1-A 86 signal.
DACK2 91
DACKS3 96
TENDO-A 73 Output  Indicates DMAC data transfer end.
TEND1-A 80
TEND2 90
TEND3 95
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Pin No.
Classification  Abbreviation (TFP-120) I/10 Description
16-bit timer TCLKA-B 79 Input Input pins for the external clocks.
pulse unit TCLKB-B 80
(TPU) TCLKC-B 86
TCLKD-B 87
TIOCA3 43, 45 Input/ Signals for TGRA_3 to TGRD_3. These are
TIOCB3 43 output  used for the input capture inputs/output
TIOCC3 46, 47 compare outputs/PWM outputs.
TIOCD3 47
TIOCA4 48, 49 Input/ Signals for TGRA_4 and TGRB_4. These are
TIOCB4 48 output  used for the input capture inputs/output
compare outputs/PWM outputs.
TIOCA5 50, 51 Input/ Signals for TGRA_5 and TGRB_5. These are
TIOCB5 51 output  used for the input capture inputs/output
compare outputs/PWM outputs.
Programmable PO7 51 Output  Output pins for the pulse signals.
pulse generator PO6 50
(PPG) PO5 49
PO4 48
PO3 47
PO2 46
PO1 45
POO 43
8-bit timer TMOO0 46 Output  Output pins for the compare match signals.
(TMR) TMOA1 50
TMO2 91
TMO3 96
TMCIO 45 Input Input pins for the external clock signals used
TMCH 49 for the counters.
TMCI2 90
TMCI3 95
TMRIO 43 Input Input pins for the counter reset signals.
TMRI 48
TMRI2 89
TMRI3 93
Watchdog timer  WDTOVF 81 Output  Output pin for the counter overflow signal in
(WDT) watchdog timer mode.
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Classification

Abbreviation

Pin No.
(TFP-120) Ie]

Description

Serial TxDO 46 Output  Output pins for transmit data.
communication  TxD1 50
interface (SCI)  TxD2 72

TxD4 89

TxD5 79

TxD6 5

RxDO 45 Input Input pins for receive data.

RxD1 49

RxD2 73

RxD4 90

RxD5 80

RxD6 6

SCKO 43 Input/ Input/output pins for clock signals.

SCKA1 48 output

SCK2 74

SCK4 91
SCI with IrDA IrTxD 79 Output  Output pin that outputs decoded data for
(sch IrDA

IrRxD 80 Input Input pin that inputs decoded data for IrDA
I’C bus interface SCLO, SCL1 87, 80 Input/ Input/output pin for IIC clock. Bus can be
2 (llc2) output  directly driven by the NMOS open drain

output.
SDAO, SDA1 86, 79 Input/ Input/output pin for IIC data. Bus can be
output  directly driven by the NMOS open drain
output.

Universal Serial USD+ 37 Input/ Input/output pin for USB data
Bus Interface output
(USB)

USD- 38

VBUS 40 Input Pin for monitoring USB cable connection
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Classification  Abbreviation

Pin No.
(TFP-120) Ie]

Description

A/D converter  AN7 108 Input Input pins for the analog signals for the A/D
ANG6 107 converter.
ANS5S 106
AN4 104
AN3 102
AN2 100
AN1 99
ANO 98
ADTRGO 75 Input Input pin for the external trigger signal to
start A/D conversion.
D/A converter DA1 108 Output  Output pins for the analog signals for the D/A
DAO 107 converter.
A/D converter, AV, 101 Input Analog power supply pin for the A/D and D/A
D/A converter converters. When the A/D and D/A
converters are not in use, connect to the
system power supply.
AV 103 Input Ground pin for the A/D and D/A converters.
Connect to the system power supply (0 V).
Vref 105 Input Reference power supply pin for the A/D and
D/A converters. When the A/D and D/A
converters are not in use, connect to the
system power supply.
1/0 port P17 87 Input/ 8-bit input/output pins.
P16 86 output
P15 80
P14 79
P13 75
P12 74
P11 73
P10 72
P27 51 Input/ 8-bit input/output pins.
P26 50 output
P25 49
P24 48
P23 47
P22 46
P21 45
P20 43
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Classification

Abbreviation

Pin No.
(TFP-120) Ie]

Description

1/0 port P57 108 Input 8-bit input/output pins.
P56 107
P55 106
P54 104
P53 102
P52 100
P51 99
P50 98
P65 96 Input/  6-bit input/output pins.
P64 95 output
P63 93
P62 91
P61 90
P60 89
PA7 118 Input Input-only pin
PA6 116 Input/ 7-bit input/output pins.
PA5 115 output
PA4 114
PA3 113
PA2 112
PA1 111
PAO 110
PB3 3 Input/ 4-bit input/output pins.
PB2 2 output
PB1 1
PBO 120
PD7 24 Input/ 8-bit input/output pins.
PD6 25 output
PD5 27
PD4 28
PD3 29
PD2 30
PD1 31
PDO 32
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Pin No.
Classification  Abbreviation (TFP-120) I/0 Description
1/0 port PE7 14 Input/ 8-bit input/output pins.
PE6 15 output
PE5 16
PE4 18
PE3 20
PE2 21
PE1 22
PEO 23
PF4 8 Input/ 5-bit input/output pins.
PF3 9 output
PF2 11
PF1 12
PFO 13
PH7 61 Input/ 8-bit input/output pins.
PH6 60 output
PH5 59
PH4 58
PH3 56
PH2 55
PH1 54
PHO 53
PI7 71 Input/ 8-bit input/output pins.
PI6 70 output
P15 69
P14 68
PI3 66
P12 65
P 64
PlO 63
PM4 35 Input/ 5-bit input/output pins.
PM3 34 output
PM2 7
PM1 6
PMO 5
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Section2 CPU

The H8SX CPU is a high-speed CPU with an internal 32-bit architecture that is upward-
compatible with the H8/300, H8/300H, and H8S CPUs.

The H8SX CPU has sixteen 16-bit general registers, can handle a 4-Gbyte linear address space,
and isideal for arealtime control system.

2.1 Features

e Upward-compatible with H8/300, H8/300H, and H8S CPUs
— Can execute H8/300, H8/300H, and H8S/2000 object programs
e Sixteen 16-bit genera registers
— Also usable as sixteen 8-bit registers or eight 32-bit registers
e 87 basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Bit field transfer instructions
— Powerful bit-manipulation instructions
— Bit condition branch instructions
— Multiply-and-accumulate instruction
e Eleven addressing modes
— Register direct [Rn]
— Register indirect [ @ERN]
— Register indirect with displacement [@(d:2,ERn), @(d:16,ERn), or @(d:32,ERN)]
— Index register indirect with displacement [ @(d:16,RnL.B), @(d:32,RnL.B),
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERn.L), or @(d:32,ERn.L)]
— Register indirect with pre-/post-increment or pre-/post-decrement [ @+ERn, @—ERn,
@ERN+, or @ERN-]
— Absolute address [@aa:8, @aa: 16, @aa:24, or @aa:32)
— Immediate [#xx:3, #xx:4, #xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]
— Program-counter relative with index register [@(RnL.B,PC), @(Rn.W,PC), or
@(ERnN.L,PC)]

— Memory indirect [ @@aa:8]
— Extended memory indirect [@@vec:7]
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e Two baseregisters
— Vector base register
— Short address base register
o 4-Gbyte address space
— Program: 4 Gbytes
— Data: 4 Ghytes
e High-speed operation
— All frequently-used instructions executed in one or two states
— 8/16/32-bit register-register add/subtract: 1 state

— 8 x 8-bit register-register multiply: 1 state

— 16 + 8-hit register-register divide: 10 states

— 16 x 16-bit register-register multiply: 1 state

— 32 + 16-bit register-register divide: 18 states

— 32 x 32-bit register-register multiply: 5 states

— 32 + 32-bit register-register divide: 18 states
e Four CPU operating modes

— Norma mode

— Middle mode

— Advanced mode
— Maximum mode
o Power-down modes
— Transition is made by execution of SLEEP instruction
— Choice of CPU operating clocks

Notes: 1. Advanced modeis only supported as the CPU operating mode of the H8SX/1653
Group. Normal, middle, and maximum modes are not supported.

2. Themultiplier and divider are supported by the H8SX/1653 Group.
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2.2 CPU Operating M odes

The H8SX CPU has four operating modes: normal, middle, advanced and maximum modes. For
details on mode settings, see section 3.1, Operating Mode Selection.

Maximum 64 kbytes for program
and data areas combined

Normal mode

Maximum 16-Mbyte program
area and 64-kbyte data area,
maximum 16 Mbytes for program
and data areas combined

Middle mode

CPU operating modes

Maximum 16-Mbyte program
Advanced mode area and 4-Gbyte data area,
maximum 4 Gbytes for program
and data areas combined

Maximum 4 Gbytes for program
and data areas combined

Maximum mode

Figure2.1 CPU Operating Modes

221 Normal Mode
The exception vector table and stack have the same structure as in the H8/300 CPU.
Note: Norma mode is not supported in thisLSl.

e Address Space
The maximum address space of 64 kbytes can be accessed.

o Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-hit registers. When the extended register En is used as a 16-hit register it can
contain any value, even when the corresponding general register Rn is used as an address
register. (If the general register Rn isreferenced in the register indirect addressing mode with
pre-/post-increment or pre-/post-decrement and a carry or borrow occurs, however, the valuein
the corresponding extended register En will be affected.)

e Instruction Set
All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.
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o Exception Vector Table and Memory Indirect Branch Addresses
In norma mode, the top area starting at H'0000 is allocated to the exception vector table. One
branch addressis stored per 16 bits. The structure of the exception vector tableis shownin
figure2.2.

H0000 1 Reset exception vector --

H'0001 P

H'0002 ] Exception
Hooos [~ Reset exception vector -- vector table

~__

Figure2.2 Exception Vector Table (Normal Mode)

The memory indirect (@@aa:8) and extended memory indirect (@@vec:7) addressing modes

are used in the IMP and JSR instructions. An 8-bit absolute address included in the instruction

code specifies amemory location. Execution branches to the contents of the memory location.
e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception

handling are shown in figure 2.3. The PC contents are saved or restored in 16-bit units.

\/\\/\

SP—>| PC . SP > EXR*1
(16 bits) *2 Reserved* 1. *3
(SP —) CCR
\_/\ CCR'3
. PC -
(16 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure2.3 Stack Structure (Normal Mode)
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2.2.2 Middle Mode

The program areain middle mode is extended to 16 Mbytes as compared with that in normal
mode.

e Address Space

The maximum address space of 16 Mbytes can be accessed as atotal of the program and data
areas. For individual areas, up to 16 Mbytes of the program area or up to 64 kbytes of the data
area can be allocated.

o Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-hit registers. When the extended register En is used as a 16-hit register (in
other than the IMP and JSR instructions), it can contain any value even when the
corresponding general register Rn isused as an address register. (If the general register Rnis
referenced in the register indirect addressing mode with pre-/post-increment or pre-/post-
decrement and a carry or borrow occurs, however, the value in the corresponding extended
register En will be affected.)

e Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid and the upper eight bits are sign-extended.

e Exception Vector Table and Memory Indirect Branch Addresses
In middle mode, the top area starting at H'000000 is allocated to the exception vector table.
One branch address is stored per 32 bits. The upper eight bits are ignored and the lower 24 hits
are stored. The structure of the exception vector table is shown in figure 2.4.
The memory indirect (@@aa:8) and extended memory indirect (@@vec:7) addressing modes
are used in the IMP and JSR instructions. An 8-bit absolute addressincluded in the instruction
code specifies a memory location. Execution branches to the contents of the memory location.
In middle mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch address.
The upper eight bits are reserved and assumed to be H'00.

e Stack Structure
The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling are shown in figure 2.5. The PC contents are saved or restored in 24-bit units.
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2.2.3 Advanced Mode

The data areais extended to 4 Gbytes as compared with that in middle mode.

Address Space

The maximum address space of 4 Gbytes can be linearly accessed. For individual areas, up to
16 Mbytes of the program area and up to 4 Ghytes of the data area can be alocated.

Extended Registers (En)

The extended registers (EO to E7) can be used as 16-hit registers, or as the upper 16-hit
segments of 32-hit registers or address registers.

Instruction Set

All instructions and addressing modes can be used.

Exception Vector Table and Memory Indirect Branch Addresses

In advanced mode, the top area starting at H'00000000 is all ocated to the exception vector

table. One branch addressis stored per 32 hits. The upper eight bits are ignored and the lower
24 bits are stored. The structure of the exception vector table is shown in figure 2.4.

H'00000000 Reserved

H'00000001 [~~~ TTTTTTTTTII T
H'00000002 | Reset exception vector
H'00000003 |
H'00000004 hemmmmmea—aa- ﬁe_s_e_r\fe_q ............. >~ Exception vector table
H'00000005

H00000006 |
H'00000007

Figure2.4 Exception Vector Table (Middle and Advanced M odes)

The memory indirect (@@aa:8) and extended memory indirect (@@vec:7) addressing modes
are used in the IMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies a memory location. Execution branches to the contents of the memory location.

In advanced mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch
address. The upper eight bits are reserved and assumed to be H'00.
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e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling are shown in figure 2.5. The PC contents are saved or restored in 24-bit units.

\/\\/\

SP - EXR*!
SP Reserved *2 Reserved*1; *3
(SP —) CCR
PC ---
(24 bits) - L - PC -
(24 bits) .
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure2.5 Stack Structure (Middle and Advanced M odes)

224 Maximum Mode
The program areais extended to 4 Gbytes as compared with that in advanced mode.

e Address Space
The maximum address space of 4 Gbytes can be linearly accessed.
o Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers or as the upper 16-bit
segments of 32-bit registers or address registers.
e |nstruction Set
All instructions and addressing modes can be used.
e Exception Vector Table and Memory Indirect Branch Addresses

In maximum mode, the top area starting at H'00000000 is allocated to the exception vector
table. One branch addressis stored per 32 bits. The structure of the exception vector tableis
shown in figure 2.6.
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H'00000000

H'00000001 |

H'00000002 |

Reset exception vector

H'00000003 |
H'00000004

H'00000005

H00000006 |
H'00000007

R~ } Exception vector table

Figure2.6 Exception Vector Table (Maximum M odes)

The memory indirect (@@aa:8) and extended memory indirect (@@vec:7) addressing modes
are used in the IMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies amemory location. Execution branches to the contents of the memory location.

In maximum mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch

address.
Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling are shown in figure 2.7. The PC contents are saved or restored in 32-bit units. The

EXR contents are saved or restored regardless of whether or not EXR isin use.

\/\

SP—~|

PC
(32 bits)

\_/\

(a) Subroutine Branch

SP—

\/\

EXR

CCR

PC
(32 bits)

\_/\

(b) Exception Handling

Figure2.7 Stack Structure (Maximum Mode)
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2.3 Instruction Fetch

The H8SX CPU has two modes for instruction fetch: 16-bit and 32-bit modes. It is recommended
that the mode be set according to the bus width of the memory in which aprogram is stored. The
instruction-fetch mode setting does not affect operation other than instruction fetch such as data
accesses. Whether an instruction is fetched in 16- or 32-bit mode is selected by the FETCHMD bit
in SY SCR. For details, see section 3.2.2, System Control Register (SY SCR).

2.4 Address Space

Figure 2.8 shows a memory map of the H8SX CPU. The address space differs depending on the
CPU operating mode.

Normal mode Middle mode Advanced mode Maximum mode
H'0000 H'000000 H'00000000 H'00000000
H'007FFF
Program area
Data area
§ (64 kbytes) | Program area
HFFFF (16 Mbytes)
| Program area
|| Data area (16 Mbytes)
(64 kbytes)
HFF8000 Program area
Data area
H'FFFFFF H'00FFFFFF J (4 Gbytes)
|__ Data area
(4 Gbytes)
HFFFFFFFF] i HFFFFFFFF]

Figure2.8 Memory Map
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25 Registers

The H8SX CPU has the internal registers shown in figure 2.9. There are two types of registers:
general registers and control registers. The control registers are the 32-hit program counter (PC),
8-bit extended control register (EXR), 8-bit condition-code register (CCR), 32-bit vector base
register (VBR), 32-bit short address base register (SBR), and 64-bit multiply-accumulate register

(MAC).

General Registers and Extended Registers

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L
Control Registers
31 0
PC [
76543210
cer [1Jufr]ulnfz[v][c
76543210
exr [1]-]-[-[-iefui[u]
31 12 0
VBR | : (Reserved) |
31 8 0
SBR | H (Reserved) |
63 41 32
VIAG Sign extension : MACH
MACL
[Legend] 8 0
SP:  Stack pointer ] User bit T: Trace bit
PC: Program counter N: Negative flag 12 to 10: Interrupt mask bits
CCR: Condition-code register Z: Zero flag VBR: Vector base register
I: Interrupt mask bit V: Overflow flag SBR:  Short address base register
Ul:  User bit or interrupt mask bit C Carry flag MAC: Multiply-accumulate register

H: Half-carry flag

EXR: Extended control register

Figure2.9 CPU Registers
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251 General Registers

The H8SX CPU has eight 32-hit general registers. These general registers are al functionally alike
and can be used as both address registers and data registers. When ageneral register isused asa
dataregister, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.10 illustrates the
usage of the general registers.

When the general registers are used as 32-hit registers or address registers, they are designated by
the letters ER (ERO to ER7).

When the general registers are used as 16-bit registers, the ER registers are divided into 16-bit
general registers designated by the letters E (EO to E7) and R (RO to R7). Theseregisters are
functionally equivalent, providing a maximum sixteen 16-bit registers. The E registers (EO to E7)
are also referred to as extended registers.

When the general registers are used as 8-hit registers, the R registers are divided into 8-bit general
registers designated by the letters RH (ROH to R7H) and RL (ROL to R7L). Theseregisters are
functionally equivalent, providing a maximum sixteen 8-bit registers.

The generd registers ER (ERO to ER7), R (RO to R7), and RL (ROL to R7L) are also used as index
registers. The size in the operand field determines which register is selected.

The usage of each register can be selected independently.

« Address registers * 16-bit registers

« 32-bit registers General registers E

 32-bit index registers (EO0 to E7)

General registers ER « 8-bit registers

ERO to ER7
( ) * 16-bit registers General registers RH
* 16-bit index registers (ROH to R7H)

General registers R
(RO to R7) « 8-bit registers

« 8-bit index registers

General registers RL
(ROL to R7L)

Figure2.10 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine branches. Figure 2.11 shows
the stack.

/\/n

Free area

SP (ER7) —» A

Stack area

/\/

Figure2.11 Stack

252 Program Counter (PC)

PC isa 32-bit counter that indicates the address of the next instruction the CPU will execute. The
length of al CPU instructionsis 16 bits (one word) or a multiple of 16 bits, so the least significant
bit isignored. (When the instruction code is fetched, the least significant bit is regarded as O.
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253 Condition-Code Register (CCR)

CCR isan 8-hit register that contains internal CPU status information, including an interrupt mask
(1) and user (Ul, U) bits and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C)

flags.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branch conditions for conditional branch (Bcc)

instructions.

Initial
Bit Bit Name  Value R/W

Description

7 | 1 R/W

Interrupt Mask Bit

Masks interrupts when set to 1. This bit is set to 1 at the
start of an exception handling.

6 ul Undefined R/W

User Bit

Can be written to and read from by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

5 H Undefined R/W

Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B,
or NEG.B instruction is executed, this flag is set to 1 if
there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or
NEG.W instruction is executed, this flag is set to 1 if
there is a carry or borrow at bit 11, and cleared to 0
otherwise. When the ADD.L, SUB.L, CMP.L, or NEG.L
instruction is executed, this flag is set to 1 if there is a
carry or borrow at bit 27, and cleared to 0 otherwise.

4 U Undefined R/W

User Bit

Can be written to and read from by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

3 N Undefined R/W

Negative Flag

Stores the value of the most significant bit (regarded as
sign bit) of data.
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Initial
Bit Bit Name  Value R/W  Description
2 z Undefined R/W  Zero Flag
Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.
1 \' Undefined R/W  Overflow Flag
Set to 1 when an arithmetic overflow occurs, and
cleared to 0 otherwise.
0 C Undefined R/W  Carry Flag
Set to 1 when a carry occurs, and cleared to 0
otherwise. A carry has the following types:
e Carry from the result of addition
* Borrow from the result of subtraction
e Carry from the result of shift or rotation
The carry flag is also used as a bit accumulator by bit
manipulation instructions.
254 Extended Control Register (EXR)

EXR isan 8-bit register that contains the trace bit (T) and three interrupt mask bits (12 to 10).

Operations can be performed on the EXR hits by the LDC, STC, ANDC, ORC, and XORC
instructions.

For details, see section 4, Exception Handling.

Initial
Bit Bit Name  Value R/W  Description
7 T 0 R/W  Trace Bit
When this bit is set to 1, a trace exception is generated
each time an instruction is executed. When this bit is
cleared to 0, instructions are executed in sequence.
6to3 — All 1 R/W  Reserved
These bits are always read as 1.
2 12 1 R/W  Interrupt Mask Bits
I 1 R/W  These bits designate the interrupt mask level (0 to 7).
0 10 1 R/W
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255 Vector Base Register (VBR)

VBR isa32-hit register in which the upper 20 bits are valid. The lower 12 bits of thisregister are
read as 0s. Thisregister is a base address of the vector areafor exception handlings other than a
reset and a CPU address error (extended memory indirect is also out of the target). Theinitia
value is H'00000000. The VBR contents are changed with the LDC and STC instructions.

256 Short Address Base Register (SBR)

SBR is a32-hit register in which the upper 24 bits are valid. The lower eight bitsareread as 0s. In
8-hit absolute address addressing mode (@aa:8), this register is used as the upper address. The
initial value is H'FFFFFF00. The SBR contents are changed with the LDC and STC instructions.

257 Multiply-Accumulate Register (MAC)

MAC is a64-hit register that stores the results of multiply-and-accumulate operations. It consists
of two 32-hit registers denoted MACH and MACL. The lower 10 bits of MACH are valid; the
upper bits are sign extended. The MAC contents are changed with the MAC, CLRMAC, LDMAC,
and STMAC instructions.

258 Initial Values of CPU Registers

Reset exception handling |oads the start address from the vector table into the PC, clearsthe T bit
in EXR to 0, and setsthe | bitsin CCR and EXR to 1. The general registers, MAC, and the other
bitsin CCR are not initialized. In particular, theinitial value of the stack pointer (ER7) is
undefined. The SP should therefore be initialized using an MOV .L instruction executed
immediately after areset.
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2.6 Data Formats

The H8SX CPU can process 1-hit, 4-bit BCD, 8-hit (byte), 16-bit (word), and 32-bit (longword)
data.

Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2, ..., 7) of byte

operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit
BCD data.

26.1 General Register Data Formats

Figure 2.12 shows the data formats in general registers.

7 0

1-bit data RnH 7[6]5]4]3]2]1[o] ~ Dontcare
T 7 0
1-bit data RnL : Don't care Em
4-bit BCD data RnH 7 43 0
ot care
4-bit BCD data RnL
________________ 7 43 0
Byte data RnH i...Dontcare [ Upper | Lower |
7 O o,
MSB se T
Word data Rn 7 0
Word data En MSB LSB
15 0
Longword data ERn R EEEEEREREEEE
MSB LSB
15 0
MSB LSB
31 1615 0
MSB En Rn LSB
[Legend]
ERn: General register ER RnL: General register RL
En:  General register E MSB: Most significant bit
Rn:  General register R LSB: Least significant bit

RnH: General register RH

Figure2.12 General Register Data Formats
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2.6.2 Memory Data For mats
Figure 2.13 shows the data formats in memory.

The H8SX CPU can access word data and longword data which are stored at any addressesin
memory. When word data begins at an odd address or longword data begins at an address other
than amultiple of 4, abus cycle is divided into two or more accesses. For example, when
longword data begins at an odd address, the bus cycle is divided into byte, word, and byte
accesses. In this case, these accesses are assumed to be individual bus cycles.

However, instructions to be fetched, word and longword data to be accessed during execution of
the stack manipulation, branch table manipulation, block transfer instructions, and MAC
instruction should be located to even addresses.

When SP (ER7) is used as an address register to access the stack, the operand size should be word
size or longword size.

Data Type Data Format
Address /\_/
7 0
1-bit data AddressL | 7 | 6 51 4 3 2 1 0
Byte data AddressL [MSB: ¢ i i 1 i iSB
Word data Address 2M MSBE : : E : : :
Address 2M + 1 E E E E E E ELSB
Longword data Address 2N MSBE : : E : : :
Address 2N + 1 R
Address 2N + 2 H H H H H H .
Address2N+3| + 1 1+ 1 1 igp

Figure2.13 Memory Data For mats
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27 Instruction Set

The H8SX CPU has 87 types of instructions. The instructions are classified by function as shown
in table 2.1. The arithmetic operation, logic operation, shift, and bit manipulation instructions are
called operation instruction in this manual.

Table2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV B/W/L 6

MOVFPE*®, MOVTPE*® B

POP, PUSH*' WI/L

LDM, STM L

MOVA B/W*?
Block transfer EEPMOV B 3

MOVMD B/WI/L

MOVSD B
Arithmetic ADD, ADDX, SUB, SUBX, CMP, NEG, INC, DEC B/W/L 27
operations

DAA, DAS

ADDS, SUBS L

MULXU, DIVXU, MULXS, DIVXS B/W

MULU, DIVU, MULS, DIVS W/L

MULU/U, MULS/U L

EXTU, EXTS WI/L

TAS B

MAC —

LDMAC, STMAC —

CLRMAC —
Logic operations ~ AND, OR, XOR, NOT B/W/L 4
Shift SHLL, SHLR, SHAL, SHAR, ROTL, ROTR, ROTXL, ROTXR B/W/L 8
Bit manipulation =~ BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, B 20

BXOR, BIXOR, BLD, BILD, BST, BIST
BSET/EQ, BSET/NE, BCLR/EQ, BCLR/NE, BSTZ, BISTZ B
BFLD, BFST B
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Function Instructions Size Types
Branch BRA/BS, BRA/BC, BSR/BS, BSR/BC B*° 9
Bcc*®, JMP, BSR, JSR, RTS —
RTS/L L*®
BRA/S —
System control TRAPA, RTE, SLEEP, NOP — 10
RTE/L L*®
LDC, STC, ANDC, ORC, XORC B/W/L
Total 87
[Legend]
B: Byte size
W: Word size
L: Longword size

Notes:

1.

oo~ 0N

POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP.

POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L ERn,
@-SP.

Size of data to be added with a displacement

Size of data to specify a branch condition

Bcc is the generic designation of a conditional branch instruction.

Size of general register to be restored

Not available in this LSI.
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271

Instructions and Addressing M odes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8SX CPU can

use.
Table2.2 Combinationsof Instructions and Addressing M odes (1)
Addressing Mode
@d, @-ERn/
RnL.B/ @ERnN+/
Classifi- Rn.W/  @ERn-/ @aa: 16/
cation Instruction  Size #XX Rn @ERn @(d,ERn) ERn.L) @+ERn @aa:8 @aa:32 —
Data MOV BWL S SD SD SD SD SD SD
transfer
B S/D S/D
MOVFPE, B S/D S/D*’
MOVTPE**
POP, PUSH WIL S/D S/D*?
LDM,STM L S/D S/D*?
MOVA** B/W S S S S S S
Block EEPMOV B SD*°
transfer  pMovMmD B/WIL SD*°
MOVSD B SD**
Arithmetic ADD, CMP B S D D D D ] D D
operations B ) D D D D D D
B D S S S S S S
B SD SD sD SD SD
WL S SD SD SD SD SD SD
SuB S D D D D D D
B S D D D D D D
B D S S S S S S
B SD SD SD SD SD
WIL S SD SD SD SD SD SD
ADDX, SUBX BW/L S SD
BWL S SD
BWL S SD*°
INC, DEC B/W/L D
ADDS, SUBS L D
DAA,DAS B D
MULXU, B/W S:4 SD
DIVXU
MULU, DIVU W/L S:4 SD
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Addressing Mode

@(d, @-ERn/
RnL.B/ @ERnN+/
Classifi- Rn.W/ @ERn-/ @aa:16/
cation Instruction Size #XX Rn @ERn @(d,ERn) ERn.L) @+ERn @aa:8 @aa:32 —
Arithmetic MULXS, B/W S:4 SD
operations DIVXS
MULS, DIVS ~ WI/L S:4 SD
NEG B D D D D D D D
W/L D D D D D D
EXTU, EXTS WI/L D D D D D D
TAS B D
MAC —
CLRMAC — (0]
LDMAC — S
STMAC — D
Logic AND, OR, XOR B S D D D D D D
operations B D S ) S S s s
B SD SD SD SD SD
W/L S Sb SD SD SD SD SD
NOT B D D D D D D D
W/L D D D D D D
Shift SHLL, SHLR B D D D D D D D
B/W/L*° D D D D D D
B/W/L*’ D
SHAL, SHAR B D D D D D D D
ROTL, ROTR  wy_ D D D D D D
ROTXL,
ROTXR
Bit BSET,BCLR, B D D D D
manipu- BNOT, BTST,
lation BSET/cc,
BCLR/cc
BAND, BIAND, B D D D D
BOR, BIOR,
BXOR, BIXOR,
BLD, BILD,
BST, BIST,
BSTZ, BISTZ
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Addressing Mode

@(d, @-ERn/
RnL.B/ @ERnN+/

Classifi- Rn.W/  @ERn-/ @aa: 16/
cation Instruction Size #xx Rn @ERn @(d,ERn) ERn.L) @+ERn @aa:8 @aa:32
Bit BFLD B D S S S
manipu- - BrST B S D D D
lation
Branch  BRA/BS, BRA/BC*® B S S S

BSR/BS, BSR/BC** B S S S
System LDC BW* S S 8 S s+ s
control  (CCR, EXR)

LDC L S

(VBR, SBR)

STC B/W* D D D D*" D

(CCR, EXR)

STC L D

(VBR, SBR)

ANDC, ORC, B S

XORC

SLEEP —

NOP —
[Legend]
d: d:16 or d:32
S: Can be specified as a source operand.

D:

SD:
S/D:
S:4:
Notes:

Can be specified as a destination operand.

Can be specified as either a source or destination operand or both.
Can be specified as either a source or destination operand.

4-bit immediate data can be specified as a source operand.

1. Only @aa:16 is available.

2. @ERnN+ as a source operand and @—-ERn as a destination operand

3. Specified by ERS5 as a source address and ERG6 as a destination address for data
transfer.

4. Size of data to be added with a displacement

5. Only @ERn- is available

6. When the number of bits to be shifted is 1, 2, 4, 8, or 16
7

. When the number of bits to be shifted is specified by 5-bit immediate data or a general

register
8. Size of data to specify a branch condition
9. Byte when immediate or register direct, otherwise, word
10.Only @ERn+ is available
11.0nly @-ERn is available
12. Not available in this LSI.
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Table2.2 Combinationsof Instructions and Addressing M odes (2)

Addressing Mode

@(RnL.
B/Rn.W/
Classifi- ERn.L, @ @@vec:
cation Instruction Size @ERNn @(d,PC) PC) @aa:24 aa:32 @@aa8 7 —
Branch BRA/BS, — (0]
BRA/BC
BSR/BS, — (0]
BSR/BC
Bcc — (0]
BRA — (0] (0]
BRA/S —_ o*
JMP — (0] (0] O (0] (0]
BSR — (0]
JSR — (0] (6] (6] (0] (0]
RTS, RTS/L — (@]
System TRAPA — (0]
control“mre RTEL — 5
[Legend]
d: d:8 ord:16

Note: * Only @(d:8, PC) is available.
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272 Table of Instructions Classified by Function

Tables 2.4 to 2.11 summarize the instructions in each functional category. The notation used in
these tablesis defined in table 2.3.

Table2.3 Operation Notation

Operation Notation Description

Rd General register (destination)*
Rs General register (source)*

Rn General register*

ERn General register (32-bit register)
(EAd) Destination operand

(EASs) Source operand

EXR Extended control register
CCR Condition-code register

VBR Vector base register

SBR Short address base register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\Y V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- Move

~ Logical not (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table2.4 DataTransfer Instructions

Instruction  Size Function

MOV B/W/L  #IMM — (EAd), (EAs) — (EAd)
Transfers data between immediate data, general registers, and memory.

MOVFPE* B (EAs) »> Rd

MOVTPE* B Rs — (EAs)

POP WiL @SP+— Rn
Restores the data from the stack to a general register.

PUSH Wi/L Rn » @-SP
Saves general register contents on the stack.

LDM L @SP+ — Rn (register list)
Restores the data from the stack to multiple general registers. Two, three,
or four general registers which have serial register numbers can be
specified.

ST™M L Rn (register list) > @-SP
Saves the contents of multiple general registers on the stack. Two, three,
or four general registers which have serial register numbers can be
specified.

MOVA B/W EA — Rd

Zero-extends and shifts the contents of a specified general register or
memory data and adds them with a displacement. The result is stored in a
general register.

Note: Not available in this LSI.
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Table2.5 Block Transfer Instructions

Instruction Size

Function

EEPMOV.B B Transfers a data block.

EEPMOV.W Transfers byte data which begins at a memory location specified by ER5
to a memory location specified by ER6. The number of byte data to be
transferred is specified by R4 or R4L.

MOVMD.B B Transfers a data block.

Transfers byte data which begins at a memory location specified by ER5
to a memory location specified by ER6. The number of byte data to be
transferred is specified by R4.

MOVMD.W W

Transfers a data block.

Transfers word data which begins at a memory location specified by ER5
to a memory location specified by ER6. The number of word data to be
transferred is specified by R4.

MOVMD.L L Transfers a data block.
Transfers longword data which begins at a memory location specified by
ER5 to a memory location specified by ER6. The number of longword
data to be transferred is specified by R4.

MOVSD.B B Transfers a data block with zero data detection.

Transfers byte data which begins at a memory location specified by ER5
to a memory location specified by ER6. The number of byte data to be
transferred is specified by R4. When zero data is detected during transfer,
the transfer stops and execution branches to a specified address.
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Table2.6  Arithmetic Operation Instructions

Instruction  Size Function

ADD B/W/L (EAd) = #IMM — (EAd), (EAd)t (EAs) — (EAd)

SUB Performs addition or subtraction on data between immediate data,
general registers, and memory. Immediate byte data cannot be
subtracted from byte data in a general register.

ADDX B/W/L (EAd) + #IMM + C — (EAd), (EAd) + (EAs) + C — (EAd)

SUBX Performs addition or subtraction with carry on data between immediate
data, general registers, and memory. The addressing mode which

specifies a memory location can be specified as register indirect with
post-decrement or register indirect.

INC B/W/L Rd+1—->Rd, Rd+2—>Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

ADDS L Rd+1—>Rd, Rd+2 —»>Rd, Rd+4 — Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a general register.

DAA B Rd (decimal adjust) - Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to the CCR to produce 2-digit 4-bit BCD data.

MULXU B/W Rd x Rs — Rd

Performs unsigned multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULU Wi/L Rd x Rs - Rd

Performs unsigned multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULU/U L Rd x Rs - Rd

Performs unsigned multiplication on data in two general registers (32 bits
x 32 bits — upper 32 bits).

MULXS B/W Rd x Rs - Rd

Performs signed multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULS WiL Rd x Rs - Rd

Performs signed multiplication on data in two general registers: either 16
bits x 16 bits — 16 bits, or 32 bits x 32 bits — 32 bits.

MULS/U L Rd x Rs — Rd
Performs signed multiplication on data in two general registers (32 bits x
32 bits — upper 32 bits).

DIVXU B/W Rd + Rs — Rd

Performs unsigned division on data in two general registers: either 16 bits
+ 8 bits — 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.
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Instruction  Size Function

DIVU Wi/L Rd + Rs - Rd
Performs unsigned division on data in two general registers: either 16 bits
+ 16 bits — 16-bit quotient, or 32 bits + 32 bits — 32-bit quotient.

DIVXS B/W Rd + Rs — Rd
Performs signed division on data in two general registers: either 16 bits +
8 bits — 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

DIVS WI/L Rd + Rs — Rd
Performs signed division on data in two general registers: either 16 bits +
16 bits — 16-bit quotient, or 32 bits + 32 bits — 32-bit quotient.

CMP B/W/L (EAd) - #IMM, (EAd) — (EAs)
Compares data between immediate data, general registers, and memory
and stores the result in CCR.

NEG B/W/L 0 - (EAd) - (EAd)
Takes the two's complement (arithmetic complement) of data in a general
register or the contents of a memory location.

EXTU WI/L (EAd) (zero extension) — (EAd)
Performs zero-extension on the lower 8 or 16 bits of data in a general
register or memory to word or longword size.
The lower 8 bits to word or longword, or the lower 16 bits to longword can
be zero-extended.

EXTS WI/L (EAd) (sign extension) — (EAd)
Performs sign-extension on the lower 8 or 16 bits of data in a general
register or memory to word or longword size.
The lower 8 bits to word or longword, or the lower 16 bits to longword can
be sign-extended.

TAS B @ERd - 0, 1 — (<bit 7> of @EAd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.

MAC — (EAs) x (EAd) + MAC — MAC
Performs signed multiplication on memory contents and adds the result to
MAC.

CLRMAC — 0—> MAC
Clears MAC to zero.

LDMAC — Rs - MAC
Loads data from a general register to MAC.

STMAC — MAC — Rd

Stores data from MAC to a general register.
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Table2.7 Logic Operation Instructions

Instruction Size Function
AND B/W/L (EAd) A #IMM — (EAd), (EAd) A (EAs) — (EAd)

Performs a logical AND operation on data between immediate data,
general registers, and memory.

OR B/W/L (EAd)v #IMM — (EAd), (EAd) v (EAs) — (EAd)

Performs a logical OR operation on data between immediate data,
general registers, and memory.

XOR BW/L (EAd) @ #IMM — (EAd), (EAd) @ (EAs) — (EAd)

Performs a logical exclusive OR operation on data between immediate
data, general registers, and memory.

NOT B/W/L ~ (EAd) — (EA)

Takes the one's complement of the contents of a general register or a
memory location.

Table2.8 Shift Operation Instructions

Instruction Size Function

SHLL B/W/L  (EAd) (shift) > (EAd)
SHLR Performs a logical shift on the contents of a general register or a memory
location.

The contents of a general register or a memory location can be shifted by
1, 2, 4, 8, or 16 bits. The contents of a general register can be shifted by
any bits. In this case, the number of bits is specified by 5-bit immediate
data or the lower 5 bits of the contents of a general register.

SHAL B/W/L  (EAd) (shift) > (EAd)

SHAR Performs an arithmetic shift on the contents of a general register or a
memory location.

1-bit or 2-bit shift is possible.
ROTL B/W/L (EAd) (rotate) — (EAd)
ROTR Rotates the contents of a general register or a memory location.

1-bit or 2-bit rotation is possible.

ROTXL B/W/L (EAd) (rotate) — (EAd)
ROTXR Rotates the contents of a general register or a memory location with the
carry bit.

1-bit or 2-bit rotation is possible.
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Table2.9 Bit Manipulation Instructions

Instruction  Size Function

BSET B 1 — (<bit-No.> of <EAd>)
Sets a specified bit in the contents of a general register or a memory
location to 1. The bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

BSET/cc B if cc, 1 — (<bit-No.> of <EAd>)
If the specified condition is satisfied, this instruction sets a specified bit in
a memory location to 1. The bit number can be specified by 3-bit
immediate data, or by the lower three bits of a general register. The Z flag
status can be specified as a condition.

BCLR B 0 — (<bit-No.> of <EAd>)
Clears a specified bit in the contents of a general register or a memory
location to 0. The bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

BCLR/cc B if cc, 0 — (<bit-No.> of <EAd>)
If the specified condition is satisfied, this instruction clears a specified bit
in a memory location to 0. The bit number can be specified by 3-bit
immediate data, or by the lower three bits of a general register. The Z flag
status can be specified as a condition.

BNOT B ~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)
Inverts a specified bit in the contents of a general register or a memory
location. The bit number is specified by 3-bit immediate data or the lower
three bits of a general register.

BTST B ~ (<bit-No.> of <EAd>) —» Z
Tests a specified bit in the contents of a general register or a memory
location and sets or clears the Z flag accordingly. The bit number is
specified by 3-bit immediate data or the lower three bits of a general
register.

BAND B C A (<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in the contents of a general
register or a memory location and stores the result in the carry flag. The
bit number is specified by 3-bit immediate data.

BIAND B C A [~ (<bit-No.> of <EAd>)] —» C
ANDs the carry flag with the inverse of a specified bit in the contents of a
general register or a memory location and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BOR B C v (<bit-No.> of <EAd>) » C

ORs the carry flag with a specified bit in the contents of a general register
or a memory location and stores the result in the carry flag. The bit
number is specified by 3-bit immediate data.
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Instruction

Size

Function

BIOR

C v [~ (<bit-No.> of <EAd>)] - C

ORs the carry flag with the inverse of a specified bit in the contents of a
general register or a memory location and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BXOR

C @ (<bit-No.> of <EAd>) - C

Exclusive-ORs the carry flag with a specified bit in the contents of a
general register or a memory location and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BIXOR

C ® [~ (<bit-No.> of <EAd>)] - C

Exclusive-ORs the carry flag with the inverse of a specified bit in the
contents of a general register or a memory location and stores the result
in the carry flag. The bit number is specified by 3-bit immediate data.

BLD

(<bit-No.> of <EAd>) - C

Transfers a specified bit in the contents of a general register or a memory
location to the carry flag. The bit number is specified by 3-bit immediate
data.

BILD

~ (<bit-No.> of <EAd>) - C

Transfers the inverse of a specified bit in the contents of a general
register or a memory location to the carry flag. The bit number is specified
by 3-bit immediate data.

BST

C — (<bit-No.> of <EAd>)

Transfers the carry flag value to a specified bit in the contents of a
general register or a memory location. The bit number is specified by 3-bit
immediate data.

BSTZ

Z — (<bit-No.> of <EAd>)

Transfers the zero flag value to a specified bit in the contents of a
memory location. The bit number is specified by 3-bit immediate data.

BIST

~ C — (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in the
contents of a general register or a memory location. The bit number is
specified by 3-bit immediate data.
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Instruction

Size

Function

BISTZ

B

~ Z — (<bit-No.> of <EAd>)

Transfers the inverse of the zero flag value to a specified bit in the
contents of a memory location. The bit number is specified by 3-bit
immediate data.

BFLD

(EAs) (bit field) — Rd

Transfers a specified bit field in memory location contents to the lower bits
of a specified general register.

BFST

B

Rs — (EAd) (bit field)

Transfers the lower bits of a specified general register to a specified bit
field in memory location contents.

Table2.10 Branch Instructions

Instruction  Size Function

BRA/BS B Tests a specified bit in memory location contents. If the specified

BRA/BC condition is satisfied, execution branches to a specified address.

BSR/BS B Tests a specified bit in memory location contents. If the specified

BSR/BC condition is satisfied, execution branches to a subroutine at a specified
address.

Bcc — Branches to a specified address if the specified condition is satisfied.

BRA/S — Branches unconditionally to a specified address after executing the next
instruction. The next instruction should be a 1-word instruction except for
the block transfer and branch instructions.

JMP — Branches unconditionally to a specified address.

BSR — Branches to a subroutine at a specified address.

JSR — Branches to a subroutine at a specified address.

RTS — Returns from a subroutine.

RTS/L — Returns from a subroutine, restoring data from the stack to multiple

general registers.
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Table2.11 System Control Instructions

Instruction  Size Function
TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
RTE/L — Returns from an exception-handling routine, restoring data from the stack
to multiple general registers.
SLEEP — Causes a transition to a power-down state.
LDC B/W #IMM — CCR, (EAs) —» CCR, #IMM — EXR, (EAs) -» EXR
Loads immediate data or the contents of a general register or a memory
location to CCR or EXR.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
L Rs — VBR, Rs — SBR
Transfers the general register contents to VBR or SBR.
STC B/W CCR — (EAd), EXR — (EAd)
Transfers the contents of CCR or EXR to a general register or memory.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
L VBR — Rd, SBR — Rd
Transfers the contents of VBR or SBR to a general register.
ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR @ #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP — PC+2—- PC

Only increments the program counter.

Rev.1.00 Sep. 08, 2005 Page 49 of 966
RENESAS REJ09B0219-0100



Section2 CPU

2.7.3 Basic Instruction Formats

The H8SX CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op field), aregister field (r field), an effective address extension (EA field), and a
condition field (cc).

Figure 2.14 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op m m ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op m m

MOV.B @(d:16, Rn), Rm, etc.

EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:16, etc

Figure2.14 Instruction Formats

e Operation Field
Indicates the function of the instruction, and specifies the addressing mode and operation to be
carried out on the operand. The operation field always includes the first four bits of the
instruction. Some instructions have two operation fields.

o Register Field
Specifies agenera register. Address registers are specified by 3 bits, dataregisters by 3 bits or
4 bhits. Some instructions have two register fields. Some have no register field.

o Effective Address Extension
8, 16, or 32 hits specifying immediate data, an absolute address, or a displacement.

e Condition Field
Specifies the branch condition of Bcc instructions.
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2.8 Addressing M odes and Effective Address Calculation

The H8SX CPU supports the 11 addressing modes listed in table 2.12. Each instruction uses a
subset of these addressing modes.

Bit manipulation instructions use register direct, register indirect, or absolute addressing mode to
specify an operand, and register direct (BSET, BCLR, BNOT, and BTST instructions) or
immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.12 Addressing Modes

No. Addressing Mode Symbol

1 Register direct Rn

2 Register indirect @ERN

3 Register indirect with displacement @(d:2,ERn)/@(d:16,ERn)/@(d:32,ERn)

4 Index register indirect with displacement @ (d:16, RnL.B)/@(d:16,Rn.W)/@(d:16,ERn.L)

@(d:32, RnL.B)/@(d:32,Rn.W)/@(d:32,ERn.L)

5 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
Register indirect with pre-increment @+ERn
Register indirect with post-decrement @ERN-
6  Absolute address @aa:8/@aa:16/@aa:24/@aa:32
7 Immediate #xx:3/H#xx:4/#xx:8/#xx:16/#xx:32
8 Program-counter relative @ (d:8,PC)/@(d:16,PC)
9  Program-counter relative with index register @ (RnL.B,PC)/@ (Rn.W,PC)/@(ERn.L,PC)
10 Memory indirect @ @aa:8
11 Extended memory indirect @ @vec:7

281 Register Direct—Rn

The operand value is the contents of an 8-, 16-, or 32-bit general register which is specified by the
register field in the instruction code.

ROH to R7H and ROL to R7L can be specified as 8-hit registers.
RO to R7 and EO to E7 can be specified as 16-bit registers.

ERO to ER7 can be specified as 32-bit registers.
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2.8.2 Register Indirect—@ERnN

The operand value is the contents of the memory location which is pointed to by the contents of an
address register (ERn). ERn is specified by the register field of the instruction code.

In advanced mode, if this addressing mode is used in a branch instruction, the lower 24 bits are
valid and the upper 8 bits are all assumed to be 0 (H'00).

283 Register Indirect with Displacement —@(d:2, ERn), @(d: 16, ERn),
or @(d:32, ERn)

The operand value is the contents of a memory location which is pointed to by the sum of the
contents of an address register (ERn) and a 16- or 32-bit displacement. ERn is specified by the
register field of the instruction code. The displacement isincluded in the instruction code and the
16-hit displacement is sign-extended when added to ERn.

This addressing mode has a short format (@(d:2, ERn)). The short format can be used when the
displacement is 1, 2, or 3 and the operand is byte data, when the displacement is 2, 4, or 6 and the
operand isword data, or when the displacement is 4, 8, or 12 and the operand is longword data.

284 Index Register Indirect with Displacement—@(d: 16,RnL .B), @(d:32,RnL.B),
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERNn.L), or @(d:32,ERn.L)

The operand value is the contents of a memory location which is pointed to by the sum of the
following operation result and a 16- or 32-bit displacement: a specified bits of the contents of an
address register (RnL, Rn, ERn) specified by the register field in the instruction code are zero-
extended to 32-bit data and multiplied by 1, 2, or 4. The displacement isincluded in the instruction
code and the 16-bit displacement is sign-extended when added to ERn. If the operand is byte data,
ERn ismultiplied by 1. If the operand isword or longword data, ERn is multiplied by 2 or 4,
respectively.
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285 Register Indirect with Post-I ncrement, Pre-Decrement, Pre-lncrement,
or Post-Decrement—@ERN+, @-ERN, @+ERN, or @ERN-

e Register indirect with post-increment—@ERN+
The operand value is the contents of a memory location which is pointed to by the contents of
an address register (ERn). ERn is specified by the register field of the instruction code. After
the memory location is accessed, 1, 2, or 4 is added to the address register contents and the
sum is stored in the address register. The value added is 1 for byte access, 2 for word access, or
4 for longword access.

o Register indirect with pre-decrement—@-ERn
The operand value is the contents of a memory location which is pointed to by the following
operation result: the value 1, 2, or 4 is subtracted from the contents of an address register
(ERnN). ERn is specified by the register field of the instruction code. After that, the operand
value is stored in the address register. The value subtracted is 1 for byte access, 2 for word
access, or 4 for longword access.

e Register indirect with pre-increment—@-+ERn
The operand value is the contents of a memory location which is pointed to by the following
operation result: the value 1, 2, or 4 is added to the contents of an address register (ERn). ERn
is specified by the register field of the instruction code. After that, the operand value is stored
in the address register. The value added is 1 for byte access, 2 for word access, or 4 for
longword access.

e Register indirect with post-decrement—@ERN-
The operand value is the contents of amemory location which is pointed to by the contents of
an address register (ERn). ERn is specified by the register field of the instruction code. After
the memory location is accessed, 1, 2, or 4 is subtracted from the address register contents and
the remainder is stored in the address register. The value subtracted is 1 for byte access, 2 for
word access, or 4 for longword access.

using this addressing mode, data to be written is the contents of the general register after
calculating an effective address. If the same general register is specified in an instruction and two
effective addresses are calculated, the contents of the general register after the first calculation of
an effective addressis used in the second calculation of an effective address.

Example 1

MOV.W RO, @ERO+
When ERO before execution is H'12345678, H'567A iswritten at H'12345678.
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Example 2:

MOQOV.B @ERO+, @ERO+

When ERO before execution is H'00001000, H'00001000 is read and the contents is written at
H'00001001.

After execution, ERO is H'00001002.

2.8.6 Absolute Address—@aa: 8, @aa: 16, @aa: 24, or @aa:32

The operand value is the contents of a memory location which is pointed to by an absolute address
included in the instruction code.

There are 8-bit (@aa:8), 16-bit (@aa:16), 24-bit (@aa:24), and 32-bit (@aa:32) absolute
addresses.

To access the data area, the absolute address of 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) is used. For an 8-bit absolute address, the upper 24 bits are specified by SBR. For a 16-
bit absolute address, the upper 16 bits are sign-extended. A 32-bit absolute address can access the
entire address space.

To access the program area, the absolute address of 24 bits (@aa:24) or 32 bits (@aa:32) is used.
For a 24-bit absolute address, the upper 8 bits are al assumed to be 0 (H'00).

Table 2.13 shows the accessible absolute address ranges.

Table2.13 Absolute Address Access Ranges

Absolute Normal Middle Advanced Maximum

Address Mode Mode Mode Mode

Data area 8 bits A consecutive 256-byte area (the upper address is set in SBR)
(@aa:8)
16 bits H'0000 to H'000000 to H'00000000 to H'00007FFF,
(@aa:16) HFFFF H'007FFF, H'FFFF8000 to H'FFFFFFFF
32 bits H'FF8000 to H'00000000 to H'FFFFFFFF
(@aa:32) H'FFFFFF

Program area 24 bits H'000000 to H'00000000 to H'OOFFFFFF
(@aa:24) H'FFFFFF
32 bits H'00000000 to  H'00000000 to
(@aa:32) H'O0OFFFFFF H'FFFFFFFF
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2.8.7 I mmediate—#xx

The operand value is 8-bit (#xx:8), 16-bit (#xx:16), or 32-hit (#xx:32) dataincluded in the
instruction code.

This addressing mode has short formats in which 3- or 4-bit immediate data can be used.

When the size of immediate datais less than that of the destination operand value (byte, word, or
longword) theimmediate data is zero-extended.

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some bit

mani pulation instructions contain 3-bit immediate data in the instruction code, for specifying a bit
number. The BFLD and BFST instructions contain 8-bit immediate data in the instruction code,
for specifying a bit field. The TRAPA instruction contains 2-bit immediate data in the instruction
code, for specifying a vector address.

2.8.8 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC)

This mode is used in the Bcc and BSR instructions. The operand value is a 32-bit branch address,
which is the sum of an 8- or 16-bit displacement in the instruction code and the 32-bit address of
the PC contents. The 8-bit or 16-bit displacement is sign-extended to 32 bits when added to the PC
contents. The PC contents to which the displacement is added is the address of the first byte of the
next instruction, so the possible branching rangeis —126 to +128 bytes (—63 to +64 words) or
—32766 to +32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting
value should be an even number. In advanced mode, only the lower 24 bits of this branch address
arevalid; the upper 8 bits are al assumed to be 0 (H'00).

289 Program-Counter Relative with Index Register—@(RnL .B, PC), @(Rn.W, PC),
or @(ERnN.L, PC)

Thismode is used in the Bcc and BSR instructions. The operand value is a 32-bit branch address,
which is the sum of the following operation result and the 32-bit address of the PC contents: the
contents of an address register specified by the register field in the instruction code (RnL, Rn, or
ERn) is zero-extended and multiplied by 2. The PC contents to which the displacement is added is
the address of the first byte of the next instruction. In advanced mode, only the lower 24 bits of
this branch address are valid; the upper 8 bits are all assumed to be 0 (H'00).
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2810 Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The operand value is a branch address,
which is the contents of a memory location pointed to by an 8-bit absolute address in the
instruction code.

The upper bits of an 8-bit absolute address are all assumed to be 0, so the address rangeis 0 to 255
(H'0000 to H'00FF in normal mode, H'000000 to H'0000FF in other modes).

In normal mode, the memory location is pointed to by word-size data and the branch addressis 16
bits long. In other modes, the memory location is pointed to by longword-size data. In middle or
advanced mode, the first byte of the longword-size datais assumed to be al 0 (H'00).

Note that the top part of the address rangeis also used as the exception handling vector area. A
vector address of an exception handling other than areset or a CPU address error can be changed
by VBR.

Figure 2.15 shows an example of specification of a branch address using this addressing mode.

\/\\/\

- Specified
Specified — o Reserved |
by @aa:8 - Branch address ---{ by @aa:8
Branch address
(a) Normal Mode (b) Advanced Mode

Figure2.15 Branch Address Specification in Memory Indirect Mode
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2811 Extended Memory Indirect—@@vec:7

This mode can be used by the IMP and JSR instructions. The operand value is a branch address,
which is the contents of a memory location pointed to by the following operation result: the sum
of 7-bit datain the instruction code and the value of H'80 is multiplied by 2 or 4.

The address range to store a branch address is H'0100 to H'01FF in norma mode and H'000200 to
H'0003FF in other modes. In assembler notation, an address to store a branch address is specified.

In normal mode, the memory location is pointed to by word-size data and the branch addressis 16
bits long. In other modes, the memory location is pointed to by longword-size data. In middle or
advanced mode, the first byte of the longword-size datais assumed to be all 0 (H'00).

2.8.12 Effective Address Calculation

Tables 2.14 and 2.15 show how effective addresses are calculated in each addressing mode. The
lower bits of the effective address are valid and the upper bits are ignored (zero extended or sign
extended) according to the CPU operating mode.

The valid bits in middle mode are as follows:

e Thelower 16 bits of the effective address are valid and the upper 16 bits are sign-extended for
the transfer and operation instructions.

e Thelower 24 bits of the effective address are valid and the upper eight bits are zero-extended
for the branch instructions.
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Table2.14 Effective Address Calculation for Transfer and Operation Instructions

No.| Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
1 | Immediate
2 | Register direct
[ ]
3 | Register indirect 31 0 31
| General register contents —-=
4 31 0

II General register contents 31
31 15 0 —
Sign extension
Register indirect with 32-bit displacement 31 0
| General register contents. 31
= —
L gwlgg | [ %Eg
5 | Index register indirect with 16-bit displacement 31 0
I Zero extension
Contents of general register (RL, R, of ER) 1,2, or4
31
31 15 1

Sign extension

Index register indirect with 32-bit displacement

op 3

(ﬂ's_E |

6 | Register indirect with post-increment or post-decrement

31 o

E

31
[_op | | 1
1,2,0r4
Register indirect with pre-increment or pre-decrement 31 0
[ General register contents 31
[_op | | -- 1
1,2,0r4
7 | 8-bit absolute address
31 7 0 31

[ SER = 1

16-bit absolute address

32-bit absolute address

e —T11
L a_zF |

31 15 0 31

| Sign extension | aa ——a
.

31 0 31

| 2 1
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Table2.15 Effective Address Calculation for Branch Instructions

No. | Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
4 | Register indirect 31 0 31 0
'| General register contents F— |
oo | ||
2 | Program-counter relative with 8-bit displacement
31 0
1 PC contents 31 0
31 7 0 = ]
I S swenon | -
4
Program-counter relative with 16-bit displacement
31
1 PC contents 0
R al s ]
I R [Siorexiension T Sisp
4
3 | Program-counter relative with index register 31
1 Zero extension |
Contents of general register (RL, R, or ER)
oo 11 | 0
31 |
I PC contents
4 |24-bit absolute address Zero
31extension 23 0 31 0
| T | aa aa — |
T I}
32-bit absolute address
I op I 31 0 31 0
| aa | aa F—71 |
T T
5 | Memory indirect
31 7 1 o
o T = ] Zoro extension =]
31 0 31 0
| Memory contents ——— |
6 | Extended memory indirect
31 7 ¥ o
oo | vec [ Zero extension [T _vec
2o0r4
31 0
|
31 [ 31 0
| Memory contents | | |
2813 MOVA Instruction

The MOVA instruction stores the effective addressin ageneral register.

1.
2.

Firstly, datais obtained by the addressing mode shown in item 2of table 2.14.

Next, the effective address is calculated using the obtained data as the index by the addressing
mode shown initem 5 of table 2.14. The obtained datais used instead of the general register.
Theresult is stored in ageneral register. For details, see H8SX Family Software Manual.
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Section 3 MCU Operating Modes

31 Operating Mode Selection

This LSl hasfive operating modes (modes 2, 4, 5, 6, and 7). The operating mode is selected by the
setting of mode pins (MD2 to MDO). Table 3.1 lists MCU operating mode settings.

Table3.1 MCU Operating Mode Settings

MCU cPU E’ger”\f\‘/'.c'ft";‘]ta
Operating Operating Address LSl Initiation On-Chip __bus width
Mode MD2 MD1 MDO Mode Space Mode ROM Default Max.
2 0 1 0 Advanced 16 Mbytes Boot mode Enabled 8 bits 16 bits
4 1 0 0 On-chip ROM Disabled 16 bits 16 bits
5 1 0 1 disabled extended “pigahied 8 bits 16 bits
mode
6 1 1 0 On-chip ROM Enabled 8 bits 16 bits
enabled extended
mode
7 1 1 1 Single-chip mode  Enabled 8 bits 16 bits

In this LSI, an advanced mode as the CPU operating mode and a 16-Mbyte address space are
available. Theinitial external bus widths are eight or 16 bits. Asthe LSl initiation mode, the

externa extended mode, on-chip ROM initiation mode, or single-chip initiation mode can be
selected.

Mode 2 is the boot mode in which the flash memory can be programmed and erased. For details
on the boot mode, see section 20, Flash Memory (0.18-um F-ZTAT Version).

Mode 7 isasingle-chip initiation mode. In the initial state, all areas are designated to 8-bit access
space and all 1/0 ports can be used as general input/output ports. The external address space
cannot be accessed in the initial state, but setting the EXPE bit in the system control register
(SYSCR) to 1 enablesto use the external address space. After the external address space is
enabled, ports D, E, and F can be used as an address output bus and ports H and | as a data bus by
specifying the data direction register (DDR) for each port.

Modes 4 to 6 are external extended modes, in which the external memory and devices can be
accessed. In the external extended modes, the external address space can be designated as 8-bit or
16-bit address space for each area by the bus controller after starting program execution.

If 16-bit address space is designated for any one areg, it is called the 16-bit bus widths mode. If 8-
bit address space is designated for al areas, it is called the 8-bit bus width mode.
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3.2

Register Descriptions

The following registers are related to the operating mode setting.

e Mode control register (MDCR)

e System control register (SY SCR)

321

Mode Control Register (MDCR)

MDCR indicates the current operating mode. When MDCR is read from, the states of signals
MD2 to MDO are latched. Thislatch is canceled by areset.

Bit 15 14 13 12 11 10 9 8

Bit Name o [ o [ © o [ woss MDS2 mpsi | wmpso |
Initial Value 0 1 0 1 Undefined* Undefined* Undefined* Undefined*
R/W R R R R R R R

Bit 7 6 5 4 3 2 1 0

Bit Name 0 O 0 O O O O O

Initial Value 0 1 0 1 Undefined* Undefined* Undefined* Undefined*
R/W R R R R R R R R

Note: * Determined by pins MD2 to MDO.

Bit Bit Name Initial Value R/W Descriptions

15 — 0 R Reserved

14 — 1 R These are read-only bits and cannot be modified.

13 — 0 R

12 — 1 R

11 MDS3 Undefined* R Mode Select 3to 0

10 MDS2 Undefined* R These bits indicate the operating mode selected by

9 MDS1 Undefined* R the mode pins (MD2 to MDO) (see table 3.2).

8 MDSO Undefined* R When MDCR is read, the signal levels input on pins
MD2 to MDO are latched into these bits. These
latches are released by a reset.
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Bit Bit Name Initial Value R/W Descriptions

7 — 0 R Reserved

6 — 1 R These are read-only bits and cannot be modified.
5 — 0 R

4 — 1 R

3 — Undefined* R

2 — Undefined* R

1 — Undefined* R

0 — Undefined* R

Note: * Determined by pins MD2 to MDO.

Table3.2 Settingsof BitsMDS3to MDSO

MCU Operating Mode Pins MDCR

Mode MD2 MD1 MDO MDS3 MDS2 MDS1 MDSO
2 0 1 0 1 1 0 0

4 1 0 0 0 0 1 0

5 1 0 1 0 0 0 1

6 1 1 0 0 1 0 1

7 1 1 1 0 1 0 0
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322 System Control Register (SYSCR)

SY SCR controls MAC saturation operation, selects bus width mode for instruction fetch, sets
external bus mode, enables/disables the on-chip RAM, and selects the DTC address mode.

Bit 15 14 13 12 11 10 9 8
BtName [ 0 [ o [ wmacs [ o [rerchmo| o | Exre | mawe |
Initial Value 1 1 0 1 0 Undefined* Undefined* 1

RIW RIW RIW RIW RIW RIW R RIW RIW

Bit 7 6 5 4 3 2 1 0

Bit Name 0 0 O O 0 0 DTCMD 0
Initial Value 0 0 0 0 0 0 1 1

RIW RIW RIW RIW RIW RIW RIW RIW RIW

Note: * The initial value depends on the startup mode.

Initial

Bit Bit Name Value R/W Descriptions

15 — 1 R/W Reserved

14 — 1 R/W These bits are always read as 1. The write value should
always be 1.

13 MACS 0 R/W MAC Saturation Operation Control
Selects either saturation operation or non-saturation
operation for the MAC instruction.
0: MAC instruction is non-saturation operation
1: MAC instruction is saturation operation

12 — 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.

11 FETCHMD 0 R/W Instruction Fetch Mode Select

This LSI can prefetch an instruction in units of 16 bits or
32 bits. Select the bus width for instruction fetch
depending on the used memory for the storage of
programs*".

0: 32-bit mode

1: 16-bit mode
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Initial
Bit Bit Name Value R/W

Descriptions

10 — Undefined**> R

Reserved

This bit is fixed at 1 in on-chip ROM enabled mode, and
0 in on-chip ROM disabled mode. This bit cannot be
changed.

9 EXPE Undefined*> R/W

External Bus Mode Enable

Selects external bus mode. In external extended mode,
this bit is fixed 1 and cannot be changed. In single-chip
mode, the initial value of this bit is 0, and can be read
from or written to.

When writing 0 to this bit after reading EXPE = 1, an
external bus cycle should not be executed.

The external bus cycle may be carried out in parallel
with the internal bus cycle depending on the setting of
the write data buffer function.

0: External bus disabled
1: External bus enabled

8 RAME 1 R/W

RAM Enable

Enables or disables the on-chip RAM. This bit is
initialized when the reset state is released. Do not write
0 during access to the on-chip RAM.

0: On-chip RAM disabled
1: On-chip RAM enabled

7t02 — AllO R/W

Reserved

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

1 DTCMD 1 R/wW

DTC Mode Select

Selects DTC operating mode.

0: DTC is in full-address mode
1: DTC is in short address mode

0 — 1 R/wW

Reserved

This bit is always read as 1. The write value should
always be 1.

Notes: 1. For details on instruction fetch mode, see section 2.3, Instruction Fetch.
2. The initial value depends on the LSl initiation mode.
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3.3 Operating Mode Descriptions

331 Mode 2

Thisisthe boot mode for the flash memory. The LS| operates in the same way as in mode 7
except for programming and erasing of the flash memory. For details, see section 20, Flash
Memory (0.18-um F-ZTAT Version).

3.3.2 Mode 4

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is disabled.

Theinitial buswidth mode immediately after areset is 16 bits, with 16-bit access to all aress.
Ports D, E, and F function as an address bus, ports H and | function as a data bus, and parts of
ports A and B function as bus control signals. However, if al areas are designated as an 8-hit
access space by the bus controller, the bus mode switches to eight bits, and only port H functions
asadatabus.

333 Mode5

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is disabled.

Theinitial bus width mode immediately after areset is eight bits, with 8-bit accessto all areas.
Ports D, E, and F function as an address bus, port H functions as a data bus, and parts of ports A
and B function as bus control signals. However, if any areais designated as a 16-bit access space
by the bus controller, the bus width mode switches to 16 bits, and ports H and | function as a data
bus.
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334 M ode 6

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM isenabled.

Theinitial bus width mode immediately after areset is eight bits, with 8-bit accessto all areas.
Ports D, E, and F function as input ports, but they can be used as an address bus by specifying the
data direction register (DDR) for each port. For details, see section 9, 1/O Ports. Port H functions
as adata bus, and parts of ports A and B function as bus control signals. However, if any areais
designated as a 16-hit access space by the bus controller, the bus width mode switches to 16 bits,
and ports H and | function as a data bus.

3.35 Mode7

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM isenabled.

Intheinitial state, all areas are designated to 8-bit access space and al 1/0 ports can be used as
general input/output ports. The external address space cannot be accessed in the initial state, but
setting the EXPE hit in the system control register (SY SCR) to 1 enables the external address
space. After the external address space is enabled, ports D, E, and F can be used as an address
output bus and ports H and | as a data bus by specifying the data direction register (DDR) for each
port. For details, see section 9, 1/0 Ports.
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3.36 Pin Functions
Table 3.3 lists the pin functions in each operating mode.

Table3.3 Pin Functionsin Each Operating Mode (Advanced M ode)

Port Mode 2 Mode 4 Mode 5 Mode 6 Mode 7

Port A PA7 P*/C P*/C P*/C P*/C P*/C
PA5 to PA3 P*/C P*/C P*/C P*/C P*/C
PA6, PA2 to PAO P*/C P*/C P*/C P*/C P*/C

Port B PB3 to PB1 P*/C P*/C P*/C P*/C P*/C
PBO P*/C P*/C P*/C P*/C P*/C

Port D P*/A A A P*/A P*/A

Port E P*/A A A P*/A P*/A

Port F PF3 to PFO P*/A A A P*/A P*/A
PF7 to PF4 P*/A P*/A P*/A P*/A P*/A

Port H P*/D D D D P*/D

Port | P*/D P/D* P*/D P*/D P*/D

[Legend]

P:  I/O port

A: Address bus output

D: Data bus input/output

C: Control signals, clock input/output

*-

Immediately after a reset
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34 AddressMap

341 AddressMap

Figures 3.1 and 3.2 show the address map in each operating mode.

Mode 2 Mode 4
Boot mode On-chip ROM disabled
(Advanced mode) extended mode
(Advanced mode)
H'000000 H'000000
On-chip ROM
H'060000

External address space

External address space/

J. reserved area*!.*3  J NN NS
H'FD9000 H'FD9000
Access prohibited area Access prohibited area
H'FDCO000 H'FDCO000

External address space/

reserved area*’ *3 External address space

H'FFO000 H'FF0000
Access prohibited area Access prohibited area
H'FF2000 H'FF2000 On-chip RAM/
On-chip RAM*2 external address
space*4
H'FFC000 H'FFC000
External address space/ External address space
reserved area* . *3
H'FFEA0O0 ] ] H'FFEAQO ] )
On-chip I/O registers On-chip /O registers
HFFFFOO | External address*?p*%ce/ HFFFFO0 External address space
reserved area* !
HFFFF20 On-chip I/O registers HFFFF20 On-chip I/O registers
H'FFFFFF H'FFFFFF

Notes: 1. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.
2. The on-chip RAM is used for flash memory programming. Do not clear the RAME bit to 0.
3. Do not access the reserved areas.
4. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

Figure3.1 AddressMap (1) in each Operating Mode of H8SX/1653
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H'000000

H'FD9000

H'FDC000

H'FF0000

H'FF2000

H'FFC000

H'FFEA00

H'FFFFOO

H'FFFF20
HFFFFFF

Notes:

Mode 5
On-chip ROM disabled
extended mode
(Advanced mode)

External address space

Access prohibited area

External address space

Access prohibited area

On-chip RAM/
external address
space*?

External address space

On-chip I/O registers

External address space

On-chip I/O registers

H'000000

H'060000

H'FD9000

H'FDC000

H'FF0000

H'FF2000

H'FFC000

H'FFEA00

H'FFFFOO

H'FFFF20
HFFFFFF

Mode 6
On-chip ROM enabled
extended mode
(Advanced mode)

On-chip ROM

External address space

Access prohibited area

External address space

Access prohibited area

On-chip RAM/
external address
space*?

External address space

On-chip I/O registers

External address space

On-chip I/O registers

H'000000

H'060000

H'FD9000

H'FDC000

H'FF0000

H'FF2000

H'FFC000

H'FFEA00

H'FFFF00

H'FFFF20
H'FFFFFF

Mode 7
Single-chip mode
(Advanced mode)

On-chip ROM

External address space/
| reserved area* . *3

Access prohibited area

External address space/
reserved area* 1. *3

Access prohibited area

On-chip RAM/
external address
space*?

External address space/
reserved area* 1. *3

On-chip I/O registers

External address space/
reserved area* 1. *3

On-chip I/O registers

1. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.

2. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.
3. Do not access the reserved areas.

Figure3.1 AddressMap (2) in each Operating Mode of H8SX/1653
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Mode 2
Boot mode
(Advanced mode)

H'000000

On-chip ROM

H'080000

H'FD9000

H'FDC000

H'FF0000

H'FF2000

H'FFC000

H'FFEA0O

HFFFF00

HFFFF20

External address space/
| reserved area* - *3

Access prohibited area

External address space/
reserved area* ! *3

Access prohibited area

On-chip RAM*2

External address space/
reserved area* . *3

On-chip I/O registers

External address space/
reserved area* ! *3

On-chip I/O registers

HFFFFFF

Mode 4
On-chip ROM disabled
extended mode
(Advanced mode)

H'000000

H'FD9000

H'FDCO000

H'FF0000

H'FF2000

H'FFC000

H'FFEA00

HFFFF00

HFFFF20
HFFFFFF

External address space

Access prohibited area

External address space

Access prohibited area

On-chip RAM/
external address
space*4

External address space

On-chip /O registers

External address space

On-chip /O registers

Notes: 1. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.

2. The on-chip RAM is used for flash memory programming. Do not clear the RAME bit to 0.

3. Do not access the reserved areas.
4. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

Figure3.2 AddressMap (1) in each Operating M ode of H8SX/1654
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H'000000

H'FD9000

H'FDC000

H'FF0000

H'FF2000

H'FFC000

H'FFEA00

H'FFFFOO

H'FFFF20
HFFFFFF

Notes:

Mode 5
On-chip ROM disabled
extended mode
(Advanced mode)

External address space

Access prohibited area

External address space

Access prohibited area

On-chip RAM/
external address
space*?

External address space

On-chip I/O registers

External address space

On-chip I/O registers

H'000000

H'080000

H'FD9000

H'FDC000

H'FF0000

H'FF2000

H'FFC000

H'FFEA00

H'FFFFOO

H'FFFF20
HFFFFFF

Mode 6
On-chip ROM enabled
extended mode
(Advanced mode)

On-chip ROM

External address space

Access prohibited area

External address space

Access prohibited area

On-chip RAM/
external address
space*?

External address space

On-chip I/O registers

External address space

On-chip I/O registers

H'000000

H'080000

H'FD9000

H'FDC000

H'FF0000

H'FF2000

H'FFC000

H'FFEA00

H'FFFF00

H'FFFF20
H'FFFFFF

Mode 7
Single-chip mode
(Advanced mode)

On-chip ROM

External address space/
| reserved area* . *3

Access prohibited area

External address space/
reserved area* 1. *3

Access prohibited area

On-chip RAM/
external address
space*?

External address space/
reserved area* 1. *3

On-chip I/O registers

External address space/
reserved area* 1. *3

On-chip I/O registers

1. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.

2. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.
3. Do not access the reserved areas.

Figure3.2 AddressMap (2) in each Operating M ode of H8SX/1654
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Section 4 Exception Handling

4.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling is caused by areset, atrace, an address error, an
interrupt, atrap instruction, and an illegal instruction (general illegal instruction or slot illegal
instruction). Exception handling is prioritized as shown in table 4.1. If two or more exceptions
occur simultaneously, they are accepted and processed in order of priority. Exception sources, the
stack structure, and operation of the CPU vary depending on the interrupt control mode. For
details on the interrupt control mode, see section 5, Interrupt Controller.

Table4.1 Exception Typesand Priority

Priority Exception Type Exception Handling Start Timing

High Reset Exception handling starts at the timing of level change from
low to high on the RES pin, or when the watchdog timer

overflows. The CPU enters the reset state when the RE
pin is low.

lllegal instruction Exception handling starts when an undefined code is
executed.

Trace*' Exception handling starts after execution of the current
instruction or exception handling, if the trace (T) bit in EXR
issetto 1.

Address error After an address error has occurred, exception handling
starts on completion of instruction execution.

Interrupt Exception handling starts after execution of the current
instruction or exception handling, if an interrupt request has
occurred.*?

Trap instruction*® Exception handling starts by execution of a trap instruction

Low (TRAPA).

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.

2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

3. Trap instruction exception handling requests are accepted at all times in program
execution state.
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4.2 Exception Sour ces and Exception Handling Vector Table

Different vector table address offsets are assigned to different exception sources. The vector table

addresses are calculated from the contents of the vector base register (VBR) and vector table
address offset of the vector number. The start address of the exception service routine is fetched
from the exception handling vector table indicated by this vector table address.

Table 4.2 shows the correspondence between the exception sources and vector table address
offsets. Table 4.3 shows the calculation method of exception handling vector table addresses.

Table4.2

Exception Source

Exception Handling Vector Table

Vector Number

Vector Table Address Offset**

Normal Mode*?

Advanced, Middle*?,

Maximum*? Modes

Reset

H'0000 to H'0001

H'0000 to H'0003

Reserved for system use

H'0002 to H'0003

H'0004 to H'0007

H'0004 to H'0005

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

lllegal instruction

H'0008 to H'0009

H'0010 to H'0013

Trace

H'000A to H'000B

H'0014 to H'0017

Reserved for system use

H'000C to H'000D

H'0018 to H'001B

Interrupt (NMI)

H'000E to H'000F

H'001C to H'001F

Trap instruction ~ (#0)
(#1)
(#2)
(#3)

N[O~ W[N| =[O

H'0010 to H'0011

H'0020 to H'0023

©

H'0012 to H'0013

H'0024 to H'0027

-
o

H'0014 to H'0015

H'0028 to H'002B

—_
—_

H'0016 to H'0017

H'002C to H'002F

CPU address error

—
N

H'0018 to H'0019

H'0030 to H'0033

DMA address error*®

-
w

H'001A to H'001B

H'0034 to H'0037

Reserved for system use

—
N

—_
~

H'001C to H'001D

H'0022 to H'0023

H'0038 to H'003B

H'0044 to H'0047

Sleep interrupt

-
(o]

H'0024 to H'0025

H'0048 to H'004B
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Exception Source

Vector Number

Vector Table Address Offset**

Normal Mode*?

Advanced, Middle*?,

Maximum*? Modes

Reserved for system use

19

23

H'0026 to H'0027

H'002E to H'002F

H'004C to H'004F

H'005C to H'005F

User area (not used)

24

63

H'0030 to H'0031

H'007E to H'007F

H'0060 to H'0063

H'00FC to H'0OOFF

External interrupt

IRQO

64

H'0080 to H'0081

H'0100 to H'0103

IRQ1

65

H'0082 to H'0083

H'0104 to H'0107

IRQ2

66

H'0084 to H'0085

H'0108 to H'010B

IRQ3

67

H'0086 to H'0087

H'010C to H'010F

IRQ4

68

H'0088 to H'0089

H'0110 to H'0113

IRQ5

69

H'008A to H'008B

H'0114 to H'0117

IRQ6

70

H'008C to H'008D

H'0118 to H'011B

IRQ7

71

H'008E to H'008F

H'011C to H'O11F

IRQ8

72

H'0090 to H'0091

H'0120 to H'0123

IRQ9

73

H'0092 to H'0093

H'0124 to H'0127

IRQ10

74

H'0094 to H'0095

H'0128 to H'012B

IRQ11

75

H'0096 to H'0097

H'012C to H'012F

Reserved for system use

76

79

H'0098 to H'0099

H'009E to H'009F

H'0130 to H'0133

H'013C to H'013F

Internal interrupt**

80
|
255

H'00AO to H'00A1
|
H'01FE to H'O1FF

H'0140 to H'0143

H'03FC to H'03FF

Notes: 1. Lower 16 bits of the address.
2. Not available in this LSI.
3. A DMA address error is generated by the DTC and DMAC.

4. For details of internal interrupt vectors, see section 5.5, Interrupt Exception Handling
Vector Table.
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Table4.3 Calculation Method of Exception Handling Vector Table Address

Exception Source Calculation Method of Vector Table Address

Reset, CPU address error Vector table address = (vector table address offset)

Other than above Vector table address = VBR + (vector table address offset)

[Legend]
VBR: Vector base register
Vector table address offset: See table 4.2.

4.3 Reset

A reset has priority over any other exception. When the RES pin goes low, all processing halts and
this LSI enters the reset state. To ensure that this LS| isreset, hold the RES pin low for at least 20
ms with the STBY pin driven high when the power is turned on. When operation isin progress,
hold the RES pin low for at least 20 cycles.

The chip can also be reset by overflow of the watchdog timer. For details, see section 13,
Watchdog Timer (WDT).

A reset initializes the internal state of the CPU and the registers of the on-chip peripheral modules.
The interrupt control mode is 0 immediately after areset.

431 Reset Exception Handling

When the RES pin goes high after being held low for the necessary time, this LS| starts reset
exception handling as follows:

1. Theinterna state of the CPU and the registers of the on-chip peripheral modules are
initialized, VBRis cleared to H'00000000, the T bit is cleared to 0 in EXR, and the | bits are
setto 1in EXR and CCR.

2. Thereset exception handling vector addressis read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4.1 and 4.2 show examples of the reset sequence.
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432 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after areset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that thisinstruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).

433 On-Chip Peripheral Functions after Reset Release

After the reset state is released, MSTPCRA and MSTPCRB areinitialized to H'OFFF and H'FFFF,
respectively, and all modules except the DTC and DMAC enter modul e stop mode.

Consequently, on-chip peripheral module registers cannot be read or written to. Register reading
and writing is enabled when module stop mode is canceled.

First
Vector Internal instruction
fetch operation  prefetch

RES / E E E E
Internal X ! X .) <
address bus ’ M : ’ ® ’
Internal read E
signal !

Internal write

signal ' v High E
Internal data ; / \ ; !

2) 4)
bus ! \i/ : @—

(1): Reset exception handling vector address (when reset, (1) = H'000000)
(2): Start address (contents of reset exception handling vector address)
(3) Start address ((3) = (2))

(4) Firstinstruction in the exception handling routine

Figure4.1 Reset Sequence (On-chip ROM Enabled Advanced M ode)
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Internal First instruction
Vector fetch operatiol prefetch

< > >
< < -

8
m
[72]

Address bus @) X* 5) X:
D15 to DO @ @ (6)

(1)(3) Reset exception handling vector address (when reset, (1) = H'000000, (3) = H'000002)
(2)(4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2)(4))

(6) First instruction in the exception handling routine

Note: * Seven program wait cycles are inserted.

Figure4.2 Reset Sequence
(16-Bit External Accessin On-chip ROM Disabled Advanced Mode)
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44 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode O, irrespective of the state of the T bit. Before changing interrupt control modes, the T bit
must be cleared. For details on interrupt control modes, see section 5, Interrupt Controller.

If the T bitin EXR isset to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace mode is not affected by interrupt masking by CCR. Table
4.4 shows the state of CCR and EXR after execution of trace exception handling. Trace modeis
canceled by clearing the T bit in EXR to 0 during the trace exception handling. However, the T bit
saved on the stack retainsits value of 1, and when control is returned from the trace exception
handling routine by the RTE instruction, trace mode resumes. Trace exception handling is not
carried out after execution of the RTE instruction.

Interrupts are accepted even within the trace exception handling routine.

Table4.4 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode I ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
[Legend]
1: Setto 1

0: Cleared to 0
— Retains the previous value.
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4.5

451

AddressError

AddressError Source

Instruction fetch, stack operation, or data read/write shown in table 4.5 may cause an address

error.
Table45 BusCycleand AddressError
Bus Cycle
Type Bus Master Description Address Error
Instruction fetch CPU Fetches instructions from even addresses No (normal)
Fetches instructions from odd addresses Occurs
Fetches instructions from areas other than on-chip No (normal)
peripheral module space*'
Fetches instructions from on-chip peripheral module Occurs
space*’
Fetches instructions from external memory space in Occurs
single-chip mode
Fetches instructions from access prohibited area.** Occurs
Stack operation CPU Accesses stack when the stack pointer value is even No (normal)
address
Accesses stack when the stack pointer value is odd Occurs
Data read/write  CPU Accesses word data from even addresses No (normal)
Accesses word data from odd addresses No (normal)
Accesses external memory space in single-chip mode  Occurs
Accesses to access prohibited area*? Occurs
Data read/write  DTC or DMAC Accesses word data from even addresses No (normal)
Accesses word data from odd addresses No (normal)
Accesses external memory space in single-chip mode  Occurs
Accesses to access prohibited area*? Occurs
Single address DMAC Address access space is the external memory space for No (normal)

transfer

single address transfer

Address access space is not the external memory space Occurs

for single address transfer

Notes: 1. For on-chip peripheral module space, see section 6, Bus Controller (BSC).
2. For the access prohibited area, refer to figure 3.1, Address Map (Advanced Mode) in
section 3.4, Address Map.
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452 AddressError Exception Handling

When an address error occurs, address error exception handling starts after the bus cycle causing
the address error ends and current instruction execution completes. The address error exception
handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. Theinterrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the address error is generated, the
start address of the exception service routine is loaded from the vector table to PC, and
program execution starts from that address.

Even though an address error occurs during a transition to an address error exception handling, the
address error is not accepted. This prevents an address error from occurring due to stacking for
exception handling, thereby preventing infinitive stacking.

If the SP contents are not a multiple of 2 when an address error exception handling occurs, the
stacked values (PC, CCR, and EXR) are undefined.

When an address error occurs, the following is performed to halt the DTC and DMAC.

e TheERR bit of DTCCRinthe DTCisset to 1.
e The ERRF bit of DMDR_0inthe DMAC issetto 1.

e TheDTE bitsof DMDRsfor al channelsin the DMAC are cleared to O to forcibly terminate
transfer.

Table 4.6 shows the state of CCR and EXR after execution of the address error exception
handling.

Table4.6 Statusof CCR and EXR after Address Error Exception Handling

CCR EXR
Interrupt Control Mode | ul T 12to 10
0 1 — — —
2 1 — 0 7
[Legend]
1: Setto 1

0: Cleared to 0
— Retains the previous value.
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4.6 Interrupts

46.1 Interrupt Sources

Interrupt sources are NMI, sleep interrupt, IRQO to IRQ11, and on-chip peripheral modules, as
shownin table 4.7.

Table4.7 Interrupt Sources

Type Source Number of Sources
NMI NMI pin (external input) 1
Sleep interrupt  SLEEP instruction 1
IRQO to IRQ11  Pins IRQO to IRQ11 (external input) 12
On-chip DMA controller (DMAC) 8
fne(;;puwgral Watchdog timer (WDT) 1
A/D converter 1
16-bit timer pulse unit (TPU) 26
8-bit timer (TMR) 16
Serial communications interface (SCI) 24

I’C bus interface 2 (11C2)

USB function module (USB)

Different vector numbers and vector table offsets are assigned to different interrupt sources. For
vector number and vector table offset, refer to table 5.2, Interrupt Sources, Vector Address
Offsets, and Interrupt Priority in section 5, Interrupt Controller.
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46.2 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The interrupt controller has two interrupt
control modes and can assign interrupts other than NMI or sleep interrupt to eight priority/mask
levels to enable multiple-interrupt control. The source to start interrupt exception handling and the
vector address differ depending on the product. For details, refer to section 5, Interrupt Controller.

The interrupt exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. Theinterrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the interrupt source is generated,
the start address of the exception service routine is loaded from the vector table to PC, and
program execution starts from that address.

4.7 Instruction Exception Handling

There are two instructions that cause exception handling: trap instruction and illegal instruction.

47.1 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all timesin the program execution state. The trap
instruction exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. Theinterrupt mask bit is updated and the T bit is cleared to O.

3. An exception handling vector table address corresponding to the vector number specified in
the TRAPA instruction is generated, the start address of the exception service routine is loaded
from the vector table to PC, and program execution starts from that address.

A start address is read from the vector table corresponding to a vector number from 0 to 3, as
specified in the instruction code.

Table 4.8 shows the state of CCR and EXR after execution of trap instruction exception handling.
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Table4.8 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode I ul T 12to 10
0 1 — — —
2 1 — 0 —
[Legend]
1: Setto 1

0: Clearedto 0
— Retains the previous value.

47.2 Exception Handling by Illegal I nstruction

Theillega instructions are general illegal instructions and slot illegal instructions. The exception
handling by the general illega instruction starts when an undefined code is executed. The
exception handling by the slot illegal instruction starts when a particular instruction (e.g. its code
length istwo words or more, or it changes the PC contents) at a delay slot (immediately after a
delayed branch instruction) is executed. The exception handling by the general illegal instruction
and dlot illegal instruction is always executable in the program execution state.

The exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. Theinterrupt mask bit is updated and the T bit is cleared to 0.

3. Anexception handling vector table address corresponding to the occurred exception is
generated, the start address of the exception service routine is loaded from the vector table to
PC, and program execution starts from that address.

Table 4.9 shows the state of CCR and EXR after execution of illegal instruction exception
handling.

Rev.1.00 Sep. 08, 2005 Page 84 of 966
REJ09B0219-0100 RENESAS



Section 4 Exception Handling

Status of CCR and EXR after Illegal Instruction Exception Handling
EXR

T 12to 10

Table4.9
CCR

| Ul

Interrupt Control Mode

0 1 — —
2 1 — 0 —
[Legend]

1: Setto 1

0: Clearedto 0

Retains the previous value.

4.8 Stack Status after Exception Handling

Figure 4.3 shows the stack after completion of exception handling.

Advanced mode

SP-—» EXR
Reserved*
SP » CCR CCR
PC(24bits) | [ | FIQ_(?t_l_b_it_sz .

Interrupt control mode 0 Interrupt control mode 2

Note: * Ignored on return.

Figure4.3 Stack Statusafter Exception Handling
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4.9 Usage Note

When performing stack-manipulating access, this LS| assumes that the lowest address bitis 0. The
stack should always be accessed by aword transfer instruction or alongword transfer instruction,
and the value of the stack pointer (SP: ER7) should always be kept even. Use the following
instructions to save registers:

PUSH W Rn
PUSH. L ERn

(or MOV.WRn, @ SP)

(or MOV.L ERn, @ SP)
Use the following instructions to restore registers:

POP. W
POP. L

Rn
ERn

MOV. W @BP+,
MOV. L @BP+,

(or Rn)

(or ERn)

Performing stack manipulation while SP is set to an odd value leads to an address error. Figure 4.4
shows an example of operation when the SP value is odd.

Address
CCR SP R1L H'FFFEFA
SP - H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
______________________________________________________ H'FFFEFE
Sl N N e N H'FFFEFF
TRAP instruction executed MOV.B R1L, @-ER7 executed
R — B —
SP set to HFFFEFF T Data saved above SP Contents of CCR lost
(Address error occurred)
[Legend]
CCR : Condition code register
PC: Program counter
R1L: General register R1L
SP: Stack pointer
Note: This diagram illustrates an example in which the interrupt control mode is 0, in advanced mode.

Figure4.4 Operation when SP Value s Odd
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Section 5 Interrupt Controller

51 Features

e Two interrupt control modes

Any of two interrupt control modes can be set by means of bits INTM1 and INTMO in the
interrupt control register (INTCR).

e Priority can be assigned by the interrupt priority register (IPR)
IPR providesfor setting interrupt priory. Eight levels can be set for each module for all
interrupts except for the interrupt requests listed below. The following seven interrupt requests
are given priority of 8, therefore they are accepted at all times.

— NMI
— lllegal instructions
— Trace
— Trap instructions
— CPU address error
— DMA address error (occurred in the DTC and DMAC)
— Sleep interrupt
e Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecessary for the
source to be identified in the interrupt handling routine.

e Thirteen external interrupts
NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
detection can be selected for NMI. Falling edge, rising edge, or both edge detection, or level
sensing, can be selected for IRQ11 to IRQO.

e DTC and DMAC control
DTC and DMAC can be activated by means of interrupts.
e CPU priority control function

The priority levels can be assigned to the CPU, DTC, and DMAC. The priority level of the
CPU can be automatically assighed on an exception generation. Priority can be given to the
CPU interrupt exception handling over that of the DTC and DMAC transfer.
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A block diagram of the interrupt controller is shown in figure 5.1.

INTM1, INTMO CPU
[INTCR]
NMIEG |
< CCR
12to 10
Y EXR
) CPU
NMI input > NMI input unit > interrupt reques=t
CPU
IRQ input IRQ input unit | ISR vector
Priority
determination
DMAC
[i1scr|[ IER || SSIER]
DMAC DMAC priority
___activation control
" permission
Internal interrupt
sources Source selector
WOVI to RESUME
CPU priority
DTC activation
request
DTCER |[DTCCR DTC priority
I_"_I CPUPCR control DTC vector
Aotvan DTC
iori ctivation
DTC priority request
Interrupt controller <dtear signal
[Legend]
INTCR: Interrupt control register SSIER:  Software standby release IRQ enable register
CPUPCR: CPU priority control register IPR: Interrupt priority register
ISCR: IRQ sense control register DTCER: DTC enable register
IER: IRQ enable register DTCCR: DTC control register
ISR: IRQ status register

Figure5.1 Block Diagram of Interrupt Controller
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5.2 I nput/Output Pins
Table 5.1 shows the pin configuration of the interrupt controller.

Table5.1 Pin Configuration

Name 110 Function

NMI Input Nonmaskable External Interrupt
Rising or falling edge can be selected.
IRQ11 to IRQO Input Maskable External Interrupts

Rising, falling, or both edges, or level sensing, can be
independently selected.

53 Register Descriptions
Theinterrupt controller has the following registers.

e Interrupt control register (INTCR)

e CPU priority control register (CPUPCR)

e Interrupt priority registersAtoC,Etol, K, L, Q,and R
(IPRA to IPRC, IPRE to IPRI, IPRK, IPRL, IPRQ, and IPRR)

¢ |RQ enableregister (IER)

e |RQ sense control registersH and L (ISCRH, ISCRL)

¢ |RQ status register (ISR)

e Software standby release IRQ enable register (SSIER)
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531 Interrupt Control Register (INTCR)

INTCR selects the interrupt control mode, and the detected edge for NMI.

Bit

5

4 3

Bit Name |

| INTM1 | INTMO | NMIEG |

Initial Value

T o |0~

R/W

Bit Bit Name

6
0
0
R

Initial
Value

0
R/W

R/W

0 0

T o |0~
D o | O
T o |0]o

R/W R/W

Description

0

Reserved
These are read-only bits and cannot be modified.

INTMA1
INTMO

A OO N

0
0
0

R/W
R/W

Interrupt Control Select Mode 1 and 0

These bits select either of two interrupt control modes for
the interrupt controller.

00: Interrupt control mode 0

Interrupts are controlled by | bit in CCR.
01: Setting prohibited.
10: Interrupt control mode 2

Interrupts are controlled by bits 12 to 10 in EXR, and
IPR.

11: Setting prohibited.

3 NMIEG

R/W

NMI Edge Select

Selects the input edge for the NMI pin.

0: Interrupt request generated at falling edge of NMI input
1: Interrupt request generated at rising edge of NMI input

2to0 —

AllO

R

Reserved
These are read-only bits and cannot be modified.
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532 CPU Priority Control Register (CPUPCR)

CPUPCR sets whether or not the CPU has priority over the DTC and DMAC. The interrupt
exception handling by the CPU can be given priority over that of the DTC and DMAC transfer.
The priority level of the DTC is set by bits DTCP2 to DTCPO in CPUPCR. The priority level of
the DMAC is set by the DMAC control register for each channel.

Bit 7 6 5 4 3 2 1 0
BitName | CPUPCE | pTcP2 | pTcP1 | prceo | ipsetE | ceupz | ceupt | cpupo |
Initial Value 0 0 0 0 0 0 0 0

RIW RIW RIW RIW RIW RIW R/(W)* RI(W)* RI(W)*

Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so these bits cannot be modified.

Initial

Bit Bit Name Value R/W Description

CPUPCE © R/W CPU Priority Control Enable

Controls the CPU priority control function. Setting this bit
to 1 enables the CPU priority control over the DTC and
DMAC.

0: CPU always has the lowest priority
1: CPU priority control enabled

(¢)]

DTCP2 0 R/W DTC Priority Level 2'to 0
DTCP1 0 R/W These bits set the DTC priority level.
DTCPO 0 R/W 000: Priority level 0 (lowest)

001: Priority level 1

010: Priority level 2

011: Priority level 3

100: Priority level 4

101: Priority level 5

110: Priority level 6

111: Priority level 7 (highest)

3

IPSETE 0 R/W Interrupt Priority Set Enable
Controls the function which automatically assigns the
interrupt priority level of the CPU. Setting this bit to 1
automatically sets bits CPUP2 to CPUPO by the CPU
interrupt mask bit (I bit in CCR or bits 12 to 10 in EXR).
0: Bits CPUP2 to CPUPO are not updated automatically

1: The interrupt mask bit value is reflected in bits CPUP2
to CPUPO

Rev.1.00 Sep. 08, 2005 Page 91 of 966
RENESAS REJ09B0219-0100



Section 5 Interrupt Controller

Initial
Bit Bit Name Value R/W Description
2 CPUP2 0 R/(W)*  CPU Priority Level 210 0
CPUPH1 0 R/(W)*  These bits set the CPU priority level. When the
0 CPUPO 0 R/(W)* CPUPCE is set to 1, the CPU priority control function

over the DTC and DMAC becomes valid and the priority
of CPU processing is assigned in accordance with the
settings of bits CPUP2 to CPUPO.

000: Priority level 0 (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so these bits
cannot be modified.

533 Interrupt Priority RegistersAtoC,Etol,K,L,Q,and R
(IPRAtoIPRC, IPRE to IPRI, IPRK, IPRL, IPRQ, and IPRR)

IPR sets priory (levels 7 to 0) for interrupts other than NMI and sleep interrupt.

Setting avalue in the range from B'000 to B'111 in the 3-bit groups of bits 14 to 12, 10to0 8, 6 to 4,
and 2 to 0 assigns a priority level to the corresponding interrupt. For the correspondence between
the interrupt sources and the IPR settings, see table 5.2.

Bit 15 14 13 12 11 10 9 8
BtName | 0 [ wpmria [ wpria [ wri2 [ o [ wmrto [ pRo | iPRe
Initial Value 0 1 1 1 0 1 1 1
RIW R RIW RIW RIW R RIW RIW RIW
Bit 7 6 5 4 3 2 1 0
Bit Name 0 IPR6 IPR5 IPR4 0 IPR2 IPR1 IPRO
Initial Value 0 1 1 1 0 1 1 1
RIW R RIW RIW RIW R RIW RIW RIW
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Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This is a read-only bit and cannot be modified.
14 IPR14 1 R/W Sets the priority level of the corresponding interrupt
13 IPR13 1 R/w  Source.
12 IPR12 1 R/W 000: Priority level 0 (lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

11 — 0 R Reserved

This is a read-only bit and cannot be modified.

10 IPR10 1 R/W Sets the priority level of the corresponding interrupt
IPR9 1 Rw - Souree.
IPRS 1 R/W 000: Priority level 0 (lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

7 — 0 R Reserved
This is a read-only bit and cannot be modified.
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Initial
Bit Bit Name Value R/W Description
IPR6 1 R/W Sets the priority level of the corresponding interrupt
IPR5 1 Rw  Source.
IPR4 1 R/W 000: Priority level 0 (lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

3 — 0 R Reserved
This is a read-only bit and cannot be modified.

2 IPR2 1 R/W Sets the priority level of the corresponding interrupt
IPR1 1 R/w  Source.
0 IPRO 1 R/W 000: Priority level 0 (lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)
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534

IRQ Enable Register (IER)

IER enables or disablesinterrupt requests IRQ11 to IRQO.

Bit 15 14 13 12 11 10 9 8
BtName | 0 | o | o | o | mattE | IRa1E | IRQoE IRQSE
Initial Value 0 0 0 0 0 0 0 0
R/W RW R/W R/W R/W R/W R/IW R/IW R/W
Bit 7 6 5 4 3 2 1 0
Bit Name IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQ1E IRQOE
Initial Value 0 0 0 0 0 0 0 0
R/W RW R/W R/W R/W R/W R/W R/W R/W

Initial
Bit Bit Name Value R/W Description
15012 — All O R/W Reserved
These bits are always read as 0. The write value should
always be 0.
11 IRQ11E 0 R/W IRQ11 Enable
The IRQ11 interrupt request is enabled when this bit is
1.
10 IRQ10E 0 R/W IRQ10 Enable
The IRQ10 interrupt request is enabled when this bit is
1.
9 IRQ9E 0 R/W IRQ9 Enable
The IRQ9 interrupt request is enabled when this bit is 1.
8 IRQ8E 0 R/W IRQ8 Enable
The IRQS8 interrupt request is enabled when this bit is 1.
7 IRQ7E 0 R/W IRQ7 Enable
The IRQY7 interrupt request is enabled when this bit is 1.
6 IRQ6E 0 R/W IRQ6 Enable
The IRQ6 interrupt request is enabled when this bit is 1.
5 IRQ5E 0 R/W IRQ5 Enable

The IRQ5 interrupt request is enabled when this bit is 1.
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Initial

Bit Bit Name Value R/W Description
4 IRQ4E 0 R/W IRQ4 Enable

The IRQ4 interrupt request is enabled when this bit is 1.
3 IRQ3E 0 R/W IRQ3 Enable

The IRQ3 interrupt request is enabled when this bit is 1.
2 IRQ2E 0 R/W IRQ2 Enable

The IRQ2 interrupt request is enabled when this bit is 1.
1 IRQ1E 0 R/W IRQ1 Enable

The IRQ1 interrupt request is enabled when this bit is 1.
0 IRQOE 0 R/W IRQO Enable

The IRQO interrupt request is enabled when this bit is 1.

535 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)
ISCRH and ISCRL select the source that generates an interrupt request on pinsIRQ11 to IRQO.

Upon changing the setting of ISCR, IRQnF (n=0to 11) in ISR is often set to 1 accidentally
through an internal operation. In this case, an interrupt exception handling is executed if an IRQN
interrupt request is enabled. In order to prevent such an accidental interrupt from occurring, the
setting of 1SCR should be changed while the IRQn interrupt is disabled, and then the IRQNF in
ISR should be cleared to O.

e |SCRH
Bit 15 14 13 12 11 10 9 8
Bit Name o o O O O O O o
Initial Value 0 0 0 0 0 0 0 0
R/W RW RW RW R/W R/W RW R/W RW
Bit 7 6 5 4 3 2 1 0

Bit Name IRQ11SR IRQ11SF IRQ10SR IRQ10SF IRQ9SR IRQ9SF IRQ8SR IRQ8SF

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
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e [SCRL

Bit 15 14 13 12 11 10 9 8

Bit Name IRQ7SR IRQ7SF IRQ6SR IRQ6SF IRQ5SR IRQ5SF IRQ4SR IRQ4SF

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

Bit Name IRQ3SR IRQ3SF IRQ2SR IRQ2SF IRQ1SR IRQ1SF IRQOSR IRQOSF

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
e |ISCRH
Initial
Bit Bit Name Value R/W Description
15t08 — All O R/W Reserved
These bits are always read as 0. The write value should
always be 0.
IRQ11SR 0 R/W IRQ11 Sense Control Rise
IRQ11SF 0 R/W IRQ11 Sense Control Fall

00: Interrupt request generated by low level of IRQ11

01: Interrupt request generated at falling edge of IRQ11

10: Interrupt request generated at rising edge of IRQ11

11: Interrupt request generated at both falling and rising
edges of IRQ1T

5 IRQ10SR 0 R/W IRQ10 Sense Control Rise
IRQ10SF 0 R/W IRQ10 Sense Control Fall

00: Interrupt request generated by low level of IRQ10
01: Interrupt request generated at falling edge of IRQ10
10: Interrupt request generated at rising edge of IRQ10

11: Interrupt request generated at both falling and rising
edges of IRQ10
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Initial
Bit Bit Name Value R/W Description
3 IRQ9SR 0 R/W IRQ9 Sense Control Rise
2 IRQOSF 0 R/W IRQ9 Sense Control Fall
00: Interrupt request generated by low level of IRQ9
01: Interrupt request generated at falling edge of IRQ9
10: Interrupt request generated at rising edge of IRQ9
11: Interrupt request generated at both falling and rising
edges of IRQ9
IRQ8SR R/W IRQ8 Sense Control Rise
0 IRQSSF RIW IRQ8 Sense Control Fall
00: Interrupt request generated by low level of IRQ8
01: Interrupt request generated at falling edge of IRQ8
10: Interrupt request generated at rising edge of IRQ8
11: Interrupt request generated at both falling and rising
edges of IRQ8
e |SCRL
Initial
Bit Bit Name Value R/W Description
15 IRQ7SR 0 R/W IRQ7 Sense Control Rise
14 IRQ7SF 0 R/W IRQ7 Sense Control Fall
00: Interrupt request generated by low level of IRQ7
01: Interrupt request generated at falling edge of IRQ7
10: Interrupt request generated at rising edge of IRQ7
11: Interrupt request generated at both falling and rising
edges of IRQ7
13 IRQ6SR R/W IRQ6 Sense Control Rise
12 IRQ6SF RIW IRQ6 Sense Control Fall

00: Interrupt request generated by low level of IRQ6
01: Interrupt request generated at falling edge of IRQ6
10: Interrupt request generated at rising edge of IRQ6

11: Interrupt request generated at both falling and rising
edges of IRQ6
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Initial
Bit Bit Name Value R/W Description
11 IRQ5SR 0 R/W IRQ5 Sense Control Rise
10 IRQ5SF 0 R/W IRQ5 Sense Control Fall
00: Interrupt request generated by low level of IRQ5
01: Interrupt request generated at falling edge of IRQ5
10: Interrupt request generated at rising edge of IRQ5
11: Interrupt request generated at both falling and rising
edges of IRQ5
9 IRQ4SR 0 R/W IRQ4 Sense Control Rise
IRQ4SF 0 RIW IRQ4 Sense Control Fall
00: Interrupt request generated by low level of IRQ4
01: Interrupt request generated at falling edge of IRQ4
10: Interrupt request generated at rising edge of IRQ4
11: Interrupt request generated at both falling and rising
edges of IRQ4
IRQ3SR 0 R/W IRQ3 Sense Control Rise
IRQ3SF 0 R/W IRQ3 Sense Control Fall
00: Interrupt request generated by low level of IRQ3
01: Interrupt request generated at falling edge of IRQ3
10: Interrupt request generated at rising edge of IRQ3
11: Interrupt request generated at both falling and rising
edges of IRQ3
5 IRQ2SR 0 R/W IRQ2 Sense Control Rise
IRQ2SF 0 R/W IRQ2 Sense Control Fall

00: Interrupt request generated by low level of IRQ2
01: Interrupt request generated at falling edge of IRQ2
10: Interrupt request generated at rising edge of IRQ2

11: Interrupt request generated at both falling and rising
edges of IRQ2
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Initial

Bit Bit Name Value R/W Description

3 IRQISR 0 R/W IRQ1 Sense Control Rise

2 IRQ1SF 0 R/W IRQ1 Sense Control Fall
00: Interrupt request generated by low level of IRQ1
01: Interrupt request generated at falling edge of IRQT
10: Interrupt request generated at rising edge of IRQ1
11: Interrupt request generated at both falling and rising

edges of IRQ1
IRQOSR O R/W IRQO Sense Control Rise
0 IRQOSF 0 RIW IRQO Sense Control Fall

00: Interrupt request generated by low level of IRQO
01: Interrupt request generated at falling edge of IRQO
10: Interrupt request generated at rising edge of IRQO

11: Interrupt request generated at both falling and rising
edges of IRQO
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536  IRQ StatusRegister (ISR)

ISR isan IRQ11 to IRQO interrupt request register.

Bit 15 14 13 12 11 10 9 8
BtName | o0 | o | o | o | maitF | rator | iRaoF IRQ8F
Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W RW R/W R/(W)* R/(W)* R/(W)* R/(W)*

Bit 7 6 5 4 3 2 1 0

Bit Name IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F IRQOF
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: * Only 0 can be written, to clear the flag. The bit manipulation instructions or memory operation instructions should

be used to clear the flag.

Initial
Bit Bit Name Value R/W Description
15to 12 — AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.
11 IRQ11F 0 R/(W)*  [Setting condition]
10 IRQ10F 0 R/(W)* e When the interrupt selected by ISCR occurs
9 IRQ9F 0 R/(W)*  [Clearing conditions]
8 IRQ8F 0 R/(W)* e Writing O after reading IRQNnF = 1
7 IRQ7F 0 R/(W)* e When interrupt exception handling is executed when
6 IRQ6F 0 R/(W)* low-level sensing is selected and IRQn input is high
5 IRQ5F 0 R/(W)* e When IRQn interrupt exception handling is executed
4 IRQ4F 0 R/(W)* when falling-, rising-, or both-edge sensing is
3 IRQ3F 0 R/(W)* selected
5 IRQ2F 0 R/(W)* e When the DTC is' e'lctivated by an IRQh interrupt,
and the DISEL bit in MRB of the DTC is cleared to 0
1 IRQ1F 0 R/(W)*
0 IRQOF 0 R/(W)*
Note: * Only 0 can be written, to clear the flag.
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537 Softwar e Standby Release IRQ Enable Register (SSIER)
SSIER selects pins used to leave software standby mode from pinsIRQ11 to IRQO.

The IRQ interrupt used to |eave software standby mode should not be set asthe DTC activation
source.

Bit 15 14 13 12 11 10 9 8
BtName | 0 | O o [ o [ ssi SSI10 SSl9 ssi8
Initial Value 0 0 0 0 0 0 0 0
RW 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
Bit Name ssi7 ssle Ssi5 SSl4 SSI3 SSI2 Ssi SSlo
Initial Value 0 0 0 0 0 0 0 0
RW RW R/W R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
15to12 — All 0 R/W Reserved
These bits are always read as 0. The write value should
always be 0.
11 SSI11 0 R/W Software Standby Release IRQ Setting
10 SSI10 0 R/W These bits select the IRQnN pins used to leave software
9 ssl9 0 R/W standby mode (n = 11 to 0).
8 ssi8 0 R/W 0: IRQnN requests are not sampled in software standby
7 sslz 0 pw ~ Mode _
6 ssi6 0 R/W 1: When an. IRQn request occurs in software standby
mode, this LSI leaves software standby mode after
5 SSI5 0 R/W . L
the oscillation settling time has elapsed
4 SSl4 0 R/W
3 SSI3 0 R/W
2 SSI2 0 R/W
1 SSI 0 R/W
0 SSIo 0 R/W
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54 Interrupt Sources

54.1 External Interrupts

There are thirteen externa interrupts: NMI and IRQ11 to IRQO. These interrupts can be used to
leave software standby mode.

(1) NMI Interrupts

Nonmaskable interrupt request (NMI) is the highest-priority interrupt, and is always accepted by
the CPU regardless of the interrupt control mode or the settings of the CPU interrupt mask bits.
The NMIEG bit in INTCR selects whether an interrupt is requested at the rising or falling edge on
the NMI pin.

When an NMI interrupt is generated, the interrupt controller determines that an error has occurred,
and performs the following procedure.

e Setsthe ERR bit of DTCCR inthe DTC to 1.
e Setsthe ERRF bit of DMDR Ointhe DMACto 1

e Clearsthe DTE bits of DMDRsfor al channelsin the DMAC to 0 to forcibly terminate
transfer

(2) IRQn Interrupts

An IRQn interrupt is requested by a signal input on pinsIRQ11 to IRQO. IRQn (n = 11 to 0) have
the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, on pinsIRQn.

e Enabling or disabling of interrupt requests IRQn can be selected by IER.

e Theinterrupt priority can be set by IPR.

e The status of interrupt requests IRQn isindicated in ISR. ISR flags can be cleared to 0 by
software. The bit manipulation instructions and memory operation instructions should be used
to clear the flag.

Detection of IRQn interrupts is enabled through the P1ICR, P2ICR, and P5ICR register settings,
and does not change regardless of the output setting. However, when a pin is used as an external
interrupt input pin, the pin must not be used as an 1/O pin for another function by clearing the
corresponding DDR bit to 0.
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A block diagram of interrupts IRQn is shown in figure 5.2.

Corresponding bit IRQNSF, IRQNSR IRQnE

in ICR
l l IRQNF

IRQn interrupt request
o Edge/level _
. Input buffer > detection circuit ™8 Q

IRQn input R

[Legend] Clear signal
n=11t00

Figure5.2 Block Diagram of InterruptsRQn

When the IRQ sensing control in ISCR is set to alow level of signal IRQn, the level of IRQn
should be held low until an interrupt handling starts. Then set the corresponding input signal IRQn
to high in the interrupt handling routine and clear the IRQnF to 0. Interrupts may not be executed
when the corresponding input signal IRQn is set to high before the interrupt handling begins.

54.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following features:

e For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that enable or disable these interrupts. They can be controlled independently.
When the enable bit is set to 1, an interrupt request is issued to the interrupt controller.

e Theinterrupt priority can be set by means of IPR.

e TheDTC and DMAC can be activated by a TPU, SCI, or other interrupt request.

e Thepriority levels of DTC and DMAC activation can be controlled by the DTC and DMAC
priority control functions.

54.3 Sleep Interrupt

A dleep interrupt is generated by executing a SLEEP instruction. The sleep interrupt is non-
maskable, and is always accepted regardless of the interrupt control mode or the settings of the
CPU interrupt mask bits. The SLPIE bit in SBY CR sdlects whether the sleep interrupt function is
enabled or not.
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55 Interrupt Exception Handling Vector Table
Table 5.2 lists interrupt exception handling sources, vector address offsets, and interrupt priority.

In the default priority order, alower vector number corresponds to a higher priority. When
interrupt control mode 2 is set, priority levels can be changed by setting the PR contents. The
priority for interrupt sources allocated to the same level in IPR follows the default priority, that is,
they are fixed.

Table5.2 Interrupt Sources, Vector Address Offsets, and Interrupt Priority

Vector

Vector Address DTC DMAC
Classification  Interrupt Source  Number Offset* IPR Priority ~ Activation  Activation
External pin ~ NMI 7 H'001C — High — —
.SLEEP‘ Sleep interrupt 18 H'0048 — A — —
instruction
External pin  IRQO 64 H'0100 IPRA14 to IPRA12 O —
IRQ1 65 H'0104 IPRA10 to IPRA8 (0] —
IRQ2 66 H'0108 IPRAG to IPRA4 O —
IRQ3 67 H'010C  IPRA2 to IPRAO o] —
IRQ4 68 H'0110 IPRB14to IPRB12 O —
IRQ5 69 H'0114  IPRB10 to IPRB8 o —
IRQ6 70 H'0118  IPRB6 to IPRB4 (0] —
IRQ7 71 H'011C  IPRB2 to IPRBO o] —
IRQ8 72 H'0120 IPRC14 to IPRC12 (0] —
IRQ9 73 H'0124  IPRC10 to IPRC8 O —
IRQ10 74 H'0128  IPRC6 to IPRC4 o —
IRQ11 75 H'012C  IPRC2 to IPRCO O —
— Reserved for 76 H0130 — — —
system use 77 H'0134 — —
78 H'0138 — —
79 H'013C — —
80 H'0140 — —
WDT WOoVvI 81 H'0144 IPRE10to IPRE8 Low — —

Rev.1.00 Sep. 08, 2005 Page 105 of 966
RENESAS REJ09B0219-0100



Section 5 Interrupt Controller

Vector

Vector Address DTC DMAC
Classification Interrupt Source  Number Offset* IPR Priority  Activation  Activation
— Reserved for 82 H'0148 — High — —
system use 83 H014C A — —
84 H'0150 — —
85 H'0154 — —
A/D ADI 86 H'0158  IPRF10 to IPRF8 o} (0]
— Reserved for 87 H'015C — — —
system use
TPU_O TGIOA 88 H'0160 IPRF6 to IPRF4 o] (0]
TGIOB 89 H'0164 o —
TGIOC 90 H'0168 (0] —
TGIOD 91 H'016C O —
TCIloV 92 H'0170 — —
TPU_1 TGHA 93 H'0174  IPRF2 to IPRFO o] (0]
TGIHB 94 H'0178 (0] —
TCIV 95 H'017C — —
TCHU 96 H'0180 — —
TPU_2 TGI2A 97 H'0184 IPRG14 to IPRG12 O (6]
TGI2B 98 H'0188 (6] —
TCl2v 99 H'018C — —
TCl2U 100 H'0190 — —
TPU_3 TGI3A 101 H'0194 IPRG10 to IPRG8 o] (0]
TGI3B 102 H'0198 (0] —
TGI3C 103 H'019C o} —
TGI3D 104 H'01A0 O —
TCI3V 105 H'01A4 — —
TPU_4 TGI4A 106 H'01A8 IPRG6 to IPRG4 O (6]
TGl4B 107 H'01AC (0] —
TCl4Vv 108 H'01BO — —
TCl4U 109 H'01B4 Low — —
Rev.1.00 Sep. 08, 2005 Page 106 of 966
REJ09B0219-0100 RENESAS



Section 5 Interrupt Controller

Vector

Vector Address DTC DMAC
Classification Interrupt Source  Number Offset* IPR Priority  Activation  Activation
TPU_5 TGI5A 110 H'01B8 IPRG2to IPRGO High o (0]
TGI5B 111 H'01BC A o —
TCI5V 112 H'01CO — —
TCI5U 113 H'01C4 — —
— Reserved for 114 H'01C8 — — —
system use 115 Ho1CC — —
TMR_O CMIOA 116 H'01D0  IPRH14 to IPRH12 o] —
CMIoB 117 H'01D4 (0] —
ovol 118 H'01D8 — —
TMR_1 CMIA 119 H'01DC IPRH10 to IPRH8 o] —
CMI1B 120 H'01EO (0] —
Oov1l 121 H'01E4 — —
TMR_2 CMI2A 122 H'01E8 IPRH6 to IPRH4 o] —
CMI2B 123 H'01EC o —
oval 124 H'01FO0 — _
TMR_3 CMI3A 125 H'01F4 IPRH2 to IPRHO (0] —
CMI3B 126 H'01F8 (0] —
ovsl 127 H'01FC — —
DMAC DMTENDO 128 H'0200  IPRI14 to IPRI12 (0] —
DMTEND1 129 H'0204  IPRI10 to IPRI8 (0] —
DMTEND2 130 H'0208 IPRI6 to IPRI4 (0] —
DMTEND3 131 H'020C IPRI2 to IPRIO (0] —
— Reserved for 132 H'0210 — — —
system use 133 H'0214 . -
134 H'0218 — —
135 H'021C — —
DMAC DMEENDO 136 H'0220 IPRK14 to IPRK12 (0] —
DMEEND1 137 H'0224 (0] —
DMEEND2 138 H'0228 (0] —
DMEEND3 139 H'022C Low (6] —
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Vector

Vector Address DTC DMAC
Classification Interrupt Source  Number Offset* IPR Priority  Activation  Activation
— Reserved for 140 H'0230 — High — —
system use 141 H'0234 A — —
142 H'0238 — —
143 H'023C — —
SCI_0 ERIO 144 H'0240  IPRKS6 to IPRK4 — —
RXI0 145 H'0244 (0] 0}
TXIO 146 H'0248 o} (0]
TEIO 147 H'024C — —
SCI_1 ERI1 148 H'0250 IPRK2 to IPRKO — —
RXI1 149 H'0254 O O
XN 150 H'0258 o (0]
TEN 151 H'025C — —
SCI_2 ERI2 152 H'0260 IPRL14 to IPRL12 — —
RXI2 153 H'0264 (0] (6]
TXI2 154 H'0268 o} (0]
TEI2 155 H'026C — —
— Reserved for 156 H'0270 — — —
system use 157 H0274 — —
158 H'0278 — —
159 H'027C — —
SCI_4 ERI4 160 H'0280  IPRLS6 to IPRL4 — —
RXI14 161 H'0284 O O
TXI4 162 H'0288 o (0]
TEI4 163 H'028C — —
— Reserved for 164 H'0290 — — —
system use | |
215 H'035C Low — —
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Vector

Vector Address DTC DMAC
Classification Interrupt Source  Number Offset* IPR Priority  Activation  Activation
lIc2 1ICIO 216 H'0360 IPRQ6 to IPRQ4  High — —
Reserved for 217 H'0364 A — —
system use
lIcH 218 H'0368 — —
Reserved for 219 H'036C — —
system use
SCI_5 RXI15 220 H'0370  IPRQ2 to IPRQO — o
TXI5 221 H'0374 — (0]
ERI5 222 H'0378 — —
TEI5 223 H'037C — —
SCI_6 RXI6 224 H'0380 IPRR14 to IPRR12 — O
TXI6 225 H'0384 — o
ERI6 226 H'0388 — —
TEI6 227 H'038C — —
TMR_4 CMIA4 or CMIB4 228 H'0390 IPRR10 to IPRR8 — —
TMR_5 CMIA5 or CMIB5 229 H'0394 — —
TMR_6 CMIA6 or CMIB6 230 H'0398 — —
TMR_7 CMIA7 or CMIB7 231 H'039C — —
usB USBINTNO 232 H'03A0 IPRR6 to IPRR4 — (0]
USBINTNT1 233 H'03A4 — (6]
USBINTN2 234 H'03A8 — —
USBINTN3 235 H'03AC — —
— Reserved for 236 H'03B0 IPRR2 to IPRRO — —
system use 237 H'03B4 _ _
uSB resume 238 H'03B8 — —
— Reserved for 239 H'03BC — — —
system use | | | |
255 H'03FC Low — —

Note: * Lower 16 bits of the start address in advanced, middle, and maximum modes.
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5.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two interrupt control modes: interrupt control mode 0 and interrupt
control mode 2. Interrupt operations differ depending on the interrupt control mode. The interrupt
control mode is selected by INTCR. Table 5.3 shows the differences between interrupt control
mode 0 and interrupt control mode 2.

Table5.3 Interrupt Control Modes

Interrupt Priority

Control Setting Interrupt

Mode Register Mask Bit Description

0 Default | The priority levels of the interrupt sources are fixed

default settings.
The interrupts except for NMI and sleep interrupt is
masked by the | bit.

2 IPR 12to 10 Eight priority levels can be set for interrupt sources
except for NMI and sleep interrupt with IPR.
8-level interrupt mask control is performed by bits 12 to
10.

56.1 Interrupt Control Mode O

In interrupt control mode O, interrupt requests except for NMI and sleep interrupt are masked by
the | bit in CCR of the CPU. Figure 5.3 shows a flowchart of the interrupt acceptance operation in
this case.

1. If aninterrupt request occurs when the corresponding interrupt enable bit is set to 1, the
interrupt request is sent to the interrupt controller.

2. Ifthel bitin CCRisset to 1, NMI and sleep interrupt is accepted, and other interrupt requests
are held pending. If the | bit is cleared to O, an interrupt request is accepted.

3. For multiple interrupt requests, the interrupt controller selects the interrupt request with the
highest priority, sends the request to the CPU, and holds other interrupt requests pending.

4. When the CPU accepts the interrupt request, it startsinterrupt exception handling after
execution of the current instruction has been completed.

5. The PC and CCR contents are saved to the stack area during the interrupt exception handling.
The PC contents saved on the stack is the address of the first instruction to be executed after
returning from the interrupt handling routine.

6. Next, thel bitin CCRisset to 1. Thismasks all interrupts except NMI and sleep interrupt.
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The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in the
vector table.

Program execution state

>

No

Interrupt generated?

Yes

NMI or sleep interrupt

\

Pending

Y
| Save PC and CCR |

+
]
Y

| Read vector address |

1

| Branch to interrupt handling routine |

Figure5.3 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode O
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5.6.2 Interrupt Control Mode 2

Ininterrupt control mode 2, interrupt requests except for NMI and sleep interrupt are masked by
comparing the interrupt mask level (12 to 10 bits) in EXR of the CPU and the IPR setting. There
are eight levelsin mask control. Figure 5.4 shows a flowchart of the interrupt acceptance operation
in this case.

1.

If an interrupt request occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

For multiple interrupt requests, the interrupt controller selects the interrupt request with the
highest priority according to the IPR setting, and holds other interrupt requests pending. If
multiple interrupt requests have the same priority, an interrupt request is selected according to
the default setting shown in table 5.2.

Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. When the interrupt request does not have priority over the mask level set, itisheld
pending, and only an interrupt request with a priority over the interrupt mask level is accepted.
When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been compl eted.

The PC, CCR, and EXR contents are saved to the stack area during interrupt exception
handling. The PC saved on the stack is the address of the first instruction to be executed after
returning from the interrupt handling routine.

TheT bitin EXR is cleared to 0. The interrupt mask level is rewritten with the priority of the
accepted interrupt. If the accepted interrupt is NMI or sleep interrupt, the interrupt mask level
issettoH'7.

The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the
vector table.
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\
Program execution state

>

\

No

Interrupt generated?

Yes

No
Level 7 interrupt?

Yes

NMI or sleep interrupt

Mask level 5 No
or below?

Mask level 0?7

Yes

Y 4
[ save PC, CCR, and EXR | Pending

|

Clear T bitto 0 |

!

| Update mask level |

!

| Read vector address |

|Branch to interrupt handling routinel

Figure5.4 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 2
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Interrupt Exception Handling Sequence

56.3

Figure 5.5 shows the interrupt exception handling sequence. The exampleisfor the case where

interrupt control mode 0 is set in maximum mode, and the program area and stack areaarein on-

chip memory.
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Figure5.5 Interrupt Exception Handling

Rev.1.00 Sep. 08, 2005 Page 114 of 966

REJ09B0219-0100

RENESAS



Section 5 Interrupt Controller

564 Interrupt Response Times

Table 5.4 shows interrupt response times — the interval between generation of an interrupt request
and execution of thefirst instruction in the interrupt handling routine. The symbols for execution
states used in table 5.4 are explained in table 5.5.

This LSl is capable of fast word transfer to on-chip memory, so allocating the program areain on-
chip ROM and the stack areain on-chip RAM enables high-speed processing.

Table5.4 Interrupt Response Times

Normal Mode*® Advanced Mode Maximum Mode*®

Interrupt Interrupt Interrupt Interrupt Interrupt  Interrupt

Control Control Control Control Control Control
Execution State Mode 0 Mode 2 Mode 0 Mode 2 Mode 0 Mode 2
Interrupt priority determination*" 3
Number of states until executing 1t019+2.§,
instruction ends**
PC, CCR, EXR stacking S t02.8*° 2.5, S, t02.8*° 2.5, 2.5, 2.5,
Vector fetch S,
Instruction fetch*® 2.5,
Internal processing** 2

Total (using on-chip memory) 10 to 31 11 to 31 10 to 31 11 to 31 11 to 31 11 to 31

Notes: 1. Two states for an internal interrupt.
2. In the case of the MULXS or DIVXS instruction
Prefetch after interrupt acceptance or for an instruction in the interrupt handling routine.
Internal operation after interrupt acceptance or after vector fetch
Not available in this LSI.

When setting the SP value to 4n, the interrupt response time is S,; when setting to 4n +
2, the interrupt response time is 2-S,.

o0 r®
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Table5.5 Number of Execution Statesin Interrupt Handling Routine

Object of Access

External Device

8-Bit Bus 16-Bit Bus

On-Chip 2-State 3-State 2-State 3-State
Symbol Memory Access Access Access Access
Vector fetch S, 1 8 12 +4m 4 6 +2m
Instruction fetch S, 1 4 6+2m 2 3+m
Stack manipulation S, 1 8 12 +4m 4 6 +2m
[Legend]
m: Number of wait cycles in an external device access.

5.6.5 DTC and DMAC Activation by Interrupt

The DTC and DMAC can be activated by an interrupt. In this case, the following options are
available:

e Interrupt request to the CPU

e Activation request to the DTC

e Activation request to the DMAC
e Combination of the above

For details on interrupt requests that can be used to activate the DTC and DMAC, seetable 5.2,
section 7, DMA Controller (DMAC), and section 8, Data Transfer Controller (DTC).

Figure 5.6 shows ablock diagram of the DTC, DMAC, and interrupt controller.
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Select signal
:| DMRSR_0 to DMRSR_3

Control signal

Interrupt request DMAC activation request signal
T

Clear signal
On-chip —I— DMAC < g
v sglegt Clear signal
module Interrupt request circuit DTCER

clear signal

> DMAC

l Select signal

Interrupt request DTC activation request
——— vector number

Clear signal DTCcontrol [—— T DTC

] circuit Clear signal
DTC/CPU
Interrupt request

S‘eleét CPU interrupt request
IRQ | circuit vector number

interrupt Interrupt request clear signal Priority
determination

CPU

210 10

Interrupt controller

Figure5.6 Block Diagram of DTC, DMAC, and Interrupt Controller
(1) Selection of Interrupt Sources

The activation source for each DMAC channel is selected by DMRSR. The selected activation
source isinput to the DMAC through the select circuit. When transfer by an on-chip module
interrupt isenabled (DTF1 =1, DTFO =0, and DTE = 1in DMDR) and the DTA bitin DMDR is
set to 1, the interrupt source selected for the DMAC activation source is controlled by the DMAC
and cannot be used as a DTC activation source or CPU interrupt source.

Interrupt sources that are not controlled by the DMAC are set for DTC activation sources or CPU
interrupt sources by the DTCE bit in DTCERA to DTCERH of the DTC.

Specifying the DISEL bit in MRB of the DTC generates an interrupt request to the CPU by
clearing the DTCE hit to O after theindividual DTC data transfer.

Note that when the DTC performs a predetermined number of data transfers and the transfer
counter indicates 0, an interrupt request is made to the CPU by clearing the DTCE bit to O after the
DTC datatransfer.

When the same interrupt sourceis set as both the DTC and DMAC activation source and CPU
interrupt source, the DTC and DMAC must be given priority over the CPU. If the IPSETE bit in
CPUPCR is set to 1, the priority is determined according to the | PR setting. Therefore, the CPUP
setting or the | PR setting corresponding to the interrupt source must be set to lower than or equal
to the DTCP and DMAP setting. If the CPU is given priority over the DTC or DMAC, the DTC or
DMAC may not be activated, and the data transfer may not be performed.
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(2) Priority Determination

The DTC activation source is selected according to the default priority, and the selection is not
affected by its mask level or priority level. For respective priority levels, seetable 8.1, Interrupt
Sources, DTC Vector Addresses, and Corresponding DTCEs.

(3) Operation Order

If the same interrupt is selected as both the DTC activation source and CPU interrupt source, the
CPU interrupt exception handling is performed after the DTC datatransfer. If the same interrupt is
selected asthe DTC or DMAC activation source or CPU interrupt source, respective operations
are performed independently.

Table 5.6 lists the selection of interrupt sources and interrupt source clear control by setting the
DTA bitin DMDR of the DMAC, the DTCE bitin DTCERA to DTCERH of the DTC, and the
DISEL bitin MRB of the DTC.

Table5.6 Interrupt Source Selection and Clear Control

DMAC Setting DTC Setting Interrupt Source Selection/Clear Control
DTA DTCE DISEL DMAC DTC CPU
0 0 * o) X v
1 0 ¢ v X
1 o) o v
1 * * V X X
[Legend]

\: The corresponding interrupt is used. The interrupt source is cleared.
(The interrupt source flag must be cleared in the CPU interrupt handling routine.)
O: The corresponding interrupt is used. The interrupt source is not cleared.
X: The corresponding interrupt is not available.
*: Don't care.

(49) UsageNote

Theinterrupt sources of the SCI, and A/D converter are cleared according to the setting shown in
table 5.6, when the DTC or DMAC reads/writes the prescribed register.

To initiate multiple channels for the DTC with the same interrupt, the same priority (DTCP =
DMAP) should be assigned.
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57 CPU Priority Control Function Over DTC and DMAC

Theinterrupt controller has afunction to control the priority among the DTC, DMAC, and the
CPU by assigning different priority levelsto the DTC, DMAC, and CPU. Since the priority level
can automatically be assigned to the CPU on an interrupt occurrence, it is possible to execute the
CPU interrupt exception handling prior to the DTC or DMAC transfer.

The priority level of the CPU is assigned by bits CPUP2 to CPUPO in CPUPCR. The priority level
of the DTC isassigned by bits DTCP2 to DTCPO in CPUPCR. The priority level of the DMAC is
assigned by bits DMAP2 to DMAPO in DMDR for each channel.

The priority control function over the DTC and DMAC is enabled by setting the CPUPCE bit in
CPUPCR to 1. When the CPUPCE bit is 1, the DTC and DMAC activation sources are controlled
according to the respective priority levels.

The DTC activation sourceis controlled according to the priority level of the CPU indicated by
bits CPUP2 to CPUPO and the priority level of the DTC indicated by bits DTCP2 to DTCPO. If the
CPU has priority, the DTC activation source is held. The DTC is activated when the condition by
which the activation source is held is cancelled (CPUPCE = 1 and value of bits CPUP2 to CPUPO
is greater than that of bits DTCP2 to DTCPQ). The priority level of the DTC is assigned by the
DTCP2 to DTCPO bits regardless of the activation source.

For the DMAC, the priority level can be specified for each channel. The DMAC activation source
is controlled according to the priority level of each DMAC channel indicated by bits DMAP2 to
DMAPO and the priority level of the CPU. If the CPU has priority, the DMAC activation sourceis
held. The DMAC is activated when the condition by which the activation sourceisheld is
cancelled (CPUPCE = 1 and value of bits CPUP2 to CPUPQ is greater than that of bits DMAP2 to
DMAPQ). If different priority levels are specified for channels, the channels of the higher priority
levels continue transfer and the activation sources for the channels of lower priority levels than
that of the CPU are held.

There are two methods for assigning the priority level to the CPU by the IPSETE bit in CPUPCR.
Setting the IPSETE bit to 1 enables afunction to automatically assign the value of the interrupt
mask bit of the CPU to the CPU priority level. Clearing the IPSETE hit to 0 disables the function
to automatically assign the priority level. Therefore, the priority level is assigned directly by
software rewriting bits CPUP2 to CPUPO. Even if the IPSETE bit is 1, the priority level of the
CPU is software assignable by rewriting the interrupt mask bit of the CPU (I bitin CCR or 12to 10
bitsin EXR).
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The priority level which is automatically assigned when the IPSETE bit is 1 differs according to
the interrupt control mode.

Ininterrupt control mode O, the | bit in CCR of the CPU isreflected in bit CPUP2. Bits CPUP1
and CPUPO are fixed 0. In interrupt control mode 2, the values of hits12 to 10 in EXR of the CPU
are reflected in bits CPUP2 to CPUPO.

Table 5.7 shows the CPU priority control.

Table5.7 CPU Priority Control

Control Status

Interrupt
Control Interrupt Interrupt IPSETE in Updating of CPUP2
Mode Priority Mask Bit CPUPCR CPUP2to CPUPO to CPUPO
0 Default | =any 0 B'111 to B'000 Enabled

=0 1 B'000 Disabled

=1 B'100
2 IPR setting 12to 10 0 B'111 to B'000 Enabled

1 12to 10 Disabled
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