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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.




To all our customers

Regarding the change of names mentioned in the document, such as Hitachi
Electric and Hitachi XX, to Renesas Technology Corp.

The semiconductor operations of Mitsubishi Electric and Hitachi were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMSs (flash memory, SRAMs €tc.)
Accordingly, although Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and other Hitachi brand
names are mentioned in the document, these names have in fact all been changed to Renesas
Technology Corp. Thank you for your understanding. Except for our corporate trademark, logo and
corporate statement, no changes whatsoever have been made to the contents of the document, and
these changes do not constitute any alteration to the contents of the document itself.

Renesas Technology Home Page: http://www.renesas.com

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003

RENESAS

RenesasTechnology Corp.



Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and more reliable, but there is aways 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

1

These materials are intended as areference to assist our customersin the selection of the Renesas
Technology Corporation 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
Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party'srights, 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 Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation 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 Corporation 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 Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

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

Renesas Technology Corporation semiconductors are not designed or manufactured for usein adevice
or system that is used under circumstances in which human lifeis potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation 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 Corporation 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 Corporation for further details on these materials or the products
contained therein.
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When using this document, keep the following in mind:
1.
2.

Notice

This document may, wholly or partially, be subject to change without notice.

All rights are reserved: No one is permitted to reproduce or duplicate, in any form
the whole or part of this document without Hitachi’s permission.

Hitachi will not be held responsible for any damage to the user that may result fro

accidents or any other reasons during operation of the user’s unit according to this

document.

Circuitry and other examples described herein are meant merely to indicate the
characteristics and performance of Hitachi’'s semiconductor products. Hitachi
assumes no responsibility for any intellectual property claims or other problems th
may result from applications based on the examples described herein.

No license is granted by implication or otherwise under any patents or other rights
any third party or Hitachi, Ltd.

MEDICAL APPLICATIONS: Hitachi's products are not authorized for use in
MEDICAL APPLICATIONS without the written consent of the appropriate officer
of Hitachi's sales company. Such use includes, but is not limited to, use in life
support systems. Buyers of Hitachi’s products are requested to notify the relevant
Hitachi sales offices when planning to use the products in MEDICAL
APPLICATIONS.
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Preface

The H8/3502 is a high-performance single-chip microcomputer ideally suited for embedded
control applications. The chip is built around a high-speed H8/300 CPU core. On-chip supportin
modules include 16-kbyte ROM, 512-byte RAM, three types of timers, a serial communication
interface, host interface, and 1/O ports, for easy implementation of compact, high-performance
control systems.

Development tools that support the functionally higher-end H8/3217 Series should be used for
H8/3502 program development.

The H8/3502 is also available as a ZTAT™ (Zero Turn-Around Time) version of the functionally
higher-end H8/3214. This version enables the user to respond quickly and flexibly to changing
application system specifications and the demands of the transition from initial to full-fledged
volume production.

There are a number of differences between the H8/3502 and the functionally higher-end H8/321
Series. In terms of functions, the H8/3502 is available in only one ROM/RAM configuration, has
maximum operating frequency of 10 MHz, and does not offer a guaranteed current dissipation
figure in standby mode, one of its power-down states.

The H8/3502 single-chip microcomputer is intended for consumer applications. If the user
requires a ZTAT™ version, larger ROM/RAM capacity, processing at a maximum 16 MHz,
significant power reduction in standby mode for portable systems, etc., or the high reliability
essential for automotive or industrial applications, the H8/3217 Series should be used.

This manual describes the H8/3502 hardware. Refer td8f200 Series Programming Manual
for a detailed description of the instruction set, and t&18/8217 Series Hardware Manuglr
details of higher-end products, including ZTAT™ versions.

Note: ZTAT is a trademark of Hitachi, Ltd.
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Section 1 Overview

1.1 Overview

The H8/3502 is a series of single-chip microcomputers integrating a CPU core together with a
variety of peripheral functions needed in control systems.

The H8/300 CPU is a high-speed processor featuring powerful bit-manipulation instructions,
ideally suited for realtime control applications. On-chip supporting modules necessary for syster
configuration include 16-kbyte ROM, 512-byte RAM, three types of timers (16-bit free-running
timer, 8-bit timer, and watchdog timer), a serial communication interface (SCI), host interface
(HIF), and /O ports.

The H8/3502 can operate in single-chip mode or in two expanded modes, depending on the
memory requirements of the application.

Development tools that support the functionally higher-end H8/3217 Series should be used for
H8/3502 program development. As a ZTAT™ version, use the ZTAT™ version of the H8/3214.
Registers related to higher-level functions should not be accessed in this case. In particular, 1 n
not be written in the IICS, 1ICX1, IICX0, SYNCE, PWCKE, and PWCKS bits in the serial/timer
control register (STCR).

Note: ZTAT is a trademark of Hitachi, Ltd.

Table 1-1 lists the features of the H8/3502.
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Table 1-1 Features

Feature Description

CPU General register architecture
» Eight 16-bit general registers, or
» Sixteen 8-bit general registers

High speed

* Maximum clock rate: 10 MHz/5 V (@ clock)
» Add/subtract: 200 ns (10 MHz operation)

» Multiply/divide: 1400 ns (10 MHz operation)

Concise, streamlined instruction set

« Allinstructions are 2 or 4 bytes long

* Register-register arithmetic and logic operations

» Register-memory data transfer by MOV instruction

Instruction set features

* Multiply instruction (8 bits x 8 bits)

 Divide instruction (16 bits + 8 bits)
 Bit-accumulator instructions

» Register-indirect specification of bit positions

Memory * ROM: 16 kbytes
 RAM: 512 bytes

16-Bit free-running ¢ One 16-bit free-running counter (also usable for external event counting)

timer (FRT: 1 * Two compare outputs
channel) » One capture input
8-bit timer Each channel has:

(TMR: 2 channels) » One 8-bit up-counter (also usable for external event counting)
« Two time constant registers

Watchdog timer » Reset or NMI generation by overflow
(WDT: 1 channel) » Can be switched to interval timer mode
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Table 1-1

Feature

Features (cont)

Description

Serial communi-
cation interface
(SCI: 2 channels)

Selection of asynchronous and synchronous modes
Simultaneous transmit and receive (full duplex operation)
On-chip baud rate generator

Host interface (HIF)

8-bit host interface port

Three host interrupt requests (HIRQ4, HIRQq1, HIRQ12)

Normal and fast Ay gate output

Two register sets (each comprising two data registers and a status
register)

Keyboard controller

Controls a matrix keyboard using a keyboard scan with wake-up interrupt
and sense port configuration

I/O ports

53 input/output pins (of which 24 can drive large current loads)

Interrupts

Four external interrupt pins: NMI, IRQq to IRQ,
Eight key-sense interrupt pins: KEYINg to KEYIN;
Twenty-one on-chip interrupt sources

Operating modes

Mode 1: expanded mode with on-chip ROM disabled
Mode 2: expanded mode with on-chip ROM enabled
Mode 3: single-chip mode

Power-down state

Sleep mode
Software standby mode
Hardware standby mode

Other features

On-chip clock oscillator

Product lineup

Product Name Type Code Package ROM
H8/3502 HD6433502P10 64-pin shrink DIP (DP-64S) Mask ROM
HD6433502F10 64-pin QFP (FP-64A)
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1.2 Block Diagram
Figure 1-1 shows a block diagram of the H8/3502.

See table 1-2, Pin Assignments in Each Operating Mode, for differences in the pin functions.
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Figure 1-1 Block Diagram
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1.3  Pin Assignments and Functions

1.3.1  Pin Arrangement

Figure 1-2 shows the pin arrangement of the H8/3502 in the DP-64S packages. Figure 1-3 shov
the pin arrangement in the FP-64A package.

KEYINg/P6o/FTCI (1 () 64 ] P3,/D;/HDB,
KEYIN,/P6,/FTOA []2 63 [ ] P3¢/Dg/HDBg
KEYIN,/P6,/FTOB [ 3 62 ] P35/Dg/HDB;

KEYIN,/P64/FTI [] 4 61 ] P3,/D,/HDB,
P6,4/IRQy (|5 60 [ ] P34/D4/HDBg
P65/IRQ, []6 59 [ P3,/D,/HDB,
P6¢/IRQ, []7 58 [ ] P3,/D,/HDB,

RES [|s 57 [ ] P3,/Dy/HDB,
XTAL ]9 56 1 P1o/Ag
EXTAL []10 55 ] P1,/A;
MD; 11 541 P1,/A,
MDg [ 12 53 [ ] P14/Ag
NMI [] 13 52 [ ] P1,/A,
Vee []14 511 P15/Ag
STBY []15 50 [ ] P1g/Ag
Vgs 16 49 [ P1,/A;
P4,/TMClg [] 17 48[ ] Vgg
P4,/TMO, [ 18 47 [ P2y/Ag
P4,/TMRIg [ 19 46 [] P2,/Aq
HIRQ;,/P43/TMCl; [] 20 45 [ P2,/A10
HIRQ,/P4,/TMO; [ 21 44 [ P2,/A 4
HIRQ,,/P45/TMRI; [ 22 43[ ] P2,/A,
CS,/P4g/a [ 23 42 [ P2:/A5
GAy /P4, [ 24 41 [ P2g/A 14
P5y/TxDg [] 25 40 [1P2,/A 5
P5,/RxDqy [] 26 39 [1Vee
P5,/SCKo [ 27 38 [ ] P7,/WAIT/HA,
P54/TxD; [ 28 37 [] P74/RD/IOR
P5,/RXD; [] 29 36 [_] P7o/WR/IOW
P5¢/SCK; [] 30 35 ] P7,/ASICS,
KEYIN,/P7, [ 31 34 [ ] P74/KEYIN,
KEYINg/P7, |32 33 [ ] P7,/KEYINg

Figure 1-2 Pin Arrangement (DP-64S, Top View)
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P3y/Dy/HDB, [ 49
P3,/D,/HDB; [|s0
P3,/D,/HDB, [_|s1
P3,4/D4/HDB; [ |52
P3,/D,/HDB, [|s3
P3-/Dg/HDB; [ |54
P3¢/Dg/HDBg |55
P3,/D,/HDB; [_|s6
P6,/FTCI/KEYIN, [|s7
P6,/FTOA/KEYIN, [|ss
P6,/FTOB/KEYIN, [ |50
P6,/FTI/KEYIN; [0
P6,/IRQ, [ 61
P65/IRQ, []e2
P6¢/IRQ, [ 63

RES [ 64

48[ __1P1y/A,
a7 [ 1P1/A;

161 P1,/A,
151 P1,/A,
| _1P1/A,
43 P1g/Ag
22 [ 1P1g/Ag

20 ] Vgg

2 [ 1P1IA,

391 P2y/Ag

381 P2,/Ag

371 P2,/A0

361 P25/A;

351 P2,/A,

sa[ 1 P2:/A5

331 P2¢/A,

32[ 1 p2,/As

31 ] Vee

30[ ] HAY/P7,/WAIT
29[ ] IOR/P74/RD
28] [OW/P75/WR
271 CS,/P7,/AS
26[ ] KEYIN,/P7,
5[] KEYINg/P7,
24| ] KEYINg/P7,
23[ ] KEYIN,/P7,
22[ ] p5./SCK,

21[ ] p5,/RxD;

20[ ] p5,/TxD,

19 ] p5,/SCK,

18[ ] p5,/RxD,

17[ ] P5y/TXD,

XTAL [_]1
EXTAL |2

MD; [ |3
MD, [_|4
NMI [ s
Vee 6

STBY [~
Vss |8
P4o/TMCly [ 9

P4,/TMO, [ 10
P4,/TMRIy |11

HIRQ,;/P45/TMCI; [ 12

HIRQ,/P4,/TMO; [ 13
HIRQ,,/P45/TMRI; [ 14

CS,/P4gls [ 15

GAL /P4, [ |16

Figure 1-3 Pin Arrangement (FP-64A, Top View)
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1.3.2  Pin Functions

(1) Pin Assignments in Each Operating ModeTable 1-2 list the assignments of the pins of the
DP-64S and FP-64A packages in each operating mode.

Table 1-2  Pin Assignments in Each Operating Mode
Pin No. Expanded Modes Single-Chip Mode
DP-64S FP-64A Mode 1 Mode 2 Mode 3
1 57 P6/FTCI/KEYIN, P6o/FTCI/KEYIN, P6,/FTCI/KEYIN,
2 58 P6,/FTOA/KEYIN; P6,/FTOA/KEYIN; P6,/FTOA/KEYIN;
3 59 P6,/FTOB/KEYIN, P6,/FTOB/KEYIN, P6,/FTOB/KEYIN,
4 60 P63/FTI/KEYIN; P63/FTI/KEYIN P63/FTI/KEYIN;
5 61 P64/1IRQq P64/IRQq P64/IRQq
6 62 P65/1IRQ; P65/1IRQ; P65/1IRQ;
7 63 P66/IRQ, P6¢/IRQ, P66/IRQ,
8 64 RES RES RES
9 1 XTAL XTAL XTAL
10 2 EXTAL EXTAL EXTAL
11 3 MD; MD; MD;
12 4 MDg MDq MDg
13 5 NMI NMI NMI
14 6 Vee Vee Vee
15 7 STBY STBY STBY
16 8 Vss Vss Vss
17 9 P4/TMClq P4,/TMCl, P4/TMClg
18 10 P4,/TMOq P4,/TMOq P4,/TMOq
19 11 P4,/TMRIq P4,/TMRI, P4,/TMRI,
20 12 P4,/TMCl; P44/TMCl; P45/TMCI/HIRQ1;
21 13 P4,/ TMO; P4,4/TMO; P4,/ TMO;/HIRQ;
22 14 P4s/TMRI; P45/TMRI; P4s/TMRIy/HIRQ 5
23 15 2} 2} P4/a/CS,
24 16 P4, P4, P4,/GA5
25 17 P5o/TxDg P50/TxDg P5o/TxDg
26 18 P5,/RxDy P5,/RxDg P5,/RxDy
27 19 P5,/SCKq P5,/SCKg P5,/SCKq
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Table 1-2

Pin Assignments in Each Operating Mode (cont)

Pin No. Expanded Modes Single-Chip Mode
DP-64S  FP-64A Mode 1 Mode 2 Mode 3
28 20 P55/TxD; P53/TxD; P53/TxD;
29 21 P54/RxD; P54/RxD; P54/RxD;
30 22 P55/SCK, P55/SCKy P55/SCK,
31 23 P7o/KEYIN, P7,/KEYIN, P7o/KEYIN,
32 24 P7./KEYINg P7,/KEYINg P7,/KEYINg
33 25 P7,/KEYINg P7,/KEYINg P7,/KEYINg
34 26 P75/KEYIN, P75/KEYIN, P75/KEYIN,
35 27 AS AS P7,4/CS;
36 28 WR WR P75/10W
37 29 RD RD P7¢/IOR
38 30 P7,/WAIT P7,/WAIT P7,/HAg
39 31 Vee Vee Vee
40 32 Ass P2,/A15 P2,
41 33 As P26/A14 P2
42 34 A3 P2s/A13 P2
43 35 A P24/A1, P24
44 36 A1q P24/A11 P23
45 37 Ao P2,/A10 P2,
46 38 Ag P2,/Aq P2,
47 39 Ag P2o/Ag P2
48 40 Vss Vss Vss
49 41 A; P1,/A; P1;
50 42 A Plg/Ag Plg
51 43 As P1s/Asg Pl
52 a4 Ay P14/A, Pl
53 45 Az Pls/As Pls
54 46 A, P1,/A, P1,
55 47 Ay P1,/A, P1;
56 48 Ao Plo/Ag Pl
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Table 1-2  Pin Assignments in Each Operating Mode (cont)

Pin No. Expanded Modes Single-Chip Mode

DP-64S FP-64A Mode 1 Mode 2 Mode 3

57 49 Do Do P3,/HDB,
58 50 D, D, P3,/HDB;
59 51 D, D, P3,/HDB,
60 52 D D3 P35/HDB3
61 53 D, D, P3,/HDB,
62 54 Ds Ds P35/HDBs
63 55 Dg D P3¢/HDBg
64 56 D, D, P3,/HDB,
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(2) Pin Functions: Table 1-3 gives a concise description of the function of each pin.

Table 1-3  Pin Functions

Type Symbol

Pin No.

DP-64S

FP-64A I/O

Name and Function

Power Vee

14, 39

6, 31 |

Power: Connected to the power
supply. Connect both V¢ pins to the
system power supply.

Vss

16, 48

8,40 |

Ground: Connected to ground (0 V).
Connect all Vgg pins to the system
power supply (0 V).

Clock XTAL

Crystal: Connected to a crystal
oscillator. The crystal frequency must
be the same as the desired system
clock frequency. If an external clock is
input at the EXTAL pin, a reverse-
phase clock should be input at the
XTAL pin.

EXTAL

10

External crystal: Connected to a
crystal oscillator or external clock.

The frequency of the external clock
must be the same as the desired
system clock frequency. See section 6,
Clock Pulse Generator, for examples
of connections to a crystal and
external clock.

23

15 (0]

System clock: Supplies the system
clock to peripheral devices.

‘ Q

(72

System RE
control

64 |

Reset: A low input causes the chip to
reset.

STBY

15

Standby: A transition to the hardware
standby mode (a power-down state)
occurs when a low input is received at
the STBY pin.

Address Aist0 Ag
bus

40 to 47,
49 to 56,

32to 39, (0]
41to 48

Address bus: Address output pins.

10 RENESAS



Table 1-3  Pin Functions (cont)

Pin No.
Type Symbol DP-64S FP-64A 110 Name and Function
Databus D;to Dy 64 to 57 56 to 49 I/O Data bus: 8-bit bidirectional data bus.
Bus WAIT 38 30 I Wait: Requests the CPU to insert Ty
control states into the bus cycle when an off-
chip address is accessed.
RD 37 29 0 Read: Goes low to indicate that the
CPU is reading an external address.
WR 36 28 0 Write : Goes low to indicate that the
CPU is writing to an external address.
AS 35 27 0 Address strobe: Goes low to indicate
that there is a valid address on the
address bus.
Interrupt NMI 13 5 | Non maskable interrupt:  Highest-
signals priority interrupt request. The NMIEG
bit in the system control register
determines whether the interrupt is
requested on the rising or falling edge
of the NMI input.
IRQq to 5t07 61to 63 | Interrupt request 0 to 2: Maskable
IRQ, interrupt request pins.
Operating MDDy, 11 3 I Mode: Input pins for setting the MCU
mode MDg 12 4 operating mode according to the table
control below.

MD; MDgy Mode Description

0 1 Mode 1 Expanded
mode with
on-chip ROM
disabled

1 0 Mode 2 Expanded
mode with
on-chip ROM
enabled

1 1 Mode 3  Single-chip
mode
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Table 1-3  Pin Functions (cont)

Pin No.
Type Symbol DP-64S FP-64A I/O Name and Function
16-bit FTCI 1 57 | FRT counter clock input:  Input pin for
free- an external clock signal for the free-
running running counter.
timer FTOA 2 58 0 FRT output compare A: Output pins
controlled by comparator A of the free-
running timer.

FTOB 3 59 (0] FRT output compare B: Output pins
controlled by comparator B of the free-
running timer.

FTI 4 60 | FRT input capture: Input capture pin
for the free-running timer.

8-bit timer TMOq, 18 10 (0] 8-bit timer output (channels 0 and

TMO, 21 13 1): Compare- match output pins for the
8-bit timers.

TMCly, 17 9 | 8-bit timer clock input (channels 0

TMCIq 20 12 and 1): External clock input pins for
the 8-bit timer counters.

TMRI, 19 11 | 8-bit timer reset input (channels 0

TMRI, 22 14 and 1): High input at these pins resets
the 8-bit timers.

Serial TxDg 25 17 (@) Serial transmit data (channels 0

commu- TxD, 28 20 and 1): Data output pins for the serial

nication communication interface.

interface RxDg 26 18 | Serial receive data (channels O

(sCh RxDq 29 21 and 1): Data input pins for the serial
communication interface.

SCKj 27 19 I/O Serial clock (channels 0 and 1):

SCK; 30 22 Input/output pins for the serial clock

signals.
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Table 1-3

Pin Functions (cont)

Pin No.
Type Symbol DP-64S FP-64A 110 Name and Function
General- P1;to 49 to 56 4110 48 I/O Port 1: An 8-bit input/output port with
purpose P1l, programmable MOS input pull-ups and
I/0 LED driving capability. The direction of
each bit can be selected in the port 1
data direction register (P1DDR).
P2, to 40 to 47 32to0 39 I/O Port 2: An 8-bit input/output port with
P2, programmable MOS input pull-ups and
LED driving capability. The direction of
each bit can be selected in the port 2
data direction register (P2DDR).
P3; to 64 to 57 56 to 49 I/O Port 3: An 8-bit input/output port with
P3p programmable MOS input pull-ups and
LED drive capability. The direction of
each bit can be selected in the port 3
data direction register (P3DDR).
P4, to 24to 17 16to 9 I/O Port 4: An 8-bit input/output port. The
P4, direction of each bit (except P4g) can
be selected in the port 4 data direction
register (P4DDR).
P55 to 30to 25 22to 17 I/10 Port 5: A 6-bit input/output port. The
P5¢ direction of each bit can be selected in
the port 5 data direction register
(P5DDR).
P6g to 7tol 63 to 57 I/0 Port 6: A 7-bit input/output port. The
P6g direction of each bit can be selected in
the port 6 data direction register
(P6DDR).
P7; to 381031 30to 23 1/0 Port 7: An 8-bit input/output port. The

P7q

direction of each bit can be selected in
the port 7 data direction register
(P7DDR).
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Table 1-3  Pin Functions (cont)

Pin No.
Type Symbol DP-64S FP-64A I/O Name and Function
Host HDBg to 57 to 64 49 to 56 I/0 Host interface data bus: Bidirectional
interface  HDBy; 8-bit bus for host interface access by
(HIF) the host.

CS, 35 27 I Chip select 1 and 2: Input pins for

CS, 23 15 selecting host interface channel 1 or
channel 2.

IOR 37 29 | I/O read: Input pin that enables reads
on the host interface.

IOW 36 28 | I/O write: Input pin that enables writes
to the host interface.

HA( 38 30 | Command/data: Input pin that
indicates a data access or command
access.

GAyo 24 16 (0] GATE Ayp: GATE Ayq control signal
output pin.

HIRQ, 21 13 (0] Host interrupt 1, 11, 12: Output pins

HIRQ14 20 12 for interrupt requests to the host.

HIRQ1» 22 14

Keyboard KEYINg lto4 57 to 60 | Keyboard input: Input pins for a
control to 31to 34 23t0 26 matrix keyboard. (P1qto P1; and P2,

KEYIN, to P2, are normally used as keyboard

scan outputs, enabling a maximum 16-
output x 8-input, 128-key matrix to be
configured. The number of keys can
be increased by using other port
outputs.)
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Section 2 CPU

2.1 Overview

The H8/3502 has the generic H8/300 CPU: an 8-bit central processing unit with a speed-oriente
architecture featuring sixteen general registers. This section describes the CPU features and
functions, including a concise description of the addressing modes and instruction set. For furth
details on the instructions, see th&/300 Series Programming Manual

2.1.1 Features

The main features of the H8/300 CPU are listed below.

« Two-way register configuration
— Sixteen 8-bit general registers, or
— Eight 16-bit general registers

* Instruction set with 57 basic instructions, including:
— Multiply and divide instructions
— Powerful bit-manipulation instructions

» Eight addressing modes
— Register direct (Rn)
— Register indirect (@Rn)
— Register indirect with displacement (@(d:16, Rn))
— Register indirect with post-increment or pre-decrement (@Rn+ or @—Rn)
— Absolute address (@aa:8 or @aa:16)
— Immediate (#xx:8 or #xx:16)
— PC-relative (@(d:8, PC))
— Memory indirect (@ @aa:8)

e Maximum 64-kbyte address space

» High-speed operation
— All frequently-used instructions are executed two to four states
— The maximum clock rate is 10 MHz/5 V (g clock)
— 8- or 16-bit register-register add or subtract: 200 ns (10 MHz)
— 8 x 8-bit multiply: 1400 ns (10 MHz)
— 16 + 8-bit divide: 1400 ns (10 MHz)

* Power-down mode

— SLEEP instruction
RENESAS 15



2.1.2  Address Space

The H8/300 CPU supports an address space of up to 64 kbytes for storing program code and dat
The memory map is different for each mode (modes 1, 2, and 3). See section 3.5, Address Spac
Maps for Each Operating Mode, for details.

2.1.3 Register Configuration

Figure 2-1 shows the register structure of the CPU. There are two groups of registers: the genere
registers and control registers.

General registers (Rn)

7 07 0
ROH ROL
R1H R1L
R2H R2L
R3H R3L
R4H R4L
R5H R5L
R6H R6L
R7H (SP) R7L SP: Stack pointer

Control registers (CR)
15 0
PC | PC: Program counter

76543210

CCR || |[U[H|U|N|Z|V|C CCR: Condition code register
L

Carry flag

Overflow flag

————— Zeroflag

— Negative flag

Half-carry flag

Interrupt mask bit
—————— User bit
————————— User bit

Figure 2-1 CPU Registers
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2.2  Register Descriptions

2.2.1 General Registers

All the general registers can be used as both data registers and address registers. When used ¢
address registers, the general registers are accessed as 16-bit registers (RO to R7). When used
data registers, they can be accessed as 16-bit registers, or the high and low bytes can be acces
separately as 8-bit registers.

R7 also functions as the stack pointer, used implicitly by hardware in processing interrupts and
subroutine calls. In assembly-language coding, R7 can also be denoted by the letters SP. As
indicated in figure 2-2, R7 (SP) points to the top of the stack.

m

Unused area

SP (R7) —»

Stack area

/_\/

Figure 2-2 Stack Pointer

2.2.2  Control Registers

The CPU control registers include a 16-bit program counter (PC) and an 8-bit condition code
register (CCR).

(1) Program Counter (PC): This 16-bit register indicates the address of the next instruction the
CPU will execute. Each instruction is accessed in 16 bits (1 word), so the least significant bit of
the PC is ignored (always regarded as 0).

(2) Condition Code Register (CCR):This 8-bit register contains internal status information,
including carry (C), overflow (V), zero (Z), negative (N), and half-carry (H) flags and the interrupt
mask bit (1).

Bit 7—Interrupt Mask Bit (I): When this bit is set to 1, all interrupts except NMI are masked.
This bit is set to 1 automatically by a reset and at the start of interrupt handling.
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Bit 6—User Bit (U): This bit can be written and read by software for its own purposes (using the
LDC, STC, ANDC, ORC, and XORC instructions).

Bit 5—Half-Carry (H): This bit is set to 1 when the ADD.B, ADDX.B, SUB.B, SUBX.B,

NEG.B, or CMP.B instruction causes a carry or borrow out of bit 3, and is cleared to 0 otherwise.
Similarly, it is set to 1 when the ADD.W, SUB.W, or CMP.W instruction causes a carry or borrow
out of bit 11, and cleared to 0 otherwise. It is used implicitly in the DAA and DAS instructions.

Bit 4—User Bit (U): This bit can be written and read by software for its own purposes (using the
LDC, STC, ANDC, ORC, and XORC instructions).

Bit 3—Negative (N): This bit indicates the most significant bit (sign bit) of the result of an
instruction.

Bit 2—Zero (Z): This bit is set to 1 to indicate a zero result and cleared to O to indicate a honzero
result.

Bit 1—Overflow (V): This bit is set to 1 when an arithmetic overflow occurs, and cleared to O at
other times.

Bit 0—Carry (C): This bit is used by:

* Add and subtract instructions, to indicate a carry or borrow at the most significant bit of the
result

 Shift and rotate instructions, to store the value shifted out of the most significant or least
significant bit

« Bit manipulation and bit load instructions, as a bit accumulator

The LDC, STC, ANDC, ORC, and XORC instructions enable the CPU to load and store the CCR
and to set or clear selected bits by logic operations. The N, Z, V, and C flags are used in
conditional branching instructions (Bcc).

Some instructions leave some or all of the flag bits unchanged. The action of each instruction on
the flag bits is shown in Appendix A.1, Instruction Set List. Se¢i8/800 Series Programming
Manualfor further details.

2.2.3 Initial Register Values

When the CPU is reset, the program counter (PC) is loaded from the vector table and the interruj
mask bit (1) in the CCR is set to 1. The other CCR bits and the general registers are not initializec

In particular, the stack pointer (R7) is not initialized. To prevent program crashes the stack pointe
should be initialized by software, by the first instruction executed after a reset.

18 RENESAS



2.3 Data Formats

The H8/300 CPU can process 1-bit data, 4-bit (BCD) data, 8-bit (byte) data, and 16-bit (word)
data.

 Bit manipulation instructions operate on 1-bit data specified as bitn (n =0, 1, 2, ..., 7) in a byt
operand.

 All arithmetic and logic instructions except ADDS and SUBS can operate on byte data.

» The DAA and DAS instruction perform decimal arithmetic adjustments on byte data in packed
BCD form. Each nibble of the byte is treated as a decimal digit.

e The MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits8 bits), and
DIVXU (16 bits + 8 bits) instructions operate on word data.
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2.3.1 Data Formats in General Registers

Data of all the sizes above

can be stored in general registers as shown in figure 2-3.

Data Type Register

Data Format

No.
7 o
1-bit data RoH (7 6]5]af3]2[1]0] Don'tcare
_______________________________________________ 7 0
1-bit data ROL © Don'tcare l7]6]5]4a]3[2]1]0]
7 o
Byte data RnH MSB: ‘LSB| __________________ Don'tcare
_______________________________________________ 7 0
Byte data RoL : I_D_q_n_’F cae |MSB LSB |
15 0
Word data Rn |MSB: : LSB |
7 4 3 o
4-bit BCD data RnH | :Uppe:fdigit: :Lowe:fdigit: | __________________ Dontcare
________________________________________________ 7 4 3 0
4-bit BCD data RnL Don't care | :Uppe:rdigit: :Lowe:rdigit:

Legend

RnH: Upper digit of general register
RnL: Lower digit of general register

MSB: Most significant bit
LSB: Least significant bit

20 RENESAS
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2.3.2  Memory Data Formats
Figure 2-4 indicates the data formats in memory.

Word data stored in memory must always begin at an even address. In word access the least
significant bit of the address is regarded as 0. If an odd address is specified, no address error
occurs but the access is performed at the preceding even address. This rule affects MOV.W
instructions and branching instructions, and implies that only even addresses should be stored i
the vector table.

Data Type Address Data Format
7 0
1-bit data Addressn | 7|65 ]a]3]2]1]0
Byte data Address n MSB: :LSB
MSB Upper 8 bits
Word data Even address e It? —
Odd address Lower 8 bits LsB
MSB CCR LSB
Byte data (CCR) on stack Even address —ttt
Odd address |MSB , CCR* |LSB
Word data on stack Even address MSB: 1 1 1 —t 1
Odd address LsB

Note: * Ignored on returning

Legend
CCR: Condition code register

Figure 2-4 Memory Data Formats

The stack must always be accessed a word at a time. When the CCR is pushed on the stack, tv
identical copies of the CCR are pushed to make a complete word. When they are returned, the
lower byte is ignored.
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2.4  Addressing Modes

2.4.1 Addressing Modes

The H8/300 CPU supports eight addressing modes. Each instruction uses a subset of these
addressing modes.

(1) Register Direct—Rn:The register field of the instruction specifies an 8- or 16-bit general
register containing the operand. In most cases the general register is accessed as an 8-bit regist
Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bis8 bits), and

DIVXU (16 bits + 8 bits) instructions have 16-bit operands.

(2) Register indirect—@Rn:The register field of the instruction specifies a 16-bit general
register containing the address of the operand.

(3) Register Indirect with Displacement—@(d:16, Rn)This mode, which is used only in

MOV instructions, is similar to register indirect but the instruction has a second word (bytes 3 anc
4) which is added to the contents of the specified general register to obtain the operand address.
For the MOV.W instruction, the resulting address must be even.

(4) Register Indirect with Post-Increment or Pre-Decrement—@Rn+ or @—Rn:
* Register indirect with Post-Increment—@Rn+

The @Rn+ mode is used with MOV instructions that load registers from memory. It is similar
to the register indirect mode, but the 16-bit general register specified in the register field of the
instruction is incremented after the operand is accessed. The size of the increment is 1 or 2
depending on the size of the operand: 1 for MOV.B; 2 for MOV.W. For MOV.W, the original
contents of the 16-bit general register must be even.

* Register Indirect with Pre-Decrement—@—-Rn

The @—Rn mode is used with MOV instructions that store register contents to memory. It is
similar to the register indirect mode, but the 16-bit general register specified in the register fielc
of the instruction is decremented before the operand is accessed. The size of the decrement is
or 2 depending on the size of the operand: 1 for MOV.B; 2 for MOV.W. For MOV.W, the
original contents of the 16-bit general register must be even.

(5) Absolute Address—@aa:8 or @aa:16fhe instruction specifies the absolute address of the
operand in memory. The MOV.B instruction uses an 8-bit absolute address of the form H'FFxx.
The upper 8 bits are assumed to be 1, so the possible address range is H'FF00 to H'FFFF (6528
65535). The MOV.B, MOV.W, JMP, and JSR instructions can use 16-bit absolute addresses.

(6) Immediate—#xx:8 or #xx:16:The instruction contains an 8-bit operand in its second byte, or
a 16-bit operand in its third and fourth bytes. Only MOV.W instructions can contain 16-bit
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immediate values.

The ADDS and SUBS instructions implicitly contain the value 1 or 2 as immediate data. Some b
manipulation instructions contain 3-bit immediate data (#xx:3) in the second or fourth byte of the
instruction, specifying a bit number.

(7) PC-Relative—@(d:8, PC)This mode is used to generate branch addresses in the Bcc and
BSR instructions. An 8-bit value in byte 2 of the instruction code is added as a sign-extended
value to the program counter contents. The result must be an even number. The possible branc
range is —126 to +128 bytes (—63 to +64 words) from the current address.

(8) Memory Indirect—@ @aa:8: This mode can be used by the JIMP and JSR instructions. The
second byte of the instruction code specifies an 8-bit absolute address from H'0000 to H'00FF (
to 255). The word located at this address contains the branch address. Note that part of this are
located in the vector table. See section 3.5, Address Space Maps for Each Operating Mode, for
details.

If an odd address is specified as a branch destination or as the operand address of a MOV.W
instruction, the least significant bit is regarded as 0, causing word access to be performed at the
address preceding the specified address. See section 2.3.2, Memory Data Formats, for further
information.

2.4.2 Effective Address Calculation

Table 2-2 shows how an effective address (EA) is calculated in each addressing mode.

Arithmetic and logic instructions (ADD.B, ADDX.B, SUBX.B, CMP.B, AND.B, OR.B, XOR.B
instructions) use (1) register direct and (6) immediate addressing modes.

Data transfer instructions can use all addressing modes except (7) program-counter relative anc
memory indirect.

Bit manipulation instructions can use (1) register direct, (2) register indirect , or (5) absolute
(@aa:8) addressing mode to specify an operand, and (1) register direct (BSET, BCLR, BNOT, ¢
BTST instructions) or (6) immediate (3-bit) addressing mode to specify a bit number in the
operand.
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2.5 Instruction Set
Table 2-1 lists the H8/300 CPU instruction set.

Table 2-1 Instruction Classification

Function Instructions Types

Data transfer MOV, MOVTPE"1, MOVFPE"1, PUSH"2, POP"2 3

Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, 14
DAA, DAS, MULXU, DIVXU, CMP, NEG

Logic operations AND, OR, XOR, NOT

Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, 8
ROTXR

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, 14
BIOR, BXOR, BIXOR, BLD, BILD, BST, BIST

Branch Bcec'3, JMP, BSR, JSR, RTS 5

System control RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 8

Block data transfer EEPMOV 1

Total 57

Notes: 1. These instructions cannot be used with the H8/3502.
2. PUSH Rn is equivalent to MOV.W Rn, @-SP.
POP Rn is equivalent to MOV.W @SP+, Rn.
3. Bccis a conditional branch instruction in which cc represents a condition code.

The following sections give a concise summary of the instructions in each category, and indicat
the bit patterns of their object code. The notation used is defined next.
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Operation Notation

Rd General register (destination) op Operation field
Rs General register (source) disp Displacement
Rn, Rm General register abs Absolute address
s M'm General register field B Byte
<EAs> Effective address: general W Word
register or memory location + Addition
(EAd) Destination operand _ Subtraction
(EASs) Source operand < Multiplication
SP Stack pointer - Division
PC Program counter 0O Logical AND
CCR Condition code register 0 Logical OR
N N (negative) bit of CCR O Exclusive logical OR
z Z (zero) bit of CCR R Move
\% V (overflow) bit of CCR - Exchange
€ C (carry) bit of CCR A NOT (logical complement)
#imm Immediate data cc Condition field
#xx:3 3-bit immediate data
#xx:8 8-bit immediate data
#xx:16 16-bit immediate data
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25.1 Data Transfer Instructions
Table 2-2 describes the data transfer instructions. Figure 2-5 shows their object code formats.

Table 2-2 Data Transfer Instructions

Instruction Size * Function

MOV B/W (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a general
register and memory, or moves immediate data to a general register.
The Rn, @Rn, @(d:16, Rn), @aa:16, #xx:8 or #xx:16, @—Rn, and
@Rn+ addressing modes are available for byte or word data. The
@aa:8 addressing mode is available for byte data only.
The @-R7 and @R7+ modes require word operands. Do not specify
byte size for these two modes.

MOVTPE B Cannot be used with the H8/3502.
MOVFPE B Cannot be used with the H8/3502.
PUSH w Rn - @-SP
Pushes a 16-bit general register onto the stack. Equivalent to MOV.W
Rn, @-SP.
POP W @SP+ - Rn
Pops a 16-bit general register from the stack. Equivalent to MOV.W
@SP+, Rn.
Note: * Size: operand size
B: Byte
W: Word
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15 8 7 0o MOV

| op ‘ 'm ‘ ' |Rm -~ Rn
15 8 7 0
T T T T T T T - . RN & @Rm,
| ® ‘ fm ‘ fn or @Rm - Rn
15 8 7 o
op ] M @(d:16, Rm)  Rn,
disp or Rn -~ @(d:16, Rm)
15 8 7 0
| T \0 T T T ‘ T r T ‘ r\ T @Rm+ = Rn’
i m n or Rn - @—-Rm
15 8 7 0
T T T T T T ; @aa;g . Rn’
| op M ‘ abs |0r Rn . @an8
15 s 7 o
op n @aa:16 - Rn,
abs or Rn -~ @aa:16
15 8 7 0
op M #imm #xx:8 = Rn
15 8 7 0
op ‘ r
. #xx:16 - Rn
#imm
15 8 7 0
| o | r | |MOVFPE, MOVTPE
abs
15 s 7 o
op | n PUSH, POP

Legend

op: Operation field
r'm» M. Register field
disp: Displacement
abs:  Absolute address
#imm: Immediate data

Figure 2-5 Data Transfer Instruction Codes
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2.5.2  Arithmetic Operations

Table 2-3 describes the arithmetic instructions. See figure 2-6 in section 2.5.4, Shift Operations
their object codes.

Table 2-3  Arithmetic Instructions

Instruction Size * Function
ADD B/W Rd +Rs - Rd, Rd + #mm - Rd
SUB Performs addition or subtraction on data in two general registers, or

addition on immediate data and data in a general register. Immediate
data cannot be subtracted from data in a general register. Word data
can be added or subtracted only when both words are in general

registers.
ADDX B Rd+Rs+C - Rd, Rdz#mmz+C - Rd
SUBX Performs addition or subtraction with carry or borrow on byte data in

two general registers, or addition or subtraction on immediate data and
data in a general register.

INC B Rd +#1 - Rd

DEC Increments or decrements a general register.

ADDS w Rd + #imm - Rd

SUBS Adds or subtracts immediate data to or from data in a general register.
The immediate data must be 1 or 2.

DAA B Rd decimal adjust -~ Rd

DAS Decimal-adjusts (adjusts to packed BCD) an addition or subtraction
result in a general register by referring to the CCR.

MULXU B Rd xRs - Rd

Performs 8-bit x 8-bit unsigned multiplication on data in two general
registers, providing a 16-bit result.

DIVXU B Rd +Rs - Rd
Performs 16-bit + 8-bit unsigned division on data in two general
registers, providing an 8-bit quotient and 8-bit remainder.

CMP B/W Rd - Rs, Rd —#imm
Compares data in a general register with data in another general
register or with immediate data. Word data can be compared only
between two general registers.

NEG B 0-Rd - Rd
Obtains the two’s complement (arithmetic complement) of data in a
general register.

Note: * Size: operand size
B: Byte
W: Word
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2.5.3 Logic Operations

Table 2-4 describes the four instructions that perform logic operations. See figure 2-6 in section
2.5.4, Shift Operations for their object codes.

Table 2-4  Logic Operation Instructions

Instruction Size * Function

AND B Rd ORs - Rd, Rd O#mm - Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B Rd ORs - Rd, Rd O#imm - Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B Rd O Rs - Rd, Rd O #imm - Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B - (Rd) - Rd
Obtains the one’s complement (logical complement) of general register
contents.

Note: * Size: operand size
B: Byte

2.5.4  Shift Operations

Table 2-5 describes the eight shift instructions. Figure 2-6 shows the object code formats of the
arithmetic, logic, and shift instructions.

Table 2-5  Shift Instructions

Instruction Size * Function

SHAL B Rd shift - Rd

SHAR Performs an arithmetic shift operation on general register contents.
SHLL B Rd shift -~ Rd

SHLR Performs a logical shift operation on general register contents.
ROTL B Rd rotate - Rd

ROTR Rotates general register contents.

ROTXL B Rd rotate through carry — Rd

ROTXR Rotates general register contents through the C (carry) bit.

Note: * Size: operand size
B: Byte

32 RENESAS



15 8 7

0
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ADD, SUB, CMP, ADDX,

op fm fn SUBX (Rm)
15 8 7 0
‘ . | ] ADDS, SUBS, INC, DEC,
P n DAA, DAS, NEG, NOT
15 8 7 0
op | fm | n | MULXU, DIVXU
15 8 7 0
Yy R — —] ADD, ADDX, SUBX,
P n CMP (#xx:8)
15 8 7 0
op | r mn | AND, OR, XOR (Rm)
15 8 7 0
op o | #imm | AND, OR, XOR (#xx:8)
15 8 7 0
‘ — —] SHAL, SHAR, SHLL, SHLR,
op M

ROTL, ROTR, ROTXL, ROTXR

Legend

op: Operation field
r'm: In: Register field
#imm: Immediate data

Figure 2-6 Arithmetic, Logic, and Shift Instruction Codes
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2.5.5 Bit Manipulations
Table 2-6 describes the bit-manipulation instructions. Figure 2-7 shows their object code formats
Table 2-6  Bit-Manipulation Instructions

Instruction Size * Function

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

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

BNOT B —(<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory. The bit is
specified by a bit number, given in 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 a general register or memory and sets or clears
the Z flag accordingly. The bit is specified by a bit number, given in 3-bit
immediate data or the lower three bits of a general register.

BAND B C O(<bit-No.> of <EAd>) - C
ANDs the C flag with a specified bit in a general register or memory.
BIAND C O[~ (<bit-No.> of <EAd>)] -~ C
ANDs the C flag with the inverse of a specified bit in a general register
or memory.

The bit number is specified by 3-bit immediate data.

BOR B C 0O (<bit-No.> of <EAd>) - C
ORs the C flag with a specified bit in a general register or memory.
BIOR C O[~ (<bit-No.> of <EAd>)] - C
ORs the C flag with the inverse of a specified bit in a general register or
memory.

The bit number is specified by 3-bit immediate data.

BXOR B C O (<bit-No.> of <EAd>) - C
XORs the C flag with a specified bit in a general register or memory.
BIXOR B C O [~ (<bit-No.> of <EAd>)] - C
XORs the C flag with the inverse of a specified bit in a general register
or memory.

The bit number is specified by 3-bit immediate data.
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Table 2-6  Bit-Manipulation Instructions (cont)

Instruction Size * Function
BLD B (<bit-No.> of <EAd>) - C

Copies a specified bit in a general register or memory to the C flag.
BILD = (<bit-No.> of <EAd>) - C

Copies the inverse of a specified bit in a general register or memory to
the C flag.

The bit number is specified by 3-bit immediate data.
BST B C - (<bit-No.> of <EAd>)
Copies the C flag to a specified bit in a general register or memory.

BIST - C - (<bit-No.> of <EAd>)
Copies the inverse of the C flag to a specified bit in a general register or
memory.

The bit number is specified by 3-bit immediate data.

Note: * Size: operand size
B: Byte

Notes on Bit Manipulation Instructions: BSET, BCLR, BNOT, BST, and BIST are read-
modify-write instructions. They read a byte of data, modify one bit in the byte, then write the byte
back. Care is required when these instructions are applied to registers with write-only bits and tc
the 1/O port registers.

Order Operation

Read Read one data byte at the specified address

Modify Modify one bit in the data byte

Write Write the modified data byte back to the specified address

Example: BCLR is executed to clear bit O in the port 1 data direction register (P1DDR) under the
following conditions.

P1;: Input pin, Low
Pls: Input pin, High
P1s—Ply: Output pins, Low

The intended purpose of this BCLR instruction is to switchfRim output to input.
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Before Execution of BCLR Instruction

P1, Plg Pl P1, Pls P1, P1, Pl
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low Low
DDR 0 0 1 1 1 1 1 1
DR 1 0 0 0 0 0 0 0

Execution of BCLR Instruction

BCLR.B #0, ¢ 'IDDR ; Clear bit 0 in data direction register

After Execution of BCLR Instruction

P1, Plg  Plg P1, Pls P1, P1, Pl
Input/output Output  Output Output Output Output Output Output Input
Pin state Low High Low Low Low Low Low High
DDR 1 1 1 1 1 1 1 0
DR 1 0 0 0 0 0 0 0

Explanation: To execute the BCLR instruction, the CPU begins by reading P1LDDR. Since
P1DDR is a write-only register, it is read as H'FF, even though its true value is H'3F.

Next the CPU clears bit 0 of the read data, changing the value to H'FE.
Finally, the CPU writes this value (H'FE) back to PLDDR to complete the BCLR instruction.

As a result, PIDDR is cleared to 0, making p&n input pin. In addition, BDDR and P§DDR
are set to 1, making Rlnd P} output pins.
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BSET, BCLR, BNOT, BTST

15 8 7 0
‘ T T I T Operand: register direct (Rn)
op ‘ #imm ‘ n Bit No.: immediate (#xx:3)
15 8 7 0
‘ 0‘ ‘ ‘ ‘ r‘ ‘ r‘ ‘ Operand: register direct (Rn)
P m n Bit No.: register direct (Rm)
15 8 7 0
op ‘ I 0 0 O O|Operand: register indirect (@Rn)
op ‘ #mm 0 0 0 0 Bit No.: immediate (#xx:3)
15 8 7 0
op I 0 O O O |Operand: register indirect (@Rn)
op o 0 0 0 0 Bit No.: register direct (Rm)
15 8 7 0
op ‘ abs Operand: absolute (@aa:8)
op ‘ #mm ‘ 0 0 0 0 Bit No.: immediate (#xx:3)
15 8 7 0
op abs Operand: absolute (@aa:8)
op N ‘ 0 0 0 0 Bit No.: register direct (Rm)
BAND, BOR, BXOR, BLD, BST
15 8 7 0
‘ . T L T Operand: register direct (Rn)
op ‘ #imm ‘ n Bit No.: immediate (#xx:3)
15 8 7 0
op ‘ M 0 O O O |Operand: register indirect (@Rn)
op ‘ #imm 0 0 0 0 Bit No.: immediate (#xx:3)
15 8 7 0
op ‘ abs Operand: absolute (@aa:8)
op ‘ #imm 0 0 0 0 Bit No.: immediate (#xx:3)

Legend

op: Operation field
'm: Tn:  Register field
abs:  Absolute address
#imm: Immediate data

Figure 2-7 Bit Manipulation Instruction Codes
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BIAND, BIOR, BIXOR, BILD, BIST

15 0
‘ T i T Operand:
op #imm rn BiENo.:
15 0
op I 0 0O O O]Operand:
op gmm | o o o olBtNos
15 0
op abs Operand:
op #imm 0 0 0 O Bit No.:
Legend
op: Operation field
rm» 'n:  Register field
abs:  Absolute address
#imm: Immediate data

register direct (Rn)
immediate (#xx:3)

register indirect (@Rn)
immediate (#xx:3)

absolute (@aa:8)
immediate (#xx:3)

Figure 2-7 Bit Manipulation Instruction Codes (cont)
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2.5.6  Branching Instructions
Table 2-7 describes the branching instructions. Figure 2-8 shows their object code formats.

Table 2-7  Branching Instructions

Instruction Size Function
Bcc — Branches if condition cc is true.
Mnemonic cc Field Description Condition
BRA (BT) 0000 Always (true) Always
BRN (BF) 0001 Never (false) Never
BHI 0010 High cOoz=0
BLS 0011 Low or same clhz=1
BCC (BHS) 0100 Carry clear Cc=0
(high or same)
BCS (BLO) 0101 Carry set (low) c=1
BNE 0110 Not equal Z=0
BEQ 0111 Equal z=1
BVvVC 1000 Overflow clear V=0
BVS 1001 Overflow set V=1
BPL 1010 Plus N=0
BMI 1011 Minus N=1
BGE 1100 Greater or equal NOV=0
BLT 1101 Less than NOV=1
BGT 1110 Greater than ZONNOV)=0
BLE 1111 Less or equal ZONOV)=1
JMP — Branches unconditionally to a specified address.
JSR — Branches to a subroutine at a specified address.
BSR — Branches to a subroutine at a specified displacement from the current
address.
RTS — Returns from a subroutine

RENESAS 39



15 8 7 0
| op cc ‘ disp | Bcc
15 8 7 0
| op o 0 0 0 0|JMP(@Rm)
15 8 7 0
op
JMP (@aa:16)
abs
15 8 7 0
| op ‘ abs | JMP (@ @aa:8)
15 8 7 0
| op ‘ disp | BSR
15 8 7 0
| op o 0 0 0 0|JSR(@Rm)
15 8 7 0
op
JSR (@aa:16)
abs
15 8 7 0
| op abs | JSR (@ @aa:8)
15 8 7 0
| op | RTS
Legend
op: Operation field
cc: Condition field
rm: Register field
disp: Displacement
abs: Absolute address

Figure 2-8 Branching Instruction Codes

40 =RENESAS




2.5.7  System Control Instructions

Table 2-8 describes the system control instructions. Figure 2-9 shows their object code formats.

Table 2-8  System Control Instructions

Instruction Size * Function

RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to the power-down state.
LDC B Rs - CCR, #imm - CCR

Moves immediate data or general register contents to the condition
code register.

STC B CCR - Rd

Copies the condition code register to a specified general register.
ANDC B CCR O#imm - CCR

Logically ANDs the condition code register with immediate data.
ORC B CCR O#imm - CCR

Logically ORs the condition code register with immediate data.
XORC B CCR O #imm - CCR

Logically exclusive-ORs the condition code register with immediate

data.
NOP — PC+2 - PC

Only increments the program counter.

Note: * Size: operand size
B: Byte
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15 8 7 0

| op | RTE, SLEEP, NOP
15 8 7 0
| op rn | Lbc, sTC (Rn)
15 8 7 0
‘ ‘ ‘ ‘ R — ] ANDC, ORC, XORC
0 #imm ! ! !
| P ! | LDC (#xx:8)
Legend
op: Operation field
M Register field

#imm: Immediate data

Figure 2-9 System Control Instruction Codes

2.5.8 Block Data Transfer Instruction
Table 2-9 describes the EEPMOV instruction. Figure 2-10 shows its object code format.

Table 2-9 Block Data Transfer Instruction

Instruction Size Function
EEPMOV — if R4L # 0 then
repeat @R5+ - @R6+
R4L-1 - R4L
until R4L=0
else next;

Moves a data block according to parameters set in general registers
R4L, R5, and R6.

R4L: size of block (bytes)
R5:  starting source address
R6:  starting destination address

Execution of the next instruction starts as soon as the block transfer
is completed.
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15 8 7 0

Legend
op: Operation field

Figure 2-10 Block Data Transfer Instruction
Notes on EEPMOQV Instruction

» The EEPMOQV instruction is a block data transfer instruction. It moves the number of bytes
specified by R4L from the address specified by R5 to the address specified by R6.

R5 - .

-~ R6

R5+ RAL -

I — R6 + R4L

» When setting R4L and R6, make sure that the final destination address (R6 + R4L) does not
exceed H'FFFF. The value in R6 must not change from H'FFFF to H'0000 during execution of
the instruction.

nd \
R5 < R6
H'FFFF
R5 + R4L - - -
Not allowed R6 + R4L

RENESAS 43



2.6 CPU States

2.6.1 Overview

The CPU has three states: the program execution state, exception-handling state, and power-do
state. The power-down state is further divided into three modes: the sleep mode, software standl
mode, and hardware standby mode. Figure 2-11 summarizes these states, and figure 2-12 show
map of the state transitions.

State Program execution state

The CPU executes successive program instructions.

—1 Exception-handling state

A transient state in which the CPU changes the processing flow
due to a reset or an interrupt

] Power-down state Sleep mode

A state in which some or
all of the chip functions are Software standby mode
stopped to conserve power.

Hardware standby mode

Figure 2-11 Operating States
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SLEEP instruction

Program - -
with SSBY bit set

execution state

SLEEP
instruction

Interrupt
request

Exception
handing

Exception-

handling state Sleep mode

Interrupt request

NMI or IRQq
RES=1 to IRQ, and IRQg

Gﬁ‘ STBY =1,RES=0 |

Notes: 1. A transition to the reset state occurs when RES goes low, except when the chip
is in the hardware standby mode.
2. Atransition from any state to the hardware standby mode occurs when STBY
goes low.

Software
standby mode

Hardware
standby mode

Power-down state

Figure 2-12 State Transitions

2.6.2 Program Execution State

In this state the CPU executes program instructions in sequence. The main program, subroutine
and interrupt-handling routines are all executed in this state.

2.6.3  Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU is reset or interrupte
and changes its normal processing flow. In interrupt exception handling, the CPU references the
stack pointer (R7) and saves the program counter and condition code register on the stack. For
further details see section 4, Exception Handling.

2.6.4 Power-Down State

The power-down state includes three modes: the sleep mode, the software standby mode, and
hardware standby mode.
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(1) Sleep ModeThe sleep mode is entered when a SLEEP instruction is executed. The CPU
halts, but CPU register contents remain unchanged and the on-chip supporting modules continue
to function.

When an interrupt or reset signal is received, the CPU returns through the exception-handling ste
to the program execution state.

(2) Software Standby Mode:The software standby mode is entered if the SLEEP instruction is
executed while the SSBY (Software Standby) bit in the system control register (SYSCR) is set.
The CPU and all on-chip supporting modules halt. The on-chip supporting modules are initialized
but the contents of the on-chip RAM and CPU registers remain unchanged. I/O port outputs also
remain unchanged.

(3) Hardware Standby Mode:The hardware standby mode is entered when the input at the
STBY pin goes low. All chip functions halt, including 1/O port output. The on-chip supporting
modules are initialized, but on-chip RAM contents are held.

See section 18, Power-Down State, for further information.

2.7  Access Timing and Bus Cycle

The CPU is driven by the system clock (@). The period from one rising edge of the system clock 1
the next is referred to as a “state.”

Memory access is performed in a two- or three-state bus cycle as described below. Different
accesses are performed to on-chip memory, the on-chip register field, and external devices. For
more detailed timing diagrams of the bus cycles, see section 19, Electrical Specifications.

2.7.1  Access to On-Chip Memory (RAM and ROM)
On-chip ROM and RAM are accessed in a cycle of two states designaded T,. Either byte or

word data can be accessed, via a 16-bit data bus. Figure 2-13 shows the on-chip memory acces:
cycle. Figure 2-14 shows the associated pin states.
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Bus cycle

~—T state—»F—Tz state —

|

Add‘ress ><

Internal address bus

Internal read signal

I

Read data >—
Internal write signal \ i/

Internal data bus (read) 1 \

Internal data bus (write) | Write data >—

T

Figure 2-13 On-Chip Memory Access Cycle

RENESAS 47




Bus cycle

~——T state——=——T, state—

ﬂ A A A

Address bus >< Add‘ress ><

AS: High

RD: High

WR: High

Data bus:
High impedance state | ‘

Figure 2-14 Pin States during On-Chip Memory Access Cycle
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2.7.2  Access to On-Chip Register Field and External Devices

The on-chip register field (1/O ports, dual-port RAM, on-chip supporting module registers, etc.)
and external devices are accessed in a cycle consisting of three stafesamd . Only one

byte of data can be accessed per cycle, via an 8-bit data bus. Access to word data or instructior
codes requires two consecutive cycles (six states).

Figure 2-15 shows the access cycle for the on-chip register field. Figure 2-16 shows the associc
pin states. Figures 2-17 (a) and (b) show the read and write access timing for external devices.

Bus cycle

~——T; state e T, state e T3 state——»

Internal address >< Address ><

bus

Internal read
signal

Internal data bus :>—< Read data >7
(read) /

—
Write data >7

Internal write
signal

Internal data bus
(write)

Figure 2-15 On-Chip Register Field Access Cycle

RENESAS 49



‘ Bus cycle |

~——T state =~ T, state — == T3 state — >

Address bus

>< Address ><

AS: High

RD: High

WR: High

Data bus:

high impedance state

Figure 2-16
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Address bus

WR: High

Data bus

Read cycle

T state—»==——T, state—»=—— T3 state—=

B U e WS e W o

>< | Address | ><
—
—
—H Read data —

Figure 2-17 (a) External Device Access Timing (Read)
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Address bus

RD: High

Data bus

Write cycle

~——T; state e T, state e T3 state——»

S S

Write data
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Figure 2-17 (b) External Device Access Timing (Write)




Section 3 MCU Operating Modes and Address Space

3.1 Overview

3.1.1 Operating Modes

The H8/3502 operates in three modes numbered 1, 2, and 3. The mode is selected by the input
the mode pins (MPand MDLy). See table 3-1.

Table 3-1 Operating Modes

Mode MD 4 MDg Address Space On-Chip ROM On-Chip RAM
Mode 0 Low Low — — —

Mode 1 Low High Expanded Disabled Enabled*
Mode 2 High Low Expanded Enabled Enabled*
Mode 3 High High Single-chip Enabled Enabled

Note: * If the RAME bit in the system control register (SYSCR) is cleared to 0, off-chip memory
can be accessed instead.

Modes 1 and 2 are expanded modes that permit access to off-chip memory and peripheral devi
The maximum address space supported by these externally expanded modes is 64 kbytes.

In mode 3 (single-chip mode), only on-chip ROM and RAM and the on-chip register field are
used. All ports are available for general-purpose input and output.

Mode 0 is inoperative in the H8/3502. Avoid setting the mode pins to mode 0.

3.1.2 Mode and System Control Registers

Table 3-2 lists the registers related to the chip’s operating mode: the system control register
(SYSCR) and mode control register (MDCR). The mode control register indicates the inputs to t
mode pins MD1 and MDO.

Table 3-2 Mode and System Control Registers

Name Abbreviation Read/Write Address
System control register SYSCR R/W H'FFC4
Mode control register MDCR R H'FFC5
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3.2  System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ XRST ‘NMIEG ‘ HIE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R R/W R/W R/W

The system control register (SYSCR) is an 8-bit register that controls the operation of the chip.

Bit 7—Software Standby (SSBY):Enables transition to the software standby mode. For details,
see section 18, Power-Down State.

On recovery from software standby mode by an external interrupt, the SSBY bit remains set to 1.
It can be cleared by writing O.

Bit 7

SSBY Description

0 The SLEEP instruction causes a transition to sleep mode. (Initial value)
1 The SLEEP instruction causes a transition to software standby mode.

Bits 6 to 4—Standby Timer Select 2 to 0 (STS2 to STSO)hese bits select the clock settling

time when the chip recovers from the software standby mode by an external interrupt. During the
selected time the CPU and on-chip supporting modules continue to stand by. These bits should |
set according to the clock frequency so that the settling time is at least 8 ms. For specific settings
see section 18.3.3, Clock Settling Time for Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1  STSO Description

0 0 0 Settling time = 8,192 states (Initial value)

1 Settling time = 16,384 states
0 Settling time = 32,768 states
1 Settling time = 65,536 states

— Settling time = 131,072 states

PR, |O|O| O

0
1
1
0
1

— Unused
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Bit 3—External Reset (XRST):Indicates the source of a reset. A reset can be generated by inpu
of an external reset signal, or by a watchdog timer overflow when the watchdog timer is used.
XRST is a read-only bit. It is set to 1 by an external reset, and cleared to 0 by watchdog timer
overflow.

Bit 3

XRST Description

0 Reset was caused by watchdog timer overflow.

1 Reset was caused by external input. (Initial value)

Bit 2—NMI Edge (NMIEG): Selects the valid edge of theMI input.

Bit 2

NMIEG Description

0 An interrupt is requested on the falling edge of the NMI input. (Initial value)
1 An interrupt is requested on the rising edge of the NMI input.

Bit 1—Host Interface Enable (HIE): Enables or disables the host interface function. When
enabled, the host interface processes host-slave data transfers, operating in slave mode.

Bit 1

HIE Description

0 The host interface is disabled. (Initial value)
1 The host interface is enabled (slave mode).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized by a reset, but is not initialized in the software standby mode.

Bit 0

RAME  Description

0 The on-chip RAM is disabled.

1 The on-chip RAM is enabled. (Initial value)
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3.3  Mode Control Register (MDCR)

Bit 7 6 5 4 3 2 1 0
- - -1 =] - — [wos1]woso|

Initial value 1 1 1 0 0 1 * *

Read/Write — — — — — — R R

Note: * Initialized according to MD; and MDy inputs.

The mode control register (MDCR) is an 8-bit register that indicates the operating mode of the
chip.

Bits 7 to 5—ReservedThese bits cannot be modified and are always read as 1.
Bits 4 and 3—ReservedThese bits cannot be modified and are always read as 0.
Bit 2—Reserved:This bit cannot be modified and is always read as 1.

Bits 1 and 0—Mode Select 1 and 0 (MDS1 and MDSOJhese bits indicate the values of the
mode pins (MB and ML), thereby indicating the current operating mode of the chip. MDS1
corresponds to MPand MDS to MDg. These bits can be read but not written. When the mode
control register is read, the levels at the mode pinsy(&tidl MDy) are latched in these bits.

3.4  Mode Descriptions

Mode 1 (Expanded Mode without On-Chip ROM): Mode 1 supports a 64-kbyte address space
most of which is off-chip. In particular, the interrupt vector table is located in off-chip memory.
The on-chip ROM is not used. Software can select whether to use the on-chip RAM. Ports 1, 2, 3
and 7 are used for the address and data bus lines and control signals as follows:

Ports 1 and 2:  Address bus
Port 3: Data bus
Port 7 (partly): Bus control signals

Mode 2 (Expanded Mode with On-Chip ROM):Mode 2 supports a 64-kbyte address space
which includes the on-chip ROM. Software can select whether or not to use the on-chip RAM, an
can select the usage of pins in ports 1 and 2.

Ports 1 and 2: Address bus (see note)
Port 3: Data bus
Port 7 (partly): Bus control signals
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Note: In mode 2, ports 1 and 2 are initially general-purpose input ports. Software must change
the desired pins to output before using them for the address bus. See section 7, /O Port

for details.

Mode 3 (Single-Chip Mode):In this mode all memory is on-chip. Since no off-chip memory is
accessed, there is no external address bus. All ports are available for general-purpose input ant
output.

3.5 Address Space Maps for Each Operating Mode

Figure 3-1 shows memory maps of the H8/3502 in each of the three operating modes.
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H'0000

H'0063
H'0064

HFB7F
H'FB8O

HFD7F
H'FD80

HFF7F
H'FF80
H'FF8F
H'FF90

H'FFFF

Notes:

Mode 1
Expanded mode

without on-chip ROM

Vector table

External address
space

Reservedl "2

On-chip RAM™,
512 bytes

External address
space

On-chip 11O
register field

H'0000

H'0063
H'0064

H'3FFF
H'4000

H'7FFF
H'8000

HFB7F
H'FB8O

HFD7F
H'FD80

HFF7F
H'FF80
H'FF8F
H'FF90

H'FFFF

Mode 2
Expanded mode
with on-chip ROM

Vector table

On-chip ROM,
16384 bytes

Reserved"?

External address
space

Reservedl "2

On-chip RAM™?,
512 bytes

External address
space

On-chip 110
register field

control register (SYSCR) is cleared to 0.

*2. Do not access reserved areas.

H'0000

H'0063
H'0064

H'3FFF

H'7FFF

H'FB80

HFD7F
H'FD80

HFF7F

HFF90

HFFFF

Mode 3
Single-chip mode

Vector table

On-chip ROM,
16384 bytes

Reserved"?

Reserved"?

On-chip RAM,
512 bytes

On-chip 1/10
register field

*1. External memory can be accessed at these addresses when the RAME bit in the system
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Section 4 Exception Handling

4.1 Overview

The H8/3502 recognizes only two kinds of exceptions: interrupts and the reset. Table 4-1 indica
their priority and the timing of their hardware exception-handling sequence.

Table 4-1 Reset and Interrupt Exceptions

Type of Detection
Priority Exception Timing Timing of Exception-Handling Sequence
High Reset Clock When RES goes low, the chip enters the reset
synchronous state immediately. The hardware exception-
handling sequence (reset sequence) begins as
soon as RES goes high again.
Interrupt On completion When an interrupt is requested, the hardware
of instruction exception-handling sequence (interrupt sequence)
execution* begins at the end of the current instruction, or at
v the end of the current hardware exception-handling
Low sequence.

Note: * Not detected in case of ANDC, ORC, XORC, and LDC instructions.

4.2 Reset

421 Overview

A reset has the highest exception-handling priority. Whe®RE8pin goes low or a watchdog

reset is started (watchdog timer overflow for which the reset option is selected), all current
processing stops and the chip enters the reset state. The internal state of the CPU and the regis
of the on-chip supporting modules are initialized. WR&S returns from low to high or the
watchdog reset pulse ends, the chip comes out of the reset state via the reset exception-handlir
sequence.
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4.2.2 Reset Sequence

The reset state begins whRES goes low or a watchdog reset occurs. To ensure correct resetting,
at power-on th&®ES pin should be held low for at least 20 ms. In a reset during operation, the
RES pin should be held low for at least 10 system clock () cycles. The watchdog reset pulse
width is always 518 system clock cycles. For details of pin states in a reset, see appendix D, Pin
States.

When reset exception handling is started, hardware carries out the following reset sequence.

1. Inthe condition code register (CCR), the | bit is set to 1 to mask interrupts.
2. The registers of the 1/0 ports and on-chip supporting modules are initialized.

3. The CPU loads the program counter with the first word in the vector table (stored at address
H'0000 and H'0001) and starts program execution.

TheRES pin should be held low when power is switched off, as well as when power is switched
on.

Figure 4-1 indicates the timing of the reset sequence when the vector table and reset routine are
located in on-chip ROM (mode 2 or 3). Figure 4-2 indicates the timing when they are in off-chip
memory (mode 1).
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Vector Internal | Instruction

fetch  |processing| prefetch
RES/watchdog reset /
(internal)
g ooy yu L
Internal address
inte o) X @ X

Internal read

signal

Internal write
signal

Internal data bus > <
(16 bits) 2) ®

(1) Reset exception handling vector address (H'0000)
(2) Program start address
(3) First instruction of program

Figure 4-1 Reset Sequence (Mode 2 or 3, Program Area in On-Chip ROM)
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Figure 4-2 Reset Sequence (Mode 1)

62 =RENESAS



4.2.3 Disabling of Interrupts after Reset

All interrupts, including NMI, are disabled immediately after a reset. The first program
instruction, located at the address specified at the top of the vector table, is therefore always
executed. To prevent program crashes, this instruction should initialize the stack pointer (examg
MOV.W #xx:16, SP). After execution of this instruction, the NMI interrupt is enabled. Other
interrupts remain disabled until their enable bits are set to 1.

After reset exception handling, a CCR manipulation instruction can be executed to fix the CCR
contents before the instruction that initializes the stack pointer. After the CCR manipulation
instruction is executed, all interrupts, including NMI, are disabled. The next instruction should be
the instruction that initializes the stack pointer.

4.3 Interrupts

43.1 Overview

There are twelve input pins for five external interrupt sources (NMlglRQRQ,, and IRQ).
There are also 21 internal interrupts originating on-chip. The features of these interrupts are:

» Allinternal and external interrupts except NMI can be masked by the | bit in the CCR.

* IRQpto IRQ, and IRQ can be falling-edge-sensed or level-sensed. The type of sensing can be
selected for each interrupt individually. NMI is edge-sensed, and either the rising or falling edc
can be selected.

* Interrupts are individually vectored. The software interrupt-handling routine does not have to
determine what type of interrupt has occurred.

» IRQg is requested by eight external sources (KEYINKEYIN7). KEYINg to KEYIN7 can be
masked individually by the user program.

» The watchdog timer can be made to generate an NMI interrupt or OVF interrupt according to |
use. For details, see section 12, Watchdog Timer.

Table 4-2 lists all the interrupts in their order of priority and gives their vector numbers and the
addresses of their entries in the vector table.
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Table 4-2  Interrupts

Address of Entry

Interrupt Source No. in Vector Table Priority
NMI 3 H'0006 to H'0007  High
IRQo 4 H'0008 to H'0009 -
IRQq 5 H'000A to H'000B
IRQ» 6 H'000C to H'000D
Reserved 7t09 H'000E to H'0013
IRQg (KEYINg to KEYIN7) 10 H'0014 to H'0015
Reserved 11to 16 H'0016 to H'0021
Host interface IBF1 (IDR1 reception complete) 17 H'0022 to H'0023

IBF2 (IDR2 reception complete) 18 H'0024 to H'0025
16-bit IClI (Input capture) 19 H'0026 to H'0027
f_ree-runnlng OCIA (Output compare A) 20 H'0028 to H'0029
tmer OCIB (Output compare B) 21 H'002A to H'002B

FOVI  (Overflow) 22 H'002C to H'002D
8-bit timer O CMIOA (Compare-match A) 23 H'002E to H'002F

CMIOB (Compare-match B) 24 H'0030 to H'0031

OVIO (Overflow) 25 H'0032 to H'0033
8-bit timer 1 CMI1A (Compare-match A) 26 H'0034 to H'0035

CMI1B (Compare-match B) 27 H'0036 to H'0037

OVI1 (Overflow) 28 H'0038 to H'0039
Serial ERIO  (Receive error) 29 H'003A to H'003B
_communlcatlon RXI0  (Receive end) 30 H'003C to H'003D
interface 0 TXIO  (TDR empty) 31 H'003E to H'003F

TEI0O (TSR empty) 32 H'0040 to H'0041
Serial ERI1  (Receive error) 33 H'0042 to H'0043
communication RXI1  (Receive end) 34 H'0044 to H'0045
interface 1 TXI1  (TDR empty) 35 H'0046 to H'0047

TEIL (TSR empty) 36 H'0048 to H'0049
Reserved 371043 HO04Ato H0057 o
Watchdog timer WOVF (WDT overflow) 44 HO058 to H'0059  Low
Reserved 4510 49 H0OO05A to H'0063

Notes: 1. H'0000 and H'0001 contain the reset vector.

2. H'0002 to H'0005 are reserved in the H8/3502 and are not available to the user.
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4.3.2 Interrupt-Related Registers

The interrupt-related registers are the system control register (SYSCR), IRQ sense control regis
(ISCR), IRQ enable register (IER), and keyboard matrix interrupt mask register (KMIMR).

Table 4-3  Registers Read by Interrupt Controller

Name Abbreviation Read/Write Address
System control register SYSCR R/W H'FFC4
IRQ sense control register ISCR R/W H'FFC6
IRQ enable register IER R/W H'FFC7
Keyboard matrix interrupt mask KMIMR R/W H'FFF1
register

(1) System Control Register (SYSCR)—H'FFC4

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ XRST ‘ NMIEG ‘ HIE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R R/W R/W R/W

Bit 2—Nonmaskable Interrupt Edge (NMIEG): Determines whether a nonmaskable interrupt is
generated on the falling or rising edge of ¥¥I input signal.

Bit 2

NMIEG Description

0 An interrupt is generated on the falling edge of NMI (Initial value)
1 An interrupt is generated on the rising edge of NMI

See section 3.2, System Control Register (SYSCR), for information on the other SYSCR bits.
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(2) IRQ Sense Control Register (ISCR)—H'FFC6

Bit 7 6 5 4 3 2 1 0

‘ — ‘ IRQ6SC‘ — ‘ — ‘ — ‘ IRQ2SC ‘ IRQlSC‘ IRQOSC ‘
Initial value 1 0 1 1 1 0 0 0
Read/Write — R/W — — — R/W R/W R/W

Bits 0 to 2 and 6—IRQ) to IRQ», IRQg Sense Control (IRQOSC to IRQ2SC, IRQ6SC)These
bits select how the input at piflRQg to IRQ, andKEYINg to KEYIN7 is sensed.

Biti(i=0to 2, 6)

IRQISC Description

0 The low level of IRQp to IRQ, or KEYIN, to KEYIN; (Initial value)
generates an interrupt request

1 The falling edge of IRQg to TIRQ, or KEYIN, to KEYIN;

generates an interrupt request

(3) IRQ Enable Register (IER)—H'FFC7

Bit 7 6 5 4 3 2 1 0

‘ — ‘ IRQ6E ‘ — ‘ — ‘ — ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 1 0 1 1 1 0 0 0
Read/Write — R/W — — — R/W R/W R/W

Bits 0 to 2, 6—IRQ, to IRQ2and IRQg Enable (IRQOE to IRQ2E, IRQ6E): These bits enable
or disable the IRQ IRQy, IRQ,, and IRQ interrupts individually.

Biti(i=0to 2, 6)

IRQIE Description
0 IRQq to IRQ, and IRQg are disabled (Initial value)
1 IRQq to IRQ, and IRQg are enabled

When edge sensing is selected (by setting bits IRQOSC to IRQ2SC and IRQ6SC to 1), it is
possible for an interrupt-handling routine to be executed even though the corresponding enable t
(IRQOE to IRQ2E and IRQG6E) is cleared to 0 and the interrupt is disabled. If an interrupt is
requested while the enable bit (IRQOE to IRQ2E and IRQ6E) is set to 1, the request will be held
pending until served. If the enable bit is cleared to 0 while the request is still pending, the request
will remain pending, although new requests will not be recognized. If the interrupt mask bit (I) in
the CCR is cleared to 0, the interrupt-handling routine can be executed even though the enable
is now O.
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If execution of interrupt-handling routines under these conditions is not desired, it can be avoide
by using the following procedure to disable and clear interrupt requests.

1. Setthe I bitto 1 in the CCR, masking interrupts. Note that the | bit is set to 1 automatically
when execution jumps to an interrupt vector.

2. Clear the desired bits from IRQOE, IRQ1E, IRQ2E, and IRQ6E to 0 to disable new interrupt
requests.

3. Clear the corresponding bits from IRQOSC, IRQ1SC, IRQ2SC, and IRQ6SC to 0, then set
them to 1 again. Pending IRGnterrupt requests are cleared when | = 1 in the CCR,
IRQNSC =0, and IRQNE = 0.

(4) Keyboard Matrix Interrupt Mask Register (KMIMR)

KMIMR is an 8-bit readable/writable register used in keyboard matrix scanning and sensing. To
enable key-sense input interrupts from two or more pins during keyboard scanning and sensing
clear the corresponding mask bits to 0.

Bit 7 6 5 4 3 2 1 0

‘ KMIMR?‘ KMIMRG‘ KMIMRS‘ KMIMR4‘ KMIMR3 ‘ KMIMR2 ‘ KMIMRl‘KMIMRO‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 to 0—Keyboard Matrix Interrupt Mask (KMIMR7 to KMIMRO):  These bits control
key-sense input interrupt requests KEYIfd KEYIN.

Bits 7to O

KMIMR7 to KMIMRO  Description

0 Key-sense input interrupt request is enabled.

1 Key-sense input interrupt request is disabled. (Initial value)

Figure 4-3 shows the relationship between thegdk¢@rrupt and KMIMR.
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KMIMRO (1)
P6o/KEYIN,

IRQg internal signal
KMIMRL (1)
P6,/KEYIN,

Edge/level select
and enable/
disable control

- IRQg
interrupt

IRQ6E ——
IRQBSC

KMIMRS (1)
P7,/KEYINg

KMIMR7 (1)
P74/KEYIN;

L

Initial values are given in parentheses

Figure 4-3 KMIMR and IRQ g Interrupt

4.3.3  External Interrupts

There are five external interrupts: NMI, IBR® IRQ,, and IRQ. These can be used to return
from software standby mode.

(1) NMI: NMl is the highest-priority interrupt, and is always accepted regardless of the value of
the | bit in CCR. Interrupts from tRéMI pin are edge-sensed: rising edge or falling edge can be
specified by the NMIEG bit in SYSCR. The NMI exception handling vector number is 3. NMI
exception handling sets the | bit in CCR to 1.

(2) IRQqg to IRQ, and IRQg: Interrupts IRQ to IRQ are requested by input signals on pins

IRQg to IRQy. The IRQ interrupt is requested by input signals on EY Ny to KEYIN;.

Interrupts IR@ to IRQ, and IRQ can be specified as falling-edge-sensed or level-sensed by bits
IRQOSC to IRQ2SC and IRQ6SC in ISCR. Interrupt requests are enabled by set bits IRQOE to
IRQ2E and IRQ6E to 1 in IER. Interrupts are masked by setting the | bitto 1 in CCR.
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TheIRQg input signal is generated as the logical OR of the key-sense inputs. Wh&ENiRg,

to KEYIN7 (P& to P& and Pgto P3) are used as key-sense inputs, the corresponding KMIMR
bits should be cleared to 0 to enable the corresponding key-sense interrupts. KMIMR bits
corresponding to unused key-sense inputs should be set to 1 to disable those interrupts. All eigt
key-sense input interrupts are combined into a single; IR@rrupt.

When one of these interrupts is accepted, the | bit is set to §.ttRRQ, and IRQ have
interrupt vector numbers 4 to 6 and 10. They are prioritized in order frog(IR@) to IRQy
(high). For details, see table 4-2.

Interrupts IRQ to IRQ, and IRQ do not depend on whether pifiRIQq to IRQ, andKEYINg to
KEYIN7 are used as input pins or output pins. When interruptg IBQRQ, and IR are
requested by an external signal, clear the corresponding DDR bits to 0 and use the pins as
input/output pins.

4.3.4 Internal Interrupts

Twenty-one internal interrupts can be requested by the on-chip supporting modules. All of them
are masked when the | bit in the CCR is set. In addition, they can all be enabled or disabled by |
in the control registers of the on-chip supporting modules. When one of these interrupts is
accepted, the | bit is set to 1 to mask further interrupts (except NMI).

The vector numbers of these interrupts are 17 to 36 and 44.

For the priority order of these interrupts, see table 4-2.

4.3.5 Interrupt Handling

Interrupts are controlled by an interrupt controller that arbitrates between simultaneous interrupt
requests, commands the CPU to start the hardware interrupt exception-handling sequence, and
furnishes the necessary vector number. Figure 4-4 shows a block diagram of the interrupt
controller.
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; Interrupt : 3 CPU
NMI interrupt controller
IRQ, flag * ! |
IRQOE ) RQq 3 Dﬁ Interrupt request ! !
interrupt
& Priority
b decision
O Vector number |
1 : ‘ ——
OVF | .
OVIE — D WOVF | O o
interrupt |
| o] | — 1(CCR)
Note: * For edge-sensed interrupts, these AND gates change to the circuit shown below.
IRQ flag
IRQg edge S 0 .
IROOE 1 - IRQ, interrupt

Figure 4-4 Block Diagram of Interrupt Controller

The IRQ interrupts and interrupts from the on-chip supporting modules (except for reset selected
for a watchdog timer overflow) all have corresponding enable bits. When the enable bit is clearec
to 0, the interrupt signal is not sent to the interrupt controller, so the interrupt is ignored. These
interrupts can also all be masked by setting the CPU’s interrupt mask bit (I) to 1. Accordingly,
these interrupts are accepted only when their enable bit is set to 1 and the | bit is cleared to 0.

The nonmaskable interrupt (NMI) is always accepted, except in the reset state and hardware
standby mode.

When an NMI or another enabled interrupt is requested, the interrupt controller transfers the
interrupt request to the CPU and indicates the corresponding vector number. (When two or more
interrupts are requested, the interrupt controller selects the vector number of the interrupt with the
highest priority.) When notified of an interrupt request, at the end of the current instruction or
current hardware exception-handling sequence, the CPU starts the hardware exception-handling
sequence for the interrupt and latches the vector number.
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Figure 4-5 is a flowchart of the interrupt (and reset) operations. Figure 4-7 shows the interrupt
timing sequence for the case in which the software interrupt-handling routine is in on-chip ROM
and the stack is in on-chip RAM.

(1) Aninterrupt request is sent to the interrupt controller when an NMI interrupt occurs, and
when an interrupt occurs on an IRQ input line or in an on-chip supporting module provided
the enable bit of that interrupt is set to 1.

(2) The interrupt controller checks the | bit in CCR and accepts the interrupt request if the | bit i
cleared to 0. If the | bit is set to 1 only NMI requests are accepted; other interrupt requests
remain pending.

(3) Among all accepted interrupt requests, the interrupt controller selects the request with the
highest priority and passes it to the CPU. Other interrupt requests remain pending.

(4) When it receives the interrupt request, the CPU waits until completion of the current
instruction or hardware exception-handling sequence, then starts the hardware exception-
handling sequence for the interrupt and latches the interrupt vector number.

(5) Inthe hardware exception-handling sequence, the CPU first pushes the PC and CCR onto f
stack. See figure 4-6. The stacked PC indicates the address of the first instruction that will &
executed on return from the software interrupt-handling routine.

(6) Nextthe | bitin CCR is set to 1, masking all further interrupts except NMI.

(7) The vector address corresponding to the vector number is generated, the vector table entry
this vector address is loaded into the program counter, and execution branches to the softw
interrupt-handling routine at the address indicated by that entry.
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Program execution

Interrupt
requested?

No

Pending —

Y

Latch vector No.

!

Save PC

1

Save CCR

Read vector address

1

Branch to software
interrupt-handling
routine

72 RENESAS

Figure 4-5 Hardware Interrupt-Handling Sequence




SP -4 SP(R7)—» CCR
SP-3 SP+1 CCR*
SP-2 SP+2 PC (upper byte)
SP-1 SP +3 PC (lower byte)
SP (R7)—» SP+4
Stack area Even address
/\/ /\—/
Before interrupt » Afterinterrupt
is accepted is accepted

Pushed onto stack

PC: Program counter
CCR: Condition code register
SP:  Stack pointer

Notes: 1. The PC contains the address of the first instruction executed after return.
2. Registers must be saved and restored by word access at an even address.

* Ignored on return.

Figure 4-6 Usage of Stack in Interrupt Handling

Although the CCR consists of only one byte, it is treated as word data when pushed on the stac
In the hardware interrupt exception-handling sequence, two identical CCR bytes are pushed onf
the stack to make a complete word. When popped from the stack by an RTE instruction, the CC
is loaded from the byte stored at the even address. The byte stored at the odd address is ignore
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Interrupt request
signal

Internal address
bus

Internal read
signal

Internal write
signal

Internal 16-bit
data bus

@

@@
®

(6)

)

@
®
9
(10)

Interrupt

accepted Instruction prefetch

Interrupt priority Vector (first instruction of
decision. Wait for | Instruction Internal table Internal  interrupt-handling
end of instruction | prefetch ~ process- Stack fetch process-  routine)
R i !
ing [ ¢ Ping [
h 4

/—&s
R s NN RN EEnn
B Lo | © | | o | 8
I AEAR | A

®

-

Instruction prefetch address (Instruction is not executed. Address is saved as PC contents, becoming return
address.)

Instruction code (Not executed)

Instruction prefetch address (Not executed)

SP-2

SP-4

CCR

Vector address

Start address of interrupt-handling routine (contents of vector)

First instruction of interrupt-handling routine

Figure 4-7 Timing of Interrupt Sequence
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4.3.6 Interrupt Response Time

Table 4-4 indicates the time that elapses from an interrupt request signal until the first instructiol
of the software interrupt-handling routine is executed. Since the H8/3502 accesses its on-chip
memory 16 bits at a time, very fast interrupt service can be obtained by placing interrupt-handlir
routines in on-chip ROM and the stack in on-chip RAM.

Table 4-4  Number of States before Interrupt Service

Number of States

No. Reason for wait On-Chip Memory External Memory

1 Interrupt priority decision 2"3 2"3
Wait for completion of current 1to13 5t0 172
instruction”™®

3 Save PC and CCR 4 12*2

4 Fetch vector 2 62

5 Fetch instruction 4 12"2

6 Internal processing 4 4

Total 17 t0 29 4110532
Notes: 1. These values do not apply if the current instruction is an EEPMOV instruction.
2. If wait states are inserted in external memory access, these values may be longer.
3. 1 forinternal interrupts.

4.3.7  Precaution
Note that the following type of contention can occur in interrupt handling.

When software clears the enable bit of an interrupt to 0 to disable the interrupt, the interrupt
becomes disabled after execution of the clearing instruction. If an enable bit is cleared by a BCL
or MOV instruction, for example, and the interrupt is requested during execution of that
instruction, at the instant when the instruction ends the interrupt is still enabled, so after executic
of the instruction, the hardware exception-handling sequence is executed for the interrupt. If a
higher-priority interrupt is requested at the same time, however, the hardware exception-handlin
sequence is executed for the higher-priority interrupt and the interrupt that was disabled is ignor

Similar considerations apply when an interrupt request flag is cleared to 0.

Figure 4-8 shows an example in which the OCIAE bit is cleared to O.
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CPU write
cycle to TIER OCIA interrupt handling

- ;-

Internal address bus >< TIER address >< >< ><
Internal write signal
OCIAE |

OCFA Q\‘ \'

OCIA interrupt signal

Figure 4-8 Contention between Interrupt and Disabling Instruction

The above contention does not occur if the enable bit or flag is cleared to 0 while the interrupt
mask bit (1) is set to 1.

4.4 Note on Stack Handling

In word access, the least significant bit of the address is always assumed to be 0. The stack is
always accessed by word access. Care should be taken to keep an even value in the stack point
(general register R7). Use the PUSH and POP (or MOV.W Rn, @-SP and MOV.W @SP+, Rn)
instructions to push and pop registers on the stack.

Setting the stack pointer to an odd value can cause programs to crash. Figure 4-9 shows an
example of damage caused when the stack pointer contains an odd address.
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PCy SP—» R1L H'FEFC
SP—p PC, PCL H'FEFD
SP—p H'FEFF
BSR instruction MOV.B R1L, @-R7
H'FEFF setin SP Stack accessed PCy is lost
beyond SP

PCy: Upper byte of program counter
PC.: Lower byte of program counter
R1L: General register R1L

SP: Stack pointer

Figure 4-9 Example of Damage Caused by Setting an Odd Address in R7

4.5  Notes on the Use of Key-Sense Interrupts

The H8/3502 incorporates a key-sense interrupt function which can be used in any operating
mode. When used in a mode other than slave mode (when the host interface is disabled), the
following points must be noted.

In order to use the key-sense interrupt function, it is necessary to write to KMIMR to unmask the
relevantKEYIN pins. If MOS pull-up transistors are provided on pingt®P g and Pgto P§),
KMPCR must also be written to.

KMIMR and KMPCR can only be accessed when the HIE bit in SYSCR is set to 1.
Consequently, the chip is in slave mode during this period. In slave mode, pin states may vary.

(1) When KMIMR and KMPCR are set in the initialization routine directly after a reset

External circuitry must be used such that no problem will be caused irrespective of whether
the host interface output and 1/O pins retain the high-impedance state or are set to the outp
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state. There are four host interface output pins—¢{sHIRQ 2, HIRQ,, and HIRQ —all of
which are set to the port function (input state) initially. There are eight host interface 1/0
pins, HDB; to HDBy; in single-chip mode, these are outputs when thI®R pin is low and
either one, or both, of the FTS; and P4/CS, pins is low. In expanded mode, these pins
function as data bus pins {Bb Dgp), and therefore the pin states do not vary.

When KMIMR and KMPCR are set other than in the initialization routine

The states of the host interface input and 1/O pins, and the pins with which they are
multiplexed, may vary as a result of setting the HIE bit;/I®&q, P7%/IOR, P7/IOW,

P75/CS1, P4/CS,, and P3/HDB; to P3/HDB automatically become input pins and 1/0

pins. When a particular pin is used, it is designated as a port input pin or expanded bus
control pin, and in single-chip mode, it is necessary to prevent the occurrence of a low level
the P%/IOR pin together with a low level of the §TS4 pin or the PCS, pin, or both.

In expanded mode, if external space is accessed when the HIE bit is set to 1, both the
P7¢/IOR/RD pin and the PJCS1/AS pin are driven low automatically. Note that the output
values of P4HIRQ1,, PA/HIRQ1, and P4/HIRQ1, may vary as a result.
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Section 5 Wait-State Controller

51 Overview

The H8/3502 has an on-chip wait-state controller that enables insertion of wait states into bus
cycles for interfacing to low-speed external devices.

5.1.1 Features
Features of the wait-state controller are listed below.

» Three selectable wait modes: programmable wait mode, pin auto-wait mode, and pin wait mo
» Automatic insertion of zero to three wait states

5.1.2  Block Diagram

Figure 5-1 shows a block diagram of the wait-state controller.

= Wait request
signal

WAIT ——— Wait-state controller (WSC)

Internal data bus

WSCR

Legend
WSCR: Wait-state control register

Figure 5-1 Block Diagram of Wait-State Controller

RENESAS 79



5.1.3 Input/Output Pins
Table 5-1 summarizes the wait-state controller’s input pin.

Table 5-1 Wait-State Controller Pins

Name Abbreviation 1/0 Function
Wait WAIT Input Wait request signal for access to external
addresses

5.1.4  Register Configuration
Table 5-2 summarizes the wait-state controller’s register.

Table 5-2  Register Configuration

Name Abbreviation R/W Initial Value Address
Wait-state control register WSCR R/W H'C8 H'FFC2

5.2  Register Description

5.2.1 Wait-State Control Register (WSCR)

WSCR is an 8-bit readable/writable register that selects the wait mode for the wait-state controlle
(WSC) and specifies the number of wait states. It also controls frequency division of the clock
signals supplied to the supporting modules.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ CKDBL‘ — ‘ WMS1 ‘ WMSO0 ‘ WC1 ‘ WCO ‘
Initial value 1 1 0 0 1 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

WSCR is initialized to H'C8 by a reset and in hardware standby mode. It is not initialized in
software standby mode.
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Bits 7 and 6—ReservedThese bits cannot be modified and are always read as 1.

Bit 5—Clock Double (CKDBL): Controls frequency division of clock signals supplied to
supporting modules. For details, see section 6, Clock Pulse Generator.

Bit 4—Reserved:This bit is reserved, but it can be written and read. Its initial value is 0.

Bits 3 and 2—Wait Mode Select 1 and 0 (WMS1 and WMSOYXhese hits select the wait mode.

Bit 3 Bit 2

WMS1 WMSO0 Description

0 0 Programmable wait mode
1 No wait states inserted by wait-state controller

1 0 Pin wait mode (Initial value)
1 Pin auto-wait mode

Bits 1 and 0—Wait Count 1 and 0 (WC1 and WCO0)These bits select the number of wait states
inserted in access to external address areas.

Bit 1 Bit 0

WC1 WCO0 Description

0 0 No wait states inserted by wait-state controller (Initial value)
1 1 state inserted

1 0 2 states inserted
1 3 states inserted
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53 Wait Modes

Programmable Wait Mode: The number of wait states\gl) selected by bits WC1 and WCO are
inserted in all accesses to external addresses. Figure 5-2 shows the timing when the wait count i
(WC1=0,WCO0 =1).

T T, Tw T3‘
- | 1 L [_]

Address bus X External address

s ]

—

11k

RD
Read
access Read data
Data bus
WR
Write
access
Data bus Write data >7

Figure 5-2 Programmable Wait Mode
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Pin Wait Mode: In all accesses to external addresses, the number of wait stgjese(@cted by
bits WC1 and WCO are inserted. If tRRAIT pin is low at the fall of the system clock (@) in the
last of these walit states, an additional wait state is inserted. W A& pin remains low, wait
states continue to be inserted until WWAIT signal goes high.

Pin wait mode is useful for inserting four or more wait states, or for inserting different numbers ¢
wait states for different external devices.

Figure 5-3 shows the timing when the wait count is 1 (WC1 = 0, WCO = 1) and one additional
wait state is inserted BWAIT input.

Inserted by  Inserted by
wait count | WAIT pin

n T ‘ Tw ‘ Tw ‘ T3 \

ee—
*

-—
*

|
: |

WAIT pin \ « /

Address bus External address

AS
RD
Read
access Read data
Data bus
WR
Write
access
Data bus Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 5-3 Pin Wait Mode
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Pin Auto-Wait Mode: If the WAIT pin is low, the number of wait stategylselected by bits
WC1 and WCO are inserted.

In pin auto-wait mode, if th& AIT pin is low at the fall of the system clock (@) in thesTate, the

number of wait states (i) selected by bits WC1 and WCO are inserted. No additional wait states

are inserted even if ti& AIT pin remains low. Pin auto-wait mode can be used for an easy
interface to low-speed memory, simply by routing the chip select signal YAHE pin.

Figure 5-4 shows the timing when the wait count is 1.

ﬂJHf*/HHH*HH\

WAIT pin

Address bus X External address

X
s T
]

External address

1r

RD
Read
access Read data Read data
Data bus
WR
Write
access
Data bus Write data >—< Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 5-4 Pin Auto-Wait Mode
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Section 6 Clock Pulse Generator

6.1 Overview

The H8/3502 has a built-in clock pulse generator (CPG) consisting of an oscillator circuit, a duty
adjustment circuit, and a prescaler that generates clock signals for the on-chip supporting modu

6.1.1 Block Diagram

Figure 6-1 shows a block diagram of the clock pulse generator.

] . Duty
XTAL ——» .
' Osplllgtor = adjustment
EXTAL —————» cireutt circuit

(system
clock)

Frequency
divider (1/2)

CKDBL l

2p

(for sup-
porting
modules)

Prescaler

o2p/2 to gp/4096

Figure 6-1 Block Diagram of Clock Pulse Generator

Input an external clock signal to the EXTAL pin, or connect a crystal resonator to the XTAL and
EXTAL pins. The system clock frequency (@) will be the same as the input frequency. This sam:
system clock frequency gpcan be supplied to timers and other supporting modules, or it can be

divided by two. The selection is made by software, by controlling the CKDBL bit.
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6.1.2  Wait-State Control Register (WSCR)

WSCR is an 8-bit readable/writable register that controls frequency division of the clock signals
supplied to the supporting modules. It also controls wait-state insertion.

WSCR is initialized to H'C8 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ CKDBL‘ — ‘ WMS1 ‘ WMSO0 ‘ wC1 ‘ WCO ‘
Initial value 1 1 0 0 1 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Bits 7 and 6—ReservedThese bits cannot be modified and are always read as 1.

Bit 5—Clock Double (CKDBL): Controls the frequency division of clock signals supplied to
supporting modules.

CKDBL

Bit 5 Description

0 The undivided system clock (@) is supplied as the clock (gp) for (Initial value)
supporting modules

1 The system clock (g) is divided by two and supplied as the clock (gp) for supporting

modules

Bit 4—Reserved:This bit is reserved, but it can be written and read. Its initial value is 0.
Bits 3 and 2—Wait Mode Select 1 and 0 (WMS1 and WMSO0)
Bits 1 and 0—Wait Count 1 and 0 (WC1 and WCO)

These bits control wait-state insertion. For details, see section 5, Wait-State Controller.
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6.2 Oscillator Circuit

If an external crystal is connected across the EXTAL and XTAL pins, the on-chip oscillator circu
generates a system clock signal. Alternatively, an external clock signal can be applied to the
EXTAL pin.

(1) Connecting an External Crystal

Circuit Configuration: An external crystal can be connected as shown in the example in figure 6
2. Table 6-1 indicates the appropriate damping resistance Rd. An AT-cut parallel resonance cry
should be used.

Cu1
EXTAL T }ﬂT
[
XTAL —«/WL{ }ﬂT
Rd CL

CL1=CL2 =10 thO 22 pF

Figure 6-2 Connection of Crystal Oscillator (Example)

Table 6-1 Damping Resistance

Frequency (MHz) 4 8 10
Rd max (Q) 500 200 0
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Crystal Oscillator: Figure 6-3 shows an equivalent circuit of the crystal resonator. The crystal
resonator should have the characteristics listed in table 6-2.

XTAL =-—¢ s EXTAL

AT-cut parallel resonating crystal

Figure 6-3 Equivalent Circuit of External Crystal

Table 6-2  External Crystal Parameters

Frequency (MHz) 4 8 10
Rs max (Q) 120 80 70
Co (pF) 7 pF max

Use a crystal with the same frequency as the desired system clock frequency (2).
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Note on Board DesignWhen an external crystal is connected, other signal lines should be kept
away from the crystal circuit to prevent induction from interfering with correct oscillation. See
figure 6-4. The crystal and its load capacitors should be placed as close as possible to the XTAI
and EXTAL pins.

Not allowed .
Signal A Signal B
Ceo 1
i || § | XTAL
=
r || | | EXTAL
Cu 1 ;

Figure 6-4 Notes on Board Design around External Crystal
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(2) Input of External Clock Signal

Circuit Configuration: An external clock signal can be input as shown in the examples in figure
6-5. In example (b) in figure 6-5, the external clock signal should be kept high during standby.

If the XTAL pin is left open, make sure the stray capacitance does not exceed 10 pF.

EXTAL —n—— External clock input

XTAL ——— Open

(a) Connections with XTAL pin left open

EXTAL External clock input

74HC04
XTAL

(b) Connections with inverted clock input at XTAL pin

Figure 6-5 External Clock Input (Example)
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External Clock Input: The external clock signal should have the same frequency as the desired
system clock (). Clock timing parameters are given in table 6-3 and figure 6-6.

Table 6-3  Clock Timing

VCC =5.0V +x10%

Item Symbol Min Max Unit Test Conditions
Low pulse width of tExL 40 — ns Figure 6-6
external clock input
High pulse width of tEXH 40 — ns
external clock input
External clock rise texr — 10 ns
time
External clock fall time  tgxs — 10 ns
Clock pulse width low  tcp 0.3 0.7 teyc 225 MHz Figure 16-4

0.4 0.6 tcyc g <5MHz
Clock pulse width high tch 0.3 0.7 teyc g >5MHz

0.4 0.6 teye @ <5 MHz

B tExH | texL |
EXTAL
VCC x 0.5
— - |t— tEXr — - —— tEXf

Figure 6-6 External Clock Input Timing
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Table 6-4 shows the external clock output settling delay time, and figure 6-7 shows the external
clock output settling delay timing. The oscillator circuit and duty adjustment circuit have a
function for adjusting the waveform of the external clock input at the EXTAL pin. When the
specified clock signal is input at the EXTAL pin, internal clock signal output is fixed after the
elapse of the external clock output settling delay tigex#). As the clock signal output is not

fixed during the gext period, the reset signal should be driven low to maintain the reset state
during this time.

Table 6-4  External Clock Output Settling Delay Time
(Conditions: \ec =4.5Vt05.5V, 4s=0V)

Item Symbol Min Max Unit Notes

External clock output tpExT* 500 — Us Figure 6-7
settling delay time

Note: * tpext includes an RES pulse width (trgsw) 0f 10 teyc.

Vee 4.5 V_/

SEE
2 (mernal or i AVAVAVAYAVAVAVAVAY

\

((

RES

((

t *
DEXT

Note: * tpexr includes an RES pulse width (tresw) Of 10 tyc .

Figure 6-7 External Clock Output Settling Delay Time Timing
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6.3  Duty Adjustment Circuit

When the clock frequency is 5 MHz or above, the duty adjustment circuit adjusts the duty cycle
the signal from the oscillator circuit to generate the system clock (@).

6.4 Prescaler

The 1/2 frequency divider generates an on-chip supporting module cl)dkofm the system
clock (@) according to the setting of the CKDBL bit. The prescaler divides the frequenctoof g
generate internal clock signals with frequencies fre/d @ @/4096.
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Section 7 /O Ports

7.1 Overview

The H8/3502 has five 8-bit input/output ports, one 7-bit input/output port, and one 6-bit
input/output port.

Table 7-1 lists the functions of each port in each operating mode. As table 7-1 indicates, the por
pins are multiplexed, and the pin functions differ depending on the operating mode.

Each port has a data direction register (DDR) that selects input or output, and a data register (D
that stores output data. If bit manipulation instructions will be executed on the port data directior
registers, see “Notes on Bit Manipulation Instructions” in section 2.5.5, Bit Manipulations.

Ports 1, 2, 3, 6, and 7 can drive one TTL load and a 90-pF capacitive load. Port 4 (excluding pin
P4g) and port 5 can drive one TTL load and a 30-pF capacitive load. Ports 1, 2, and 3 can drive
LEDs (with 10-mA current sink). Ports 1 to 7 can drive a Darlington transistor. Ports 1 to 3 and
pins P§ to P& and P§to P4 have built-in MOS pull-ups.

For block diagrams of the ports, see appendix C, I/0O Port Block Diagrams.
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Table 7-1

Port Functions

Expanded Modes Single-Chip Mode

Port Description Pins Mode 1 Mode 2 Mode 3
Port1  8-bitl/O port P1;toP1ly/ Lower address  Lower address General input/
« Can drive A7 to Ag output (A7 to output (A7 to Ag) output
LEDs Ap) or general input
* Built-in input
pull-ups
Port2 « 8-bitl/O port P2, to P2y/ Upper address  Upper address General input/
» Can drive A5 to Ag output (Aqs to output (Aqs to output
LEDs Ag) Ag) or general
« Built-in input input
pull-ups
Port3 < 8-bitl/O port P3;to P3y/  Data bus (D to D) Host interface
« Can drive D to Dy/ data bus (HDB,
LEDs HDB- to HDBy to HDBy) or
* Built-in input general input/
pull-ups output
Port4 « 8-bitI/O port  P4,/GA5q Host interface control output (GAyg) or general input/
output
P4/2/CS, @ output Host interface
control input
(CS,), general
input, or g output
P45/TMRI;/  Host interface host CPU interrupt request output
HIRQ1» (HIRQ1,, HIRQ4, HIRQq4), 8-bit timer 0 and 1 input/
P4,/ TMO,/ output (TMClg, TMOq, TMRIg, TMCly, TMO4, TMRIy),
HIRQ, and general input/output
P45/TMCI4/
HIRQq,
P4,/TMRlIq
P4,/TMOg
P4,/TMCly
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Table 7-1  Port Functions (cont)
Expanded Modes Single-Chip Mode
Port Description Pins Mode 1 Mode 2 Mode 3
Port5 « 6-bitI/O port  P55/SCKy Serial communication interface 0 and 1 input/output
P54/RXD1 (TXDo, RXDo, SCKO, TXD]_, RXD]_, SCK]_) or 6-bit
P53/TxDq general input/output
P5,/SCKq
P5,/RxDg
P50/TXDO
Port6 < 7-bit1/O port  P64/IRQ, IRQ; to IRQy or general input/output
s Built-in input ~ P65/IRQ;
pull-ups (P63 P64/IRQq
to P60)
P63/FTI/ 16-bit free-running timer input/output (FTCI, FTOA,
KEYINg FTOB, FTI) or general input/output
P6,/FTOB/ (Can also be used as key-scanning key-sense input
KEYIN, (KEYIN3 to KEYINg))
P6,/FTOA/
KEYIN,
P6o/FTCI/
KEYINg
Port7  8-bitl/O port  P7,/WAIT/ Expanded data bus control input/ Host interface
« Bus buffer HA, output (WAIT, RD, WR, AS) control input
drive capability P7¢/RD/IOR (HA, TOR, TOW,
(P73to P7g)  P75/WR/IOW CS;) or general
« Built-ininput  P74/AS/CS; input/output
pull-ups (P73
to P70)
P73/KEYIN;  General input/output
P7,/KEYINg (Can also be used as key-scanning key-sense input
P7,/KEYINs (KEYIN; to KEYIN,))
P7o/KEYIN,
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7.2 Port 1

7.2.1 Overview

Port 1 is an 8-bit input/output port with the pin configuration shown in figure 7-1. The pin
functions differ depending on the operating mode.

Port 1 has built-in programmable MOS input pull-ups that can be used in modes 2 and 3.

Pins in port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive LEDs and
Darlington transistors.

Pin configuration Pin configuration

in mode 1 in mode 2

(expanded mode (expanded mode

with on-chip ROM with on-chip ROM

Port 1 pins disabled) enabled)
- P1,/A; A7 (output) A7 (output)/P15 (input)
~— Plg/Ag Ag (output) Ag (output)/P1g (input)
= P1:/Ag As (output) As (output)/P1s (input)
Port 1 e P1,4/A4 A4 (output) A4 (output)/P1, (input)

= P13/A3 A (output) Az (output)/P13 (input)
- P1,/A, A, (output) A, (output)/P1, (input)
> P1,/A; A (output) A1 (output)/P1, (input)
= P1y/Ag A (output) A (output)/P1q (input)

Pin configuration in mode 3
(single-chip mode)

P1; (input/output)
P1g (input/output)
P15 (input/output)
P1, (input/output)
P15 (input/output)
P1, (input/output)
P1, (input/output)
P1, (input/output)

Figure 7-1 Port 1 Pin Configuration
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7.2.2  Register Configuration and Descriptions
Table 7-2 summarizes the port 1 registers.

Table 7-2  Port 1 Registers

Name Abbreviation Read/Write Initial Value Address

Port 1 data direction register P1DDR w H'FF (mode 1) H'FFBO
H'00 (modes 2 and 3)

Port 1 data register P1DR R/W H'00 H'FFB2

Port 1 input pull-up control P1PCR R/W H'00 H'FFAC

register

Port 1 Data Direction Register (P1DDR)

Bit 7 6 5 4 3 2 1 0
‘ P17DDR‘ PlGDDR‘ P15DDR‘ P14DDR‘ P1,DDR ‘ P1,DDR ‘ P1,DDR ‘ PlODDR‘

Mode 1

Initial value 1 1 1 1 1 1 1 1

Read/Write — — — — — — — —
Modes 2 and 3

Initial value 0 0 0 0 0 0 0 0

Read/Write w w W W w w w

P1DDR controls the input/output direction of each pin in port 1.

Mode 1: The P1DDR values are fixed at 1. Port 1 consists of lower address output pins. PLDDR
values cannot be modified and are always read as 1.

In hardware standby mode, the address bus is in the high-impedance state.

Mode 2: A pin in port 1 is used for address output if the corresponding P1DDR bit is set to 1, an
for general input if this bit is cleared to O.

Mode 3: A pin in port 1 is used for general output if the corresponding P1DDR bit is set to 1, anc
for general input if this bit is cleared to O.

In modes 2 and 3, P1DDR is a write-only register. Read data is invalid. If read, all bits always re
1. P1DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby
mode it retains its existing values, so if a transition to software standby mode occurs while a
P1DDR bit is set to 1, the corresponding pin remains in the output state.
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Port 1 Data Register (P1DR)

Bit 7 6 5 4 3 2 1 0

‘ P1, ‘ Plg ‘ Pls ‘ P14 ‘ P13 ‘ P1, ‘ P1, ‘ P1y ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P1DR is an 8-bit register that stores data for pinst®PX. When a P1DDR bit is set to 1, if port
1is read, the value in P1DR is obtained directly, regardless of the actual pin state. When a P1DL
bit is cleared to O, if port 1 is read the pin state is obtained.

P1DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode i
retains its existing values.

Port 1 Input Pull-Up Control Register (P1PCR)

Bit 7 6 5 4 3 2 1 0

‘ P1,PCR ‘ PlGPCR‘ P15PCR‘ P14PCR‘ P13PCR ‘ P1,PCR ‘ P1,PCR ‘ P1,PCR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P1PCR is an 8-bit readable/writable register that controls the MOS input pull-ups in port 1. If a
P1DDR bit is cleared to 0 (designating input) and the corresponding P1PCR bit is set to 1, the
MOS input pull-up is turned on.

P1PCR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
retains its existing values.
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7.2.3  Pin Functions in Each Mode

Port 1 has different pin functions in different modes. A separate description for each mode is giv
below.

Pin Functions in Mode 1:In mode 1 (expanded mode with on-chip ROM disabled), port 1 is
automatically used for lower address output {&\Ag). Figure 7-2 shows the pin functions in
mode 1.

— A7 (output)
— Ag (output)
— Ag (output)
Port 1 — A, (output)
—— Ag (output)
—— A, (output)
— A; (output)

—— Ag (output)

Figure 7-2 Pin Functions in Mode 1 (Port 1)
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Mode 2:In mode 2 (expanded mode with on-chip ROM enabled), port 1 can provide lower
address output pins, and general input pins. Each pin becomes a lower address output pin if its
P1DDR bit is set to 1, and a general input pin if this bit is cleared to 0. Following a reset, all pins
are input pins. To be used for address output or PWM output, their PLDDR bits must be set to 1.
Figure 7-3 shows the pin functions in mode 2.

When P1DDR =1 When P1DDR =0
<—— A, (output) P1; (input)
~— Ag (output) P1g (input)
~—— Ag (output) P1g (input)

Port 1 ~— A, (output) P14 (input)
~— Aj (output) P13 (input)
~— A, (output) P1, (input)
<— A; (output) P1; (input)
~— Ag (output) P1, (input)

Figure 7-3 Pin Functions in Mode 2 (Port 1)

102 RENESAS



Mode 3:In mode 3 (single-chip mode), port 1 can provide general input/output pins. When used
for general input/output, the input or output direction of each pin can be selected individually. A
pin becomes a general input pin when its P1DDR bit is cleared to 0. When this bit is set to 1, the
corresponding pin becomes a general output pin. Figure 7-4 shows the pin functions in mode 3.

When P1DDR =0 (input pin) and
when P1DDR = 1 (output pin)

+——— P1; (input/output)
~— Plg (input/output)
~—— P15 (input/output)
Port 1 ~~—— P1, (input/output)
~— P15 (input/output)
~— P1, (input/output)
<— P1, (input/output)

~— P1, (input/output)

Figure 7-4 Pin Functions in Mode 3 (Port 1)

7.2.4  MOS Input Pull-Ups

Port 1 has built-in programmable MOS input pull-ups that are available in modes 2 and 3. The
pull-up for each bit can be turned on and off individually. To turn on an input pull-up in mode 2 o
3, set the corresponding P1PCR bit to 1 and clear the corresponding P1DDR bit to 0. PIPCR is
cleared to H'00 by a reset and in hardware standby mode, turning all input pull-ups off. In softwe
standby mode, the previous state is maintained.

Table 7-3 indicates the states of the MOS input pull-ups in each operating mode.
Table 7-3  States of MOS Input Pull-Ups (Port 1)

Mode Reset Hardware Standby Software Standby Other Operating Modes

1 Off Off Off Off
2 Off Off On/off On/off
3 Off Off On/off On/off

Notes: Off: The MOS input pull-up is always off.
Onl/off: The MOS input pull-up is on if PLPCR = 1 and P1DDR = 0, but off otherwise.
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7.3 Port 2

7.3.1 Overview

Port 2 is an 8-bit input/output port with the pin configuration shown in figure 7-5. The pin
functions differ depending on the operating mode.

Port 2 has built-in, software-controllable MOS input pull-ups that can be used in modes 2 and 3.

Pins in port 2 can drive one TTL load and a 90-pF capacitive load. They can also drive LEDs and
Darlington transistors.

Pin configuration

in mode 1
(expanded mode Pin configuration in mode 2
with on-chip ROM (expanded mode with on-chip
Port 2 pins disabled) ROM enabled)
- P2;/A5 A5 (output) A1s (output)/P2; (input)
B P26/A14 Al4 (OUtpUt) A14 (OUtpUt)/PZG (Input)
[ P25/A13 A;3 (output) Aq3 (output)/P25 (input)

Port 2 = P2,4/A, A1- (output) A1, (output)/P2,4 (input)
B P23/A11 All (OUtpUt) All (OUtpUt)/P23 (Input)
e P2,/Aqg A1 (output) Aqp (output)/P2, (input)
> P2,/Aq Ag (output) Ag (output)/P2, (input)
= P2y/Ag Ag (output) Ag (output)/P2, (input)

Pin configuration in mode 3
(single-chip mode)

P2 (input/output)
P2 (input/output)
P25 (input/output)
P2, (input/output)
P23 (input/output)
P2, (input/output)
P2, (input/output)
P2, (input/output)

Figure 7-5 Port 2 Pin Configuration
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7.3.2  Register Configuration and Descriptions
Table 7-4 summarizes the port 2 registers.

Table 7-4  Port 2 Registers

Name Abbreviation Read/Write Initial Value Address

Port 2 data direction register P2DDR w H'FF (mode 1) H'FFB1
H'00 (modes 2 and 3)

Port 2 data register P2DR R/W H'00 H'FFB3

Port 2 input pull-up control P2PCR R/W H'00 H'FFAD

register

Port 2 Data Direction Register (P2DDR)

Bit 7 6 5 4 3 2 1 0
‘ P27DDR‘ P26DDR‘ P25DDR‘ P2,DDR ‘ P2;DDR ‘ P2,DDR ‘ P2,DDR ‘ P2,DDR ‘

Mode 1

Initial value 1 1 1 1 1 1 1 1

Read/Write — — — — — — — —
Modes 2 and 3

Initial value 0 0 0 0 0 0 0 0

Read/Write w W W w w w

P2DDR controls the input/output direction of each pin in port 2.

Mode 1: The P2DDR values are fixed at 1. Port 2 consists of upper address output pins. P2DDF
values cannot be modified and are always read as 1.

In hardware standby mode, the address bus is in the high-impedance state.

Mode 2: A pin in port 2 is used for address output if the corresponding P2DDR bit is set to 1, an
for general input if this bit is cleared to O.

Mode 3: A pin in port 2 is used for general output if the corresponding P2DDR bit is set to 1, anc
for general input if this bit is cleared to O.

In modes 2 and 3, P2DDR is a write-only register. Read data is invalid. If read, all bits always re
1. P2DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby
mode it retains its existing values, so if a transition to software standby mode occurs while a
P2DDR bit is set to 1, the corresponding pin remains in the output state.

RENESAS 105



Port 2 Data Register (P2DR)

Bit 7 6 5 4 3 2 1 0

‘ P2, ‘ P2g ‘ P25 ‘ P24 ‘ P24 ‘ P2, ‘ P2, ‘ P2y ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P2DR is an 8-bit register that stores data for pinst®P2. When a P2DDR bit is set to 1, if port
2 is read, the value in P2DR is obtained directly, regardless of the actual pin state. When a P2DL
bit is cleared to O, if port 2 is read the pin state is obtained.

P2DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode i
retains its existing values.

Port 2 Input Pull-Up Control Register (P2PCR)

Bit 7 6 5 4 3 2 1 0

‘ P2,PCR ‘ P26PCR‘ P25PCR‘ P24PCR‘ P23PCR ‘ P2,PCR ‘ P2,PCR ‘ P2,PCR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P2PCR is an 8-bit readable/writable register that controls the MOS input pull-ups in port 2. If a
P2DDR bit is cleared to 0 (designating input) and the corresponding P2PCR bit is set to 1, the
MOS input pull-up is turned on.

P2PCR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
retains its existing values.
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7.3.3  Pin Functions in Each Mode

Port 2 has different pin functions in different modes. A separate description for each mode is giv
below.

Pin Functions in Mode 1:In mode 1 (expanded mode with on-chip ROM disabled), port 2 is
automatically used for upper address outpyg (@ Ag). Figure 7-6 shows the pin functions in
mode 1.

— Ay5 (output)
— Aq4 (output)
— Aq3 (output)
Port 2 — Ay, (output)
— A4 (output)
—* Aqp (output)
—* Ag (output)

— Ag (output)

Figure 7-6 Pin Functions in Mode 1 (Port 2)
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Mode 2:In mode 2 (expanded mode with on-chip ROM enabled), port 2 can provide upper
address output pins, and general input pins. Each pin becomes an upper address output pin if its
P2DDR bit is set to 1, and a general input pin if this bit is cleared to 0. Following a reset, all pins
are input pins. To be used for address output, their P2DDR bits must be set to 1. Figure 7-7 shov
the pin functions in mode 2.

When P2DDR =1 When P2DDR =0
~—— A5 (output) P2, (input)
— A, (output) P2¢ (input)
~—— Aj3 (output) P2 (input)

Port 2 ~—— A4, (output) P24 (input)
~— Ay (output) P23 (input)
~— A, (output) P2, (input)
— Ag (output) P2, (input)
~— Ag (output) P2, (input)

Figure 7-7 Pin Functions in Mode 2 (Port 2)
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Mode 3:In mode 3 (single-chip mode) port 2 can provide general input/output pins. When used
for general input/output, the input or output direction of each pin can be selected individually. A
pin becomes a general input pin when its P2DDR bit is cleared to 0. When this bit is set to 1, the
corresponding pin becomes a general output pin. Figure 7-8 shows the pin functions in mode 3.

When P2DDR =0 (input pin)
and when P2DDR = 1 (output pin)

~——> P27 (input/output)
=™ P2 (input/output)
~— P25 (input/output)
pot2 [+ P24 (inputioutput)
~—— P23 (input/output)
~——= P2, (input/output)
~—— P2, (input/output)

<— P2, (input/output)

Figure 7-8 Pin Functions in Mode 3 (Port 2)
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7.3.4  MOS Input Pull-Ups

Port 2 has built-in programmable MOS input pull-ups that are available in modes 2 and 3. The
pull-up for each bit can be turned on and off individually. To turn on an input pull-up in mode 2 or
3, set the corresponding P2PCR bit to 1 and clear the corresponding P2DDR bit to 0. P2PCR is
cleared to H'00 by a reset and in hardware standby mode, turning all input pull-ups off. In softwat
standby mode, the previous state is maintained.

Table 7-5 indicates the states of the input pull-up transistors in each operating mode.
Table 7-5  States of MOS Input Pull-Ups (Port 2)

Mode Reset Hardware Standby Software Standby Other Operating Modes

1 Off Off Off Off
2 Off Off On/off On/off
3 Off Off On/off On/off

Notes: Off: The MOS input pull-up is always off.
On/off: The MOS input pull-up is on if P2PCR =1 and P2DDR = 0, but off otherwise.
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7.4 Port 3

7.4.1 Overview

Port 3 is an 8-bit input/output port that is multiplexed with the data bus and host interface data b
Its pin configuration is shown in figure 7-9. The pin functions differ depending on the operating

mode.

Port 3 has built-in programmable MOS input pull-ups that can be used in mode 3.

Pins in port 3 can drive one TTL load and a 90-pF capacitive load. They can also drive a LED al

a Darlington transistor.

Port 3

Port 3 pins

P3,/D7/HDB-,
P34/Dg/HDBg
P35/Dg/HDBs
P3,/D,/HDB,
P34/D4/HDB,
P3,/D,/HDB,
P3,/D;/HDB;
P3,/Do/HDB,

Pin configuration in mode 3

(single-chip mode)
Master mode

P3- (input/output)
P3¢ (input/output)
P35 (input/output)
P3, (input/output)
P33 (input/output)
P3, (input/output)
P3; (input/output)
P3y (input/output)

Pin configuration in mode 1
(expanded mode with on-chip
ROM disabled) and mode 2
(expanded mode with on-chip

ROM enabled)

D7 (input/output)
Dg (input/output)
D5 (input/output)
D, (input/output)
D3 (input/output)
D, (input/output)
D, (input/output)
Dg (input/output)

Pin configuration in mode 3

(single-chip mode)
Slave mode

HDB- (input/output)
HDBg (input/output)
HDB;5 (input/output)
HDB, (input/output)
HDB3 (input/output)
HDB, (input/output)
HDB; (input/output)
HDBy (input/output)

Figure 7-9 Port 3 Pin Configuration
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7.4.2 Register Configuration and Descriptions
Table 7-6 summarizes the port 3 registers.

Table 7-6  Port 3 Registers

Name Abbreviation Read/Write Initial Value Address
Port 3 data direction register P3DDR w H'00 H'FFB4
Port 3 data register P3DR R/W H'00 H'FFB6
Port 3 input pull-up control P3PCR R/W H'00 H'FFAE
register

Port 3 Data Direction Register (P3DDR)

Bit 7 6 5 4 3 2 1 0

‘ P3,DDR ‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR ‘ P3,DDR ‘ P31DDR‘ P3,DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W W W W W W

P3DDR is an 8-bit readable/writable register that controls the input/output direction of each pin in
port 3. P3DDR is a write-only register. Read data is invalid. If read, all bits always read 1.

Modes 1 and 2:In mode 1 (expanded mode with on-chip ROM disabled) and mode 2 (expanded
mode with on-chip ROM enabled), the input/output directions designated by P3DDR are ignored.
Port 3 automatically consists of the input/output pins of the 8-bit data bue [@3).

The data bus is in the high-impedance state during reset, and during hardware and software
standby.

Mode 3: A pin in port 3 is used for general output if the corresponding P3DDR bit is set to 1, and

for general input if this bit is cleared to 0. P3DDR is initialized to H'00 by a reset and in hardware
standby mode. In software standby mode it retains its existing values, so if a transition to softwar
standby mode occurs while a P3DDR bit is set to 1, the corresponding pin remains in the output

state.
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Port 3 Data Register (P3DR)

Bit 7 6 5 4 3 2 1 0

‘ P37 ‘ P3g ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P31 ‘ P3g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P3DR is an 8-bit register that stores data for pinst®®3. When a P3DDR bit is set to 1, if port
3 is read, the value in P3DR is obtained directly, regardless of the actual pin state. When a P3D
bit is cleared to O, if port 3 is read the pin state is obtained.

P3DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
retains its existing values.

Port 3 Input Pull-Up Control Register (P3PCR)

Bit 7 6 5 4 3 2 1 0

‘ P3,PCR ‘ P36PCR‘ P35PCR‘ P3,PCR ‘ P3;PCR ‘ P3,PCR ‘ P3;PCR ‘ P3,PCR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P3PCR is an 8-bit readable/writable register that controls the MOS input pull-ups in port 3. If a
P3DDR bit is cleared to 0 (designating input) and the corresponding P3PCR bit is set to 1, the
MOS input pull-up is turned on.

P3PCR is initialized to H'00 by a reset and in hardware standby mode. In software standby mod
retains its existing values.

The MOS input pull-ups cannot be used in slave mode (when the host interface is enabled).
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7.4.3  Pin Functions in Each Mode

Port 3 has different pin functions in different modes. A separate description for each mode is give
below.

Pin Functions in Modes 1 and 2In mode 1 (expanded mode with on-chip ROM disabled) and
mode 2 (expanded mode with on-chip ROM enabled), port 3 is automatically used for the
input/output pins of the data bus{f D). Figure 7-10 shows the pin functions in modes 1 and 2.

Modes 1 and 2

~——- D5 (input/output)
~—— Dg (input/output)
~——— Dg (input/output)
Port 3 ~—— D, (input/output)
~——— D3 (input/output)
~—— D, (input/output)
~—— D, (input/output)

~— Dg (input/output)

Figure 7-10 Pin Functions in Modes 1 and 2 (Port 3)
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Mode 3: In mode 3 (single-chip mode), port 3 is an input/output port when the host interface
enable bit (HIE) in the system control register (SYSCR) is cleared to 0.

If the HIE bit is set to 1 and a transition is made to slave mode, port 3 becomes the host interfac
data bus (HDBto HDBy). In slave mode, P3DR and P3DDR should be cleared to H'00.

Figure 7-11 shows the pin functions in mode 3.

~—— P35 (input/output)/HDB- (input/output)
~— P3¢ (input/output)/HDBg (input/output)
~— P35 (input/output)/HDBg (input/output)
Porta | P34 (input/output)/HDB,4 (input/output)
~— P33 (input/output)/HDB3 (input/output)
<— P23, (input/output)/HDB, (input/output)
<— P3; (input/output)/HDB; (input/output)
~—* P3; (input/output)/HDB (input/output)

Figure 7-11 Pin Functions in Mode 3 (Port 3)

7.4.4  Input Pull-Up Transistors

Port 3 has built-in programmable MOS input pull-ups that are available in mode 3. The pull-up f
each bit can be turned on and off individually. To turn on an input pull-up in mode 3, set the
corresponding P3PCR bit to 1 and clear the corresponding P3DDR bit to 0. P3PCR is cleared tc
H'00 by a reset and in hardware standby mode, turning all input pull-ups off. In software standby
mode, the previous state is maintained.

Table 7-7 indicates the states of the input MOS pull-ups in each operating mode.
Table 7-7  States of MOS Input Pull-Ups (Port 3)

Mode Reset Hardware Standby Software Standby Other Operating Modes

1 Off Off Off Off
2 Off Off On/off On/off
3 Off Off On/off On/off

Notes: Off: The MOS input pull-up is always off.
On/off: The MOS input pull-up is on if PBPCR =1 and P3DDR = 0, but off otherwise.
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7.5 Port 4

7.5.1 Overview

Port 4 is an 8-bit input/output port that is multiplexed with the host interface (HIF) input/output
pins (GAp, CS»), host interrupt request output pins (HIBQHIRQ;, HIRQ; 1), 8-bit timer 0, and

1, and input/output pins (TMRITMRI1, TMClg, TMCI4, TMOg, TMO4) and the g clock output
pin. Pins P4 and P4 to P4 have the same functions in all operating modes, but the slave mode
function which enables the host interface is only valid in single-chip mode. The function of pin
P4g differs depending on the operating mode.

Figure 7-12 shows the pin configuration of port 4.

Pins in port 4 (except R¥can drive one TTL load and a 30-pF capacitive load. The g clock
output pin can drive one TTL load and a 90-pF capacitive load. Port 4 pins can also drive a

Darlington transistor.

Port 4 pins

Port 4

= P4,/GA
le—— P44/0/CS,
[ P45/TMRI{/HIRQ,
le— P4,/TMO,/HIRQ,
le——— P44/TMCI;/HIRQ;4
= P4,/TMRIo
e P4,/TMO,
e—— P4,/TMClq

Pin configuration in mode 3
(single-chip mode)

Master mode

P4 (input/output)

P4 (input)/g (output)

P4g (input/output)/TMRI, (input)
P4, (input/output)/ TMO; (output)
P45 (input/output)/ TMCI4 (input)
P4, (input/output)/ TMRIq (input)
P4, (input/output)/ TMOg (output)
P4, (input/output)/TMClg (input)

Pin configuration in mode 1
(expanded mode with on-chip
ROM disabled) and mode 2

(expanded mode with on-chip ROM enabled)

P45 (input/output)

@ (output)

P45 (input/output)/ TMRI, (input)

P4, (input/output)/TMO; (output)
P43 (input/output)/ TMCI, (input)

P4, (input/output)/ TMRIq (input)

P4, (input/output)/TMOg (output)
P4, (input/output)/ TMClj (input)

Pin configuration in mode 3
(single-chip mode)

Slave mode
P4 (input/output)/GA,q (output)
Cisz (input)

P4 (input)/HIRQ1, (output)/TMRI, (input)
P4, (input)/HIRQ (output)/TMO; (output)
P4 (input)/HIRQ1, (output)/TMCI, (input)

P4, (input/output)/TMRI, (input)
P4, (input/output)/TMO, (output)
P4, (input/output)/TMCl, (input)

Figure 7-12 Port 4 Pin Configuration
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7.5.2 Register Configuration and Descriptions
Table 7-8 summarizes the port 4 registers.

Table 7-8  Port 4 Registers

Name Abbreviation Read/Write Initial Value Address
Port 4 data direction register  P4DDR w H'40 (mode 1 and 2) H'FFB5
H'00 (mode 3)
Port 4 data register PADR R/W*1 Undetermined*2 H'FFB7
Notes: 1. Bit 6 is read-only.
2. Bit 6 only is undetermined; the other bits are 0.
Port 4 Data Direction Register (P4DDR)
Bit 7 6 5 4 3 2 1 0
‘P47DDR‘ P45DDR‘ P45DDR‘ P44DDR‘ P4;DDR ‘ P4,DDR ‘ P41DDR‘P40DDR‘
Mode 1 and 2
Initial value 0 1 0 0 0 0 0 0
Read/Write W — w W W
Mode 3
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

P4DDR is an 8-bit register that controls the input/output direction of each pin in port 4. A pin
functions as an output pin if the corresponding P4DDR bhit is set to 1, and as an input pin if this
is cleared to 0. However, in modes 1 and MR is fixed at 1 and cannot be modified.

P4DDR is a write-only register. Read data is invalid. If read, all bits always read 1.

PADDR is initialized—to H'40 in modes 1 and 2, and to H'00 in mode 3—by a reset and in
hardware standby mode. In software standby mode it retains its existing values, so if a transitior
software standby mode occurs while a PADDR bit is set to 1, the corresponding pin remains in t

output state.

If a transition to software standby mode occurs while port 4 is being used by an on-chip
supporting module (for example, for 8-bit timer output), the on-chip supporting module will be
initialized, so the pin will revert to general-purpose input/output, controlled by PADDR and P4DF
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Port 4 Data Register (P4DR)

Bit 7 6 5 4 3 2 1 0

‘ P4, ‘ P4g ‘ P4s ‘ P4, ‘ P43 ‘ P4, ‘ P4, ‘ P4 ‘
Initial value 0 * 0 0 0 0 0 0
Read/Write R/W R R/W R/W R/W R/W R/W R/W

Note: * Depends on the state of the P4¢ pin.

P4DR is an 8-bit register that stores data for port 4 pinsdPd4. With the exception of R4

when a PADDR bit is set to 1, if port 4 is read, the value in PADR is obtained directly. When a
PADDR bit is cleared to 0, if port 4 is read the pin state is obtained. Whésrédd, the pin state
is always obtained. This also applies to the clock output pin and pins used by the on-chip
supporting modules.

P4DR bits other than R4re initialized to 0 by a reset and in hardware standby mode. In software
standby mode, P4DR retains its values prior to the mode transition.
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7.5.3 Pin Functions

Port 4 pins are used for 8-bit timer and host interface input/output and gclock output. Table 7-9
indicates the pin functions of port 4.

Table 7-9  Port 4 Pin Functions

Pin Pin Functions and Selection Method
P4,IGA,q Bit FGA20E in HICR, bit P4;DDR, and the operating mode select the pin function
as follows
P4,DDR 0 1
FGA20E — 0 1
Operating mode — — Other than Slave
slave mode mode
Pin function P4, input P4 output GAyg
output
P4¢/2/CS, Bit P4gDDR and the operating mode select the pin function as follows
Operating mode | Modes 1 and 2 Mode 3
— Other than slave mode Slave mode
P4¢DDR — 0 1 —
Pin function g clock output P4 input o clock CS, input
output
I
P4g/TMRI,/ P4sDDR 0 1
HIRQ12 Operating mode — Other than slave Slave mode
mode
Pin function P4 input P45 output HIRQq, output
TMRI, input

TMRI; input is usable when bits CCLR1 and CCLRO are both setto 1 in TCR of
8-bit timer 1
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Table 7-9

Port 4 Pin Functions (cont)

Pin Pin Functions and Selection Method
P4,/ TMO,/ Bits OS3 to OS0 in TCSR of 8-bit timer 1, bit P4,DDR, and the operating mode
HIRQq select the pin function as follows
0S3to OS0 AllO Not all 0
P4,DDR 0 1 —
Operating mode — Other than Slave mode —
slave mode
Pin function P4, input P4, output | HIRQ; output | TMO output
I
P45/TMCI4/ P4;DDR 0
HIRQ13 Operating mode — Other than slave Slave mode
mode
Pin function P43 input P43 output HIRQ14 output
TMCI, input
TMCI, input is usable when bits CKS2 to CKSO0 in TCR of 8-bit timer 1 select an
external clock source
I
P4,/TMRIg P4,DDR 0 1
Pin function P4, input P4, output

TMRIg input

TMRIg input is usable when bits CCLR1 and CCLRO are both set to 1 in TCR of

8-bit timer O
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Table 7-9

Port 4 Pin Functions (cont)

Pin Pin Functions and Selection Method
P4,/TMOq Bits OS3 to OSO0 in TCSR of 8-bit timer 0 and bit P4,DDR select the pin function
as follows
0S3to OSO AllO Not all 0
P4,DDR 0 1 —
Pin function P4, input P4, output TMOgq output
T

P4,/TMCly P4,DDR 0 1

Pin function P4, input P4 output

TMClg input

TMCly input is usable when bits CKS2 to CKSO0 in TCR of 8-bit timer O select an

external clock source
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7.6 Port 5

7.6.1 Overview

Port 5 is a 6-bit input/output port that is multiplexed with input/output pins ¢TRRDg, SCKp,
TxD4, RxDy, SCKy) of serial communication interfaces 0 and 1. The port 5 pin functions are the
same in all operating modes. Figure 7-13 shows the pin configuration of port 5.

Pins in port 5 can drive one TTL load and a 30-pF capacitive load. They can also drive a
Darlington transistor.

Port 5 pins
——= P55 (input/output)/SCK; (input/output)
~——= P5, (input/output)/RxD4 (input)
ports [~ P53 (input/output)/TxD; (output)
«——= P5, (input/output)/SCKq (input/output)
«—— P5; (input/output)/RxDq (input)
——= P5, (input/output)/TxDq (output)

Figure 7-13 Port 5 Pin Configuration

7.6.2 Register Configuration and Descriptions
Table 7-10 summarizes the port 5 registers.

Table 7-10 Port 5 Registers

Name Abbreviation Read/Write Initial Value Address
Port 5 data direction register P5DDR w H'CO H'FFB8
Port 5 data register P5DR R/W H'CO H'FFBA
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Port 5 Data Direction Register (P5DDR)

7 6 5 4 3 2 1 0
Bit ‘ — ‘ — ‘ P55DDR‘ P54DDR‘ P53;DDR ‘ P5,DDR ‘ P5,DDR ‘ P5,DDR ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w W W w W W

P5DDR is an 8-bit register that controls the input/output direction of each pin in port 5. A pin
functions as an output pin if the corresponding P5DDR bit is set to 1, and as an input pin if this
is cleared to O.

P5DDR is a write-only register. Read data is invalid. Bits 7 and 6 are reserved. If read, all bits
always read 1.

P5DDR is initialized to H'CO by a reset and in hardware standby mode. In software standby moc
it retains its existing values, so if a transition to software standby mode occurs while a PSDDR &
is set to 1, the corresponding pin remains in the output state.

If a transition to software standby mode occurs while port 5 is being used by the SCI, the SCI w
be initialized, so the pin will revert to general-purpose input/output, controlled by PSDDR and
P5DR.

Port 5 Data Register (P5DR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ P5g ‘ P54 ‘ P53 ‘ P5, ‘ P5,; ‘ P5q ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

P5DR is an 8-bit register that stores data for pinst®®%. Bits 7 and 6 are reserved. They
cannot be modified, and are always read as 1.

When a P5DDR bit is set to 1, if port 5 is read, the value in PS5DR is obtained directly, regardles
of the actual pin state. When a P5DDR bit is cleared to O, if port 5 is read the pin state is obtaine
This also applies to pins used as SCI pins.

P5DR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode
retains its existing values.
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7.6.3

Port 5 has the same pin functions in each operating mode. Individual pins can also be used as S

Pin Functions

or SCI1 input/output pins. Table 7-11 indicates the pin functions of port 5.

Table 7-11 Port 5 Pin Functions

Pin Pin Functions and Selection Method
P55/SCK4 Bit C/A in SMR of SCI1, bits CKEO and CKE1 in SCR of SCI1, and bit P55DDR
select the pin function as follows
CKE1l 1
C/A 0 1 —
CKEO 0 1 — —
P55DDR 0 1 — — —
Pin function P55 P55 SCK1 SCK; SCK1
input output output output input
P5,4/RxD4 Bit RE in SCR of SCI1 and bit P5,DDR select the pin function as follows
RE 0 1
P5,DDR 0 1 —
Pin function P5, input P5, output RxD1 input
P53/TxDq Bit TE in SCR of SCI1 and bit P53;DDR select the pin function as follows

TE 0 1
P53;DDR 0 1 —
Pin function P53 input P53 output TxD; output
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Table 7-11

Port 5 Pin Functions (cont)

Pin Pin Functions and Selection Method
P5,/SCKg Bit C/A in SMR of SCIO0, bits CKEO and CKE1 in SCR of SCIO0 and bit P5,DDR
select the pin function as follows
CKE1 1
C/A 0 1 —
CKEO 0 1 — —
P5,DDR 0 1 — — —
Pin function P5, P5, SCKy SCKp SCKy
input output output output input
P5,/RxDg Bit RE in SCR of SCI0 and bit P5,;DDR select the pin function as follows
RE 0 1
P5,DDR 0 1 —
Pin function P5, input P5, output RxDg input
P5¢/TxDg Bit TE in SCR of SCIO0 and bit P5;DDR select the pin function as follows

TE 0 1
P5,DDR 0 1 —
Pin function P5¢ input P5¢ output TxDg output
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7.7 Port 6

7.7.1 Overview

Port 6 is a 7-bit input/output port that is multiplexed with 16-bit free-running timer (FRT)
input/output pins (FTCI, FTOA, FTOB, FTI), key-sense input pins and iRig to IRQ input
pins. The port 6 pin functions are the same in all operating modes. RBits g in port 6 have
program-controllable built-in MOS pull-ups. Figure 7-14 shows the pin configuration of port 6.

Pins in port 6 can drive one TTL load and a 90-pF capacitive load. They can also drive a

Darlington transistor.

Port 6

Port 6 pins

P6g (input/output)/IRQ, (input)

P65 (input/output)/IRQ; (input)

P6, (input/output)/IRQy (input)

P63 (input/output)/FTI (input)/KEYIN3 (input)
P6, (input/output)/FTOB (output)/KEYIN, (input)
P6, (input/output)/FTOA (output)/KEYIN; (input)
P6¢ (input/output)/FTCI (input)/KEYINg (input)
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7.7.2  Register Configuration and Descriptions
Table 7-12 summarizes the port 6 registers.

Table 7-12 Port 6 Registers

Name Abbreviation Read/Write Initial Value Address
Port 6 data direction register P6DDR w H'80 H'FFB9
Port 6 data register P6DR R/W H'80 H'FFBB
Key-sense MOS pull-up control KMPCR R/W H'00 H'FFF2
register

Port 6 Data Direction Register (P6DDR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR ‘ P6,DDR ‘ P61DDR‘ P60DDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — W W w W W w W

P6DDR is an 8-bit register that controls the input/output direction of each pin in port 6. A pin
functions as an output pin if the corresponding P6DDR bit is set to 1, and as an input pin if this
is cleared to 0.

P6DDR is a write-only register. Read data is invalid. Bit 7 is reserved. If read, all bits always rea
1.

P6DDR is initialized to H'80 by a reset and in hardware standby mode. In software standby moc
it retains its existing values, so if a transition to software standby mode occurs while a P6DDR b
is set to 1, the corresponding pin remains in the output state.

If a transition to software standby mode occurs while port 6 is being used by an on-chip
supporting module (for example, the free-running timer), the on-chip supporting module will be
initialized, so the pin will revert to general-purpose input/output, controlled by P6DDR and P6DF
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Port 6 Data Register (P6DR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ P6g ‘ P6g ‘ P64 ‘ P63 ‘ P6, ‘ P6, ‘ P6q ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

P6DR is an 8-bit register that stores data for pinst® €. Bit 7 is reserved; it cannot be

modified and is always read as 1. When a P6DDR bit is set to 1, if port 6 is read, the value in
P6DR is obtained directly, regardless of the actual pin state. When a P6DDR bit is cleared to O, if
port 6 is read the pin state is obtained. This also applies to pins used by the on-chip supporting
modules.

P6DR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode i
retains its existing values.

When a port P6DDR bit is cleared to O, if port 6 is read, the pin state is obtained; this pin can be
selected according to the contents of KMIMR7 to KMIMR4. When KMIMR is set to 1 (initial
value), empty bit 7, pins B6P6;, and P§ are selected. When KMIMR is cleared to 0, ping, P7

P7,, P7;, and P¢§ are selected, respectively, corresponding to KMIMR7, KMIMR6, KMIMR5,

and KMIMRA4.

Key-Sense MOS Pull-Up Control Register (KMPCR)

Bit 7 6 5 4 3 2 1 0
‘KM7PCR‘ KM6PCR‘ KM5PCR‘ KM4PCR‘KM3PCR ‘ KMZPCR‘ KM1PCR‘KM0PCR ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

KMPCR is an 8-bit readable/writable register that controls the port 6 and port 7 built-in MOS pull-
ups on a bit-by-bit basis.

When a P6DDR or P7DDR bit is cleared to O (input port state), if the corresponding KMPCR bit is
set to 1 the MOS pull-up is turned on.

KM-7PCR to KMyPCR correspond to BBDR to P§DDR and pins Pyto P, while KMsPCR to
KMgPCR correspond to RBDR to PGDDR and pins P$to Pg,.

KMPCR is initialized to H'00 by a reset and in hardware standby mode. In software standby mod
it retains its existing values.
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7.7.3  Pin Functions

Port 6 has the same pin functions in all operating modes. The pins are multiplexed with FRT
input/output, key-sense input, alRlQg toIRQ» input. Table 7-13 indicates the pin functions of
port 6.

Table 7-13 Port 6 Pin Functions

Pin Pin Functions and Selection Method
(P67) KMIMR7 0 1
Pin function P73 pin input function 1linput in a P6,DR read
in a P6,DR read

P66/IRQ, P6¢DDR 0 1
KMIMR6 0 1 —
Pin function P7, pin input P6g input P6¢ output
function in
a P6¢gDR read

IRQ; input

IRQ, input is usable when bit IRQ2E is setto 1 in IER

P65/IRQ, P65sDDR 0 1
KMIMR5 0 1 —
Pin function P74 pin input P65 input P65 output
function in
a P65DR read

IRQ; input

IRQ, input is usable when bit IRQ1E is setto 1 in IER

P64/1RQq P6,DDR 0 1
KMIMR4 0 1 —
Pin function P74 pin input P6, input P6, output
function in
a P6,DR read

IRQq input

IRQg input is usable when bit IRQOE is set to 1 in IER
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Table 7-13 Port 6 Pin Functions (cont)

Pin Pin Functions and Selection Method
P63/FTI/KEYIN; P63DDR 0 1
Pin function P65 input P65 output
FTl input, or KEYIN3 input

P6,/FTOB/ Bit OEB in TCR of the FRT, and the P6,DDR bit select the pin function as follows
KEYIN,
OEB 0 1
P6,DDR 0 1 —
Pin function P6, input P6, output FTOB output
KEYIN, input
P64./FTOA/ Bit OEA in TCR of the FRT and bit P6,DDR select the pin function as follows
KEYIN;
OEA 0 1
P6,DDR 0 1 —
Pin function P6, input P6, output FTOA output
KEYIN; input
P6y/FTCI/ P6,DDR 0 1
KEYINo Pin function P6g input P6, output
FTCI input or KEYINg input

FTCI input is usable when bits CKS1 and CKSO in TCR of the FRT select an
external clock source
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7.8 Port 7

7.8.1 Overview

Port 7 is an 8-bit input/output port that also provides the bus control signal input/outp®Ipins (
WR, AS, WAIT), host interface (HIF) input pins (RAIOR, IOW, CS7), and key-sense input

pins. The functions of pins PTo P7, differ depending on the operating mode. PingtB P %

have program-controllable built-in MOS pull-ups. Figure 7-15 shows the pin configuration of por
7. Pins in port 7 can drive one TTL load and a 90-pF capacitive load. They can also drive a
Darlington transistor.

Pin configuration in mode 1 (expanded mode
with on-chip ROM disabled) and
Port 7 pins mode 2 (expanded mode with on-chip ROM enabled)
= P7,/WAIT/HA, WAIT (input)/P7; (input)
=—= P74/RD/IOR RD (output)
«—— P75/WR/IOW WR (output)
Port 7 I P74/A78/C§1 AS (output)
+— P73/KEYIN, P73 (input/output)/KEYIN7 (input)
+—— P7,/KEYINg P7, (input/output)/KEYINg (input)
+—— P7,/KEYINg P74 (input/output)/KEYIN5 (input)
= P7,/KEYIN, P7, (input/output)/KEYIN, (input)
Pin configuration in mode 3 (single-chip mode) Pin configuration in mode 3 (single-chip mode)
Master mode Slave mode
P7; (input/output) HAq (input)
P7 (input/output) IOR (input)
P7s (input/output) 10W (input)
P7, (input/output) CS; (input)
P73 (input/output)/KEYIN7 (input) P73 (input/output)/KEYIN- (input)
P7, (input/output)/KEYINg (input) P75 (input/output)/KEYINg (input)
P7, (input/output)/KEYIN5 (input) P7, (input/output)/KEYINs (input)
P7q (input/output)/KEYIN4 (input) P7¢ (input/output)/KEYIN,4 (input)

Figure 7-15 Port 7 Pin Configuration
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7.8.2 Register Configuration and Descriptions
Table 7-15 summarizes the port 7 registers.

Table 7-15 Port 7 Registers

Name Abbreviation Read/Write Initial Value Address
Port 7 data direction register P7DDR w H'00 H'FFBC
Port 7 data register P7DR R/W H'00 H'FFBE
Key-sense MOS pull-up control KMPCR R/W H'00 H'FFF2
register

Port 7 Data Direction Register (P7DDR)

7 6 5 4 3 2 1 0
Bit ‘ P77DDR‘ P76DDR‘ P75DDR‘ P74DDR‘ P7;DDR ‘ P7,DDR ‘ P7,DDR ‘ P7,DDR ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write w w W W w W W w

P7DDR is an 8-bit register that controls the input/output direction of each pin in port 7. A pin
functions as an output pin if the corresponding P7DDR bit is set to 1, and as an input pin if this bi
is cleared to 0. P7DDR is a write-only register. Read data is invalid. If read, all bits always read 1

P7DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
P7DDR retains its existing values, so if a transition to software standby mode occurs while a
P7DDR bit is set to 1, the corresponding pin remains in the output state.

Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0

‘ P7, ‘ P7¢ ‘ P7g ‘ P7,4 ‘ P73 ‘ P7, ‘ P71 ‘ P79 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P7DR is an 8-bit register that stores data for pinst® P g.

When a P7DDR bit is set to 1, if port 7 is read, the value in P7DR is obtained directly, regardless
of the actual pin state. When a P7DDR bit is cleared to O, if port 7 is read the pin state is obtaine

P7DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode i
retains its existing values.
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When a port P6DDR bit is cleared to O, if port 6 is read, the pin state is obtained; this pin can be
selected according to the contents of KMIMR7 to KMIMR4. When KMIMR is set to 1 (initial
value), bit 7 is an empty bit, and pinsgPB6;, and Pg are selected. When KMIMR is cleared to

0, pins P3, P7%, P7;, and P§g are selected, respectively, corresponding to KMIMR7, KMIMRS,
KMIMR5, and KMIMRA4.

Key-Sense MOS Pull-Up Control Register (KMPCR)

Bit 7 6 5 4 3 2 1 0
‘KM7PCR ‘ KM6PCR‘ KM5PCR‘ KM4PCR ‘ KM3;PCR ‘ KMZPCR‘ KMlPCR‘KMOPCR ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

KMPCR is an 8-bit readable/writable register that controls the port 6 and port 7 built-in MOS pul
ups on a bit-by-bit basis.

When a P6DDR or P7DDR bit is cleared to 0 (input port state), if the corresponding KMPCR bit
set to 1 the MOS pull-up is turned on.

KM7PCR to KMyPCR correspond to BBDR to PDDR and pins Pyto P73, while KMsPCR to
KMgPCR correspond to RBDR to PGDDR and pins P$to P&,

KMPCR is initialized to H'00 by a reset and in hardware standby mode. In software standby mot
it retains its existing values.
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7.8.3  Pin Functions

The pins of port 7 have different functions in modes 1 and 2 and in mode 3. Individual pins are
used as bus control signal input/output pRB,(WR, AS, WAIT), host interface (HIF) input pins
(HAq, IOR, IOW, CS;), and key-sense input pins. Table 7-19 indicates the pin functions of port 7.

Table 7-16 Port 7 Pin Functions

Pin Pin Functions and Selection Method

P7,/WAIT/HA, Bit P7;DDR, the wait mode determined by WSCR, and the operating mode select
the pin function as follows

Operating mode Modes 1 and 2 Mode 3

— Other than slave Slave
mode mode

Wait mode WAIT WAIT not used —

used
P7,DDR — 0 1 0 1 —

Pin function WAIT P7, — P7, P7, HAq
input input input output input

P7/RD/IOR Bit P7gDDR and the operating mode select the pin function as follows

Operating mode |Modes 1 and 2 Mode 3
— Other than slave mode Slave mode
P7;DDR — 0 1 —
Pin function RD output P7¢ input P76 output IOR input

P75/WR/IOW  Bit P75DDR and the operating mode select the pin function as follows

Operating mode |Modes 1 and 2 Mode 3
— Other than slave mode Slave mode
P7sDDR — 0 1 —
Pin function WR output P75 input P75 output 1OW input
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Table 7-16

Port 7 Pin Functions (cont)

Pin Pin Functions and Selection Method
P74/AS/CS; Bit P7,DDR and the operating mode select the pin function as follows
Operating mode |Modes 1 and 2 Mode 3
— Other than slave mode Slave mode
P7,DDR — 0 1 —
Pin function AS output P7, input P7, output CS; input
P73/KEYIN, Bit P73DDR select the pin function as follows
P7;DDR 0 1
Pin function P73 input P75 output
KEYIN5 input
P7,/KEYINg Bit P7,DDR select the pin function as follows
P7,DDR 0 1
Pin function P75 input P7, output
KEYINg input
P74 Bit P7,DDR select the pin function as follows
P7,DDR 0 1
Pin function P7, input P7, output
KEYIN5 input
P7, Bit P7oDDR select the pin function as follows
P7,DDR 0 1
Pin function P7q input P74 output
KEYIN, input
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Section 8 16-Bit Free-Running Timer

8.1 Overview

The H8/3502 has an on-chip 16-bit free-running timer (FRT) module that uses a 16-bit free-
running counter as a time base. Applications of the FRT module include rectangular-wave outpt
(up to two independent waveforms), input pulse width measurement, and measurement of exter
clock periods.

8.1.1 Features

The features of the free-running timer module are listed below.

Selection of four clock sources

The free-running counter can be driven by an internal clock soust& ¢/8, or @/32), or an
external clock input (enabling use as an external event counter).

Two independent comparators

Each comparator can generate an independent waveform.

Input capture

The current count can be captured on the rising or falling edge (selectable) of an input signal.
Counter can be cleared under program control

The free-running counter can be cleared on compare-match A.

Four interrupt sources

Compare-match A and B, input capture, and overflow interrupts are requested independently.
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8.1.2

Block Diagram

Figure 8-1 shows a block diagram of the free-running timer.

External
clock source

FTCI ﬂ

Internal

clock sources

ﬂp/z
Bp/8
opl/32

'

Clock select Clock

I

OCRB (HIL)

OCRA (HIL)

Comparator A

Comparator B

ICR (HL)

TCR

TCSR:
TCR:

OCRA: Output compare register A
OCRB: Output compare register B
FRC:  Free-running counter

ICR: Input capture register

Timer control/status register
Timer control register

Compare-
match A
FTOA ~=— Overflow
FTOB ~=— Clear
FTI _
Compare-
match B
Control
logic
Capture -~
—™ICl
— ™ OCIA
— ™ 0CIB
™ FOoVI
Interrupt signals
Legend

| Tesk [

Module data bus

Bus interface

Internal

D data bus

Figure 8-1 Block Diagram of 16-Bit Free-Running Timer
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8.1.3 Input and Output Pins

Table 8-1 lists the input and output pins of the free-running timer module.

Table 8-1 Input and Output Pins of Free-Running Timer Module

Name Abbreviation I/0 Function

Counter clock input FTCI Input Input of external free-running counter
clock signal

Output compare A FTOA Output Output controlled by comparator A

Output compare B FTOB Output Output controlled by comparator B

Input capture FTI Input Input capture trigger

8.1.4  Register Configuration
Table 8-2 lists the registers of the free-running timer module.

Table 8-2 Register Configuration

Name Abbreviation R/W I\?zljflll?cle Address
Timer control register TCR R/W H'00 H'FF90
Timer control/status register TCSR R/I(W)* H'00 H'FF91
Free-running counter (high) FRC (H) R/W H'00 H'FF92
Free-running counter (low) FRC (L) R/W H'00 H'FF93
Output compare register A (high) OCRA (H) R/W H'FF H'FF94
Output compare register A (low) OCRA (L) R/W H'FF H'FF95
Output compare register B (high) OCRB (H) R/W H'FF H'FF96
Output compare register B (low) OCRB (L) RIW H'FF H'FF97
Input capture register (high) ICR (H) R H'00 H'FF98
Input capture register (low) ICR (L) R H'00 H'FF99

Note: * Software can write a O to clear bits 7 to 4, but cannot write a 1 in these bits.
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8.2  Register Descriptions

8.2.1  Free-Running Counter (FRC)—H'FF92

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

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

The FRC is a 16-bit readable/writable up-counter that increments on an internal pulse generated
from a clock source. The clock source is selected by the clock select 1 and 0 bits (CKS1 and
CKSO0) of the timer control register (TCR).

When the FRC overflows from H'FFFF to H'0000, the overflow flag (OVF) in the timer
control/status register (TCSR) is set to 1.

Because the FRC is a 16-bit register, a temporary register (TEMP) is used when the FRC is writt
or read. See section 8.3, CPU Interface, for detalils.

The FRC is initialized to H'0000 by a reset and in the standby modes.

8.2.2  Output Compare Registers A and B (OCRA and OCRB)—H'FF94 and H'FF96

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

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

OCRA and OCRB are 16-bit readable/writable registers, the contents of which are continually
compared with the value in the FRC. When a match is detected, the corresponding output comps
flag (OCFA or OCFB) is set to 1 in the timer control/status register (TCSR).

In addition, if the output enable bit (OEA or OEB) in the timer output compare control register
(TCR) is set to 1, when the output compare register and FRC values match, the logic level select
by the output level bit (OLVLA or OLVLB) in the TCSR is output at the output compare pin
(FTOA or FTOB). After a reset, the output of FTOA and FTOB is 0 until the first compare-match
event.

Because OCRA and OCRB are 16-bit registers, a temporary register (TEMP) is used for write
access, as explained in section 8.3, CPU Interface.

OCRA and OCRSB are initialized to H'FFFF by a reset and in the standby modes.
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8.2.3 Input Capture Register (ICR)—H'FF98

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

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R R R R R R R R R

The input capture register is a 16-bit read-only register.

When the rising or falling edge of the signal at the input capture pin (FTI) is detected, the curren
value of the FRC is copied to the input capture register (ICR). At the same time, the input captut
flag (ICF) in the timer control/status register (TCSR) is set to 1. The input capture edge is select
by the input edge select bit (IEDG) in the TCSR.

Because the input capture register is a 16-bit register, a temporary register (TEMP) is used whe
is read. See Section 8.3, CPU Interface, for details.

To ensure input capture, the width of the input capture pulse (FTI) should be at least 1.5 systen
clock cycles (1.5 ).

The input capture register is initialized to H'0000 by a reset and in the standby modes.

Note: When input capture is detected, the FRC value is transferred to the input capture registe
even if the input capture flag is already set.
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8.2.4  Timer Control Register (TCR)—H'FF90

Bit 7 6 5 4 3 2 1 0

‘ ICIE ‘ OCIEB‘ OCIEA‘ OVIE ‘ OEB ‘ OEA ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCR is an 8-bit readable/writable register that enables and disables output signals and interrupts
and selects the timer clock source.

TCR is initialized to H'00 by a reset and in the standby modes.

Bit 7—Input Capture Interrupt Enable (ICIE): Selects whether to request an input capture
interrupt (ICI) when the input capture flag (ICF) in the timer status/control register (TCSR) is set
to 1.

Bit 7

ICIE Description

0 Input capture interrupt request (ICI) is disabled (Initial value)
1 Input capture interrupt request (ICl) is enabled

Bit 6—Output Compare Interrupt Enable B (OCIEB): Selects whether to request output
compare interrupt B (OCIB) when output compare flag B (OCFB) in the timer status/control
register (TCSR) is set to 1.

Bit 6

OCIEB Description

0 Output compare interrupt request B (OCIB) is disabled (Initial value)
1 Output compare interrupt request B (OCIB) is enabled

Bit 5—Output Compare Interrupt Enable A (OCIEA): Selects whether to request output
compare interrupt A (OCIA) when output compare flag A (OCFA) in the timer status/control
register (TCSR) is set to 1.

Bit5

OCIEA Description

0 Output compare interrupt request A (OCIA) is disabled (Initial value)
1 Output compare interrupt request A (OCIA) is enabled

142 RENESAS



Bit 4—Timer Overflow Interrupt Enable (OVIE): Selects whether to request a free-running
timer overflow interrupt (FOVI) when the timer overflow flag (OVF) in the timer status/control
register (TCSR) is set to 1.

Bit 4

OVIE Description

0 Timer overflow interrupt request (FOVI) is disabled (Initial value)
1 Timer overflow interrupt request (FOVI) is enabled

Bit 3—Output Enable B (OEB): Enables or disables output of the output compare B signal
(FTOB). If output compare B is enabled, the FTOB pin is driven to the level selected by OLVLB
in the timer status/control register (TCSR) whenever the FRC value matches the value in output
compare register B (OCRB).

Bit 3

OEB Description

0 Output compare B output is disabled (Initial value)
1 Output compare B output is enabled

Bit 2—Output Enable A (OEA): Enables or disables output of the output compare A signal
(FTOA). If output compare A is enabled, the FTOA pin is driven to the level selected by OLVLA
in the timer status/control register (TCSR) whenever the FRC value matches the value in output
compare register A (OCRA).

Bit 2

OEA Description

0 Output compare A output is disabled (Initial value)
1 Output compare A output is enabled

Bits 1 and 0—Clock Select (CKS1 and CKSO)fhese bits select external clock input or one of
three internal clock sources for the FRC. External clock pulses are counted on the rising edge a
the external clock pin (FTCI).

Bit 1 BitO

CKs1 CKSO0 Description

0 0 op/2 internal clock source (Initial value)
0 1 op/8 internal clock source

1 0 op/32 internal clock source

1 1 External clock source (rising edge)
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8.2.5  Timer Control/Status Register (TCSR)—H'FF91

Bit 7 6 5 4 3 2 1 0
‘ ICF ‘ OCFB ‘ OCFA ‘ OVF ‘ OLVLB ‘ OLVLA ‘ IEDG ‘ CCLRA ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write RI(W)*  R/(W)* R/(W)* R/(W)* R/W R/W R/W R/W
Note: * Software can write a 0 in bits 7 to 4 to clear the flags, but cannot write a 1 in these bits.

TCSR is an 8-bit readable and partially writable register that contains four status flags and select
the output compare levels, input capture edge, and whether to clear the counter on compare-mat
A.

TCSR is initialized to H'00 by a reset and in the standby modes.

Bit 7—Input Capture Flag (ICF): This status flag is set to 1 to indicate an input capture event,
showing that the FRC value has been copied to the ICR.

ICF must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 7

ICF Description

0 To clear ICF, the CPU must read ICF after it has been set to 1, (Initial value)
then write a 0 in this bit

1 This bit is set to 1 when an FTI input signal causes the FRC

value to be copied to the ICR

Bit 6—Output Compare Flag B (OCFB): This status flag is set to 1 when the FRC value
matches the OCRB value.

OCFB must be cleared by software. It is set by hardware, however, and cannot be set by softwar

Bit 6

OCFB Description

0 To clear OCFB, the CPU must read OCFB after it has been (Initial value)
set to 1, then write a 0 in this bit

1 This bit is set to 1 when FRC = OCRB
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Bit 5—Output Compare Flag A (OCFA): This status flag is set to 1 when the FRC value
matches the OCRA value.

OCFA must be cleared by software. It is set by hardware, however, and cannot be set by softwe

Bit 5

OCFA Description

0 To clear OCFA, the CPU must read OCFA after it has been (Initial value)
set to 1, then write a 0 in this bit

1 This bit is set to 1 when FRC = OCRA

Bit 4—Timer Overflow Flag (OVF): This status flag is set to 1 when the FRC overflows
(changes from H'FFFF to H'0000).

OVF must be cleared by software. It is set by hardware, however, and cannot be set by softwar:

Bit 4

OVF Description

0 To clear OVF, the CPU must read OVF after it has been (Initial value)
set to 1, then write a 0 in this bit

1 This bit is set to 1 when FRC changes from H'FFFF to H'0000

Bit 3—Output Level B (OLVLB): Selects the logic level output at the FTOB pin when the FRC
and OCRB values match.

Bit 3

OLVLB Description

0 A 0 logic level is output for compare-match B (Initial value)
1 A 1 logic level is output for compare-match B

Bit 2—Output Level A (OLVLA): Selects the logic level output at the FTOA pin when the FRC
and OCRA values match.

Bit 2

OLVLA Description

0 A 0 logic level is output for compare-match A (Initial value)
1 A 1 logic level is output for compare-match A
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Bit 1—Input Edge Select (IEDG): Selects the rising or falling edge of the input capture signal
(FTI).

Bit 1

IEDG Description

0 FRC contents are transferred to ICR on the falling edge of FTI (Initial value)
1 FRC contents are transferred to ICR on the rising edge of FTI

Bit 0—Counter Clear A (CCLRA): Selects whether to clear the FRC at compare-match A (when
the FRC and OCRA values match).

Bit 0

CCLRA Description

0 The FRC is not cleared (Initial value)
1 The FRC is cleared at compare-match A
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8.3 CPU Interface

The free-running counter (FRC), output compare registers (OCRA and OCRB), and input captul
register (ICR) are 16-bit registers, but they are connected to an 8-bit data bus. When the CPU
accesses these registers, to ensure that both bytes are written or read simultaneously, the acce
performed using an 8-bit temporary register (TEMP).

These registers are written and read as follows:
* Reqgister write

When the CPU writes to the upper byte, the byte of write data is placed in TEMP. Next, when
the CPU writes to the lower byte, this byte of data is combined with the byte in TEMP and all
16 bits are written in the register simultaneously.

* Reqgister read

When the CPU reads the upper byte, the upper byte of data is sent to the CPU and the lower
byte is placed in TEMP. When the CPU reads the lower byte, it receives the value in TEMP.

(As an exception, when the CPU reads OCRA or OCRB, it reads both the upper and lower by
directly, without using TEMP.)

Programs that access these registers should normally use word access. Equivalently, they may
access first the upper byte, then the lower byte by two consecutive byte accesses. Data will not
transferred correctly if the bytes are accessed in reverse order, if only one byte is accessed, or |
the upper and lower bytes are accessed separately and another register is accessed in betweer
altering the value in TEMP.

Coding Examples

To write the contents of general register RO to OCRA: MOV.W R0, @OCRA
To transfer the ICR contents to general register RO: MOV.W @ICR, RO

Figure 8-2 shows the data flow when the FRC is accessed. The other registers are accessed in
same way.
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(1) Upper byte write

CPU writes
data H'AA

s

Bus
interface

(2) Lower byte write

CPU writes
data H'55

$

Module data bus

TEMP
[H'AA]

VS

)

Bus
interface

FRCH FRCL
[ ] [ |
Module data bus
TEMP
[H'AA]
FRCH FRCL
[H'AA] [H'55]

Figure 8-2 (a) Write Access to FRC (When CPU Writes H'AA55)
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(1) Upper byte read

CPU writes ﬁ
data H'AA

(2) Lower byte read

data H'55

Bus
interface

Module data bus

TEMP
[H'55]

FRCH FRCL

[H'AA] [H'55]

Bus
interface

$

Module data bus

TEMP
[H'S55]

VS

FRCH
L1

FRCL
L1

Figure 8-2 (b) Read Access to FRC (When FRC Contains H'AA55)
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8.4  Operation

8.4.1 FRC Incrementation Timing

The FRC increments on a pulse generated once for each cycle of the selected (internal or extern

clock source.

(1) Internal Clock Sources:Can be selected by the CKS1 and CKSO bits in TCR. Internal clock
sources are created by dividing the system clock (). Three internal clock sources are available:

op/2, @/8, and @/32. Figure 8-3 shows the increment timing.

Internal
clock

FRC clock
pulse

[

FRC N-1 ><:%

\ X N1

Figure 8-3

150 sRENESAS

Increment Timing for Internal Clock Source




(2) External Clock Input: Can be selected by the CKS1 and CKSO bits in the TCR. The FRC
increments on the rising edge of the FTCI clock signal. The pulse width of the external clock
signal must be at least 1.5 system clock (@) cycles. The counter will not increment correctly if th
pulse width is shorter than this.

Figure 8-4 shows the increment timing.

External
clock input

FRC clock
pulse

FRC N X N+l

(/

)

Figure 8-4 Increment Timing for External Clock Source

RENESAS 151



8.4.2  Output Compare Timing

When a compare-match occurs, the logic level selected by the output level bit (OLVLA or
OLVLB) in TCSR is output at the output compare pin (FTOA or FTOB). Figure 8-5 shows the
timing of this operation for compare-match A.

° UL
Internal compare- ,—\—

match A signal

OLVLA

FTOA

o

-

Note: * Cleared by software

Figure 8-5 Timing of Output Compare A

8.4.3 FRC Clear Timing

If the CCLRA bitin TCSR is set to 1, the FRC is cleared when compare-match A occurs. Figure
8-6 shows the timing of this operation.

o 1 A A A
Internal compare-
match A signal l

FRC N >< H'0000

Figure 8-6 Clearing of FRC by Compare-Match A
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8.4.4  Input Capture Timing

An internal input capture signal is generated from the rising or falling edge of the FTI input, as
selected by the IEDG bit in TCSR. Figure 8-7 shows the usual input capture timing when the

rising edge is selected (IEDG = 1).

o EpEpEpENEnEnE RN
Input capture |
input i
Internal input
capture signal o

)7

Figure 8-7 Input Capture Timing (Usual Case)

If the upper byte of ICR is being read when the internal input capture signal should be generate
the internal input capture signal is delayed by one state. Figure 8-8 shows the timing for this cas

ICR upper byte read cycle

Input capture
input g | %
1

Internal input Poeeed _L
capture signal ( :

Figure 8-8 Input Capture Timing (1-State Delay Due to ICR Read)
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8.4.5 Timing of Input Capture Flag (ICF) Setting

The input capture flag ICF is set to 1 by the internal input capture signal. The FRC contents are
transferred to ICR at the same time. Figure 8-9 shows the timing of this operation.

° S s

ICF

FRC

'
capture sgna \
|

|

ICR >< N

Figure 8-9 Setting of Input Capture Flag

8.4.6  Setting of FRC Overflow Flag (OVF)

The FRC overflow flag (OVF) is set to 1 when the FRC changes from H'FFFF to H'0000. Figure
8-10 shows the timing of this operation.

o N

FRC H'FFFF X H'0000

Internal overflow
signal k

OVF |

Figure 8-10 Setting of Overflow Flag
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8.5 Interrupts

The free-running timer module can request four types of interrupts: input capture (ICI), output
compare A and B (OCIA and OCIB), and overflow (FOVI). Each interrupt is requested when the
corresponding flag bit is set, provided the corresponding enable bit is also set. Independent sigr
are sent to the interrupt controller for each type of interrupt. Table 8-3 lists information about
these interrupts.

Table 8-3  Free-Running Timer Interrupts

Interrupt Description Priority
ICI Requested when ICF is set High
OCIA Requested when OCFA is set

ocCiB Requested when OCFB is set

FOVI Requested when OVF is set Low

8.6  Sample Application

In the example below, the free-running timer module is used to generate two square-wave outpl
with a 50% duty factor and arbitrary phase relationship. The programming is as follows:

1. The CCLRA bitin TCSRis setto 1.

2. Each time a compare-match interrupt occurs, software inverts the corresponding output lev
bit in TCSR (OLVLA or OLVLB).
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FTOB

Figure 8-11 Square-Wave Output (Example)
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8.7  Application Notes

Application programmers should note that the following types of contention can occur in the free
running timer.

(1) Contention between FRC Write and Clearif an internal counter clear signal is generated
during the T state of a write cycle to the lower byte of the free-running counter, the clear signal
takes priority and the write is not performed.

Figure 8-12 shows this type of contention.

FRC lower byte write cycle
T, T T3
}4—»’4—»’4—»‘
0 L
Internal address >< FRC address ><
bus
Internal write
signal
FRC clear signal
FRC N >< H'0000

Figure 8-12 FRC Write-Clear Contention
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(2) Contention between FRC Write and Incrementif an FRC increment pulse is generated
during the T state of a write cycle to the lower byte of the free-running counter, the write takes
priority and the FRC is not incremented.

Figure 8-13 shows this type of contention.

FRC lower byte write cycle
Ty T2 T3
]
o L
Internal address bus >< FRC address ><
Internal write signal
FRC clock pulse
FRC N >< o M
K Write data

Figure 8-13 FRC Write-Increment Contention
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(3) Contention between OCR Write and Compare-Matchif a compare-match occurs during
the T state of a write cycle to the lower byte of OCRA or OCRB, the write takes priority and the
compare-match signal is inhibited.

Figure 8-14 shows this type of contention.

OCRA or OCRB lower byte write cycle
T, T, T3
T e
0 L
Intenal address bus >< OCR address ><
Internal write signal
FRC N >< N+1
OCRA or OCRB N >< ~ M
K Write data
Compare-match T
A or B signal : | W
Inhibited

Figure 8-14 Contention between OCR Write and Compare-Match
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(4) Increment Caused by Changing of Internal Clock Sourcevhen an internal clock source
is changed, the changeover may cause the FRC to increment. This depends on the time at whick
the clock select bits (CKS1 and CKSO0) are rewritten, as shown in table 8-4.

The pulse that increments the FRC is generated at the falling edge of the internal clock source. I
clock sources are changed when the old source is high and the new source is low, as in case No
in table 8-4, the changeover generates a falling edge that triggers the FRC increment clock pulse

Switching between an internal and external clock source can also cause the FRC to increment.
Table 8-4  Effect of Changing Internal Clock Sources

No. Description Timing Chart

1 Low - low: ‘
CKS1 and CKSO are Old clock
rewritten while both source J I——, |
clock sources are low.

New clock
source

FRC clock
pulse

FRC N X

CKS rewrite

2 Low - high:
CKS1 and CKSO0 are old clock _l—\_l—l
rewritten while old clock ~ S°Urc®

source is low and new

. . New clock i
clock source is high. source |
FRC clock |
pulse | _|
FRC NoX N+1 X N2 X

CKS rewrite
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Table 8-4

Effect of Changing Internal Clock Sources (cont)

No. Description Timing Chart
3 High - low: ‘
CKS1 and CKSO are Old clock : |_,—\_
rewritten while old clock ~ S°urce J I—, 1
source is high and new
clock source is low.
New clock |
source 3
FRC clock ‘
pulse @ _|
\4‘¥/
FRC N X ne1i X N+2 X
CKS l"ewrite
4 High - high:
CKS1 and CKSO are
Old clock !
rewritten while both source J I_, |_II
clock sources are high. &
New clock !
source !
FRC clock i
pulse . _|
FRC N X N+1 N+2! X
CKS rewrite

Note:

* The switching of clock sources is regarded as a falling edge that increments the FRC.
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Section 9 8-Bit Timers

9.1 Overview

The H8/3502 has an 8-bit timer module with two channels: timers 0 and 1. Each channel has ar
bit counter (TCNT) and two time constant registers (TCORA and TCORB) that are constantly
compared with the TCNT value to detect compare-match events. One application of the 8-bit tin
module is to generate a rectangular-wave output with an arbitrary duty factor.

9.1.1 Features
The features of the 8-bit timer module are listed below.
» Selection of seven clock sources for TMRO and TMR1

The counters can be driven by an internal clock signal (selection of six signals for TMRO and
TMRZ1) or an external clock input (enabling use as an external event counter).

» Selection of three ways to clear the counters
The counters can be cleared on compare-match A or B, or by an external reset signal.
e Timer output controlled by two compare-match signals

The timer output signal in each channel is controlled by two independent compare-match
signals, enabling the timer to generate output waveforms with an arbitrary duty factor. PWM
mode can be selected, enabling PWM output of 0% to 100%.

e Three independent interrupts

Compare-match A and B and overflow interrupts can be requested independently.
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9.1.2 Block Diagram

Figure 9-1 shows a block diagram of one channel in the 8-bit timer module. The other channels &
identical.

Internal
External clock sources  Channel0  Channel 1
clock source ——————  gpl2 opl2
T™CI 2p/8 2p/8
—————————  2pl32 opl64
op/64 2p/128
2p/256 2p/1024
2p/1024 2p/2048
Clock
Clock select
T Compare-match A
T™MO Overflow Internal
[0
VR " S data bus
g g
Clear Sh— ¢
© E
S 2
Q m
Control Compare-match B 3
logic §
| TCR
\—> CMIA

— CMIB

= ovI

Interrupt signals

TCR: Timer control register (8 bits)
TCSR: Timer control status register (8 bits)
TCORA: Time constant register A (8 bits)
TCORB: Time constant register B (8 bits)
TCNT: Timer counter

Figure 9-1 Block Diagram of 8-Bit Timer (One Channel)
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9.1.3 Input and Output Pins
Table 9-1 lists the input and output pins of the 8-bit timer.

Table 9-1  Input and Output Pins of 8-Bit Timer

Channel Name Abbreviation * I/0 Function
0 Timer output TMOq Output Output controlled by
compare-match
Timer clock input TMCly Input External clock source for
the counter
Timer reset input TMRIg Input External reset signal for the
counter
1 Timer output TMO, Output Output controlled by
compare-match
Timer clock input TMCl, Input External clock source for
the counter
Timer reset input TMRI4 Input External reset signal for the
counter
Note: * The abbreviations TMO, TMCI, and TMRI are used in the text, omitting the channel
number.

9.1.4 Register Configuration

Table 9-2 lists the registers of the 8-bit timer module. Each channel has an independent set of
registers.

Table 9-2  8-Bit Timer Registers

Initial Address
Name Abbreviation  R/W Value TMRO TMR1
Timer control register TCR R/W H'00 H'FFC8 H'FFDO
Timer control/status TCSR R/(W)*  H00 H'FFC9 H'FFD1
register
Timer constant register A TCORA R/W H'FF H'FFCA H'FFD2
Timer constant register B TCORB R/W H'FF H'FFCB H'FFD3
Timer counter TCNT RIW H'00 H'FFCC H'FFD4
Serial timer control STCR R/W H'00 H'FFC3 H'FFC3
register

Note: * Software can write a O to clear bits 7 to 5, but cannot write a 1 in these bits.
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9.2  Register Descriptions

9.2.1  Timer Counter (TCNT)—H'FFCC (TMRO), HFFD4 (TMR1), H'FF9E (TMRX)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Each timer counter (TCNT) is an 8-bit up-counter that increments on a pulse generated from the
selected clock source. The clock source is selected by clock select bits 2 to 0 (CKS2 to CKSO0) of
the timer control register (TCR). The CPU can always read or write the timer counter.

The timer counter can be cleared by an external reset input or by an internal compare-match sigr
generated at a compare-match event. Counter clear bits 1 and 0 (CCLR1 and CCLRO) of the tim
control register select the method of clearing.

When a timer counter overflows from H'FF to H'00, the overflow flag (OVF) in the timer
control/status register (TCSR) is set to 1.

The timer counters are initialized to H'00 by a reset and in the standby modes.

9.2.2 Time Constant Registers A and B (TCORA and TCORB)—H'FFCA and H'FFCB
(TMRO), H'FFD2 and H'FFD3 (TMR1), H'FF9C and H'FF9D (TMRX)

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCORA and TCORB are 8-bit readable/writable registers. The timer count is continually
compared with the constants written in these registers. When a match is detected, the
corresponding compare-match flag (CMFA or CMFB) is set in the timer control/status register
(TCSR).

The timer output signal is controlled by these compare-match signals as specified by output sele
bits 3 to 0 (OS3 to OS0) in the timer control/status register (TCSR).

TCORA and TCORB are initialized to H'FF at a reset and in the standby modes.
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9.2.3  Timer Control Register (TCR)—H'FFC8 (TMRO0), H'FFDO (TMR1),
H'FF9A (TMRX)

Bit 7 6 5 4 3 2 1 0
‘CMIEB ‘CMIEA ‘ OVIE ‘CCLRl ‘CCLRO ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCR is an 8-hit readable/writable register that selects the clock source and the time at which the
timer counter is cleared, and enables interrupts.

TCR is initialized to H'00 at a reset and in the standby modes.
For the timing, see section 9.3, Operation.

Bit 7—Compare-Match Interrupt Enable B (CMIEB): This bit selects whether to request
compare-match interrupt B (CMIB) when compare-match flag B (CMFB) in the timer
control/status register (TCSR) is set to 1.

Bit 7

CMIEB Description

0 Compare-match interrupt request B (CMIB) is disabled (Initial value)
1 Compare-match interrupt request B (CMIB) is enabled

Bit 6—Compare-Match Interrupt Enable A (CMIEA): This bit selects whether to request
compare-match interrupt A (CMIA) when compare-match flag A (CMFA) in the timer
control/status register (TCSR) is set to 1.

Bit 6

CMIEA Description

0 Compare-match interrupt request A (CMIA) is disabled (Initial value)
1 Compare-match interrupt request A (CMIA) is enabled
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Bit 5—Timer Overflow Interrupt Enable (OVIE): This bit selects whether to request a timer
overflow interrupt (OVI) when the overflow flag (OVF) in the timer control/status register
(TCSR) is set to 1.

Bit 5

OVIE Description

0 The timer overflow interrupt request (OVI) is disabled (Initial value)
1 The timer overflow interrupt request (OVI) is enabled

Bits 4 and 3—Counter Clear 1 and 0 (CCLR1 and CCLRO)These bits select how the timer
counter is cleared: by compare-match A or B or by an external reset input at the TMRI pin.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Not cleared (Initial value)
0 1 Cleared on compare-match A

1 0 Cleared on compare-match B

1 1 Cleared on rising edge of external reset input signal
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Bits 2, 1, and 0—Clock Select (CKS2, CKS1, and CKSQJogether with the ICKSO and ICKS1
bits in STCR, these bits select the internal or external clock source for the timer counter. For the
external clock source they select whether to increment the count on the rising or falling edge of
external clock input (TMCI), or on both edges. For the internal clock sources the count is
incremented on the falling edge of the clock input.

TCR STCR
Bit 2 Bit 1 Bit 0 Bit 1 Bit 0
Channel CKS2 CKS1 CKSO ICKS1 ICKSO Description
0 0 0 0 — — No clock source (timer stopped)
0 0 1 — 0 op/8 internal clock source, counted
on the falling edge
0 0 1 — 1 op/2 internal clock source, counted
on the falling edge
0 1 0 — 0 op/64 internal clock source,
counted on the falling edge
0 1 0 — 1 op/32 internal clock source,
counted on the falling edge
0 1 1 — 0 2p/1024 internal clock source,
counted on the falling edge
0 1 1 — 1 op/256 internal clock source,
counted on the falling edge
1 0 0 — — No clock source (timer stopped)
1 0 1 — — External clock source, counted on

the rising edge

1 1 0 — — External clock source, counted on
the falling edge

1 1 1 — — External clock source, counted on
both the rising and falling edges
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TCR STCR

1

Bit 2 Bit 1 Bit 0 Bit 1 Bit0
Channel CKS2 CKS1 CKSo ICKS1 ICKSO0 Description

0 0 0 — — No clock source (timer stopped)

0 0 1 0 — @p/8 internal clock source, counted
on the falling edge

0 0 1 1 — op/2 internal clock source, counted
on the falling edge

0 1 0 0 — @p/64 internal clock source,
counted on the falling edge

0 1 0 1 — 2p/128 internal clock source,
counted on the falling edge

0 1 1 0 — @p/1024 internal clock source,
counted on the falling edge

0 1 1 1 — 2p/2048 internal clock source,
counted on the falling edge

1 0 0 — — No clock source (timer stopped)

1 0 1 — — External clock source, counted on

the rising edge

1 1 0 — — External clock source, counted on
the falling edge

1 1 1 — — External clock source, counted on
both the rising and falling edges

9.2.4  Timer Control/Status Register (TCSR)—H'FFC9 (TMRO0), H'FFD1 (TMR1),

H'FF9B (TMRX)

Bit 7 6 5 4 3 2 1 0
‘ CMFB ‘ CMFA ‘ OVF ‘ PWME ‘ 0S3 ‘ 0S2 ‘ 0OSs1 ‘ 0Sso ‘
Initial value 0 0 0 0 0 0 0 0

ReadWrite  R/W)* RIW)* RIW)* RW  RW  RMW RW  RMW

Note: * Software can write a O in bits 7 to 5 to clear the flags, but cannot write a 1 in these bits.

TCSR is an 8-bit readable and partially writable register that indicates compare-match and
overflow status and selects the effect of compare-match events on the timer output signal.

TCSR is initialized to H'00 at a reset and in the standby modes.

168 RENESAS



Bit 7—Compare-Match Flag B (CMFB): This status flag is set to 1 when the timer count
matches the time constant set in TCORB. CMFB must be cleared by software. It is set by
hardware, however, and cannot be set by software.

Bit 7

CMFB Description

0 To clear CMFB, the CPU must read CMFB after it has been (Initial value)
set to 1, then write a 0 in this bit

1 This bit is set to 1 when TCNT = TCORB

Bit 6—Compare-Match Flag A (CMFA): This status flag is set to 1 when the timer count
matches the time constant set in TCORA. CMFA must be cleared by software. It is set by
hardware, however, and cannot be set by software.

Bit 6

CMFA Description

0 To clear CMFA, the CPU must read CMFA after it has been (Initial value)
set to 1, then write a 0 in this bit

1 This bit is set to 1 when TCNT = TCORA

Bit 5—Timer Overflow Flag (OVF): This status flag is set to 1 when the timer count overflows
(changes from H'FF to H'00). OVF must be cleared by software. It is set by hardware, however,
and cannot be set by software.

Bit 5

OVF Description

0 To clear OVF, the CPU must read OVF after it has been (Initial value)
set to 1, then write a 0 in this bit

1 This bit is set to 1 when TCNT changes from H'FF to H'00

Bit 4—PWM Mode Enable (PWME): This bit sets the timer output to PWM mode.

Bit 4

PWME Description

0 Normal timer mode (Initial value)
1 PWM mode
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In PWM mode, bits CCLR1 and CCLRO and bits OS3 to OS0 must be set so that the contents of
TCORA determine the timer output period and the contents of TCORB determine the timer outpu
duty cycle. The timer output pulse period, pulse width, and duty cycle are given by the following
equations. If TCORA < TCORB, the output is saturated at a100% duty cycle.

(When TCORB< TCORA)

Timer output pulse period = Selected internal clock period x (TCORA + 1)
Timer output pulse width = Selected internal clock period x TCORB
Timer output duty cycle = TCORB/(TCORA + 1)

TCR TCSR
PWM Output Mode CCLR1 CCLRO 0Ss3 0S2 0Os1 0Ss0
Direct output (when the above 0 1 0 1 1 0
timer pulse width is high)
Inverted output (when the above 0 1 1 0 0 1

timer pulse width is low)

In PWM mode, a buffer register is inserted between TCORB and the module data bus, and the
data written to TCORB is held in the buffer register until a TCORA compare-match occurs. This
makes it easy to achieve PWM output with an undisturbed waveform. With the timer output
specification made by bits OS3 to OS0, the priority of a change due to compare-match B is highe
Caution is required since the operation differs from that in normal timer mode.

Bits 3 to 0—Output Select 3 to 0 (OS3 to OSOThese bits specify the effect of compare-match
events on the timer output signal (TMO). Bits OS3 and OS2 control the effect of compare-match
B on the output level. Bits OS1 and OSO0 control the effect of compare-match A on the output
level.

In normal timer mode, if compare-match A and B occur simultaneously, any conflict is resolved
by giving highest priority to toggle, second-highest priority to 1 output, and third-highest priority
to 0 output, as explained in item 9.6.4 in section 9.6, Application Notes.

After a reset, the timer output is O until the first compare-match event.

When all four output select bits (bits OS3 to OSO0) are cleared to 0 the timer output signal is
disabled.
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0S3 0Ss2 Description

0 0 No change when compare-match B occurs (Initial value)
0 1 Output changes to 0 when compare-match B occurs

1 0 Output changes to 1 when compare-match B occurs

1 1 Output inverts (toggles) when compare-match B occurs

Bit 1 Bit0

0Os1 0Ss0 Description

0 0 No change when compare-match A occurs (Initial value)
0 1 Output changes to 0 when compare-match A occurs

1 0 Output changes to 1 when compare-match A occurs

1 1 Output inverts (toggles) when compare-match A occurs

9.2.5 Serial/Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0

‘ (Iics) ‘ (||cx1)‘ (IICX0) ‘(SYNCE)‘(PWCKE)‘(PWCKS)‘ ICKS1 ‘ ICKSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RW  RW RW  RW  RW RW  R/W

STCR is an 8-bit readable/writable register that selects the TCNT input clock source for the 8-bi
timer.

STCR is initialized to H'00 by a reset.

Bits 7 to 5—I2C Control (lICS, IICX1, IICX0): Reserved. Do not set these bits to 1.

Bit 4—Timer Connection Output Enable (SYNCE): Reserved. Do not set this bit to 1.

Bits 3 and 2—PWM Timer Control (PWCKE, PWCKS): Reserved. Do not set these bits to 1.

Bits 1 and O—Internal Clock Select 1 and 0 (ICKS1 and ICKSO)These bits, together with bits
CKS2 to CKSO0 in TCR of the 8-bit timers, select the internal clock to be input to the timer
counters (TCNT) in the 8-bit timers. For details, see section 9.2.3, Timer Control Register.
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9.3  Operation

9.3.1  TCNT Incrementation Timing

The timer counter increments on a pulse generated once for each period of the clock source
selected by bits CKS2 to CKSO of the TCR.

Internal Clock: Internal clock sources are created from the system clock by a prescaler. The
counter increments on an internal TCNT clock pulse generated from the falling edge of the
prescaler output, as shown in figure 9-2. Bits CKS2 to CKSO0 of the TCR can select one of six, or
one of three, internal clocks.

Internal clock

source

TCNT clock ,—\

pulse £ 55
§ §

TCNT N-1 ><: N ><:i N+1
( (
)] 7

Figure 9-2 Count Timing for Internal Clock Input
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External Clock: If external clock input (TMCI) is selected, the timer counter can increment on
the rising edge, the falling edge, or both edges of the external clock signal. Figure 9-3 shows
incrementation on both edges of the external clock signal.

The external clock pulse width must be at least 1.5 system clock periods for incrementation on ¢
single edge, and at least 2.5 system clock periods for incrementation on both edges.

External clock
source (TMCI) 5 |
TCNT clock
pulse ( 5
: :S : :S
TCNT N-1 ( N ( N+1
) T

Figure 9-3 Count Timing for External Clock Input
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9.3.2 Compare Match Timing

(1) Setting of Compare-Match Flags A and B (CMFA and CMFB)The compare-match flags

are set to 1 by an internal compare-match signal generated when the timer count matches the tir
constant in TCNT or TCOR. The compare-match signal is generated at the last state in which the
match is true, just before the timer counter increments to a new value.

Accordingly, when the timer count matches one of the time constants, the compare-match signal
not generated until the next period of the clock source. Figure 9-4 shows the timing of the setting
of the compare-match flags.

° 1 A

TCNT N >< N+1

TCOR

Internal compare-
match signal

CMF |

Figure 9-4 Setting of Compare-Match Flags

(2) Output Timing (Normal Timer Mode): When a compare-match event occurs, the timer
output (TMOO or TMO1) changes as specified by the output select bits (OS3 to OS0) in the
TCSR. Depending on these bits, the output can remain the same, change to 0, change to 1, or
toggle. If compare-match A and B occur simultaneously, the higher priority compare-match
determines the output level. See item 9.6.4 in section 9.6, Application Notes, for details.
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Figure 9-5 shows the timing when the output is set to toggle on compare-match A.

° IpEpEpEREnENER NN
Internal compar;,—\ m
match A signal

;I'_Ii_r’\r;l%r)output | ~—=

Figure 9-5 Timing of Timer Output

(3) Timing of Compare-Match Clear: Depending on the CCLR1 and CCLRO bits in the TCR,
the timer counter can be cleared when compare-match A or B occurs. Figure 9-6 shows the timi
of this operation.

g N e O A
Internal compare-
match signal

\

TCNT N X H'00

Figure 9-6 Timing of Compare-Match Clear
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9.3.3 External Reset of TCNT

When the CCLR1 and CCLRO bits in the TCR are both set to 1, the timer counter is cleared on tt
rising edge of an external reset input. Figure 9-7 shows the timing of this operation. The timer
reset pulse width must be at least 1.5 system clock periods.

° B A U O I O A A

External reset
input (TMRI)

Internal clear k,—I
pulse

TCNT N-1 X N X H'00

Figure 9-7 Timing of External Reset

9.3.4  Setting of TCSR Overflow Flag

(1) Setting of TCSR Overflow Flag (OVF):The overflow flag (OVF) is set to 1 when the timer
count overflows (changes from H'FF to H'00). Figure 9-8 shows the timing of this operation.

TCNT H'EE >< H'00

Internal overflow —‘
signal
OVF

Figure 9-8 Setting of Overflow Flag
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9.4 Interrupts

Each channel in the 8-bit timer can generate three types of interrupts: compare-match A and B
(CMIA and CMIB), and overflow (OVI). Each interrupt is requested when the corresponding
enable bits are set in the TCR and TCSR. Independent signals are sent to the interrupt controlle
for each interrupt. Table 9-3 lists information about these interrupts.

Table 9-3  8-Bit Timer Interrupts

Interrupt Description Priority
CMIA Requested when CMFA and CMIEA are set High
CMIB Requested when CMFB and CMIEB are set i

ovi Requested when OVF and OVIE are set Low

9.5  Sample Application

In the example below, the 8-bit timer is used to generate a pulse output with a selected duty fac
The control bits are set as follows:

1. Inthe TCR, CCLR1 is cleared to 0 and CCLRO is set to 1 so that the timer counter is cleare
when its value matches the constant in TCORA.

2. Inthe TCSR, bits OS3 to OSO0 are set to 0110, causing the output to change to 1 on compa
match A and to 0 on compare-match B.

With these settings, the 8-bit timer provides output of pulses at a rate determined by TCORA wi
a pulse width determined by TCORB. No software intervention is required.

TCNT
HFF oo
ﬁ Clear counter ﬁ
TCORA ¢ *
TCORB - ASRREREEEEE EEEEEER S EEERERR s
HoO e e
TMO pin

Figure 9-9 Example of Pulse Output
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9.6  Application Notes

Application programmers should note that the following types of contention can occur in the 8-bit
timer.

9.6.1 Contention between TCNT Write and Clear

If an internal counter clear signal is generated during gretake of a write cycle to the timer
counter, the clear signal takes priority and the write is not performed.

Figure 9-10 shows this type of contention.

Write cycle: CPU writes to TCNT
T T T3
}4—»’4—»’4—»{
o L
Internal address >< TCNT address ><
bus
Internal write
signal
Counter clear
signal
TCNT N >< H'00

Figure 9-10 TCNT Write-Clear Contention
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9.6.2 Contention between TCNT Write and Increment

If a timer counter increment pulse is generated during tretafe of a write cycle to the timer
counter, the write takes priority and the timer counter is not incremented.

Figure 9-11 shows this type of contention.

Write cycle: CPU writes to TCNT

T1 T2 T3
- = ===
o L
Internal address bus >< TCNT address ><
Internal write signal
TCNT clock pulse
TNCT N >< ~ M

K

Write data

Figure 9-11 TCNT Write-Increment Contention
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9.6.3 Contention between TCOR Write and Compare-Match

If a compare-match occurs during thgstate of a write cycle to TCOR, the write takes
precedence and the compare-match signal is inhibited.

Figure 9-12 shows this type of contention (in normal timer mode).

Write cycle: CPU writes to TCOR

LE T2 T3
L B
o L
Internal address bus >< TCOR address ><
Internal write signal
TCNT N >< N+ 1
TCOR N >< o~ M

K

TCOR write data

Compare-match ' '
A or B signal : RN

Inhibited

Figure 9-12 Contention between TCOR Write and Compare-Match
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9.6.4  Contention between Compare-Match A and Compare-Match B

If identical time constants are written in TCORA and TCORB, causing compare-match A and B 1
occur simultaneously, any conflict between the output selections for compare-match A and B is
resolved by following the priority order in table 9-4 (this applies to normal timer mode).

Table 9-4 Priority of Timer Output

Output Selection Priority
Toggle High
1 output

0 output T
No change Low

9.6.5 Incrementation Caused by Changing of Internal Clock Source

When an internal clock source is changed, the changeover may cause the timer counter to
increment. This depends on the time at which the clock select bits (CKS1, CKSO0) are rewritten,
shown in table 9-5.

The pulse that increments the timer counter is generated at the falling edge of the internal clock
source signal. If clock sources are changed when the old source is high and the new source is |
as in case no. 3 in table 9-5, the changeover generates a falling edge that triggers the TCNT clc
pulse and increments the timer counter.

Switching between an internal and external clock source can also cause the timer counter to
increment.
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Table 9-5 Effect of Changing Internal Clock Sources

No. Description Timing

1 Low — low"!
Old clock |
source |
New clock

source

TCNT clock |_| 3 _|

pulse

TCNT N X

CKS rewrite

2 Low — high*2

Old clock |
source |
New clock

source

TCNT clock
pulse

TCNT N X N+1 X

CKS rewrite
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Table 9-5 Effect of Changing Internal Clock Sources (cont)
No. Description Timing chart
3 High - low*3 ‘
Old clock -
source |
New clock 3
source 3
4
TCNT clock
pulse |_| @
\:\/
TONT N X one1 ) N+2 X
CKS r‘ewrite
4 High - high

Old clock !
source !

New clock
source

TCNT clock

pulse

TCNT N X N+1 N+2 X
CKS r‘ewrite

Notes: 1. Including a transition from low to the stopped state (CKS1 = 0, CKS0 = 0), or a

w

transition from the stopped state to low.
Including a transition from the stopped state to high.
Including a transition from high to the stopped state.

The switching of clock sources is regarded as a falling edge that increments TCNT.
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Section 10 Watchdog Timer

10.1 Overview

The H8/3502 has an on-chip watchdog timer (WDT) that can monitor system operation by
resetting the CPU or generating a nonmaskable interrupt if a system crash allows the timer cour
to overflow.

When this watchdog function is not needed, the watchdog timer module can be used as an intel
timer. In interval timer mode, it requests an OVF interrupt at each counter overflow.

10.1.1 Features
» Selection of eight clock sources
» Selection of two modes:

— Watchdog timer mode
— Interval timer mode

» Counter overflow generates an interrupt request or reset:

— Reset or NMI request in watchdog timer mode
— OVF interrupt request in interval timer mode
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10.1.2 Block Diagram

Figure 10-1 is a block diagram of the watchdog timer.

Internal NMI
(Watchdog timer mode)
Interrupt
signals o Internal
Overflow
OVF (Interval | Interrupt [ TCNT | — data bus
timer mode) control I Read/write < >
control
TCSR | ——
! ‘ y Internal clock source
- gp/2
Clock | - gp/32
- @pl64
Clock |« gp/128
select - 0p/256
- gp/512
TCNT: Ti " l— 2p/2048
TCSR: T:m:: gglritnr;;status register ~— Bp/4096

Figure 10-1 Block Diagram of Watchdog Timer

10.1.3 Register Configuration

Table 10-1 lists information on the watchdog timer registers.

Table 10-1 Register Configuration

Addresses
Name Abbreviation R/W Initial Value Write Read
Timer control/status register TCSR R/(W)* H'10 H'FFAA  HFFAA
Timer counter TCNT R/W H'00 H'FFAA HFFAB

Note: * Software can write a 0 in bit 7 to clear the flag, but cannot write 1.
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10.2 Register Descriptions

10.2.1 Timer Counter (TCNT)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCNT is an 8-bit readable/writable up-counter. When the timer enable bit (TME) in the timer
control/status register (TCSR) is set to 1, the timer counter starts counting pulses of an internal
clock source selected by clock select bits 2 to 0 (CKS2 to CKS0) in TCSR. When the count
overflows (changes from H'FF to H'00), the overflow flag (OVF) in TCSR is set to 1.

TCNT is initialized to H'00 at a reset and when the TME bit is cleared to 0.

Note: TCNT is more difficult to write to than other registers. See section 10.2.3, Register Access
for details.

10.2.2 Timer Control/Status Register (TCSR)

Bit 7 6 5 4 3 2 1 0

‘ OVF ‘ WT/ﬁ‘ TME ‘ — ‘RSTIW‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write RI(W)*  R/W RIW — RIW RIW RIW RIW

Note: * Software can write a 0 in bit 7 to clear the flag, but cannot write a 1 in this bit. TCSR is
more difficult to write to than other registers. See section 12.2.3, Register Access,
for details.

TCSR is an 8-bit readable/writable register that selects the timer mode and clock source and
performs other functions. (TCSR is write-protected by a password. See section 10.2.3, Register
Access, for details.)

Bits 7 to 5 and bit 3 are initialized to 0 by a reset and in the standby modes. Bits 2 to 0 are
initialized to O by a reset, but retain their values in the standby modes.
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Bit 7—Overflow Flag (OVF): Indicates that the watchdog timer count has overflowed.

Bit 7

OVF Description

0 To clear OVF, the CPU must read OVF after it has been setto 1, (Initial value)
then write a 0 in this bit

1 Set to 1 when TCNT changes from H'FF to H'00

Bit 6—Timer Mode Select (WTAT): Selects whether to operate in watchdog timer mode or
interval timer mode. In interval timer mode, an OVF interrupt request is sent to the CPU when
TCNT overflows. In watchdog timer mode, a reset or NMI interrupt is requested.

Bit6

WTAT Description

0 Interval timer mode (OVF request) (Initial value)
1 Watchdog timer mode (reset or NMI request)

Bit 5—Timer Enable (TME): Enables or disables the timer.

Bit 5

TME Description

0 TCNT is initialized to H'00 and stopped (Initial value)
1 TCNT runs and requests a reset or an interrupt when it overflows

Bit 4—Reserved:This bit cannot be modified and is always read as 1.

Bit 3: Reset or NMI Select (RSTNMI): Selects either an internal reset or the NMI function at
watchdog timer overflow.

Bit 3

RST/NMI  Description

0 NMI function enabled (Initial value)
1 Reset function enabled
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Bits 2—0: Clock Select (CKS2—CKSO0)These bits select one of eight clock sources obtained by
dividing the system clock (g).

The overflow interval is the time from when the watchdog timer counter begins counting from
H'00 until an overflow occurs. In interval timer mode, OVF interrupts are requested at this
interval.

Bit 2 Bit 1 Bit 0

CKS2 CKS1 CKSO Clock Source Overflow Interval (g p = 10 MHz)

0 0 0 apl2 51.2 us (Initial value)
0 0 1 2p/32 819.2 us

0 1 0 2p/64 1.6 ms

0 1 1 2p/128 3.3ms

1 0 0 2p/256 6.6 ms

1 0 1 2p/512 13.1ms

1 1 0 2p/2048 52.4 ms

1 1 1 2p/4096 104.9 ms

10.2.3 Register Access

The watchdog timer's TCNT and TCSR registers are more difficult to write than other registers.
The procedures for writing and reading these registers are given below.

Writing to TCNT and TCSR: Word access is required. Byte data transfer instructions cannot be
used for write access.

The TCNT and TCSR registers have the same write address. The write data must be contained
the lower byte of a word written at this address. The upper byte must contain H'5A (password fc
TCNT) or H'A5 (password for TCSR). See figure 10-2. The result of the access depicted in figur
10-2 is to transfer the write data from the lower byte to TCNT or TCSR.

Writing to TCNT 15 87 0
H'FFA8 H'5A Write data

Writing to TCSR 15 87 0
H'FFA8 H'AS Write data

Figure 10-2 Writing to TCNT and TCSR
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Reading TCNT and TCSR:The read addresses are H'FFA8 for TCSR and H'FFA9 for TCNT, as
indicated in table 10-2.

These two registers are read like other registers. Byte access instructions can be used.

Table 10-2 Read Addresses of TCNT and TCSR

Read Address Register
H'FFA8 TCSR
H'FFA9 TCNT

10.3 Operation

10.3.1 Watchdog Timer Mode

The watchdog timer function begins operating when software sets tH& \afd TME bits to 1 in
TCSR. Thereafter, software should periodically rewrite the contents of the timer counter (normall
by writing H'00) to prevent the count from overflowing. If a program crash allows the timer count
to overflow, the entire chip is reset for 518 system clocks (518 @), or an NMI interrupt is
requested. Figure 10-3 shows the operation.

NMI requests from the watchdog timer have the same vector as NMI requests fidMItha.
Avoid simultaneous handling of watchdog timer NMI requests and NMI requests fradMiin

A reset from the watchdog timer has the same vector as an external reset RR&if ge. The
reset source can be determined by the XRST bit in SYSCR.

WDT overflow

HIFF - mmmm s oo oo
T WT/AT =1

TCNT count TME = 1
HoO — — /4 . v Y oV W V. Time t

NS N4

WT/AT=1  H00 written Reset H'00 written
TME =1 to TCNT to TCNT
(=
518 o

Figure 10-3 Operation in Watchdog Timer Mode
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10.3.2 Interval Timer Mode

Interval timer operation begins when the \WTbit is cleared to 0 and the TME bit is set to 1.

In interval timer mode, an OVF request is generated each time the timer count overflows. This
function can be used to generate OVF requests at regular intervals. See figure 10-4.

TCNT count

H'00

T

WT/IT =0 OVF OVF OVF OVF OVF
TME =1 request request request request request

Figure 10-4 Operation in Interval Timer Mode

10.3.3 Setting the Overflow Flag

The OVF bit is set to 1 when the timer count overflows. Simultaneously, the WDT module
requests an internal reset, NMI, or OVF interrupt. The timing is shown in figure 10-5.

TCNT ¥ H'FF>< H'00
))

Internal overflow

signal _ <

OVF

Figure 10-5 Setting the OVF Bit

RENESAS 191



10.4 Application Notes

10.4.1 Contention between TCNT Write and Increment

If a timer counter clock pulse is generated during thstate of a write cycle to the timer counter,
the write takes priority and the timer counter is not incremented. See figure 10-6.

Write cycle (CPU writes to TCNT)

- T — Ty —a—T3—

Internal address bus >< TCNT address ><

Internal write signal

TCNT clock pulse

TCNT N >< M

/

Counter write data

Figure 10-6 TCNT Write-Increment Contention

10.4.2 Changing the Clock Select Bits (CKS2 to CKSO0)

Software should stop the watchdog timer (by clearing the TME bit to 0) before changing the value
of the clock select bits. If the clock select bits are modified while the watchdog timer is running,
the timer count may be incremented incorrectly.

10.4.3 Recovery from Software Standby Mode

TCSR bits, except bits 0-2, and the TCNT counter are reset when the chip recovers from softwal
standby mode. Re-initialize the watchdog timer as necessary to resume normal operation.
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Section 11 Serial Communication Interface

11.1 Overview

The H8/3502 includes two serial communication interface channels (SCI0 and SCI1) for
transferring serial data to and from other chips. Either synchronous or asynchronous
communication can be selected.

11.1.1 Features
The features of the on-chip serial communication interface are:
» Asynchronous mode

The H8/3502 can communicate with a UART (Universal Asynchronous Receiver/Transmitter)
ACIA (Asynchronous Communication Interface Adapter), or other chip that employs standard
asynchronous serial communication. It also has a multiprocessor communication function for
communication with other processors. Twelve data formats are available.

— Data length: 7 or 8 bits

— Stop bit length: 1 or 2 bits

— Parity: Even, odd, or none

— Multiprocessor bit: 1 or 0

— Error detection: Parity, overrun, and framing errors

— Break detection: When a framing error occurs, the break condition can be detected by
reading the level of the RxD line directly.

e Synchronous mode
The SCI can communicate with chips able to perform clocked synchronous data transfer.

— Data length: 8 bits
— Error detection: Overrun errors

 Full duplex communication

The transmitting and receiving sections are independent, so each channel can transmit and
receive simultaneously. Both the transmit and receive sections use double buffering, so
continuous data transfer is possible in either direction.

* Built-in bit rate generator

Any specified bit rate can be generated.
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* Internal or external clock source

The SCI can operate on an internal clock signal from the baud rate generator, or an external
clock signal input at the SCKO or SCK1 pin.

» Four interrupts

TDR-empty, TSR-empty, receive-end, and receive-error interrupts are requested independentl
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11.1.2 Block Diagram

Figure 11-1 shows a block diagram of one serial communication interface channel.

8 Internal
£ data bus
Module data bus E -
(2]
>
g
RDR TDR SSR BRR
: 4 SCR
\ Y SMR
RxD —» RSR TSR Baud r?te - @ Internal
I Communi- generator |, @pl4  clock
cation - p/16
TxD = control - op/64
Parity 1 ] ]
generate Clock
Parity check
External clock source
SCK =
- TEI
= RXI
» ERI
RSR: Receive shift register (8 bits) Interrupt signals
RDR: Receive data register (8 bits)
TSR: Transmit shift register (8 bits)
TDR: Transmit data register (8 bits)
SMR: Serial mode register (8 bits)
SCR: Serial control register (8 bits)
SSR: Serial status register (8 bits)
BRR: Bit rate register (8 bits)

Figure 11-1 Block Diagram of Serial Communication Interface

RENESAS 195




11.1.3 Input and Output Pins

Table 11-1 lists the input and output pins used by the SCI module.

Table 11-1 SCI Input/Output Pins

Channel Name Abbr. I/0 Function
0 Serial clock SCKy Input/output Serial clock input and output
input/output
Receive data RxDg Input Receive data input
input
Transmit data TxDg Output Transmit data output
output
1 Serial clock SCK; Input/output Serial clock input and output
input/output
Receive data RxD4 Input Receive data input
input
Transmit data TxDq Output Transmit data output
output

Note: In this manual, the channel subscript has been deleted, and only SCK, RxD, and TxD are

used.
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11.1.4 Register Configuration

Table 11-2 lists the SCI registers. These registers specify the operating mode (synchronous or
asynchronous), data format and bit rate, and control the transmit and receive sections.

Table 11-2 SCI Registers

Channel Name Abbr. R/W Value Address

0 Receive shift register RSR — — —
Receive data register RDR R H'00 H'FFDD
Transmit shift register TSR — — —
Transmit data register TDR R/W H'FF H'FFDB
Serial mode register SMR R/W H'00 H'FFD8
Serial control register SCR R/W H'00 H'FFDA
Serial status register SSR R/(W)* H'84 H'FFDC
Bit rate register BRR R/W H'FF H'FFD9
Serial communication SCMR R/W H'F2 H'FFDE
mode register

1 Receive shift register RSR — — —
Receive data register RDR R H'00 H'FFES
Transmit shift register TSR — — —
Transmit data register TDR R/W H'FF H'FFE3
Serial mode register SMR R/W H'00 H'FFEO
Serial control register SCR R/W H'00 H'FFE2
Serial status register SSR R/(W)* H'84 H'FFE4
Bit rate register BRR R/W H'FF H'FFE1

Note: * Software can write a O to clear the flags in bits 7 to 3, but cannot write 1 in these bits.
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11.2 Register Descriptions

11.2.1 Receive Shift Register (RSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — _

RSR is a shift register that converts incoming serial data to parallel data. When one data charact
has been received, it is transferred to the receive data register (RDR).

The CPU cannot read or write RSR directly.

11.2.2 Receive Data Register (RDR)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R

RDR stores received data. As each character is received, it is transferred from RSR to RDR,
enabling RSR to receive the next character. This double-buffering allows the SCI to receive data
continuously.

RDR is a read-only register. RDR is initialized to H'00 by a reset and in the standby modes.

11.2.3 Transmit Shift Register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — _

TSR is a shift register that converts parallel data to serial transmit data. When transmission of on
character is completed, the next character is moved from the transmit data register (TDR) to TSF
and transmission of that character begins. If the TDRE bit is still set to 1, however, nothing is
transferred to TSR.

The CPU cannot read or write TSR directly.
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11.2.4 Transmit Data Register (TDR)

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TDR is an 8-bit readable/writable register that holds the next data to be transmitted. When TSR
becomes empty, the data written in TDR is transferred to TSR. Continuous data transmission is
possible by writing the next data in TDR while the current data is being transmitted from TSR.

TDR is initialized to H'FF by a reset and in the standby modes.

11.2.5 Serial Mode Register (SMR)

Bit 7 6 5 4 3 2 1 0

‘ CIA ‘ CHR ‘ PE ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKS0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

SMR is an 8-bit readable/writable register that controls the communication format and selects th
clock source of the on-chip baud rate generator. It is initialized to H'00 by a reset and in the
standby modes. For further information on the SMR settings and communication formats, see
tables 11-5 and 11-7 in section 11.3, Operation.

Bit 7—Communication Mode (C/A): This bit selects asynchronous or synchronous
communication mode.

Bit 7

C/A Description

0 Asynchronous communication (Initial value)
1 Synchronous communication
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Bit 6—Character Length (CHR): This bit selects the character length in asynchronous mode.
It is ignored in synchronous mode.

Bit 6

CHR Description

0 8 bits per character (Initial value)
1 7 bits per character (Bits 6 to 0 of TDR and RDR are used for

transmitting and receiving, respectively)

Bit 5—Parity Enable (PE): This bit selects whether to add and check for a parity bit in
asynchronous mode. It is ignored in synchronous mode, and when a multiprocessor format is us

Bit 5

PE Description

0 Transmit: No parity bit is added (Initial value)
Receive: Parity is not checked

1 Transmit: A parity bit is added

Receive: Parity is checked

Bit 4—Parity Mode (O/E ): In asynchronous mode, when parity is enabled (PE = 1), this bit
selects even or odd parity.

Even parity means that a parity bit is added to the data bits for each character to make the total
number of 1's even. Odd parity means that the total number of 1's is made odd.

This bit is ignored when PE = 0, or when a multiprocessor format is used. It is also ignored in
synchronous mode.

Bit 4

O/E Description

0 Even parity (Initial value)
1 Odd parity
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Bit 3—Stop Bit Length (STOP): This bit selects the number of stop bits. It is ignored in
synchronous mode, and when a multiprocessor format is used.

Bit 3

STOP Description

0 One stop bit (Initial value)
Transmit: One stop bit is added
Receive: One stop bit is checked to detect framing errors

1 Two stop bits

Transmit: Two stop bits are added
Receive: The first stop bit is checked to detect framing errors
If the second stop bit is a space (0), it is regarded as the next start bit.

Bit 2—Multiprocessor Mode (MP): This bit selects the multiprocessor format. When
multiprocessor format is selected, the parity settings of the parity enable bit (PE) and parity mod
bit (O/E) are ignored. The MP bit is valid only in asynchronous mode, and is ignored in
synchronous mode.

Bit 2

MP Description

0 Multiprocessor communication function is disabled (Initial value)
1 Multiprocessor communication function is enabled

Bits 1 and 0—Clock Select 1 and 0 (CKS1 and CKSQJhese bits select the clock source of the
on-chip baud rate generator.

Bit 1 Bit0

CKSs1 CKSO0 Description

0 0 @ clock (Initial value)
0 1 opl4 clock

1 0 2p/16 clock

1 1 op/64 clock
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11.2.6 Serial Control Register (SCR)

Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1l ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SCR is an 8-bit readable/writable register that enables or disables various SCI functions.
It is initialized to H'00 by a reset and in the standby modes.

Bit 7—Transmit Interrupt Enable (TIE): This bit enables or disables the TDR-empty interrupt
(TXI) requested when the transmit data register empty (TDRE) bit in the serial status register
(SSR) is set to 1.

Bit 7

TIE Description

0 The TDR-empty interrupt request (TXI) is disabled (Initial value)
1 The TDR-empty interrupt request (TXI) is enabled

Bit 6—Receive Interrupt Enable (RIE): This bit enables or disables the receive-end interrupt
(RXI) requested when the receive data register full (RDRF) bit in the serial status register (SSR) |
set to 1, and the receive error interrupt (ERI) requested when the overrun error (ORER), framing
error (FER), or parity error (PER) bit in the serial status register (SSR) is set to 1.

Bit 6

RIE Description

0 The receive-end interrupt (RXI) and receive-error interrupt (ERI) (Initial value)
requests are disabled

1 The receive-end interrupt (RXI) and receive-error interrupt (ERI)

requests are enabled

Bit 5—Transmit Enable (TE): This bit enables or disables the transmit function. When the
transmit function is enabled, the TxD pin is automatically used for output. When the transmit
function is disabled, the TxD pin can be used as a general-purpose I/O port.

Bit 5

TE Description

0 The transmit function is disabled (Initial value)
The TxD pin can be used for general-purpose 1/O

1 The transmit function is enabled

The TxD pin is used for output
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Bit 4—Receive Enable (RE)This bit enables or disables the receive function. When the receive
function is enabled, the RxD pin is automatically used for input. When the receive function is
disabled, the RxD pin is available as a general-purpose 1/O port.

Bit 4

RE Description

0 The receive function is disabled (Initial value)
The RxD pin can be used for general-purpose 1/O

1 The receive function is enabled

The RxD pin is used for input

Bit 3—Multiprocessor Interrupt Enable (MPIE): When serial data is received in a
multiprocessor format, this bit enables or disables the receive-end interrupt (RXI) and receive-
error interrupt (ERI) until data with the multiprocessor bit set to 1 is received. It also enables or
disables the transfer of receive data from RSR to RDR, and enables or disables setting of the
RDRF, FER, PER, and ORER bits in the serial status register (SSR).

The MPIE bit is ignored when the MP bit is cleared to 0, and in synchronous mode.

Clearing the MPIE bit to 0 disables the multiprocessor receive interrupt function. In this conditiol
data is received regardless of the value of the multiprocessor bit in the receive data.

Setting the MPIE bit to 1 enables the multiprocessor receive interrupt function. In this condition,
the multiprocessor bit in the receive data is 0, the receive-end interrupt (RXI) and receive-error
interrupt (ERI) are disabled, the receive data is not transferred from RSR to RDR, and the RDRI
FER, PER, and ORER bits in the serial status register (SSR) are not set. If the multiprocessor b
1, however, the MPB bit in SSR is set to 1, the MPIE bit is cleared to O, the receive data is
transferred from RSR to RDR, the FER, PER, and ORER bits can be set, and the receive-end a
receive-error interrupts are enabled.

Bit 3

MPIE Description

0 The multiprocessor receive interrupt function is disabled (Initial value)
(Normal receive operation)

1 The multiprocessor receive interrupt function is enabled. During the interval before data

with the multiprocessor bit set to 1 is received, the receive interrupt request (RXI) and
receive-error interrupt request (ERI) are disabled, the RDRF, FER, PER, and ORER
bits are not set in the serial status register (SSR), and no data is transferred from the
RSR to the RDR. The MPIE bhit is cleared at the following times:

(1) When 0 is written in MPIE

(2) When data with the multiprocessor bit set to 1 is received
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Bit 2—Transmit-End Interrupt Enable (TEIE): This bit enables or disables the TSR-empty
interrupt (TEI) requested when the transmit-end bit (TEND) in the serial status register (SSR) is
setto 1.

Bit 2

TEIE Description

0 The TSR-empty interrupt request (TEI) is disabled (Initial value)
1 The TSR-empty interrupt request (TEI) is enabled

Bit 1—Clock Enable 1 (CKEL): This bit selects the internal or external clock source for the baud
rate generator. When the external clock source is selected, the SCK pin is automatically used for
input of the external clock signal.

Bit 1

CKE1l Description

0 Internal clock source (Initial value)
When C/A =1, the serial clock signal is output at the SCK pin
When C/A = 0, output depends on the CKEO bit

1 External clock source

The SCK pin is used for input

Bit 0—Clock Enable 0 (CKEO): When an internal clock source is used in asynchronous mode,
this bit enables or disables serial clock output at the SCK pin.

This bit is ignored when the external clock is selected, or when synchronous mode is selected.

For further information on the communication format and clock source selection, see table 11-6 i
section 11.3, Operation.

Bit 0

CKEO Description

0 The SCK pin is not used by the SCI (and is available as (Initial value)
a general-purpose 1/O port)

1 The SCK pin is used for serial clock output
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11.2.7 Serial Status Register (SSR)

Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write R/((W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Note: * Software can write a 0 in bits 7 to 3 to clear the flags, but cannot write a 1 in these bits.

SSR is an 8-bit register that indicates transmit and receive status. It is initialized to H'84 by a res
and in the standby modes.

Bit 7—Transmit Data Register Empty (TDRE): This bit indicates when transmit data can safely
be written in TDR.

Bit 7
TDRE Description
0 To clear TDRE, the CPU must read TDRE after it has been set to 1,
then write a 0 in this bit
1 This bit is set to 1 at the following times: (Initial value)

(1) When TDR contents are transferred to TSR
(2) When the TE bitin SCRis cleared to 0

Bit 6—Receive Data Register Full (RDRF)This bit indicates when one character has been
received and transferred to the RDR.

Bit 6

RDRF Description

0 To clear RDRF, the CPU must read RDRF after it has been set (Initial value)
to 1, then write a 0 in this bit

1 This bit is set to 1 when one character is received without error and

transferred from RSR to RDR
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Bit 5—Overrun Error (ORER): This bit indicates an overrun error during reception.

Bit 5

ORER Description

0 To clear ORER, the CPU must read ORER after it has been set (Initial value)
to 1, then write a 0 in this bit

1 This bit is set to 1 if reception of the next character ends while

the receive data register is still full (RDRF = 1)

Bit 4—Framing Error (FER): This bit indicates a framing error during data reception in
asynchronous mode. It has no meaning in synchronous mode.

Bit 4

FER Description

0 To clear FER, the CPU must read FER after it has been set to 1, (Initial value)
then write a 0 in this bit

1 This bit is set to 1 if a framing error occurs (stop bit = 0)

Bit 3—Parity Error (PER): This bit indicates a parity error during data reception in
asynchronous mode, when a communication format with parity bits is used.

This bit has no meaning in synchronous mode, or when a communication format without parity
bits is used.

Bit 3

PER Description

0 To clear PER, the CPU must read PER after it has been setto 1, (Initial value)
then write a 0 in this bit

1 This bit is set to 1 when a parity error occurs (the parity of the received data does not

match the parity selected by the O/E bit in SMR)
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Bit 2—Transmit End (TEND): This bit indicates that the serial communication interface has
stopped transmitting because there was no valid data in TDR when the last bit of the current
character was transmitted. The TEND bit is also set to 1 when the TE bit in the serial control
register (SCR) is cleared to 0.

The TEND bit is a read-only bit and cannot be modified directly. To use the TEl interrupt, first
start transmitting data, which clears TEND to 0O, then set TEIE to 1.

Bit 2

TEND Description

0 To clear TEND, the CPU must read TDRE after TDRE has been set (Initial value)
to 1, then write a 0 in TDRE

1 This bit is set to 1 when:
1) TE=0

(2) TDRE =1 at the end of transmission of a character

Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in data received in a
multiprocessor format in asynchronous communication mode. This bit retains its previous value
synchronous mode, when a multiprocessor format is not used, or when the RE bit is cleared to |
even if a multiprocessor format is used.

MPB can be read but not written.

Bit 1

MPB Description

0 Multiprocessor bit = 0 in receive data (Initial value)
1 Multiprocessor bit = 1 in receive data

Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit inserted
in transmit data when a multiprocessor format is used in asynchronous communication mode. T
MPBT bit is double-buffered in the same way as TSR and TDR. The MPBT bit has no effect in
synchronous mode, or when a multiprocessor format is not used.

Bit 0

MPBT Description

0 Multiprocessor bit = 0 in transmit data (Initial value)
1 Multiprocessor bit = 1 in transmit data
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11.2.8 Bit Rate Register (BRR)

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

BRR is an 8-bit register that, together with the CKS1 and CKSO bits in SMR, determines the bit
rate output by the baud rate generator.

BRR is initialized to H'FF by a reset and in the standby modes.
Tables 11-3 and 11-4 show examples of BRR settings.
Table 11-3 Examples of BRR Settings in Asynchronous Mode (Whep & 2)

@ Frequency (MHz)

2 2.097152 2.4576 3
Error Error Error Error
BitRate n N (%) n N (%) n N (%) n N (%)
+0.50
v +0.16
300 0 207 +0.16 0 217 +0.21 0 255 +0.16
600 0 103 +0.16 0 108 +0.21 0 127 O 0 155 +0.16
1200 0 51 +0.16 0 54 -0.70 0 63 O 0 77 +0.16
2400 0 25 +0.16 0 26 +1.14 0 31 0 0 38 +0.16
4800 0 12 +0.16 0 13 -2.48 0 15 0 0 19 -234
9600 —_ - = 0O 6 —2.48 0 0 0 —2.34
19200 —_- = = —_- = = 0 3 0 0 4 -2.34
31250 0o 1 0 - = = - - = 0 0
38400 _ = = _ = = 0 1 0 —_ - —
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Table 11-3 Examples of BRR Settings in Asynchronous Mode (Whem & @) (cont)

@ Frequency (MHz)

3.6864 4 4.9152 5
Error Error Error Error
BitRate n N (%) n N (%) n N (%) n N (%)
-0.25
+0.16
I +0.16
600 0 191 O 0 207 +0.16 0 255 +0.16
1200 0 9 0 0 103 +0.16 0 127 0 0 129 +0.16
2400 0O 47 O 0 51 +0.16 0 63 O 0 64 +0.16
4800 0 23 O 0 25 +0.16 0 31 0 0 32 -1.36
9600 0O 11 0O 0 12 +0.16 0 15 0 0 15 +1.73
19200 0 5 0 —_ = — 0 0 0 +1.73
31250 - = = 0o 3 0 0 4 -1.70 0 4 0
38400 0o 2 0 - - = 0 0 0 +1.73
Table 11-3 Examples of BRR Settings in Asynchronous Mode (Whem & @) (cont)
@ Frequency (MHz)
6 6.144 7.3728 8
Error Error Error Error
BitRate n N (%) n N (%) n N (%) n N (%)
+0.03
v +0.16
+0.16
v +0.16
1200 0 155 +0.16 0 159 O 0 191 O 0 207 +0.16
2400 0 77 +0.16 0 79 O 0 9 0 0 103 +0.16
4800 0 38 +0.16 0O 39 O 0O 47 O 0 51 +0.16
9600 0 19 -234 0 19 0 0 23 O© 0 25 +0.16
19200 0 -2.34 0 0 0 11 0O 0 12 +0.16
31250 0 0 0 +2.40 —_ = — o 7 0
38400 0 4 -2.34 0 4 0 0 5 0 - = =
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Table 11-3 Examples of BRR Settings in Asynchronous Mode (Whemp g @) (cont)

@ Frequency (MHz)

9.8304 10

Error Error

BitRate n N (%) n N (%)
+0.88
) +0.16
+0.16
) +0.16
1200 0 255 +0.16
2400 0 127 O 0 129 +0.16
4800 0 63 O 0 64 +0.16
9600 0 31 0 0 32 -1.36
19200 0 15 O 0 15 +1.73

31250 0 9 -1.70 0 9 0

38400 o 7 0 o 7 +1.73

Note: If possible, the error should be within 1%.

In the shaded section, if gp = /2, the bit rate is cut in half. In this case, BRR settings for the
desired bit rate should be referenced from the column of one-half the actual system clock
frequency (2).

B =F x106/[64 x 22n-1 x (N + 1)] » N = F x 106/[64 x 22n-1 x B] — 1

B: Bit rate (bits/second)

N: BRR value (0 < N < 255)

F: op (MHz) when n £ 0, or g (MHz) whenn =0
n: Internal clock source (0, 1, 2, or 3)

The meaning of n is given by the table below:

n CKS1 CKSO Clock
0 0 0 a

1 0 1 apl4
2 1 0 op/16
3 1 1 op/64

Bit rate error can be calculated with the formula below.

6
Error (%) = Fx 10 -1} x100
(N+1)xB x 64 x 221
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Table 11-4 Examples of BRR Settings in Synchronous Mode (Whep 2 2)

@ Frequency (MHz)

5 8 10
Bit Rate n N n N n N n N n N
25k 0 249
5k 0 99 0 199 0 124
10 k 0 49 0 99 0 124 0 199 0 249
25k 0 19 0 39 0 49 0 79 0 99
50 k 0 0 19 0 24 0 39 0 49
100 k 0 4 0 — — 0 19 0 24
250 k 0 0 3 0 4 0 7 0
500 k 0 0* 0 1 — — 0 3 0 4
1M 0 0* — — 0 1 — —
25M 0 (0
4 M
Notes: In the shaded section, if gp = @/2, the bit rate is cut in half. In this case, BRR settings for

the desired bit rate should be referenced from the column of one-half the actual system
clock frequency ().

Blank: No setting is available.
—: A setting is available, but the bit rate is inaccurate.
*: Continuous transfer is not possible.

B=Fx106/8x22n-1 x (N+1)] ~ N=F x106/[8 x22n-1 xB] — 1

B: Bit rate (bits per second) The meaning of n is given by the table
N: BRR value (0 < N < 255) below:
F: op (MHz) when n £ 0, or g (MHz) n CKS1 CKSO0 Clock
whenn =0 0 0 0 2
n: Internal clock source (0, 1, 2, or 3)
1 0 1 apl4
2 1 0 2p/16
3 1 1 2p/64
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11.2.9 Serial Communication Mode Register (SCMR)

Bit 7 6 5 4 3 2 1 0
] — ] — ] = sor|sw ]| — | swr|

Initial value 1 1 1 1 0 0 1 0

Read/Write — — — — R/W R/W — R/W

SCMR is an 8-bit readable/writable register that selects the function of SCI0. SCMR is initialized
to H'F2 by a reset and in the standby modes.

Bits 7 to 4—ReservedThese bits cannot be modified and are always read as 1.

Bit 3—Data Transfer Direction (SDIR): This bit selects the serial/parallel conversion format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first

Bit 2—Data Invert (SINV): This bit specifies inversion of the data logic level. Inversion
specified by the SINV bit applies only to data bitst® D,. In order to invert the parity bit, the
OIE bit in SMR must be inverted.

Bit 2

SINV Description

0 TDR contents are transmitted as they are (Initial value)
TDR contents are stored in RDR as they are

1 TDR contents are inverted before being transmitted

Receive data is stored in RDR in inverted form

Bit 1—Reserved: This bit cannot be modified and is always read as 1.

Bit 0—Serial Communication Mode Select (SMIF)This bit is reserved. A 1 must not be
written to this bit.

Bit O

SMIF Description

0 Normal SCI mode (Initial value)
1 Reserved mode

212 RENESAS



11.3 Operation

11.3.1 Overview

The SCI supports serial data transfer in two modes. In asynchronous mode each character is
synchronized individually. In synchronous mode communication is synchronized with a clock
signal.

The selection of asynchronous or synchronous mode and the communication format depend on
SMR settings as indicated in table 11-5. The clock source depends on the settings AfttiénC/
SMR and the CKE1 and CKEDO bits in SCR as indicated in table 11-6.

Asynchronous Mode
» Data length: 7 or 8 bits can be selected.

A parity bit or multiprocessor bit can be added, and stop bit lengths of 1 or 2 bits can be
selected. (These selections determine the communication format and character length.)

» Framing errors (FER), parity errors (PER), and overrun errors (ORER) can be detected in
receive data, and the line-break condition can be detected.

» SCI clock source: an internal or external clock source can be selected.

— Internal clock: The SCl is clocked by the on-chip baud rate generator and can output a clo
signal at the bit-rate frequency.

— External clock: The external clock frequency must be 16 times the bit rate. (The on-chip
baud rate generator is not used.)

Synchronous Mode

« Communication format: The data length is 8 bits.

* Overrun errors (ORER) can be detected in receive data.

» SCI clock source: an internal or external clock source can be selected.

— Internal clock: The SCI is clocked by the on-chip baud rate generator and outputs a serial
clock signal to external devices.

— External clock: The on-chip baud rate generator is not used. The SCI operates on the inpt
serial clock.
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Table 11-5 Communication Formats Used by SCI

SMR Settings

Communication Format

Multi- Stop-
Bit7 Bit6 Bit2 BitS Bit3 Data processor  Parity Bit
C/A CHR MP PE STOP Mode Length  Bit Bit Length
0 0 0 0 0 Asynchronous 8 bits None None 1 bit
mode —
1 2 bits
1 0 Present 1 bit
1 2 bits
1 0 0 7 bits None 1 bit
1 0 Present 1 bit
1 2 bits
0 1 — 0 Asynchronous 8 bits Present None 1 bit
mode (multi- .
1 processor 2 bits
1 0 format) 7 bits 1 bit
1 — — — — Synchronous 8 bits None None
mode

Table 11-6 SCI Clock Source Selection

SMR SCR Serial Transmit/Receive Clock
Bit 7 Bit1  Bit0
C/IA CKE1 CKEO Mode Clock Source SCK Pin Function
0 0 0 Async Internal Input/output port (not used by SCI)
1 Serial clock output at bit rate
1 0 External Serial clock input at 16 x bit rate
1
1 0 0 Sync Internal Serial clock output
1
1 0 External Serial clock input
1
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11.3.2 Asynchronous Mode

In asynchronous mode, each transmitted or received character is individually synchronized by
framing it with a start bit and stop bit.

Full duplex data transfer is possible because the SCI has independent transmit and receive
sections. Double buffering in both sections enables the SCI to be programmed for continuous d:
transfer.

Figure 11-2 shows the general format of one character sent or received in asynchronous mode.
communication channel is normally held in the mark state (high). Character transmission or
reception starts with a transition to the space state (low).

The first bit transmitted or received is the start bit (low). It is followed by the data bits, in which
the least significant bit (LSB) comes first. The data bits are followed by the parity or
multiprocessor bit, if present, then the stop bit or bits (high) confirming the end of the frame.

In receiving, the SCI synchronizes on the falling edge of the start bit, and samples each bit at th
center of the bit (at the 8th cycle of the internal serial clock, which runs at 16 times the bit rate).

— ) Idle state
. ) i (mark)
Start bit DO D1 Dn Parity Stop bit
)
1 bit 7 or 8 bits 0 or 1 bit ''1 or 2 bits
One unit of data (one character or frame) -

Figure 11-2 Data Format in Asynchronous Mode
(Example of 8-Bit Data with Parity Bit and Two Stop Bits)
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(1) Data Format: Table 11-7 lists the data formats that can be sent and received in asynchronou:
mode. Twelve formats can be selected by bits in the serial mode register (SMR).

Table 11-7 Data Formats in Asynchronous Mode

SMR Bits

CHR PE MP STOP

[N

2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘

0 o0 0 0 i S i 8-bit data 'sTOP

o o o 1 | s | 8-bit data 'sTOP|STOP

o 1 0o o | s | 8-bit data | P sToP

o 1 o 1 |s | 8-bit data | P |sTOP|STOP
1t o o o | s | 7-bit data 'sTOP

1 0o o 1 | s | 7-bit data 'sTOP|STOP

1 1 0o o | s | 7-bit data | P JsTOP

1 1 o 1 | s | 7-bit data | P _|sTOP|STOP

o — 1 o | s| 8-bit data | MPB |sTOP

o — 1 1 | s| 8-bit data | MPB |STOP|STOP
1 — 1 o | s| 7-bit data | MPB |sTOP

1 — 1 1 | s | 7-bit data | MPB |STOP[STOP

Notes: SMR:  Serial mode register

S: Start bit
STOP: Stop bit
P: Parity bit

MPB:  Multiprocessor bit

(2) Clock: In asynchronous mode it is possible to select either an internal clock created by the or
chip baud rate generator, or an external clock input at the SCK pin. The selection is made by the
C/A bit in the serial mode register (SMR) and the CKE1 and CKEOQ bits in the serial control
register (SCR). Refer to table 11-6.

If an external clock is input at the SCK pin, its frequency should be 16 times the desired bit rate.

If the internal clock provided by the on-chip baud rate generator is selected and the SCK pin is
used for clock output, the output clock frequency is equal to the bit rate, and the clock pulse rises
at the center of the transmit data bits. Figure 11-3 shows the phase relationship between the out
clock and transmit data.
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oot e e

0 |po|D1|D2|D3|D4|D5|D6|D7[012] 1 1

| One frame

|t

Y

Figure 11-3 Phase Relationship between Clock Output and Transmit Data
(Asynchronous Mode)

(3) Transmitting and Receiving Data

SCI Initialization: Before transmitting or receiving, software must clear the TE and RE bits to O
in the serial control register (SCR), then initialize the SCI following the procedure in figure 11-4.

Note: When changing the communication mode or format, always clear the TE and RE bits to
before following the procedure given below. Clearing TE to 0 sets TDRE to 1 and
initializes the transmit shift register (TSR). Clearing RE to 0, however, does not initialize
the RDRF, PER, FER, and ORER flags and receive data register (RDR), which retain th
previous contents.

When an external clock is used, the clock should not be stopped during initialization or
subsequent operation. SCI operation becomes unreliable if the clock is stopped.
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Initialization

1. Select the clock source in the serial control
register (SCR). Leave TE and RE cleared to 0.

] If clock output is selected, in asynchronous
Clear Tg _angCRRE bits to mode, clock output starts immediately after
n the setting is made in SCR.
‘ 2. Select the communication format in the serial
1 Set CKE1 and CKEQO bits in mode register (SMR)
SCR (leaving TE and RE
cleared to 0) 3. Write the value corresponding to the bit rate in
‘ the bit rate register (BRR). This step is not
necessary when an external clock is used.
2 Select communication
format in SMR 4. Wait for at least the interval required to transmit
‘ or receive one bit, then set TE or RE in the serial
control register (SCR). Setting TE or RE enables
3 ) the SCI to use the TxD or RxD pin.
Set value in BRR Also set the RIE, TIE, TEIE, and MPIE bits as

necessary to enable interrupts. The initial states
are the mark transmit state, and the idle receive
state (waiting for a start bit).

1 bit interval
elapsed?

Yes

4 Set TE or RE to 1 in SCR,
and set RIE, TIE, TEIE, and
MPIE as necessary

CStart transmitting or receiving>

Figure 11-4 Sample Flowchart for SCI Initialization
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Transmitting Serial Data: Follow the procedure in figure 11-5 for transmitting serial data.

1 1. SCl initialization: the transmit data output function
nitialize of the TxD pin is selected automatically.
2. SCI status check and transmit data write: read
9 the serial status register (SSR), check that the
TDRE bit is 1, then write transmit data in the
transmit data register (TDR) and clear TDRE to 0.
Read TDRE bit in SSR If a multiprocessor format is selected, after
writing the transmit data write O or 1 in the
multiprocessor bit transfer (MPBT) in SSR.
Transition of the TDRE bit from 0 to 1 can be
reported by an interrupt.
3. (a) To continue transmitting serial data: read the
TDRE bit to check whether it is safe to write; if
Write transmit data in TDR TDRE = 1, write data in TDR, then clear TDRE
If using multiprocessor format, 0 0. ) o o
select MPBT value in SSR (b) To end serial transmission: end of transmission
can be confirmed by checking transition of the
‘ TEND bit from 0 to 1. This can be reported b
P y
| Clear TDRE bit to 0 | a TEl interrupt.
\
| Serial t . | 4, To output a break signal at the end of serial
eria transmission transmission: set the DDR bit to 1 and clear the
DR bit to 0 (DDR and DR are 1/O port registers),
End of No then clear TE to 0 in SCR.
3 transmission?
Yes
Read TEND bit in SSR
4 Output break

signal?

Yes

| SetDR=0,DDR =1 |

| Clear TE bitin SCRto 0 |

End

Figure 11-5 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows.

1.

The SCI monitors the TDRE bit in SSR. When TDRE is cleared to 0 the SCI recognizes that
the transmit data register (TDR) contains new data, and loads this data from TDR into the
transmit shift register (TSR).

After loading the data from TDR into TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the TIE bit (TDR-empty interrupt enable) is set to 1 in SCR, the SCI requests
a TXI interrupt (TDR-empty interrupt) at this time.

Serial transmit data is transmitted in the following order from the TxD pin:

a. Start bit: One 0 bit is output.

b. Transmit data: Seven or eight bits are output, LSB-first.

c. Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one multiprocessor
bit is output. Formats in which neither a parity bit nor a multiprocessor bit is output can
also be selected.

Stop bit: One or two 1 bits (stop bits) are output.
Mark state: Output of 1 bits continues until the start bit of the next transmit data.

The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, after loading new
data from TDR into TSR and transmitting the stop bit, the SCI begins serial transmission of
the next frame. If TDRE is 1, after setting the TEND bit to 1 in SSR and transmitting the stop
bit, the SCI continues 1-level output in the mark state, and if the TEIE bit (TSR-empty
interrupt enable) in SCR is set to 1, the SCI generates a TEI interrupt request (TSR-empty
interrupt).
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Figure 11-6 shows an example of SCI transmit operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit D(a(lta bit  bit  bit D(a(tta bit  bit 1
)T )T
0 |D0|D1| |D7|O/l| 1 0 |D0|D1| |D7|0/1|1 Idle state
{( {(
)T )T

(mark)

(
)7
TDRE |

TEND ? ? ? 3

TXI TXI interrupt handler TXI T
request writes data in TDR and request TEI request
clears TDRE to O

1 frame

Figure 11-6 Example of SCI Transmit Operation (8-Bit Data with Parity and One Stop Bit)
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Receiving Serial Data:Follow the procedure in figure 11-7 for receiving serial data.

Initialize

Start receiving

Read ORER, PER, and
FER in SSR

Yes

1. SClinitialization: the receive data function of the RxD
pin is selected automatically.

2. To continue receiving serial data: read RDR and
clear RDRF to 0 before the stop bit of the current
frame is received.

3. SCI status check and receive data read: read the
serial status register (SSR), check that RDRF is set
to 1, then read receive data from the receive data
register (RDR) and clear RDRF to 0. Transition of

2 Read RDRF bit in SSR

Yes

Read receive data from RDR,
3 and clear RDRF bit to 0
in SSR

Finished
receiving?

| Clear RE to 0 in SCR |

End

Start error handling

the RDRF bit from 0 to 1 can be reported by an RXI
interrupt.
v 4 4. Receive error handling and break detection: if a
Error handlin receive error occurs, read the ORER, PER, and
< g> FER bits in SSR to identify the error. After executing

the necessary error handling, clear ORER, PER, and
FER all to 0. Transmitting and receiving cannot
resume if ORER, PER, or FER remains set to 1.
When a framing error occurs, the RxD pin can be
read to detect the break state.

Discriminate and
process error, and
clear flags

Clear REto 0
in SCR

End

Figure 11-7 Sample Flowchart for Receiving Serial Data
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In receiving, the SCI operates as follows.

1.

2.

The SCI monitors the receive data line and synchronizes internally when it detects a start bi
Receive data is shifted into RSR in order from LSB to MSB.

The parity bit and stop bit are received.

After receiving these bits, the SCI makes the following checks:

a. Parity check: The number of 1s in the receive data must match the even or odd parity
setting of the & bit in SMR.

b. Stop bit check: The stop bit value must be 1. If there are two stop bits, only the first stoy
bit is checked.

c. Status check: RDRF must be 0 so that receive data can be loaded from RSR into RDR.

If these checks all pass, the SCI sets RDRF to 1 and stores the received data in RDR. If on
the checks fails (receive error), the SCI operates as indicated in table 11-8.

Note: When a receive error flag is set, further receiving is disabled. The RDRF bit is not se
to 1. Be sure to clear the error flags.

After setting RDRF to 1, if the RIE bit (receive-end interrupt enable) is set to 1 in SCR, the
SCI requests an RXI (receive-end) interrupt. If one of the error flags (ORER, PER, or FER) |
set to 1 and the RIE bit in SCR is also set to 1, the SCI requests an ERI (receive-error)
interrupt.
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Figure 11-8 shows an example of SCI receive operation in asynchronous mode.

Table 11-8 Receive Error Conditions and SCI Operation

Receive error ~ Abbreviation  Condition Data Transfer
Overrun error ORER Receiving of next data ends  Receive data not loaded from
while RDRF is still setto 1in  RSR into RDR
SSR
Framing error FER Stop bitis 0 Receive data loaded from
RSR into RDR
Parity error PER Parity of receive data differs  Receive data loaded from
from even/odd parity setting  RSR into RDR
in SMR
Start Parity Stop Start Parity Stop
1 bit Data bit bit  bit Data bit bit 1

0 |DO|D1| |D7|0/1| 1 | 0 |D0|Dl| |D7|O/l| 0| Idle state
)T )T

(mark)
RDRF
(( ((

FER N T T N

RXI RXI interrupt handler T
request reads data in RDR and )
_ ] clears RDRF to 0 Framing error,
! ERI request

1 frame

Figure 11-8 Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit)
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(4) Multiprocessor Communication

The multiprocessor communication function enables several processors to share a single serial
communication line. The processors communicate in asynchronous mode using a format with a
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID.

A serial communication cycle consists of two cycles: an ID-sending cycle that identifies the
receiving processor, and a data-sending cycle. The multiprocessor bit distinguishes ID-sending
cycles from data-sending cycles.

The transmitting processor starts by sending the ID of the receiving processor with which it wan
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sen
transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set t
1.

After receiving data with the multiprocessor bit set to 1, the receiving processor with an 1D
matching the received data continues to receive further incoming data. Multiple processors can
send and receive data in this way.

Four formats are available. Parity-bit settings are ignored when a multiprocessor format is
selected. For details see table 11-7.
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Transmitting
processor
! Serial communication line
\ ' ' '
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID =01) (ID =02) (ID =03) (ID = 04)
Serial data H'01 H'AA
(MPB =1) (MPB = 0)
ID-sending cycle: Data-sending cycle:

receiving processor address  data sent to receiving
processor specified by ID
MPB: multiprocessor bit

Figure 11-9 Example of Communication among Processors using Multiprocessor Format
(Sending Data H'AA to Receiving Processor A)
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Transmitting Multiprocessor Serial Data: See figures 11-5 and 11-6.

Receiving Multiprocessor Serial Data:Follow the procedure in figure 11-10 for receiving

multiprocessor serial data.

Initialize

Start receiving

Set MPIE bit to 1 in SCR |
\

Read ORER and FER
bits in SSR

FER O Yes

ORER =17

No
3 Read RDRF bit in SSR

Yes

Read receive data from RDR

No
Own ID?

Yes

Read ORER and FER
bits in SSR

FER + Yes

ORER =1?

No

4 | Read RDRF bitin SSR |

N
RDRF = 17 °

Yes

Read receive data from RDR

Finished
receiving?

| Clear REto 0 in SCR |

End

5

(' Error handling )

SCl initialization: the receive data function of the RxD pin is
selected automatically.

ID receive cycle: Set the MPIE bit in the serial control register
(SCR) to 1.

SCl status check and ID check: read the serial status register
(SSR), check that RDRF is set to 1, then read receive data
from the receive data register (RDR) and compare with the
processor's own ID. Transition of the RDRF bit from 0 to

1 can be reported by an RXI interrupt. If the ID does not match
the receive data, set MPIE to 1 again and clear RDRF to 0.

If the ID matches the receive data, clear RDRF to 0.

SCl status check and data receiving: read SSR, check that
RDREF is set to 1, then read data from the receive data register
(RDR) and write 0 in the RDRF bit. Transition of the RDRF bit
from 0 to 1 can be reported by an RXI interrupt.

Receive error handling and break detection: if a receive error
occurs, read the ORER and FER bits in SSR to identify the error.
After executing the necessary error handling, clear both ORER
and FER to 0. Receiving cannot resume while ORER or FER
remains set to 1. When a framing error occurs, the RxD pin

can be read to detect the break state.

Start error handling

Break?

— Clear RE bit to
Discriminate and 0in SCR
process error, and
clear flags
End

Figure 11-10 Sample Flowchart for Receiving Multiprocessor Serial Data
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Figure 11-11 shows an example of an SCI receive operation using a multiprocessor format (8-bit

data with multiprocessor bit and one stop bit).

Start Stop Start Stop
1 bit Data (ID1) MPB bit  bit Data (Datal) MPB bit 1
{( {(
)T )T
|O|D0|D1||D7|1 1|0|D0|D1||D7|O|1 Idle state
45 ) (mark)
(( ((
)T )T
MPIE
RDRF /
{C {C
)T )T
/4 / J
RDR value >< ID1
MPB detection RXl request RXI handlerreads  Notown ID,so  No RXI request,
MPIE =0 RDR data and MPIE issetto  RDR not updated
clears RDRF to 0 1 again
(Multiprocessor interrupt)
(a) Own ID does not match data
Start Stop Start Stop
1 bit Data (ID2) MPB bit bit Data (Data2) MPB bit 1
{( {(
)T )T
|O|D0|Dl||D7|l 1|0|D0|Dl||D7|O|1 Idle state
) (mark)
A [—
T
MPIE |
{(
)T
RDRF /
{( {(
)T / / )T
RDR value ID1 >< ID2 >< /Dataz

MPB detection
MPIE =0

RXI handler reads
RDR data and
clears RDRF to 0

RXI request

I

Own ID, so receiving MPIE set to
continues, with data 1 again
received at each RXI

(Multiprocessor interrupt)

(b) Own ID matches data

Figure 11-11 Example of SCI Receive Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)

208 RENESAS




11.3.3 Synchronous Mode

(1) Overview: In synchronous mode, the SCI transmits and receives data in synchronization wit
clock pulses. This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver share the same clock but are otherwise independent, so full
duplex communication is possible. The transmitter and receiver are also double buffered, so
continuous transmitting or receiving is possible by reading or writing data while transmitting or
receiving is in progress.

Figure 11-12 shows the general format in synchronous serial communication.

One unit (character or frame) of serial data

* - *

B

LSB MS
Serialdata 4 X Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 XBit7 X 4
| |

Don't care Don’t care

Note: * High except in continuous transmitting or receiving

Figure 11-12 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is sent on the communication line from one
falling edge of the serial clock to the next. Data is received in synchronization with the rising edc
of the serial clock.

In each character, the serial data bits are transmitted in order from LSB (first) to MSB (last). Afte
output of the MSB, the communication line remains in the state of the MSB.

Communication Format: The data length is fixed at eight bits. No parity bit or multiprocessor bit
can be added.

Clock: An internal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected by clearing or setting the CKEL bit in the serial control registe
(SCR). See table 11-6.

When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clo
pulses are output per transmitted or received character. When the SCI is not transmitting or
receiving, the clock signal remains at the high level.
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(2) Transmitting and Receiving Data

SCl Initialization: The SCI must be initialized in the same way as in asynchronous mode. See
figure 11-4. When switching from asynchronous mode to synchronous mode, check that the
ORER, FER, and PER bits are cleared to 0. Transmitting and receiving cannot begin if ORER,
FER, or PER is set to 1.

Transmitting Serial Data: Follow the procedure in figure 11-13 for transmitting serial data.

o 1. SCl initialization: the transmit data output function
1 of the TxD pin is selected automatically.
Start transmitting 2. SCI stgtus check an_d transmit data write: read
the serial status register (SSR), check that the
- TDRE bit is 1, then write transmit data in the
transmit data register (TDR) and clear TDRE to 0.
2 Read TDRE bit in SSR Transition of the TDRE bit from 0 to 1 can be
reported by a TXI interrupt.
No 3. (&) To continue transmitting serial data: read the
TDRE bit to check whether it is safe to write; if
TDRE = 1, write data in TDR, then clear TDRE
Yes to 0.
(b) To end serial transmission: end of transmission
Write transmit data in can be confirmed by checking transition of the
TDR and clear TDRE bit to TEND bit from 0 to 1. This can be reported by
0in SSR a TEl interrupt.
\
Serial transmission
End of No

transmission?

Yes

g

Read TEND bit in SSR

No

Yes

| Clear TE bitto 0 in SCR |

Figure 11-13 Sample Flowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows.

1.

The SCI monitors the TDRE bit in SSR. When TDRE is cleared to 0 the SCI recognizes tha
the transmit data register (TDR) contains new data, and loads this data from TDR into the
transmit shift register (TSR).

After loading the data from TDR into TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the TIE bit (TDR-empty interrupt enable) in SCR is set to 1, the SCI requests
a TXl interrupt (TDR-empty interrupt) at this time.

If clock output is selected the SCI outputs eight serial clock pulses, triggered by the clearing
of the TDRE bit to 0. If an external clock source is selected, the SCI outputs data in
synchronization with the input clock.

Data is output from the TxD pin in order from LSB (bit 0) to MSB (bit 7).

The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is 0, the SCI loads
data from TDR into TSR, then begins serial transmission of the next frame. If TDRE is 1, the
SCI sets the TEND bit in SSR to 1, transmits the MSB, then holds the output in the MSB
state. If the TEIE bit (transmit-end interrupt enable) in SCR is set to 1, a TEIl interrupt (TSR-
empty interrupt) is requested at this time.

After the end of serial transmission, the SCK pin is held at the high level.
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Figure 11-14 shows an example of SCI transmit operation.

Serial clock

L L L

Serial data

Bit0>< Bit1><j( ><Bit7

><Bit0>< Bit1><

TDRE

TEND T

S S—

L.

|

\
I
request

TXI interrupt
handler writes
data in TDR and
clears TDRE to 0

TXI

request

1 frame

?

TEI
request
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Receiving Serial Data:Follow the procedure in figure 11-15 for receiving serial data. When
switching from asynchronous mode to synchronous mode, be sure to check that PER and FER
cleared to O. If PER or FER is set to 1 the RDRF bit will not be sdb@thdransmitting and

receiving will be disabled.

1

Start receiving

Read ORER in SSR

*

Read RDRF bit in SSR

*

3 Read receive data
from RDR, and clear
RDRF bitto 0 in SSR

Finished
receiving?

| Clear RE to 0 in SCR |

End

Start error handling

| Overrun error handling |

| Clear ORER to 0 in SSR |

SCl initialization: the receive data function of the
RxD pin is selected automatically.

SCI status check and receive data read: read
the serial status register (SSR), check that
RDRF is set to 1, then read receive data from
the receive data register (RDR) and clear RDRF
to 0. Transition of the RDRF bit from 0 to 1

can be reported by an RXI interrupt.

To continue receiving serial data: read RDR and
clear RDRF to 0 before the MSB (bit 7) of the
current frame is received.

Receive error handling: if a receive error occurs,
read the ORER bit in SSR then, after executing
the necessary error handling, clear ORER to 0.
Neither transmitting nor receiving can resume
while ORER remains set to 1. When clock
output mode is selected, receiving can be halted
temporarily by receiving one dummy byte and
causing an overrun error. When preparations
to receive the next data are completed, clear
the ORER bit to 0. This causes receiving to
resume, so return to the step marked 2 in the
flowchart.

Figure 11-15 Sample Flowchart for Serial Receiving
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In receiving, the SCI operates as follows.

1.

If an external clock is selected, data is input in synchronization with the input clock. If clock
output is selected, as soon as the RE bit is set to 1 the SCI begins outputting the serial clock
and inputting data. If clock output is stopped because the ORER bit is set to 1, output of the
serial clock and input of data resume as soon as the ORER bit is cleared to O.

Receive data is shifted into RSR in order from LSB to MSB.

After receiving the data, the SCI checks that RDRF is 0 so that receive data can be loaded
from RSR into RDR. If this check passes, the SCI sets RDRF to 1 and stores the received de
in RDR. If the check does not pass (receive error), the SCI operates as indicated in

table 11-8.

Note: Both transmitting and receiving are disabled while a receive error flag Eheet.
RDREF bit is not set to 1. Be sure to clear the error flag.

After setting RDRF to 1, if the RIE bit (receive-end interrupt enable) is set to 1 in SCR, the
SCI requests an RXI (receive-end) interrupt. If the ORER bit is set to 1 and the RIE bit in
SCR is set to 1, the SCI requests an ERI (receive-error) interrupt.

When clock output mode is selected, clock output stops when the RE bit is cleared to 0 or the
ORER bhit is set to 1. To prevent clock count errors, it is safest to receive one dummy byte an
generate an overrun error.
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Figure 11-16 shows an example of SCI receive operation.

Serial clock
D CTY 1Y (I €5 €1 CIY G €1 €50
RDRF ) | ’

)]

S | |

—

‘ ‘ )T
RXI RXI interrupt RXI ?
request handler reads request Overrun error,
data in RDR and ERI request

clears RDRF to O

1 frame

Figure 11-16 Example of SCI Receive Operation
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Transmitting and Receiving Serial Data SimultaneouslyFollow the procedure in figure
11-17 for transmitting and receiving serial data simultaneously. If clock output mode is selected,
output of the serial clock begins simultaneously with serial transmission.

1 Initialize 1. SClinitialization: the transmit data output function of
the TxD pin and receive data input function of the
RxD pin are selected, enabling simultaneous

Start transmitting and receiving.

2. SCl status check and transmit data write: read the

2 | Read TDRE bit in SSR | serial status register (SSR), check that the TDRE bit
is 1, then write transmit data in the transmit data

register (TDR) and clear TDRE to 0. Transition of the

No TDRE bit from 0 to 1 can be reported by a TXI interrupt.
3. SCl status check and receive data read: read the
Yes serial status register (SSR), check that the RDRF
bit is 1, then read receive data from the receive data
3 Write transmit data register (RDR) and clear RDRF to 0. Transition of
in TDR and clear TDRE the RDRF bit from 0 to 1 can be reported by an RXI
bitto 0 in SSR interrupt.

4. To continue transmitting and receiving serial data:
read RDR and clear RDRF to 0 before the MSB

| (bit 7) of the current frame is received. Also read the

TDRE bit and check that it is set to 1, indicating that

it is safe to write; then write data in TDR and clear

Yes TDRE to 0 before the MSB (bit 7) of the current frame

is transmitted.

Read ORER bit in SSR

No

Error handling 5. Receive error handling: if a receive error occurs, read
Read RDRF bit in SSR | the ORER bit in SSR then, after executing the
necessary error handling, clear ORER to 0. Neither
transmitting nor receiving can resume while ORER
No remains set to 1.

Yes

4 Read receive data
from RDR and clear
RDRF bitto 0 in SSR

transmitting and receiv-
ing?

Clear TE and RE bits
to 0in SCR

Figure 11-17 Sample Flowchart for Serial Transmitting and Receiving

Note: In switching from transmitting or receiving to simultaneous transmitting and receiving,
clear both TE and RE to 0, then set both TE and RE to 1.
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11.4 Interrupts

The SCI can request four types of interrupts: ERI, RXI, TXI, and TEI. Table 11-9 indicates the
source and priority of these interrupts. The interrupt sources can be enabled or disabled by the
TIE, RIE, and TEIE bits in the SCR. Independent signals are sent to the interrupt controller for
each interrupt source, except that the receive-error interrupt (ERI) is the logical OR of three
sources: overrun error, framing error, and parity error.

The TXI interrupt indicates that the next transmit data can be written. The TEI interrupt indicates
that the SCI has stopped transmitting data.

Table 11-9 SCI Interrupt Sources

Interrupt Description Priority
ERI Receive-error interrupt (ORER, FER, or PER) High
RXI Receive-end interrupt (RDRF)

TXI TDR-empty interrupt (TDRE)

TEI TSR-empty interrupt (TEND) Low

11.5 Application Notes
Application programmers should note the following features of the SCI.

(1) TDR Write: The TDRE bit in SSR is simply a flag that indicates that the TDR contents have
been transferred to TSR. The TDR contents can be rewritten regardless of the TDRE value. If a
new byte is written in TDR while the TDRE bit is 0, before the old TDR contents have been
moved into TSR, the old byte will be lost. Software should check that the TDRE bit is set to 1
before writing to TDR.

(2) Multiple Receive Errors: Table 11-10 lists the values of flag bits in SSR when multiple
receive errors occur, and indicates whether the RSR contents are transferred to RDR.
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Table 11-10 SSR Bit States and Data Transfer when Multiple Receive Errors Occur

SSR Bits RSR -
Receive error RDRF ORER FER PER RDR™
Overrun error 11 1 0 0 No
Framing error 0 0 1 0 Yes
Parity error 0 0 0 1 Yes
Overrun and framing errors 11 1 1 0 No
Overrun and parity errors 171 1 0 1 No
Framing and parity errors 0 0 1 1 Yes
Overrun, framing, and parity errors1*1 1 1 1 No

Notes: 1. Setto 1 before the overrun error occurs.
2. Yes: The RSR contents are transferred to RDR.
No: The RSR contents are not transferred to RDR.

(3) Line Break Detection:When the RxD pin receives a continuous stream of 0’s in
asynchronous mode (line-break state), a framing error occurs because the SCI detects a 0 stop |
The value H'00 is transferred from RSR to RDR. Software can detect the line-break state as a
framing error accompanied by H'00 data in RDR.

The SCI continues to receive data, so if the FER bit is cleared to 0 another framing error will
occur.

(4) Sampling Timing and Receive Margin in Asynchronous ModeThe serial clock used by

the SCI in asynchronous mode runs at 16 times the bit rate. The falling edge of the start bit is
detected by sampling the RxD input on the falling edge of this clock. After the start bit is detected
each bit of receive data in the frame (including the start bit, parity bit, and stop bit or bits) is
sampled on the rising edge of the serial clock pulse at the center of the bit. See figure 11-18.

It follows that the receive margin can be calculated as in equation (1).

When the absolute frequency deviation of the clock signal is 0 and the clock duty cycle is 0.5, da
can theoretically be received with distortion up to the margin given by equation (2). This is a
theoretical limit, however. In practice, system designers should allow a margin of 20% to 30%.
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01234567 89101112131415161 2 3 456 7 8 91011121314151612 3 4 5

—7.5pulses | +7.5 pulses 1

Receive
data

—‘|‘ ' Start bit

Sync ‘
sampling !

Data M
sampling

Figure 11-18 Sampling Timing (Asynchronous Mode)
M = {[0.5 — 1/(2N)] — (D — 0.5)/N — (L — 0.5)F} x 100 [%)] [€))

M: Receive margin

N: Ratio of basic clock to bit rate (N=16)

D: Duty factor of clock—ratio of high pulse width to low width (0.5 to 1.0)
L: Frame length (9 to 12)

F: Absolute clock frequency deviation

WhenD=0.5and F=0

M = (0.5 —1/2 x 16) x 100 [%] = 46.875% @)
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Section 12 Host Interface

12.1 Overview

The H8/3502 has an on-chip host interface (HIF) that provides a dual-channel parallel interface
between the on-chip CPU and a host processor. The host interface is available only when the H
bit is set to 1 in SYSCR. This mode is called slave mode, because it is designed for a master-sl
communication system in which the H8/3502 chip is slaved to a host processor.

The host interface consists of four 1-byte data registers, two 1-byte status registers, a 1-byte
control register, fast £y gate logic, and a host interrupt request circuit. Communication is carried
out via five control signals from the host proces§ist;( CS, HAg, IOR, andlOW), four output
signals to the host processor (AHIRQq, HIRQ 1, and HIRQ>), and an 8-bit bidirectional
command/data bus (HGBo HDBp). TheCS; andCS, signals select one of the two interface
channels.

Note: If one of the two interface channels will not be used, tie the udpih to Ve For
example, if interface channel 1 (IDR1, ODR1, STR1) is not use@Sti¢o Vcc.
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12.1.1 Block Diagram

Figure 12-1 is a block diagram of the host interface.

IBF2

!

IBF1

!

CS;

CEZ Control
IOR = logic
oW -

HAQ -

Host

request

interrupt

g
co

Fast
Az

ate
ntrol

HIRQ; o U

U

HIRQqq ———
HlRQlZ e E—

Port 4

GAZO

(Internal interrupt signals)

HDB; to HDBg

Host data bus

|

IDR1

ODR1

STR1

IDR2

ODR2

STR2

HICR

Internal data bus

Bus
interface

J

Legend
IDR1:
IDR2:
ODR1:
ODR2:
STR1:
STR2:
HICR:

Input data register 1
Input data register 2
Output data register 1
Output data register 2
Status register 1
Status register 2

Host interface control register

Module data bus

Figure 12-1 Host Interface Block Diagram
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12.1.2 Input and Output Pins

Table 12-1 lists the input and output pins of the host interface module.

Table 12-1 HIF Input/Output Pins

Name Abbreviation  Port I/0 Function

I/O read IOR P7g Input Host interface read signal

I/O write IOW P7g Input Host interface write signal

Chip select 1 CS; P74 Input Host interface chip select signal for IDR1,
ODR1, STR1

Chipselect2  CS, P4g Input  Host interface chip select signal for IDR2,
ODR2, STR2

Command/data HA( P7; Input Host interface address select signal

In host read access, this signal selects the
status registers (STR1, STR2) or data
registers (ODR1, ODR2). In host write
access to the data registers (IDR1, IDR2),
this signal indicates whether the host is
writing a command or data.

Data bus HDB; to HDBy P37 to P33 1/O Host interface data bus (single-chip mode)
Host interrupt 1 HIRQ, P4, Output Interrupt output 1 to host

Host interrupt 11 HIRQq4 P44 Output Interrupt output 11 to host

Host interrupt 12 HIRQq, P4g Output  Interrupt output 12 to host

Gate Ayg GAyg P4, Output A, gate control signal output
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12.1.3 Register Configuration

Table 12-2 lists the host interface registers.
Table 12-2 HIF Registers

R/W Initial  Slave Master Address* 4
Name Abbreviation ~ Slave Host ~ Value Address“3 €S; €S, HA,
System control  SYSCR RW1  — H'09 H'FFC4 — — —
register
Host interface HICR R/W — H'F8 H'FFFO — — —
control register
Input data IDR1 R w — H'FFF4 0 1 0/1%5
register 1
Output data ODR1 R/W R — H'FFF5 0 1 0
register 1
Status STR1 R/(W)2 R H00  HFFF6 0 1 1
register 1
Input data IDR2 R w — H'FFFC 1 0 0
register 2
Output data ODR2 R/W R — H'FFFD 1 0 0/1%5
register 2
Status STR2 R/I(W)2 R H'00 H'FFFE 1 0 1
register 2
Serial/timer STCR R/W — H'00 H'FFC3 — — —

control register

Notes: 1.
2.

ook ow

Bit 3 is a read-only bit.

The user-defined bits (bits 7 to 4, 2) are read/write accessible from the slave
processor.

Address when accessed from the slave processor.
Pin inputs used in access from the host processor.
The HA( input discriminates between writing of commands and data.

Registers in slave addresses H'FFFO to H'FFFF can only be read or written to when
the HIE bit in the system control register (SYSCR) is set to 1.
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12.2 Register Descriptions

12.2.1 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ XRST ‘NMIEG ‘ HIE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R R/W R/W R/W

SYSCR is an 8-bit readable/writable register which controls chip operations. Host interface
functions are enabled or disabled by the HIE bit of SYSCR. See section 3.2, System Control
Register, for information on other SYSCR bits. SYSCR is initialized to H'09 by an external reset
and in the hardware standby modes.

Bit 1—Host Interface Enable (HIE): Enables or disables the host interface. When enabled, the
host interface handles host-slave data transfers, operating in slave mode.

Bit 1 Description

HIE

0 The host interface is disabled (Initial value)
1 The host interface is enabled (slave mode)

12.2.2 Host Interface Control Register (HICR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ IBFIE2 ‘ IBFIE1 ‘FGAZOE‘
Initial value 1 1 1 1 1 0 0 0
Slave Read/Write — — — — — R/W R/W R/W

Host Read/Write — — — — — — _ _

HICR is an 8-bit readable/writable register which controls host interface interrupts and the fast
Ao gate function. HICR is initialized to H'F8 by a reset and in the standby modes.

Bits 7 to 3—ReservedThese bits cannot be modified and are always read as 1.
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Bit 2—Input Buffer Full Interrupt Enable 2 (IBFIE2): Enables or disables the IBF2 interrupt
to the slave CPU.

Bit 2

IBFIE2 Description

0 IDR2 input buffer full interrupt is disabled (Initial value)
1 IDR2 input buffer full interrupt is enabled

Bit 1— Input Buffer Full Interrupt Enable 1 (IBFIE1): Enables or disables the IBF1 interrupt
to the slave CPU.

Bit 1

IBFIEL Description

0 IDR1 input buffer full interrupt is disabled (Initial value)
1 IDR1 input buffer full interrupt is enabled

Bit 0—Fast Gate Ayg Enable (FGA20E):Enables or disables the fasjpgate function. When
the fast Ag gate is disabled, a regular-speeg) §ate signal can be implemented by using
software to manipulate the P8utput.

Bit 0

FGA20E Description

0 Disables fast Apg gate function (Initial value)
1 Enables fast Ayg gate function

12.2.3 Input Data Register 1 (IDR1)

Bit 7 6 5 4 3 2 1 0

‘ IDR7 ‘ IDR6 ‘ IDR5 ‘ IDR4 ‘ IDR3 ‘ IDR2 ‘ IDR1 ‘ IDRO ‘
Initial value — — — — — — — —
Slave Read/Write R R R R R R R R
Host Read/Write W W W w W W W W

IDR1 is an 8-bit read-only register to the slave processor, and an 8-bit write-only register to the
host processor. WhetsS; is low, information on the host data bus is written into IDR1 at the
rising edge ofOW. The HAy state is also latched into theDDbit in STR1 to indicate whether the
written information is a command or data.

The initial values of IDR1 after a reset and in the standby modes are undetermined.
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12.2.4 Output Data Register 1 (ODR1)

Bit 7 6 5 4 3 2 1 0

‘ ODR7 ‘ ODR6 ‘ ODRS5 ‘ ODR4 ‘ ODR3 ‘ ODR2 ‘ ODR1 ‘ ODRO ‘
Initial value — — — — — — — —
Slave Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W
Host Read/Write R R R R R R R R

ODRL1 is an 8-bit readable/writable register to the slave processor, and an 8-bit read-only regist
to the host processor. The ODR1 contents are output on the host data bus yletoWACS, is
low, andIOR is low.

The initial values of ODR1 after a reset and in standby mode are undetermined.

12.2.5 Status Register 1 (STR1)

Bit 7 6 5 4 3 2 1 0

‘ DBU ‘ DBU ‘ DBU ‘ DBU ‘ c/D ‘ DBU ‘ IBF ‘ OBF ‘
Initial value 0 0 0 0 0 0 0 0
Slave Read/Write R/W R/W R/W R/W R R/W R R
Host Read/Write R R R R R R R R

STR1 is an 8-bit register that indicates status information during host interface processing. Bits .
1, and 0 are read-only bits to both the host and slave processors.

STR1 is initialized to H'00 by a reset and in the standby modes.
Bits 7 to 4 and Bit 2—Defined by User (DBU)The user can use these bits as necessary.

Bit 3—Command/Data (CD): Receives the HAinput when the host processor writes to IDR1,
and indicates whether IDR1 contains data or a command.

Bit 3

C/D Description

0 Contents of IDR1 are data (Initial value)
1 Contents of IDR1 are a command
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Bit 1—Input Buffer Full (IBF): Set to 1 when the host processor writes to IDR1. This bit is an
internal interrupt source to the slave processor. IBF is cleared to 0 when the slave processor rea
IDR1.

Bit 1

IBF Description

0 This bit is cleared when the slave processor reads IDR1 (Initial value)
1 This bit is set when the host processor writes to IDR1

Bit 0—Output Buffer Full (OBF): Set to 1 when the slave processor writes to ODR1. Cleared to
0 when the host processor reads ODRL1.

Bit O

OBF Description

0 This bit is cleared when the host processor reads ODR1 (Initial value)
1 This bit is set when the slave processor writes to ODR1

Table 12-3 shows the conditions for setting and clearing the STR1 flags.

Table 12-3 Set/Clear Timing for STR1 Flags

Flag Setting Condition Clearing Condition

Cc/D Rising edge of host’s write signal (IOW) Rising edge of host’s write signal (IOW) when
when HA is high HA, is low

IBF Rising edge of host's write signal (IOW) Falling edge of slave’s internal read signal
when writing to IDR1 (RD) when reading IDR1

OBF Falling edge of slave’s internal write Rising edge of host’s read signal (IOR) when
signal (WR) when writing to ODR1 reading ODR1

12.2.6 Input Data Register 2 (IDR2)

Bit 7 6 5 4 3 2 1 0

‘ IDR7 ‘ IDR6 ‘ IDR5 ‘ IDR4 ‘ IDR3 ‘ IDR2 ‘ IDR1 ‘ IDRO ‘
Initial value — — — — — — — —
Slave Read/Write R R R R R R R R
Host Read/Write W W w W W w W W

IDR2 is an 8-bit read-only register to the slave processor, and an 8-bit write-only register to the
host processor. WherS, is low, information on the host data bus is written into IDR2 at the
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rising edge ofOW. The HAy state is also latched into theDChit in STR2 to indicate whether the
written information is a command or data.

The initial values of IDR2 after a reset and in the standby modes are undetermined.

12.2.7 Output Data Register 2 (ODR2)

Bit 7 6 5 4 3 2 1 0

‘ ODR7 ‘ ODR6 ‘ ODR5 ‘ ODR4 ‘ ODR3 ‘ ODR2 ‘ ODR1 ‘ ODRO ‘
Initial value — — — — — — — —
Slave Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W
Host Read/Write R R R R R R R R

ODR2 is an 8-bit read/write register to the slave processor, and an 8-bit read-only register to the
host processor. The ODR2 contents are output on the host data bus whisidwACS; is low,
andIOR is low.

12.2.8 Status Register 2 (STR2)

Bit 7 6 5 4 3 2 1 0

‘ DBU ‘ DBU ‘ DBU ‘ DBU ‘ C/D ‘ DBU ‘ IBF ‘ OBF ‘
Initial value 0 0 0 0 0 0 0 0
Slave Read/Write  R/W R/W R/W R/W R R/W R R
Host Read/Write R R R R R R R R

STR2 is an 8-bit register that indicates status information during host interface processing. Bits .
1, and 0 are read-only bits to both the host and slave processors.

STR2 is initialized to H'00 by a reset and in the standby modes.
Bits 7 to 4 and Bit 2—Defined by User (DBU)The user can use these bits as necessary.

Bit 3—Command/Data (CD): Receives the HAinput when the host processor writes to IDR2,
and indicates whether IDR2 contains data or a command.

Bit 3

C/D Description

0 Contents of IDR2 are data (Initial value)
1 Contents of IDR2 are a command
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Bit 1—Input Buffer Full (IBF): Set to 1 when the host processor writes to IDR2. This bit is an
internal interrupt source to the slave processor. IBF is cleared to 0 when the slave processor rea
IDR2.

Bit 1

IBF Description

0 This bit is cleared when the slave processor reads IDR2 (Initial value)
1 This bit is set when the host processor writes to IDR2

Bit 0—Output Buffer Full (OBF): Set to 1 when the slave processor writes to ODR2. Cleared to
0 when the host processor reads ODR2.

Bit O

OBF Description

0 This bit is cleared when the host processor reads ODR2 (Initial value)
1 This bit is set when the slave processor writes to ODR2

Table 12-4 shows the conditions for setting and clearing the STR2 flags.

Table 12-4 Set/Clear Timing for STR2 Flags

Flag Setting Condition Clearing Condition

Cc/D Rising edge of host’s write signal (IOW) Rising edge of host’s write signal (IOW)
when HA( is high when HA( is low

IBF Rising edge of host's write signal (IOW)  Falling edge of slave’s internal read signal
when writing to IDR2 (RD) when reading IDR2

OBF Falling edge of slave’s internal write Rising edge of host's read signal (IOR)
signal (WR) when writing to ODR2 when reading ODR2

250 s=RENESAS



12.3 Operation

12.3.1 Host Interface Operation

The host interface is activated by setting the HIE bit (bit 1) to 1 in SYSCR, establishing slave
mode. Activation of the host interface (entry to slave mode) appropriates the related 1/O lines in
port 3 (data), port 4 or 7 (control) and port 4 (host interrupt requests) for interface use.

For host interface read/write timing diagrams, see section 19.3.8, Host Interface Timing.

12.3.2 Control States

Table 12-5 indicates the slave operations carried out in response to host interface signals from
host processor.

Table 12-5 Host Interface Operation

3
3
o
=
T
z

Operation
Prohibited

N

Prohibited

Data read from output data register 1 (ODR1)

Status read from status register 1 (STR1)

Data write to input data register 1 (IDR1)

Command write to input data register 1 (IDR1)

Idle state

Idle state

Prohibited

Data read from output data register 2 (ODR2)

Status read from status register 2 (STR2)

Data write to input data register 2 (IDR2)

Command write to input data register 2 (IDR2)

Idle state

o|lo|o|o|o|o|o|lolr|r|r|R|Rr|R|R|Rr O|
RrlRr|r|Pr|lPr|[RP|[Rr|r|lo|lo|lo|jo|o|o|o|o o|
rlr|lo|lo|lr|r|o|jOo|r|r|lojOo|r|r| OO

0
1
0
1
0
1
0
1
0 Prohibited
1
0
1
0
1
0
1

/PP P O OCOOC|OC|FP|IFP P PO O O O

Idle state
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12.3.3 A Gate

The Apg gate signal can mask addresg o emulate an addressing mode used by personal
computers with an 8086*-family CPU. In slave mode, a regular-spggdate signal can be

output under software control, or a fasiyQate signal can be output under hardware control. Fast
A, gate output is enabled by setting the FGA20E bit (bit 0) to 1 in HICR (H'FFFO0).

Note: * Intel microprocessor.

Regular Ayg Gate Operation: Output of the Ag gate signal can be controlled by an H'D1
command followed by data. When the slave processor receives data, it normally uses an interruy
routine activated by the IBF1 interrupt to read IDRL. If the data follows an H'D1 command,
software copies bit 1 of the data and outputs it at the gaipiA (P4/GAx).

Fast Aog Gate Operation: When the FGA20E bit is set to 1,#8A,q is used for output of a fast

A gate signal. Bit PRADDR must be set to 1 to assign this pin for output. The initial output from
this pin will be a logic 1, which is the initial DR value. Afterward, the host processor can
manipulate the output from this pin by sending commands and data. This function is available
only when register IDR1 is accessed ugiify. Slave logic decodes the commands input from the
host processor. When an H'D1 host command is detected, bit 1 of the data following the host
command is output from the G4output pin. This operation does not depend on software or
interrupts, and is faster than the regular processing using interrupts. Table 12-6 lists the conditior
that set and clear Gf (P4,). Figure 12-2 describes the ggfoutput in flowchart form. Table 12-

7 indicates the G4y output signal values.

Table 12-6 GAyg(P47) Set/Clear Timing

Pin Name Setting Condition Clearing Condition

GAyg (P4;)  Rising edge of the host’s write signal Rising edge of the host’s write signal (IOW)
(IOW) when bit 1 of the written data  when bit 1 of the written data is 0 and the
is 1 and the data follows an H'D1 data follows an H'D1 host command
host command
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Host write

H'D1 command
received?

Yes

Wait for next byte

Host write

Data byte?

Write bit 1 of data byte
to DR bit of P47/GA20

Figure 12-2 GAyg Output
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Table 12-7 Fast Ay Gate Output Signal

Internal CPU  GAyq
HAy Data/Command Interrupt Flag  (P4;) Remarks
1 H'D1 command 0 Q Turn-on sequence
0 “1” data”™1 0 1
1 H'FF command 0 Q@)
1 H'D1 command 0 Q Turn-off sequence
0 “0"data™? 0 0
1 H'FF command 0 Q (0)
1 H'D1 command 0 Q Short turn-on sequence
0 “1"data*! 0 1
1/0 Command other than H'FF 1 Q@)
and H'D1
1 H'D1 command 0 Q Short turn-off sequence
0 “0"data*? 0
1/0 Command other than H'FF 1 Q (0)
and H'D1
1 H'D1 command 0 Q Cancelled sequence
1 Command other than H'D1 1 Q
1 H'D1 command 0 Q Retriggered sequence
1 H'D1 command 0 Q
1 H'D1 command 0 Q Consecutively executed sequences
0 Any data 0 1/0
1 H'D1 command 0 Q (1/0)
Notes: 1. Arbitrary data with bit 1 setto 1.

2. Arbitrary data with bit 1 cleared to 0.

254 =RENESAS



12.4 Interrupts

12.4.1 IBF1, IBF2

The host interface can request two interrupts to the slave CPU: IBF1 and IBF2. They are input
buffer full interrupts for input data registers IDR1 and IDR2 respectively. Each interrupt is
enabled when the corresponding enable bit is set (table 12-8).

Table 12-8 Input Buffer Full Interrupts

Interrupt Description
IBF1 Requested when IBFIE1 is set to 1 and IDR1 is full
IBF2 Requested when IBFIE2 is set to 1 and IDR2 is full

12.42 HIRQq; HIRQ1, and HIRQ1,

In slave mode (when HIE = 1 in SYSCR), three bits in the port 4 data register (P4DR) can be us
as host interrupt request latches.

These three P4DR bits are cleared to 0 by the host processor’s readi®Bhalf CS; and HA

are low, wherOR goes low and the host reads ODR1, HiR@d HIRQ are cleared to 0. If

CS, and HA, are low, wherdOR goes low and the host reads ODR2, H{R® cleared to 0. To
generate a host interrupt request, normally on-chip software writes 1 to the corresponding bit. In
processing the interrupt, the host’s interrupt-handling routine reads the output data register (OD
or ODR?2), and this clears the host interrupt latch to 0.

Table 12-9 indicates how these bits are set and cleared. Figure 12-3 shows the processing in
flowchart form.

Table 12-9 Host Interrupt Set/Clear Conditions

Host Interrupt

Signal Setting Condition Clearing Condition

HIRQ1 (P43) Slave CPU reads 0 from P4DR bit 3, Slave CPU writes 0 in P4DR bit 3, or
then writes 1 host reads output data register 2

HIRQ1 (P4,) Slave CPU reads 0 from P4DR bit 4, Slave CPU writes 0 in PADR bit 4, or
then writes 1 host reads output data register 1

HIRQ1, (P4s) Slave CPU reads 0 from P4DR bit 5, Slave CPU writes 0 in P4DR bit 5,
then writes 1 orhost reads output data register 1
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Slave CPU Master CPU

5

Write to ODR |

S B |

| Write 1 to P4DR HIRQ output high %% Interrupt initiation

i HIRQ output low %—| ODR read

P4DR = 0?

All bytes
transferred?

Q Software operations

Figure 12-3 HIRQ Output Flowchart

12.5 Application Note

The host interface provides buffering of asynchronous data from the host and slave processors, |
an interface protocol must be followed to implement necessary functions and avoid data
contention. For example, if the host and slave processors try to access the same input or output
data register simultaneously, the data will be corrupted. Interrupts can be used to design a simpls
and effective protocol.
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Section 13 RAM

13.1 Overview

The H8/3502 have 512 bytes. The on-chip RAM is connected to the CPU by a 16-bit data bus.
Both byte and word access to the on-chip RAM are performed in two states, enabling rapid data

transfer and instruction execution.
The on-chip RAM occupies addresses H'FD80 to H'FF7F in the chip's address space. The RAV

enable bit (RAME) in the system control register (SYSCR) can enable or disable the on-chip
RAM.

13.2 Block Diagram

Figure 13-1 is a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

) )

Internal data bus (lower 8 bits)

H'FD80 H'FD81
H'FD82 H'FD83

V

On-chip RAM

HFF7E HFF7F

Even addresses  Odd addresses

Figure 13-1 Block Diagram of On-Chip RAM
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13.3 RAM Enable Bit (RAME)

The on-chip RAM is enabled or disabled by the RAME (RAM Enable) bit in the system control
register (SYSCR). Table 13-1 lists information about the system control register.

Table 13-1 System Control Register

Name Abbreviation R/W Initial value Address
System control register SYSCR R/W H'09 H'FFC4
Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ XRST ‘NMIEG‘ HIE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R R/W R/W R/W

The only bit in the system control register that concerns the on-chip RAM is the RAME bit. See
section 3.2, System Control Register for the other bits.

Bit 0—RAM Enable (RAME): This bit enables or disables the on-chip RAM.

The RAME bit is initialized to 1 on the rising edge of RIS signal, so a reset enables the on-
chip RAM. The RAME bit is not initialized in the software standby mode.

Bit 7

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

13.4 Operation

13.4.1 Expanded Modes (Modes 1 and 2)

If the RAME bit is set to 1, accesses to addresses H'FD80 to H'FF7F are directed to the on-chip
RAM. If the RAME bit is cleared to 0, accesses to these addresses are directed to the external d:
bus.

13.4.2 Single-Chip Mode (Mode 3)

If the RAME bit is set to 1, accesses to addresses H'FD80 to H'FF7F are directed to the on-chip
RAM. If the RAME bit is cleared to 0, the on-chip RAM cannot be accessed. Attempted write
access has no effect. Attempted read access always results in H'FF data being read.

Note: Initial RAM data are unknown.
Be sure to initialize when use them as control bits.
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Section 14 ROM

14.1 Overview

The H8/3502 has 16 kbytes of high-speed, on-chip ROM. The on-chip ROM is connected to the
CPU via a 16-bit data bus. Both byte data and word data are accessed in two states, enabling r:
data transfer and instruction fetching.

Enabling or disabling of the on-chip ROM is determined by the inputs at the mode pins (MD1 an
MDO) as shown in table 14-1.

Table 14-1 On-Chip ROM Usage in Each MCU Mode

Mode Pins
Mode MD, MDg On-Chip ROM
Mode 1 (expanded mode) 0 1 Disabled (external addresses)
Mode 2 (expanded mode) 1 0 Enabled
Mode 3 (single-chip mode) 1 1 Enabled
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14.1.1 Block Diagram

Figure 14-1 is a block diagram of the on-chip ROM.

Internal data bus (upper 8 bhits)

Al

Internal data bus (lower 8 bits)

H'0000 H'0001
H'0002 H'0003
/\
— =
On-chip ROM
H'3FFE H'3FFF

Even addresses  Odd addresses

Figure 14-1 Block Diagram of On-Chip ROM
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Section 15 Power-Down State

15.1 Overview

The H8/3502 has a sleep mode that reduces power consumption by stopping CPU functions.
Although two standby modes can be set in addition to sleep mode, use of the standby modes is
recommended since a guaranteed value is not set for current dissipation in these modes.

1. Sleep mode
2. Software standby mode
3. Hardware standby mode

Table 15-1 lists the conditions for entering and leaving the power-down modes. It also indicates
the status of the CPU, on-chip supporting modules, etc., in each power-down mode.

Table 15-1 Power-Down State

Entering CPU Sup. /0 Exiting
Mode Procedure Clock CPU Reg’s. Mod.* RAM  Ports Methods
Sleep Execute Run Halt Held Run Held Held * Interrupt
mode SLEEP + RES
instruction » STBY
Software  Set SSBY bit  Halt Halt Held Haltand Held Held o NMI
standby  in SYSCR to initialized + IRQy-IRQ;
mode 1, then * KEYINg—
execute KEYIN;
SLEEP + STBY
instruction + RES
Hardware Set STBY pin Halt Halt  Not Halt and Held High » STBY high,
standby  to low level held initialized impe- then RES
mode dance low - high
state

Notes: 1. SYSCR: System control register
2. SSBY: Software standby bit
* On-chip supporting modules.
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15.1.1 System Control Register (SYSCR)

Bits 7 to 4 of the system control register (SYSCR) concern the power-down state. Specifically,
they concern the software standby mode.

Table 15-2 lists the attributes of the system control register.

Table 15-2 System Control Register

Name Abbreviation R/W Initial Value Address
System control register SYSCR R/W H'09 H'FFC4
Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ XRST ‘ NMIEG ‘ HIE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R R/W R/W R/W

Bit 7—Software Standby (SSBY):This bit enables or disables the transition to the software
standby mode.

On recovery from the software standby mode by an external interrupt SSBY remains setto 1. To
clear this bit, software must write a 0.

Bit 7

SSBY Description

0 The SLEEP instruction causes a transition to the sleep mode (Initial value)
1 The SLEEP instruction causes a transition to the software standby mode

Bits 6 to 4—Standby Timer Select 2 to 0 (STS2 to STSO)hese bits select the clock settling

time when the chip recovers from the software standby mode by means of an external interrupt.
During the selected time, the clock oscillator runs but clock pulses are not supplied to the CPU ol
the on-chip supporting modules. Refer to table 15-3 to select an appropriate settling time for the
operating frequency.
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Bit 6 Bit 5 Bit 4

STS2 STS1 STSO Description

0 0 0 Settling time = 8192 states (Initial value)
0 0 1 Settling time = 16384 states

0 1 0 Settling time = 32768 states

0 1 1 Settling time = 65536 states

1 0 — Settling time = 131072 states

1 1 — Use prohibited

15.2 Sleep Mode

15.2.1 Transition to Sleep Mode

When the SSBY bit in the system control register is cleared to 0, execution of the SLEEP
instruction causes a transition from the program execution state to the sleep mode. After execut
the SLEEP instruction, the CPU halts, but the contents of its internal registers remain unchange
The on-chip supporting modules continue to operate normally.

15.2.2 Exit from Sleep Mode

The chip wakes up from the sleep mode when it receives an internal or external interrupt reques
or a low input at th&®ES or STBY pin.

(1) Wake-Up by Interrupt: An interrupt releases the sleep mode and starts the CPU’s interrupt-
handling sequence.

If an interrupt from an on-chip supporting module is disabled by the corresponding enable/disab
bit in the module’s control register, the interrupt cannot be requested, so it cannot wake the chip
up. Similarly, the CPU cannot be awoken by an interrupt other than NMI if the | (interrupt mask)
bit in CCR (the condition code register) is set when the SLEEP instruction is executed.

(2) Wake-Up byRES pin: When theRES pin goes low, the chip exits from the sleep mode to the
reset state.

(3) Wake-Up by STBY pin: When theSTBY pin goes low, the chip exits from the sleep mode to
the hardware standby mode.
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15.3 Software Standby Mode

15.3.1 Transition to Software Standby Mode

To enter software standby mode, set the standby bit (SSBY) in the system control register
(SYSCR) to 1, then execute the SLEEP instruction.

In software standby mode, the system clock stops and chip functions halt, including both CPU
functions and the functions of the on-chip supporting modules. The on-chip supporting modules
and their registers are reset to their initial states, but as long as a minimum necessary voltage
supply is maintained, the contents of the CPU registers and on-chip RAM remain unchanged.

15.3.2 Exit from Software Standby Mode

The chip can be brought out of the software standby mode by an input at one of the following
pins:NMI, IRQq, toIRQ», KEYINg to KEYIN7, RES, orSTBY.

(1) Recovery by External Interrupt: When an NMI, IR@, IRQ, IRQ, or key-sense interrupt
(IRQg) request signal is received, the clock oscillator begins operating. After the waiting time set
in the system control register (bits STS2 to STSO0), clock pulses are supplied to the CPU and on-
chip supporting modules. The CPU executes the interrupt-handling sequence for the requested
interrupt, then returns to the instruction after the SLEEP instruction.

See Section 15.1.1, System Control Register, for information about the STS bits.

(2) Recovery byRES Pin: When theRES pin goes low, the clock oscillator starts. Next, when
theRES pin goes high, the CPU begins executing the reset sequence.

TheRES pin must be held low long enough for the clock to stabilize.

(3) Recovery bySTBY Pin: When theSTBY pin goes low, the chip exits from the software
standby mode to the hardware standby mode.

15.3.3 Clock Settling Time for Exit from Software Standby Mode
Set bits STS2 to STSO in SYSCR as follows:
» Crystal oscillator

Set STS2 to STSO for a settling time of at least 8 ms. Table 15-3 lists the settling times selecte
by these bits at several clock frequencies.
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« External clock

The STS bits can be set to any value. Normally, the minimum time (STS2 = STS1 = STS0 =
is recommended.

Table 15-3 Times Set by Standby Timer Select Bits (Unit: ms)

Settling Time System Clock Frequency (MHz)
STS2  STS1  STSO (States) 10 8 6 4
0 0 0 8,192 0.8 1.0 1.4 2.0
0 0 1 16,384 1.6 2.0 2.7 4.1
0 1 0 32,768 3.3 4.1 5.5 8.2
0 1 1 65,536 6.6 8.2 10.9 16.4
1 0 0 131,072 13.1 16.4 21.8 32.8

Notes: 1. All times are in milliseconds.
2. Recommended values are printed in boldface.

RENESAS a5



15.3.4 Sample Application of Software Standby Mode

In this example the chip enters the software standby modeMMeémoes low and exits when
NMI goes high, as shown in figure 15-1.

The NMI edge bit (NMIEG) in the system control register is originally cleared to 0, selecting the
falling edge. WhemNMI goes low, th&MI interrupt handling routine sets NMIEG to 1 (selecting
the rising edge), sets SSBY to 1, then executes the SLEEP instruction. The chip enters the
software standby mode. It recovers from the software standby mode on the next rising edge of
NMI.

oseitecor LTI aiIInmn

" NEREREEREE Ui
Wi ]

NMIEG |

SSBY | :

NMI interrupt Software standby  Settling time NMI interrupt

handler mode (power- handler
NMIEG = 1 down state)
SSBY =1

SLEEP

Figure 15-1 Software Standby Mode NMI Timing (Example)

15.3.5 Note on Current Dissipation

The 1/O ports remain in their current states in software standby mode. If a port is in the high outp
state, it continues to dissipate power in proportion to the output current.
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15.4 Hardware Standby Mode

15.4.1 Transition to Hardware Standby Mode

Regardless of its current state, the chip enters the hardware standby mode whe S&REY thim
goes low.

In hardware standby mode, the functions of the CPU and all on-chip supporting modules are
halted. The on-chip supporting modules are placed in the reset state, but on-chip RAM data is
retained provided the minimum necessary voltage is supplied. I/O ports go to the high-impedant
state.

Notes: 1. The RAME bit in the system control register should be cleared to 0 befSiBfie
pin goes low, to disable the on-chip RAM during the hardware standby mode.
2. Do not change the inputs at the mode pins {MIDg) during hardware standby
mode. Be particularly careful not to let both mode pins go low in hardware standby
mode, since that places the chip in PROM mode and increases current drain.

15.4.2 Recovery from Hardware Standby Mode
Recovery from the hardware standby mode requires inputs at b&hBheandRES pins.

When theSTBY pin goes high the clock oscillator begins running. KBS pin should be low at

this time and should be held low long enough for the clock to stabilize. WhBik$hein changes
from low to high, the reset sequence is executed and the chip returns to the program execution
state.
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15.4.3 Timing Relationships
Figure 15-2 shows the timing relationships in the hardware standby mode.

In the sequence shown, fiBRES goes low, the8TBY goes low, at which point the chip enters
the hardware standby mode. To recover, 88Y goes high, then after the clock settling time,
RES goes high.

Clock pulse
generator (0
RES
(
) :
STBY
( !
) i i
-
' Clock settlingf
time |
-
' Restart

Figure 15-2 Hardware Standby Mode Timing
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Section 16 Electrical Specifications

16.1 Absolute Maximum Ratings
Table 16-1 lists the absolute maximum ratings.

Table 16-1 Absolute Maximum Ratings

Item Symbol Rating Unit
Supply voltage Vee -0.3t0 +7.0 \%
Input voltage Vin -0.3t0 Ve +0.3 \Y,
Operating temperature Topr —20to +75 °C
Storage temperature Tetg -551t0 +125 °C

Note: Exceeding the absolute maximum ratings shown in table 16-1 can permanently damage the
chip.

16.2 Electrical Characteristics

16.2.1 DC Characteristics

DC characteristics are shown in table 16-2, and allowable current output values in table 16-3.
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Table 16-2 DC Characteristics — Preliminary —

Conditions: \ec = 5.0 V £10%, \4s= 0V, Ta = —20°C to +75°C

Test
Item Symbol Min Typ Max Unit  Conditions
Schmitt P74, 1) Vv 1.0 — — \Y
trigger P75 to P72
input FTCI, FTI,
voltage TMRIg,
TMRIy, o — — Vee 0.7
TMCl,
TMCly,
KEYIN- to
KEYIN, Vit-Vy~ 04 - =
mz to mo
Input hlgh RES, STBY, (2) VlH VCC -07 — VCC +03 V
voltage MD4, MDg,
EXTAL, NMI
All input pins other 2.0 — Vee +0.3
than (1) and (2)
above
Inputlow RES, STBY, (3) Vi -0.3 — 0.5 \%
voltage MD4, MDy
All input pins other -0.3 — 0.8
than (1) and (3)
above
Output All OUtpUt pinS VOH VCC -05 — — Vv lOH =-200 IJA
high B —
voltage 3.5 — — lop =-1.0 mA
Output low All output pins VoL — — 0.4 \% lo. =1.6 mA
voltage -
P1; to P1g, — — 1.0 loL =10.0 mA
P27 to P20,
P37 to P30

270 "RENESAS



Table 16-2 DC Characteristics (cont) — Preliminary —

Conditions: Wec = 5.0 V +10%, \4s= 0V, Ta = —20°C to +75°C

Test

Item Symbol Min Typ Max Unit  Conditions
Input RES [ lin | — — 10.0 MA  Vin=0.5Vto
leakage @——— —— Vcc—-05V
current STBY, NMI, — — 1.0

MD4, MDg
Leakage Portslto?7 [ lrs1 | — — 1.0 MA  Vin=05Vto
current in Vec—-05V
three-state
(off state)
Input pull- Ports 1to 3 —lp 30 — 250 PA  Vin=0V
“pr:v'gts P75 to P7,, 60 — 500
curre P63 to P6,
Input RES 4) G, — — 60 pF  Vin=0V,
capaci- - f=1 MHz,
tance NMI - - S0 Ta=25°C

P75 t0 P7q — — 20

All input pins other — — 15

than (4)
Current Normal operation lcc — 23 40 mA f=10 MHz
dissipa- -
tion*1 Sleep mode — 15 25 f=10 MHz

Notes: 1. Value when V|4 min = Vee — 0.5V, V| max = 0.5V, all output pins are unloaded, and
input MOS pull-ups are off.

2. P77 and P75to P7y do not include HAg, IOW, CS4, and WAIT.
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Table 16-3 Allowable Output Current Values — Preliminary —

Conditions: & c=45V1t055V, =0V, Ta=-20°C to +75°C

Item Symbol Min Typ Max Unit
Allowable output low Ports 1, 2 and 3 loL — — 10 mA
current (per pin) Other output pins — — 2
Allowable output low Ports 1, 2 and 3 oL — — 80 mA
current (total) total

Total of all output — — 120
Allowable output high All output pins —lon — — 2 mA
current (per pin)
Allowable output high Total of all output >—lon — — 40 mA

current (total)

Note: To avoid degrading the reliability of the chip, be careful not to exceed the output current
values in table 16-3. In particular, when driving a Darlington transistor or LED direrctly,
be sure to insert a current-limiting resistor in the output path. See figures 16-1 and 16-2.

H8/3502

Port

Darlington 777
transistor

Figure 16-1 Example of Circuit for Driving a Darlington Transistor
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H8/3502

Ports 1,2 or 3

LED

Figure 16-2 Example of Circuit for Driving an LED

16.2.2 AC Characteristics
The AC characteristics are listed in five tables. Bus timing parameters are given in table 16-4,

control signal timing parameters in table 16-5, timing parameters of the on-chip supporting
modules in table 16-6, External Clock Output Settling Delay Time in table 16-7.
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Table 16-4 Bus Timing — Preliminary —

Condition: Vgc=4.5V 1055V, \¥s=0V, g =4.0 MHz to maximum operating frequency,
Ta =-20°C to +75°C

10 MHz
Item Symbol Min Max Unit Test Conditions
Clock cycle time teye 100 250 ns Fig. 16-4
Clock pulse width low tcL 35 —
Clock pulse width high tcH 35 —
Clock rise time ter — 15
Clock fall time ter — 15
Address delay time taD — 50
Address hold time taH 20 —
Address strobe delay time tasD — 40
Write strobe delay time twsp — 50
Strobe delay time tsp — 50
Write strobe pulse width* twsw 120 —
Address setup time 1* tas1 15 —
Address setup time 2* tas2 65 —
Read data setup time trRDS 35 —
Read data hold time* tRDH 0 —
Read data access time* tacc — 170
Write data delay time twob — 75
Write data setup time twps 5 —
Write data hold time twpH 20 —
Wait setup time twrs 40 — Fig. 16-5
Wait hold time twrH 10 —

Note: * Values at maximum operating frequency
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Table 16-5 Control Signal Timing — Preliminary —

Condition: Vcc=4.5V 1055V, \¥s=0V, g =4.0 MHz to maximum operating frequency,
Ta =-20°C to +75°C

10 MHz
Item Symbol Min Max Unit Test Conditions
RES setup time trESS 200 — ns Fig. 16-6
RES pulse width tRESW 10 — teye
NMI setup time tnmis 150 — ns Fig. 16-7
(NMI, TRQq to IRQ,, IRQg)
NMI hold time tNMIH 10 —
(NMI, TRQq to IRQ,, IRQg)
Interrupt pulse width for tNMIW 200 —
recovery from software
standby mode
(NMI, TRQq to IRQ,, IRQg)
Crystal oscillator settling tosc1 20 — ms Fig. 16-8
time (reset)
Crystal oscillator settling tosc2 8 — Fig. 16-9

time (software standby)

Measurement Conditions for AC Characteristics

5V
RL
C= 90pF: P1, P2, P3, P4g, P6, P7
LS| output pin 30 pF: P4 (except P4g), P5
R = 2.4kQ
Ry = 12 kQ
c Ru

Input/output timing measurement levels
Low: 0.8 V
High: 2.0 V

Figure 16-3 Test Conditions for AC Characteristics
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Table 16-6  Timing Conditions of On-Chip Supporting Modules — Preliminary —

Condition: Vgc=4.5V 1055V, \¥s=0V, g =4.0 MHz to maximum operating frequency,
Ta =-20°C to +75°C

10 MHz
Item Symbol Min Max Unit Test Conditions
FRT  Timer output delay time  trrop — 100 ns Fig. 16-10
Timer input setup time teTis 50 —
Timer clock input setup trrcs 50 — Fig. 16-11
time
Timer clock pulse width trrewH 15 — teye
tETewL
TMR Timer output delay time  ttmop — 100 ns Fig. 16-12
Timer reset input setup tTMRS 50 — Fig. 16-14
time
Timer clock input setup trmes 50 — Fig. 16-13
time
Timer clock pulse width  ttmcwH 15 — teye
(single edge) trmewL
Timer clock pulse width 25 —
(both edges)
SCI  Input clock cycle (Async) tscyc 4 — teye Fig. 16-15
(Sync) 6 —
Transmit data delay time  ttxp — 100 ns
(Sync)
Receive data setup time  trxs 100 —
(Sync)
Receive data hold time tRXH 100 —
(Sync)
Input clock pulse width tsckw 0.4 0.6 tseye Fig. 16-16

276 RENESAS



Table 16-6  Timing Conditions of On-Chip Supporting Modules (cont) — Preliminary —

Condition: Vcc=4.5V 1055V, \¥s=0V, g =4.0 MHz to maximum operating frequency,

Ta=-20°C to +75°C

10 MHz
Item Symbol  Min Max Unit  Test Conditions
PORT Output data delay tpwp — 100 ns Fig. 16-17
time
Input data setup tprs 50 —
time
Input data hold time  tprH 50 —
HIF read cycle CS/HAg setup time  thHAR 10 — ns Fig. 16-18
CS/HA, hold time tHrA 10 —
10R pulse width tHrPW 120 —
HDB delay time tHrRD — 100
HDB hold time tHRE 0 25
HIRQ delay time tHIRQ — 120
HIF write cycle  CS/HA, setup time  thaw 10 — ns Fig. 16-19
CS/HA hold time thwa 10 —
1OW pulse width thwpw 60 —
HDB setup time tHpw 30 —
HDB hold time thwo 15 —
GA,g delay time tHeA — 920
Table 16-7  External Clock Output Settling Delay Time — Preliminary —
Conditions: \kc=4.5Vt05.5V, 4s=0V, Ta=-20°C to +75°C
Item Symbol Min Max Unit Notes
External clock output  tpext* 500 — ps Figure 16-20

settling delay time

Note: * tpext includes a 10 ty,c RES pulse width (tresw)-
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16.3 MCU Operational Timing

This section provides the following timing charts:

16.3.1 Bus Timing Figures 16-4 and 16-5
16.3.2 Control Signal Timing Figures 16-6 to 16-9
16.3.3 16-Bit Free-Running Timer Timing Figures 16-10 and 16-11
16.3.4 8-Bit Timer Timing Figures 16-12 to 16-14
16.3.5 Serial Communication Interface Timing Figures 16-15 and 16-16
16.3.6 1/O Port Timing Figure 16-17

16.3.7 Host Interface Timing Figure 16-18 and 16-19
16.3.8 External Clock Ouptput Timing Figure 16-20
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16.3.1 Bus Timing

(1) Basic Bus Cycle (without Wait States) in Expanded Modes

<7T14><7T24>47T34>
- tcyc -
ten teL
s 'l v r—\ |
° \ 7ZL—\— XV— -
— - ¢tcf —| <7tCI’
taD
A1st0 Ag :Xf :K
lasp tsp
tast taH
T I
AS, RD /
5 ,
tacc __Ros tROH
D7 to DO - X
(read) twsd x +
| tSD
taso ‘ twsw -~ fay
—_— /
WR {Y J
twop  twps twoH
D7 to Do s \
(write) b i

Figure 16-4 Basic Bus Cycle (without Wait States) in Expanded Modes
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(2) Basic Bus Cycle (with 1 Wait State) in Expanded Modes

T, Ty T3 T4
D D A S S A W
A15 to AO >< X
AS, RD \ /
v .
(read)
WR \ /
D7 to DO
(wite) ———— —
tyrs ] [ WTH ST ‘F twrH

WAIT

A

/

r

il

Figure 16-5 Basic Bus Cycle (with 1 Wait State) in Expanded Modes
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16.3.2 Control Signal Timing

(1) Reset Input Timing

trRESS trESS
R |
RES 7 2 T
N (C b
tRESW

Figure 16-6 Reset Input Timing

(2) Interrupt Input Timing

e _\I&m
tmis | [INmIH

- / Ay

NMI, IRQg X 7}<
tmis

- /

IRQ_ X

Note: i=0to 2, 6; IRQg: IRQ; when edge-sensed; IRQ, : IRQ; when level-sensed

tmiw

NMI, RO, XL AK

Figure 16-7 Interrupt Input Timing
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(3) Clock Settling Timing

o N NANNANNNN N\

oI ) )
Vee N

(( ((
o ) S
STBY \

—/ tosct 4 tosct
((

RES ] \

{( (( (

Figure 16-8 Clock Settling Timing

(4) Clock Settling Timing for Recovery from Software Standby Mode

((
55 r
o x
))
IRQ; 55 \
(i=0to2,6) r
tosc2

Figure 16-9 Clock Settling Timing for Recovery from Software Standby Mode
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16.3.3 16-Bit Free-Running Timer Timing

(1) Free-Running Timer Input/Output Timing

Free-running Com

pare-match ><
counter

FTOA, FTOB

FTI

Figure 16-10 Free-Running Timer Input/Output Timing

(2) External Clock Input Timing for Free-Running Timer

FTCI _\

trrowL

trrewH

Figure 16-11 External Clock Input Timing for Free-Running Timer
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16.3.4 8-Bit Timer Timing

(1) 8-Bit Timer Output Timing

’ VAN B W A W A W

Timer Compare-match ><
counter
trmop
/
TMO,, TMO, X

Figure 16-12 8-Bit Timer Output Timing

(2) 8-Bit Timer Clock Input Timing

“ AN U A W

trmes trmes

TMCly, 7\ 7 T

TMCl, L _

)
trmewL trmewH

Figure 16-13 8-Bit Timer Clock Input Timing
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(3) 8-Bit Timer Reset Input Timing

trvMrs

TMRI;, TMRIg ]

Timer counter N >< H'00

Figure 16-14 8-Bit Timer Reset Input Timing

16.3.5 Serial Communication Interface Timing

(1) SCI Input/Output Timing

tScyc
Serial clock 1—\—7 L—\ﬂ
SCK;, SCKy _/ [
trxp
Transmit data r
TxD4, TxDg X >< >< ><i
trxs || tRxH

Receive data >< XXXX AKXXX ><
RXDl, RXDO L |

Figure 16-15 SCI Input/Output Timing (Synchronous Mode)
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(2) SCI Input Clock Timing

tsckw

SCK;, SCKo T

S

tScyc

Figure 16-16 SCI Input Clock Timing

16.3.6 1/O Port Timing

T1 T2 T3
S o
tprs ||tPRH
Port 1 to port 7 r B!
(input) x 71

tewp

Port 1 to port 7*
(output)

Note: * Except P4g

Figure 16-17 1/O Port Input/Output Timing
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16.3.7 Host Interface Timing

(1) Host Interface Read Timing

CS/HAg ><
HAg i

tHaAR tHrPW tHrRA

R e |-~ gt -
IOR
N _RE |
tHrD
HDB- to HDBy Effective data D
tHIrRQ

HIRQ* N
(i=1,11,12)

Note: * Rising edge timing is the same as in port 4 output timing. Refer to figure 19-18.

Figure 16-18 Host Interface Read Timing

(2) Host Interface Write Timing

CS/HAg
HAq
thaw thwpw thwa
(- | —
IOW
thwp
tiow | ™
HDB> to HDB,
thea

GAy

Figure 16-19 Host Interface Write Timing
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16.3.8 External Clock Output Timing

Vee 4.5 V_/

SEa
2 {ntertaland il /AVAVAVAVAVAVAVAVAN

RES

tpexT”

Note: * tpexr includes a 10 teyc RES pulse width (tresw)-

Figure 16-20 External Clock Output Settling Delay Timing
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Appendix A Instruction Set

Al Instruction List

Operation Notation

Rd8/16 General register (destination) (8 or 16 bits)
Rs8/16 General register (source) (8 or 16 bits)
Rn8/16 General register (8 or 16 bits)
CCR Condition code register
N N (negative) flag in CCR
z Z (zero) flag in CCR
V (overflow) flag in CCR
C C (carry) flag in CCR
PC Program counter
SP Stack pointer
#xx:3/8/16 Immediate data (3, 8, or 16 bits)
d:8/16 Displacement (8 or 16 bits)
@aa:8/16 Absolute address (8 or 16 hits)
+ Addition
- Subtraction
X Multiplication
- Division
O AND logical
O OR logical
O Exclusive OR logical
- Move
— Not

Condition Code Notation

Modified according to the instruction result

Undetermined (unpredictable)

Always cleared to 0

Not affected by the instruction result
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Table A-1

Instruction Set

Addressing Mode/
Instruction Length (Bytes)

Condition Code

. 8 _ + i
Mnemonic 73} Operation il < ~ z
- © v 4 Y 1§ 5
2 = & e I|HIN|Z|V n
| D sl = G ) ks
7] 3 Sloll sl .
o 2ls ad [ © \@ o
O 2] Sl €l Z
MOV.B #xx:8, Rd B | #xx:8 — Rd8 2 ——1]1t]|0 2
MOV.B Rs, Rd B | Rs8 - Rd8 2 ——lilil0 2
MOV.B @Rs, Rd B| @Rs16 - Rd8 2 ——l il il0 4
MOV.B @(d:16, Rs), Rd | B| @(d:16, Rs16) -~ Rd8 4 —|—t] 1|0 6
MOV.B @Rs+, Rd B| @Rs16 - Rd8 2 —|—t] 1|0 6
Rs16+1 - Rs16
MOV.B @aa:8, Rd B| @aa:8 - Rd8 2 ——{ t| 2|0 4
MOV.B @aa:16, Rd B| @aa:16 - Rd8 4 —|—t] 1|0 6
MOV.B Rs, @Rd B|Rs8 . @Rd16 2 —|—t] 1|0 4
MOV.B Rs, @(d:16, Rd) | B| Rs8 - @(d:16, Rd16) 4 —— ¢t 1|0 6
MOV.B Rs, @-Rd B | Rd16-1 - Rd16 2 —|—t] 1|0 6
Rs8 - @Rd16
MOV.B Rs, @aa:8 B|Rs8 - @aa:8 2 ——{ t| 2|0 4
MOV.B Rs, @aa:16 B|Rs8 - @aa:16 4 —|—| |t 0 6
MOV.W #xx:16, Rd W| #xx:16 - Rd16 4 ——{ t| |0 4
MOV.W Rs, Rd W| Rsl16 - Rd16 2 —— ¢t 1|0 2
MOV.W @Rs, Rd W| @Rs16 - Rd16 2 —|— ¢t 1|0 4
MOV.W @(d:16, Rs), Rd | W| @(d:16, Rs16) - Rd16 4 —|—t] 1|0 6
MOV.W @Rs+, Rd W| @Rs16 - Rd16 2 —— t] 1|0 6
Rs16+2 - Rsl16
MOV.W @aa:16, Rd W| @aa:16 - Rd16 4 —|—t] 1|0 6
MOV.W Rs, @Rd W| Rs16 - @Rd16 2 ——t] 1|0 4
MOV.W Rs, @(d:16, Rd) | W|Rs16 - @(d:16, Rd16) 4 —— ¢t 1|0 6
MOV.W Rs, @-Rd W| Rd16-2 - Rd16 2 —|—t] 1|0 6
Rs16 - @Rd16
MOV.W Rs, @aa:16 W|Rsl6 - @aa:16 4 ——{ t]| 2|0 6
POP Rd W| @SP - Rd16 2 ——t] 1|0 6
SP+2 - SP
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Table A-1

Instruction Set (cont)

Addressing Mode/ Condition Cod
Instruction Length (Bytes) ondition t-ode
— — ‘ -
. N . + %)
Mnemonic 77} Operation il < ~ )
ke © xjx © Q E
c o < | I/HIN|Z|V|Cl®
] @ sl =) G ) 5
3] % S| Bl o4 1| BN .
S HEE EEE S 2
O lElS S]] 2
PUSH Rs W|SP-2 . SP 2 —|—|t]|t]0]|— 6
Rs16 - @SP
MOVFPE @aa:16, Rd B | Not supported
MOVTPE Rs, @aa:16 B | Not supported
ADD.B #xx:8, Rd B | Rd8+#xx:8 - Rd8 2 —| ]|t t] 2
ADD.B Rs, Rd B | Rd8+Rs8 - Rd8 2 —tl sttt 2
ADD.W Rs, Rd W| Rd16+Rs16 - Rd16 2 —@) st 2
ADDX.B #xx:8, Rd B | Rd8+#xx:8+C — Rd8 2 — ] t(2) ] 2] 2
ADDX.B Rs, Rd B | Rd8+Rs8+C - Rd8 2 — ] t(2) ] ]2
ADDS.W #1, Rd W/ Rd16+1 - Rd16 2 ——| == —]— 2
ADDS.W #2, Rd W/ Rd16+2 - Rd16 2 ——| == —|— 2
INC.B Rd B|Rd8+1 - Rd8 2 —| =ttt — 2
DAA.B Rd B | Rd8 decimal adjust - Rd8 2 —| * ]| *|@) 2
SUB.B Rs, Rd B | Rd8-Rs8 - Rd8 2 —t ]ttt 2
SUB.W Rs, Rd W| Rd16-Rs16 - Rd16 2 —@) st ]2
SUBX.B #xx:8, Rd B | Rd8—#xx:8-C — Rd8 2 — (2 ] 1] 2
SUBX.B Rs, Rd B | Rd8-Rs8-C - Rd8 2 — ] t(2) ] ]2
SUBS.W #1, Rd W|Rd16-1 - Rd16 2 ——| == —|— 2
SUBS.W #2, Rd W/ Rd16-2 - Rd16 2 ——| == —]— 2
DEC.B Rd B|Rd8-1 - Rd8 2 —| =]ttt — 2
DAS.B Rd B | Rd8 decimal adjust — Rd8 2 —| ] F— 2
NEG.B Rd B | 0-Rd8 - Rd8 2 —t ]ttt 2
CMP.B #xx:8, Rd B | Rd8—#xx:8 2 —| ]|t t] 2
CMP.B Rs, Rd B | Rd8-Rs8 2 —lt sttt 2
CMP.W Rs, Rd W| Rd16-Rs16 2 —@) st t] ]2
MULXU.B Rs, Rd B | Rd8 x Rs8 - Rd16 2 —|—|—|—|—|—|14
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Table A-1 Instruction Set (cont)
Addressing Mode/ Condition Cod
Instruction Length (Bytes) ondition Code
N s Y
Mnemonic (%) Operation ol G %
2 9 =1l 1o I|H|N|Z|V o
o DB S B B 5
8 § | é z DI: % E S o
o =] QS z
DIVXU.B Rs, Rd B | Rd16+Rs8 - Rd16 2 —|—[(8),(7)| —| —| 14
(RdH: remainder,
RdL: quotient)
AND.B #xx:8, Rd B | Rd8[#xx:8 -~ Rd8 2 —|—t] 1|0 2
AND.B Rs, Rd B | Rd8Rs8 - Rd8 2 —|— 1] 1] 0 2
OR.B #xx:8, Rd B | Rd8[#xx:8 - Rd8 2 —|—|t]| 1|0 2
OR.BRs, Rd B | Rd8Rs8 - Rd8 2 —|—| |10 2
XOR.B #xx:8, Rd B | Rd80#xx:8 - Rd8 2 —|— 1] 1] 0 2
XOR.B Rs, Rd B | Rd8Rs8 - Rd8 2 —|—|t]| 1|0 2
NOT.B Rd B 2 —|—t] 1|0 2
SHAL.B Rd B 2 ——] 1]t 2
SHAR.B Rd B lIIIIIIII I 2 ——1]¢t0 2
SHLL.B Rd B I IIIIIIII 0 2 ——1]t|0 2
b7 bo
SHLR.B Rd B| o IIIIIIII 2 ——o|:| 0 2
b,
ROTXL.B Rd B I IIIIIIII 2 ——t|t]o0 2
ROTXR.B Rd B MH 2 —|—|+|1|o0] ]2
ROTL.B Rd B I IIIIIIII 2 ——t|t]o0 2
b7 bo
ROTR.B Rd B IIIIIIII 2 ——t|t]o0 2
b, bo
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Table A-1 Instruction Set (cont)
Addressing Mode/ Condition Cod
Instruction Length (Bytes) ondifion -ode
° — -
. N . + )
Mnemonic (%) Operation nC: é ® %
E g slelgl= I HINZV |5
g 3 “l2l2|=] & E
8 X gzl sz g
o e lsle 2
e kS 1°]
BSET #xx:3, Rd B | (#xx:30f Rd8) ~ 1 2 ——| === 2
BSET #xx:3, @Rd B | (#xx:3 of @Rd16) ~ 1 4 ——|—|—|—|—| 8
BSET #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 1 4 ——|—|—|—|—| 8
BSET Rn, Rd B|(Rn8 of Rd8) ~ 1 2 ——| = =] ——] 2
BSET Rn, @Rd B | (Rn8 of @Rd16) ~ 1 4 ——| —| —| —|—| 8
BSET Rn, @aa:8 B | (Rn8 of @aa:8) ~ 1 4 | —]——] 8
BCLR #xx:3, Rd B | (#xx:3 0of Rd8) ~ 0 2 ——| === 2
BCLR #xx:3, @Rd B | (#xx:3 of @Rd16) ~ 0 4 ——|—|—|—|—| 8
BCLR #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 0 4 ——|—|—|—|—| 8
BCLR Rn, Rd B | (Rn8 of Rd8) —~ 0 2 ——| = =] ——] 2
BCLR Rn, @Rd B | (Rn8 of @Rd16) ~ O 4 ——| —| —| —|—| 8
BCLR Rn, @aa:8 B | (Rn8 of @aa:8) — 0 4 | —]——] 8
BNOT #xx:3, Rd B | (#xx:3 of Rd8) ~ 2 — === —|— 2
(#xx:3 of Rd8)
BNOT #xx:3, @Rd B | (#xx:3 of @Rd16) —~ 4 ——|—|—|—|—| 8
(#xx:3 of @Rd16)
BNOT #xx:3, @aa:8 B | (#xx:3 of @aa:8) 4 ——|—|—|—|—| 8
(#xx:3 of @aa:8)
BNOT Rn, Rd B| (Rn8 of Rd8) 2 — == —]— 2
(Rn8 of Rd8)
BNOT Rn, @Rd B | (Rn8 of @Rd16) 4 ——| —|—|—|—| 8
(Rn8 of @Rd16)
BNOT Rn, @aa:8 B | (Rn8 of @aa:8) 4 —)—| —|—| —|—| 8
(Rn8 of @aa:8)
BTST #xx:3, Rd B | (#xx:3 of Rd8) - Z 2 —|——] | ——] 2
BTST #xx:3, @Rd B | (#xx:3 of @Rd16) - Z 4 —|—|—] t|—|—| 6
BTST #xx:3, @aa:8 B | (#xx:3 of @aa:8) - Z 4 —|—|—] t|—|—| 6
BTST Rn, Rd B|(Rn8of Rd8) - Z 2 — = 1| ——] 2
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Table A-1

Instruction Set (cont)

Addressing Mode/
Instruction Length (Bytes)

Condition Code

. S _ + %
Mnemonic (%) Operation cfl < ~ 2
° © 13| 14 Py 1S S
5 o sl I|HIN|Z|V )
g ® “N212l= & 5
2 X gzl sz '
o e slsle 2

1 kS 1°]
BTST Rn, @Rd B| (Rn8 of @Rd16) - Z 4 ——]—] | = 6
BTST Rn, @aa:8 B | (Rn8 of @aa:8) - Z ——|—] t|— 6
BLD #xx:3, Rd B| (#xx:3 of Rd8) — C 2 — === — 2
BLD #xx:3, @Rd B | (#xx:3 of @Rd16) - C 4 — — = =] — 6
BLD #xx:3, @aa:8 B | (#xx:3 of @aa:8) - C 4 — | = —— 6
BILD #xx:3, Rd B | (#xx:30of Rd8) - C 2 ——| = —— 2
BILD #xx:3, @Rd B | (#xx:3 of @Rd16) —~ C 4 — === — 6
BILD #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ C 4 — === — 6
BST #xx:3, Rd B|C - (#xx:3 of Rd8) 2 ———|—|— 2
BST #xx:3, @Rd B|C - (#xx:3 of @Rd16) 4 — —| = =] — 8
BST #xx:3, @aa:8 B|C - (#xx:3 of @aa:8) 4 — === — 8
BIST #xx:3, Rd B|C - (#xx:3 of Rd8) 2 —) || —— 2
BIST #xx:3, @Rd B|C - (#xx:3 of @Rd16) 4 —) || —— 8
BIST #xx:3, @aa:8 B|C - (#xx:3 of @aa:8) 4 — === — 8
BAND #xx:3, Rd B | CO#xx:3 0of Rd8) - C 2 — | =] —]— 2
BAND #xx:3, @Rd B | CO#xx:3 of @Rd16) — C 4 ——|——— 6
BAND #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 — | = —— 6
BIAND #xx:3, Rd B | CO(#xx:3 of Rd8) - C 2 ——| = —— 2
BIAND #xx:3, @Rd B | CO(#xx:3 of @Rd16) —~ C 4 — == —|— 6
BIAND #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) ~ C 4 ——| = —— 6
BOR #xx:3, Rd B | CO#xx:3 of Rd8) —» C 2 — ——|—|— 2
BOR #xx:3, @Rd B | CO#xx:3 of @Rd16) -~ C 4 ——|——— 6
BOR #xx:3, @aa:8 B | CO#xx:3 of @aa:8) -~ C 4 ——| = —— 6
BIOR #xx:3, Rd B | CO(#xx:3 of Rd8) - C 2 ——| = —— 2
BIOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) —~ C 4 — == —|— 6
BIOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) -~ C 4 ————|— 6
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Table A-1 Instruction Set (cont)
o ti Addressing Mode/ Condition Cod
peration Instruction Length (Bytes) ondifion -ode
. IS . %
Mnemonic n h el G %
= Branching | o gl LHIN|Z V| c]|&
o Condition & Sl =Nl g s
g HBEEERHEE :
© i I S ols| 2
BXOR #xx:3, Rd B | CO(#xx:3 of Rd8) -~ C 2 —|——|—|— t| 2
BXOR #xx:3, @Rd B | CO#xx:3 of @Rd16) -~ C 4 —|—|—|—|—| 1| 6
BXOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) -~ C 4 ——|—|—|—| t| 6
BIXOR #xx:3, Rd B | CO(#xx:3 of Rd8) —» C 2 ——|——]— 1| 2
BIXOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) - C 4 ——|—|—|—| t| 6
BIXOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) - C 4 —|—|—|—|—| t| 6
BRA d:8 (BT d:8) —|PC « PC+d:8 2 ——|—|—|——| 4
BRN d:8 (BF d:8) —|PC — PC+2 2 =4
BHI d:8 —|If cOz=0 2 N P R R R P
condition
BLS d:8 —|is true coz=1 2 — || —|—|—| 4
then
BCC d:8 (BHS d:8) —lpC . Cc=0 2 — = — —|—] 4
BCS d:8 (BLO d:8) _|PC+d8 oy 2 N O I I DA
else next;
BNE d:8 — Z=0 2 —)—| —|——|—| 4
BEQ d:8 — zZ=1 2 — == —|—|—| 4
BVC d:8 — V=0 2 —)—| —|——|—| 4
BVS d:8 — V=1 2 —)—| —|——|—| 4
BPL d:8 — N=0 2 —)—| —|——|—| 4
BMI d:8 — N=1 2 —)—| —|——|—| 4
BGE d:8 — NOV =0 2 —)—| —|——|—| 4
BLT d:8 — NOV=1 2 — | ——|——] 4
BGT d:8 — ZONOV)=0 2 ——|—|—|—— 4
BLE d:8 — ZONNDV) =1 2 | — | —|—| 4
JMP @Rn —|PC ~ Rn16 2 — | ——|——] 4
JMP @aa:16 —| PC ~ aa:l6 4 | —| —| —| —|—| 6
IJMP @@aa:8 —| PC - @aa:8 2 |8
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Table A-1 Instruction Set (cont)
Addressing Mode/ Condition Cod
Instruction Length (Bytes) ondition -ode
. — : -
. N . + 4
Mnemonic (%) Operation cfl < ~ 2
= © o 8 3
c S slels I|HIN|Z| V| C|®
S @ |2l & 5
< ol © fo} A
8‘ i ¥ o | Bl B4 | S
4 kS Sl S| Z
BSR d:8 —| SP-2 - SP 2 e R e e 6
PC - @SP
PC ~ PC+d:8
JSR @Rn —| SP-2 - SP 2 ——| = — — 6
PC - @SP
PC —~ Rnl16
JSR @aa:16 —|SP-2 - SP 4 ——|—|—]— 8
PC - @SP
PC — aa:l6
JSR @@aa:8 —|SP-2 - SP 2 ——|——— 8
PC - @SP
PC - @aa:8
RTS —|PC « @SP 2| —|— —— —|— 8
SP+2 - SP
RTE —| CCR ~ @SP P28 I T 2 A 10
SP+2 - SP
PC - @SP
SP+2 - SP
SLEEP —| Transition to power-down 2| —|—|—|—|— 2
state
LDC #xx:8, CCR B |#xx:8 - CCR 2 2 T T N 2
LDC Rs, CCR B|Rs8 -~ CCR 2 E 2 I A 2
STC CCR, Rd B|CCR - Rd8 2 ——| = —| — 2
ANDC #xx:8, CCR B | CCR#xx:8 - CCR 2 2 T T N 2
ORC #xx:8, CCR B | CCR#xx:8 - CCR 2 o I T I 2
XORC #xx:8, CCR B | CCRO#xx:8 - CCR 2 F 2 A I 2
NOP —|PC « PC+2 2| —|—|—|—— — 2
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Table A-1 Instruction Set (cont)
Addressing Mode/ Condition Cod
Instruction Length (Bytes) ondifion -ode
. — ‘ -
. N . + @
Mnemonic (7] Operation DC: é ® =
2 S IS ] Lt IlHIN|Z|V|c|®
o @D sl =) G ) 5
o % sl slls .
8‘ Xl o Ny Bl B4 | g
x) ©l S| zZ
EEPMOV —| if R4L£0 4| —| —| —| —| —| —[(4)
Repeat @R5 -~ @R6
R5+1 - R5
R6+1 -~ R6
R4L-1 - R4L
Until R4L=0
else next;

Notes: The number of states is the number of states required for execution when the instruction
and its operands are located in on-chip memory.

()
)

®)
(4)
Q)
(6)
@)

Set to 1 when there is a carry or borrow from bit 11; otherwise cleared to 0.

If the result is zero, the previous value of the flag is retained: otherwise the flag is
cleared to 0.

Set to 1 if decimal adjustment produces a carry; otherwise cleared to 0.
The number of states required for execution is 4n + 8 (n = value of R4L).
These instructions are not supported by the H8/3502.

Set to 1 if the divisor is negative: otherwise cleared to 0.

Cleared to 0 if the divisor is not zero; set to 1 if the divisor is zero.
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A.2  Operation Code Map

Table A-2 is a map of the operation codes contained in the first byte of the instruction code (bits

15 to 8 of the first

instruction word).

Some pairs of instructions have identical first bytes. These instructions are differentiated by the
first bit of the second byte (bit 7 of the first instruction word).

FCaN

-

- 7

Instruction when first bit of byte 2 (bit 7 of first instruction word) is 0.
Instruction when first bit of byte 2 (bit 7 of first instruction word) is 1.
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Table A-2  Operation Code Map

‘Alanoadsal ‘'sOg pue ‘'004g ‘NYd ‘vdg 0} abenbue| aujyoew ul [eanuap| ae suononisul O pue ‘SHY ‘49 ‘19 9yl ‘2

"suononuIsul AOW 0} aBenbue| aulyoew Ul [2IRUSP] B8 SUORINIISUI dOd PUe HSNd dYL ‘T :S8ION

AOW 4
anv 3
HOX a
"o 5
xans g
Ao v
xaav 6
aav 8
gTlg _~[aNvig_~HOXia_~| g0
suononusul uonendiuew ng AOWd33 AOW L
Fm_m._m_ ANvE] HOXE] ~ ¥08| g1g | yios | long | 13sd
1AOW 9
1s8
use dINE ETRY ¥sa | s AXAId | XTI 5
318 198 | 118 398 | Ing 1d8 | saa ong | ©3g | 3aNg | 2.S08 | 2009 | s1a HE | zNug | zvug v
€
AOW
z
53N gI09 1109 _TavAs 7| vAS
sva | xans dND sans | o3a ans anv | Hox ¥o 1
10N X104 _~xLou| ~dIHS| ~THS
vwa | xaav AOW saav | oNI aav 201 | oanv | o¥ox | o¥o | oa1 o1s | d331s | doN 0
o) 6 ) 9 s € 0 uBH
4 3 a a v L v z T o3
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A.3 Number of States Required for Execution

The tables below can be used to calculate the number of states required for instruction execution
Table A-3 indicates the number of states required for each cycle (instruction fetch, branch addres
read, stack operation, byte data access, word data access, internal operation). Table A-4 indicate
the number of cycles of each type occurring in each instruction. The total number of states
required for execution of an instruction can be calculated from these two tables as follows:

Execution states = I x S|+ I X S;+ KX Sy +L xS + M xS + N xSy

Examples: Mode 1 (on-chip ROM disabled), stack located in external memory, 1 wait state
inserted in external memory access.

1. BSET #0, @FFC7
Fromtable A-4: 1=L=2, J=K=M=N=0
From table A-3: §=8, $=3
Number of states required for executionx & + 2x 3 =22

2. JSR@@30
Fromtable A-4: =2, J=K=1, L=M=N=0
From table A-3: = $§=% =8
Number of states required for executionx @ + 1x 8 + 1x 8 = 32

Table A-3 Number of States Taken by Each Cycle in Instruction Execution

. Access location
Execution Status

(Instruction Cycle) On-Chip Memory ~ On-Chip Reg. Field  External Memory
Instruction fetch S| 2 — 6 +2m

Branch address read  S;

Stack operation Sk

Byte data access SL 3 3+m
Word data access Sm 6 6 +2m
Internal operation SN 1 1 1

Note: m: Number of wait states inserted in access to external device.
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Table A-4 Number of Cycles in Each Instruction

Branch Byte Word
Instruction ~ Address  Stack Data Data Internal
Fetch Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
ADD ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W Rs, Rd
ADDS ADDS.W #1/2, Rd
ADDX ADDX.B #xx:8, Rd
ADDX.B Rs, Rd
AND AND.B #xx:8, Rd
AND.B Rs, Rd
ANDC ANDC #xx:8, CCR
BAND BAND #xx:3, Rd
BAND #xx:3, @Rd 1
BAND #xx:3, @aa:8 1
Bcc BRA d:8 (BT d:8)

BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

BLT d:8

BGT d:8

BLE d:8

NN N RN N NMNMNMNNMDNDMNRNDNDNDNDRNINDNDR|(RP[P PR P[RR P PR
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Table A-4 Number of Cycles in Each Instruction (cont)

Branch Byte Word
Instruction ~ Address Data Data Internal
Fetch Read Access Access Operation
Instruction Mnemonic | J L M N
BCLR BCLR #xx:3, Rd 1
BCLR #xx:3, @Rd 2 2
BCLR #xx:3, @aa:8 2 2
BCLR Rn, Rd 1
BCLR Rn, @Rd 2 2
BCLR Rn, @aa:8 2 2
BIAND BIAND #xx:3, Rd 1
BIAND #xx:3, @Rd 2 1
BIAND #xx:3, @aa:8 2 1
BILD BILD #xx:3, Rd 1
BILD #xx:3, @Rd 2 1
BILD #xx:3, @aa:8 2 1
BIOR BIOR #xx:3, Rd 1
BIOR #xx:3, @Rd 2 1
BIOR #xx:3, @aa:8 2 1
BIST BIST #xx:3, Rd 1
BIST #xx:3, @Rd 2 2
BIST #xx:3, @aa:8 2 2
BIXOR BIXOR #xx:3, Rd 1
BIXOR #xx:3, @Rd 2 1
BIXOR #xx:3, @aa:8 2 1
BLD BLD #xx:3, Rd 1
BLD #xx:3, @Rd 2 1
BLD #xx:3, @aa:8 2 1
BNOT BNOT #xx:3, Rd 1
BNOT #xx:3, @Rd 2 2
BNOT #xx:3, @aa:8 2 2
BNOT Rn, Rd 1
BNOT Rn, @Rd 2 2
BNOT Rn, @aa:8 2 2
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Table A-4 Number of Cycles in Each Instruction (cont)

Branch Byte Word
Instruction ~ Address  Stack Data Data Internal
Fetch Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BOR BOR #xx:3, Rd 1
BOR #xx:3, @Rd 2 1
BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1
BSET #xx:3, @Rd 2 2
BSET #xx:3, @aa:8 2 2
BSET Rn, Rd 1
BSET Rn, @Rd 2 2
BSET Rn, @aa:8 2 2
BSR BSR d:8 2 1
BST BST #xx:3, Rd 1
BST #xx:3, @Rd 2 2
BST #xx:3, @aa:8 2 2
BTST BTST #xx:3, Rd 1
BTST #xx:3, @Rd 2 1
BTST #xx:3, @aa:8 2 1
BTST Rn, Rd 1
BTST Rn, @Rd 2 1
BTST Rn, @aa:8 2 1
BXOR BXOR #xx:3, Rd 1
BXOR #xx:3, @Rd 2 1
BXOR #xx:3, @aa:8 2 1
CMP CMP.B #xx:8, Rd 1
CMP.B Rs, Rd 1
CMP.W Rs, Rd 1
DAA DAA.B Rd 1
DAS DAS.B Rd 1
DEC DEC.B Rd 1
DIVXU DIVXU.B Rs, Rd 1 12
EEPMOV EEPMOV 2 2n + 2* 1
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Table A-4 Number of Cycles in Each Instruction (cont)

Branch Byte Word
Instruction  Address  Stack Data Data Internal
Fetch Read Operation Access Access Operation
Instruction Mnemonic | J K L M N

INC INC.B Rd

JMP JMP @Rn
JMP @aa:16
JMP @@aa:8

JSR JSR @Rn
JSR @aa:16
JSR @@aa:8

LDC LDC #xx:8, CCR
LDC Rs, CCR

1
2
2
2
2
2
2
1
1
MOV MOV.B #xx:8, Rd 1
MOV.B Rs, Rd 1

MOV.B @Rs, Rd 1

MOV.B @(d:16,Rs), Rd 2

MOV.B @Rs+, Rd 1

MOV.B @aa:8, Rd 1

MOV.B @aa:16, Rd 2

MOV.B Rs, @Rd 1

MOV.B Rs, @(d:16, Rd) 2

MOV.B Rs, @-Rd 1

MOV.B Rs, @aa:8 1

MOV.B Rs, @aa:16 2

MOV.W #xx:16, Rd 2

MOV.W Rs, Rd 1

MOV.W @Rs, Rd 1

MOV.W @(d:16, Rs), Rd 2

MOV.W @Rs+, Rd 1

MOV.W @aa:16, Rd 2

MOV.W Rs, @Rd 1

MOV.W Rs, @(d:16, Rd) 2

MOV.W Rs, @-Rd 1

MOV.W Rs, @aa:16 2

R N N T = = = = =

N
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Table A-4 Number of Cycles in Each Instruction (cont)

Branch Byte Word
Instruction ~ Address  Stack Data Data Internal
Fetch Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
MOVFPE MOVFPE @aa:16, Rd Not
supported
MOVTPE MOVTPE Rs, @aa:16 Not
supported
MULXU MULXU.B Rs, Rd 1 12
NEG NEG.B Rd 1
NOP NOP 1
NOT NOT.B Rd 1
OR OR.B #xx:8, Rd 1
OR.B Rs, Rd 1
ORC ORC #xx:8, CCR 1
POP POP Rd 1 1 2
PUSH PUSH Rd 1 1 2
ROTL ROTL.B Rd 1
ROTR ROTR.B Rd 1
ROTXL ROTXL.B Rd 1
ROTXR ROTXR.B Rd 1
RTE RTE 2 2 2
RTS RTS 2 1 2
SHAL SHAL.B Rd 1
SHAR SHAR.B Rd 1
SHLL SHLL.B Rd 1
SHLR SHLR.B Rd 1
SLEEP SLEEP 1
STC STC CCR, Rd 1
SuUB SUB.B Rs, Rd 1
SUB.W Rs, Rd 1
SUBS SUBS.W #1/2, Rd 1
SUBX SUBX.B #xx:8, Rd 1
SUBX.B Rs, Rd 1
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Table A-4 Number of Cycles in Each Instruction (cont)

Branch Byte Word
Instruction  Address  Stack Data Data Internal
Fetch Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
XOR XOR.B #xx:8, Rd 1
XOR.B Rs, Rd 1
XORC XORC #xx:8, CCR 1

Note: All values left blank are zero.
* n: Initial value in R4L. Source and destination are accessed n + 1 times each.
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Appendix B Internal I/O Register

B.1  Addresses

B.1.1 1/O Registers

Address Bit Names
(Last Register Module

Byte) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Name

H'80 External
S — memory
H'8l (in ex-
panded

H'82
modes)

H'83
H'84
H'85
H'86
H'87
H'88
H'89
H'8A
H'8B
H'8C
H'8D
H'8E
H'8F

H'90 TCR ICIE OCIEB OCIEA OVIE OEB OEA CKS1 CKSO0 FRT

H'91 TCSR ICF OCFB OCFA OVF OLVLB OLVLA |EDG CCLRA

H'92 FRCH

H'93 FRCL

H'94 OCRAH

H'95 OCRAL

H'96 OCRBH

H'97 OCRBL

H'98 ICRH

H'99 ICRL
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Address

(Last Register Bit Names Module

Byte) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

H'9A

H'9B

H'9C

H'9D

H'9E

H'OF

H'AO

H'Al

H'A2

H'A3

H'A4

H'A5

H'A6

H'A7

H'A8

H'A9

H'AA TCSR/  OVF WT/T  TME — RST/  CKS2 CKS1 CKSO  WDT
TCNT NMI

H'AB TCNT

H'AC PIPCR P1,PCR P14PCR P1;PCR P1,PCR P1,PCR P1,PCR P1,PCR P1,PCR Port1

H'AD P2PCR  P2,PCR P24,PCR P2;PCR P2,PCR P2,PCR P2,PCR P2,PCR P2,PCR Port2

H'AE P3PCR  P3,PCR P34PCR P3;PCR P3,PCR P3;PCR P3,PCR P3,PCR P3,PCR Port3

H'AF

H'BO PIDDR P1,DDR P14,DDR P1;DDR P1,DDR P1;DDR P1,DDR P1,DDR P1,DDR Port 1

H'B1 P2DDR  P2,DDR P24,DDR P2:DDR P2,DDR P2,DDR P2,DDR P2,;DDR P2,DDR Port 2

HB2 P1DR P1, Pl Plg P1, Pl P1, P1, Pl Port 1

H'B3 P2DR P2, P2 P2 P2, P2, P2, P2, P2, Port 2

H'B4 P3DDR  P3;DDR P34,DDR P3;DDR P3,DDR P3;DDR P3,DDR P3,DDR P3,DDR Port 3

H'B5 PADDR  P4,DDR P44,DDR P4:DDR P4,DDR P4,DDR P4,DDR P4,DDR P4,DDR Port 4

H'B6 P3DR P3; P3¢ P3g P3, P3; P3, P3, P3, Port 3

H'B7 P4DR P4, P4 P4, P4, P4, P4, P4, P4, Port 4
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Address

(Last Register Bit Names Module
Byte) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'B8 P5SDDR — — P5.DDR P5,DDR P5;DDR P5,DDR P5,DDR P5,DDR Port5
H'B9 P6DDR — P6,DDR P6sDDR P6,DDR P6,DDR P6,DDR P6,DDR P6,DDR Port 6
H'BA P5DR — — P5g P5, P5, P5, P5, P5, Port5
H'BB P6DR — P6g P6s P6, P6; P6, P6, P6, Port 6
H'BC P7DDR P7,DDR P7,DDR P7;DDR P7,DDR P7,DDR P7,DDR P7,DDR P7,DDR Port 7
HBD — — — — — — — — — —
H'BE P7DR P7, P76 P75 P7, P75 P7, P7, P7, Port 7
H'BF — — — — — — — — — —
H'CO

H'C1

H'C2 WSCR  — — CLKDBL — WMS1 WMSO WC1  WCO

H'C3 STCR (IICS)  (IICX1) (IICX0) (SYNCE) (PWCKE) (PWCKS)ICKS1  ICKSO

H'C4 SYSCR SSBY STS2 STS1  STSO XRST NMIEG HIE RAME

H'C5 MDCR  — — — — — — MDS1  MDSO

H'C6 ISCR — IRQ6SC — — — IRQ2SC IRQ1SC IRQOSC

H'C7 IER — IRQ6E — — — IRQ2E  IRQ1E IRQOE

H'C8 TCR CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO TMRO
H'CO TCSR CMFB CMFA OVF PWME 0S3 0S2 0s1 0S0

HCA  TCORA

H'CB TCORB

H'CC  TCNT

H'CD

H'CE

H'CF

H'DO TCR CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO TMR1
H'D1 TCSR CMFB CMFA OVF PWME 0S3 0S2 0s1 0S0

H'D2 TCORA

H'D3 TCORB

H'D4 TCNT

H'D5

H'D6

H'D7
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Address

(Last Register Bit Names Module
Byte) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'D8 SMR C/A CHR PE O/E STOP  MP CKS1 CKSO  SCIo
H'D9 BRR

HDA  SCR TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'DB TDR

HDC  SSR TDRE RDRF ORER FER PER TEND MPB MPBT
H'DD RDR

H'DE SCMR  — — — — SDIR  SINV  — SMIF

H'DF — — — — — — — — —

H'EO SMR C/A CHR PE O/E STOP  MP CKS1 CKSO sci
H'E1 BRR

H'E2 SCR TIE RIE TE RE MPIE TEIE CKE1 CKEO
HE3 TDR

H'E4 SSR TDRE RDRF ORER FER PER TEND MPB MPBT
H'ES5 RDR

H'E6 — — — — — — — — —

H'E7 — — — — — — — — —

H'ES

H'E9

HEA

H'EB

HEC

H'ED

H'EE

H'EF
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Address

(Last Register Bit Names Module
Byte) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'FO HICR — — — — — IBFIE2 IBFIE1L FGA,E HIF

H'F1 KMIMR  KMIMR7 KMIMR6 KMIMR5 KMIMR4 KMIMR3 KMIMR2 KMIMR1 KMIMRO

H'F2 KMPCR KM7PCR KMgPCR KM5PCR KM4PCR KM3PCR KM2PCR KM1PCR KMgPCR Port 6/

Port 7
H'F3 — — — — — — — — — HIF
H'F4 IDR1 IDR7 IDR6 IDR5 IDR4 IDR3 IDR2 IDR1 IDRO
H'F5 ODR1 ODR7 ODRG6 ODR5 ODR4 ODR3 ODR2 ODR1 ODRO
H'F6 STR1 DBU DBU DBU DBU Cc/D DBU IBF OBF
H'F7 — — — — — — — — —
H'F8 — — — — — — — — —
H'F9 — — — — — — — — —
H'FA — — — — — — — — —
H'FB — — — — — — — — —
H'FC IDR2 IDR7 IDR6 IDR5 IDR4 IDR3 IDR2 IDR1 IDRO
H'FD ODR2 ODR7 ODRG6 ODR5 ODR4 ODR3 ODR2 ODR1 ODRO
H'FE STR2 DBU DBU DBU DBU Cc/D DBU IBF OBF
H'FF — — — — — — — — —

Notes: FRT:  Free-running timer
TMRO: 8-bit timer channel 0
TMR1: 8-bit timer channel 1
SCI0:  Serial communication interface 0
SCI1: Serial communication interface 1
HIF: Host interface
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B.2 Function

Register name Address onto
L which register .

Abbreviation is mapped Name of on-chip

of register supporting

name module

TCR—Timer Control Register H'90 FRT
Bit No. ——— Bit 7 6 5 4 3 2 1 0
‘ ICIE ‘ OCIEB ‘ OCIEA ‘ OVIE ‘ OEB ‘ OEA ‘ CKS1 ‘ CKS0 ‘

Initial ——}— Initial value 0 0 0 0 0 0 0 0 \

value Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
Bit names
(abbreviations).
Bits marked “—"
are reserved.

. T
Type of access permitted Clock Select

R | Read only 0 | 0|Internal clock source: @p/2
W | Write only 0| 1 |Internal clock source: @p/8
R/W| Read or write 1| 0| Internal clock source: @p/32
1| 1| External clock source: counted on rising edge

Output Enable A

0 | Output compare A output is disabled Full name
1 | Output compare A output is enabled of bit
Output Enable B
0 | Output compare B output is disabled
1 | Output compare B output is enabled -
Description
Timer Overflow Interrupt Enable of bit function
0 | Timer overflow interrupt request (FOVI) is disabled
1 | Timer overflow interrupt request (FOVI) is enabled
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TCR—Timer Control Register H'90 FRT
Bit 7 6 5 4 3 2 1 0
‘ ICIE ‘ OCIEB‘ OCIEA‘ OVIE ‘ OEB ‘ OEA ‘ CKSs1 ‘ CKSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

[
Clock Select

0 | 0|Internal clock source: gp/2

Internal clock source: @p/8

0|1
1| 0 |Internal clock source: @p/32
1 | 1| External clock source: counted on rising edge

Output Enable A

0 | Output compare A output is disabled

1 | Output compare A output is enabled

Output Enable B
0 | Output compare B output is disabled
1 | Output compare B output is enabled

Timer Overflow Interrupt Enable

0 | Timer overflow interrupt request (FOVI) is disabled

1 | Timer overflow interrupt request (FOVI) is enabled

Output Compare Interrupt Enable A

0 | Output compare interrupt request A (OCIA) is disabled

1 | Output compare interrupt request A (OCIA) is enabled

Output Compare Interrupt Enable B

0

Output compare interrupt request B (OCIB) is disabled

1

Output compare interrupt request B (OCIB) is enabled

Input Capture Interrupt Enable

0

Input capture interrupt request (ICl) is disabled

1

Input capture interrupt request (ICl) is enabled

RENESAS 313



TCSR—Timer Control/Status Register H'91

Bit 7 6 5 4 3 2 1

FRT

‘ ICF ‘ OCFB ‘ OCFA ‘ OVF ‘ oLvLB ‘ OLVLA‘ IEDG ‘CCLRA‘

Initial value 0 0 0 0 0 0 0
Read/Write R/(W)*  R/(W)* R/(W)* R/(W)* R/W R/W R/W R/W

T
Counter Clear A

0 | The FRC is not cleared

1 | The FRC is cleared at compare-match A

Input Edge Select

0 | FRC contents are transferred to ICR on the falling edge of FTI

1 | FRC contents are transferred to ICR on the rising edge of FTI

Output Level A
0 | A O logic level is output for compare-match A
1 | A 1 logic level is output for compare-match A

Output Level B
0 | A 0 logic level is output for compare-match B
1 | A 1 logic level is output for compare-match B

Timer Overflow

0 | To clear OVF, the CPU must read OVF after it has been set to 1, then write a 0 in this bit

1 | This bit is set to 1 when FRC changes from H'FFFF to H'0000

Output Compare Flag A

0 | To clear OCFA, the CPU must read OCFA after it has been set to 1, then write a 0 in this bit

1 | This bit is set to 1 when FRC = OCRA

Output Compare Flag B

0 | To clear OCFB, the CPU must read OCFB after it has been set to 1, then write a 0 in this bit

1 | This bit is set to 1 when FRC = OCRB

Input Capture Flag

0

To clear ICF, the CPU must read ICF after it has been set to 1, then write a 0 in this bit

1

This bit is set to 1 when an FTI input signal causes the FRC value to be copied to the ICR

Note: * Software can write a 0 in bits 7 to 4 to clear the flags, but cannot write a 1 in these bits.
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FRC (H and L)—Free-Running Counter H'92, H'93 FRT

Bit 15 14 183 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value o o o o0 o O o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Count value
OCRA (H and L)—Output Compare H'94, H'95 FRT
Register A
Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 11711 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

OCRA is constantly compared with the FRC value, and
the OCFA bit is set to 1 when OCRA = FRC

OCRB (H and L)—Output Compare H'96, H'97 FRT
Register B
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 11711 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

OCRSB is constantly compared with the FRC value, and
the OCFB bit is set to 1 when OCRB = FRC
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ICR (H and L)—Input Capture Register H'98, H'99 FRT

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value o o o o o o o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Contains FRC count captured on FTI input
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TCSR/TCNT—Timer Control/Status H'AA WDT
Register
Bit 7 6 5 4 3 2 1 0
‘ OVF ‘ WTAT ‘ TME ‘ — ‘RST/W‘ CKS2 ‘ CKS1 ‘ CKSO ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W — R/W R/W R/W R/W

RI(W)*
J

Clock Select 2to 0
CKS2| CKS1| CKSO0 |Clock Source Overflow Interval (gp = 10 MHZ)
0 0 0 apl2 51.2 us (Initial value)
0 1 2p/32 819.2 us
0 1 0 op/64 1.6 ms
0 1 1 2p/128 3.3ms
1 0 0 2p/256 6.6 ms
1 0 1 2p/512 13.1 ms
1 1 0 2p/2048 52.4 ms
1 1 1 2p/4096 104.9 ms
Reset or NMI Select
0 | NMI function enabled (Initial value)
1 | Reset function enabled
Timer Enable
0 | TCNT is initialized to H'00 and stopped (Initial value)

1 | TCNT runs and requests a reset or interrupt when it overflows

Timer Mode Select

0 | Interval timer mode (OVF request)

(Initial value)

1 | Watchdog timer mode (reset or NMI request)

Overflow Flag

then write a 0 in this bit

0 | To clear OVF, the CPU must read OVF after it has been set to 1,

(Initial value)

1| Setto 1 when TCNT changes from H'FF to H'00
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TCNT—Timer Counter H'AB (read) WDT

H'AA (write)
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Count value
P1PCR—Port 1 Pull-Up MOS Control H'AC P1
Register
Bit 7 6 5 4 3 2 1 0
‘ P17PCR‘ P16PCR‘ P15PCR‘ P14PCR‘ P1;PCR ‘ P1,PCR ‘ P1,PCR ‘ P1oPCR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Port 1 Input Pull-Up Control
0 | Input pull-up transistor is off
1 | Input pull-up transistor is on
P2PCR—Port 2 Pull-Up MOS Control H'AD P2
Register
Bit 7 6 5 4 3 2 1 0
‘ P27PCR‘ P26PCR‘ P25PCR‘ P24PCR‘ P2;PCR ‘ P2,PCR ‘ P2,PCR ‘ P2oPCR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 Input Pull-Up Control
0 | Input pull-up transistor is off

1 | Input pull-up transistor is on
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P3PCR—Port 3 Pull-Up MOS Control H'AE P3
Register

Bit 7 6 5 4 3 2 1 0

‘ P3;PCR ‘ P36PCR‘ P35PCR‘ P34,PCR ‘ P33PCR ‘ P3,PCR ‘ P3,PCR ‘ P3p,PCR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 3 Input Pull-Up Control

0 | Input pull-up transistor is off

1 | Input pull-up transistor is on

P1DDR—Port 1 Data Direction Register H'BO P1
Bit 7 6 5 4 3 2 1 0
‘ P1,DDR ‘ P16DDR‘ P15DDR‘ P14DDR‘ P13DDR ‘ P1,DDR ‘ PllDDR‘ P1,DDR ‘
Mode 1
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —
Modes 2 and 3
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w W W w W
Port 1 Input/Output Control
0 [Input port
1 | Output port
P1DR—Port 1 Data Register H'B2 P1
Bit 7 6 5 4 3 2 1 0
‘ P1, ‘ Plg ‘ Pls ‘ P1, ‘ Pilg ‘ P1, ‘ P1; ‘ P1, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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P2DDR—Port 2 Data Direction Register H'B1 P2

Bit 7 6 5 4 3 2 1 0
‘P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P2;DDR ‘ P2,DDR ‘ P2,DDR ‘ P20DDR‘
Mode 1
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —
Modes 2 and 3
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w w W W W W
Port 2 Input/Output Control
0 | Input port
1 | Output port
P2DR—Port 2 Data Register H'B3 P2
Bit 7 6 5 4 3 2 1 0
‘ P2, ‘ P2g ‘ P25 ‘ P2, ‘ P23 ‘ P2, ‘ P2, ‘ P2, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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P3DDR—Port 3 Data Direction Register H'B4 P3

Bit 7 6 5 4 3 2 1 0

‘ P37DDR‘ P36DDR‘ P35DDR‘ P34DDR‘ P3;DDR ‘ P3,DDR ‘ P31DDR‘ PSODDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w W W W w W

Port 3 Input/Output Control

0 | Input port
1 | Output port

P3DR—Port 3 Data Register H'B6 P3
Bit 7 6 5 4 3 2 1 0
P3| P3| P3| P3, | P3| P3, | P3| P3|
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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PADDR—Port 4 Data Direction Register H'B5 P4

Bit 7 6 5 4 3 2 1 0
‘ P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P4;DDR ‘ P4,DDR ‘ P4,DDR ‘ P4,DDR ‘
Modes 1 and 2

Initial value 0 1 0 0 0 0 0 0
Read/Write W — w W w W W

Mode 3
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 4 Input/Output Control

0 | Input port
1 | Output port

PADR—Port 4 Data Register H'B7 P4
Bit 7 6 5 4 3 2 1 0
‘ P4, ‘ P4g ‘ P4s ‘ P4, ‘ P4, ‘ P4, ‘ P4, ‘ P4q ‘
Initial value 0 —* 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Depends on the state of the P4 pin.
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P5DDR—Port 5 Data Direction Register H'B8 P5

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ P55DDR‘ P54DDR‘ P5;DDR ‘ P5,DDR ‘ P51DDR‘ P59,DDR ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w W W w w W

Port 5 Input/Output Control

0 | Input port
1 | Output port

P5DR—Port 5 Data Register H'BA P5
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P55 ‘ P54 ‘ P53 ‘ P5, ‘ P5; ‘ P5q ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
P6DDR—Port 6 Data Direction Register H'B9 P6
Bit 7 6 5 4 3 2 1 0
‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR ‘ P6,DDR ‘ P61DDR‘ P60DDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — w w w w w w w

Port 6 Input/Output Control

0 | Input port
1 | Output port
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P6DR—Port 6 Data Register H'BB P6
Bit 7 6 5 4 3 2 1 0
‘ — ‘ P6g ‘ P65 ‘ P6, ‘ P63 P6, P6; P6, ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W
P7DDR—Port 7 Data Direction Register H'BC P7
Bit 7 6 5 4 3 2 1 0
‘ P77DDR‘ P76DDR‘ P75DDR‘ P74DDR‘ P7;DDR ‘ P7,DDR ‘ P7,DDR ‘ P7,DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w
Port 7 Input/Output Control
0 [Input port
1 | Output port
P7DR—Port 7 Data Register H'BE P7
Bit 7 6 5 4 3 2 1 0
‘ P7; ‘ P7s ‘ P7s ‘ P74 ‘ P73 P7, P7, P70 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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WSCR—Wait State Control Register H'C2 System Control

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ CKDBL‘ — ‘ WMS1 ‘ WMSO0 ‘ WC1 ‘ WCO ‘
Initial value 1 1 0 0 1 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Wait Count 1 and 0
0| 0 | No wait states inserted by wait state controller (Initial value)
1 state inserted

1
1|0 | 2 states inserted
1 | 3 states inserted

Wait Mode Select 1 and 0

0| 0 | Programmable wait mode

1 | No wait states inserted by wait state controller

1|0 |Pin wait mode (Initial value)
1

Pin auto-wait mode

Clock Double

0 | The undivided system clock (g) is supplied as the clock (gp) for supporting modules
(Initial value)

1| The system clock (@) is divided by two and supplied as the clock (gp) for supporting
modules
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STCR—Serial Timer Control Register H'C3

Bit 7 6 5 4 3 2 1 0

‘ (1ICS) ‘ (||cx1)‘ (1ICX0) ‘(SYNCE)‘(PWCKE)‘(PWCKS)‘ ICKS1 ‘ ICKS0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

]

Internal Clock Select 1 and 0
See TCSR for details.

Note: The IICS, IICX1, IICX0, SYNCE, PWCKE, and PWCKS bits must not be used
(must not be set to 1).
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SYSCR—System Control Register

Bit

Initial value
Read/Write

System Control

7 6 5 4 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ XRST ‘ NMIEG ‘ HIE ‘ RAME ‘
0 0 0 0 0 0 1
R/W R/W R/W R/W R/W R/W R/W

Standby Timer Select 2to 0

]

RAM Enable

0

On-chip RAM is disabled

1

On-chip RAM is enabled

Host Interface Enable

0 | Host interface is disabled (initial value)

1 | Host interface is enabled (slave mode)

NMI Edge

0 | Falling edge of NMI is detected

1 | Rising edge of NMI is detected

External Reset

0

Reset was caused by watchdog timer overflow.

1

Reset was caused by external input (Initial value)

0

0

0

Clock settling time = 8,192 states

Clock settling time = 16,384 states

Clock settling time = 32,768 states

1
0
1

Clock settling time = 65,536 states

Clock settling time = 131,072 states

Rk, O|O|O

Rlo|lk|k|o

Unused

Software Standby

0

SLEEP instruction causes transition to sleep mode

1

SLEEP instruction causes transition to software standby mode
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MDCR—Mode Control Register H'C5 System Control
Bit 7 6 5 4 3 2 1 0
- | -] =] = | =] = | mpst] wmoso |
Initial value 1 1 1 0 0 1 — —*
Read/Write — — — — — — R R
Mode Select

Note: * Initialized according to MD; and MDg, inputs.

‘ Mode pin values ‘

ISCR—IRQ Sense Control Register H'C6 System Control
Bit 7 6 5 4 3 2 1 0
‘ — ‘ IRQ6SC‘ — ‘ — ‘ — ‘IRQZSC ‘ IRQ1SC ‘ IRQOSC‘
Initial value 1 0 1 1 1 0 0 0
Read/Write — R/W — — — R/W R/W R/W

1

IRQq Sense Control

IRQOSC

Description

0

The low level of IRQq generates an interrupt request

1

The falling edge of IRQq generates an interrupt request

IRQ; Sense Control

IRQ1SC Description
0 The low level of IRQ; generates an interrupt request
1 The falling edge of IRQ, generates an interrupt request
IRQ, Sense Control
IRQ2SC Description
0 The low level of IRQ, generates an interrupt request
1 The falling edge of IRQ, generates an interrupt request

IRQg Sense Control

IRQ6SC

Description

0 The low level of KEYINg to KEYIN; generates an interrupt request

1 The falling edge of KEYINg to KEYIN; generates an interrupt request
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IER—IRQ Enable Register H'C7 System Control

Bit 7 6 5 4 3 2 1 0
‘ — ‘ IRQ6E ‘ — ‘ — ‘ — ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 1 0 1 1 1 0 0 0
Read/Write — R/W — — — R/W R/W R/W
IRQ Enable IRQ Enable
0 | IRQg is disabled 0 | IRQu/IRQ4/IRQ, is disabled
1 | IRQg is enabled 1 | IRQy/IRQ4/IRQ; is enabled
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TCR—Timer Control Register H'C8 TMRO

Bit 7 6 5 4 3 2 1 0

‘ CMIEB ‘ CMIEA‘ OVIE ‘ CCLR1 ‘ CCLRO ‘ CKS2 ‘ CKS1 ‘ CKSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Clock Select 2to 0

TCR STCR
Bit2 | Bitl | Bit0 | Bitl | Bit0 Description
0 CKS2 | CKS1 | CKSO0 |ICKS1|ICKS0
0 0

Channel

o
|

— | No clock source (timer stopped)
0 2,/8 internal clock source, counted on the falling edge
1 @,/2 internal clock source, counted on the falling edge
— 0 2,/64 internal clock source, counted on the falling edge
1
0
1

2,/32 internal clock source, counted on the falling edge

2,/1024 internal clock source, counted on the falling edge

2,/256 internal clock source, counted on the falling edge

— — | No clock source (timer stopped)

— — | External clock source, counted on the rising edge

— — | External clock source, counted on the falling edge

— — | External clock source, counted on both the rising and falling edges
— — | No clock source (timer stopped)

0 — | #p/8 internal clock source, counted on the falling edge

1 — | #p/2 internal clock source, counted on the falling edge

0 — | 8p/64 internal clock source, counted on the falling edge
1

0

1

— | #p/128 internal clock source, counted on the falling edge

— | 8p/1024 internal clock source, counted on the falling edge

— | 8p/2048 internal clock source, counted on the falling edge

— — | No clock source (timer stopped)

— — | External clock source, counted on the rising edge

— | External clock source, counted on the falling edge

— — | External clock source, counted on both the rising and falling edges

[
P R|k|r|o|ojo|o|o|o|o|kr |k |k|+|o|o|o|o|o|o
r|r|o|o|r|r|kr|r|ojo|o|r|r|o|o|kr|k|r|kr|o|o
R|o|r|o|k|r|o|o|r|r|o|k|o|k|ojk|k|loo|r|+

Counter Clear 1 and 0

0 | O | Not cleared

Cleared on compare-match A

Cleared on compare-match B

Cleared on rising edge of external reset input signal

Rlk|lo
ROk

Timer Overflow Interrupt Enable

0 | The timer overflow interrupt request (OVI) is disabled
1 | The timer overflow interrupt request (OVI) is enabled

Compare-Match Interrupt Enable A

0 | Compare-match interrupt request A (CMIA) is disabled
1 | Compare-match interrupt request A (CMIA) is enabled

Compare-Match Interrupt Enable B

0 | Compare-match interrupt request B (CMIB) is disabled
1 | Compare-match interrupt request B (CMIB) is enabled
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TCSR—Timer Control/Status Register H'C9 TMRO

Bit 7

6 5 4 3 2 1 0
‘ CMFB ‘ CMFA ‘ OVF ‘ PWME‘ 0S3*1| 0s2’t 031*1‘ oso*l‘
0 0 0 0 0 0 0

Initial value 0

Read/Write R/(W)*2

RI(W)'2 R/W)'2 RW  RW  RMW RW  RMW

—

Output Select 1 and 0

0

0

No change when compare-match A occurs

0

1

Output changes to 0 when compare-match A occurs

1

0

Output changes to 1 when compare-match A occurs

1

1

Output inverts (toggles) when compare-match A occurs

Output Select 3 and 2

0

0

No change when compare-match B occurs

0

1

Output changes to 0 when compare-match B occurs

1

0

Output changes to 1 when compare-match B occurs

1

1

Output inverts (toggles) when compare-match B occurs

PWM Mode Enable

0

Normal timer mode (Initial value)

1

PWM mode

Timer Overflow Flag

0 | To clear OVF, the CPU must read OVF after it has been set to 1,
then write a 0 in this bit

1| This bit is set to 1 when TCNT changes from H'FF to H'00

Compare-Match Flag A

0 | To clear CMFA, the CPU must read CMFA after it has been set to 1,
then write a 0 in this bit

1 | This bit is set to 1 when TCNT = TCORA

Compare-Match Flag B

0 | To clear CMFB, the CPU must read CMFB after it has been setto 1,
then write a 0 in this bit

1 | This bit is set to 1 when TCNT = TCORB

Notes: *1. When all four output select bits (bits OS3 to OS0) are cleared to 0, the timer output
signal is disabled.
*2. Software can write a 0 in bits 7 to 5 to clear the flags, but cannot write a 1 in these

bits.

RENESAS 3371



TCORA—Time Constant Register A H'CA TMRO

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The CMFA bit is set to 1 when TCORA = TCNT

TCORB—Time Constant Register B H'CB TMRO
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/IW R/W R/IW R/IW R/W R/IW

The CMFB bit is set to 1 when TCORB = TCNT

TCNT—Timer Counter H'CC TMRO
Bit 7 6 5 4 3 2 1 0
- r r r r [ |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Count‘ value
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TCR—Timer Control Register H'DO TMR1

Bit 7 6 5 4 3 2 1 0

‘ CMIEB ‘ CMIEA‘ OVIE ‘ CCLR1 ‘ CCLRO ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for TMRO.

TCSR—Timer Status Control Register H'D1 TMR1
Bit 7 6 5 4 3 2 1 0
‘ CMFB ‘ CMFA ‘ OVF ‘ PWME ‘ 0S3*1| 0Ss2*1| os11 OSO*l‘
Initial value 0 0 0 0 0 0 0 0

ReadWrite  R/(W)'2 R/(W)'2 R/(W)*2 RW  RW  RMW RW  RW

Notes: Bit functions are the same as for TMRO.

*1. When all four output select bits (bits OS3 to OSO0) are cleared to 0, the timer output
signal is disabled.

*2. Software can write a 0 in bits 7 to 5 to clear the flags, but cannot write a 1 in these
bits.
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TCORA—Time Constant Register A H'D2 TMR1
Bit 7 6 5 4 3 2 1 0
I |
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for TMRO.
TCORB—Time Constant Register B H'D3 TMR1
Bit 7 6 5 4 3 2 1 0
I |
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for TMRO.
TCNT—Timer Counter H'D4 TMR1
Bit 7 6 5 4 3 2 1 0
I |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for TMRO.
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SMR—Serial Mode Register

Bit

Initial value
Read/Write

H'D8 SCIO0
7 6 5 4 3 2 1 0
‘ CIA ‘ CHR ‘ PE ‘ O/E ‘STOP‘ MP ‘CKSl ‘ CKSO‘
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
J Clock Se‘lect
0| 0|g clock
0| 1|@p/4 clock
1|0 |@p/16 clock
1| 1| @p/64 clock

Multiprocessor Mode

0

Multiprocessor function disabled

1

Multiprocessor format selected

Stop Bit Length

0 | One stop hit

1 | Two stop bits

Parity Mode

0

Even parity

1

Odd parity

Parity Enable

0 | Transmit: No parity bit is added
Receive: Parity is not checked

1 | Transmit: A parity bit is added
Receive: Parity is checked

Character Length

0 | 8 bits per character

1 |7 bits per character

Communication Mode

0

Asynchronous communication

1

Synchronous communication
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BRR—BIt Rate Register H'D9 SCI0
Bit 7 6 5 4 3 2 1 0
Initial value ‘ 1 1 1 ‘ 1 ‘ 1 1 1 1 ‘
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Sets th(‘:" bit rate

TDR—Transmit Data Register 0 H'DB SCI0

Bit 7 6 5 4 3 2 1 0
| ] |

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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SCR—Serial Control Register H'DA SCIO

Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1l ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

] ‘

Clock Enable 0
0 | The SCK pin is not used by the SCI
1 | The SCK pin is used for serial clock output

Clock Enable 1

0 | Internal clock source is selected

1 | External clock source is selected

Transmit End Interrupt Enable

0 | TSR-empty interrupt request is disabled
1 | TSR-empty interrupt request is enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor receive interrupt function is disabled
1 | Multiprocessor receive interrupt function is enabled

Receive Enable

0 | The receive function is disabled
1 | The receive function is enabled

Transmit Enable

0 | The transmit function is disabled
1 | The transmit function is enabled

Receive Interrupt Enable

0 | The receive-end interrupt (RXI) and receive-error interrupt (ERI)
requests are disabled

1| The receive-end interrupt (RXI) and receive-error interrupt (ERI)
requests are enabled

Transmit Interrupt Enable

0 | The TDR-empty interrupt request (TXI) is disabled
1 | The TDR-empty interrupt request (TXI) is enabled
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SSR—Serial Status Register H'DC SCI0

Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)*  R/I(W)* R/(W)* R/(W)* R/(W)* R R R/W

Multiprocessor Bit Transfer
0 | Multiprocessor bit = 0 in transmit data
1 | Multiprocessor bit = 1 in transmit data

Multiprocessor Bit

0 | Multiprocessor bit = 0 in receive data
1 | Multiprocessor bit = 1 in receive data

Transmit End

0 | Cleared by reading TDRE = 1, then writing O in TDRE

1 | Setto 1 when TE = 0, or when TDRE = 1 at the end of
character transmission

Parity Error

0 | To clear PER, the CPU must read PER after it has been set to 1,
then write a 0 in this bit

1| This bit is set to 1 when a parity error occurs (the parity of the received
data does not match the parity selected by the O/E bit in SMR)

Framing Error

0 | To clear FER, the CPU must read FER after it has been set to 1, then write
a 0 in this bit

1 | This bit is set to 1 if a framing error occurs (stop bit = 0)

Overrun Error

0 | To clear OER, the CPU must read OER after it has been set to 1, then write a 0 in this bit

1 | This bit is set to 1 if reception of the next character ends while the receive data register is
still full (RDRF = 1)

Receive Data Register Full

0 | To clear RDRF, the CPU must read RDRF after it has been set to 1, then write a 0 in this bit
1 | This bit is set to 1 when one character is received without error and transferred from RSR to RDR
Transmit Data Register Empty

0 | To clear TDRE, the CPU must read TDRE after it has been set to 1, then write a 0 in this bit
1 | This bit is set to 1 at the following times:

1. When TDR contents are transferred to TSR

2. When the TE bit in SCR is cleared to 0

Note: * Software can write a 0 in bits 7 to 3 to clear the flags, but cannot write a 1 in these bits.
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RDR—Receive Data register H'DD SCI0
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R

Stores receive data

SCMR—Serial Communication Mode H'DE SCI0
Register
Bit 7 6 5 4 3 2 1 0
‘—‘—‘— —‘SDIR‘SINV‘—‘SMIF‘
Initial value 1 1 1 1 0 0 1 0
Read/Write — — — — R/W R/W — R/W
|
Serial Communication Mode Select
0 | Normal SCI mode (Initial value)
1 | Reserved mode
Data Invert
0 | TDR contents are transmitted as they are (Initial value)
TDR contents are stored in RDR as they are
1 | TDR contents are inverted before being transmitted
Receive data is stored in RDR in inverted form

Data Transfer Direction

0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first

(Initial value)

1| TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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SMR—Serial Mode Register 1 H'EO SCI1

Bit 7 6 5 4 3 2 1 0

‘ CIA ‘ CHR ‘ PE ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW R/W R/W RIW R/W R/W RIW R/W

Note: Bit functions are the same as for SCIO.

BRR—BIt Rate Register HE1l SCI1
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for SCIO.

SCR—Serial Control Register H'E2 SCI1
Bit 7 6 5 4 3 2 1 0
‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for SCIO.
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TDR—Transmit Data Register H'E3 SCI1
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for SCIO.

SSR—Serial Status Register 1 H'E4 SCI1
Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘

Initial value 0 0 0 0 0 1 0 0
Read/Write R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W
Note: Bit functions are the same as for SCIO.

RDR—Receive Data register 1 H'ES SCI1
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R

Note: Bit functions are the same as for SCIO.
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HICR—Host Interface Control Register H'FO HIF

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ IBFIE2 ‘ IBFIE1 ‘FGAZOE‘
Initial value 1 1 1 1 1 0 0 0
Slave Read/Write — — — — — R/W R/W R/W

Host Read/Write — — — — — — _ _

Fast Gate A,q Enable

0 | Disables fast Ayq gate function (Initial value)
1 | Enables fast A, gate function

Input Buffer Full Interrupt Enable 1

0 | IDR1 input buffer full interrupt is disabled (Initial value)
1 | IDR1 input buffer full interrupt is enabled

Input Buffer Full Interrupt Enable 2

0 | IDR2 input buffer full interrupt is disabled (Initial value)
1 | IDR2 input buffer full interrupt is enabled

KMIMR—Keyboard Matrix Interrupt Mask HF1 System Control
Register
Bit 7 6 5 4 3 2 1 0
‘KMIMR?‘ KMIMRG‘ KMIMRS‘ KMIMR4‘ KMIMR3 ‘ KMIMR2 ‘ KMIMRl‘KMIMRO‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Keyboard Matrix Interrupt Mask

0 | Key-sense input interrupt request is enabled
1 | Key-sense input interrupt request is disabled (Initial value)
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KMPCR—Key-Sense MOS Pull-Up Control H'F2 P6/P7

Register
Bit 7 6 5 4 3 2 1 0
‘ KM7PCR‘ KMGPCR‘ KM5PCR‘ KM4PCR‘ KM3PCR ‘ KM,PCR ‘ KMlPCR‘ KMOPCR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Port 6 Input MOS Pull-Up Control
0| The input MOS pull-up is off
1| The input MOS pull-up is on
IDR1—Input Data Register H'F4 HIF
Bit 7 6 5 4 3 2 1 0
‘ IDR7 ‘ IDR6 ‘ IDR5 ‘ IDR4 ‘ IDR3 ‘ IDR2 ‘ IDR1 ‘ IDRO ‘
Initial value — — — — — — — —
Slave Read/Write R R R R R R R R
Host Read/Write W w W w W w W w
ODR1—Output Data Register H'F5 HIF
Bit 7 6 5 4 3 2 1 0
‘ ODR7 ‘ ODR6 ‘ ODR5 ‘ ODR4 ‘ ODR3 ‘ ODR2 ‘ ODR1 ‘ ODRO ‘

Initial value — — — — — — — —
Slave Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W
Host Read/Write R R R R R R R R
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STR1—Status Register H'F6 HIF
Bit 7 6 5 4 3 2 1 0
‘ DBU ‘ DBU ‘ DBU ‘ DBU ‘ c/D ‘ DBU ‘ IBF ‘ OBF ‘
Initial value 0 0 0 0 0 0 0 0
Slave Read/Write  R/W R/W R/W R/W R R/W R
Host Read/Write R R R R R R R R
Output Buffer Full
0 | This bit is cleared when the host processor read ODR1 (Initial value)
1 | This bit is set when the slave processor writes to ODR1
Input Buffer Full
0 | This bit is cleared when the slave processor reads IDR1 (Initial value)
1 | This bit is set when the host processor writes to IDR1
Command/Data
0 | Contents of IDR1 are data (Initial value)
1 |Contents of IDR1 are a command
Defined by User
The user can use these bits as necessary
IDR2—Input Data Register H'FC HIF
Bit 7 6 5 4 3 2 1 0
‘ IDR7 ‘ IDR6 ‘ IDR5 ‘ IDR4 ‘ IDR3 ‘ IDR2 ‘ IDR1 ‘ IDRO ‘
Initial value — — — — — — — —
Slave Read/Write R R R R R R R R
Host Read/Write w w w w w w w w
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ODR2—Output Data Register H'FD HIF
Bit 7 6 5 4 3 2 1 0

‘ ODRY ‘ ODR6 ‘ ODR5 ‘ ODR4 ‘ ODR3 ‘ ODR2 ‘ ODR1 ‘ ODRO ‘
Initial value — — — — — — — —
Slave Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W
Host Read/Write R R R R R R R R
STR2—Status Register H'FE HIF
Bit 7 6 5 4 3 2 1 0

‘ DBU ‘ DBU DBU DBU ‘ c/D DBU ‘ IBF ‘ OBF ‘
Initial value 0 0 0 0 0 0 0 0
Slave Read/Write ~ R/W R/W R/W R/IW R R/W R
Host Read/Write R R R R R R R R

Output Buffer Full

0 | This bit is cleared when the host processor read ODR1 (Initial value)

1 | This bit is set when the slave processor writes to ODR1

Input Buffer Full

0 | This bit is cleared when the slave processor reads IDR1 (Initial value)

1 | This bit is set when the host processor writes to IDR1

Command/Data

0

Contents of IDR1 are data

(Initial value)

1

Contents of IDR1 are a command

Defined by User

The user can use these bits as necessary
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Appendix C

C.1 Port 1 Block Diagram

I/O Port Block Diagrams

Re‘set

P

Hardware standby

RP1P

Q
P1PCR

R
bl

C

\
WP1P

Mode 1 Reset

Mode 3

Mode 1 or 2

Internal data bus

FFCLRM

N
L

WP1P: Write to P1IPCR
WP1D: Write to PIDDR
WP1:  Write to port 1
RP1P: Read P1PCR
RP1: Read port 1
n=0to7

Note: * Set priority

Internal lower address bus
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Figure C-1 Port 1 Block Diagram




C.2 Port 2 Block Diagram

Re‘set
R

.

Hardware standby

RP2P

Q D]
P2PCR
C

\
WP2P

Mode 1 F‘ieset

Mode 3

Internal upper address bus

Internal data bus

/I
P2, <]

Mode 1 or 2

—— RP2

N
L

WP2P: Write to P2PCR
WP2D: Write to P2DDR
WP2:  Write to port 2
RP2P: Read P2PCR
RP2: Read port 2
n=0to7

Note: * Set priority

Figure C-2 Port 2 Block Diagram
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C.3 Port 3 Block Diagram

P3,

HIE Mode 3
»
Mode 3 Re‘set
L ;
. Q D
P3,PCR
C
RP3P T
WP3P

34
Pyl

@
8

External address
write C

JAN
o)
Q
|

Modes 1 or 2 WP3

Cs
IOW

Internal data bus

*—RP3
External address

4l> > read

WP3P: Write to P3PCR
WP3D: Write to P3BDDR
WP3:  Write to port 3
RP3P: Read P3PCR
RP3: Read port 3
n=0to7

Host interface data bus

Figure C-3 Port 3 Block Diagram
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C.4  Port 4 Block Diagrams

P4,

/N

L RP4

D

Schmitt input
NN

L=

Internal data bus

8-bit timer
Timer connection

Counter clock input

L

WP4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4
n=0,2

[

Counter reset input

Figure C-4 (a) Port 4 Block Diagram (Pins P4 P4)

RENESAS 349




8-bit timer module
Timer connection

Output enable

8-bit timer output or
HSYNCO/CLAMPO

R
d! Q DI— |2
P4,DDR 2
Cc 8
\ 3
WP4D =
£
k]
Re‘:set =
1 o b
P4 ]
! ~ P4,DR
C
‘ '
WP4
J—CE RP4
I
| L~
WP4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4

Figure C-4 (b) Port 4 Block Diagram (Pin P4)
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( Reset !
Reset i RESOBF2,
! RESOBF1

(2]}
P4 1 R % (reset HIRQ1
" ~ Q, o ks  and HIRQu2,
E‘: § respectively)
L S
WP4 £

*— RP4
™S \i
L~

L

8-bit timer

Schmitt input Counter clock input
, i Counter reset input

WP4D: Write to PADDR :

WP4: Write to port 4

RP4: Read port4
n=3,5

Figure C-4 (c) Port 4 Block Diagram (Pins P4 P4s)
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R
1 Q DI
- P4,DDR
C
T Reset
WP4D ‘
HE
ResetTG ' RESOBF1
4] i (reset HIR
o = 5 E 5 ( Q1)
P4, e frrrmmrmm
¢ i P4,DR =
C ©
\ c o
WP4 &| 8-bit timer
2| s
Output enable
8-bit timer output

4|> y\[<:|07'7 RP4

WP4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4

Figure C-4 (d) Port 4 Block Diagram (Pin P4)
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Mode 1, 2

Hardware standby Re‘set
Mode 3-HIE
S R
Q D
P4¢DDR
C
I
WP4D

/N

P4g

RP4

v

D

Internal/data bus

WP4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4

> Input (CiSZ)

Figure C-4 (e) Port 4 Block Diagram (Pin P§)
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P4;

Reset

P4,DDR

WP4D

Q DI

Internal data bus

+ RP4

I
L

WP4D: DDR write

WP4:

RP4:

Port write
Port read

Figure C-4 (f) Port 4 Block Diagram (Pin P4)
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C.5 Port 5 Block Diagrams

n
U
3
-}
30

Internal data bus

P5n

JA
T
&
=
Py

Output enable

Serial transmit
data

v

J—Cf:— RP5

N
L~ L~

WPSD:  Write to PSDDR
WP5:  Write to port 5
RP5: Read port 5
n=0,3

Figure C-5 (a) Port 5 Block Diagram (Pins P§ P53)
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Py
Internal data bus

Input enable

P5,

/N

J—GZ— RP5
N
|

WP5D: Write to PSDDR
WP5:  Write to port 5
RP5: Read port 5
n=14

» Serial receive
data

Figure C-5 (b) Port 5 Block Diagram (Pins P, P5y)
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(2]
=}
o]
Reset ]
‘ g
R ©
:6 Q D S
P5,DDR 9]
C =
\
WP5D SCI
Clock input
Re‘set enable
’ 0 RD
P5 d
" ~ P5,DR
C
I
WP5
Clock output
enable
Clock output
J—Cﬁ RP5
™
I/

WPS5D:  Write to PSDDR
WP5:  Write to port 5
RPS: Read port 5
n=2,5

» Clock input

Figure C-5 (c) Port 5 Block Diagram (Pins P5 P55)
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C.6  Port 6 Block Diagrams

Q]|O KM,PCR

Reset
|
R
Q DI—]
P6,DDR 2
c <
WP6D 3
©
1S
]
Re‘set £
R
P6, d DI
N P6,DR
¥
WP6
»
’\[@RPG
> >
Free-running timer
module
Schmitt input """
N . Input capture input
L i Counter clock input

WP6D: Write to P6DDR —rﬂ:} » Key-sense interrupt input
WP6:  Write to port 6 KMIMR,

RP6:  Read port 6
n=0,3

Figure C-6 (a) Port 6 Block Diagram (Pins P§ P&)
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KMnPCR

b

P6,

/N

Internal data bus

Free-running timer
module

Output enable

. Qutput compare

J—Cﬁ RP6

b

Schmitt input
N

L~

WP6D: Write to P6DDR
WP6:  Write to port 6
RP6: Read port 6
n=1,2

: output

— D

> Key-sense interrupt input

KMIMR,,

Figure C-6 (b) Port 6 Block Diagram (Pins P, P6)
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Re‘set
R
Q D
P6,DDR 8
c 5
‘ -
WP6D S
©
S
i)
Re‘set =
R
P6, d . Q D
N P6,DR
¢
WP6
RP6 KMIMR,
D> >
Schmitt input IRQq input
IRQ, input

>

IRQ, input
IRQ enable register

WP6D: Write to P6DDR i— IRQg enable
WP6:  Write to port 6 : IRQ, enable
RP6:  Read port 6 IRQ; enable
n=4t06

Figure C-6 (c) Port 6 Block Diagram (Pins P§ P6s, P6s)
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C.7  Port 7 Block Diagrams

Q]O KM,PCR
Re‘set
R
Q DI |,
P7,DDR 2
C 8
T ©
WP7D o
<
c
Re‘set %
R
P, <] Q Dbl
P7.DR
7
WP7
»
Schmitt input ’\[C'i' RP7
™S
L L
™~
W P6,,DDR
( KMIMR,;,
WP7D: Write to P7TDDR | RP6

WP7:  Write to port 7
RP7: Read port7
n=0to3;m=4to 7 (n+4)

Figure C-7 (a) Port 7 Block Diagram (Pins Pg, P71, P7, P73)
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Mode 3-HIE

1
P7s <]

—

WP7D: Write to P7TDDR

WP7:  Write to po

7

RP7: Read port 7

n=4,5

Hardware standby Mode 1 or 2 Reset
|
! R
Nt Q D— m
P7,DDR 2
c 8
I [}
WP7D o
[
£
Q
Mode 3 Reset £
R
Q DI
P7,.DR
C
Mode 1 or 2 \
WP7
Schmitt output ’\[C'i RP7
L~
HIF
|'> »Input
(Cs4, IOW)

AS output
WR output
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Hardware standby

Mode 3-HIE

Mode 1, 2

’

Mode 3

A

P76 <]

Mode 1, 2

Internal data bus

™S

+ RP7

L~

-

WP7D: Write to P7TDDR
WP7:  Write to port 7
RP7: Read port 7

Figure C-7 (c) Port 7 Block Diagram (Pin P¢)
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WP7D: Write to P7TDDR

WP7:
RP7:

P7;

Mode 3-HIE

Mode 1 or 2

Write to port 7
Read port 7

Re‘set
R
Q D "
P7,DDR 2
c o
[ ©
WP7D o
©
£
Re‘set %
R
<] Q Dbl
P7,DR
T
WP7
Schmitt output ’\[Cﬁ% RP7
IS
L~ L~
'|> cl> > WAIT input
HIF
» Input
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Appendix D Pin States

Table D-1 Port States in Each Mode
MCU Hardware Software Sleep Normal
Pin Name Mode  Reset Standby Standby Mode Operation
P1;to P1, 1 Low 3-state Low Prev. state A;to Ag
Al to A ] ) (Addr. —
7 0 2 3-state Low |f_ output pins: Ad‘dr. output
DDR =1, last address  OF input port
prev. state accessed)
if DDR=0
3 Prev. state 1/0 port
P2, to P2 1 Low 3-state Low Prev. state A5 to Ag
Aisto A . (Addr. —
15 8 2 3-state Low |f_ output pins: Ad_dr. output
DDR =1, last address  ©F Input port
prev. state accessed)
if DDR =0
3 Prev. state 1/0 port
P37 to P3g 1 3-state  3-state 3-state 3-state D7 to Dg
D7 to DO 2
3 Prev. state Prev. state 1/O port
P4 to P4, 1 3-state 3-state Prev. state Prev. state 1/0 port
(note)
2
3
P4gla 1 Clock 3-state High Clock Clock
2 output output output
3 3-state High if Clock output  Clock output
DDR =1, if DDR =1, if DDR =1,
3-state if 3-state if input port if
DDR =0 DDR =0 DDR =0
P4, 1 3-state 3-state Prev. state Prev. state 1/O port
(note)
2
3
P5g to P5¢ 1 3-state 3-state Prev. state Prev. state 1/O port
(note)
2
3
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Table D-1 Port States in Each Mode

MCU Hardware Software Sleep Normal
Pin Name Mode Reset Standby Standby Mode Operation
P6g to P6¢ 1 3-state 3-state Prev. state Prev. state 1/O port
(note)
2
3
P7./WAIT 1 3-state 3-state 3-state/prev. 3-state/prev.  WAIT/
: state state 1/0O port
3 Prev. state Prev. state 1/0 port
P7gto P7, 1 High 3-state High High AS, WR, RD
AS,WR,RD
3 3-state Prev. state Prev. state 1/0 port
P73 t0 P7g 1 3-state  3-state Prev. state Prev. state 1/O port
(note)
2
3
Legend
3-state: High-impedance state

Prev. state: Input pins are in the high-impedance state (for pins with a built-in MOS input pull-up
the pull-up remains on when DDR = 0 and PCR = 1); output pins retain their previous
state.

Note: As on-chip supporting modules are initialized, general input or output is determined by
DDR and DR.
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Appendix E Timing of Transition to and Recovery from
Hardware Standby Mode

Timing of Transition to Hardware Standby Mode

(1) To retain RAM contents when the RAME bit in SYSCR is set to 1, drivBHSesignal low
10 system clock cycles before tHEBY signal goes low, as shown beloRES must remain
low until STBY goes low (minimum delay frol®TBY low toRES high: 0 ns).

STBY

|

ny)
m
w

(2) When the RAME bit in SYSCR is cleared to 0 or when it is not necessary to retain RAM
contentsRES does not have to be driven low as in (1).

Timing of Recovery From Hardware Standby Mode: Drive theRES signal low approximately
100 ns befor&8 TBY goes high.

STBY
t>100ns tosc

|

o)
m
(0]
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Appendix F Product Code Lineup

Table F-1  Product Code Lineup

Package
Product Type Product Code Mark Code (Hitachi Package Code)
H8/3502 Mask ROM HD6433502P HD6433502(*** )P 64-pin shrink DIP (DP-64S)
version HD6433502F HD6433502(*** )F  64-pin QFP (FP-64A)

Note: (*** ) in mask versions is the ROM code.
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Appendix G Package Dimensions

Figure G-1 shows the dimensions of the DP-64S package. Figure G-2 shows the dimensions of

FP-64A package.
Unit: mm

57.6
58.5 Max
x
©
o|=
I
O -
1 1.0 32
3
1.46 Max = 19.05
0]
o [\
m 1l 0
sLg 0.25" 98 It
1.78 +0.25 048+0.10 25 2 e
[T T 0 0 0° —15°
o N

Dimension including the plating thickness
Base material dimension

Figure G-1 Package Dimensions (DP-64S)
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Unit: mm

17.2+0.3
14
‘ 48 33
49 = 32
o =
S =
+ =
o~ =y
= =
64 =17
v a[moonuoonoooT 1e

0.37+0.08
035006~ [2/015 M) 3 ol
= o|o
10 o g oo 16
@ 58
1 - 0 -8
g S R it QEEE!
e ‘ B
—o1o %5 0.8+0.3
—
S

Dimension including the plating thickness
Base material dimension

Figure G-2 Package Dimensions (FP-64A)
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