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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that yo
have received the latest product standards or specifications before final design, purchase or
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi's sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed rangess,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

7. Contact Hitachi's sales office for any questions regarding this document or Hitachi
semiconductor products.




General Precautions on Handling of Product

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pins are either not connected to any of the internal circuitry
they are used as test pins or to reduce noise. If something is connected to the NC p
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins
Note: Fix all unused input pins to high or low level.

ora
ins, t

Generally, the input pins of CMOS products are high-impedance input pins. If unused pir
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-

through current flows internally, and a malfunction may occur.

3. Processing before Initialization

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

4. Prohibition of Access to Undefined or Reserved Addresses

Note: Access to undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test reg
may have been be allocated to these addresses. Do not access these registers; th
operation is not guaranteed if they are accessed.

e

D

Des

ediat

sters
e SYyS

HITACHI



HITACHI



Preface

The H8/3437 Series is a high-performance single-chip microcomputer that integrates peripheral
functions necessary for system configuration with an H8/300 CPU featuring a 32-bit internal
architecture as its core.

On-chip peripheral functions include ROM, RAM, four kinds of timers, a serial communication
interface (SCI), host interface (HIF), keyboard controller, D/A converter, A/D converter, and I/O
ports, enabling the H8/3437 Series to be used as a microcontroller for embedding in high-speec
control systems. Flash memory (F-ZTATWPROM (ZTAT®"), and mask ROM are available

as on-chip ROM, enabling users to respond quickly and flexibly to changing application
specifications and the demands of the transition from initial to full-fledged volume production.

Note: * F-ZTAT is a trademark of Hitachi, Ltd.
ZTAT is a registered trademark of Hitachi, Ltd.

Intended Readership: This manual is intended for users undertaking the design of an applicatio
system using a H8/3437 Series microcomputer. Readers using this manua
require a basic knowledge of electrical circuits, logic circuits, and
microcomputers.

Purpose: The purpose of this manual is to give users an understanding of the
hardware functions and electrical characteristics of the H8/3437 Series.
Details of execution instructions can be found in the H8/300 Series
Programming Manual, which should be read in conjunction with the present
manual.

Using this Manual:

e For an overall understanding of the H8/3437 Series’ functions

Follow the Table of Contents. This manual is broadly divided into sections on the CPU, syste
control functions, peripheral functions, and electrical characteristics.

* For a detailed understanding of CPU functions
Refer to the separate publication H8/300 Series Programming Manual.
« For a detailed description of a register’s function when the register name is known.

Information on addresses, bit contents, and initialization is summarized in Appendix B,
Internal 1/0O Register.

Note on bit notation: Bits are shown in high-to-low order from left to right.

Related Material: The latest information is available at our Web Site. Please make sure thaty
have the most up-to-date information available.
http://www.hitachisemiconductor.com/
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User's Manuals on the H8/3437 Series:

Manual Title ADE No.
H8/3437 Series Hardware Manual This manual
H8/300 Series Programming Manual ADE-602-025
Users manuals for development tools:

Manual Title ADE No.
C/C++ Compiler, Assembler, Optimized Linkage Editor User's Manual ADE-702-247
Simulator Debugger Users Manual ADE-702-282
Hitachi Debugging Interface Users Manual ADE-702-161
Hitachi Embedded Workshop Users Manual ADE-702-201
H8S, H8/300 Series Hitachi Embedded Workshop, Hitachi Debugging ADE-702-231

Interface Users Manual
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Notes on S-Mask Model
(Single-Power-Supply Specification)

There are two versions of the H8/3437F with on-chip flash memory: a dual-power-supply versiol
and a single-power-supply (S-mask) version. Points to be noted when using the H8/3437F singl
power-supply S-mask model are given below.

1. Notes on Voltage Application

12 V must not be applied to the S-mask model (single-power-supply specification), as this may
permanently damage the device.

The flash memory programming power supply for the S-mask model (single-power-supply
specification) is ¥.. The programming power supply for the dual-power-supply model is the FV
pin (12 V), but the single-power-supply model (S-mask model) does not have apifV

Also, in boot mode, 12 V has to be applied to the,iD in the dual-power-supply model, but 12
V application is not necessary in the single-power-supply model (S-mask model).

The maximum rating of the MD, pin is V¢ +0.3 V. Applying a voltage in excess of the
maximum rating will permanently damage the device.

Do not select the HN28F101 programmer setting for the S-mask model (single-power-supply
specification). If this setting is made by mistake, 12 V will be applied to the STBY pin, possibly
causing permanent damage to the device.

When using a PROM programmer to program the on-chip flash memory in the S-mask model
(single-power-supply specification), use a PROM programmer that supports Hitachi
microcomputer devices with 64-kbyte on-chip flash memory. Also, only use the specified socket
adapter. Using the wrong PROM programmer or socket adapter may damage the device.

The following PROM programmers support the S-mask model (single-power-supply
specification).

DATA I/O: UNISITE, 2900, 3900, etc.
Minato: 1892, 1891, 1890, etc.
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2. Product Type Names and Markings

Table 1 shows examples of product type names and markings for the H8/3437F (dual-power-
supply specification) and H8/3437SF (single-power-supply specification), and the differences in
flash memory programming power supply.

Table 1 Differences in H8/3437F and H8/3437F S-Mask Model Markings

Dual-Power-Supply Model: Single-Power-Supply Model:
H8/3437F H8/3437F S-Mask Model
Product type name HD64F3437F16/TF16 HD64F3437SF16/TF16

Sample markings

© H8/3437 ® H8/3437
8M3 8M3

HD HD S

64F3437F16 64F3437F16

JAPAN

JAPAN

“S” is printed above the type name

Flash memory V., power supply V. power supply
programming power (15 gy +0.6 V) (5.0 V £10%)
supply
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3. Differences in S-Mask Model

Table 2 shows the differences between the H8/3437F (dual-power-supply specification) and
H8/3437SF (single-power-supply specification).

Table 2 Differences between H8/3437F and H8/3437F S-Mask Model

Dual-Power-Supply Model: Single-Power-Supply Model:
Item H8/3437F H8/3437F S-Mask Model
Program/ 12 V must be applied from off-chip 12 V application not required
erase voltage  /  (12.0v £0.6 V) V. single-power-supply programming
Ve (5.0 V £10%)
FV,.s (FWE) Dual function as FV,, power supply No programming control pin
pin function and STBY function
Programming  « Writer mode (See section 21 for the use of these
modes «  On-board modes)

O Boot mode
O User programming mode

Operating e Writer mode (See section 21 for the use of these
modes allowing Boot mode modes)

on-board

programming e User programming mode

On-board 1-byte-unit programming 32-byte-unit programming
programming

unit

Programming Select Hitachi stand-alone flash Special programming mode setting
with PROM memory HN28F101 setting required. Use of PROM programmer
programmer that supports Hitachi microcomputer

device types with 64-kbyte on-chip flash
memory. (128-byte-unit fast page
programming)

Boqt mode Reset relgasg after MD, = FV./STBY = Pin MD; | MDg| P9, P9;| P9,

setting 12 V application -

method Setting level| 0 0 1 1 1
Reset release after above pin settings

User program  FV,, =12V application Control bits set by software

mode setting

method
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Dual-Power-Supply Model:

Single-Power-Supply Model:

Item H8/3437F H8/3437F S-Mask Model
Programming tMDS tMDS
mode timing RES RES
MDq MD1,
MD;
MD, 12V pg,
R «—| Min 0 ps P9y,
x— 12V
Vpp )
tMDS: 4tcyc (min.) tMDS: 4tcyc (min.)
Prewrite Required before erasing Not required
processing

Programming
processing

Block corresponding to programming
address must be set in EBR1/EBR2
registers before programming

Settings at left not required

EBR register EBR1, EBR2 EBR2
configuration

Memory map SBO (128 bytes) EBO (1 kbyte)
(bIO(?k ) SB1 (128 bytes) EB1 (1 kbyte
configuration) SB2 (128 bytes) (ieve

SB3 (128 bytes)
SB4 (512 bytes)
SB5 (1 kbyte)
SB6 (1 kbyte)
SB7 (1 kbyte)

LBO (4 kbytes)

60 kbytes
LB1(8 kbytes)

LB2 (8 kbytes)

LB3 (8 kbytes)

LB4 (8 kbytes)

LB5 (8 kbytes)

LB6 (12 kbytes)

LB7 (2 kbytes)

EB2 (1 kbyte)

EB3 (1 kbyte)

EB4 (24 kbytes) 60 kbytes

EBS5 (16 kbytes)

EB6 (12 kbytes)

EB7 (2 kbytes)

Reset during
operation

Drive RES pin low for at least 10

system clock cycles (109). (RES pulse

width tgeg,, = min. 10t )

Drive RES pin low for at least 20
system clock cycles (20g). (RES pulse
width tgeq,, = min. 20t,,)
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Item

Dual-Power-Supply Model:
H8/3437F

Single-Power-Supply Model:
H8/3437F S-Mask Model

MDCR

7 6 5 4 3 2 1 0

7 6 5 4 3 2 1 0
[=[—=-[=1-]=]— [uosimosq

[Expe] — ] — | — | — | — |mps1|mpso|

Bit 7: Expanded mode enable (EXPE)

WSCR

7 6 5 4 3 2 1 0

7 6 5 4 3 2 1 0

[RAMS[RAMO]cKDBL] lwmswmso] we [weo |

[[= T — lckoBLFLsHElwMs1wmsa] wet [ weo |

Bit 4: Flash memory control register
enable (FLSHE)

FLMCR1

7 6 5 4 3 2 1 0

7 6 5 4 3 2 1 0

Lee [ = [ [ —Jeviev][E ] P]

[Fwe]swe| — [ — Jev [pv][ E | P

Bit 7: Flash write enable (FWE)
Bit 6: Software write enable (SWE)

FLMCR2

7 6 5 4 3 2 1 0
[Fler] = [ = [ =] =] — [esupsu]

Bit 7: Flash memory error (FLER)
Bit 1: Erase setup (ESU)
Bit 0: Program setup (PSU)

EBR1

7 6 5 4 3 2 1 0
[B7 [1B6 [ 1B5 [ LB4 | LB3 [ LB2 | LB1] LBO |

This address is not used.

EBR2

2 1 0

7 6 5 4 3 2 1 0

7 6 5 a4
['sB7 | sB6 | sB5 [ sB4 | sB3 | sB2] sB1] sBo |

[EB7 [ EB6 | EB5 [ EB4 | EB3 | EB2 | EB1 ] EBO |

Erase block register (EBR2)

EBO (1 kbyte):  H'0000 to H'03FF
EB1 (1 kbyte):  H'0400 to H'O7FF
EB2 (1 kbyte):  H'0800 to H'OBFF
EB3 (1 kbyte):  H'0CO0 to H'OFFF
EB4 (28 kbytes): H'1000 to H'7FFF
EB5 (16 kbytes): H'8000 to H'BFFF
EB6 (12 kbytes): H'C000 to H'EF7F
EB7 (2 kbytes): H'EFO00 to H'F77F

Details
concerning
flash memory

See section 20, ROM (Dual-Power-
Supply 60-Kbyte Flash Memory
Version)

See section 21, ROM (Single-Power-
Supply 60-Kbyte Flash Memory
Version)

Electrical
characteristics

See section 23, Electrical
Characteristics

See section 23, Electrical
Characteristics

Registers

See Appendix B, Registers

See Appendix B, Registers
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Table 3 shows differences in the development environments of the H8/3437F (dual-power-supply
specification) and H8/3437SF (single-power-supply specification).

Table 3 H8/3437F and H8/3437F S-Mask Model Development Environments

Dual-Power-Supply Model:

Single-Power-Supply Model:

Item H8/3437F H8/3437F S-Mask Model
E6000 Emulator Hitachi Hitachi
emulator unit HS3008EPI60H HS3008EPI60H
User Hitachi Hitachi
cable HS3437ECH61H HS3437ECH61H
Programming Hitachi Minato
socket adapter HS3434ESHF1H DATA 1/O
Adapter board Hitachi Hitachi
HSO0008EASF1H/2H HSO008EASF3H
Windows interface  Hitachi Hitachi
software HS6400FWIW2SF HS6400FWIW2SF

Table 4 shows differences in the pin settings of the H8/3437F (dual-power-supply specification)
and H8/3437SF (single-power-supply specification).

Table 4 H8/3437F and H8/3437F S-Mask Model Pin Settings

Dual-Power-Supply Model:

Single-Power-Supply Model:

Item H8/3437F H8/3437F S-Mask Model
Boot mode H8/3437F H8/3437SF
V 5V
O12Vv OVee BV
8 P9,
FVpp/STBY 25 P9
5
MD; g MD;
Vss MDg
(GND) 777
User programming H8/3437F There are no state transitions due to pin
mode states. Transitions should be implemented
VA, by means of register settings by software.
8 J—
FVpp/STBY
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List of Items Revised or Added for This Version

Description
Section Page Item (see Manual for details)
Notes on S-Mask Model Table 1 Differences in Single-Power-Supply
(Single-Power-Supply H8/3437F and H8/3437F S- Model: H8/3437F S-
Specification) Mask Model Markings mask model sample
marking amended
1.1 Overview 3 Table 1.1 Features “Other features”
specifications amended.
4 H8/3434F-ZTAT ROM
amended in “Series
Lineup” specifications.
Notes 1 and 3 deleted
1.3.1 Pin Arrangement 6 Figure 1.2 Pin Arrangement  Rotated 90 degrees to
(FP-100B, TFP-100B, Top the left, so that pin 1 is at
View) the bottom left.
6.2.2 Oscillator Circuit 95 to 99 Added
(H8/3437SF)
12.3.2 Asynchronous 264 Figure 12.5 Sample Flowchart Flowchart amended.
Mode for Transmitting Serial Data Procedure 1 description
added.
Section 13 1°C Bus 283 Descriptions 1 and 3
Interface [Option] deleted
13.4 Application Notes 311to 315 « Note on Issuance of Added
Retransmission Start
Condition
* Note on Issuance of Stop
Condition
» Countermeasure
+ Additional Note
» Precautions when Clearing
the IRIC Flag when Using
the Wait Function
15.6 Application Notes 354 Figure 15.10 Example of Figure amended
Analog Input Circuit
18.3.2 Notes on 373 (1) description added.
Programming
19.6.1 Writer Mode 418 Description amended

Setting
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Description

Section Page Item (see Manual for details)
21.1.7 Flash Memory 504 Figure 21.2 Flash Memory “SWE” amended to
Operating Modes Related State Transitions “FLSHE".
505 Figure 21.3 Boot Mode Procedure 2 amended.
506 Figure 21.4 User Procedure 2 amended.
Programming Mode (Example)
21.2.3 Erase Block 511 Bit 7 * and Note
Register 2 (EBR2) description added.
21.3.1 Boot Mode 516 RAM Area Allocation in Boot Description amended.
Mode
517 Figure 21.9 RAM Areas in Amended
Boot Mode

Notes on Use of Boot Mode 5 description amended.

21.4t021.44 520 to 524 Entire description
amended.

21.5.1 Writer Mode 528 * and Note description

Setting added.

21.5.3 Operation in 538 Figure 21.22 Status Read Note amended

Writer Mode Mode Timing Waveforms

Table 21.19 Status Read
Mode Return Codes

21.6 Flash Memory 540 (1) Program with the specified Description amended.
Programming and Erasing voltage and timing
Precautions 541 Table 21.22 Area Accessed in FLSHE = 1 mode 2
Each Mode with FLSHE =0 amended
and FLSHE =1
22.3.5 Application Note 2 description deleted.
23 Electrical 553 to 604 Heading number
Characteristics amended
23.3 Electrical 579 Entire description newly
Characteristics added.
(H8/3437SF Low-Voltage
Version)
B.2 Function 665 I°C Bus Control Register Table amended and note
Bit 2 to 0: I°C Transfer Rate added
Select
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Section 1 Overview

1.1 Overview

The H8/3437 Series of single-chip microcomputers features an H8/300 CPU core and a
complement of on-chip supporting modules implementing a variety of system functions.

The H8/300 CPU is a high-speed processor with an architecture featuring powerful bit-
manipulation instructions, ideally suited for realtime control applications. The on-chip supporting
modules implement peripheral functions needed in system configurations. These include ROM,
RAM, four types of timers (a 16-bit free-running timer, 8-bit timers, PWM timers, and a watchdoc
timer), a serial communication interface (SCI), 4B bus interface [option], a host interface

(HIF), an A/D converter, a D/A converter, and 1/O ports.

The H8/3437 Series can operate in single-chip mode or in two expanded modes, depending on
requirements of the application.

Besides the mask-ROM versions of the H8/3437 Series, there are ZTA&fions with on-chip
PROM, and an F-ZTAT™ version with on-chip flash memory. The F-ZTAT™ version can be
programmed or reprogrammed on-board in application systems.

Notes: *1 ZTAT™ (zero turn-around time) is a trademark of Hitachi, Ltd.
*2 F-ZTAT™ (flexible-ZTAT) is a trademark of Hitachi, Ltd.

The guaranteed voltage range is different for the F-ZTAT LH version.

LH Version General Version
Vee 3.0Vto55V 27Vto55V
AV .

Table 1.1 lists the features of the H8/3437 Series.
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Table 1.1 Features

Item Specification
CPU Two-way general register configuration
« Eight 16-bit registers, or
e Sixteen 8-bit registers
High-speed operation
e Maximum clock rate (@ clock): 16 MHz at5 V, 12 MHz at 4 V or 10 MHz
at3Vv
* 8- or 16-bit register-register add/subtract: 125 ns (16 MHz), 167 ns
(12 MHz), 200 ns (10 MHz)
e 8 x 8-bit multiply: 875 ns (16 MHz), 1167 ns (12 MHz), 1400 ns (10 MHz)
e 16 + 8-bit divide: 875 ns (16 MHz), 1167 ns (12 MHz), 1400 ns (10 MHz)
Streamlined, concise instruction set
¢ Instruction length: 2 or 4 bytes
* Register-register arithmetic and logic operations
« MOV instruction for data transfer between registers and memory
Instruction set features
e Multiply instruction (8 bits x 8 bits)
« Divide instruction (16 bits + 8 bits)
e Bit-accumulator instructions
« Register-indirect specification of bit positions
Memory « H8/3437: 60-kbyte ROM; 2-kbyte RAM

* HB8/3436: 48-kbyte ROM; 2-kbyte RAM
* H8/3434: 32-kbyte ROM; 1-kbyte RAM

16-hit free-running
timer (1 channel)

« One 16-bit free-running counter (can also count external events)
« Two output-compare lines
e Four input capture lines (can be buffered)

8-bit timer
(2 channels)

Each channel has
« One 8-bit up-counter (can also count external events)
« Two time constant registers

PWM timer
(2 channels)

* Duty cycle can be set from 0 to 100%
* Resolution: 1/250

Watchdog timer
(WDT) (1 channel)

e Overflow can generate a reset or NMI interrupt
e Also usable as interval timer
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Item

Specification

Serial communication
interface (SCI)
(2 channels)

Asynchronous or synchronous mode (selectable)
Full duplex: can transmit and receive simultaneously
On-chip baud rate generator

I°C bus interface
(1 channel) [option]

Conforms to Philips I°C bus interface
Includes single master mode and slave mode

Host interface (HIF)

8-bit host interface port

Three host interrupt requests (HIRQ,, HIRQ,,, HIRQ,,)

Regular and fast A,, gate output

Two register sets, each with two data registers and a status register

Keyboard controller

Controls a matrix-scan keyboard by providing a keyboard scan function
with wake-up interrupts and sense ports

A/D converter

10-bit resolution

Eight channels: single or scan mode (selectable)
Start of A/D conversion can be externally triggered
Sample-and-hold function

D/A converter

8-bit resolution
Two channels

1/0O ports e 74 input/output lines (16 of which can drive LEDSs)
e 8input-only lines

Interrupts « Nine external interrupt lines: NMI, IRQ, to IRQ,
e 26 on-chip interrupt sources

Wait control * Three selectable wait modes

Operating modes

Expanded mode with on-chip ROM disabled (mode 1)
Expanded mode with on-chip ROM disabled (mode 1)
Single-chip mode (mode 3)

Power-down modes

Sleep mode
Software standby mode
Hardware standby mode

Other features

On-chip clock pulse generator
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Item Specification
Series lineup Part Number
Product 5-V Version (16 MHz)
Name 4-V Version (12 MHz) 3-V Version (10 MHz) Package ROM
H8/3437  HD64F3437F16 HD64F3437F16 100-pin QFP  Flash memory
F-ZTAT -
HD64F3437FLH16 HD64F3437FLH16 (FP-1008) (dual-power-
- supply product)
HD64F3437TF16 HD64F3437TF16 100-pin TQFP
HD64F3437TFLH16 HD64F3437TFLH16 (TFP-100B)
HD64F3437SF16 HD64F3437SF16 100-pin QFP Flash memory
(FP-100B) (single-power-
HD64F3437STF16 HD64F3437STF16 100-pin TQFP  SuPPly product)
(TFP-100B)
H8/3437  HD6473437F16 HD6473437F16 100-pin QFP  PROM
ZTAT (FP-100B)
HD6473437TF16 HD6473437TF16 100-pin TQFP
(TFP-100B)
H8/3437  HD6433437F16 HD6433437VF10 100-pin QFP  Mask ROM
HD6433437F12 (FP-100B)
HD6433437TF16 HD6433437VTF10 100-pin TQFP
HD6433437TF12 (TFP-100B)
H8/3436  HD6433436F16 HD6433436VF10 100-pin QFP  Mask ROM
HD6433436F12 (FP-100B)
HD6433436TF16 HD6433436VTF10 100-pin TQFP
HD6433436TF12 (TFP-100B)
H8/3434  HD64F3434F16 HD64F3434F16 100-pin QFP  Flash memory
F-ZTAT -
HD64F3434FLH16 HD64F3434FLH16 (FP-1008) (dual-power-
- supply product)
HD64F3434TF16 HD64F3434TF16 100-pin TQFP
HD64F3434TFLH16 HD64F3434TFLH16 (TFP-100B)
H8/3434  HD6473434F16 HD6473434F16 100-pin QFP  PROM
ZTAT (FP-100B)
HD6473434TF16 HD6473434TF16 100-pin TQFP
(TFP-100B)
H8/3434  HD6433434F16 HD6433434VF10 100-pin QFP  Mask ROM
HD6433434F12 (FP-100B)
HD6433434TF16 HD6433434VTF10 100-pin TQFP
HD6433434TF12 (TFP-100B)
The I°C bus interface is an available option. Please note the following points regarding this option.
In mask ROM versions, chips featuring the 1°C bus interface include a W in the part number.
Example: HD6433437WTF, HD6433434WF, etc.
4
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1.2 Block Diagram

Figure 1.1 shows a block diagram of the H8/3437 Series.

-
a< |© > )
g5 ‘ﬁ(ﬂ‘.’ﬁ’srﬁ'o 85588384
XUW ldlctnmZ=2=2>>>>>>>
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= O
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I I
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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 FP-100B and TFP-100B packages.

8 .9
oo
g
I
< © I~ =TI
[sa)ya) 0o .o OO0
¢ o oo o 00 s o 238338 00335333
L <L XXLLLLLLLL 550-D-I:ttt
DD TR g p I DD TN D XD DR OO SR D b ¥ H N
A A A 9 DD NNNNNNNN NI I T T
aoooQ>>000000000Q0>00000000
PYNRRNRRB8L88388C338588338 4
A,P1, 76 50 P4,/TMO,
AJPL, |77 49 P4,/TMCl,
A,/P1, 78 48 PAG/KEYINg
AyPL, 79 47 PA,/KEYIN,
XDB,/PB, 80 46 AVgg
XDB,/PB, 81 45 P7,/AN,/DA,

Dy/HDBy/P3, [ |
D,/HDB,/P3, [ |
D,/HDB,/P3, [ ]
D4/HDB,/P3; ]
D,/HDB,/P3, [ |
Dy/HDBg/P3s [ |
D¢/HDB¢/P3s [ |
D,/HDB,/P3; [ ]
XDB,/PB, [
XDBy/PB, [ |

Vss [

HAJ/P8, [ ]

GA,/P8; [ ]

Cs,/Ps, [ |

TOR/P8, [_|
TOW/TxD,/IRQ,/P8, |
CS,/RxD,/IRQ,/P8s [ |
SCL/SCK,/IRQy/P8s [_|

FP-100B, TFP-100B
(top view)
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[ ] P7JAN

[ 1 P7,/AN,

|1 P74 AN,

[ ] P7,/AN,

[ ] P7.JAN,

[ ] P74JAN,

[ J AV

LAV,

[ ] P6,/KEYIN,/IRQ,
[ P6/KEYING/IRQy/FTOB
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[ 1 P6,/KEYIN,/FTIC
[ 1 PA,JKEYIN,,

[ ] PAJKEYIN,,

[ P6,/KEYIN,/FTIB
[ ] P6,/KEYIN,/FTIA
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RESO 100 26
L] cHNm Yo en e NG
A N M O O™~00 A A A d A A dF A A N NN N NN
22205 SERE 8L LS b S FT LTSS S

BEE o R PEfddd S ddg{i{dde

<577 %k 35505 ESREZRooS

u . 258 2 REgz<RER

E FFoxFE 2 S F=E=

> L |l X L |y =

L Ikl 3 ¥ Ix 3%

(O]

['ey

=

[a]

<T

Note: * In the S-mask model (single-power-supply model), pin 8 functions only as the STBY pin.

Figure 1.2 Pin Arrangement (FP-100B, TFP-100B, Top View)
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1.3.2 Pin Functions

Pin Assignments in Each Operating ModeTable 1.2 lists the assignments of the pins of the
FP-100B and TFP-100B packages in each operating mode.

Table 1.2  Pin Assignments in Each Operating Mode
Pin No. Expanded Modes Single-Chip Mode Flash
EPROM Memory
FP-100B, Mode 3 Writer  Writer
TFP-100B  Mode 1 Mode 2 HIF Disabled HIF Enabled Mode Mode
1 RES RES RES RES Vep RES
2 XTAL XTAL XTAL XTAL NC XTAL
3 EXTAL EXTAL EXTAL EXTAL NC EXTAL
4 VecB VecB VecB VecB Vee Vee
5 MD, MD, MD, MD, Vs Ve
6 MD, MD, MD, MD, Ves Vs
7 NMI NMI NMI NMI EA, FA,
8 STBY STBY/FV,, STBY/FV,,  STBY/FV,, Ves FVep
9 Vee Vee Vee Vee Vee Vee
10 PA,/KEYIN,, PAJKEYIN,, PAJKEYIN, PA/KEYIN, NC NC
11 PAJ/KEYIN,, PAJKEYIN,, PAJKEYIN,, PA/KEYIN,, NC NC
12 P5,/SCK, P5,/SCK, P5,/SCK, P5,/SCK, NC NC
13 P5,/RxD, P5,/RxD, P5,/RxD, P5,/RxD, NC NC
14 P5,/TxD, P5,/TxD, P5,/TxD, P5,/TxD, NC NC
15 Vss Vss Vss Vss Vss Vss
16 P9./WAIT/SDA P9,/WAIT/SDA P9.,/SDA P9./SDA NC Vee
17 o o P9./o P9./a NC NC
18 AS AS P9, P9, NC FA,,
19 WR WR P9, P9, NC FA .
20 PAJ/KEYIN,, PAJKEYIN,, PAJKEYIN,, PAJ/KEYIN,, NC NC
21 PAJ/KEYIN,, PAJ/KEYIN,, PA,/KEYIN, PAJ/KEYIN,, NC NC
22 RD RD P9, P9, NC WE
23 P9,/IRQ, P9,/IRQ, P9,/IRQ, P9,/IRQ, PGM  V
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Flash

Pin No. Expanded Modes Single-Chip Mode
EPROM Memory

FP-100B, Mode 3 Writer  Writer

TFP-100B  Mode 1 Mode 2 HIF Disabled HIF Enabled Mode Mode

24 P9,/IRQ, when HIF is disabled or STAC bit is 0 in STCR; EA, Vee
EIOW/IRQ, when HIF is enabled and STAC bitis 1 in STCR

25 P9,/IRQ,/ADTRG when HIF is disabled or STAC bit is 0 in EA, Vee
STCR; ECS,/IRQ, when HIF is enabled and STAC bitis 1 in
STCR

26 P6,/FTCI/ P6,/FTCI/ P6,/FTCI/ P6,/FTCI/ NC NC
KEYIN, KEYIN, KEYIN, KEYIN,

27 P6,/FTOA/ P6,/FTOA/ P6,/FTOA/ P6,/FTOA/ NC NC
KEYIN, KEYIN, KEYIN, KEYIN,

28 P6,/FTIA/ P6,/FTIA/ P6,/FTIA/ P6,/FTIA/ NC NC
KEYIN, KEYIN, KEYIN, KEYIN,

29 P6,/FTIB/ P6,/FTIB/ P6,/FTIB/ P6,/FTIB/ Vee Vee
KEYIN, KEYIN, KEYIN, KEYIN,

30 PA/KEYIN,, PA,/KEYIN,, PA/KEYIN,, PA,/KEYIN,, NC NC

31 PA,/KEYIN,, PA,/KEYIN,, PA,/KEYIN,, PA,/KEYIN,, NC NC

32 P6,/FTIC/ P6,/FTIC/ P6,/FTIC/ P6,/FTIC/ Vee Vee
KEYIN, KEYIN, KEYIN, KEYIN,

33 P6./FTID/ P6./FTID/ P6./FTID/ P6./FTID/ NC NC
KEYIN, KEYIN, KEYIN, KEYIN,

34 ESIFTOB/ P6,/FTOB/ ESIFTOB/ P6,/FTOB/ NC NC
IRQ{/KEYIN; IRQ/KEYIN, IRQ/KEYIN, IRQ/KEYIN

35 P6./IRQ,/ P6./IRQ,/ P6./IRQ,/ P6./IRQ,/ NC Ves
KEYIN, KEYIN, KEYIN, KEYIN,

36 Avref AVref Avref AVref VCC VSS

37 AVcc AVce AVcc AVcc Vee Vee

38 P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC NC

39 P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC NC

40 P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC NC

41 P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC NC

42 P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC NC

43 P7./AN, P7./AN, P7./AN, P7./AN, NC NC

44 P7JAN/DA, P7,J/ANJDA,  P7JAN/DA, P7,/ANJ/DA, NC NC
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Pin No. Expanded Modes Single-Chip Mode Flash
EPROM Memory

FP-100B, Mode 3 Writer  Writer
TFP-100B  Mode 1 Mode 2 HIF Disabled HIF Enabled Mode Mode
45 P7./AN,/DA, PT7,AN,/DA,  P7,AN,/DA, P7,/AN,/DA, NC NC
46 AV, AV, AV, AV, Ves Ves
47 PA,/KEYIN, PA,/KEYIN, PA/KEYIN, PA/KEYIN, NC NC
48 PAJKEYIN, PA/KEYIN, PAJKEYIN, PAJ/KEYIN, NC NC
49 P4,/TMCI, P4,/TMCI, P4,/TMCI, P4,/TMCI, NC NC
50 P4,/TMO, P4,/TMO, P4,/TMO, P4,/TMO, NC NC
51 P4,/TMRI, P4,/TMRI, P4,/TMRI, P4,/TMRI, NC NC
52 P4,/TMCI/ P4,/TMCI,/ P4,/TMCI, HIRQ,,/TMCI, NC NC
HIRQ,,™ HIRQ,,™
53 P4,/TMO,/ P4,/TMO,/ P4,/TMO, HIRQ/TMO, NC NC
HIRQ,* HIRQ,*
54 P4,/ TMRI,/ P4/TMRI,/ P4,/ TMRI, HIRQ,/TMRI, NC NC
HIRQ,,* HIRQ,,™
55 P4,/PW, P4,/PW, P4,/PW, P4,/PW, NC NC
56 P4./PW, P4./PW, P4./PW, P4./PW, NC NC
57 PB./XDB,>  PB,/XDB, PB, PB, NC NC
58 PB/XDB,?  PB,/XDB," PB, PB, NC NC
59 Vee Vee Vee Vee Vee Vee
60 A P2.JA,, P2, P2, CE CE
61 A, P2,/A,, P2, P2, EA,, FA,,
62 A, P2,/A, P2, P2, EA,, FA,,
63 A, P2,/A, P2, P2, EA,, FA,,
64 A, P2,/A,, P2, P2, EA,, FA,,
65 Ay, P2,/A, P2, P2, EA,, FA,,
66 A, P2,/A, P2, P2, OE OE
67 A, P2,/A, P2, P2, EA, FA,
68 PB,/XDB,?>  PB,/XDB," PB, PB, NC NC
69 PB,/XDB,>  PB,/XDB,™ PB, PB, NC NC
70 Vss Vss Vss Vss Vss Vss
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Pin No. Expanded Modes Single-Chip Mode Flash
EPROM Memory

FP-100B, Mode 3 Writer  Writer
TFP-100B  Mode 1 Mode 2 HIF Disabled HIF Enabled Mode Mode
71 Vss Vss Vss Vss Vss Vss
72 A, P1,/A, P1, P1, EA, FA,
73 A, P1,/A, P1, P1, EA, FA,
74 A, P1/A, P1, P1, EA, FA,
75 A, P1,/A, P1, P1, EA, FA,
76 A, P1,/A, P1, P1, EA, FA,
77 A, PL,/A, P1, P1, EA, FA,
78 A, P1,/A, P1, P1, EA, FA,
79 A, P1,/A, P1, P1, EA, FA,
80 PB,/XDB,?>  PB,/XDB," PB, PB, NC NC
81 PB,/XDB,?  PB,/XDB,™ PB, PB, NC NC
82 o D, P3, HDB, EO, FO,
83 D, D, P3, HDB, EO, FO,
84 D, D, P3, HDB, EO, FO,
85 D, D, P3, HDB, EO, FO,
86 D, D, P3, HDB, EO, FO,
87 D, D, P3, HDB, EO, FO,
88 D, D P3, HDB, EO, FO,
89 D, D, P3, HDB, EO, FO,
90 PB,/XDB,”>  PB,/XDB,™ PB, PB, NC NC
91 PB,/XDB,?  PB,/XDB," PB, PB, NC NC
92 Vss Vss Vss Vss Vss Vss
93 P8,/HA, " P8,/HA," P8, HA, NC NC
94 P8,/GA,,* P8,/GA,,"* P8, P8,/IGA,, NC NC
95 P8,/CS,™ P8,/CS,™* P8, CS, NC NC
96 P8,/IOR™* P8./IOR™ P8, IOR NC NC
10
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Pin No. Expanded Modes Single-Chip Mode Flash
EPROM Memory

FP-100B, Mode 3 Writer  Writer

TFP-100B  Mode 1 Mode 2 HIF Disabled HIF Enabled Mode Mode

97 P8,/IRQ,/TxD, when HIF is disabled or STAC bitis 1in STCR; NC NC
IOW/IRQ, when HIF is enabled and STAC bit is 0 in STCR

98 P8,/IRQ,/RxD, when HIF is disabled or STAC bitis 1 in STCR; NC NC
CS,/IRQ, when HIF is enabled and STAC bitis 0 in STCR

99 P8/SCK,/ P8/SCK,/ P8/SCK,/ P8/SCK,/ NC NC
IRQ./SCL IRQ./SCL IRQ./SCL IRQ./SCL

100 RESO RESO RESO RESO NC NC

Note: Pins marked NC should be left unconnected.
For details on writer mode, refer to 18.2, Writer Mode, 19.6, Flash Memory Writer Mode
(H8/3434F), 20.6, Flash Memory Writer Mode (H8/3437F) and 21.5, Flash Memory Writer
Mode (H8/3437SF).
In this chip, except for the S-mask model (single-power-supply specification), the same pin
is used for STBY and FV,,. When this pin is driven low, a transition is made to hardware
standby mode. This occurs not only in the normal operating modes (modes 1, 2, and 3), but
also when programming flash memory with a PROM writer. When using a PROM
programmer to program dual-power-supply flash memory, therefore, the PROM
programmer specifications should provide for this pin to be held at the V. level except
when programming (FV,, = 12 V).

*1 Differs as in mode 3, depending on whether the host interface is enabled or disabled.
*2 XDB, to XDB, can only be used when the host interface is enabled.

11
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Pin Functions: Table 1.3 gives a concise description of the function of each pin.

Table 1.3  Pin Functions

Pin No.
FP-100B,
Type Symbol TFP-100B 1/0 Name and Function
Power Ve 9,59 | Power: Connected to the power supply.
Connect both V. pins to the system power
supply.

VB 4 | 1/0 buffer power supply: Power supply for
input/output buffers at pins P8, P9,, and
PA, to PA,.

Vg 15, 70, 71, | Ground: Connected to ground (0 V).

92 Connect all V¢ pins to system ground (0 V).
Clock XTAL 2 | Crystal: Connected to a crystal oscillator.
The crystal frequency should 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 3 | External crystal: Connected to a crystal
oscillator or external clock. The frequency of
the external clock should be the same as
the desired system clock frequency. See
section 6.2, Oscillator Circuit, for examples
of connections to a crystal and external
clock.

[4] 17 @) System clock: Supplies the system clock to
peripheral devices.

System control ~ RES 1 I Reset: A low input causes the chip to reset.

RESO 100 (@) Reset output: Outputs a reset signal to
external devices.

STBY 8 | Standby: A transition to the hardware
standby mode (a power-down state) occurs
when a low input is received at the STBY
pin.

Address bus A ;to A, 60to67, (0] Address bus: Address output pins.
72t0 79

Data bus D, to D, 89 to 82 110 Data bus: 8-bit bidirectional data bus.

12
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Pin No.

FP-100B,
Type Symbol TFP-100B 1/0 Name and Function
Bus control WAIT 16 | Wait: Requests the CPU to insert wait
states into the bus cycle when an external
address is accessed.
RD 22 0 Read: Goes low to indicate that the CPU is
reading an external address.
WR 19 0 Write: Goes low to indicate that the CPU is
writing to an external address.
AS 18 o] Address strobe: Goes low to indicate that
there is a valid address on the address bus.
Interrupt signals ~ NMI 7 | Nonmaskable interrupt:  Highest-priority
interrupt request. The NMIEG bit in the
system control register (SYSCR) determines
whether the interrupt is recognized at the
rising or falling edge of the NMI input.
IRQ, to 23 to 25, | Interrupt request 0 to 7:  Maskable interrupt
IRQ, 97 to 99, request pins.
34,35
Operating mode  MD, 5 | Mode: Input pins for setting the MCU mode
control MD, 6 operating mode according to the table

below.
MD, MD, Mode Description

0 Mode 0 lllegal setting*®

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

Note: * In the H8/3437SF (S-mask model,
single-power-supply on-chip flash
memory version), the settings MD, =
MD, = 0 are used when boot mode is
set. For details, see section 21.3,
On-Board Programming Modes.

Do not change the mode pin settings while
the chip is operating.

13
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Pin No.

FP-100B,
Type Symbol TFP-100B 110 Name and Function
16-bit free- FTOA 27 0] FRT output compare A and B:  Output pins
running timer FTOB 34 controlled by comparators A and B of the
(FRT) free-running timer.

FTCI 26 | FRT counter clock input:  Input pin for an
external clock signal for the free-running
timer.

FTIA to 28, 29, 32, | FRT input capture A to D: Input capture

FTID 33 pins for the free-running timer.

8-bit timer TMO, 50 (0] 8-bit timer output (channels 0 and 1):

T™MO, 53 Compare-match output pins for the 8-bit
timers.

TMCI, 49 | 8-bit timer counter clock input (channels

TMCI, 52 0 and 1): External clock input pins for the 8-
bit timer counters.

TMRI, 51 | 8-bit timer counter reset input (channels

TMRI, 54 0 and 1): A high input at these pins resets
the 8-bit timer counters.

PWM timer PW, 55 (0] PWM timer output (channels 0 and 1):

PW, 56 Pulse-width modulation timer output pins.

Serial communi-  TxD, 14 (@) Transmit data (channels 0 and 1): Data
cation interface  TxD, 97 output pins for the serial communication
(SCi) interface.

RxD, 13 | Receive data (channels 0 and 1): Data

RxD, 98 input pins for the serial communication
interface.

SCK, 12 110 Serial clock (channels 0 and 1):

SCK, 99 Input/output pins for the serial clock.

Host interface HDB, to 82 to 89 1/0 Host interface data bus:  8-bit bidirectional
(HIF) HDB, bus by which a host processor accesses the
host interface.

CS,,CS, 95,98 I Chip select 1 and 2: Input pins for selecting
host interface channels 1 and 2.

IOR 96 | 1/0 read: Read strobe input pin for the host
interface.

oW 97 I I/O write: Write strobe input pin for the host

interface.

14
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Pin No.

FP-100B,
Type Symbol TFP-100B 1/0 Name and Function
Host interface HA, 93 | Command/data: Input pin indicating data
(HIF) access or command access.
GA,, 94 o Gate A, A,, gate control signal output pin.
HIRQ, 53 @) Host interrupts 1, 11, and 12:  Output pins
HIRQ,, 52 for interrupt request signals to the host
HIRQ,, 54 processor.
Keyboard control KEYIN,to 26 to 29, | Keyboard input: Input pins from a matrix
KEYIN,g 32 to 35, keyboard. (Keyboard scan signals are
48, 47, normally output from P1, to P1, and P2, to
31, 30, P2,, allowing a maximum 16 x 16 key
21, 20, matrix. The number of keys can be further
11,10 increased by use of other output ports.)
Host interface XDB, to 91, 90, 81, 1/10 Host interface data bus: 8-bit bidirectional
(expanded XDB, 80, 69, 68, bus by which a host processor accesses the
modes) 58, 57 host interface.
Host interface ECS, 25 I Host chip select 2:  Input pin for selecting
(if enabled when host interface channel 2.
STAC bitis 1 in EIOW 24 | 1/0 write: Write strobe input pin for the host
STCR) interface.
A/D converter AN, to 3810 45 | Analog input:  Analog signal input pins for
AN, the A/D converter.
ADTRG 25 | A/D trigger: External trigger input for
starting the A/D converter.
D/A converter DA, 44 o Analog output:  Analog signal output pins
DA, 45 for the D/A converter.
A/D and D/A AV . 37 | Analog reference voltage: Reference
converters voltage pin for the A/D and D/A converters.
If the A/D and D/A converters are not used,
connect AV to the system power supply.
AV 46 | Analog ground: Ground pin for the A/D and
D/A converters. Connect to system ground
o WV).
AV, 36 | Analog reference voltage: Analog

ref

reference voltage input pins for A/D and D/A
converters.

15
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Type Symbol

Pin No.

TFP-100B

FP-100B,

110

Name and Function

Flash memory FVee
[H8/3434,
H8/3437 F-ZTAT]

8

Programming power supply for on-board
programming: Connect to a flash memory
programming power supply (+12 V)

I°C bus interface SCL
[option]

99

110

IC clock I/O: Input/output pin for I°C clock.
Power is supplied by 1/O buffer power
supply V..B. Features a bus drive function.

SDA

16

I/0

I2C data I/O: Input/output pin for I°C data.
Power is supplied by 1/O buffer power
supply V.B. Features a bus drive function.

1/O ports P1,to P1,

72to 79

1/0

Port 1: An 8-bit input/output port with
programmable MOS input pull-ups and LED
driving capability. The direction of each bit
can be selected in the port 1 data direction
register (P1DDR).

P2, to P2,

60 to 67

1/0

Port 2: An 8-bit input/output port with
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 P3,

89 to 82

1/0

Port 3: An 8-bit input/output port with
programmable MOS input pull-ups. The
direction of each bit can be selected in the
port 3 data direction register (P3DDR).

P4, to P4,

56 to 49

110

Port 4: An 8-bit input/output port. The
direction of each bit can be selected in the
port 4 data direction register (P4DDR).

P5, to P5,

12t0 14

1/0

Port 5: A 3-bit input/output port. The
direction of each bit can be selected in the
port 5 data direction register (P5DDR).

P6, to P6,

35to 32,
29 to 26

I/0

Port 6: An 8-bit input/output port with
programming MOS input pull-ups. The
direction of each bit can be selected in the
port 6 data direction register (P6DDR).

P7, to P7,

45 to 38

Port 7: An 8-bit input port.

P8, to P8,

9910 93

I/0

Port 8: A 7-bit input/output port. The
direction of each bit can be selected in the
port 8 data direction register (P8DDR). P8,
is powered by I/O buffer power supply V.B.

16

HITACHI



Pin No.

FP-100B,

Type Symbol TFP-100B 1/0 Name and Function

1/O ports P9, to P9, 16to 19, 1/0 Port 9: An 8-bit input/output port. The
22t0 25 direction of each bit (except for P9,) can be

selected in the port 9 data direction register
(P9DDR). P9, is powered by I/O buffer
power supply V..B.

PA, to PA, 10, 11, 20, 1/0 Port A: An 8-bit input/output port with
21, 30, 31, programming MOS input pull-ups. The
47,48 direction of each bit can be selected in the
port A data direction register (PADDR). PA,
to PA, are powered by 1/O buffer power
supply V.B. Features a bus drive function.

PB, to PB, 57, 58, 68, 1/0 Port B: An 8-bit input/output port with
69, 80, 81, programming MOS input pull-ups. The
90, 91 direction of each bit can be selected in the
port B data direction register (PBDDR).

Note: In this chip, except for the S-mask model (single-power-supply specification), the same pin
is used for STBY and FV,,. When this pin is driven low, a transition is made to hardware
standby mode. This occurs not only in the normal operating modes (modes 1, 2, and 3), but
also when programming flash memory with a PROM writer. When using a PROM
programmer to program dual-power-supply flash memory, therefore, the PROM
programmer specifications should provide for this pin to be held at the V. level except
when programming (FV,, = 12 V).
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Section 2 CPU

2.1 Overview

The H8/300 CPU is a fast central processing unit with eight 16-bit general registers (also
configurable as 16 eight-bit registers) and a concise instruction set designed for high-speed
operation.

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

* Two-way register configuration
0 Sixteen 8-bit general registers, or
O Eight 16-bit general registers
¢ Instruction set with 57 basic instructions, including:
O Multiply and divide instructions
0 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)
¢ Maximum 64-kbyte address space
« High-speed operation
O All frequently-used instructions are executed in two to four states
e Maximum clock rate (& clock): 16 MHz at 5V, 12 MHz at 4 V or 10 MHz at 3V

O 8- or 16-bit register-register add or subtract: 125 ns (16 MHz), 167 ns (12 MHz), 200 ns
(10 MHz)

O 8 x 8-bit multiply: 875 ns (16 MHz), 1167 ns (12 MHz), 1400 ns (10 MHz)

0 16 + 8-bit divide: 875 ns (16 MHz), 1167 ns (12 MHz), 1400 ns (10 MHz)
¢ Power-down mode

0 SLEEP instruction

s sy
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2.1.2 Address Space

The H8/300 CPU supports an address space with a maximum size of 64 kbytes for program code
and data combined. The memory map differs depending on the mode (mode 1, 2, or 3). For deta
see section 3.4, Address Space Map in Each Operating Mode.

213 Register Configuration

Figure 2.1 shows the internal register structure of the H8/300 CPU. There are two groups of
registers: the general 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
15 0
PC | PC: Program counter
76543210
CCR | I |U|H|U|N|Z|V|C| CCR: Condition code register
- Carry flag

— Overflow flag

Zero flag

Negative flag

Half-carry flag

Interrupt mask bit
User bit
User bit

Figure 2.1 CPU Registers

20
HITACHI



2.2 Register Descriptions

221 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 (ROH to R7H and ROL to R7L).

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 interrup
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.

Bit 6—User Bit (U): This bit can be written and read by software (using the LDC, STC, ANDC,
ORC, and XORC instructions).
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Bit 5—Half-Carry Flag (H): This flag 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 (using the LDC, STC, ANDC,
ORC, and XORC instructions).

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

Bit 2—Zero Flag (2): This flag is set to 1 to indicate a zero result and cleared to O to indicate a
nonzero result.

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

Bit 0—Carry Flag (C): This flag 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 (8.

For the action of each instruction on the flag bits, se&l81800 Series Programming Manual

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. The stack pointer and CCR should be
initialized by software, by the first instruction executed after a reset.
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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) ina by
operand.

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

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

* 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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23.1

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 No. Data Format
7 o
1-bit data RnH | 7 \ 6 \ 5 \ 4 \ 3 \ 2 \ 1 \ 0 | .................... Don'tcare
.................................................... 7 0
1-bit data ROLE Don'tcare l7]6/5]a]3[2]1]0]
7 o
Byte data RnH |MsB ‘LSB| Don't care
.................................................... 7 0
Byte data RnL Dontcare ................... |MSB ‘LSB|
15 0
Word data Rn |MSB‘ ‘LSB|
7 4 3 o
4-bit BCD data RnH |  Upper digit.  Lower digit |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
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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 |76 ]5]4]3]|2]1]0
Byte data Address n MSB: :LSB
Word data Even address MSB; } l;Jpper;Bbit;s .
Odd address Lower 8 bits LsB
MSB CCR LSB
Byte data (CCR) on stack Even address —ttt
Odd address |MSB , CCR* |LsB
MSB
Word data on stack Even address —ttt
Odd address LsB

Note: * Ignored on return

Legend:
CCR: Condition code register

Figure 2.4 Memory Data Formats

When the stack is addressed by register R7, it must always be accessed a word at a time. Whel
CCR is pushed on the stack, two identical copies of the CCR are pushed to make a complete w
When they are restored, the lower byte is ignored.
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2.4 Addressing Modes

24.1 Addressing Mode

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

Table 2.1  Addressing Modes

No. Addressing Mode Symbol
1) Register direct Rn
2) Register indirect @Rn
3 Register indirect with displacement @(d:16, Rn)
4) Register indirect with post-increment @Rn+
Register indirect with pre-decrement @-Rn
(5) Absolute address @aa:8 or @aa:16
(6) Immediate #xx:8 or #xx:16
©) Program-counter-relative @(d:8, PC)
(8) Memory indirect @@aa:8

(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 bixs8 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 registe
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.
26
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« 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 regist
field of the instruction is decremented before the operand is accessed. The size of the
decrement 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.

(5) Absolute Address—@aa:8 or @aa:16lhe 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 (652
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
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) Program-Counter-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 branching 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'OOFF ({
to 255). The word located at this address contains the branch address. The upper 8 bits of the
absolute address are 0 (H'00), thus the branch address is limited to values from 0 to 255 (H'000
H'0O0FF). Note that some of the addresses in this range are also used in the vector table. Refer 1
section 3.4, Address Space Map in Each Operating Mode.

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.
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242 Calculation of Effective Address
Table 2.2 shows how the H8/300 calculates effective addresses in each addressing mode.

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

The MOV instruction uses all the addressing modes except program-counter relative (7) and
memory indirect (8).

Bit manipulation instructions use register direct (1), register indirect (2), or 8-hit absolute (5)
addressing to identify a byte operand, and 3-bit imnmediate addressing to identify a bit within the
byte. The BSET, BCLR, BNOT, and BTST instructions can also use register direct addressing (1
to identify the bit.
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Table 2.2  Effective Address Calculation

HITACHI

Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address
1 Register direct, Rn 3 0 3 0
regm regn
15 87 43 0 T T
op regm| regn . )
Operands are contained in
registers regm and regn
2 Register indirect, @Rn 15 0
» 16-bit register contents
15 0
15 7643 0 \ -
op reg
3 Register indirect with
displacement, @(d:16, Rn) 15 0
» 16-bit register contents —l 15 0
15 7643 0 P—
op reg disp J
disp T
4 Reglgter indirect with 15 0 15 0
post-increment, @Rn+ i -
16-bit register contents
15 76143 0 : é
op reg j
1or2*
Register indirect with 15 0
pre-decrement, @—Rn
16-bit register contents
. —l 15 0
15 7643 0
op reg j
1or2*
Note: * 1 for a byte operand,
2 for a word operand
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Addressing Mode and Effective Address

Instruction Format Calculation Effective Address
Absolute address 15 87
@aa:8 H'EE
15 87 0 T
op abs
aa:l6

@ 15
15 0

op

abs T
Immediate Operand is 1- or 2-byte
#xx:8 immediate data
15 87 0

op IMM

#xx:16
15 0

op

IMM
PC-relative = 0
@(d:8, PC) PC contents

15

Sign
15 87 0 extension

disp

op disp j
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Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address
8 Memory indirect, @ @aa:8
15 87
op abs
15 87 l
H'00
15 0
Memory contents
(16 bits)
Legend:
reg: General register
op: Operation code
disp: Displacement
IMM: Immediate data
abs: Absolute address

HITACHI
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25 Instruction Set

The H8/300 CPU has 57 types of instructions, which are classified by function in table 2.3.

Table 2.3 Instruction Classification

Function Instructions Types

Data transfer MOV, MOVTPE"®, MOVFPE"?, PUSH™*, POP™* 3

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

Logic operations AND, OR, XOR, NOT 4

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 Bcc'?, 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 PUSH Rn is equivalent to MOV.W Rn, @-SP.
POP Rn is equivalent to MOV.W @SP+, Rn.
*2 Bcc is a conditional branch instruction in which cc represents a condition code.
*3 Not supported by the H8/3437 Series.
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The following sections give a concise summary of the instructions in each category, and indicate
the bit patterns of their object code. The notation used is defined next.

Operation Notation

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

(EAd) Destination operand
(EASs) Source operand

SP Stack pointer

PC Program counter

CCR Condition code register
N N (negative) flag of CCR
Z Z (zero) flag of CCR

Y, V (overflow) flag of CCR
C C (carry) flag of CCR
#imm Immediate data

#xx:3 3-bit immediate data
#xx:8 8-bit immediate data
#xx:16 16-bit immediate data
disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

O AND logical

ad OR logical

O Exclusive OR logical

- Move

- Not
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251 Data Transfer Instructions

Table 2.4 describes the data transfer instructions. Figure 2.5 shows their object code formats.

Table 2.4 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

Not supported by the H8/3437 Series.

MOVFPE

oy]

Not supported by the H8/3437 Series.

PUSH

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 MOV
op ‘ m ‘ m | Rm-Rn
15 8 7
op ‘ rm ‘ m | @RmM< -Rn
15 8 7
op ‘ rm ‘ mn
@(d:16, Rm) - - Rn
disp
15 8 7
‘ "op | T ‘ “rm ‘ m @Rm+ - Rn, or
P Rn - @-Rm
15 8 7
op mn ‘ abs | @aa:8~ -Rn
15 8 7
op rn
@aa:16 - -Rn
abs
15 8 7
op m IMM #xX:8 - Rn
15 8 7
op m
#xX:16 - Rn
IMM
15 8 7
op ‘ rn
MOVFPE, MOVTPE
abs
15 8 7
op \ m POP, PUSH
Legend:

op: Operation field
rm, rn: Register field
disp: Displacement
abs:  Absolute address
IMM: Immediate data

Figure 2.5 Data Transfer Instruction Codes

HITACHI
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25.2 Arithmetic Operations

Table 2.5 describes the arithmetic instructions. See figure 2.6 in section 2.5.4, Shift Operations,
for their object codes.

Table 2.5  Arithmetic Instructions

Instruction Size * Function
ADD B/W Rd £ Rs - Rd, Rd + #imm - 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,Rd£#imm+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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253 Logic Operations

Table 2.6 describes the four instructions that perform logic operations. See figure 2.6 in section
2.5.4, Shift Operations, for their object codes.

Table 2.6  Logic Operation Instructions

Instruction Size * Function

AND B Rd ORs - Rd, Rd O#imm - 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 RdORs - 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 2.7 describes the eight shift instructions. Figure 2.6 shows the object code formats of the
arithmetic, logic, and shift instructions.

Table 2.7  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
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15

ADD, SUB, CMP
ADDX, SUBX (Rm)

ADDS, SUBS, INC, DEC,
DAA, DAS, NEG, NOT

|MULXU, DIVXU

ADD, ADDX, SUBX,
CMP (#xx:8)

|AND,OR,XOR(Rm)

|AND, OR, XOR (#xx:8)

T T T T T
| op rm ‘ m
15 8 7
T T T T T T
| op ‘ m
15 8 7
T T T T T T
| op ‘ rm ‘ m
15 8 7
T T T T T T
| op m | IMM
15 8 7
T T T T T T
| op ‘ rm m
15 8 7
T T T T T T T
| op m ‘ IMM
15 8 7
T T T T T T
| op m

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

Legend:

op: Operation field
rm, rn: Register field

IMM:

Immediate data

38

Figure 2.6 Arithmetic, Logic, and Shift Instruction Codes

HITACHI




255 Bit Manipulations
Table 2.8 describes the bit-manipulation instructions. Figure 2.7 shows their object code formats

Table 2.8  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 O(<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.

Note: * Size: Operand size
B: Byte
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Instruction Size * Function

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.

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 to
the 1/O port registers.

Step Description

1 Read Read one data byte at the specified address

2 Modify Modify one bit in the data byte

3 Write Write the modified data byte back to the specified address

Example 1:BCLR is executed to clear bit O in the port 4 data direction register (P4DDR) under
the following conditions.

P4, Input pin, low
P4 Input pin, high
P4, — P4; Output pins, low

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

P4, P4, P4, P4, P4, P4, P4, P4,
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 #0, @P4DDR ; Clear bit 0 in data direction register

After Execution of BCLR Instruction

P4, P4, P4, P4, P4, P4, P4, P4,
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 PADDR. Since
PADDR 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 PADDR to complete the BCLR instruction.

As a result, PDDR is cleared to 0, making Pdn input pin. In addition, PBDR and PDDR
are set to 1, making Pand P4 output pins.
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15

| op MM | m
15 0
| op rm ‘ rn
15 0
op mn 0 0
op IMM 0 0
15 0
op n 0 0
op rm 0 0
15 0
op abs
op IMM ‘ 0 0
15 0
op abs
op m [0 00 o0
15 0
op IMM ‘ M
15 0
op n 0 0
op IMM 0 0
15 0
op abs
op IMM 0 0 0 O
Legend:

op: Operation field
rm, rn: Register field

abs:  Absolute address
IMM:  Immediate data

BSET, BCLR, BNOT, BTST

Operand:
Bit no.:

Operand:
Bit no.:

Operand:

Bit no.:

Operand:

Bit no.:

Operand:

Bit no.:

Operand:

Bit no.:

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

register direct (Rn)
register direct (Rm)

register indirect (@Rn)

immediate (#xx:3)

register indirect (@Rn)

register direct (Rm)

absolute (@aa:8)

immediate (#xx:3)

absolute (@aa:8)

register direct (Rm)

BAND, BOR, BXOR, BLD, BST

Operand:
Bit no.:

Operand:

Bit no.:

Operand:

Bit no.:

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

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

42

HITACHI

Figure 2.7 Bit Manipulation Instruction Codes




15 0
op IMM rn
15 0
op m 0 0 0 O
op IMM 0O 0 0 O
15 0
op abs
op IMM 0 0 0 O
Legend:

op: Operation field
rm, r: Register field
abs:  Absolute address
IMM:  Immediate data

BIAND, BIOR, BIXOR, BILD, BIST

Operand:
Bit no.:

Operand:

Bit no.:

Operand:

Bit no.:

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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256 Branching Instructions
Table 2.9 describes the branching instructions. Figure 2.8 shows their object code formats.

Table 2.9  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 coz=o0
BLS 0011 Low or same chz=1
BCC (BHS) 0100 Carry clear C=0

(High or same)

BCS (BLO) 0101 Carry set (low) c=1
BNE 0110 Not equal Z=0
BEQ 0111 Equal zZ=1
BVvC 1000 Overflow clear V=0
BVS 1001 Overflow set V=1
BPL 1010 Plus N=0
BMI 1011 Minus N=1
BGE 1100 Greaterorequal NOV=0
BLT 1101 Less than NOV=1
BGT 1110 Greater than ZONOV)=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.
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15 8 7 0

| o‘p 60 | ‘ | diép |
15 8 7 0
op ‘ rm 0O 0 0 O |
15 8 7 0
op
abs
15 8 7 0
op ‘ abs |
15 8 7 0
op ‘ disp |
15 8 7 0
op ‘ rm 0O 0 0 O |
15 8 7 0
op
abs
15 8 7 0
op abs |
15 8 7 0
op |
Legend:

op: Operation field
cc: Condition field
rm: Register field
disp: Displacement
abs: Absolute address

Bcc

JMP (@Rm)

JMP (@aa:16)

JMP (@ @aa:8)

BSR

JSR (@Rm)

JSR (@aa:16)

JSR (@@aa:8)

RTS

Figure 2.8 Branching Instruction Codes

HITACHI

45




257 System Control Instructions

Table 2.10 describes the system control instructions. Figure 2.9 shows their object code formats.

Table 2.10 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
15 8 7 0
| op | RTE, SLEEP, NOP
15 8 7 0
| op m | LDC, STC (Rn)
15 8 7 0
‘ ‘ ‘ ‘ ‘ ‘ ANDC, ORC,
| op MM | XORC, LDC (#xx:8)
Legend:
op: Operation field
rn:  Register field
IMM: Immediate data

Figure 2.9 System Control Instruction Codes
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258 Block Data Transfer Instruction
Table 2.11 describes the EEPMOV instruction. Figure 2.10 shows its object code format.

Table 2.11 Block Data Transfer Instruction/EEPROM Write Operation

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.

15 8 7 0

Legend:
op: Operation field

Figure 2.10 Block Data Transfer Instruction/EEPROM Write Operation Code
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Notes on EEPMOQOV Instruction

1. 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 - — R6 + RAL

2. 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.

R5 - - R6

RS+RAL - ~ R6+ R4L

Not allowed
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2.6 CPU States

2.6.1 Overview

The CPU has three states: the program execution state, exception-handling state, and power-dc
state. The power-down state is further divided into three modes: sleep mode, software standby
mode, and hardware standby mode. Figure 2.11 summarizes these states, and figure 2.12 shov
map of the state transitions.

State Program execution state

The CPU executes successive program instructions.

— Exception-handling state

A transient state triggered by a reset or interrupt. The CPU executes
a hardware sequence that includes loading the program counter from
the vector table.

— 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
with SSBY bit set

Program

Exception execution state

handling
request

SLEEP
instruction

Exception
handing

Exception-
handling state

Sleep mode

Interrupt request

NMI, IRQq
ES=1 to IRQ, or IRQg

@;D‘ STBY =1, RES =0 |
Power-down state

...........................

Software
standby mode

Hardware
standby mode

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

Figure 2.12 State Transitions

2.6.2 Program Execution State

In this state the CPU executes program instructions.

2.6.3 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU is reset or interruptec
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.
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2.6.4 Power-Down State

The power-down state includes three modes: sleep mode, software standby mode, and hardwal
standby mode.

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.

Software Standby Mode:ls 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 as long as a specified voltage is supplied. I/
port outputs also remain unchanged.

Hardware Standby Mode: Is entered when the input at tf&BY pin goes low. All chip
functions halt, including 1/0 port output. The on-chip supporting modules are initialized, but on-
chip RAM contents are held.

See section 22, 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
the next is referred to as a “state.” Memory access is performed in a two- or three-state bus cycl
On-chip memory, on-chip supporting modules, and external devices are accessed in different b
cycles as described below.

2.7.1 Access to On-Chip Memory (RAM and ROM)

On-chip ROM and RAM are accessed in a cycle of two states designatrd 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

~—T1 state —><—T2 state——»

5

Internal address bus >< Address ><

Internal read signal \ '/

Internal data bus (read)

:Read data >—
\ -

Internal write signal

Internal data bus (write) :>—< Write data >—

Figure 2.13 On-Chip Memory Access Cycle

Bus cycle

~——T; state—=——T, state——

Address bus

>
>
Q.
o
@
n
%]

>

AS: High

RD: High

WR: High

Data bus:
high impedance state ‘ w

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 supporting module registers and external devices are accessed in a cycle consistin
three states: J T,, and T. Only one byte of data can be accessed per cycle, via an 8-bit data bus
Access to word data or instruction 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 associa
pin states. Figures 2.17 (a) and (b) show the read and write access timing for external devices.

! Bus cycle

~——T, state —»«— T, state —><— T3 state —=

N

Internal address ><
bus !

Internal read D\
signal | 3 1 |
Internal data bus :>—< Read data
(read)

Internal data bus :>—< Write data >7
(write) : ‘

Internal write
signal

Figure 2.15 On-Chip Register Field Access Cycle
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L Bus cycle N
~——T, state —==——T state —==——T3 state -

Address bus >< Address ><

Data bus:

AS: High ‘ ] 3
RD: High | : |
WR: High ] : !

high impedance state

Figure 2.16 Pin States during On-Chip Register Field Access Cycle

' Read cycle .
~Tistate 4"7 T, state —><— T3 state——»
S A U A U A W
Address bus >< | Address : ><
=
= —
WR: High |
Data bus —H | Read data | > >

Figure 2.17 (a) External Device Access Timing (Read)
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Figure 2.17 (b) External Device Access Timing (Write)

55

HITACHI



56

HITACHI



Section 3 MCU Operating Modes and Address Space

3.1 Overview

3.1.1 Mode Selection

The H8/3437 Series operates in three modes numbered 1, 2, and 3. The mode is selected by th
inputs at the mode pins (M@2nd MD,). See table 3.1.

Table 3.1  Operating Modes

Mode MD, MD, 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 H8/3437 Series. Avoid setting the mode pins to mode 0, and do not
change the mode pin settings while the chip is operating.

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 MQ and MD,.

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
ReadWrte RW  RW  RW  RW R RW  RW  RW

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 22, 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 0.

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 22.3.3, Clock Settling Time for Exit from Software Standby Mode.

e ZTAT and Mask ROM Versions

Bit 6: STS2 Bit5: STS1 Bit 4: STSO Description

0 0 0 Settling time = 8,192 states (Initial value)
1 Settling time = 16,384 states
1 0 Settling time = 32,768 states
1 Settling time = 65,536 states
1 0 — Settling time = 131,072 states
1 — Unused
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« F-ZTAT Version

Bit 6: STS2 Bit5: STS1 Bit 4: STSO Description

0 0 Settling time = 8,192 states (Initial value)
Settling time = 16,384 states

Settling time = 32,768 states

Settling time = 65,536 states

Settling time = 131,072 states

[EEY
R O|Fr | O|Fr|O

Settling time = 1,024 states
1 — Unused

Note: When 1,024 states (STS2 to STSO = 101) is selected, the following points should be noted.

If a period exceeding gp/1,024 (e.g. @p/2,048) is specified when selecting the 8-bit timer,
PWM timer, or watchdog timer clock, the counter in the timer will not count up normally
when 1,024 states is specified for the settling time. To avoid this problem, set the STS value
just before the transition to software standby mode (before executing the SLEEP
instruction), and re-set the value of STS2 to STSO to a value from 000 to 100 directly after
software standby mode is cleared by an interrupt.

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 the NMI 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).
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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)

3.3 Mode Control Register (MDCR)

Bit 7 6 5 4 3 2 1 0
expe'| — | — | — | — | — | mpsi | MDSO |

Initial value —2 1 1 0 0 1 2 2

Read/Write R/W™ — — — — — R R

Notes: *1 H8/3437SF (S-mask model, single-power-supply on-chip flash memory version) only.
Otherwise, this is a reserved bit that is always read as 1.

*2 Determined by the mode pins (MD, and MD,).
The mode control register (MDCR) is an 8-bit register that indicates the operating mode of the
chip.

Bit 7—Expanded Mode Enable (EXPE):Functions only in the H8/3437SF (S-mask model,
single-power-supply on-chip flash memory version). For details, see section 21.1.6, Mode Contrao
Register (MDCR).

In models other than the H8/3437SF, this is a reserved bit that cannot be modified and is always
read as 1.

Bits 6 and 5—ReservedThese bhits 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 MDSQOphese bits indicate the values of the
mode pins (MD and MDQ), thereby indicating the current operating mode of the chip. MDS1
corresponds to Mpand MDSO0 to M[p. These bits can be read but not written. When the mode
control register is read, the levels at the mode pins, (&fid MD,)) are latched in these bits.
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3.4 Address Space Map in Each Operating Mode

Figures 3.1 and 3.2 show memory maps of the H8/3437, H8/3436, and H8/3434 in modes 1, 2,
and 3.

Mode 1 Mode 2 Mode 3
Expanded Mode without Expanded Mode with Single-Chip Mode
On-Chip ROM On-Chip ROM
H'0000 H'0000 H'0000
Vector table Vector table Vector table
Hoo4B| HooO4B| HOoO4B |
H'004C H'004C H'004C
On-chip ROM
61,312 bytes
On-chip ROM
External address space 63,360 bytes
H'EF7F
H'EF80
External address space
H'F77F H'F77F H'FF7F
H'F780 H'F780 H'FF80
On-chip RAM*, On-chip RAM*, On-chip RAM,
2,048 bytes 2,048 bytes 2,048 bytes
H'FF7F H'FF7F H'FF7F
EEEgg External address space nEEgg External address space
H'FF88 H'FF88 H'FF88 _ ) )
On-chip register field On-chip register field On-chip register field
H'FFFF H'FFFF H'FFFF

Note: * External memory can be accessed at these addresses when the RAME bit in the system
control register (SYSCR) is cleared to 0.

Figure 3.1 HB8/3437 Address Space Map
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H'0000

H'004B
H'004C

HF77F
H'F780

H'FF7F
H'FF80
HFF87
H'FF88

H'FFFF

Notes:

Mode 1
Expanded Mode without
On-Chip ROM

Vector table

External address space

On-chip RAM*2,
2,048 bytes

External address space

On-chip register field

Mode 2
Expanded Mode with
On-Chip ROM

H'0000

H'004B
H'004C

H'BFFF

Vector table

On-chip ROM
49,152 bytes

H'C000

HEF7F
HEF80

HF77F
H'F780

HFF7F
H'FF80
HFF87
H'FF88

Reserved*l

External address space

On-chip RAM*2,
2,048 bytes

External address space

H'FFFF

*1 Do not access reserved areas.
*2 External memory can be accessed at these addresses when the RAME bit in the system
control register (SYSCR) is cleared to 0.

On-chip register field

H'0000

H'004B
H'004C

H'BFFF
H'C000

HF77F
H'F780

HFF7F

H'FF88
H'FFFF

Mode 3
Single-Chip Mode

Vector table

On-chip ROM
49,152 bytes

Reserved*!

On-chip RAM
2,048 bytes

On-chip register field

62

Figure 3.2 HB8/3436 Address Space Map

HITACHI




H'0000

H'004B
H'004C

HF77F
H'F780

HFB7F
H'FB80
HFF7F
H'FF80
H'FF87
H'FF88

HFFFF

Notes:

Mode 1
Expanded Mode without
On-Chip ROM

Vector table

External address space

Reserved*l, *2

On-chip RAM*2,
1,024 bytes

External address space

On-chip register field

*1 Do not access reserved areas.

H'0000

H'004B
H'004C

H'7FFF
H'8000

HEF7F
H'EF80

HF77F
H'F780

HFB7F
H'FB8O

HFF7F
H'FF80
H'FF87
HFF88

HFFFF

Mode 2
Expanded Mode with
On-Chip ROM

Vector table

On-chip ROM
32,768 bytes

Reserved*!

External address space

Reserved*l *2

On-chip RAM*2,
1,024 bytes

External address space

On-chip register field

H'0000

H'004B
H'004C

H'7FFF
H'8000

HF77F
H'F780

H'FB8O
HFF7F

H'FF88
HFFFF

Mode 3
Single-Chip Mode

Vector table

On-chip ROM
32,768 bytes

Reserved*!

Reserved*l

On-chip RAM
1,024 bytes

On-chip register field

*2 External memory can be accessed at these addresses when the RAME bit in the system
control register (SYSCR) is cleared to 0.

Figure 3.3 HB8/3434 Address Space Map
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Section 4 Exception Handling

4.1 Overview

The H8/3437 Series recognizes two kinds of exceptions: interrupts and the reset. Table 4.1
indicates their priority and the timing of their hardware exception-handling sequence.

Table 4.1 Hardware Exception-Handling Sequences and Priority

Type of Detection
Priority Exception Timing Timing of Exception-Handling Sequence
High Reset Synchronized The hardware exception-handling sequence begins
with clock as soon as RES changes from low to high.
Interrupt End of instruction ~ When an interrupt is requested, the hardware
execution* exception-handling sequence begins at the end of
the current instruction, or at the end of the current
Low hardware exception-handling sequence.

Note: * Not detected after ANDC, ORC, XORC, and LDC instructions.

4.2 Reset

4.2.1 Overview

A reset has the highest exception-handling priority. WheRE8pin goes low or when there is a
watchdog timer reset (when the reset option is selected for watchdog timer overflow), 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. The reset exception-handling sequence starts
whenRES returns from low to high, or at the end of a watchdog reset pulse.

4.2.2 Reset Sequence

The reset state begins whRES goes low or a watchdog reset is generated. To ensure correct
resetting, at power-on tHRES pin should be held low for at least 20 ms. In a reset during
operation, th&ES pin should be held low for at least 10 system clock cycles. The watchdog rese
pulse width is always 518 system clocks. For the pin states during a reset, see appendix D, Pin
States.
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The following sequence is carried out when reset exception handling begins.

1. The internal state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bit in the condition code register (CCR) is set to 1.

2. The CPU loads the program counter with the first word in the vector table (stored at addresse
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 in modes 2 and 3. Figure 4.2 indicates the
timing in mode 1.

Vector | Internal |Instruction
fetch  |processing| prefetch

RES/watchdog timer /
reset (internal)

88
° AN
Internal address
bus WL ¢ 8 L@ X
Internal read ¢
signal \\\\ \ / \ / \
Internal write ¢
signal Sm
Internal data bus )
(16 bits) ]&&Qﬁ G )

(1) Reset vector address (H'0000)
(2) Starting address of program
(3) First instruction of program

Figure 4.1 Reset Sequence (Mode 2 or 3, Program Stored in On-Chip ROM)
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Figure 4.2 Reset Sequence (Mode 1)
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4.2.3 Disabling of Interrupts after Reset

After a reset, if an interrupt were to be accepted before initialization of the stack pointer (SP: R7),
the program counter and condition code register might not be saved correctly, leading to a
program crash. To prevent this, all interrupts, including NMI, are disabled immediately after a
reset. The first program instruction is therefore always executed. This instruction should initialize
the stack pointer (example: MOV.W #xx:16, SP).

After reset exception handling, in order to initialize the contents of CCR, a CCR manipulation
instruction can be executed before an instruction to initialize the stack pointer. Immediately after
execution of a CCR manipulation instruction, all interrupts including NMI are disabled. Use the
next instruction to initialize the stack pointer.

4.3 Interrupts

4.3.1 Overview

The interrupt sources include nine external sources from 23 input pins (NMItdRRQ,, and
KEYIN, to KEYIN,s), and 26 internal sources in the on-chip supporting modules. Table 4.2 lists
the interrupt sources in priority order and gives their vector addresses. When two or more
interrupts are requested, the interrupt with highest priority is served first.

The features of these interrupts are:

* NMI has the highest priority and is always accepted. All internal and external interrupts except
NMI can be masked by the | bit in the CCR. When the | bit is set to 1, interrupts other than
NMI are not accepted.

* IRQ,to IRQ, can be sensed on the falling edge of the input signal, or level-sensed. The type o
sensing can be selected for each interrupt individually. NMI is edge-sensed, and either the
rising or falling edge can be selected.

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

* IRQq is multiplexed with 16 external sources (KEYt8 KEYIN,s). KEYIN, to KEYIN,5 can
be masked individually by user software.

» The watchdog timer can generate either an NMI or overflow interrupt, depending on the need:
of the application. For details, see section 11, Watchdog Timer.
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Table 4.2  Interrupts
Interrupt source No Vector Table Address  Priority
NMI 3 H'0006 to H'0007 High
IRQO 4 H'0008 to H'0009 i
IRQ1 5 H'000A to H'000B
IRQ2 6 H'000C to H'000D
IRQ3 7 H'000E to H'000F
IRQ4 8 H'0010 to H'0011
IRQ5 9 H'0012 to H'0013
IRQ6 10 H'0014 to H'0015
IRQ7 11 H'0016 to H'0017
16-bit free-running  ICIA (Input capture A) 12 H'0018 to H'0019
timer ICIB (Input capture B) 13 H'001A to H'001B
ICIC (Input capture C) 14 H'001C to H'001D
ICID (Input capture D) 15 H'001E to H'001F
OCIA (Output compare A) 16 H'0020 to H'0021
OCIB (Output compare B) 17 H'0022 to H'0023
FOVI (Overflow) 18 H'0024 to H'0025
8-bit timer 0 CMIOA (Compare-match A) 19 H'0026 to H'0027
CMIOB (Compare-match B) 20 H'0028 to H'0029
OVIO (Overflow) 21 H'002A to H'002B
8-bit timer 1 CMI1A (Compare-match A) 22 H'002C to H'002D
CMI1B (Compare-match B) 23 H'002E to H'002F
OVI1 (Overflow) 24 H'0030 to H'0031
Host interface IBF1 (IDR1 receive end) 25 H'0032 to H'0033
IBF2 (IDR2 receive end) 26 H'0034 to H'0035
Serial ERIO (Receive error) 27 H'0036 to H'0037
communication RXI0 (Receive end) 28 H'0038 to H'0039
interface O TXIO (TDR empty) 29 H'003A to H'003B
TEIO (TSR empty) 30 H'003C to H'003D
Serial ERI1 (Receive error) 31 H'003E to H'003F
communication RXI1 (Receive end) 32 H'0040 to H'0041
interface 1 TXI1 (TDR empty) 33 H'0042 to H'0043
TEI1 (TSR empty) 34 H'0044 to H'0045
A/D converter ADI (Conversion end) 35 H'0046 to H'0047
Watchdog timer WOVF (WDT overflow) 36 H'0048 to H'0049 Y
I°C bus interface IICI (Transfer end) 37 H'004A to H'004B Low

Notes: 1. H'0000 and H'0001 contain the reset vector.
2. H'0002 to H'0005 are reserved in the H8/3437 Series 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 regist
(ISCR), IRQ enable register (IER), and keyboard matrix interrupt mask registers (KMIMR and
KMIMRA).

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 register KMIMR R/W H'FFF1
Keyboard matrix interrupt mask register A KMIMRA R/W H'FFF3

System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

| SSBY | STS2 | STS1 | STSO | XRST | NMIEG| HEE | RAME |
Initial value 0 0 0 0 1 0 0 1
ReadWrite =~ RW  RW  RW  RW R RW  RW  RW

The valid edge on theMI line is controlled by bit 2 (NMIEG) in the system control register.

Bit 2—NMI Edge (NMIEG): Determines whether a nonmaskable interrupt is generated on the
falling or rising edge of th&MI input signal.

Bit 2: NMIEG Description

0 An interrupt is generated on the falling edge of NMI (Initial state)

1 An interrupt is generated on the rising edge of NMI.

See section 3.2, System Control Register, for information on the other SYSCR bits.

IRQ Sense Control Register (ISCR)

Bit 7 6 5 4 3 2 1 0
| IRQ7SC | IRQ6SC| IRQ5SC | IRQ4SC| IRQ3SC | IRQ2SC | IRQISC | IRQOSC|
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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Bits 7 to 0—IRQ;, to IRQ, Sense Control (IRQ7SC to IRQOSC)These bits determine whether
IRQ; to IRQ, are level-sensed or sensed on the falling edge.

Bits 7 to O:
IRQ7SC to IRQOSC Description

0

An interrupt is generated when IRQ, to IRQ, inputs are low. (Initial state)

1

An interrupt is generated by the falling edge of the IRQ, to IRQ, inputs.

IRQ Enable Register (IER)

Bit 7 6 5 4 3 2 1 0

\ IRQ7E \ IRQ6E‘ IRQ5E \ IRQ4E‘ IRQ3E \ IRQ2E \ IRQLE \ IRQOE \
Initial value 0 0 0 0 0 0 0 0
RIW RW RW RW RW RW RW RW  RW

Bits 7 to 0—IRQ7 to IRQO Enable (IRQ7E to IRQOE): These bits enable or disable the IRQ
IRQ, interrupts individually.

Bits 7 to O:

IRQ7E to IRQOE Description

0 IRQ, to IRQ, interrupt requests are disabled. (Initial state)
1 IRQ, to IRQ, interrupt requests are enabled.

When edge sensing is selected (by setting bits IRQ7SC to IRQOSC to 1), it is possible for an
interrupt-handling routine to be executed even though the corresponding enable bit (IRQ7E to
IRQOE) is cleared to 0 and the interrupt is disabled. If an interrupt is requested while the enable
(IRQ7E to IRQOE) 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 bit is now 0.

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.

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

Clear the desired bits from IRQ7E to IRQOE to 0 to disable new interrupt requests.
Clear the corresponding IRQ7SC to IRQOSC bits to 0, then set them to 1 again. Pending IRC
interrupt requests are cleared when | =1 in the CCR, IRQnSC =0, and IRQnE = 0.
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Keyboard Matrix Interrupt Mask Register (KMIMR)

To control interrupts from a 16 16 matrix keyboard at key-sense input giisYIN, to KEYIN,;,
there are two keyboard matrix interrupt mask registers, KMIMR and KMIMRA. Bits KMIMR7 to
KMIMRO in KMIMR correspond to key-sense inpEYIN, to KEYIN,. Bits KMIMR15 to
KMIMRS8 in KMIMRA correspond to key-sense inpulEEYIN,; to KEYIN,. Initially, the

KMIMRS bit that corresponds to tHRQ4/KEYIN, pin is in the interrupt-enabled state, and the
other interrupt mask bits are in the interrupt-disabled state.

KMIMR is an 8-bit readable/writable register used in keyboard matrix scanning and sensing. This
register initializes to a state in which only the input atiR@, pin is enabled. 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
\ KMIMR7 \ KMIMRG‘ KMIMRS‘ KMIMR4‘ KMIMR3‘ KMIMRZ‘ KMIMRl‘ KMIMRO‘
Initial value 1 0 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 KEYIN KEYIN,,.

Bits 7 to O:

KMIMR7 to KMIMRO  Description

0 Key-sense input interrupt request is enabled.

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

Note: * Except KMIMRG6, which is initially O.

Bit 7 6 5 4 3 2 1 0
‘ KMIMR15 ‘ KMIMR14‘ KMIMR13 ‘ KMIMR12 ‘ KMIMR11 ‘ KMIMRlO‘ KMIMR9 ‘ KMIMR8 ‘
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 (KMIMR15 to KMIMRS8):  These bits control
key-sense input interrupt requests KEYIN15 to KEYINS.

Bits 7 to O:

KMIMR15 to KMIMR8  Description

0 Key-sense input interrupt request is enabled.

1 Key-sense input interrupt request is disabled. (Initial value)
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Figure 4.3 shows the relationship between theglRt@rrupt, KMIMR, and KMIMRA.

KMIMRO (1)
P6o/KEYIN,

IRQg internal signal

KMIMRS (0)
P64/KEYING/IRQg

Edge/level select
and enable/
disable control

KMIMR? (1)
P6,/KEYIN;

| IRQg
interrupt

IRQgE ——
IRQsSC

KMIMRS (1)
PA/KEYINg

KMIMR15 (1)
PA;/KEYIN, 5

5 66t

Initial values are given in parentheses

Figure 4.3 KMIMR, KMIMRA, and IRQ g Interrupt
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4.3.3 External Interrupts

The nine external interrupts are NMI and IRQIRQ.. NMI, IRQ,, IRQ,, IRQ,, and IRQ can be
used to recover from software standby mode.

NMI: A nonmaskable interrupt is generated on the rising or falling edge SiMiiénput signal
regardless of whether the | (interrupt mask) bit is set in the CCR. The valid edge is selected by th
NMIEG bit in the system control register. The NMI vector number is 3. In the NMI hardware
exception-handling sequence the | bit in the CCR is set to 1.

IRQ, to IRQ,: These interrupt signals are level-sensed or sensed on the falling edge of the input,
as selected by ISCR bits IRQOSC to IRQ7SC. These interrupts can be masked collectively by the
bit in the CCR, and can be enabled and disabled individually by setting and clearing bits IRQOE t
IRQ7E in the IRQ enable register.

TheIRQ, input signal can be logically ORed internally with the key sense input signals. When
KEYIN, to KEYIN, pins (P§ to PG and PA to PA) are used for key sense input, the
corresponding KMIMR bits should be cleared to 0 to enable the corresponding key sense input
interrupts. KMIMR bits corresponding to unused key sense inputs should be set to 1 to disable th
interrupts. All 16 key sense interrupts are combined into a singlgitfRrupt.

When one of these interrupts is accepted, the | bit is set to 116RRQ, have interrupt vector
numbers 4 to 11. They are prioritized in order from JRQw) to IRQ, (high). For details, see
table 4.2.

Interrupts IRQ to IRQ, do not depend on whether piiRQ, to IRQ, are input or output pins.
When using external interrupts IR® IRQ, clear the corresponding DDR bits to O to set these
pins to the input state, and do not use these pins as input or output pins for the timers, serial
communication interface?C bus interface, host interface, or A/D converter.

4.3.4 Internal Interrupts

Twenty-six internal interrupts can be requested by the on-chip supporting modules. Each interruf
source has its own vector number, so the interrupt-handling routine does not have to determine
which interrupt has occurred. All internal interrupts are masked when the | bit in the CCR is set tc
1. When one of these interrupts is accepted, the | bit is set to 1 to mask further interrupts (except
NMI). The vector numbers are 12 to 37. For the priority order, see table 4.2.
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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.

Interrupt " CPU
NMI interrupt controller
IRQy flag * | .
IRQOE :D IRQe | D Interrupt request ! ;
interrupt |
Priority
! "_Di decision
"_D Vector number !
| 1 ‘ —
RIC ) | .
IEIC ncr | - o
interrupt |
| o ————I(CCR)
Note: * For edge-sensed interrupts, these AND gates change to the circuit shown below.
IRQq flag
IRQg edge S Q )
IRQOE :Df —— IRQy interrupt

Figure 4.4 Block Diagram of Interrupt Controller

The IRQ interrupts and interrupts from the on-chip supporting modules (except for reset selecte
for a watchdog timer overflow) all have corresponding enable bits. When the enable bit is cleare
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 (1) to 1. Accordingly,
these interrupts are accepted only when their enable bit is set to 1 and the | bit is cleared to O.

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

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.

76

An interrupt 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.

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

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.

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.

In the hardware exception-handling sequence, the CPU first pushes the PC and CCR onto the
stack. See figure 4.6. The stacked PC indicates the address of the first instruction that will be
executed on return from the software interrupt-handling routine.

Next the | bit in CCR is set to 1, masking all further interrupts except NMI.

The vector address corresponding to the vector number is generated, the vector table entry a
this vector address is loaded into the program counter, and execution branches to the softwar
interrupt-handling routine at the address indicated by that entry.
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'

Program execution

Interrupt No

requested?

Pending —

\

Latch vector no.

1

Save PC

H

-1

1

Read vector address

1

Branch to software
interrupt-handling
routine

Figure 4.5 Hardware Interrupt-Handling Sequence
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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 Even address
Stack area
/\—/ /\—/
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

The CCR is comprised of one byte, but when it is saved to the stack, it is treated as one word of
data. During interrupt processing, two identical bytes of CCR data are saved to the stack to creat
one word of data. When the RTE instruction is executed to restore the value from the stack, the
byte located at the even address is loaded into CCR, and the byte located at the odd address is

ignored.
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Interrupt

accepted Instruction prefetch
Interrupt priority (first instruction of
decision. Wait for | Instruction Internal Vector Internal interrupt-handling
end of instruction.| prefetch ~ process- Stack fetch  process- routine)
> ing D —— ing ‘<—"
A4
Interrupt request
signal
| jEjuisininininininininiainjaininininlE]

bus

Internal address :X @ X 3) X (5) X (6) X ® X ©) X X:

Internal read [ ~ / ~ / \ / \ / \ /

signal

Internal write \ [ \ [

signal

Internal 16-bit () >—< @) >—< 9)

data bus

(3]
@@
(©)

(®)

(6)

Q)

®)

©)
(10)

Instruction prefetch address (Pushed on stack. Instruction is executed on return from interrupt-handling routine.)
Instruction code (Not executed)

Instruction prefetch address (Not executed)

SP-2

SP-4

CCR

Address of vector table entry

Vector table entry (address of first instruction of interrupt-handling routine)

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 number of states that elapse from an interrupt request signal until the first
instruction of the software interrupt-handling routine is executed. Since on-chip memory is
accessed 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" 23

2 Wait for completion of current 1t0 13 5t017°°
instruction™

3 Save PC and CCR 4 1272

4 Fetch vector 2 62

5 Fetch instruction 4 122

6 Internal processing 4 4
Total 17 to 29 411t053™

Notes: *1 These values do not apply if the current instruction is EEPMOV.
*2 If wait states are inserted in external memory access, add the number of wait states.
*3 1 for internal interrupts.
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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 O.

Figure 4.8 shows an example in which the OCIAE bit is cleared to 0.

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.
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4.4

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)

Note on Stack Handling

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.

sP—p

BSR instruction
—_—>

H'FECF set in SP

T T~ T T~
PCy
SP—» PC.

— ~_ — T~

PC is improperly stored

beyond top of stack

PCy: Upper byte of program counter
PC,.: Lower byte of program counter

R1,: General register
SP: Stack pointer

T T~

sP—»

R1,

PC,

/_\/

MOV.B R1L, @-R7
—>

PCy is lost

H'FECC
H'FECD

H'FECF
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Section 5 Wait-State Controller

51 Overview

The H8/3437 Series has an on-chip wait-state controller that enables insertion of wait states intc
bus cycles for interfacing to low-speed external devices.

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

« Three selectable wait modes: programmable wait mode, pin auto-wait mode, and pin wait
mode
¢ 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-state controller
(WSC)

Internal data bus

WSCR

Legend:
WSCR: Wait-state control register

Figure 5.1 Block Diagram of Wait-State Controller
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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 110 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

Address Name Abbreviation R/W Initial Value

H'FFC2 Wait-state control register WSCR R/W H'08

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 RAM area setting for dual-power-
supply flash memory, selection/non-selection of single-power-supply flash memory control
registers, and frequency division of the clock signals supplied to the supporting modules.

Bit 7 6 5 4 3 2 1 0

| RAMS™ | RAMO" | CKDBL | FLSHE'?| WMS1 | WMSO | WC1 | Wwco |
Initial value 0 0 0 0 1 0 0 0
ReadWrte @~ RW RW RW RW RW RW RW  RW

Notes: *1 These bits are valid only in the H8/3437F and H8/3434F (dual-power-supply on-chip
flash memory versions).

*2 This bit is valid only in the H8/3437SF (S-mask model, single-power-supply on-chip
flash memory version).

WSCR is initialized to H'08 by a reset and in hardware standby mode. It is not initialized in
software standby mode.
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Bit 7—RAM Select (RAMS)

Bit 6—RAM Area Select (RAMO)

Bits 7 and 6 select a RAM area for emulation of dual-power-supply flash memory updates. For
details, see the flash memory description in section 19, 20, ROM.

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—Flash Memory Control Register Enable (FLSHE):Controls selection/non-selection of
single-power-supply flash memory control registers. For details, see the description of flash
memory in section 21, ROM. In models other than the H8/3437SF, 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 (WMS1/0)hese bits select the wait mode.

Bit 3: WMS1 Bit 2: 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 O (WC1/0)These bits select the number of wait states inserted
in access to external address areas.

Bit 1: WC1 Bit 0: WCO 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 (] 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).

S e

Address bus X External address

s

—

1k

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

Figure 5.2 Programmable Wait Mode
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Pin Wait Mode: In all accesses to external addresses, the number of wait stgtegléicted by
bits WC1 and WCO are inserted. If tReAIT pin is low at the fall of the system clock (@) in the
last of these wait states, an additional wait state is inserted.W A& pin remains low, wait
states continue to be inserted until IWAIT signal goes high.

Pin wait mode is useful for inserting four or more wait states, or for inserting different numbers o

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 w

state is inserted bW AIT input.

Read
access

Write
access

Inserted by | Inserted by

wait count | WAIT signal

WAIT pin \ & /

Address bus X External address

B

o

Read data
Data bus
WR ] [
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 states,fTselected 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 () selected by bits WC1 and WCO are inserted. No additional wait states
are inserted even if tH& 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 YARE pin.

Figure 5.4 shows the timing when the wait count is 1.

ZJ\\i*/j\\\\M\\\\

WAIT

Address bus X External address

X
= T
]

External address

1r

RD
Read
access Read data Read data
Data bus
L e
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 H8/3437 Series has a built-in clock pulse generator (CPG) consisting of an oscillator circuit,
duty adjustment circuit, and a divider and a prescaler that generates clock signals for the on-chi
supporting modules.

6.1.1 Block Diagram

Figure 6.1 shows a block diagram of the clock pulse generator.

' '] ap

XTAL ————= Oscillator —la d'l?sl:zent . (system  (for sup-
EXTAL ———{ circuit 1u it clock) porting
1 circui modules)

Frequency T

divider (1/2) | i

Prescaler

@p/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 same
system clock frequency glacan 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 controller wait settings, RAM area
setting for dual-power-supply flash memory, and selection/non-selection of single-power-supply
flash memory control registers.

WSCR is initialized to H'08 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
\ RAMS™* | RAMO™* | CKDBL \ FLSHE?| wMms1 \ WMS0 \ wcC1 \ WCO \
Initial value 0 0 0 0 1 0 0 0

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

Notes: *1 These bits are valid only in the H8/3437F and H8/3434F (dual-power-supply on-chip
flash memory versions).

*2 This bit is valid only in the H8/3437SF (S-mask model, single-power-supply on-chip
flash memory version).

Bit 7—RAM Select (RAMS)

Bit 6—RAM Area Select (RAMO)

Bits 7 and 6 select a RAM area for emulation of dual-power-supply flash memory updates. For
details, see the flash memory description in section 19, 20, ROM.

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

Bit 5: CKDBL Description

0 The undivided system clock () is supplied as the clock (@) for supporting
modules. (Initial value)
1 The system clock (@) is divided by two and supplied as the clock (@) for

supporting modules.

Bit 4—Flash Memory Control Register Enable (FLSHE):Controls selection/non-selection of
single-power-supply flash memory control registers. For details, see the description of flash
memory in section 21, ROM. In models other than the H8/3437SF, 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 (WMS1/0)
Bits 1 and 0—Wait Count 1 and 0 (WC1/0)
These bits control wait-state insertion. For details, see section 5, Wait-State Controller.
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6.2 Oscillator Circuit

6.2.1 Oscillator (Generic Device)

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.

Connecting an External Crystal

Circuit Configuration: An external crystal can be connected as in the example in figure 6.2.
Table 6.1 indicates the appropriate damping resistance Rd. An AT-cut parallel resonance crysta
should be used.

Cu1
EXTAL T‘ }ﬂT
—
XTAL HNVL{ }ﬂT
Rd CLy

CLJ_:CLzlethOZZpF

Figure 6.2 Connection of Crystal Oscillator (Example)

Table 6.1 Damping Resistance

Frequency (MHz) 2 4 8 10 12 16

Rd max (Q) 1k 500 200 0 0 0

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.

91
HITACHI



CL
| |
7500 | MW\
L Rs
XTAL =— *—— EXTAL
| |
[
Co
AT-cut parallel resonating crystal

Figure 6.3 Equivalent Circuit of External Crystal

Table 6.2  External Crystal Parameters

Frequency (MHz) 2 4 8 10 12 16
Rs max (Q) 500 120 80 70 60 50
C, (pF) 7pFmax 7pFmax 7pFmax 7pFmax 7pFmax 7 pF max

Use a crystal with the same frequency as the desired system clock frequency (2).

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 XTAL
and EXTAL pins.

Not allowed )
Signal A Signal B
Ci2 1 1
r || : XTAL
= |
i || j EXTAL
CL1 1 !

Figure 6.4 Notes on Board Design around External Crystal

92
HITACHI



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 ———— External clock input

XTAL ——— Open

(a) Connections with XTAL pin left open

EXTAL External clock input

74HCO4
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

Ve =2710 V, =40t0 V., =50V

55V 55V +10%
Item Symbol Min Max Min Max Min Max Unit Test Conditions
Low pulse teye 0 — 30 — 20 — ns Figure 6.6
width of external
clock input
High pulse texn 40 — 30 — 20 — ns
width of external
clock input
External clock  tg,, — 10 — 10 — 5 ns
rise time
External clock  tgy — 10 — 10 — 5 ns
fall time
Clock pulse te 03 0.7 03 0.7 03 0.7 t,. @=2=5MHz Figure
width low 04 06 04 06 04 06 t, @s<5MHz 237
Clock pulse ten 03 0.7 03 0.7 03 0.7 t,, ©@=5MHz
width high 04 06 04 06 04 06 t, 8<5MHz
tExH | texL |
\
EXTAL
VCC x 0.5
— - - tEx, — | tEXt

Figure 6.6 External Clock Input Timing

Table 6.4 lists the external clock output stabilization delay time. Figure 6.7 shows the timing for
the external clock output stabilization delay time. The oscillator and duty correction circuit have
the function of regulating the waveform of the external clock input to the EXTAL pin. When the
specified clock signal is input to the EXTAL pin, internal clock signal output is confirmed after
the elapse of the external clock output stabilization delay tigag Xt As clock signal output is not
confirmed during theyt; period, the reset signal should be driven low and the reset state
maintained during this time.
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Table 6.4  External Clock Output Stabilization Delay Time

Conditions: W.c=2.7t055V, A =2.7t105.5V, s = AV,=0V

Item Symbol Min Max Unit Notes
External clock output stabilization toexr™ 500 — ps Figure 6.7
delay time

Note: * t,.,, includes a 10 t,, RES pulse width (tzeq)-

cyc

)

Vee 27V

STBY YEJL

o el ane HnavAvaVavavaVavaval

)

RES T

)

toexT*

Note: * tpexr includes a 10 te RES pulse width (tresw)-

Figure 6.7 External Clock Output Stabilization Delay Time

6.2.2 Oscillator Circuit (H8/3437S)

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.

Connecting an External Crystal

Circuit Configuration: An external crystal can be connected as in the example in figure 6.8.
Table 6.5 indicates the appropriate damping resistance Rd. An AT-cut parallel resonance crysta

should be used.
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Cu1
EXTAL T‘ }ﬂT
[
XTAL —WVL{ }ﬂT
Rd CLy

C|_1:C|_2=10p|:t022p|:

Figure 6.8 Connection of Crystal Oscillator (Example)

Table 6.5 Damping Resistance

Frequency (MHz) 2 4 8 10

Rd max (Q) 1k 500 200 0

Crystal Oscillator: Figure 6.9 shows an equivalent circuit of the crystal resonator. The crystal
resonator should have the characteristics listed in table 6.6.

XTAL =-—9 $—— EXTAL

AT-cut parallel resonating crystal

Figure 6.9 Equivalent Circuit of External Crystal

Table 6.6  External Crystal Parameters

Frequency (MHz) 2 4 8 10
Rs max (Q) 500 120 80 70
C, (pF) 7 pF max 7pFmax  7pFmax 7 pF max

Use a crystal with the same frequency as the desired system clock frequency (2).

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 6.10. The crystal and its load capacitors should be placed as close as possible to the XTAl
and EXTAL pins.
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Not allowed ,
Signal A Signal B
Ci2 1 1
T || 1 | XTAL
S |
T || | EXTAL
CLl | !

Figure 6.10 Notes on Board Design around External Crystal
Input of External Clock Signal

Circuit Configuration: An external clock signal can be input as shown in the examples in figure
6.11. In example (b) in figure 6.11, 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 ——— External clock input

XTAL ——— Open

(@) Connections with XTAL pin left open

EXTAL External clock input

74HCO04
XTAL

(b) Connections with inverted clock input at XTAL pin

Figure 6.11 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 6.7 and figure 6.12.

Table 6.7  Clock Timing

Vee=3.0t05.5V

Item Symbol  Min Max Unit Test Conditions
Low pulse width of external  t.,, 40 — ns Figure 6.12
clock input
High pulse width of external  tg, 40 — ns
clock input
External clock rise time ey, — 10 ns
External clock fall time texs — 10 ns
Clock pulse te 0.3 0.7 toye @25MHz  Figure 23.7
width low 0.4 0.6 toye g <5 MHz
Clock pulse tey 0.3 0.7 toye 225 MHz
width high 0.4 0.6 to g <5 MHz
tExH | texL |
\
EXTAL
VCC x 0.5
— -~ tExy — | tEXt

Figure 6.12 External Clock Input Timing

Table 6.8 lists the external clock output stabilization delay time. Figure 6.13 shows the timing for
the external clock output stabilization delay time. The oscillator and duty correction circuit have
the function of regulating the waveform of the external clock input to the EXTAL pin. When the
specified clock signal is input to the EXTAL pin, internal clock signal output is confirmed after
the elapse of the external clock output stabilization delay tigag Xt As clock signal output is not
confirmed during thest,; period, the reset signal should be driven low and the reset state
maintained during this time.
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Table 6.8  External Clock Output Stabilization Delay Time

Conditions: W.c=3.0t05.5V, A{=2.7t105.5V, s =AV,=0V

Item Symbol Min Max Unit Notes
External clock output stabilization toexr™ 500 — ps Figure 6.13
delay time

Note: * t,.,, includes a 10 t,, RES pulse width (tzeq)-

cyc

)

Vee 30V

STBY VML

o el ane HnavAvaVavavaVavaval

)

RES T

)

toexT*

Note: * tpexr includes a 10 te, RES pulse width (tresw)-

Figure 6.13 External Clock Output Stabilization Delay Time

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 clock for the on-chip supporting moduleg) (eas either the same frequency as the system
clock (@) or this frequency divided by two, depending on the CKDBL bit. The prescaler divides

the frequency of gto generate internal clock signals with frequencies frghtg @/4096.

HITACHI
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Section 7 /O Ports

7.1 Overview

The H8/3437 Series has eight 8-bit input/output ports, one 7-bit input/output port, and one 3-bit
input/output port, and are 8-bit input 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, 4, 6, 9, A, and B can drive one TTL load and a 90-pF capacitive load. Ports 5 and
can drive one TTL load and a 30-pF capacitive load. Ports 1 and 2 can drive LEDs (with 10-mA
current sink). Ports 1 to 6, 8, 9, A, and B can drive a darlington transistor. Ports 1 to 3, 6, A, and
have built-in MOS pull-up transistors.

For block diagrams of the ports, see appendix C, I/O Port Block Diagrams.

Pins P@in port 8, P9in port 9, and P4 PA,, PA;, and PA in port A can be driven to operate as
bus buffers. For details, see section #G,Bus Interface.
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Table 7.1

Port Functions

Expanded Single-Chip
Modes Mode
Port Description Pins Mode 1 Mode 2 Mode 3
Port1 < 8-bit I/O port P1,to P1,/A;to A, Lower address Lower address General
« Can drive LEDs output (A; to Ay) output (A, to Ay) input/output
o or general input
« Built-in input
pull-ups
Port2 < 8-bit I/O port P2, to P2,/A,5 to Ag Upper address Upper address General
« Can drive LEDs output (A5 to Ag)  output (A to Ag) input/output
S or general input
* Built-in input
pull-ups
Port3 < 8-bit I/O port P3, to P3y/ Data bus Data bus HIF data bus
« Built-in input D, to DO/ (D7 to Do) (D7 to Do) (HDB7 to
pull-ups HDB, to HDB, HDB,) Ior /
general input
« HIF data bus output
Port4  « 8-bit I/O port P4.,/PW, PWM timer 0/1 output (PW,, PW,), or general
P4,/PW, input/output
P4,/ TMRI,/HIRQ,, 8-bit timer 1 input/output (TMCI;, TMO,, TMRI,), host
P4,/TMO,/HIRQ, processor interrupt request output from HIF (HIRQ,,,
HIRQ,, HIRQ,,), or general input/output
P4,/TMCI,/HIRQ,,
P4,/TMRI, 8-bit timer 0 input/output (TMCI,, TMO,, TMRI,) or
P4,/TMO, general input/output
P4,/TMCI,
Port 5 « 3-bit 1/O port P5,/SCK, Serial communication interface 0 input/output (TxD,,
P5,/RxD, RxD,, SCK,) or general input/output
P5,/TxD,
Port6 < 8-bit I/O port P6./KEYIN,/IRQ, 16-bit free-running timer input/output (FTCI, FTOA,
« Built-in input PGGIMGIFTOB/mG FTIA, FTIB, FTIC, FTID, FTOB), key-sense interrupt
pull-ups P6./KEVINL/FTID input (KEYIN, to KEYIN,), external interrupt input (IRQ;,
5 5 IRQ), or general input/output
* Key-sense P6,/KEYIN,/FTIC
interrupt inputs —
PLINPUES  pg /KEVIN,/FTIB
P6,/KEYIN,/FTIA
P6,/KEYIN,/FTOA
P6,/KEYIN,/FTCI
Port7 < 8-bit I/O port P7,/AN,/DA, Analog input to A/D converter (AN,, ANg), analog output
P7,/AN,/DA, from D/A converter (DA, DA,), or general input
P74 to P7,/ Analog input to A/D converter (AN to AN,) or general
ANg to AN, input
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Expanded Single-Chip
Modes Mode
Port Description Pins Mode 1 Mode 2 Mode 3
Port8 < 7-bit I/O port P8,/IRQ,/SCK,/SCL Serial communication interface 1 input/output (TxD,,
. Candrive abus P8,TRQ,/RXD,/CS, RXD;, SCK,), HIF control input (CS,, IOW), I°C clock
line (P8 J— N input/output (SCL), external interrupt input (IRQ, to
(P8s) P8,/IRQ,/TxD,/IOW IRQ,), or general input/output
P8,/IOR HIF control input/output (HA,, GA,,, CS,, IOR), or
P8,/CS, general input/output
P8,/GA,,
P8,/HA,
Port 9 « 8-hit 1/O port P9, /WAIT/SDA Expanded data bus control input I°C data
« Can drive a bus (WAIT), I°C data input/output (SDA), input/output
line (P9.) or general input/output (SDA) or
! general input/
output
P9./o System clock (g)  System clock (o) @ output or
output output general input
P9,/AS Expanded data bus control output General
P9,/ WR (RD, WR, AS) input/output
P9./RD
P9,/MRQ, HIF control input (ECS,, EIOW), trigger input to A/D
P9,/IRQ,/ETOW converter (ADTRG), external interrupt input (IRQ, to
— — ——__ IRQ), or general input/output
Po,/RQ,/ECS/ADTRG o) 010 putiout
Port A 8-bit I/O port PA, to PA,/ Key-sense interrupt input (KEYIN,5 to KEYIN,) or
« Built-in input KEYIN,; to KEYINg general input/output
pull-ups
* Key-sense
interrupt inputs
 Can drive bus
lines (PA,, PA,,
PA,, PA.)
PortB < 8-bit I/O port PB, to PB,/ HIF data bus (XDB, to XDB,) or General
« HIF data bus XDB7 to XDB, general input/output input/output

« Built-in input
pull-up MOS
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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-up transistors 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 anc
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)
— Plg/Ag As (output) As (output)/P1s (input)
Port 1 > P1,/A, A4 (output) A4 (output)/P1, (input)

~— P13/A3 A (output) Az (output)/P13 (input)
~— P1,/A; A, (output) A, (output)/P1, (input)
e P1;/A; A; (output) A1 (output)/P14 (input)
~— P1ly/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)
P13 (input/output)
P1, (input/output)
P1, (input/output)
P14 (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 (P1LDDR)

Bit 7 6 5 4 3 2 1 0
| P1,0DR | P1,DDR| P1,0DR | P1,DDR| P1,DDR | P1,DDR| P1,DDR | 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

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. PADDR
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 0.

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 0.

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
Py, | P, | PL | PL | PL | PL | PL | 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

P1DR is an 8-hit register that stores data for pingd®®P1. 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
| PLPCR | P1,PCR | PLPCR | P1,PCR| PL,PCR | 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 input pull-up transistors in port 1. If
a P1DDR bit is cleared to 0 (designating input) and the corresponding P1PCR bit is set to 1, the
input pull-up transistor 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 outputt@A,). Figure 7.2 shows the pin functions in
mode 1.

— A7 (output)
— Ag (output)
—— Ag (output)
Port 1 = Ay (output)
—* Ags (output)
— A, (output)
—— A4 (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, their PADDR bits must be set to 1. Figure 7.3 shov
the pin functions in mode 2.

When P1DDR =1 When P1DDR =0
~— A5 (output) P1; (input)
~— Ag (output) P1g (input)
~— Ag (output) P15 (input)

Port 1 ~— A, (output) P14 (input)
<— Ag (output) P15 (input)
<— A, (output) P1, (input)
~— A, (output) P1, (input)
~— Ag (output) P1g (input)

Figure 7.3 Pin Functions in Mode 2 (Port 1)

Mode 3:In mode 3 (single-chip mode), the input or output direction of each pin can be selected
individually. A pin becomes a general input pin when its P1LDDR bit is cleared to 0 and a general
output pin when this bit is set to 1. Figure 7.4 shows the pin functions in mode 3.

~——= P1; (input/output)
~——= PIg (input/output)
<= P15 (input/output)
port1 [~ Pla(inputioutput)
< P13 (input/output)
< P1, (input/output)
< P1, (input/output)

~—— P1, (input/output)

Figure 7.4 Pin Functions in Mode 3 (Port 1)
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7.2.4 Input Pull-Up Transistors

Port 1 has built-in programmable input pull-up transistors that are available in modes 2 and 3. T
pull-up for each bit can be turned on and off individually. To turn on an input pull-up in mode 2 ©
3, set the corresponding P1PCR bit to 1 and clear the corresponding P1DDR bit to 0. P1PCR 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 input pull-up transistors in each operating mode.
Table 7.3  States of Input Pull-Up Transistors (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 input pull-up transistor is always off.
Onloff: The input pull-up transistor is on if PLAPCR = 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, programmable MOS input pull-up transistors 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 anc
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 2 pins disabled) enabled)
- P2,/A5 A5 (output) A5 (output)/P25 (input)
> P2¢/A14 A14 (output) A14 (output)/P2¢ (input)
< P25/A13 A3 (output) A13 (output)/P25 (input)
pot2 [© P24/Aq5 A1, (output) A15 (output)/P2,4 (input)
- P23/Aq; A1, (output) A11 (output)/P25 (input)
- P2,/A1g A1p (output) A1p (output)/P2, (input)
- P2,/Ag Ag (output) Ag (output)/P2, (input)
= P2y/Ag Ag (output) Ag (output)/P2q (input)

Pin configuration in mode 3
(single-chip mode)

P2, (input/output)
P24 (input/output)
P25 (input/output)
P2, (input/output)
P23 (input/output)
P2, (input/output)
P2, (input/output)
P24 (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
| P2,DDR | P2,DDR| P2,DDR | 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 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 0.

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 0.

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.
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Port 2 Data Register (P2DR)

Bit 7 6 5 4 3 2 1 0
P2, | P2, | P2, | P2, | P2 | 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

P2DR is an 8-bit register that stores data for pingd®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 | P2,PCR | P2,PCR | P2,PCR| P2,PCR | P2,PCR| P2,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

P2PCR is an 8-bit readable/writable register that controls the input pull-up transistors in port 2. If
a P2DDR bit is cleared to 0 (designating input) and the corresponding P2PCR bit is set to 1, the
input pull-up transistor 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 outpyt {&Ay). Figure 7.6 shows the pin functions in
mode 1.

— Aj5 (output)
= Ay4 (output)
— Aj3 (output)
Port 2 — Ay, (output)
— A4 (output)
— Ajg (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 show
the pin functions in mode 2.

When P2DDR =1 When P2DDR =0
~— A5 (output) P27 (input)
~— Ay, (output) P2¢ (input)
~— A3 (output) P25 (input)

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

Figure 7.7 Pin Functions in Mode 2 (Port 2)

Mode 3:In mode 3 (single-chip mode), 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, and a general
output pin when this bit is set to 1. Figure 7.8 shows the pin functions in mode 3.

~——= P2y (input/output)
~——= P2 (input/output)
~——= P25 (input/output)
port2 [~ P2a(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 Input Pull-Up Transistors

Port 2 has built-in programmable input pull-up transistors that are available in modes 2 and 3. T
pull-up for each bit can be turned on and off individually. To turn on an input pull-up in mode 2 ©
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 softwe
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 Input Pull-Up Transistors (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 input pull-up transistor is always off.
Onloff: The input pull-up transistor 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 bu
Figure 7.9 shows the pin configuration of port 3. The pin functions differ depending on the
operating mode.

Port 3 has built-in, programmable MOS input pull-up transistors 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
darlington transistor.

Pin configuration in mode 1

(expanded mode with on-chip

ROM disabled) and mode 2

(expanded mode with on-chip
Port 3 pins ROM enabled)

~«— P3,/D;/HDB-, D (input/output)
~— P34/Dg/HDBg Dg (input/output)
~— P3:/Ds/HDBg Ds (input/output)
Porta [~ P34/D4/HDB, D4 (input/output)
~—— P33/D3/HDB; D3 (input/output)
~— P3,/D,/HDB, D, (input/output)
~— P3,/D4/HDB, D, (input/output)
~— P3y/Dy/HDBg Dg (input/output)

Pin configuration in mode 3 (single-chip mode)

Master mode Slave mode

P37 (input/output) HDB- (input/output)
P3¢ (input/output) HDBg (input/output)
P35 (input/output) HDB;5 (input/output)
P3, (input/output) HDB, (input/output)
P33 (input/output) HDB3 (input/output)
P3, (input/output) HDB, (input/output)
P3, (input/output) HDB; (input/output)
P3; (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 | P3,DDR| P3,DDR | P3,DDR | P3,DDR | P3,DDR | P3,DDR | P3,DDR |
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W wW W w w

P3DDR is an 8-bit register that controls the input/output direction of each pin in port 3. P3DDR i
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 ignorec
Port 3 automatically consists of the input/output pins of the 8-bit data bus [I).

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, anc
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 softwa
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
| 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

P3DR is an 8-hit register that stores data for pingd®B3. 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 P3DL
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 i
retains its existing values.

Port 3 Input Pull-Up Control Register (P3PCR)

Bit 7 6 5 4 3 2 1 0
| P3,PCR | P3,PCR | P3,PCR | 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 input pull-up transistors in port 3. If
a P3DDR bit is cleared to 0 (designating input) and the corresponding P3PCR bit is set to 1, the
input pull-up transistor is turned on.

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

The 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 giv
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,(d D). Figure 7.10 shows the pin functions in modes 1 and 2.

Modes 1 and 2

~—— D (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), when the host interface enable bit (HIE) is cleared to 0 in
the system control register (SYSCR), port 3 is a general-purpose input/output port. A pin become
an output pin when its P3DDR bit is set to 1, and an input pin when this bit is cleared to O.

When the HIE bit is set to 1, selecting slave mode, port 3 becomes the host interface data bus
(HDB, to HDRB,). For details, see section 14, Host Interface.

Figure 7.11 shows the pin functions in mode 3.

~— P3; (input/output)/HDB; (input/output)
~— P3¢ (input/output)/HDBg (input/output)
— P35 (input/output)/HDBs5 (input/output)
Port 3 —— P34 (input/output)/HDBy, (input/output)
~— P33 (input/output)/HDB3 (input/output)
~—— P3, (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 input pull-up transistors that are available in mode 3. The pull-u
for 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 to
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 pull-up transistors in each operating mode.
Table 7.7  States of Input Pull-Up Transistors (Port 3)

Mode Reset Hardware Standby Software Standby Other Operating Modes

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

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

751 Overview

Port 4 is an 8-bit input/output port that is multiplexed with input/output pins (TMRRI,,
TMCl,, TMCI,;, TMO,, TMO,) of 8-bit timers 0 and 1 and output pins (RW®W,) of PWM timers
0 and 1. In slave mode, P4 P4 output host interrupt requests. Pins not used by timers or for
host interrupt requests are available for general input/output.

Figure 7.12 shows the pin configuration of port 4.

Pins in port 4 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor.

Port 4 pins

-~ P4,/PW,
<= P4g/PW,
<= P4g/TMRI;/HIRQ;,
<= P4,/TMO,/HIRQ,
<———= P44/TMCI;/HIRQ;;
< P4,/TMRI,

Port 4

D P41/TMOO
<> P4,/TMCI,

Pin configuration in modes 1 to 3

Master mode Slave mode

P4, (input/output)/PW; (output) P4, (input/output)/PW; (output)
P44 (input/output)/PWq (output) P44 (input/output)/PW, (output)
P4 (input/output)/TMRI4 (input) HIRQ15 (output)/ TMRI; (input)
P4, (input/output)/ TMO; (output)  HIRQ; (output)/ TMO; (output)
P43 (input/output)/TMCI, (input) HIRQ;4 (output)/TMCI (input)
P4, (input/output)/TMRIq (input) P4, (input/output)/TMRIy (input)
P4, (input/output)/TMOq (output) P44 (input/output)/TMOg (output)

P4 (input/output)/TMCly (input) P4, (input/output)/TMCly (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'00 H'FFB5
Port 4 data register P4DR R/W H'00 H'FFB7

Port 4 Data Direction Register (PADDR)

Bit 7 6 5 4 3 2 1 0

| P4,DDR | P4,DDR | P4,DDR | P4,DDR | P4,DDR | P4,DDR | P4,DDR | P4,DDR)|
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 bit is set to 1, and as an input pin if this bi
is cleared to 0.

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

P4DDR 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 PADDR bi
is set to 1, the corresponding pin remains in the 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 P4DR.
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Port 4 Data Register (P4DR)

Bit 7 6 5 4 3 2 1 0
P4, | P4 | P4 | Pa, | P4 | Pa, | P4 | P4, |
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

P4DR is an 8-bit register that stores data for pingd®B4. When a P4DDR bit is set to 1, if port

4 is read, the value in PADR is obtained directly, regardless of the actual pin state. When a P4D
bit is cleared to 0, if port 4 is read the pin state is obtained. This also applies to pins used by on-
chip supporting modules.

P4DR 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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75.3 Pin Functions

Port 4 has different pin functions depending on whether the chip is or is not operating in slave
mode. Table 7.9 indicates the pin functions of port 4.

Table 7.9  Port 4 Pin Functions

Pin Pin Functions and Selection Method
P4./PW, Bit OE in TCR of PWM timer 1 and bit P4,DDR select the pin function as follows
OE 0 1
P4,DDR 0 1 0 1
Pin function P4, input P4, output PW, output
P4,/PW, Bit OE in TCR of PWM timer 0 and bit P4,DDR select the pin function as follows
OE 0 1
P4,DDR 0 1 0 1
Pin function P4, input P4, output PW, output
P4,/TMRIL,/ Bit P4,.DDR and the operating mode select the pin function as follows
HIRQ,, P4.DDR 0 1
Operating mode — Not slave mode Slave mode
Pin function P4, input P4, output HIRQ,, output
TMRI, input*

Note: * TMRI, input is usable when bits CCLR1 and CCLRO are both setto 1 in
TCR of 8-bit timer 1

P4,/TMO,/ Bits OS3 to OS0 in TCSR of 8-bit timer 1, bit P4,DDR, and the operating mode
HIRQ, select the pin function as follows
OS3to 0 AllO Not all 0
P4,DDR 0 1 _
Operating mode — Not slave Slave mode —
mode
Pin function P4, input P4, output | HIRQ, output | TMO, output
124

HITACHI



Pin Pin Functions and Selection Method
P4,/TMCI/ Bit P4,DDR and the operating mode select the pin function as follows
HIRQ,, P4,DDR 0 1
Operating mode — Not slave mode Slave mode
Pin function P4, input P4, output HIRQ,, output
TMCI, input*
Note: * TMCI, input is usable when bits CKS2 to CKSO0 in TCR of 8-bit timer 1
select an external clock source
P4,/TMRI,
P4,DDR 0 1
Pin function P4, input P4, output
TMRI, input*
Note: * TMRI, input is usable when bits CCLR1 and CCLRO are both setto 1 in
TCR of 8-bit timer 0
P4,/TMO, Bits OS3 to OS0 in TCSR of 8-bit timer 0 and bit P4,DDR select the pin function
as follows
0S3t00 All 0 Not all 0
P4,DDR 0 1 0 1
Pin function P4, input P4, output TMO, output
P4,/TMCI,
P4,DDR 0 1
Pin function P4, input P4, output
TMCI, input*

Note: * TMCI, input is usable when bits CKS2 to CKSO0 in TCR of 8-bit timer O
select an external clock source

HITACHI
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7.6 Port 5

7.6.1 Overview

Port 5 is a 3-bit input/output port that is multiplexed with input/output pins {TRERD,, SCK) of
serial communication interface 0. 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

~— P5, (input/output)/SCKj, (input/output)
PortS |« ps5, (input/output)/RxDyg (input)
~— P5 (input/output)/TxDg (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'F8 H'FFB8
Port 5 data register P5DR R/W H'F8 H'FFBA
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Port 5 Data Direction Register (P5DDR)

Bit 7 6 5 4 3 2 1 0

. — | — | — | = | — |Ps5DDR|P5DDR| P5DDR|
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — 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 t
is cleared to 0.

P5DDR is a write-only register. Read data is invalid. If read, all bits always read 1.

P5DDR is initialized to H'F8 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 P5DDR &
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 wi
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
- = = =] = [ PFu ] P | P

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — R/W R/W R/W

P5DR is an 8-bit register that stores data for pingd®B5. Bits 7 to 3 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 PSDR is obtained directly, regardles:
of the actual pin state. When a P5DDR bit is cleared to 0, if port 5 is read the pin state is obtaine
This also applies to pins used as SCI pins.

P5DR is initialized to H'F8 by a reset and in hardware standby mode. In software standby mode
retains its existing values.
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7.6.3 Pin Functions

Port 5 has the same pin functions in each operating mode. All pins can also be used as SCIO
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
P5,/SCK, Bit C/A in SMR of SCIO0, bits CKEO and CKE1 in SCR of SCI0, and bit P5,DDR
select the pin function as follows
CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P5,DDR 0 1 — — —
Pin function P5, P5, SCK, SCK, SCK,
input output output output input
P5,/RxD, Bit RE in SCR of SCIO and bit P5,DDR select the pin function as follows
RE 0 1
P5,DDR 0 1 —
Pin function P5, input P5, output RxD,, input
P5,/TxD, Bit TE in SCR of SCI0 and bit P5,DDR select the pin function as follows
TE 0 1
P5,DDR 0 1 —
Pin function P5, input P5, output TxD, output
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7.7 Port 6

7.7.1 Overview

Port 6 is an 8-bit input/output port that is multiplexed with input/output pins (FTOA, FTOB, FTIA
to FTID, FTCI) of the 16-bit free-running timer (FRT), with key-sense input pins, andRth
andIRQ;, input pins. The port 6 pin functions are the same in all operating modes. Figure 7.14
shows the pin configuration of port 6.

Port 6 has built-in, programmable MOS input pull-up transistors.

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

P6- (input/output)/IRQ; (input)/KEYIN; (input)

P6¢ (input/output)/FTOB (output)/IRQg (input)/KEYINg (input)

P65 (input/output)/FTID (input)/KEYINsg (input)
P64 (input/output)/FTIC (input)/KEYIN,4 (input)
P63 (input/output)/FTIB (input)/KEYIN3 (input)
P6, (input/output)/FTIA (input)/KEYIN, (input)
P6, (input/output)/FTOA (output)/KEYIN; (input)
P6 (input/output)/FTCI (input)/KEYIN, (input)

Figure 7.14 Port 6 Pin Configuration

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'00 H'FFB9
Port 6 data register P6DR R/W H'00 H'FFBB
Port 6 input pull-up control KMPCR R/W H'00 H'FFF2

register
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Port 6 Data Direction Register (P6DDR)

Bit 7 6 5 4 3 2 1 0

| P6,DDR | P6,DDR | P6,DDR | P6,DDR| P6,DDR | P6,DDR| P6,DDR | P6,DDR|
Initial value 0 0 0 0 0 0 0 0
Read/Write W 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 bi
is cleared to 0.

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

P6DDR 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 P6DDR bi
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 the free-running
timer, the timer will be initialized, so the pin will revert to general-purpose input/output,
controlled by P6DDR and P6DR.

Port 6 Data Register (P6DR)

Bit 7 6 5 4 3 2 1 0
P, | P6, | Ps, | P6, | Ps, | Ps, | P6, | P6, |
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

P6DR is an 8-bit register that stores data for pingdB6. 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 P6DL
bit is cleared to 0, if port 6 is read the pin state is obtained. This also applies to pins used as FRT
pins.

P6DR 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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Port 6 Input Pull-Up Control Register (KMPCR)

Bit 7 6 5 4 3 2 1 0
| KM,PCR | KM{PCR| KM,PCR | KM,PCR| KM{PCR | KM,PCR| KM,PCR | KM,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

KMPCR is an 8-bit readable/writable register that controls the input pull-up transistors in port 6.
a P6DDR hit is cleared to 0 (designating input) and the corresponding KMPCR bit is set to 1, the
input pull-up transistor is turned on.

KMPCR is initialized to H'00 by a reset and in hardware standby mode. In software standby mo«
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,JRQ, andIRQ; input, and key-sense input. Table 7.13 indicates the pin functions of
port 6.

Table 7.13 Port 6 Pin Functions

Pin Pin Functions and Selection Method
P6./IRQ,/
KEYIN, P6,DDR 0 1
Pin function P6, input P6, output
IRQ, input* or KEYIN, input

Note: * IRQ, input is usable when bit IRQ7E is setto 1 in IER

P6,/FTOB/ Bit OEB in TOCR of the FRT and bit P6,DDR select the pin function as follows
IRQ,/KEYIN, OEB 0 1
P6,DDR 0 1 0 1
Pin function P6, input P6, output FTOB output
IRQ, input* or KEYIN, input
Note: * IRQ, input is usable when bit IRQ6E is set to 1 in IER
P6,/FTID/
KEYIN, P6.DDR 0 1
Pin function P6, input P6, output
FTID input or KEYIN; input
P6,/FTIC/
KEYIN, P6,DDR 0 1
Pin function P6, input P6, output
FTIC input or KEYIN, input
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Pin Pin Functions and Selection Method
P6,/FTIB/
KEYIN, P6,DDR 0 1
Pin function P6, input P6, output
FTIB input or KEYIN, input
P6,/FTIA/
KEYIN, P6,DDR 0 1
Pin function P6, input P6, output
FTIA input or KEYIN, input
&/FTOA/ Bit OEA in TOCR of the FRT and bit P6,DDR select the pin function as follows
KEYIN, OEA 0 1
P6,DDR 0 1 0 1
Pin function P6, input P6, output FTOA output
KEYIN, input
P6,/FTCI/
KEYIN, P6,DDR 0 1
Pin function P6, input P6, output

FTCI input* or KEYIN, input

Note: * FTCI input is usable when bits CKS1 to CKSO0 in TCR of the FRT select

an external clock source
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7.7.4 Input Pull-Up Transistors

Port 6 has built-in programmable input pull-up transistors. The pull-up for each bit can be turned
on and off individually. To turn on an input pull-up, set the corresponding KMPCR bit to 1 and
clear the corresponding P6DDR bit to 0. KMPCR s cleared to 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 7.14 indicates the states of the input pull-up transistors in each operating mode.
Table 7.14 States of Input Pull-Up Transistors (Port 6)

Mode Reset Hardware Standby Software Standby Other Operating Modes

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

Notes: Off: The input pull-up transistor is always off.
Onloff: The input pull-up transistor is on if KMPCR = 1 and P6DDR = 0, but off otherwise.
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7.8 Port 7

7.8.1 Overview

Port 7 is an 8-bit input port that also provides the analog input pins for the A/D converter and
analog output pins for the D/A converter. The pin functions are the same in all modes. Figure 7.
shows the pin configuration of port 7.

Port 7 pins

~— P7, (input)/AN7 (input)/DA; (output)
~— P7¢ (input)/ANg (input)/DAq (output)
~—— P75 (input)/AN5 (input)

Port 7 < P74 (input)/ANg4 (input)

~—— P73 (input)/AN3 (input)
~—— P75 (input)/AN, (input)
~—— P74 (input)/AN, (input)
~—— P74 (input)/ANq (input)

Figure 7.15 Port 7 Pin Configuration

7.8.2 Register Configuration and Descriptions

Table 7.15 summarizes the port 7 registers. Port 7 is an input port, so there is no data direction
register.

Table 7.15 Port 7 Register

Name Abbreviation Read/Write Initial Value Address

Port 7 input data register P7PIN R Undetermined H'FFBE

Note: The port 7 input data register (P7PIN) has the same address as the port B data direction
register (PBDDR).
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Port 7 Input Data Register (P7PIN)

Bit 7 6 5 4 3 2 1 0

\ P7, \ P7, \ P7. \ P7, \ P7, \ P7, \ P7, \ P7, \
Initial value —* —* —* —* _x _x _* _x
Read/Write R R R R R R R R

Note: * Depends on the levels of pins P7, to P7,,.

When P7PIN is read, the pin states are always read. P7PIN is a read-only register and cannot be
written to. Write access results in writing to PBDDR.

7.9 Port 8

79.1 Overview

Port 8 is a 7-bit input/output port that is multiplexed with host interface (HIF) input ping (HA
GA,,, CS,, IOR, IOW, CS,), with input/output pins (TxD RxD,, SCK,) of serial communication
interface 1, with the?C clock input/output pin (SCL), and with interrupt input pif&(s to
IRQy).

Figure 7.16 shows the pin configuration of port 8. The configuration of the pin functions of pins
P8, and Pgwill depend on the value of bit STAC in STCR. Ping &8 P§to P§ are unaffected
by bit STAC.

Pins in port 8 can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor. Pin P8an be driven as a bus buffer, as shown in sectiofQBus
Interface.
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Pin configuration in master mode,
Port 8 pins or when STAC bitis 1

+—— P8¢/SCK;/IRQs/SCL P8 (input/output)/IRQs (input)/SCK; (input/output)/SCL (output)
+—— P8¢/RxD;/IRQ,/CS, P85 (input/output)/IRQ, (input)/RxD;. (input)
[——— P8,/TxD4/IRQ3/IOW P8, (input/output)/IRQ; (input)/TxD4 (output)

Port8 |e  » P84/IOR P85 (input/output)
«——= P8,/CS; P8, (input/output)
-~ P8;/GAy P8, (input/output)
[+— P8y/HAg P8, (input/output)

Pin configuration in slave mode

When STAC bitis 0

P8 (input/output)/IRQs (input)/SCK; (input/output)/SCL (input/output)
TRQ, (input)/CS, (input)

TRQ; (input)/TOW (input)

IOR (input)

CS; (input)

P8, (input/output)/GA,q (output)

HAg (input)

Figure 7.16 Port 8 Pin Configuration

7.9.2 Register Configuration and Descriptions
Table 7.16 summarizes the port 8 registers.

Table 7.16 Port 8 Registers

Name Abbreviation Read/Write Initial Value Address
Port 8 data direction register P8DDR W H'80 H'FFBD
Port 8 data register P8DR R/W H'80 H'FFBF

Note: The port 8 data direction register (P8DDR) has the same address as the port B input data
register (PBPIN).
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Port 8 Data Direction Register (P8DDR)

Bit 7 6 5 4 3 2 1 0

| — | P8&,DDR| P8,DDR | P8,DDR| P8,DDR | P8,DDR| P8,DDR | P8,DDR)|
Initial value 1 0 0 0 0 0 0 0
Read/Write — W w w w w w w

P8DDR is an 8-bit register that controls the input/output direction of each pin in port 8. A pin
functions as an output pin if the corresponding P8DDR bit is set to 1, and as an input pin if this bi
is cleared to 0. PBDDR is a write-only register. Read data is invalid. If read, all bits always read 1
Bit 7 is a reserved bit that always reads 1.

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

Port 8 Data Register (P8DR)

Bit 7 6 5 4 3 2 1 0

. — | P8, | P, | P8 | P8, | Ps | P8 | Ps |
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

P8DR is an 8-hit register that stores data for pintd®B8,. Bit 7 is a reserved bit that always
reads 1.

When a P8DDR bit is set to 1, if port 8 is read, the value in P8DR is obtained directly, regardless
of the actual pin state. When a P8DDR bit is cleared to 0, if port 8 is read the pin state is obtainec
This also applies to pins used by on-chip supporting modules.

P8DR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode i
retains its existing values.
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7.9.3 Pin Functions

Pins P§to P§ are multiplexed with HIF input/output, SCI1 input/outpé, tlock input/output,
andIRQ; to IRQ; input. Table 7.17 indicates the functions of pingtB&§,

Table 7.17 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P86/m5/ Bit C/A in SMR of SCI1, bits CKEO and CKE1 in SCR of SCI1, bit ICE in ICCR,
SCK,/SCL and bit P8,DDR select the pin function as follows
ICE 0 1
CKE1l 0 1 —
C/IA 0 1 — —
CKEO 0 1 — — —
P8,DDR 0 1 — — — —
Pin function P8, P8, SCK, | SCK, | SCK, SCL
input output | output output intput input/
output
IRQ; input*
Note: * IRQ, input is usable when bit IRQ5E is set to 1 in IER
P_85/m4/ Bit RE in SCR of SCI1, bit STAC in STCR, bit P8,DDR, and the operating mode
CS,/RxD, select the pin function as follows
Operating mode Slave mode Not slave mode
STAC 0 1 —
RE — 0 1 0 1
P8.DDR — 0 1 — 0 1 —
Pin function CS, P8 P8, RxD, P8, P8, RxD,
input | input | output | input | input | output | input
IRQ, input*
Note: * IRQ, input is usable when bit IRQ4E is set to 1 in IER
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Pin Pin Functions and Selection Method
wmg Bit TE in SCR of SCI1, bit STAC in STCR, bit P8,DDR, and the operating mode
IOW/TxD, select the pin function as follows

Operating mode Slave mode Not slave mode

STAC 0 1 —

TE — 0 1 0 1

P8,DDR — 0 1 — 0 1 —

Pin function IOW P8, P8, | TxD, P8, P8, | TxD,

input input | output | output | input | output | output
IRQ, input*

Note: * IRQ, input is usable when bit IRQ3E is set to 1 in IER
P8./IOR Bit P8,DDR and the operating mode select the pin function as follows

Operating mode Slave mode Not slave mode

P8,DDR — 0 1

Pin function IOR input P8, input P8, output
P8,/CS, Bit P8,DDR and the operating mode select the pin function as follows

Operating mode Slave mode Not slave mode

P8,DDR — 0 1

Pin function CS, input P8, input P8, output
P8,/GA,, Bit P8,DDR and the operating mode select the pin function as follows

P8,DDR 0 1

FGA20E — 0 1

Operating mode — Not slave Slave mode

mode

Pin function P8, input P8, output GA,, output
P8,/HA, Bit P8,DDR and the operating mode select the pin function as follows

Operating mode Slave mode Not slave mode

P8,DDR — 0 1

Pin function HA, input P8, input P8, output
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7.10 Port 9

7.10.1  Overview

Port 9 is an 8-bit input/output port that is multiplexed with interrupt input pRQ(to IRQ,),
input/output pins for bus control signaRIy, WR, AS, WAIT), an input pin ADTRG) for the

A/D converter, an output pin () for the system clock, host interface (HIF) inputBgiSs, (

EIOW), and theiC data input/output pin (SDA). Figure 7.17 shows the pin configuration of port
9. The functions of pins R@and P9are configured according to bit STAC in STCR. PinstB9

P9, are unaffected by bit STAC.

Pins in port 9 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor. Pin P8an be driven as a bus buffer, as shown in sectiodfQ Bus
Interface.

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

Port 9 pins (expanded mode with on-chip ROM enabled)
~—— P9,/WAIT/SDA P9, (input/output)/ WAIT (input)/SDA (input/output)
~— P9¢/g @ (output)
~—— P9:/AS AS (output)

Porto [+ P9,/WR WR (output)
~—— P9;/RD RD (output)
~— P9,/IRQ P9, (input/output)/IRQ, (input)

Pin configuration in mode 3 (single-chip mode)
P9 (input/output)/SDA (input/output)

P9g (input)/a (output)

P95 (input/output)

P9, (input/output)

P93 (input/output)

P9, (input/output)/IRQy (input)

Figure 7.17 Port 9 Pin Configuration
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Port 9 Pin configuration in master mode,
or when STAC bit is 0

~— P9,/IRQ,/EIOW P9; (input/output)/IRQ; (input)
~— P9y/IRQ,/ADTRG/ECS, P9, (input/output)/IRQ, (input)/ADTRG (input)

Pin configuration in slave mode
when STAC bitis 1

1RQ; (input)/EIOW (input)
IRQ, (input)/ECS, (input)

Figure 7.17 Port 9 Pin Configuration (cont)

7.10.2 Register Configuration and Descriptions
Table 7.18 summarizes the port 9 registers.

Table 7.18 Port 9 Registers

Name Abbreviation  Read/Write Initial Value Address

Port 9 data direction register = P9DDR W H'40 (modes 1 and 2) H'FFCO
H'00 (mode 3)

Port 9 data register P9DR R/W™ Undetermined"? H'FFC1

Notes: *1 Bit 6 is read-only.
*2 Bit 6 is undetermined. Other bits are initially 0.
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Port 9 Data Direction Register (PODDR)

Bit 7 6 5 4 3 2 1 0
| P9,DDR | P9,DDR| P9,DDR | P9,DDR | P9,DDR | P9,DDR | P9,DDR | P9,DDR |

Modes 1 and 2

Initial value 0 1 0 0 0 0 0 0

Read/Write w — 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

PODDR is an 8-bit register that controls the input/output direction of each pin in port 9. A pin
functions as an output pin if the corresponding P9DDR bit is set to 1, and as an input pin if this t
is cleared to 0. In modes 1 and 2,[POR is fixed at 1 and cannot be modified.

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

PODDR is initialized by a reset and in hardware standby mode. The initial value is H'40 in mode:
1 and 2, and H'00 in mode 3. In software standby mode PODDR retains its existing values, so if
transition to software standby mode occurs while a P9DDR bit is set to 1, the corresponding pin
remains in the output state.

Port 9 Data Register (PO9DR)

Bit 7 6 5 4 3 2 1 0
\ P9, \ PO, \ PO \ P9, \ PO, \ P9, \ P9, \ P9, \

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: * Determined by the level at pin P9,.

PIODR is an 8-hit register that stores data for pingd®B9. When a PO9DDR bit is set to 1, if port

9 is read, the value in P9DR is obtained directly, regardless of the actual pin state, excgpt for P¢
When a P9DDR bit is cleared to O, if port 9 is read the pin state is obtained. This also applies to
pins used by on-chip supporting modules and for bus control signaBlwRgs returns the pin

state.

PODR pins other than PAre initialized to 0 by a reset and in hardware standby mode. In software
standby mode it retains its existing values.
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7.10.3  Pin Functions

Port 9 has one set of pin functions in modes 1 and 2, and a different set of pin functions in mode
The pins are multiplexed wittRQ, toIRQ, input, bus control signal input/output, A/D converter
input, system clock (@) output, host interface ini@s,, EIOW), and FC data input/output

(SDA). Table 7.19 indicates the pin functions of port 9.

Table 7.19 Port 9 Pin Functions

P9,/WAIT/SDA Bit ICE in ICCR, bit P9,DDR, the wait mode as determined by WSCR, and the
operating mode select the pin function as follows

Operating mode Modes 1 and 2 Mode 3
Wait mode WAIT WAIT —
used not used

ICE — 0 1 0 1

P9,DDR — 0 1 — 0 1 —

Pin function WAIT | P9, P9, SDA P9, P9, | SDA

input input | output | input/ | input | output | input/
output output

P9./o Bit P9;DDR and the operating mode select the pin function as follows

Operating mode Modes 1 and 2 Mode 3

P9,DDR Always 1 0 1

Pin function @ output P9, input @ output
P9./AS Bit P9.DDR and the operating mode select the pin function as follows

Operating mode Modes 1 and 2 Mode 3

P9.DDR — 0 1

Pin function AS output P9, input P9, output
P9,/WR Bit P9,DDR and the operating mode select the pin function as follows

Operating mode | Modes 1 and 2 Mode 3

P9,DDR — 0 1

Pin function WR output P9, input P9, output
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Pin Pin Functions and Selection Method
P9./RD Bit P9,DDR and the operating mode select the pin function as follows
Operating mode Modes 1 and 2 Mode 3
P9,DDR — 0 1
Pin function RD output P9, input P9, output
P9,/IRQ,
P9,DDR 0 1
Pin function P9, input P9, output
IRQ, input*
Note: * IRQ, input can be used when bit IRQOE is set to 1 in IER
P9./IRQ,/ Bit STAC in STCR, bit P9,DDR, and the operating mode select the pin function
EIOW as follows
Operating mode Slave mode Not slave mode
STAC 0 1 —
P9,DDR 0 1 — 0 1
Pin function P9, input | P9, output| EIOW | P9, input | P9, output
input
IRQ, input*
Note: * IRQ, input can be used when bit IRQ1E is set to 1 in IER
PQOIWZI_ Bit STAC in STCR, bit P9,DDR, and the operating mode select the pin function
ADTRG/ECS,  as follows
Operating mode Slave mode Not slave mode
STAC 0 1 —
P9,DDR 0 1 — 0 1
Pin function P9, input | P9, output | ECS, input| P9, input | P9, output
IRQ, input'* and IRQ, IRQ, input'* and
ADTRG input™ input™ ADTRG input™

Notes: *1 IRQ, input can be used when bit IRQ2E is setto 1 in IER
*2 ADTRG input can be used when bit TRGE is setto 1 in ADCR

HITACHI
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7.11 Port A

7.11.1  Overview

Port A is an 8-bit input/output port that is multiplexed with key-sense input pins. The port A pin
functions are the same in all operating modes. Figure 7.18 shows the pin configuration of port A.

Port A has built-in, programming MOS input pull-up transistors.

Pins in port A can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor. Pins RBAPA,, PA,, and PA can be driven as bus buffers, as shown in
section 13,4C Bus Interface.

Port A pins

~— PA; (input/output)/KEYIN;5 (input)
~——— PAg (input/output)/KEYIN, 4 (input)
~—— PA; (input/output)/KEYIN;3 (input)
PortA |© "~ PA4 (input/output)/KEYIN;, (input)
~— PAz (input/output)/KEYIN4, (input)
~——— PA, (input/output)/KEYIN,4 (input)
~——— PA, (input/output)/KEYINg (input)

~———= PA, (input/output)/KEYINg (input)

Figure 7.18 Port A Pin Configuration

7.11.2 Register Configuration and Descriptions
Table 7.20 summarizes the port A registers.

Table 7.20 Port A Registers

Name Abbreviation Read/Write Initial Value Address

Port A data direction register ~ PADDR W H'00 H'FFAB

Port A output data register PAODR R/W H'00 H'FFAA

Port A input data register PAPIN R Undetermined H'FFAB

Note: The data direction register (PADDR) and input data register (PAPIN) have the same
address.
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Port A Data Direction Register (PADDR)

Bit 7 6 5 4 3 2 1 0

| PA,DDR | PA,DDR| PA,DDR| PA,DDR| PA,DDR | PA,DDR| PA,DDR | PA,DDR
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W

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

PADDR is initialized to H'00 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 PADDR &
is set to 1, the corresponding pin remains in the output state.

Port A Output Data Register (PAODR)

Bit 7 6 5 4 3 2 1 0
. PA, | PA | PA | PA, | PA, | PA, | PA | PA |
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

PAODR is an 8-bit register that stores data for pingtBA#A,. PAODR can always be written to
and read, regardless of the PADDR settings.

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

Port A Input Data Register (PAPIN)

Bit 7 6 5 4 3 2 1 0

. PA, | PA, | PA, | PA, | PA, | PA, | PA | PA |
Initial value —* —* —* —* —x _* = _*
Read/Write R R R R R R R R

Note: * Depends on the levels of pins PA, to PA,.

When PAPIN is read, the pin states are always read.
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7.11.3

Port A has the same pin functions in all operating modes. Table 7.21 indicates the pin functions c

port A.

Table 7.21 Port A Pin Functions

Pin

Pin Functions in Each Mode

Pin Functions and Selection Method

PA./KEYIN,,

PA,DDR

0

1

Pin function

PA, input

PA, output

KEYIN,; input

This pin is driven as a bus buffer when bit [ICS is setto 1 in STCR

PA/KEYIN,,

PA,DDR

0

1

Pin function

PA, input

PA, output

KEYIN,, input

This pin is driven as a bus buffer when bit [ICS is setto 1 in STCR

PAJ/KEYIN,,

PA,DDR

0

1

Pin function

PA, input

PA, output

KEYIN,, input

This pin is driven as a bus buffer when bit IICS is setto 1 in STCR

PA,/KEYIN,,

PA,DDR

0

1

Pin function

PA, input

PA, output

KEYIN,, input

This pin is driven as a bus buffer when bit IICS is setto 1 in STCR

PA,/KEYIN,,

PA,DDR

0

1

Pin function

PA, input

PA, output

KEYIN,, input
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Pin Pin Functions and Selection Method

PA,/KEYIN,,

PA,DDR 0 1
Pin function PA, input PA, output
KEYIN,, input
PA,/KEYIN,
PA,DDR 0 1
Pin function PA, input PA, output
KEYIN, input
PA,/KEYIN,
PA,DDR 0 1
Pin function PA, input PA, output
KEYIN; input

7.11.4  Input Pull-Up Transistors
Port A has built-in programmable input pull-up transistors that are available in all modes.

An input pull-up transistor is turned on if 1 is written in the corresponding PAODR bit while the
corresponding PADDR bit is cleared to 0. The input pull-ups are turned off by a reset and in
hardware standby mode.

Table 7.22 indicates the states of the input pull-up transistors in each operating mode.
Table 7.22 States of Input Pull-Up Transistors (Port A)

Mode Reset Hardware Standby Software Standby Other Operating Modes

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

Notes: Off: The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if PAODR = 1 and PADDR = 0, but off otherwise.

149
HITACHI



7.12 Port B

7.12.1  Overview

Port B is an 8-bit input/output port that is multiplexed with the host interface data bus. The pin
functions differ depending on the operating mode. Figure 7.19 shows the pin configuration of port
B.

Port B has program-controllable built-in MOS input pull-up transistors.

Pins in port B 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 mode 2 (expanded
mode with on-chip ROM enabled)

Port B pins Master mode Slave mode
~— PB,/XDB; PB- (input/output) XDB5 (input/output)
~— PBg/XDBg PBg (input/output) XDBg (input/output)
~—— PBg/XDBg PBs5 (input/output) XDBg (input/output)

S PB4/XDB, PB, (input/output) XDB, (input/output)
~— PB3/XDBj3 PB3 (input/output) XDBg (input/output)
~— PB,/XDB, PB, (input/output) XDB; (input/output)
~— PB;/XDB; PB; (input/output) XDB; (input/output)
~— PBy/XDBg PBg (input/output) XDBy (input/output)

Pin configuration in mode 3
(single-chip mode)
PB- (input/output)
PBg (input/output)
PBs (input/output)
PB, (input/output)
PB3 (input/output)
PB, (input/output)
PB; (input/output)
PBg (input/output)

Figure 7.19 Port B Pin Configuration
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7.12.2  Register Configuration and Descriptions
Table 7.23 summarizes the port B registers.

Table 7.23 Port B Registers

Name Abbreviation Read/Write Initial Value Address

Port B data direction register =~ PBDDR W H'00 H'FFBE
Port B output data register PBODR R/W H'00 H'FFBC
Port B input data register PBPIN R Undetermind H'FFBD

Note: The port B data direction register (PBDDR) and port 7 input data register 7 (P7PIN) have
the same address.

Port B Data Direction Register (PBDDR)

Bit 7 6 5 4 3 2 1 0

| PB,DDR | PB,DDR| PB,DDR | PB,DDR| PB,DDR | PB,DDR| PB,DDR| PB,DDR|
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W

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

PBDDR is a write-only register. Read data is invalid. If read, the values of the port 7 data input
register (P7PIN) are returned, indicating the pin levels of port 7.

PBDDR is initialized to H'00 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 PBDDR &
is set to 1, the corresponding pin remains in the output state.
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Port B Output Data Register (PBODR)

Bit 7 6 5 4 3 2 1 0
P8, | PB, | PB, | PB, | PB, | PB, | PB, | PB, |
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

PBODR is an 8-bit register that stores data for pinst®®B,, PBODR can always be written to
and read, regardless of the PBDDR settings.

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

Port B Input Data Register (PBPIN)

Bit 7 6 5 4 3 2 1 0
P8, | PB, | PB, | PB, | PB, | PB, | PB, | PB, |

Initial value —* — —* — — —* _x —x

Read/Write R R R R R R R R

Note: * Depends on the levels of pins PB, to PB,,.

When PBPIN is read, the pin states are always read.
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7.12.3  Pin Functions in Each Mode

Port B has different pin functions in different modes. A separate description for each mode is
given 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), when the host interface enable bit (HIE) i
cleared to 0 in the system control register (SYSCR), port B is a general-purpose input/output po

When the HIE bit is set to 1, selecting slave mode, port B becomes the host interface data bus
(XDB; to XDBy). PBODR and PBDDR should be cleared to H'00 in slave mode. For details, see
section 14, Host Interface.

Figure 7.20 shows the pin functions in modes 1 and 2.

~——— PB; (input/output)/XDB- (input/output)
~—— PBg (input/output)/XDBg (input/output)
~——— PBg (input/output)/XDBs (input/output)
Port B ~—— PB, (input/output)/XDBy, (input/output)
~—— PBj (input/output)/XDB; (input/output)
~—— PB, (input/output)/XDB, (input/output)
~— PB; (input/output)/XDB; (input/output)
~— PBg (input/output)/XDBy (input/output)

Figure 7.20 Pin Functions in Modes 1 and 2 (Port B)

153
HITACHI



Pin Functions in Mode 3:In mode 3 (single-chip mode), each pin can be designated for general
input or output. A pin becomes an output pin when its PBDDR bit is set to 1, and an input pin
when this bit is cleared to 0. Figure 7.21 shows the pin functions in mode 3.

Mode 3

~—— PBjy (input/output)
~——= PBg (input/output)
== PBs (input/output)
portB |~ PBa(inputioutput)
<= PBj3 (input/output)
~— PB; (input/output)
~—— PB; (input/output)

~—— PB (input/output)

Figure 7.21 Pin Functions in Mode 3 (Port B)

7.12.4  Input Pull-Up Transistors

Port B has built-in programmable input pull-up transistors that are available in mode 3. The pull-
up for each bit can be turned on and off individually.

An input pull-up transistor is turned on in mode 3 if 1 is written in the corresponding PBODR bit
while the corresponding PBDDR bit is cleared to 0.

The input pull-ups are turned off by a reset and in hardware standby mode. In software standby
mode, the previous state is maintained.

Table 7.24 indicates the states of the input pull-up transistors in each operating mode.
Table 7.24 States of Input Pull-Up Transistors (Port B)

Mode Reset Hardware Standby Software Standby Other Operating Modes

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

Notes: Off: The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if PBDR = 1 and PBDDR = 0, but off otherwise.
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Section 8 16-Bit Free-Running Timer

8.1 Overview

The H8/3437 Series has an on-chip 16-bit free-running timer (FRT) module that uses a 16-bit fre
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.

L]

Selection of four clock sources

The free-running counter can be driven by an internal clock soy@e ¢#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.
Four input capture channels

The current count can be captured on the rising or falling edge (selectable) of an input signal
The four input capture registers can be used separately, or in a buffer mode.

Counter can be cleared under program control
The free-running counters can be cleared on compare-match A.
Seven independent interrupts

Compare-match A and B, input capture A to D, 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.

Internal

clock sources
External opl2
clock source ap/8

FTCI j r op/32

Clock select Clock OCRA (H/L)
Compare- '
match A Comparator A
FTOA ~=— Overflow
FRC (H/L) °
FTOB —=—] Clear g
3] Internal
< ) E data bus
Compare- é
match B
(%]
=}
Ko}
g
Control 1 S
logic Capture 2
FTIA —=] = ICRA(HL) | 3
| w| ICRB(HIL) =
FTIB —»
= ICRC (H/L) )
FTIC L= ICRD (HIL) >
FTID —»
TCSR (>
TIER >
B -
TocR (>
\—> ICIA
ICIB
—™ICIC
————™ICID Interrupt signals
———=O0CIA
EE—— 0101 | =}
= FovVvI
Legend:
FRC: Free-running counter (16 bits) TIER: Timer interrupt enable register (8 bits)
OCRA, B: Output compare register A, B (16 bits) TCR: Timer control register (8 bits)
ICRA, B, C, D: Input capture register A, B, C, D (16 bits) TOCR: Timer output compare control
TCSR: Timer control/status register (8 bits) register (8 bits)

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 /0 Function

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

Qutput compare A FTOA Output Output controlled by comparator A

Output compare B FTOB Output Output controlled by comparator B

Input capture A FTIA Input Trigger for capturing current count into
input capture register A

Input capture B FTIB Input Trigger for capturing current count into
input capture register B

Input capture C FTIC Input Trigger for capturing current count into
input capture register C

Input capture D FTID Input Trigger for capturing current count into

input capture register D

HITACHI
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8.14 Register Configuration

Table 8.2 lists the registers of the free-running timer module.

Table 8.2 Register Configuration

Name Abbreviation R/IW {;‘;tlllile Address
Timer interrupt enable register TIER R/W H'01 H'FF90
Timer control/status register TCSR RI(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/B (high)? OCRA/B (H) R/W H'FF H'FF942
Output compare register A/B (low)"? OCRA/B (L) R/W H'FF H'FF952
Timer control register TCR R/W H'00 H'FF96
Timer output compare control register TOCR R/W H'EO H'FF97
Input capture register A (high) ICRA (H) R H'00 H'FF98
Input capture register A (low) ICRA (L) R H'00 H'FF99
Input capture register B (high) ICRB (H) R H'00 H'FF9A
Input capture register B (low) ICRB (L) R H'00 H'FFOB
Input capture register C (high) ICRC (H) R H'00 H'FF9C
Input capture register C (low) ICRC (L) R H'00 H'FF9D
Input capture register D (high) ICRD (H) R H'00 H'FFOE
Input capture register D (low) ICRD (L) R H'00 H'FF9F

Notes: *1 Software can write a 0 to clear bits 7 to 1, but cannot write a 1 in these bits.

*2 OCRA and OCRB share the same addresses. Access is controlled by the OCRS

bit in TOCR.
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8.2 Register Descriptions

8.2.1 Free-Running Counter (FRC)

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

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

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

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

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

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)

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 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 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 compg
flag (OCFA or OCFB) is set in the timer control/status register (TCSR).

In addition, if the output enable bit (OEA or OEB) in the timer output compare control register
(TOCR) is set to 1, when the output compare register and FRC values match, the logic level
selected by the output level bit (OLVLA or OLVLB) in TOCR is output at the output compare pin
(FTOA or FTOB). Following a reset, the FTOA and FTOB output levels are 0 until the first
compare-match.

OCRA and OCRB share the same address. They are differentiated by the OCRS bit in TOCR. £
temporary register (TEMP) is used for write access, as explained in section 8.3, CPU Interface.

OCRA and OCRB are initialized to H'FFFF by a reset and in the standby modes.
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8.2.3 Input Capture Registers A to D (ICRA to ICRD)

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

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

There are four input capture registers A to D, each of which is a 16-bit read-only register.

When the rising or falling edge of the signal at an input capture pin (FTIA to FTID) is detected,
the current FRC value is copied to the corresponding input capture register (ICRA to ICRD).* At
the same time, the corresponding input capture flag (ICFA to ICFD) in the timer control/status
register (TCSR) is set to 1. The input capture edge is selected by the input edge select bits
(IEDGA to IEDGD) in the timer control register (TCR).

Note: * The FRC contents are transferred to the input capture register regardless of the value of t
input capture flag (ICFA/B/C/D).

Input capture can be buffered by using the input capture registers in pairs. When the BUFEA bit i
TCRis setto 1, ICRC is used as a buffer register for ICRA as shown in figure 8.2. When an FTIA
input is received, the old ICRA contents are moved into ICRC, and the new FRC count is copied
into ICRA.

BUFEA
IEDGA | IEDGC

Edge detect and

FTIA >— capture signal )
generating circuit

ICRC ICRA FRC

BUFEA: Buffer enable A
IEDGA: Input edge select A
IEDGC: Input edge select C
ICRC: Input capture register C
ICRA: Input capture register A
FRC: Free-running counter

Figure 8.2 Input Capture Buffering (Example)
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Similarly, when the BUFEB bit in TCR is set to 1, ICRD is used as a buffer register for ICRB.

When input capture is buffered, if the two input edge bits are set to different values (EEDGA
IEDGC or IEDGB# IEDGD), then input capture is triggered on both the rising and falling edges
of the FTIA or FTIB input signal. If the two input edge bits are set to the same value (IEDGA =
IEDGC or IEDGB = IEDGD), then input capture is triggered on only one edge. See table 8.3.

Table 8.3  Buffered Input Capture Edge Selection (Example)

IEDGA IEDGC Input Capture Edge
0 0 Captured on falling edge of input capture A (FTIA) (Initial value)
1 Captured on both rising and falling edges of input capture A (FTIA)
1 0
1 Captured on rising edge of input capture A (FTIA)

Because the input capture registers are 16-bit registers, a temporary register (TEMP) is used wi
they are read. See section 8.3, CPU Interface, for detalils.

To ensure input capture, the width of the input capture pulse should be at least 1.5 system clock
periods (1.5-@). When triggering is enabled on both edges, the input capture pulse width should
at least 2.5 system clock periods.

The input capture registers are initialized to H'0000 by a reset and in the standby modes.
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8.2.4 Timer Interrupt Enable Register (TIER)

Bit 7 6 5 4 3 2 1 0
\ ICIAE \ ICIBE \ ICICE \ ICIDE \ OCIAE‘ OCIBE‘ OVIE \ — \
Initial value 0 0 0 0 0 0 0 1

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

TIER is an 8-bit readable/writable register that enables and disables interrupts.
TIER is initialized to H'01 by a reset and in the standby modes.

Bit 7—Input Capture Interrupt A Enable (ICIAE): This bit selects whether to request input
capture interrupt A (ICIA) when input capture flag A (ICFA) in the timer status/control register
(TCSR) is setto 1.

Bit 7: ICIAE Description
0 Input capture interrupt request A (ICIA) is disabled. (Initial value)
1 Input capture interrupt request A (ICIA) is enabled.

Bit 6—Input Capture Interrupt B Enable (ICIBE): This bit selects whether to request input
capture interrupt B (ICIB) when input capture flag B (ICFB) in TCSR is set to 1.

Bit 6: ICIBE Description
0 Input capture interrupt request B (ICIB) is disabled. (Initial value)
1 Input capture interrupt request B (ICIB) is enabled.

Bit 5—Input Capture Interrupt C Enable (ICICE): This bit selects whether to request input
capture interrupt C (ICIC) when input capture flag C (ICFC) in TCSR is setto 1.

Bit 5: ICICE Description
0 Input capture interrupt request C (ICIC) is disabled. (Initial value)
1 Input capture interrupt request C (ICIC) is enabled.

Bit 4—Input Capture Interrupt D Enable (ICIDE): This bit selects whether to request input
capture interrupt D (ICID) when input capture flag D (ICFD) in TCSR is setto 1.

Bit 4: ICIDE Description

0 Input capture interrupt request D (ICID) is disabled. (Initial value)
1 Input capture interrupt request D (ICID) is enabled.
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Bit 3—Output Compare Interrupt A Enable (OCIAE): This bit selects whether to request
output compare interrupt A (OCIA) when output compare flag A (OCFA) in TCSR is set to 1.

Bit 3: OCIAE Description
0 Output compare interrupt request A (OCIA) is disabled. (Initial value)
1 Output compare interrupt request A (OCIA) is enabled.

Bit 2—Output Compare Interrupt B Enable (OCIBE): This bit selects whether to request
output compare interrupt B (OCIB) when output compare flag B (OCFB) in TCSR is set to 1.

Bit 2: OCIBE Description
0 Output compare interrupt request B (OCIB) is disabled. (Initial value)
1 Output compare interrupt request B (OCIB) is enabled.

Bit 1—Timer Overflow Interrupt Enable (OVIE): This bit selects whether to request a free-
running timer overflow interrupt (FOVI) when the timer overflow flag (OVF) in TCSR is set to 1.

Bit 1: OVIE Description
0 Timer overflow interrupt request (FOVI) is disabled. (Initial value)
1 Timer overflow interrupt request (FOVI) is enabled.

Bit 0—Reserved: This bit cannot be modified and is always read as 1.
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8.2.5 Timer Control/Status Register (TCSR)

Bit 7 6 5 4 3 2 1 0
\ ICFA \ ICFB \ ICFC \ ICFD \ OCFA \ OCFB \ OVF \ CCLRA‘
Initial value 0 0 0 0 0 0 0 0

ReadWrite  RIW)*  RAW)* RIAW)* RIW)* RIW)* RIAW)* RIW)*  R/W

Note: * Software can write a 0 in bits 7 to 1 to clear the flags, but cannot write a 1 in these bits.

TCSR is an 8-bit readable and partially writable register that contains the seven interrupt flags an
specifies whether to clear the counter on compare-match A (when the FRC and OCRA values
match).

TCSR is initialized to H'00 by a reset and in the standby modes.
Timing is described in section 8.4, Operation.

Bit 7—Input Capture Flag A (ICFA): This status bit is set to 1 to flag an input capture A event.
If BUFEA = 0, ICFA indicates that the FRC value has been copied to ICRA. If BUFEA =1, ICFA
indicates that the old ICRA value has been moved into ICRC and the new FRC value has been
copied to ICRA.

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

Bit 7: ICFA Description

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

1 This bit is set to 1 when an FTIA input signal causes the FRC value to be

copied to ICRA.

Bit 6—Input Capture Flag B (ICFB): This status bit is set to 1 to flag an input capture B event.

If BUFEB = 0, ICFB indicates that the FRC value has been copied to ICRB. If BUFEB =1, ICFB
indicates that the old ICRB value has been moved into ICRD and the new FRC value has been
copied to ICRB.

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

Bit 6: ICFB Description

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

1 This bit is set to 1 when an FTIB input signal causes the FRC value to be

copied to ICRB.
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Bit 5—Input Capture Flag C (ICFC): This status bit is set to 1 to flag input of a rising or falling
edge of FTIC as selected by the IEDGC bit. When BUFEA = 0, this indicates capture of the FRC
count in ICRC. When BUFEA = 1, however, the FRC count is not captured, so ICFC becomes
simply an external interrupt flag. In other words, the buffer mode frees FTIC for use as a genera
purpose interrupt signal (which can be enabled or disabled by the ICICE bit).

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

Bit 5: ICFC Description

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

1 This bit is set to 1 when an FTIC input signal is received.

Bit 4—Input Capture Flag D (ICFD): This status bit is set to 1 to flag input of a rising or falling
edge of FTID as selected by the IEDGD bit. When BUFEB = 0, this indicates capture of the FRC
count in ICRD. When BUFEB = 1, however, the FRC count is not captured, so ICFD becomes
simply an external interrupt flag. In other words, the buffer mode frees FTID for use as a genera
purpose interrupt signal (which can be enabled or disabled by the ICIDE bit).

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

Bit 4. ICFD Description

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

1 This bit is set to 1 when an FTID input signal is received.

Bit 3—Output Compare Flag A (OCFA): This status flag is set to 1 when the FRC value
matches the OCRA value. This flag must be cleared by software. It is set by hardware, however
and cannot be set by software.

Bit 3: OCFA Description

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

1 This bit is set to 1 when FRC = OCRA.
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Bit 2—Output Compare Flag B (OCFB): This status flag is set to 1 when the FRC value
matches the OCRB value. This flag must be cleared by software. It is set by hardware, however,
and cannot be set by software.

Bit 2: OCFB Description

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

1 This bit is set to 1 when FRC = OCRB.

Bit 1—Timer Overflow Flag (OVF): This status flag is set to 1 when FRC overflows (changes
from H'FFFF to H'0000). This flag must be cleared by software. It is set by hardware, however,
and cannot be set by software.

Bit 1: OVF Description

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

1 This bit is set to 1 when FRC changes from H'FFFF to H'0000.

Bit 0—Counter Clear A (CCLRA): This bit selects whether to clear 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.

8.2.6 Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0
\ IEDGA \ IEDGB‘ IEDGC‘ IEDGD‘ BUFEA‘ BUFEB‘ CKS1 \ CKS0 \
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 selects the rising or falling edge of the input captur
signals, enables the input capture buffer mode, and selects the FRC clock source.

TCR is initialized to H'00 by a reset and in the standby modes.
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Bit 7—Input Edge Select A (IEDGA): This bit selects the rising or falling edge of the input
capture A signal (FTIA).

Bit 7: IEDGA Description

0 Input capture A events are recognized on the falling edge of FTIA. (Initial value)

1 Input capture A events are recognized on the rising edge of FTIA.

Bit 6—Input Edge Select B (IEDGB):This bit selects the rising or falling edge of the input
capture B signal (FTIB).

Bit 6: IEDGB Description
0 Input capture B events are recognized on the falling edge of FTIB. (Initial value)
1 Input capture B events are recognized on the rising edge of FTIB.

Bit 5—Input Edge Select C (IEDGC):This bit selects the rising or falling edge of the input
capture C signal (FTIC).

Bit 5: IEDGC Description
0 Input capture C events are recognized on the falling edge of FTIC. (Initial value)
1 Input capture C events are recognized on the rising edge of FTIC.

Bit 4—Input Edge Select D (IEDGD):This bit selects the rising or falling edge of the input
capture D signal (FTID).

Bit 4: IEDGD Description
0 Input capture D events are recognized on the falling edge of FTID. (Initial value)
1 Input capture D events are recognized on the rising edge of FTID.

Bit 3—Buffer Enable A (BUFEA): This bit selects whether to use ICRC as a buffer register for
ICRA.

Bit 3: BUFEA Description

0 ICRC is used for input capture C. (Initial value)

1 ICRC is used as a buffer register for input capture A.
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Bit 2—Buffer Enable B (BUFEB): This bit selects whether to use ICRD as a buffer register for
ICRB.

Bit 2: BUFEB Description

0 ICRD is used for input capture D. (Initial value)

1 ICRD is used as a buffer register for input capture B.

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

Bit 1: CKS1 Bit 0: CKSO Description

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

1 0 2,/32 internal clock source
1 External clock source (rising edge)

8.2.7 Timer Output Compare Control Register (TOCR)

Bit 7 6 5 4 3 2 1 0

. — | — | — | OCRS| OEA | OEB | OLVLA | OLVLB|
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

TOCR is an 8-bit readable/writable register that enables output from the output compare pins,
selects the output levels, and switches access between output compare registers A and B.

TOCR is initialized to H'EO by a reset and in the standby modes.
Bits 7 to 5—ReservedThese bits cannot be modified and are always read as 1.

Bit 4—Output Compare Register Select (OCRS)OCRA and OCRB share the same address.
When this address is accessed, the OCRS bit selects which register is accessed. This bit does ni
affect the operation of OCRA or OCRB.

Bit 4: OCRS Description

0 OCRA is selected. (Initial value)
1 OCRSB is selected.
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Bit 3—Output Enable A (OEA): This bit enables or disables output of the output compare A
signal (FTOA).

Bit 3: OEA Description
0 Output compare A output is disabled. (Initial value)
1 Output compare A output is enabled.

Bit 2—Output Enable B (OEB): This bit enables or disables output of the output compare B
signal (FTOB).

Bit 2: OEB Description
0 Output compare B output is disabled. (Initial value)
1 Output compare B output is enabled.

Bit 1—Output Level A (OLVLA): This bit selects the logic level to be output at the FTOA pin
when the FRC and OCRA values match.

Bit 1. 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.

Bit 0—Output Level B (OLVLB): This bit selects the logic level to be output at the FTOB pin
when the FRC and OCRB values match.

Bit 0: 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.

169
HITACHI



8.3 CPU Interface

The free-running counter (FRC), output compare registers (OCRA and OCRB), and input capture
registers (ICRA to ICRD) 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, t
access is performed using an 8-bit temporary register (TEMP).

These registers are written and read as follows:

* Register 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.

* Register 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.

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 L
transferred correctly if the bytes are accessed in reverse order, or if only one byte is accessed.

Figure 8.3 shows the data flow when FRC is accessed. The other registers are accessed in the s
way. As an exception, when the CPU reads OCRA or OCRB, it reads both the upper and lower
bytes directly, without using TEMP.

Coding Examples

To write the contents of general register RO to OCRA: MOV. W R0, @CRA
To transfer the contents of ICRA to general register ROMOV. W @ CRA, RO
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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

<)

Bus
interface

$

Module data bus

TEMP
[H'AA]

VA

FRCH FRCL
[ ] [ ]
Module data bus
TEMP
[H'AA]
FRCH FRCL
[H'AA] [H'55]

Figure 8.3 (a) Write Access to FRC (when CPU Writes H'AAS5)
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(1) Upper byte read

CPU reads
data H'AA

<)

Bus
interface

(2) Lower byte read

CPU reads
data H'55

)

Bus
interface

Module data bus

TEMP
[H'55]

V.

]

FRCH
[H'AA]

FRCL
[H'55]

$

Module data bus

TEMP
[H'55]

U

FRCH
L1

FRCL
L1

172

HITACHI

Figure 8.3 (b) Read Access to FRC (when FRC Contains H'AA55)




8.4 Operation

8.4.1 FRC Increment Timing

FRC increments on a pulse generated once for each period of the selected (internal or external)
clock source. The clock source is selected by bits CKSO and CKS1 in TCR.

Internal Clock: The internal clock sources{®, @/8, 4/32) are created from the system clock
(9) by a prescaler. FRC increments on a pulse generated from the falling edge of the prescaler
output. See figure 8.4.

el N o
Elljilg:eclock . ,—I
FRC N-1 ><:SS N X N1

Figure 8.4 Increment Timing for Internal Clock Source
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External Clock: If external clock input is selected, FRC increments on the rising edge of the
FTCI clock signal. Figure 8.5 shows the increment timing.

The pulse width of the external clock signal must be at least 1.5 system clock (@) periods. The
counter will not increment correctly if the pulse width is shorter than 1.5 system clock periods.

]
lock

Elljgec oc .

FRC N SS >< N+ 1 SS

s

Figure 8.5 Increment Timing for External Clock Source
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8.4.2 Output Compare Timing

When a compare-match occurs, the logic level selected by the output level bit (OLVLA or
OLVLB) in TOCR is output at the output compare pin (FTOA or FTOB). Figure 8.6 shows the
timing of this operation for compare-match A.

FRC N X n+1 ) WoN X N+ 1

OCRA N N W

Internal compare-
match A signal .
))
k l Clear*
5

OLVLA |

K\" ((
)T

FTOA

Note: * Cleared by software

<

Figure 8.6 Timing of Output Compare A
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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
8.7 shows the timing of this operation.

s S O O
Internal compare-
match A signal \

FRC N X H'0000

Figure 8.7 Clearing of FRC by Compare-Match A

8.4.4 Input Capture Timing

Input Capture Timing: An internal input capture signal is generated from the rising or falling
edge of the signal at the input capture pin FTIx (x = A, B, C, D), as selected by the corresponding
IEDGx bit in TCR. Figure 8.8 shows the usual input capture timing when the rising edge is
selected (IEDGx = 1).

Input data
FTI pin « |

Internal input

capture signal ‘o
))

Figure 8.8 Input Capture Timing (Usual Case)

If the upper byte of ICRA/B/C/D is being read when the corresponding input capture signal
arrives, the internal input capture signal is delayed by one state. Figure 8.9 shows the timing for
this case.
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ICR upper byte read cycle

Input at FTI pin o |R
\\\!

Internal input ooooeed —L
capture signal ( :

Figure 8.9 Input Capture Timing (1-State Delay Due to ICRA/B/C/D Read)
Buffered Input Capture Timing: ICRC and ICRD can operate as buffers for ICRA and ICRB.

Figure 8.10 shows how input capture operates when ICRA and ICRC are used in buffer mode a
IEDGA and IEDGC are set to different values (IEDGA = 0 and IEDGC =1, or IEDG A= 1 and
IEDGC = 0), so that input capture is performed on both the rising and falling edges of FTIA.

FTIA _| . |
)T

Internal input\ ,—\
capture signal (

((
)]
FRC n >< n+1 . N ><N +1
$§
ICRA M n ) n_ XN
)7
§§
ICRC m XAM ) M Xan
))

Figure 8.10 Buffered Input Capture with Both Edges Selected
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When ICRC or ICRD is used as a buffer register, its input capture flag is set by the selected
transition of its input capture signal. For example, if ICRC is used to buffer ICRA, when the edge
transition selected by the IEDGC bit occurs on the FTIC input capture line, ICFC will be set, and

if the ICIEC bit is set, an interrupt will be requested. The FRC value will not be transferred to
ICRC, however.

In buffered input capture, if the upper byte of either of the two registers to which data will be
transferred (ICRA and ICRC, or ICRB and ICRD) is being read when the input signal arrives,
input capture is delayed by one system clock (@). Figure 8.11 shows the timing when BUFEA =1

Read cycle:
CPU reads upper byte of ICRA or ICRC

Input at
FTIA pin

Internal input Lo |
capture signal '

Figure 8.11 Input Capture Timing (1-State Delay, Buffer Mode)
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8.4.5 Timing of Input Capture Flag (ICF) Setting

The input capture flag ICFx (x = A, B, C, D) is set to 1 by the internal input capture signal. Figure
8.12 shows the timing of this operation.

° S T I I
Internal input ,—l
capture signal \

ICF

FRC \

ICR >< N

Figure 8.12 Setting of Input Capture Flag

8.4.6 Setting of Output Compare Flags A and B (OCFA and OCFB)

The output compare flags are set to 1 by an internal compare-match signal generated when the
FRC value matches the OCRA or OCRB value. This compare-match signal is generated at the |
state in which the two values match, just before FRC increments to a new value.

Accordingly, when the FRC and OCR values match, the compare-match signal is not generated
until the next period of the clock source. Figure 8.13 shows the timing of the setting of the outpu
compare flags.
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FRC N >< N+ 1

OCRA or OCRB N

Internal compare- ,—\
match signal \

OCFA or OCFB

Figure 8.13 Setting of Output Compare Flags

8.4.7 Setting of FRC Overflow Flag (OVF)

The FRC overflow flag (OVF) is set to 1 when FRC overflows (changes from H'FFFF to H'0000).
Figure 8.14 shows the timing of this operation.

o L

FRC H'FFFF >< H'0000

Internal overflow
signal k

OVF |

Figure 8.14 Setting of Overflow Flag (OVF)
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8.5 Interrupts

The free-running timer can request seven interrupts (three types): input capture A to D (ICIA,
ICIB, ICIC, ICID), output compare A and B (OCIA and OCIB), and overflow (FOVI). Each
interrupt can be enabled or disabled by an enable bit in TIER. Independent signals are sent to t
interrupt controller for each interrupt. Table 8.4 lists information about these interrupts.

Table 8.4  Free-Running Timer Interrupts

Interrupt Description Priority
ICIA Requested by ICFA High
ICIB Requested by ICFB

ICIC Requested by ICFC

ICID Requested by ICFD

OCIA Requested by OCFA

OCIB Requested by OCFB

FOVI Requested by OVF Low
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8.6 Sample Application

In the example below, the free-running timer is used to generate two square-wave outputs with a
50% duty cycle and arbitrary phase relationship. The programming is as follows:

1. The CCLRA bitin TCSR is set to 1.

2. Each time a compare-match interrupt occurs, software inverts the corresponding output level
bit in TOCR (OLVLA or OLVLB).

FTOA

FTOB

Figure 8.15 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.

Contention between FRC Write and Clear:If 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 8.16 shows this type of contention.

Write cycle:
CPU write to lower byte of FRC
T, Ts T3

e
° L
Internal address >< FRC address ><
bus
Internal write
signal
FRC clear signal
FRC N >< H'0000

Figure 8.16 FRC Write-Clear Contention
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Contention between FRC Write and Increment:If 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 FRC is not incremented.

Figure 8.17 shows this type of contention.

Write cycle:
CPU write to lower byte of FRC
T1 Tz T3
T e
o L
Internal address bus >< FRC address ><
Internal write signal
FRC clock pulse
FRC N ~ M
K Write data

Figure 8.17 FRC Write-Increment Contention
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Contention between OCR Write and Compare-Match:If 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 8.18 shows this type of contention.

Write cycle:
CPU write to lower byte of OCRA or OCRB
T1 T2 T3
B T e o o B
o L
Internal address bus >< OCR address ><
Internal write signal
FRC N >< N+1
OCRA or OCRB N >< o M
K Write data
Compare-match T
A or B signal Y W
Inhibited

Figure 8.18 Contention between OCR Write and Compare-Match
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Increment Caused by Changing of Internal Clock SourceWhen an internal clock source is
changed, the changeover may cause FRC to increment. This depends on the time at which the
clock select bits (CKS1 and CKSO0) are rewritten, as shown in table 8.5.

The pulse that increments FRC is generated at the falling edge of the internal clock source. If
clock sources are changed when the old source is high and the new source is low, as in case no.
in table 8.5, the changeover generates a falling edge that triggers the FRC increment clock pulse

Switching between an internal and external clock source can also cause FRC to increment.
Table 8.5 Effect of Changing Internal Clock Sources

No. Description Timing

1 Low — low:

CKS1 and CKSO are e ] |

rewritten while both

clock sources are low. New clock |
source :
FRC clock | _|
pulse ]
FRC N N+1 X
CKS rewrite
2 Low - high:

CKS1 and CKSO are S;ﬂrcclémk _,—\_I—l

rewritten while old
clock source is low and New clock
new clock source is high.  source

FRC clock
pulse

FRC N X N+1 X

CKS rewrite
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No. Description Timing

3 High - low:

CKS1 and CKSO are o |
rewritten while old clock

source is high and new !

clock source is low. New clock

source

T *
FRC clock @
pulse

NS
FRC N X ne1o X N+2 X
CKS rewrite

4 High - high:

Old clock
CKS1 and CKSO are oid clo J

rewritten while both
clock sources are high.

New clock
source

FRC clock
pulse

FRC N X N+1 X N+2) X

CKS r‘ewrite

Note: * The switching of clock sources is regarded as a falling edge that increments FRC.
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Section 9 8-Bit Timers

9.1 Overview

The H8/3437 Series includes an 8-bit timer module with two channels (numbered 0 and 1). Eacl
channel has an 8-bit counter (TCNT) and two time constant registers (TCORA and TCORB) tha
are constantly compared with the TCNT value to detect compare-match events. One of the man
applications of the 8-bit timer module is to generate a rectangular-wave output with an arbitrary
duty cycle.

9.1.1 Features
The features of the 8-bit timer module are listed below.

* Selection of seven clock sources

The counters can be driven by one of six internal clock signals 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 time constants

The timer output signal in each channel is controlled by two independent time constants,
enabling the timer to generate output waveforms with an arbitrary duty cycle, or PWM
waveforms.

¢ 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.

Internal
EIXtekmal clock sources  Channel0  Channel 1
clock source ———————  gpl2 opl2
TMCI ﬂp/8 ﬂpla
————————  2pl32 opl64
ﬂp/64 Zp/128
2p/256 2p/1024
ﬂp/1024 ﬂp/2048
Clock
Clock select
T Compare-match A
T™O Overflow Internal
VR " § data bus
— g g
Clear o/ g
i E
S 9
] @0
Control Compare-match B 3
logic 2
| 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 (1 Channel)

190
HITACHI




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

Abbreviation *

Name Channel0 Channell 1/O Function

Timer output TMO, T™MO, Output Output controlled by compare-match
Timer clock input TMCI, TMCI, Input External clock source for the counter
Timer reset input TMRI, TMRI, Input External reset signal for the counter

Note: * In this manual, the channel subscript has been deleted, and only TMO TMCI, and TMRI are
used.
9.14 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

Channel Name Abbreviation  R/W Initial Value Address

0 Timer control register TCR R/W H'00 H'FFC8
Timer control/status register TCSR R/(W)* H'10 H'FFC9
Time constant register A TCORA R/W H'FF H'FFCA
Time constant register B TCORB R/IW H'FF H'FFCB
Timer counter TCNT R/IW H'00 H'FFCC

1 Timer control register TCR R/IW H'00 H'FFDO
Timer control/status register TCSR R/(W)* H'10 H'FFD1
Time constant register A TCORA R/W H'FF H'FFD2
Time constant register B TCORB R/W H'FF H'FFD3
Timer counter TCNT R/IW H'00 H'FFD4

0,1 Serial/timer control register STCR R/W H'00 H'FFC3

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)

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 RIW R/W RIW RIW RIW R/IW

Each timer counter (TCNT) is an 8-bit up-counter that increments on a pulse generated from an
internal or external clock source 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. Clock clear bits 1 and 0 (CCLR1 and CCLRO) of the timer
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)

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 (except duringdtateTof a write cycle

to TCORA or TCORB). When a match is detected, the corresponding compare-match flag (CMF/
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 TCORSB are initialized to H'FF by a reset and in the standby modes.
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9.2.3 Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0
\ CMIEB‘ CMIEA‘ OVIE \ CCLRl‘ 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

TCR is an 8-bit 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 by a reset and in the standby modes.
For timing diagrams, 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 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 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 (TMRI).

Bit 4: CCLR1 Bit 3: CCLRO Description

0 0 Not cleared. (Initial value)
1 Cleared on compare-match A.

1 0 Cleared on compare-match B.
1 Cleared on rising edge of external reset input signal.
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Bits 2, 1, and 0—Clock Select (CKS2, CKS1, and CKSOJhese bits and bits ICKS1 and

ICKSO in the serial/timer control register (STCR) select the internal or external clock source for
the timer counter. Six internal clock sources, derived by prescaling the system clock, are availal
for each timer channel. For internal clock sources the counter is incremented on the falling edge
the internal clock. For an external clock source, these bits can select whether to increment the

counter on the rising or falling edge of the clock input (TMCI), or on both edges.

TCR STCR
Bit2: Bit1l: BitO: Bit1: BitO:
Channel CKS2 CKS1 CKSO ICKS1 ICKSO Description
0 0 0 0 — — No clock source (timer stopped) (Initial value)
1 0 2,/8 internal clock, counted on falling edge
1 @,/2 internal clock, counted on falling edge
1 0 0 2,/64 internal clock, counted on falling edge
1 2,/32 internal clock, counted on falling edge
1 0 2,/1024 internal clock, counted on falling edge
1 2,/256 internal clock, counted on falling edge
1 0 0 — No clock source (timer stopped)
1 External clock source, counted on rising edge
1 0 External clock source, counted on falling edge
1 External clock source, counted on both rising
and falling edges
1 0 0 0 — — No clock source (timer stopped) (Initial value)
0 2,/8 internal clock, counted on falling edge
1 @,/2 internal clock, counted on falling edge
1 0 0 2,/64 internal clock, counted on falling edge
1 2,/128 internal clock, counted on falling edge
1 0 2,/1024 internal clock, counted on falling edge
1 2,/2048 internal clock, counted on falling edge
1 0 0 — No clock source (timer stopped)
1 External clock source, counted on rising edge
1 0 External clock source, counted on falling edge
1 External clock source, counted on both rising

and falling edges
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9.2.4 Timer Control/Status Register (TCSR)

Bit 7 6 5 4 3 2 1 0

| CMFB | CMFA | OVF | — | 0s3 | 0s2 | 0sl | 0s0 |
Initial value 0 0 0 1 0 0 0 0
Read/Write  RI(W)* RIW)* RIW)*  — RW RW RW  RW

Note: * Software can write a 0 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'10 by a reset and in the standby modes.

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 set to 1 then write
a 0 in this bit. (Initial value)

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 set to 1, then write
a 0 in this bit. (Initial value)

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 set to 1, then write a 0
in this bit. (Initial value)

1 This bit is set to 1 when TCNT changes from H'FF to H'00.
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Bit 4—Reserved: This bit is always read as 1. It cannot be written.

Bits 3 to 0—Output Select 3 to 0 (OS3 to OSQThese bits specify the effect of TCOR-TCNT
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
the output level.

If compare-match A and B occur simultaneously, any conflict is resolved according to the
following priority order: toggle > 1 output > 0 output.

When all four output select bits are cleared to 0 the timer output signal is disabled.

After a reset, the timer output is O until the first compare-match event.

Bit 3: OS3 Bit 2: OS2 Description

0 0 No change when compare-match B occurs.  (Initial value)
1 Output changes to 0 when compare-match B occurs.

1 0 Output changes to 1 when compare-match B occurs.
1 Output inverts (toggles) when compare-match B occurs.

Bit 1: OS1 Bit 0: OSO Description

0 0 No change when compare-match A occurs.  (Initial value)
1 Output changes to 0 when compare-match A occurs.

1 0 Output changes to 1 when compare-match A occurs.
1 Output inverts (toggles) when compare-match A occurs.
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9.25 Serial/Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0
\ IIcS \ IICD \ licx \ IICE \ STAC \ MPE \ ICKSl‘ ICKSO‘
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

STCR is an 8-bit readable/writable register that controls’@éuis interface and host interface,
controls the operating mode of the serial communication interface, and selects internal clock
sources for the timer counters.

STCR is initialized to H'00 by a reset.

Bits 7 to 4—I’C Control (IICS, IICD, IICX, IICE): These bits control operation of tif€Ibus
interface. For details, see section £8, Bus Interface.

Bit 3—Slave Input Switch (STAC): Controls the switching of the host interface input pins. For
details, see section 14, Host Interface.

Bit 2—Multiprocessor Enable (MPE): Controls the operating mode of serial communication
interfaces 0 and 1. For details, see section 12, Serial Communication Interface.

Bits 1 and O—Internal Clock Source Select 1 and 0 (ICKS1 and ICKSOY.hese bits and bits
CKS2 to CKSO in the TCR select clock sources for the timer counters. For details, see section
9.2.3, Timer Control Register.
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9.3 Operation

9.3.1 TCNT Increment Timing

The timer counter increments on a pulse generated once for each period of the selected (intern:
external) clock source.

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 TCR and bits ICKS1 and ICKSO0

of STCR can select one of the six internal clocks.

Internal
clock

TCNT clock
pulse

TCNT

N

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 o
a single edge, and at least 2.5 system clock periods for incrementation on both edges. The count
will not increment correctly if the pulse width is shorter than these values.

External clock

source (TMCI)

TCNT clock ,—\ ,—\

pulse ( 56
s ;

TCNT N-1 X N X : N+1
( (.
)] )]

Figure 9.3 Count Timing for External Clock Input
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9.3.2 Compare-Match Timing

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 time
constant in TCORA or TCORB. The compare-match signal is generated at the last state in whic
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 signe
not generated until the next period of the clock source. Figure 9.4 shows the timing of the settin
of the compare-match flags.

° B s O O

TCNT N X N+ 1

TCOR

Internal compare- ,—l
match signal

CMF |

Figure 9.4 Setting of Compare-Match Flags
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Output Timing: When a compare-match event occurs, the timer output 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.

Figure 9.5 shows the timing when the output is set to toggle on compare-match A.

s ipEpEpipEpEuEnEnERE
Internal compare- ,—l
match A signal j

- .
|

Timer output |
(TMO)

Figure 9.5 Timing of Timer Output

Timing of Compare-Match Clear: Depending on the CCLR1 and CCLRO bits in TCR, the timer
counter can be cleared when compare-match A or B occurs. Figure 9.6 shows the timing of this
operation.

° B
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 TCR are both set to 1, the timer counter is cleared on the
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.

° T o O B

External reset |

input (TMRI) k

Internal clear ,—l
pulse

TCNT N—1 >< N >< H'00

Figure 9.7 Timing of External Reset

9.34 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.

o SRR

TCNT HFE X H00

Internal overflow —\
signal P—
OVF

Figure 9.8 Setting of Overflow Flag (OVF)
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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 can be enabled or disabled by an enable
bit in TCR. Independent signals are sent to the interrupt controller for each interrupt. Table 9.3
lists information about these interrupts.

Table 9.3  8-Bit Timer Interrupts

Interrupt Description Priority
CMIA Requested by CMFA High
CMIB Requested by CMFB %

ovi Requested by OVF Low

9.5 Sample Application

In the example below, the 8-bit timer is used to generate a pulse output with a selected duty cycls
The control bits are set as follows:

1. InTCR, CCLR1 is cleared to 0 and CCLRO is set to 1 so that the timer counter is cleared whe
its value matches the constant in TCORA.
2. In TCSR, bhits OS3 to OSO0 are set to 0110, causing the output to change to 1 on compare-ma
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 witf
a pulse width determined by TCORB. No software intervention is required.

TCNT
HFF
ﬁ Clear counter ﬁ
TCORA ¢ *
TCORB
H'00
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-bi
timer.

9.6.1 Contention between TCNT Write and Clear

If an internal counter clear signal is generated during ifstaie 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
T1 T, T3
Rt e s e
s 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 {lséale 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

Ty T2 T3
- e e= -
o L
Internal address bus >< TCNT address ><
Internal write signal
TCNT clock pulse
TNCT N ot 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 thegstate of a write cycle to TCOR, the write takes priority
and the compare-match signal is inhibited.

Figure 9.12 shows this type of contention.

Write cycle: CPU writes to TCOR

Ta T2 T3
e e T
0 L
Internal address bus >< TCOR address ><
Internal write signal
TCNT N >< N+1
TCOR N >< ” M

K

TCOR write data

Compare-match !
A or B signal ; T

l
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 tc
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.

Table 9.4  Priority of Timer Output

Output Selection Priority

Toggle High

1 output

0 output T

No change Low

9.6.5 Increment 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, a
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 lo
as in case no. 3 in table 9.5, the changeover generates a falling edge that triggers the TCNT cloc
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™

Qudlock | i

New clock
source

pulse

TCNT clock ! _|

TCNT N X

CKS rewrite

2 Low — high™

souree | I

New clock
source

TCNT clock
pulse

TCNT N X N+1 X

CKS rewrite
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No. Description Timing

s High - low" old clock ,—I ,——l ,—l
source i

New clock
source
T *4
TCNT clock @
pulse
<~

TCNT N X n+1i X N +2 X

CKS rewrite

4 High - high

Old clock ‘| ,—‘—ll
source !

New clock
source

TCNT clock
pulse

TCNT N X N+1 X N+2) X

CKS r‘ewrite

Notes: *1 Including a transition from low to the stopped state (CKS1 = 0, CKS0 =0), or a
transition from the stopped state to low.

*2 Including a transition from the stopped state to high.
*3 Including a transition from high to the stopped state.

*4 The switching of clock sources is regarded as a falling edge, and therefore a TCNT
clock pulse is generated and TCNT is incremented.
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Section 10 PWM Timers

10.1  Overview

The H8/3437 Series has an on-chip pulse-width modulation (PWM) timer module with two
independent channels (PWMO0 and PWM1). Both channels are functionally identical. Each PWN
channel generates a rectangular output pulse with a duty cycle of 0 to 100%. The duty cycle is
specified in an 8-bit duty register (DTR).

10.1.1  Features
The PWM timer module has the following features:

« Selection of eight clock sources
¢ Duty cycles from 0 to 100% with 1/250 resolution
« Output with positive or negative logic and software enable/disable control
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10.1.2 Block Diagram

Figure 10.1 shows a block diagram of one PWM timer channel.

Pulse -«—

DTR
Compare-match LJ 3 °
Output | Comparator ﬁ S Internal
control = > data bus
© =
() S 2o
i 3 3
+| TCNT |< e) e}
=
TCR
Y
|- ﬂplz
| ﬂpls
| ﬂp/32
Clock Clock |« @p/128
select |« @p/256
- 0p/1024
-— gp/2048
TCR:  Timer control register (8 bits) - @p/4096

DTR: Duty register (8 bits)
TCNT: Timer counter (8 bits)

Internal clock sources

10.1.3  Input and Output Pins

Figure 10.1 Block Diagram of PWM Timer

Table 10.1 lists the output pins of the PWM timer module. There are no input pins.

Table 10.1 Output Pins of PWM Timer Module

Name Abbreviation 1/0 Function
PWMO output PW, Output Pulse output from PWM timer channel 0.
PWM1 output PW, Output Pulse output from PWM timer channel 1.
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10.1.4 Register Configuration
The PWM timer module has three registers for each channel as listed in table 10.2.

Table 10.2 PWM Timer Registers

Initial Address

Name Abbreviation R/W Value PWMO PWM1
Timer control register TCR R/W H'38 H'FFAO H'FFA4
Duty register DTR R/W H'FF H'FFAl H'FFAS
Timer counter TCNT R/W H'00 H'FFA2 H'FFA6
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 output enable bit (OE) is setto 1 in
TCR, TCNT starts counting pulses of an internal clock source selected by clock select bits 2 to (
(CKS2 to CKSO0). After counting from H'00 to H'F9, the count repeats from H'00. When TCNT
changes from H'00 to to H'01, the PWM output is placed in the 1 state, unless the DTR value is
H'00, in which case the duty cycle is 0% and the PWM output remains in the O state.

TCNT is initialized to H'00 at a reset and in the standby modes, and when the OE bit is cleared
0.
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10.2.2 Duty Register (DTR)

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

DTR is an 8-bit readable/writable register that specifies the duty cycle of the output pulse. Any
duty cycle from 0% to 100% can be output by setting the corresponding value in DTR. The
resolution is 1/250. Writing 0 (H'00) in DTR gives a 0% duty cycle. Writing 125 (H'7D) gives a
50% duty cycle. Writing 250 (H'FA) gives a 100% duty cycle.

The DTR and TCNT values are always compared. When the values match, the PWM output is
placed in the O state.

DTR is double-buffered. A new value written in DTR does not become valid until after the timer
count changes from H'F9 to H'00. While the OE bit is cleared to 0 in TCR, however, new values
written in DTR become valid immediately. When DTR is read, the value read is the currently valic
value.

DTR is initialized to H'FF by a reset and in the standby modes.
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10.2.3  Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0

| OE | os | — | — | — | CKS2 | CKSl | CKSO |
Initial value 0 0 1 1 1 0 0 0
Read/Write R/W R/W — — — R/W R/W R/W

TCR is an 8-bit readable/writable register that selects the clock input to TCNT and controls PWN
output.

TCR is initialized to H'38 by a reset and in standby mode.

Bit 7—Output Enable (OE): This bit enables the timer counter and the PWM output.

Bit 7: OE Description
0 PWM output is disabled. TCNT is cleared to H'00 and stopped.  (Initial value)
1 PWM output is enabled. TCNT runs.

Bit 6—Output Select (OS):This bit selects positive or negative logic for the PWM output.

Bit6: OS Description
0 Positive logic; positive-going PWM pulse, 1 = high (Initial value)
1 Negative logic; negative-going PWM pulse, 1 = low

Bits 5 to 3—ReservedThese bits cannot be modified and are always read as 1.
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Bits 2, 1, and 0—Clock Select (CKS2, CKS1, and CKSUOJhese hits select one of eight internal
clock sources obtained by dividing the supporting-module clagk (2

Bit 2: CKS2 Bit 1. CKS1 Bit 0: CKSO Description

0 0 0 2,12 (Initial value)
1 2,/8
1 0 2,132
1 2,/128
1 0 0 2,256
1 2./1024
1 0 2,/2048
1 2,/4096

From the clock source frequency, the resolution, period, and frequency of the PWM output can b
calculated as follows.

Resolution = 1/clock source frequency
PWM period = resolution x 250
PWM frequency = 1/PWM period

If the g clock frequency is 10 MHz, then the resolution, period, and frequency of the PWM output
for each clock source are as shown in table 10.3.

Table 10.3 PWM Timer Parameters for 10 MHz System Clock

Internal Clock Frequency Resolution PWM Period PWM Frequency
2,12 200 ns 50 pus 20 kHz

2,/8 800 ns 200 ps 5 kHz

2,132 3.2us 800 ps 1.25 kHz
2,/128 12.8 ps 3.2ms 312.5 Hz
2,/256 25.6 ps 6.4 ms 156.3 Hz
2,/1024 102.4 ps 25.6 ms 39.1Hz
2,/2048 204.8 pys 51.2ms 19.5Hz
/4096 409.6 ps 102.4 ms 9.8 Hz
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10.3  Operation

10.3.1  Timer Increment

The PWM clock source is created by dividing the system clock (@). The timer counter increment
on a TCNT clock pulse generated from the falling edge of the prescaler output as shown in figur
10.2.

|
N o
;S’:J clock . ,—I
TCNT N—1 ><:SS N X N1

Figure 10.2 TCNT Increment Timing
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PWM Operation

10.3.2

Figure 10.3 is a timing chart of the PWM operation.
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I e D O
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Figure 10.3 PWM Timing
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Positive Logic (OS = 0):

1.

When (OE = 0)—(a) in Figure 10.3

The timer count is held at H'00 and PWM output is inhibited. [P{ifio4 PWO) or pin 4 (for

PW1) is used for port 4 input/output, and its state depends on the corresponding port 4 data
register and data direction register.] Any value (such as N in figure 10.3) written in the DTR
becomes valid immediately.

When (OE = 1)

a. The timer counter begins incrementing. The PWM output goes high when TCNT change:
from H'00 to H'01, unless DTR = H'00. [(b) in figure 10.3]

b. When the count passes the DTR value, the PWM output goes low. [(c) in figure 10.3]

If the DTR value is changed (by writing the data “M” in figure 10.3), the new value
becomes valid after the timer count changes from H'F9 to H'00. [(d) in figure 10.3]

Negative Logic (OS = 1)—(e) in Figure 10.3Fhe operation is the same except that high and low
are reversed in the PWM output. [(e) in figure 10.3]

10.4  Application Notes

Some notes on the use of the PWM timer module are given below.

1.

Any necessary changes to the clock select bits (CKS2 to CKS0) and output select bit (OS)
should be made before the output enable bit (OE) is set to 1.

If the DTR value is H'00, the duty cycle is 0% and PWM output remains constant at 0.
If the DTR value is H'FA to H'FF, the duty cycle is 100% and PWM output remains constant :
1.

(For positive logic, 0 is low and 1 is high. For negative logic, 0 is high and 1 is low.)
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Section 11 Watchdog Timer

11.1  Overview

The H8/3437 Series has an on-chip watchdog timer (WDT) that can monitor system operation b
resetting the CPU or generating a nonmaskable interrupt if a system crash allows the timer cout
to overflow.

When this watchdog function is not needed, the watchdog timer module can be used as an inter
timer. In interval timer mode, it requests an WOVF interrupt at each counter overflow.

11.1.1 Features
WDT features are shown below.

« Selection of eight counter input clocks

« Switchable between watchdog timer mode and interval timer mode

« Timer counter overflow generates an internal reset or internal interrupt:
O Selection of internal reset or internal interrupt generation in watchdog timer mode
O WOVF interrupt request in interval timer mode

« RESO output in watchdog timer mode

O Low-level signal output fronRESO pin when counter overflows in watchdog timer mode
(when internal reset is selected)
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11.1.2 Block Diagram

Figure 11.1 is a block diagram of the watchdog timer.

Internal reset or NMI

(watchdog timer mode)

; overfl Internal
WOVF interrupt System |« 2YEMOW | LN [N data bus
request signal interrupt I Read/write >
(interval timer mode) control control

—- . TCSR | ——

RESO pin I |
y Internal clock source
|- ﬂplz
Clock | -— 2p/32
|- ﬂp/64
Clock |«— gp/128
select <~ 2p/256
- Bp/512
. 2p/2048
TCNT: Timer counter
TCSR: Timer control/status register 2p/4096
Figure 11.1 Block Diagram of Watchdog Timer
11.1.3  Output Pin
Table 11.1 Output Pin of Watchdog Timer
Name Abbreviation 110 Function
Reset out output pin RESO Output Counter overflow signal output in

watchdog timer mode
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11.1.4 Register Configuration
Table 11.2 lists information on the watchdog timer registers.

Table 11.2 Register Configuration

Initial Addresses

Name Abbreviation R/W Value Write Read
Timer control/status register TCSR R/(W)* H'10 H'FFA8 H'FFA8
Timer counter TCNT R/W H'00 H'FFA8 H'FFA9
Note: * Software can write a O to clear the status flag bits, but cannot write 1.
11.2  Register Descriptions
11.2.1  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 CKSO0) in TCSR. When the count
overflows (changes from H'FF to H'00), an overflow flag (OVF) in TCSR is set to 1.

TCNT is initialized to H'00 by a reset and when the TME bit is cleared to O.

Note: TCNT is more difficult to write to than other registers. See Section 11.2.4, Register
Access, for details.
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11.2.2  Timer Control/Status Register (TCSR)

Bit 7 6 5 4 3 2 1 0

| OVF | WIAIT | TME | — |RSTNMI CKS2 | CKS1 | CKSO |
Initial value 0 0 0 1 0 0 0 0
Read/Write  R/(W)* RMW  R/W — RW  RW RW  RW

Note: * Software can write a 0 in bit 7 to clear the flag, but cannot write a 1 in this bit.

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 11.2.3, 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 O are
initialized to 0 by a reset, but retain their values in the standby modes.

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 set to 1, then write a 0
in this bit (Initial value)

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. When TCNT overflows, an WOVF interrupt request is sent to the CPU in
interval timer mode. For watchdog timer mode, a reset or NMI interrupt is requested.

Bit6: WT/IT Description
0 Interval timer mode (WOVF 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
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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

Bits 2-0—Clock Select (CKS2—CKSO0)These bits select one of eight clock sources obtained by
dividing the system clock (@).

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 O:
CKS2 CKSs1 CKSO0 Clock Source  Overflow Interval (g = 10 MHz)
0 0 0 .12 51.2 us (Initial value)
1 2,132 819.2 pus
1 0 2,164 1.6 ms
1 2,/128 3.3ms
1 0 0 2,/256 6.6 ms
1 2,/512 13.1ms
1 0 2,/2048 52.4 ms
1 2,/4096 104.9 ms
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11.2.3  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
ReadWrte RW  RW  RW  RW R RW  RW  RW

Only bit 3 is described here. For details of other bits, see section 3.2., System Control Register
(SYSCR), and descriptions of the relevant modules.

Bit 3—External Reset (XRST):Indicates the reset source. When the watchdog timer is used, a
reset can be generated by watchdog timer overflow as well as by external reset input.

XRST is a read-only bit. It is set to 1 by an external reset and cleared to 0 by an internal reset du
to watchdog timer overflow when the RSIMI bit is 1.

Bit 3: XRST Description
0 A reset is generated by an internal reset due to watchdog timer overflow
1 A reset is generated by external reset input (Initial value)

11.2.4 Register Access

The watchdog timer's TCNT and TCSR registers are more difficult to write to 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 i
the lower byte of a word written at this address. The upper byte must contain H'5A (password for
TCNT) or H'A5 (password for TCSR). See figure 11.2. The result of the access depicted in figure
11.2 is to transfer the write data from the lower byte to TCNT or TCSR.

Writing to TCNT 15 87 0
H'FFAS8 H'5A Write data

Writing to TCSR 15 8 7 0
H'FFAS8 H'A5 Write data

Figure 11.2 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 11.3.

These two registers are read like other registers. Byte access instructions can be used.

Table 11.3 Read Addresses of TCNT and TCSR

Read Address Register
H'FFAS8 TCSR
H'FFA9 TCNT

11.3  Operation

11.3.1  Watchdog Timer Mode

The watchdog timer function begins operating when software sets tH& Afid TME bits to 1 in
TCSR. Thereafter, software should periodically rewrite the contents of the timer counter (normal
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 11.3 shows the operation.

NMI requests from the watchdog timer have the same vector as NMI requests fisNItha.
Avoid simultaneous handling of watchdog timer NMI requests and NMI requests frddViin

A reset from the watchdog timer has the same vector as an external reset from the RES pin. Th
reset source can be determined by the XRST bit in SYSCR.

WDT overflow

| o e e
T WTAT =1
TCNT count TME=1

H'00
L \ﬁ / o Leiet \\oj) /
WT/IT=1 H'00 writt H'00 written
TME =1 to TCVI\\III::' " - g to TCNT

518 g

Figure 11.3 Operation in Watchdog Timer Mode

227
HITACHI



11.3.2 Interval Timer Mode

Interval timer operation begins when the \MIThit is cleared to 0 and the TME bit is set to 1.

In interval timer mode, an WOVF request is generated each time the timer count overflows. This
function can be used to generate WOVF requests at regular intervals. See figure 11.4.

TCNT count

H'00

T

WT/T=0 OVF OVF OVF OVF OVF
TME =1 request request request request request

Figure 11.4 Operation in Interval Timer Mode

11.3.3  Setting the Overflow Flag

The WOVF 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 11.5.

. L

TCNT // H'FF>< H'00
Internal overflow

signal ( \

OVF

((
))

Figure 11.5 Setting the OVF Bit
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11.3.4 RESO Signal Output Timing

When TCNT overflows in watchdog timer mode, the OVF bit is setto 1 in TCSR. If theNRBT/
bit is 1 at this time, an internal reset signal is generated for the entire chip. At the same time a Ic
level signal is output from tHRESO pin. The timing is shown in figure 11.6.

: P e s o o o P e

TCNT \\ HFF X H'00 \

Overflow signal ,—l

(internal signal) ()() ()()

f—

OVF " | :

) |

S 55 ‘
RESO signal |<7 132 states

N

I~

(
Internal reset |<— ;

i —_—————————
signal ()() 518 states

Figure 11.6 RESO Signal Output Timing
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11.4  Application Notes

11.4.1 Contention between TCNT Write and Increment

If a timer counter clock pulse is generated during thetdte of a write cycle to the timer counter,
the write takes priority and the timer counter is not incremented. See figure 11.7.

Write cycle (CPU writes to TCNT)

t— T — Ty — e a—T3—

Internal address bus >< TCNT address ><

Internal write signal

TCNT clock pulse

TCNT N >< l\{l

Counter write data

Figure 11.7 TCNT Write-Increment Contention

11.4.2 Changing the Clock Select Bits (CKS2 to CKS0)

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.

11.4.3 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.

230
HITACHI



11.4.4  Switching between Watchdog Timer Mode and Interval Timer Mode

If a switch is made between watchdog timer mode and interval timer mode while the WDT is
operating, correct operation may not be performed. The WDT must be stopped (by clearing the
TME bit to 0) before changing the timer mode.

11.45 System Reset bRESO Signal

If the RESO output signal is input to the chipRES pin, the chip will not be initialized correctly.
Ensure that thRESO signal is not logically input to the chipRES pin. When resetting the entire
system with th&RESO signal, use a circuit such as that shown in figure 11.8.

H8/3437 Series chip

Reset input q RES

Reset signal to entire chip 4—0@—C RESO

Figure 11.8 Sample Circuit for System Reset bRESO Signal

11.4.6 Detection of Program Runaway

The following points should be noted when using the microcomputer’s on-chip watchdog timer
detect program runaway.

During program runaway, instructions other than the usual instructions may be executed. If an
instruction reserved for system use is executed as a result of runaway, the watchdog timer may
sometimes stop, preventing detection of the runaway.

This problem can be avoided by making the following settings in the program.

1. Set code H'0004 in ROM address H'0002.
2. Set code H'56F0 in ROM address H'0004.

As system reserved addresses may be used by an emulator, the above settings should only be
for the actual chip.
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Section 12 Serial Communication Interface

12.1  Overview

The H8/3437 Series 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.

12.1.1 Features

The features of the on-chip serial communication interface are:

Asynchronous mode

The H8/3437 Series can communicate with a UART (Universal Asynchronous
Receiver/Transmitter), ACIA (Asynchronous Communication Interface Adapter), or other chiy
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.

Synchronous mode

Ooo0oOo0ooogdg

The SCI can communicate with chips able to perform clocked synchronous data transfer.
0 Data length: 8 bits

O 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 baud rate generator
Any specified bit rate can be generated.
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.
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nterrupts

TDR-empty, TSR-empty, receive-end, and receive-error interrupts are requested
independently.

12.1.2

Block Diagram

Figure 12.1 shows a block diagram of one serial communication interface channel.

8 Internal
£ data bus
Module data bus _g >
]
m
RDR TDR SSR BRR
A A
SCR Internal
Y Y clock
SMR
RXD —» RSR TSR Baud retlte -
Ty Communi- generator |, opld
cation - @p/16
TXD ~ control - op/64
Parity ] ]
generate Clock
Parity check
External clock source
SCK ~=

——— - TEl

» 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 12.1 Block Diagram of Serial Communication Interface
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12.1.3  Input and Output Pins

Table 12.1 lists the input and output pins used by the SCI module.

Table 12.1 SCI Input/Output Pins

Channel Name Abbreviation /O Function

0 Serial clock input/output  SCKO Input/output  SCIO clock input and output
Receive data input RxDO Input SCIO receive data input
Transmit data output TxDO Output SCI0 transmit data output

1 Serial clock input/output  SCK1 Input/output  SCI1 clock input and output
Receive data input RxD1 Input SCI1 receive data input
Transmit data output TxD1 Output SCI1 transmit data output

Note: In this manual, the channel subscript has been deleted, and only SCK, RxD, and TxD are

used.
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12.1.4  Register Configuration

Table 12.2 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 12.2 SCI Registers

Channel  Name Abbreviation  R/W l\?zlatlljtla Address
0 Receive shift register RSR 1 1 1
Receive data register RDR R H'00 H'FFDD
Transmit shift register TSR —1 1 1
Transmit data register TDR R/W H'FF H'FFDB
Serial mode register SMR™ R/W H'00 H'FFDS8
Serial control register SCR R/W H'00 H'FFDA
Serial status register SSR R/(W)?  H84 H'FFDC
Bit rate register BRR"® R/W H'FF H'FFD9
1 Receive shift register RSR —1 1 1
Receive data register RDR R H'00 H'FF8D
Transmit shift register TSR — 1 1
Transmit data register TDR R/W H'FF H'FF8B
Serial mode register SMR R/W H'00 H'FF88
Serial control register SCR R/W H'00 H'FF8A
Serial status register SSR R/(W) 2 H'84 H'FF8C
Bit rate register BRR R/W H'FF H'FF89
Oand1 Serial/timer control register ~ STCR R/W H'00 H'FFC3

Notes: *1 Cannot be read or written to.
*2 Software can write a 0 to clear the flags in bits 7 to 3, but cannot write 1 in these bits.

*3 SMR and BRR have the same addresses as I°C bus interface registers ICCR and
ICSR. For the access switching method and other details, see section 13, I°C Bus
Interface.
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12.2  Register Descriptions

12.2.1  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 charac
has been received, it is transferred to the receive data register (RDR).

The CPU cannot read or write RSR directly.

12.2.2 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 dat:
continuously.

RDR is a read-only register. RDR is initialized to H'00 by a reset and in the standby modes.

12.2.3  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 ol
character is completed, the next character is moved from the transmit data register (TDR) to TS
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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12.2.4  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.

12.2.,5 Serial Mode Register (SMR)

Bit 7 6 5 4 3 2 1 0
\ C/A \ CHR \ PE \ O/E \ STOP \ MP \ 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

SMR is an 8-bit readable/writable register that controls the communication format and selects the
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 12.7 and 12.9 in section 12.3, 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

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 0 to 6 of TDR and RDR are used for transmitting and

receiving, respectively.)
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Bit 5—Parity Enable (PE): This bit selects whether to add a parity bit in asynchronous mode.
It is ignored in synchronous mode, and when a multiprocessor format is used.

Bit5: 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.

Bit4: O/E Description
0 Even parity (Initial value)
1 Odd parity

Bit 3—Stop Bit Length (STOP): This bit selects the number of stop bits. It is ignored in
synchronous mode.

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.
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Bit 2—Multiprocessor Mode (MP): This bit selects the multiprocessor format in asynchronous
communication. When multiprocessor format is selected, the parity settings of the parity enable b
(PE) and parity mode bit (8) are ignored. The MP bit is ignored in synchronous communication.

The MP bit is valid only when the MPE bit in the serial/timer control register (STCR) is set to 1.
When the MPE bit is cleared to 0, the multiprocessor communication function is disabled
regardless of the setting of the MP bit.

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 CKSUQJhese bits select the clock source of the
on-chip baud rate generator.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 g clock (Initial value)
1 a,/4 clock

1 0 2,/16 clock
1 2,/64 clock

12.2.6  Serial Control Register (SCR)

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

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 setto 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.
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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 (ERI) requests are disabled.
(Initial value)

1 The receive-end interrupt (RXI) and receive-error (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 /O port.

Bit5: TE Description

0 The transmit function is disabled. (Initial value)

The TxD pin can be used for general-purpose I/O.

1 The transmit function is enabled. The TxD pin is used for output.

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 I/O port.

Bit4: RE Description

0 The receive function is disabled. The RxD pin can be used for general-purpose
1/0. (Initial value)

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 received 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 conditior
data is received regardless of the value of the multiprocessor bit in the receive data.
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Setting the MPIE bit to 1 enables the multiprocessor receive interrupt function. In this condition, if
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 RDRF
FER, PER, and ORER bits in the serial status register (SSR) are not set. If the multiprocessor bit
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 an
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 bit 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.

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.
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Bit 0—Clock Enable 0 (CKEOQ): 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 12.8
section 12.3, Operation.

Bit 0: CKEO Description

0 The SCK pin is not used by the SCI (and is available as a general-purpose 1/0
port). (Initial value)

1 The SCK pin is used for serial clock output.

12.2.7  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  RIW)*  RIW)* RIW)*  RIW)*  RI(W)* R R RIW

Note: * Software can write a 0 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 SCR is cleared to 0.
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Bit 6—Receive Data Register Full (RDRF)This bit indicates when one character has been
received and transferred to RDR.

Bit 6: RDRF Description

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

1 This bit is set to 1 when one character is received without error and transferred

from RSR to RDR.

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 to 1, then write
a 0 in this bit. (Initial value)

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, then write a 0
in this bit. (Initial value)

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 the
asynchronous mode, when a communication format with parity bits is used.

This bit has no meaning in the 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 set to 1, then write a 0
in this bit. (Initial value)

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 TEI interrupt, first
start transmitting data, which clears TEND to O, then set TEIE to 1.

Bit 2: TEND Description

0 To clear TEND, the CPU must read TDRE after TDRE has been set to 1, then
write a 0 in TDRE

1 This bit is set to 1 when: (Initial value)
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)

Multiprocessor bit = 1 in transmit data.
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12.2.8 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-hit 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 12.3 to 12.6 show examples of BRR settings.
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Table 12.3 Examples of BRR Settings in Asynchronous Mode (Whep®2)

g (MHz)

2 2.097152
Bit Rate Error Error
(bits/s) n N (%) n N (%)
110 1 141 +0.03 1 148 -0.04
150 1 103 +0.16 1 108 +0.21
300 0 207 +0.16 O 217 +0.21
600 0 103 +0.16 0 108 +0.21
1200 0 51 +0.16 0 54 -0.70
2400 0 25 +0.16 O 26 +1.14
4800 0 12 +0.16 O 13 -2.48
9600 —_ — — 0 6 —2.48
19200 - = = - = =
31250 0 1 0 - = =
38400 —_ — — —_ — —

g (MHz)

2.4576 3 3.6864 4
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 174 -0.26 2 52 +0.50 2 64 +0.70 2 70 +0.03
150 1 127 O 1 155 +0.16 1 191 O 1 207 +0.16
300 0 255 0 1 77  +0.16 1 9%5 0 1 103 +0.16
600 0 127 O 0 155 +0.16 0 191 O 0 207 +0.16
1200 0 63 O 0 77 +0.16 O 9%5 0 0 103 +0.16
2400 0 31. © 0 38 +0.16 O 47 0 0 51 +0.16
4800 0 15 0 0 19 —2.34 0 23 0 0 25 +0.16
9600 0 0 0 -234 0 1 0 0 12 +0.16
19200 0 3 0 0 4 -234 0 5 0 - = =
31250 —_ — — 0 0 —_ — — 0 3 0
38400 0 1 0 - = = 0 2 0 - = =
Note: If possible, the error should be within 1%.
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2 (MHz)

49152 5 6 6.144
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 86 +0.31 2 88 -0.25 2 106 -0.44 2 108 +0.08
150 1 255 0 2 64 +0.16 2 77 0 2 79 0
300 1 127 O 1 129 +0.16 1 155 0 1 159 0
600 0 255 0 1 64  +0.16 1 77 0 1 79 0
1200 0 127 O 0 129 +0.16 0 155 +0.16 0 159 O
2400 0 63 O 0 64 +0.16 O 77 +0.16 O 79 0
4800 0 31 0 0 32 -1.36 0 38 +0.16 O 39 0
9600 0 15 0 0 15 +1.73 0 19 -2.34 0 19 0
19200 0 0 0 +173 0 9 -2.34 0 4 0
31250 0 4 -1.70 0 4 0 0 0 0 +2.40
38400 0 0 0 +1.73 0 4 -2.34 0 4 0

g (MHz)

7.3728 8 9.8304 10
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 130 -0.07 2 141 +0.03 2 174 -0.26 3 43 +0.88
150 2 9%5 0 2 103 +0.16 2 127 0 2 129 +0.16
300 1 191 O 1 207 +0.16 1 255 0 2 64 +0.16
600 1 95 0 1 103 +0.16 1 127 O 1 129 +0.16
1200 0 191 0 0 207 +0.16 O 255 0 1 64  +0.16
2400 0 95 0 0 103 +0.16 0 127 O 0 129 +0.16
4800 0 47 0 0 51 +0.16 0 63 0 0 64 +0.16
9600 0 23 0 0 25 +0.16 O 31 0 0 32 -1.36
19200 0 11 0 0 12 +0.16 0 15 0 0 15 +1.73
31250 —_ — — 0 7 0 0 9 -1.70 0 9 0
38400 0 5 0 - - = 0 7 0 0 7 +1.73

Note: If possible, the error should be within 1%.
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2 (MHz)

12 12.288 14.7456 16
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 212 +0.03 2 217 +0.08 3 64 +0.76 3 70 +0.03
150 2 155 +0.16 2 159 0 2 191 O 2 207 +0.16
300 2 77  +0.16 2 79 0 2 9%5 0 2 103 +0.16
600 1 155 +0.16 1 159 0 1 191 O 1 207 +0.16
1200 1 77 +0.16 1 79 0 1 95 0 1 103 +0.16
2400 0 155 +0.16 O 159 0 0 191 0 0 207 +0.16
4800 0 77 +0.16 O 79 0 0 9%5 0 0 103 +0.16
9600 0 38 +0.16 0 39 0 0 47 0 0 51 +0.16
19200 0 19 -234 0 19 0 0 23 0 0 25  +0.16
31250 0 11 0 0 11 +2.4 0 14 -1.7 0 15 0
38400 0 9 —-2.34 0 9 0 0 11 0 0 12 +0.16
Note: If possible, the error should be within 1%.
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Table 12.4 Examples of BRR Settings in Asynchronous Mode (Whep®a/2)

g (MHz)

2 2.097152
Bit Rate Error Error
(bits/s) n N (%) n N (%)
110 1 70 0.03 1 73  0.64
150 1 51 0.16 1 54 -0.70
300 0 207 0.16 0 217 0.21
600 0 103 0.16 0 108 0.21
1200 0 51 0.16 0 54 -0.70
2400 0 25 0.16 0 26 1.14
4800 0 12 0.16 0 13 -2.48
9600 —_ — — 0 6 —2.48
19200 - = = - = =
31250 0 1 0 - - =
38400 —_ — — —_ — —

2 (MHz)

2.4576 3 3.6864 4
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 86 0.31 1 106 -0.44 1 130 -0.07 1 141 0.03
150 1 63 O 1 77  0.16 1 9%5 0 1 103 0.16
300 0 255 0 1 38 0.16 1 47 0 1 51 0.16
600 0 127 O 0 155 0.16 0 191 O 0 207 0.16
1200 0 63 O 0 77  0.16 0 9%5 0 0 103 0.16
2400 0 31 0 0 38 0.16 0 47 0 0 51 0.16
4800 0 15 0 0 19 -2.34 0 23 0 0 25 0.16
9600 0 7 0 0 -234 0 1 0 0 12 0.16
19200 0 3 0 0 4 234 0 5 0 - - =
31250 —_ — — 0 0 —_ — — 0 3 0
38400 0 1 0 - = = 0 2 0 2 8.51
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2 (MHz)

49152 5 6 6.144
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 174 -0.26 1 177 -0.25 1 212 0.03 1 217 0.08
150 1 127 O 1 129 0.16 1 155 0.16 1 159 O
300 1 63 0 1 64 0.16 1 77 0.16 1 79 0
600 0 255 0 1 32  1.36 1 38 0.16 1 39 0
1200 0 127 O 0 129 0.16 0 155 0.16 0 159 O
2400 0 63 0 0 64 0.16 0 77  0.16 0 79 0
4800 0 31 0 0 32 -136 O 38 0.16 0 39 0
9600 0 15 0 0 15 1.73 0 19 —-2.34 0 19 0
19200 0 0 0 1.73 0 9 -234 0 9 0
31250 0 4 -1.70 O 4 0 0 0 0 2.40
38400 0 0 0 1.73 0 4 —-2.34 0 4 0
g (MHz)
7.3728 8 9.8304 10
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 191 0 1 207 0.16 1 255 0 2 64 0.16
300 1 95 0 1 103 0.16 1 127 O 1 129 0.16
600 1 47 0 1 51 0.16 1 63 0 1 64 0.16
1200 0 191 0 0 207 0.16 0 255 0 1 32 1.36
2400 0 9%5 0 0 103 0.16 0 127 0 0 129 0.16
4800 0 47 0 0 51 0.16 0 63 0 0 64 0.16
9600 0 23 0 0 25 0.6 0 31 0 0 32 -1.36
19200 0 1 0 0 12 0.16 0 15 0 0 15 173
31250 —_ — — 0 7 0 0 9 -1.70 0 9 0
38400 0 5 0 - = = 0 7 0 0 7 1.73
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2 (MHz)

12 12.288 14.7456 16
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0 2 95 0 2 103 0.16
300 1 155 0.16 1 159 0 1 191 O 1 207 0.16
600 1 77  0.16 1 79 0 1 9%5 0 1 103 0.16
1200 1 38 0.16 1 39 0 1 47 0 1 51 0.16
2400 0 155 0.16 0 159 0 0 191 0 0 207 0.16
4800 0 77  0.16 0 79 0 0 9%5 0 0 103 0.16
9600 0 38 0.16 0 39 0 0 47 0 0 51 0.16
19200 0 19 -234 0 19 0 0 23 0 0 25 0.6
31250 0 11 0 0 11 2.40 0 14 -1.70 0 15 0
38400 0 9 -2.34 0 9 0 0 11 0 0 12 0.16
Legend:

Blank: No setting is available
— A setting is available, but error occurs.
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Note: If possible, the error should be within 1%.

F F

B = x 106 Nz ——— x108-1
64 x 221 x (N + 1) —> 64 x 221 x B
B: Bit rate (bits/second)
N: Baud rate generator BRR value (0 < N < 255)
F: @, (MHz) when n £ 0, or g (MHz) whenn =0
n: Baud rate generator input clock (n =0, 1, 2, 3)
The meaning of n is given below.
SMR WSCR

n CKsS1 CKSO0 CKDBL Clock
0 0 0 0 (4]
1 0 1 0 ol4
2 1 0 0 2/16
3 1 1 0 /64
0 0 0 1 (o]
1 0 1 1 2/8
2 1 0 1 /32
3 1 1 1 /128

The bit rate error can be calculated with the formula below.

F x 108
Error (%) = (N+1)x B x 64 x 2211 -1, x100
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Table 12.5

Examples of BRR Settings in Synchronous Mode (Whep%@)

g (MHz)
Bit Rate 2 10 16
(bits/s) n N n N n N n N n N N
100 — — — - — — — — — - — —
250 2 124 2 249 — — 3 124 —_ - 3 249
500 1 249 2 124 — — 2 249 — — 3 124
1k 1 124 1 249 — — 2 124 — — 2 249
25k 0 199 1 99 1 124 1 199 1 249 2 99
5k 0 99 0 199 0 249 1 99 1 124 1 199
10k 0 49 0 99 0 124 0 199 0 249 1 99
25k 0 19 0 39 0 49 0 79 0 99 0 159
50 k 0 0 19 0 24 0 39 0 49 0 79
100 k 0 4 0 - — 0 19 0 24 0 39
250 k 0 0 3 0 4 0 0 0 15
500 k 0 0* 0 - — 0 3 0 4 0 7
1M 0 o* - — 0 1 - — 0 3
25M 0 0* — —
4 M 0 o*
Legend:

Blank: No setting is available
— A setting is available, but error occurs.
*: Continuous transfer is not possible
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Table 12.6

Examples of BRR Settings in Synchronous Mode (Whepwa/2)

2 (MHz)
Bit Rate 2 10 16
(bits/s) n N n N n N n N n N N
100 — — — - — — — — —_ - — —
250 1 249 2 124 — — 2 249 —_ - 3 124
500 1 124 1 249 — — 2 124 — — 2 249
1k — — 1 124 — — 1 249 — — 2 124
25k 0 199 1 49 — — 1 99 1 124 1 199
5k 0 99 0 199 0 249 1 49 - — 1 99
10 k 0 49 0 99 0 124 0 199 0 249 1 49
25k 0 19 0 39 0 49 0 79 0 99 0 159
50 k 0 0 19 0 24 0 39 0 49 0 79
100 k 0 4 0 9 - — 0 19 0 24 0 39
250 k 0 0 3 0 4 0 0 0 15
500 k 0 0* 0 1 - — 0 0 4 0
1M 0 o* - — 0 1 - — 0 3
25M — — 0 0* — —
4 M - — 0 0*
Legend:
Blank: No setting is available
— A setting is available, but error occurs.
*: Continuous transfer is not possible
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F F
B= x106 —> N= ——————— x106-1
8 x 221 x (N + 1) 8x221xB

Bit rate (bits/second)

Baud rate generator BRR value (0 < N < 255)
g, (MHz) when n #0, or g (MHz) whenn=0
Baud rate generator input clock (n =0, 1, 2, 3)
The meaning of n is given below.

2mzw

SMR WSCR
CKS1 CKSO0 CKDBL Clock
%}
/4
/16
/64
o]
/8
/32
/128

WINI PO W NN |O|>
PRIk, OO |k | |]O|O
P Ol O kR, | O|FL, | O
PP PP O O O O
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12.2.9  Serial/Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0
\ IIcS \ IICD \ lIcX \ IICE \ STAC \ MPE \ ICKSl‘ ICKSO‘
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

STCR is an 8-bit readable/writable register that controls the SCI operating mode and selects the
TCNT clock source in the 8-bit timers. STCR is initialized to H'00 by a reset.

Bits 7 to 4—*C Control (IICS, IICD, IICX, IICE): These bits control operation of tif€Ibus
interface. For details, refer to section ¥&, Bus Interface.

Bit 3—Slave Input Switch (STAC): Controls the input pin of the host interface. For details,
section 14, Host Interface.

Bit 2—Multiprocessor Enable (MPE): Enables or disables the multiprocessor communication
function on channels SCIO and SCI1.

Bit 2. MPE Description

0 The multiprocessor communication function is disabled, regardless of the
setting of the MP bit in SMR. (Initial value)

1 The multiprocessor communication function is enabled. The multi-processor

format can be selected by setting the MP bit in SMR to 1.

Bits 1 and O—Internal Clock Source Select 1 and 0 (ICKS1, ICKSOYhese bits select the
clock input to the timer counters (TCNT) in the 8-bit timers. For details, see section 9, 8-Bit
Timers.
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12.3  Operation

12.3.1  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 12.7. The clock source depends on the settingsodfihénC/
the SMR and the CKE1 and CKEDO bits in SCR as indicated in table 12.8.

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 SCI is clocked by the on-chip baud rate generator and can output a clock
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 SCl is clocked by the on-chip baud rate generator and outputs a serial cloc
signal to external devices.

External clock: The on-chip baud rate generator is not used. The SCI operates on the input
serial clock.
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Table 12.7 Communication Formats Used by SCI

SMR Settings Communication Format
Multi- Stop
Bit7: Bit6: Bit2: Bit5: Bit3: Data processor Parity Bit
C/IA CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous 8 bits  None None 1 bit
1 mode 2 bits
1 0 Present 1 bit
1 2 bits
1 0 0 7 bits None 1 bit
1 2 bits
1 0 Present 1 bit
1 2 bits
0 1 — 0 Asynchronous 8 bits  Present None 1 bit
1 mode (multi- 2 bits
n 0 processor format) 7bits 71 b
1 2 bits
1 — — — — Synchronous 8 bits  None None
mode
Table 12.8 SCI Clock Source Selection
SMR SCR Serial Transmit/Receive Clock
Bit 7: Bit1l: BitO:
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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12.3.2  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 da
transfer.

Figure 12.2 shows the general format of one character sent or received in asynchronous mode. T
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 the
center of the bit (at the 8th cycle of the internal serial clock, which runs at 16 times the bit rate).

—] )y - Idle state
Parity or (mark)
Start bit DO D1 Dn multipro- | Stop bit
cessor bit
))
1 bit 7 or 8 hits Oor1hit '1or?2 bits
- One unit of data (one character or frame) B

Figure 12.2 Data Format in Asynchronous Mode
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Data Format

Table 12.9 lists the data formats that can be sent and received in asynchronous mode. Twelve

formats can be selected by bits in the serial mode register (SMR).
Table 12.9 Data Formats in Asynchronous Mode

SMR Bits
CHR PE MP

‘9‘10‘11‘12‘

o 0o 0o o0 s 8-bit data sTop
0 0 0 1 ‘ S ‘ 8-bit data ‘STOP‘STOP
0 1 0 0 s | 8-bit data | P Jstop
0 1 0 1 ‘ S ‘ 8-bit data ‘ P ‘STOP‘STOP
1 0 0 0 ‘ S ‘ 7-bit data ‘STOP
1 0 0 1 ‘ S ‘ 7-bit data ‘STOP‘STOP
1 1 0 o0 s 7-bit data | P |sror
1 1 0 1 ‘ S ‘ 7-bit data ‘ P ‘STOP‘STOP
0 — 1 0 ‘ S ‘ 8-bit data ‘MPB‘STOP
0 — 1 1 ‘ S ‘ 8-bit data ‘MPB‘STOP‘STOP
1 — 1 0 ‘ 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

HITACHI
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Clock

In asynchronous mode it is possible to select either an internal clock created by the on-chip baud
rate generator, or an external clock input at the SCK pin. The selection is made by HiiiC/

the serial mode register (SMR) and the CKE1 and CKEO bits in the serial control register (SCR).
Refer to table 12.8.

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 12.3 shows the phase relationship between the out
clock and transmit data.

oyt

| o |po|p1|D2|D3|Da|D5|D6|D7 00| 1 1

One frame

-1

Figure 12.3 Phase Relationship between Clock Output and Transmit Data
(Asynchronous Mode)

Transmitting and Receiving Data

SCl Initialization: Before transmitting or receiving, software must clear the TE and RE bits to 0
in the serial control register (SCR), then initialize the SCI following the procedure in figure 12.4.

Note: When changing the communication mode or format, always clear the TE and RE bits to O
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 thei
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

Clear TE and RE bits to
0in SCR

Set CKE1 and CKEO bits in
SCR (leaving TE and RE
cleared to 0)

Select communication
format in SMR

Set value in BRR

1 bit interval
elapsed?

Yes

Set TE or RE to 1 in SCR,
and set RIE, TIE, TEIE, and
MPIE as necessary

CStart transmitting or receiving)

Select interrupts and the clock source in the
serial control register (SCR). Leave TE and RE
cleared to 0. If clock output is selected, in
asynchronous mode, clock output starts
immediately after the setting is made in SCR.

Select the communication format in the serial
mode register (SMR).

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.

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
the SCI to use the TxD or RxD pin.

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).

Figure 12.4 Sample Flowchart for SCI Initialization

HITACHI
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Transmitting Serial Data: Follow the procedure in figure 12.5 for transmitting serial data.

1

Start transmitting

oy

2 | Read TDRE bit in SSR

*

Write transmit data in TDR

If using multiprocessor format,
select MPBT value in SSR

| Clear TDRE bitto 0 |

| Serial transmission |

End of
transmission?

Yes

oy

Read TEND bit in SSR

Output break
signal?

| SetDR=0,DDR =1 |
e

| Clear TE bitin SCRto 0 |

End

3. (a)

(b)

SCl initialization: the transmit data output function
of the TxD pin is selected automatically.

After the TE bit is set to 1, one frame of 1s is output,
then transmission is possible.

SCI status check and 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.
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.

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
to 0.

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 by
a TEl interrupt.

To output a break signal at the end of serial
transmission: set the DDR bit to 1 and clear the
DR bit to O (DDR and DR are /O port registers),
then clear TE to 0 in SCR.

Figure 12.5 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).

2. 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
TXI interrupt (TDR-empty interrupt) at this time.

Serial transmit data are 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.

d. Stop bit: One or two 1 bits (stop bits) are output.
e. Mark state: Output of 1 bits continues until the start bit of the next transmit data.

3. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, after loading new da
from TDR into TSR and transmitting the stop bit, the SCI begins serial transmission of the ne
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).

Figure 12.6 shows an example of SCI transmit operation in asynchronous mode.
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Start Parity Stop Start Parity Stop

1 bit D(a(lta bit bit  bit Dﬁta bit bit 1
)T )T
0 | DO | D1 | | D7 |0/1 | 1 0 | DO | D1 | | D7 |O/l | 1 Idle state
45 {5 (mark)

{(
| )T

)L
‘ 0

TEND ? T
TXI TXI interrupt handler TXI T

request writes data in TDR and request TEI request
clears TDRE to 0

1 frame

Figure 12.6 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 12.7 for receiving serial data.

Initialize

Start receiving

2 Read ORER, PER, and
FER in SSR

Yes

3 Read RDRF bit in SSR |

No

Yes

Read receive data from RDR,
and clear RDRF bit to 0
in SSR

Finished
receiving?

Yes

| Clear RE to 0 in SCR |

End

Start error handling

Break?

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
the RDRF bit from 0 to 1 can be reported by an RXI
interrupt.

4
4. Receive error handling and break detection: if a

(" Error handling ) receive error occurs, read the ORER, PER, and

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.

Yes

I‘

Discriminate and

process error, and
clear flags

Clear REto O
in SCR

End

Figure 12.7 Sample Flowchart for Receiving Serial Data
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In receiving, the SCI operates as follows.
1. The SCI monitors the receive data line and synchronizes internally when it detects a start bit.
2. Receive data is shifted into RSR in order from LSB to MSB.
3. 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 O/E bit in SMR.

b. Stop bit check: The stop bit value must be 1. If there are two stop bits, only the first stop bi
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 one ¢
the checks fails (receive error), the SCI operates as indicated in table 12.10.

Note: When a receive error flag is set, further receiving is disabled. The RDRF bit is not set to 1
Be sure to clear the error flags.

4. 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) is
set to 1 and the RIE bit in SCR is also set to 1, the SCI requests an ERI (receive-error)
interrupt.

Table 12.10 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 1 RSR into RDR
in 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
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Figure 12.8 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Dgta bit  bit  bit Data bit  bit 1
)
0|D0|D1| |D7|Oll|1|0|DO|D1| |D7|O/1|0|Idlestate
) (mark)

RDRF , ,—\
FER ) T T

RXI RXI interrupt handler T
request reads data in RDR and .
clears RDRF to 0 Framing error,
ERI request

1 frame

Figure 12.8 Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit)
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 al
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 0.

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 ID
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 12.9.
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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 12.9 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 12.5 and 12.6.

Receiving Multiprocessor Serial Data:Follow the procedure in figure 12.10 for receiving

multiprocessor serial data.

Initialize

Start receiving

Set MPIE bit to 1 in SCR |

Read ORER and FER
bits in SSR

FER O

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

RDRF = 1?

Yes

Read receive data from RDR |

Finished
receiving?

| Clear RE to 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.

SCI 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.

SCI 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

Yes
Break?

—— Clear RE bit to
Discriminate and 0in SCR
process error, and
clear flags
End

Figure 12.10 Sample Flowchart for Receiving Multiprocessor Serial Data
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Figure 12.11 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
0 DO | D1 D7 1 1 | 0 DO | D1 D7 | O 1 Idle state
4 {5 (mark)
{( {(
)T )T
MPIE
RDRF /
(e {(
)T )T
/ / i
RDR value >< ID1
MPB detection  RXIrequest RXI handler reads Not own ID, so  No RXI request,
MPIE =0 RDR data and clears MPIE is set to RDR not updated
RDRF to 0 1 again

(Multiprocessor interrupt)

(&) 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|DO|D1||D7|1 1|0|D0|D1||D7|0|1 Idle state
4§ i (mark)
{(
)T
MPIE |
{(
)T
RDRF /
{( {(
)T / / )T
RDR value >< ID2 >< /Data 2
T
MPB detection  RXI request RXI handler reads Own ID, so receiving MPIE set to
MPIE =0 RDR data and clears continues, with data 1 again
RDRF to 0 received at each RXI
(Multiprocessor interrupt)
(b) Own ID matches data
Figure 12.11 Example of SCI Receive Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)
272

HITACHI



12.3.3  Synchronous Mode
Overview

In synchronous mode, the SCI transmits and receives data in synchronization with 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 12.12 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 X Bit7 \
| |

Don't care Don't care

Note: * High except in continuous transmitting or receiving

Figure 12.12 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 12.8.

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.

273
HITACHI



Transmitting and Receiving Data

SCI Initialization: The SCI must be initialized in the same way as in asynchronous mode. See
figure 12.4. 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 setto 1.

Transmitting Serial Data: Follow the procedure in figure 12.13 for transmitting serial data.

1 1. SCl initialization: the transmit data output function
nitialize of the TxD pin is selected automatically.
Start t it 2. SCI status check and transmit data write: read
art transmitting 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. (a) 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
3 transmission?
Yes
Read TEND bit in SSR
No
Yes
| Clear TE bitto 0 in SCR |
Figure 12.13 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 that
the transmit data register (TDR) contains new data, and loads this data from TDR into the
transmit shift register (TSR).

2. 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
TXI interrupt (TDR-empty interrupt) at this time.

If clock output is selected the SCI outputs eight serial clock pulses, triggered by the clearing
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).

3. 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 stat
If the TEIE bit (transmit-end interrupt enable) in SCR is set to 1, a TEl interrupt (TSR-empty
interrupt) is requested at this time.

4. After the end of serial transmission, the SCK pin is held at the high level.

Figure 12.14 shows an example of SCI transmit operation.

Serial clock
Serial data DEDENCHCHCHEN CO C4

TDRE ’,_—\_”—] (
TEND T W ) W " -

| | |
TXI TXI interrupt TXI ?
request handler writes  request TEI
data in TDR and request

clears TDRE to 0

1 frame

Figure 12.14 Example of SCI Transmit Operation
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Receiving Serial Data:Follow the procedure in figure 12.15 for receiving serial data. When
switching from asynchronous mode to synchronous mode, be sure to check that PER and FER a
cleared to O. If PER or FER is set to 1 the RDRF bit will not be set and both transmitting and
receiving will be disabled.

1 1. SClinitialization: the receive data function of the
RxD pin is selected automatically.
2. 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.
| Read ORER bit in SSR | Neither transmitting nor receiving can resume
while ORER remains set to 1. When clock
output mode is selected, receiving can be halted
Yes 2 temporarily by receiving one dummy byte and
causing an overrun error. When preparations
to receive the next data are completed, clear
No Error handling ) the ORER bitto 0. This causes receiving to
resume, so return to the step marked 2 in the
3 Read RDRF in SSR flowchart.
3. SCI status check and receive data read: read
No the serial status register (SSR), check that
RDREF is set to 1, then read receive data from
v the receive data register (RDR) and clear RDRF
es to 0. Transition of the RDRF bit from 0 to 1
can be reported by an RXI interrupt.
Read receive data
4 er(l))nI;FRE?t agd ClSeSaIr? 4. To continue receiving serial data: read RDR and
ittoD1n clear RDRF to 0 before the MSB (bit 7) of the
current frame is received.
Finished

receiving?

| Clear REto 0in SCR |

End

Start error handling

| Overrun error handling |

| Clear ORER to 0 in SSR |

Figure 12.15 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 0.

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 fr
RSR into RDR. If this check passes, the SCI sets RDRF to 1 and stores the received data in
RDR. If the check does not pass (receive error), the SCI operates as indicated in

table 12.10.

Note: Both transmitting and receiving are disabled while a receive error flag is set. The RDRF

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 SC
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 th
ORER bhit is set to 1. To prevent clock count errors, it is safest to receive one dummy byte ar
generate an overrun error.

Figure 12.16 shows an example of SCI receive operation.

Serial clock

Serialdata X Bito X Bit1 ><: X Bit7 X Bito X Bit1 X >< Bit6 X Bit7 X
RDRF ) | i

ORER T T . \ . ,_

RXI RXI interrupt RXI ?
request handler reads request Overrun error,
data in RDR and ERI request

clears RDRFto O

1 frame

Figure 12.16 Example of SCI Receive Operation
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Transmitting and Receiving Serial Data SimultaneouslyFollow the procedure in figure 12.17
for transmitting and receiving serial data simultaneously. If clock output mode is selected, output
of the serial clock begins simultaneously with serial transmission.

1. SClinitialization: the transmit data output function of
the TxD pin and receive data input function of the

1 Initialize RxD pin are selected, enabling simultaneous

transmitting and receiving.

Start
SCI status check and transmit data write: read the

serial status register (SSR), check that the TDRE bit

2 | Read TDRE bit in SSR | is 1, then write transmit data in the transmit data
register (TDR) and clear TDRE to 0. Transition of the

TDRE bit from 0 to 1 can be reported by a TXI interrupt.

i

No
3. SCI 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
bit to 0 in SSR interrupt,
— 4. Receive error handling: if a receive error occurs, read
| Read ORER bit in SSR | the ORER bit in SSR then, after executing the
necessary error handling, clear ORER to 0. Neither
Yes 4 transmitting nor receiving can resume while ORER
remains set to 1.
No

Error handling

Read RDRF bit in SSR |

No 5. 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

Yes TDRE bit and check that it is set to 1, indicating that
Read receive data it is safe to write; then write data in TDR and clear
5 from RDR and clear TDRE to 0 before the MSB (bit 7) of the current frame
RDRF bit to 0 in SSR is transmitted.
End of

transmitting and
receiving?

Clear TE and RE bits
to 0in SCR

End

Note: In switching from transmitting or receiving to simultaneous transmitting and receiving, clear both
TE and RE to 0, then set TE and RE to 1 simultaneously using an MOV instruction. Do not use a
BEST instruction for this purpose.

Figure 12.17 Sample Flowchart for Serial Transmitting and Receiving
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12.4  Interrupts

The SCI can request four types of interrupts: ERI, RXI, TXI, and TEI. Table 12.11 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 12.11 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) T
TEI TSR-empty interrupt (TEND) Low

12.5 Application Notes

Application programmers should note the following features of the SCI.

TDR Write: The TDRE bit in SSR is simply a flag that indicates that the TDR contents have bee
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.

Multiple Receive Errors: Table 12.12 lists the values of flag bits in the SSR when multiple
receive errors occur, and indicates whether the RSR contents are transferred to RDR.
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Table 12.12 SSR Bit States and Data Transfer when Multiple Receive Errors Occur

SSR Bits RSR _

Receive Error RDRF ORER FER PER RDR *
Overrun error 1t 1 0 0 No
Framing error 0 0 1 0 Yes
Parity error 0 0 0 1 Yes
Overrun and framing errors 1t 1 1 0 No
Overrun and parity errors 1t 1 0 1 No
Framing and parity errors 0 0 1 1 Yes
Overrun, framing, and parity errors 1t 1 1 1 No

Notes: *1 Set to 1 before the overrun error occurs.
*2 Yes: The RSR contents are transferred to RDR.
No: The RSR contents are not transferred to RDR.

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 bit. 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.

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 detecte
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 12.18.

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, dai
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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0123456 7 89101112131415161 2 3 45 6 7 8 91011121314151612 3 4 5

Basic
clock
o . 75 pulses ' +7.5pulses | :
Receve | startbit | | Do | =
data L Ll L ! ‘
Sync M ¥
sampling ! N ¥
Data M ‘
sampling
Figure 12.18 Sampling Timing (Asynchronous Mode)
M ={(0.5—-1/2N) — (D — 0.5)/N — (L — 0.5)F} X 100 [%] ..eecoeerrrrrrrerrriiienieennen 1)
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=05and F=0
M = (0.5-1/2 x 16) X 100 [%] = 46.875%0 ....ccvvereririeiierrie et (2)
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Section 13 “C Bus Interface [Option]

An I’C bus interface is available as an option. Observe the following notes when using this optic
For mask-ROM versions, products that use this option have a “W” added to the product number

Examples: HD6433437WTF, HD6433434WF

13.1 Overview

The FC bus interface conforms to and provides a subset of the PAGifmi$ (inter-IC bus)
interface functions. The register configuration that controls®@éuis differs partly from the
Philips configuration, however.

The FC bus interface uses only one data line (SDA) and one clock line (SCL) to transfer data, s
can save board and connector space. Figure 13.1 shows ty@ibaislinterface connections.

13.1.1 Features

« Conforms to Philips®C bus interface

e Start and stop conditions generated automatically

« Selectable acknowledge output level when receiving

« Auto-loading of acknowledge bit when transmitting

< Selection of eight internal clocks (in master mode)

« Selection of acknowledgement mode, or serial mode without acknowledge bit

¢ Wait function: A wait can be inserted in acknowledgement mode by holding the SCL pin low
after a data transfer, before acknowledgement of the transfer.

« Three interrupt sources
O Data transfer end
O In slave receive mode: slave address matched, or general call address received
O In master transmit mode: bus arbitration lost
« Direct bus drive (pins SCL and SDA)
< In addition to pins SCL and SCA, four general port pins,{®4A;) can also drive the bus

¢ Pins P§SCK,/SCL, PYWAIT/SDA, and PA/KKEYIN,, to PA/KEYIN,; (total of 6 pins) are
all powered by bus power supply B, separate from . When the bus drive function is
selected, all output is NMOS output.

283
HITACHI



Vce

VecB

[

Vee VceB

SCL

scL
SCLin —<]

SCL out ——

SDA

SDA

SDAiIn —]
SDA out —

(Master)

H8/3437

CL
SDA

sCLin Q
SCLout —

SDA in
SDA out —

(Slave 1)

CL
SDA

SCLin ?
SCL out ——

SDAIn
SDA out —

(Slave 2)

284

Figure 13.1 PFC Bus Interface Connection Example

HITACHI

(When the H8/3437 is the Master Chip)




13.1.2 Block Diagram

Figure 13.2 shows a block diagram of tf@ bus interface.

STCR - -
Y
o <
ICCR - -
SCL o= Clock
Noise _ | control ™
canceler | ICMR _ -
Bus state
_| decision \
. N — - 2]
circuit ICSR = 3
Le| Arbitration %
.| decision ©
circuit ©
£
SDA o=-s Output data |, 2
trol -
Cireuit | ICDR
Noise I ﬁ
canceler Y
Address
comparator
Legend: f
ICCR: I2C bus control register SAR - -
ICMR: I°C bus mode register
ICSR: I2C bus status register
ICDR: I2C bus data register nt ;
SAR: Slave address register = Interrupt w EErUp
PS:  Prescaler generator request

STCR: Serial timer control register

Figure 13.2 Block Diagram of fC Bus Interface
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13.1.3  Input/Output Pins
Table 13.1 summarizes the input/output pins used by@hbus interface.

Table 13.1 Wait-State Controller Pins

Name Abbreviation I/0 Function
Serial clock SCL Input/output Serial clock input/output
Serial data SDA Input/output Serial data input/output

13.1.4  Register Configuration
Table 13.2 summarizes the registers of taehus interface.

Table 13.2 Register Configuration

Name Abbreviation R/W Initial Value Address "*
IC bus control register ICCR R/W H'00 H'FFD8
I°C bus status register ICSR R/W H'30 H'FFD9
I°C bus data register ICDR R/W — H'FFDE
I2C bus mode register ICMR R/W H'38 H'FFDF™*
Slave address register SAR R/W H'00 H'FFDF™*
Serial timer control register STCR R/W H'00 H'FFC3

Notes: *1 The register that can be written or read depends on the ICE bit in the I°C bus control
register. The slave address register can be accessed when ICE = 0. The I°C bus mode
register can be accessed when ICE = 1.
*2 The addresses assigned to the I°C bus interface registers are also assigned to other
registers. The accessible registers are selected with bit IICE in the serial/timer control
register (STCR).
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13.2  Register Descriptions

13.2.1  PC Bus Data Register (ICDR)

Bit 7 6 5 4 3 2 1 0
\ ICDR?7 \ ICDRG‘ ICDR5 \ ICDR4‘ ICDR3 \ ICDR2 \ ICDR1 \ ICDRO \

Initial value — — — — — — — _
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ICDR is an 8-bit readable/writable register that is used as a transmit data register when
transmitting and a receive data register when receiving. Transmitting is started by writing data ir
ICDR. Receiving is started by reading data from ICDR.

ICDR is also used as a shift register, so it must not be written or read until data has been
completely transmitted or received. Read or write access while data is being transmitted or
received may result in incorrect data.

The ICDR value following a reset and in hardware standby mode is undetermined.

13.2.2  Slave Address Register (SAR)

Bit 7 6 5 4 3 2 1 0
\ SVA6 \ SVA5 \ SVA4 \ SVA3 \ SVA2 \ SVAL \ SVAO \ Fs \
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

SAR is an 8-bit readable/writable register that stores the slave address and selects the
communication format. When the chip is in slave mode (and the addressing format is selected),
the upper 7 bits of SAR match the upper 7 bits of the first byte received after a start condition, tt
chip operates as the slave device specified by the master device. SAR is assigned to the same
address as ICMR. SAR can be written and read only when the ICE bit is cleared to 0 in ICCR.

SAR is initialized to H'00 by a reset and in hardware standby mode.

Bits 7 to 1—Slave Address (SVA6 to SVAOBet a unique address in bits SVA6 to SVAOQ,
differing from the addresses of other slave devices connected f€thad.
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Bit 0—Format Select (FS):Selects whether to use the addressing format or non-addressing
format in slave mode. The addressing format is used to recognize slave addresses.

Bit0: FS Description
0 Addressing format, slave addresses recognized (Initial value)
1 Non-addressing format

13.2.3  FC Bus Mode Register (ICMR)

Bit 7 6 5 4 3 2 1 0
. ms | war | — | — | — | BC2 | BC1 | BCO |

Initial value 0 0 1 1 1 0 0 0

Read/Write R/W R/W — — — R/W R/W R/W

ICMR is an 8-bit readable/writable register that selects whether the MSB or LSB is transferred
first, performs wait control, and selects the transfer bit count. ICMR is assigned to the same
address as SAR. ICMR can be written and read only when the ICE bit is setto 1 in ICCR.

ICMR is initialized to H'38 by a reset and in hardware standby mode.

Bit 7—MSB-First/LSB-First Select (MLS): Selects whether data is transferred MSB-first or
LSB-first.

Bit 7: MLS Description
0 MSB-first (Initial value)
1 LSB-first

Bit 6—Wait Insertion Bit (WAIT): Selects whether to insert a wait between the transfer of data
and the acknowledge bit, in acknowledgement mode. When WAIT is set to 1, after the fall of the
clock for the final data bit, a wait state begins (with SCL staying at the low level). When bit IRIC
is cleared in ICSR, the wait ends and the acknowledge bit is transferred. If WAIT is cleared to O,
data and acknowledge bits are transferred consecutively with no wait inserted.

Bit 6: WAIT Description

0 Data and acknowledge transferred consecutively (Initial value)
1 Wait inserted between data and acknowledge
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Bits 5 to 3—ReservedThese bits cannot be modified and are always read as 1.

Bits 2 to 0—Bit Counter (BC2 to BC0):BC2 to BCO specify the number of bits to be transferred
next. When the ACK bhit is cleared to 0 in ICCR (acknowledgement mode), the data is transferre
with one additional acknowledge bit. BC2 to BCO settings should be made during an interval
between transfer frames. If BC2 to BCO are set to a value other than 000, the setting should be
made while the SCL line is low.

The bit counter is initialized to 000 by a reset and when a start condition is detected. The value
returns to 000 at the end of a data transfer, including the acknowledge.

Bit2:  Bitl:  BitO: Bits/Frame
BC2 BC1 BCO Serial Mode Acknowledgement Mode
0 0 0 8 9 (Initial value)
1 1 2
1 0 2 3
1 3 4
1 0 0 4 5
1 5 6
1 0 6 7
1 7 8

13.2.4  PC Bus Control Register (ICCR)

Bit 7 6 5 4 3 2 1 0
\ ICE \ IEIC \ MST \ TRS \ ACK \ 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

ICCR is an 8-bit readable/writable register that enables or disablé€thed interface, enables or
disables interrupts, and selects master or slave mode, transmit or receive, acknowledgement or
serial mode, and the clock frequency.

ICCR is initialized to H'00 by a reset and in hardware standby mode.

Bit 7—I%C Bus Interface Enable (ICE): Selects whether or not to use th@ bus interface.
When ICE is set to 1, the SCL and SDA signals are assigned to input/output pins and transfer
operations are enabled. When ICE is cleared to 0, the interface module is disabled.
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The SAR register can be accessed when ICE is 0. The ICMR register can be accessed when ICE
1.

Bit 7: ICE Description

0 Interface module disabled, with SCL and SDA signals in high-impedance state
(Initial value)

1 Interface module enabled for transfer operations (pins SCL and SDA are

driving the bus*)

Note: * Pin SDA is multiplexed with the WAIT input pin. In expanded mode, WAIT input has priority
for this pin.

Bit 6—I1%C Bus Interface Interrupt Enable (IEIC): Enables or disables interrupts from th@ |
bus interface to the CPU.

Bit 6: IEIC Description
0 Interrupts disabled (Initial value)
1 Interrupts enabled

Bit 5—Master/Slave Select (MST)
Bit 4—Transmit/Receive Select (TRS)

MST selects whether th&d bus interface operates in master mode or slave mode.
TRS selects whether th&Cl bus interface operates in transmit mode or receive mode.

In master mode, when arbitration is lost, MST and TRS are both reset by hardware, causing a
transition to slave receive mode. In slave receive mode with the addressing format (FS = 0),
hardware automatically selects transmit or receive mode according to the R/W bit in the first byte
after a start condition.

MST and TRS select the operating mode as follows.

Bit 5: MST Bit 4: TRS Operating Mode

0 0 Slave receive mode (Initial value)
1 Slave transmit mode

1 0 Master receive mode
1 Master transmit mode
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Bit 3—Acknowledgement Mode Select (ACK)Selects acknowledgement mode or serial mode.
In acknowledgement mode (ACK = 0), data is transferred in frames consisting of the number of
data bits selected by BC2 to BCO in ICMR, plus an extra acknowledge bit. In serial mode (ACK :
1), the number of data bits selected by BC2 to BCO in ICMR is transferred as one frame.

Bit 3: ACK Description
0 Acknowledgement mode (Initial value)
1 Serial mode

Bits 2 to 0—Serial Clock Select (CKS2 to CKSO0)rhese bits, together with the ICCX bit in the
STCR register, select the serial clock frequency in master mode. They should be set according
the required transfer rate.

(STCR) Bit2: Bitl BitO: Transfer Rate *

IICX CKS2 CKS1 CKSO Clock @ ,=5MHz ©,=8MHz ©,=10MHz g,=16 MHz

0 0 0 0 2./28 179 kHz 286 kHz 357 kHz 571 kHz

1 2,140 125 kHz 200 kHz 250 kHz 400 kHz

1 0 2148 104 kHz 167 kHz 208 kHz 333 kHz

1 2,./64 78.1 kHz 125 kHz 156 kHz 250 kHz

1 0 0 2./80  62.5kHz 100 kHz 125 kHz 200 kHz

1 2,/100 50.0 kHz 80.0 kHz 100 kHz 160 kHz

1 0 2,/112  44.6 kHz 71.4 kHz 89.3 kHz 143 kHz

1 2,/128 39.1 kHz 62.5 kHz 78.1 kHz 125 kHz

1 0 0 0 2,/56 89.3 kHz 143 kHz 179 kHz 286 kHz

1 2,/80 62.5 kHz 100 kHz 125 kHz 200 kHz

1 0 2,./96 52.1 kHz 83.3 kHz 104 kHz 167 kHz

1 2,/128 39.1 kHz 62.5 kHz 78.1 kHz 125 kHz

1 0 0 2,/160 31.3 kHz 50.0 kHz 62.5 kHz 100 kHz

1 2./200 25.0kHz  40.0 kHz 50.0 kHz 80.0 kHz

1 0 9.1224  22.3 kHz 35.7 kHz 44.6 kHz 71.4 kHz

1 2,/256  19.5 kHz 31.3 kHz 39.1 kHz 62.5 kHz

Note: * g, =g.
The shaded setting exceeds the maximum transfer rate in the standard I°C bus
specifications.
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13.2.5 PC Bus Status Register (ICSR)

Bit 7 6 5 4 3 2 1 0

| BBSY | IRIC | SCP | — | AL | AAS | ADZ | ACKB |
Initial value 0 0 1 1 0 0 0 0
ReadWrite ~ RW  RIW)* W —  RIW)*  RIW)*  RIW)*  RIW

Note: * Only 0 can be written, to clear the flag.

ICSR is an 8-hit readable/writable register with flags that indicate the status  thesl
interface. It is also used for issuing start and stop conditions, and recognizing and controlling
acknowledge data.

ICSR is initialized to H'30 by a reset and in hardware standby mode.

Bit 7—Bus Busy (BBSY):This bit can be read to check whether #i@hus (SCL and SDA) is
busy or free. In master mode this bit is also used in issuing start and stop conditions.

A high-to-low transition of SDA while SCL is high is recognized as a start condition, setting
BBSY to 1. A low-to-high transition of SDA while SCL is high is recognized as a stop condition,
clearing BBSY to 0.

To issue a start condition, use a MOV instruction to write 1 in BBSY and 0 in SCP. A retransmit
start condition is issued in the same way. To issue a stop condition, use a MOV instruction to
write 0 in BBSY and 0 in SCP. It is not possible to write to BBSY in slave mode.

Bit 7: BBSY Description

0 Bus is free (Initial value)

This bit is cleared when a stop condition is detected.

1 Bus is busy
This bit is set when a start condition is detected.
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Bit 6—1°C Bus Interface Interrupt Request Flag (IRIC): Indicates that the€ bus interface

has issued an interrupt request to the CPU. IRIC is set to 1 at the end of a data transfer, when &
slave address or general call address is detected in slave receive mode, and when bus arbitrati
lost in master transmit mode. IRIC is set at different timings depending on the ACK bit in ICCR
and WAIT bit in ICMR. See the item on IRIC Set Timing and SCL Control in section 13.3.6

IRIC is cleared by reading IRIC after it has been set to 1, then writing O in IRIC.

Bit 6: IRIC Description

0 Waiting for transfer, or transfer in progress (Initial value)
To clear this bit, the CPU must read IRIC when IRIC = 1, then write O in IRIC

1 Interrupt requested
This bit is set to 1 at the following times:

Master mode
* End of data transfer
* When bus arbitration is lost

Slave mode (when FS = 0)

* When the slave address is matched, and whenever a data transfer ends at
the timing of a retransmit start condition after address matching or a stop
condition is detected

* When a general call address is detected, and whenever a data transfer
ends at the timing of a retransmit start condition after address detection or a
stop condition is detected

Slave mode (when FS = 1)

* End of data transfer

Bit 5—Start Condition/Stop Condition Prohibit (SCP): Controls the issuing of start and stop
conditions in master mode. To issue a start condition, write 1 in BBSY and 0 in SCP. A start
condition for retransmit is issued in the same way. To issue a stop condition, write 0 in BBSY an
0 in SCP. This bit always reads 1. Written data is not stored.

Bit 5: SCP Description
0 Writing O issues a start or stop condition, in combination with BBSY
1 Reading always results in 1 (Initial value)

Writing is ignored

Bit 4—Reserved: This bit cannot be modified and is always read as 1.
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Bit 3—Arbitration Lost (AL): This flag indicates that arbitration was lost in master mode. The

IC bus interface monitors the bus. When two or more master devices attempt to seize the bus at
nearly the same time, if th&Q bus interface detects data differing from the data it sent, it sets AL
to 1 to indicate that the bus has been taken by another master. At the same time, it sets the IRIC
in ICSR to generate an interrupt request.

AL is cleared by reading AL after it has been set to 1, then writing 0 in AL. In addition, AL is
reset automatically by write access to ICDR in transmit mode, or read access to ICDR in receive
mode.

Bit 3: AL Description

0 Bus arbitration won (Initial value)

This bit is cleared to 0 at the following times:
* When ICDR data is written (transmit mode) or read (receive mode)
* When AL is read while AL =1, then 0 is written in AL

1 Arbitration lost

This hit is set to 1 at the following times:

» If the internal SDA signal and bus line disagree at the rise of SCL in master
transmit mode

» If the internal SCL is high at the fall of SCL in master transmit mode

Bit 2—Slave Address Recognition Flag (AAS)When the addressing format is selected (FS = 0)
in slave receive mode, this flag is set to 1 if the first byte following a start condition matches bits
SVAG to SVAQ in SAR, or if the general call address (H'00) is detected.

AAS is cleared by reading AAS after it has been set to 1, then writing 0 in AAS. In addition, AAS
is reset automatically by write access to ICDR in transmit mode, or read access to ICDR in recei\
mode.

Bit 2: AAS Description

0 Slave address or general call address not recognized (Initial value)

This bit is cleared to 0 at the following times:
* When ICDR data is written (transmit mode) or read (receive mode)
*  When AAS is read while AAS = 1, then 0 is written in AAS

1 Slave address or general call address recognized

This bit is set to 1 at the following times:
* When the slave address or general call address is detected in slave receive
mode
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Bit 1—General Call Address Recognition Flag (ADZ):When the addressing format is selected
(FS =0) in slave receive mode, this flag is set to 1 if the first byte following a start condition is th
general call address (H'00).

ADZ is cleared by reading ADZ after it has been set to 1, then writing O in ADZ. In addition, ADZ
is reset automatically by write access to ICDR in transmit mode, or read access to ICDR in rece
mode.

Bit 1: ADZ Description

0 General call address not recognized (Initial value)

This bit is cleared to 0 at the following times:
* When ICDR data is written (transmit mode) or read (receive mode)
* When ADZ is read while ADZ = 1, then 0 is written in ADZ

1 General call address recognized

This bit is set to 1 when the general call address is detected in slave receive
mode

Bit 0—Acknowledge Bit (ACKB): Stores acknowledge data in acknowledgement mode. In
transmit mode, after the receiving device receives data, it returns acknowledge data, and this dz
is loaded into ACKB. In receive mode, after data has been received, the acknowledge data set i
this bit is sent to the transmitting device.

When this bit is read, if TRS = 1, the value loaded from the bus line is read. If TRS = 0, the valut
set by internal software is read.

Bit 0: ACKB Description

0 Receive mode: 0 is output at acknowledge output timing (Initial value)
Transmit mode: indicates that the receiving device has acknowledged the data

1 Receive mode: 1 is output at acknowledge output timing

Transmit mode: indicates that the receiving device has not acknowledged the
data
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13.2.6  Serial/Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0
\ IIcS \ IICD \ licx \ IICE \ STAC \ MPE \ ICKSl‘ ICKSO‘
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

STCR is an 8-bit readable/writable register that controls the SCI operating mode and selects the
TCNT clock source in the 8-bit timers. STCR is initialized to H'00 by a reset and in hardware
standby mode.

Bit 7—I2C Extra Buffer Select (IICS): Makes bits 7 to 4 of port A into output buffers similar to
SCL and SDA. Used when aiCl bus interface is implemented by software alone.

Bit 7: 1ICS Description
0 PA, to PA, are normal input/output pins (Initial value)
1 PA, to PA, are input/output pins that can drive the bus

Bit 6—I2C Extra Buffer Reserve (1ICD): This bit is reserved, but it can be written and read. Its
initial value is 0.

Bit 5—I%C Transfer Rate Select (1ICX): This bit, in combination with bits CKS2 to CKSO0 in
ICCR, selects the transfer rate in master mode. For details regarding the transfer rate, refer to
section 13.2.4,2C Bus Control Register (ICCR).

Bit 4—I%C Master Enable (IICE): Controls CPU access to the data and control registers (ICCR,
ICSR, ICDR, ICMR/SAR) of the’C bus interface.

Bit 4: IICE Description
0 CPU access to I1°C bus interface data and control registers is disabled

(Initial value)
1 CPU access to I1°C bus interface data and control registers is enabled

Bit 3—Slave Input Switch (STAC): Switches host interface input pins. For details, see section
14, Host Interface.

Bit 2—Multiprocessor Enable (MPE): Enables or disables the multiprocessor communication
function on channels SCI0 and SCI1. For details, see section 12, Serial Communication Interface

Bits 1 and O—Internal Clock Source Select 1 and 0 (ICKS1, ICSKOXhese bits select the
clock input to the timer counters (TCNT) in the 8-bit timers. For details, see section 9, 8-Bit
Timers.
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13.3  Operation

13.3.1 PC Bus Data Format

The FC bus interface has three data formats: two addressing formats, shown as (a) and (b) in
figure 13.3, and a non-addressing format, shown as (c) in figure 13.4. The first byte following a
start condition always consists of 8 bits. Figure 13.5 shows$Gheus timing.

(a) Addressing format (FS = 0)
si sia |[rRW| A | DATA [ A ] AR | P
| 7 } | n | | j=——=]=——= n: Bit count
I I I I |
1 1 1 1 1 1 'n=1108)
1 m m: Frame count
(m=>1)
(b) Addressing format (retransmit start condition, FS = 0)
| s| sia |rw| Aa| Data | [AA] s | sia [rW| A ] Data | [AR] P ]
| | ] | | | -
1 [ A R M—f g T 2—=f =g
1 ml 1 m2
nl and n2: Bit count (n1 and n2 =1 to 8)
m1 and m2: Frame count (m1 and m2 = 1)

Figure 13.3 PC Bus Data Formats (Addressing Formats)

(c) Non-addressing format (FS = 1)

(s | oata | A ] oata | A ] WA | P

‘<—><7 84>‘<—><7n—>’<—>‘ }<—><—>‘ n: Bit count

1 1 1 1 1 (h=1t09)
1 - m - m: Frame count
(m=1)
Figure 13.4 PC Bus Data Format (Non-Addressing Format)

Legend:
S: Start condition. The master device drives SDA from high to low while SCL is high.
SLA: Slave address, by which the master device selects a slave device.
RIW: Indicates the direction of data transfer: from the slave device to the master device whe

R/W is 1, or from the master device to the slave device whanhifD.
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Acknowledge. The receiving device (the slave in master transmit mode, or the master in
master receive mode) drives SDA low to acknowledge a transfer. If transfers need not b
acknowledged, set the ACK bit to 1 in ICCR to keep the interface from generating the
acknowledge signal and its clock pulse.

DATA: Transferred data. The bit length is set by bits BC2 to BCO in ICMR. The MSB-first or

LSB-first format is selected by bit MLS in ICMR.
Stop condition. The master device drives SDA from low to high while SCL is high.

0 VENS b ViVA Wi G5 WA WS &b e W A1

S SLA RW A DATA A DATA A/A P

Figure 13.5 FC Bus Timing

13.3.2  Master Transmit Operation

In master transmit mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. The transmit procedure and operations in master
transmit mode are described below.

1.

Set bits MLS and WAIT in ICMR and bits ACK and CKS2 to CKSO in ICCR according to the
operating mode. Set bit ICE in ICCR to 1.

Read BBSY in ICSR, check that the bus is free, then set MST and TRS to 1 in ICCR to select
master transmit mode. After that, write 1 in BBSY and 0 in SCP. This generates a start
condition by causing a high-to-low transition of SDA while SCL is high.

Write data in ICDR. The master device outputs the written data together with a sequence of
transmit clock pulses at the timing shown in figure 13.6. If FS is 0 in SAR, the first byte
following the start condition contains a 7-bit slave address and indicates the transmit/receive
direction. The selected slave device (the device with the matching slave address) drives SDA
low at the ninth transmit clock pulse to acknowledge the data.

When one byte of data has been transmitted, IRIC is set to 1 in ICSR at the rise of the ninth
transmit clock pulse. If IEIC is set to 1 in ICCR, a CPU interrupt is requested. After one frame
has been transferred, SCL is automatically brought to the low level in synchronization with the
internal clock and held low.
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5. Software clears IRIC to 0 in ICSR.

6. To continue transmitting, write the next transmit data in ICDR. Transmission of the next byte
will begin in synchronization with the internal clock.

Steps 4 to 6 can be repeated to transmit data continuously. To end the transmission, write 0 in
BBSY and 0 in SCP in ICSR. This generates a stop condition by causing a low-to-high transitior
of SDA while SCL is high.

SCL 1 2 3 4 5 6 7 8 9 1

SDA (master  \ A Bit 7)Bit 6 Bit 5 X Bit 4 XBit 3 X Bit 2 it 1 {Bit 0 \Bit 7X

output) \
SDA (slave
output) ‘ﬂ

Interrupt
IRIC request L

| —

User 2. Write BBSY =1 3. Write to ICDR 5. Clear IRIC 6. Write to ICDR
processing and SCP =0

Figure 13.6 Timing in Master Transmit Mode
(MLS = WAIT = ACK = 0)
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13.3.3 Master Receive Operation

In master receive mode, the master device outputs the receive clock, receives data, and returns
acknowledge signal. The slave device transmits the data. The receive procedure and operations
master receive mode are described below. See also figure 13.7.

1. Clear TRS to 0 in ICCR to switch from transmit mode to receive mode.

2. Read ICDR to start receiving. When ICDR is read, a receive clock is output in synchronizatior
with the internal clock, and data is received. At the ninth clock pulse the master device drives
SDA low to acknowledge the data.

3. When one byte of data has been received, IRIC is set to 1 in ICSR at the rise of the ninth
receive clock pulse. If IEIC is set to 1 in ICCR, a CPU interrupt is requested. After one frame
has been transferred, SCL is automatically brought to the low level in synchronization with the
internal clock and held low.

4. Software clears IRIC to 0 in ICSR.
5. When ICDR is read, receiving of the next data starts in synchronization with the internal clock

Steps 3 to 5 can be repeated to receive data continuously. To stop receiving, set TRS to 1, read
ICDR, then write write 0 in BBSY and 0 in SCP in ICSR. This generates a stop condition by
causing a low-to-high transition of SDA while SCL is high. If it is not necessary to acknowledge
each byte of data, set ACKB to 1 in ICSR before receiving starts.
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Master
transmit
mode

Master receive mode

N AN AV AV AV AVAVAVAVAVAN AN
Sl'ftﬁu(;'a"e A mslt 7XBit 6 XBit 5 X Bit 4 ) Bit 3 X Bit 2 Bit 1 ) Bit 0 \

SDA (master
output)

IRIC Interrupt Interrupt
r A request

equest

User processing

A

)

_

2. Read ICDR 4. Clear IRIC 5. Read ICDR

Figure 13.7 Timing in Master Receive Mode
(MLS = WAIT = ACK = ACKB =0)
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13.3.4  Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data, and the master device output:
the transmit clock and returns an acknowledge signal. The transmit procedure and operations in
slave transmit mode are described below.

1.

6.

7.

Set bits MLS and WAIT in ICMR and bits MST, TRS, ACK, and CKS2 to CKSO0 in ICCR
according to the operating mode. Set bit ICE in ICCR to 1, establishing slave receive mode.

After the slave device detects a start condition, if the first byte matches its slave address, at tt
ninth clock pulse the slave device drives SDA low to acknowledge the transfer. At the same
time, IRIC is set to 1 in ICSR, generating an interrupt. If the eighth data W) (B/L, the

TRS bit is set to 1 in ICCR, automatically causing a transition to slave transmit mode. The
slave device holds SCL low from the fall of the transmit clock until data is written in ICDR.

Software clears IRIC to 0 in ICSR.

Write data in ICDR. The slave device outputs the written data serially in step with the clock
output by the master device, with the timing shown in figure 13.8.

When one byte of data has been transmitted, at the rise of the ninth transmit clock pulse IRIC
issetto 1inICSR. IfIEIC is setto 1 in ICCR, a CPU interrupt is requested. The slave device
holds SCL low from the fall of the transmit clock until data is written in ICDR. The master
device drives SDA low at the ninth clock pulse to acknowledge the data. The acknowledge
signal is stored in ACKB in ICSR, and can be used to check whether the transfer was carried
out normally.

Software clears IRIC to 0 in ICSR.

To continue transmitting, write the next transmit data in ICDR.

Steps 5 to 7 can be repeated to transmit continuously. To end the transmission, write H'FF in
ICDR. When a stop condition is detected (a low-to-high transition of SDA while SCL is high),
BBSY will be cleared to 0 in ICSR.
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Slave receive
mode

- Slave transmit mode -
|
SCL (master 3

9 1 2 3 4 5 6 7 8 9 1
output) f
SCL (slave
output) f
SDA (slave \ Bit 7
output) ! )
SDA (master 1
output) RW 3 \ LA/
IRIC Interrupt Interrupt
Jreq?s'[( \ }ueg(
User processing 3. Clear IRIC 4. Write to ICDR 6. Clear IRIC 7. Write to ICDR

Figure 13.8 Timing in Slave Transmit Mode
(MLS = WAIT = ACK = 0)
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13.3.5 Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. The receive procedure and operations in slave rece
mode are described below. See also figure 13.9.

1. Set bits MLS and WAIT in ICMR and bits MST, TRS, and ACK in ICCR according to the
operating mode. Set bit ICE in ICCR to 1, establishing slave receive mode.

2. A start condition output by the master device sets BBSY to 1 in ICSR.

3. After the slave device detects the start condition, if the first byte matches its slave address, at
the ninth clock pulse the slave device drives SDA low to acknowledge the transfer. At the
same time, IRIC is setto 1 in ICSR. If IEIC is 1 in ICCR, a CPU interrupt is requested. The
slave device holds SCL low from the fall of the receive clock until it has read the data in
ICDR.

4. Software clears IRIC to 0 in ICSR.
5. When ICDR is read, receiving of the next data starts.

Steps 4 and 5 can be repeated to receive data continuously. When a stop condition is detected (&
low-to-high transition of SDA while SCL is high), BBSY is cleared to 0 in ICSR.

Start condition

SCL (master 1 2 3 4 5 6 7 8 9 1

output) \
SCL (sl

outpu; e \—/

SDA (master _\_/< Bit 7)(Bit 6 X Bit 5 X Bit 4 X Bit 3 X Bit 2 X Bit X Bit 0 \'Bit 7 X

output

SDA (slave
output)

IRIC

User processin
P ng 4. ClearIRIC 5. Read ICDR

Figure 13.9 Timing in Slave Receive Mode
(MLS = WAIT = ACK = ACKB =0)
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13.3.6 IRIC Set Timing and SCL Control

The interrupt request flag (IRIC) is set at different times depending on the WAIT bit in ICMR anc
ACK bit in ICCR. SCL is automatically held low after one frame has been transferred; this timing
is synchronized with the internal clock. Figure 13.10 shows the IRIC set timing and SCL control.

(&) When WAIT =0 and ACK=0

_____ R

SCL

SDA 7 X 8 >\\A

IRIC

—

User processing

7

-

Clear IRIC

Write to ICDR (transmit)
or read ICDR (receive)

(b) When WAIT =1 and ACK=0

.....

.....

(c) When ACK=1
SCL

SCL
SDA 7 X 8 A
IRIC
User processing ?
Clear IRIC

.....

-

- |

Write to ICDR (transmit)
or read ICDR (receive)

Note: The ICDR write (transmit) or read (receive) following the clearing of IRIC
should be executed after the rise of SCL (ninth clock pulse).

.....

SDA

Y

7 X |8
1

IRIC

User processing

/

Clear IRIC

/

Write to ICDR (transmit)
or read ICDR (receive)

Figure 13.10

IRIC Set Timing and SCL Control

HITACHI




13.3.7 Noise Canceler

The logic levels at the SCL and SDA pins are routed through noise cancelers before being latche
internally. Figure 13.11 shows a block diagram of the noise canceler.

The noise canceler consists of two cascaded latches and a match detector. The SCL (or SDA)
input signal is sampled on the system clock, but is not passed forward to the next circuit unless tt
outputs of both latches agree. If they do not agree, the previous value is held.

Sampling clock

C c
SCL or
SDA input — D Q =D Q - Match Internal
signal — ™ SCL or
J Latch Latch ~  detector SDA
signal
| At |

Samelns |17 i [ ]

At: System clock

Figure 13.11 Block Diagram of Noise Canceler
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13.3.8  Sample Flowcharts

Figures 13.12 to 13.15 show typical flowcharts for using¥aebus interface in each mode.

| Initialize

Set MST =1 and
TRS=1inICCR

Write BBSY =1
and SCP =0inICSR

| Write transmit data in ICDR

Read IRIC in ICSR

| Clear IRIC in ICSR

I
| Read ACKB in ICSR

End of transmission

Write BBSY =0
and SCP =0in ICSR

End

1 1. Testthe status of the SCL and SDA lines.
2. Select master transmit mode.
3. Generate a start condition.
4. Set transmit data for the first byte (slave address + R/W).
2 5. Wait for 1 byte to be transmitted.
6. Test for acknowledgement by the designated slave device.
3 7. Set transmit data for the second and subsequent bytes.
8. Wait for 1 byte to be transmitted.
4 9. Test for end of transfer.
10. Generate a stop condition.
5
6

10

Figure 13.12

Flowchart for Master Transmit Mode (Example)
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Master receive mode

Set TRS=0in ICCR

Set ACKB =0in ICSR

Clear IRIC in ICSR

——

Set ACKB =1in ICSR

Read ICDR

‘

Read IRIC in ICSR

——

Yes

Clear IRIC in ICSR

Set TRS=1inICCR

Read ICDR

Write BBSY =0
and SCP =0in ICSR

End

i

N SO I

10

© ® N o g M W N E

Select receive mode.

Set acknowledgement data.

Start receiving. The first read is a dummy read.
Wait for 1 byte to be received.

Set acknowledgement data for the last receive.
Start the last receive.

Wait for 1 byte to be received.

Select transmit mode.

Read the last receive data (if ICDR is read
without selecting transmit mode, receive
operations will resume).

10. Generate a stop condition.
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| | Slave transmit mode | |

|
| Write transmit data in ICDR | ] 1 1.
Read IRIC in ICSR | ] 2.
5 3.
4.
- 5.
| Clear IRIC in ICSR |
| )
| Read ACKB in ICSR |
End 3
of transmission
(ACKB = 17)
| witeTRs=0iniccR | |4
| -
| Read ICDR | 5

End

Set transmit data for the second and
subsequent bytes.

Wait for 1 byte to be transmitted.
Test for end of transfer.

Select slave receive mode.

Dummy read (to release the SCL line).

Figure 13.14 Flowchart for Slave Transmit Mode (Example)
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| Initialize |
\
Set MST =0 1
and TRS =0in ICCR
I

| writeACKB=0inICSR |

|General call address processingl |

* Description omitted

Select slave receive mode.

Wait for the first byte to be received.

Start receiving. The first read is a dummy read.

Wait for the transfer to end.

Set acknowledgement data for the last receive.

Start the last receive.

Wait for the transfer to end.

® N o g M w0 DR

| Set ACKB =1inICSR | ] 5 Read the last receive data.
I

| Read ICDR | ] 6

Read IRIC in ICSR

| Clear IRIC in ICSR |

I
| Read ICDR | ] 8

End

Figure 13.15 Flowchart for Slave Receive Mode (Example)
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13.4  Application Notes

In master mode, if an instruction to generate a start condition is immediately followed by an
instruction to generate a stop condition, neither condition will be output correctly. To output
consecutive start and stop conditions, after issuing the instruction that generates the start
condition, read the relevant ports, check that SCL and SDA are both low, then issue the
instruction that generates the stop condition.

Either of the following two conditions will start the next transfer. Pay attention to these
conditions when reading or writing to ICDR.

O Write accessto ICDRwhenICE=1and TRS =1
0 Read access to ICDR when ICE=1and TRS=0

The PC bus interface specification for the SCL rise time tsr is under 1000 ns (300 ns for high-
speed mode). In master mode, tf@ bus interface monitors the SCL line and synchronizes
one bit at a time during communication. If tsr (the time for SCL to go from low,)oeXceeds

the time determined by the input clock of th@ bus interface, the high period of SCL is
extended. SCL rise time is determined by the pull-up resistance and load capacitance of the
SCL line. To insure proper operation at the set transfer rate, adjust the pull-up resistance an
load capacitance so that the SCL rise time falls below the values given in the table below.

t Time Display
cyc
CKDBL lICX Display g=5MHz @g=8MHz @=10MHz @ =16 MHz
0 0 7.5t Normal 1000 ns 937 ns 750 ns 486 ns
mode
High-speed 300 ns 300 ns 300 ns 300 ns
mode
0 1 17.5t, Normal 1000 ns 1000 ns 1000 ns 1000 ns
mode
1 0 High-speed 300 ns 300 ns 300 ns 300 ns
mode
1 1 37.5t,, Normal 1000 ns 1000 ns 1000 ns 1000 ns
mode
High-speed 300 ns 300 ns 300 ns 300 ns
mode

Note on Issuance of Retransmission Start Condition

When issuing a retransmission start condition, the condition must be issued after the SCL clc
falls during the acknowledge bit reception period. After the end of the acknowledge bit, the
next data should be written to ICDR after SCL goes high. Figure 13.16 shows the
recommended program flow for issuing a retransmission start condition. A timing chart for th
flowchart in figure 13.16 is shown in figure 13.17.
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Read IRIC in ICSR

(1) Confirm completion of 1-
@ byte transmission
(2) Confirm that SCL is low

Clear IRIC in ICSR (3) Issue retransmission
start condition

Other operation (4) Confirm that SCL is high

Retransmission?

»| Yes (5) Write transmit data
Read SCL Note: “Read SCL" means
reading DR for the

SCL pin.
Yes

Write 1 to BBSY and
0to SCPinICSR

|
>

Read SCL

Write data to ICDR
I

Figure 13.16 Recommended Program Flow for Retransmission Start Condition Issuance

SCL 9

A

SDA ACK / Bit 7
IRIC

(1) IRIC check (2) SCL low level (4) SCL high level (5) Transmit data setting
determination determination

(3) Retransmission start
condition issuance

Figure 13.17 Timing Chart for Retransmission Start Condition Issuance
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Note on Issuance of Stop Condition

If the rise of SCL is weakened by external pull-up resistance R and bus load capacitance C i
master mode, or if SCL is pulled to the low level by a slave device, the timing at which SCL i
lowered by the internal bit synchronization circuit may be delayed by 1t SCL. If, in this case,
SCL is identified as being low at the bit synchronization circuit sampling timing, and a stop
condition issuing instruction is executed before the reference SCL clock next falls, as in figur
13.18, SDA will change from high to low to high while SCL remains high. As a result, a stop
condition will be issued before the end of the 9th clock.

Bit synchronization circuit sampling timing
Reference clock | | | |
l ‘ l | i ) i
SCL output L9 +  Highinterval secured | l Stop condition
Normal ‘ 3 7 \ ; l \
operation ‘ : ‘ : ; S
SDA outputJ l ; 1 ; | 1 |_ |
) | ! : 7\ i st i
SCL output 3 9 3 9th clock not ended 3 Stop condition 3
Erroneous ! g ' | | |
operation ! : ! ! ! !
SDA outputJ l 3 | l l
: \/ ‘ :
A 4 . A 4 A 4
SCL
Bus line :
SDA J 1\ /VIH
IRIC
Stop condition issuing instruction 3 : i
execution timing ' ' Normal operation |
Erroneous
operation

Figure 13.18 Stop Condition Erroneous Operation Timing
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» Countermeasure
Figure 13.19 shows the recommended program flow.

;l
rl

Read IRIC in ICSR

Write data to ICDR Yes

Yes
Transmit
data present?
No
> Read SCL
e
Yes

Write 0 to BBSY and
0to SCPinICSR

Figure 13.19 Recommended Program Flow

» Additional Note

When switching from master receive mode to master transmit mode, ensure that TRS is set tc
before the last receive data is latched by reading ICDR.

* Precautions when Clearing the IRIC Flag when Using the Wait Function
If the SCL rise time exceeds the specified duration when using the wait function3@ thes|
interface’s master mode, or if there is a slave device that keeps SCL low and applies a wait
state, read SCL and clear the IRIC flag only after determining that SCL has gone low, as
shown below.

If the IRIC flag is cleared to 0 when WAIT is set to 1 and while the SCL high level duration is
being extended, the SDA value may change before SCL falls, erroneously resulting in a start ¢
stop condition.
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scL . SCL high level duration maintained

SCL lgw level detected ! / 1

SDA X j /X

IRIC

|
S

SCL determined to be low level IRIC cleared

Figure 13.20 IRIC Flag Clear Timing when WAIT =1

Note that the clock may not be output properly during the next master send if receive data
(ICDR data) is read during the time between when the instruction to issue a stop condition is
executed (writing 0 to BBSY and SCP in ISSR) and when the stop condition is actually
generated.

In addition, overwriting of IIC control bits in order to change the send or receive operation
mode or to change settings, such as for example clearing the MST bit after completion of
master send or receive, should always be performed during the period indicated as (a) in Fig
13.21 below (after confirming that the BBSY bit in the ICCR register has been cleared to 0).

Stop condition Start condition

¥ @) ¥

SDA Bit 0 A

SCL 8 9 | N/ ’ ~ I_
Internalclock || [ | |[ || | |_SS—| -

BBSY bit

Master receive mode
> | n

" ICDRread F
prohibited duration

! !

Execution of issue Stop condition generated Start condition issued
stop condition instruction (BBSY =0 read)
(BBSY =0 and SCP = 0 written)

Figure 13.21 Precautions when Reading Master Receive Data
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Section 14 Host Interface

14.1  Overview

The H8/3437 Series 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 wi
the HIE bit is set to 1 in SYSCR. This mode is called slave mode, because it is designed for a
master-slave communication system in which the H8/3437-Series 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  gate logic, and a host interrupt request circuit. Communication is carried
out via five control signals from the host processt,(CS, or ECS,, HA,, IOR, andOW or

EIOW), four output signals to the host processor {GHIRQ;, HIRQ,;, and HIRQ,), and an 8-

bit bidirectional command/data bus (HD® HDB,, or XDB, to XDB,). TheCS, andCS, (or

ECS,) signals select one of the two interface channels.

Note: If one of the two interface channels will not be used, tie the uisspih to V.. For
example, if interface channel 1 (IDR1, ODR1, STR1) is not use@Sti¢o V.
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14.1.1  Block Diagram

Figure 14.1 is a block diagram of the host interface.

(Internal interrupt signals)

IBF2  IBF1 HDB,—HDB/
T T XDB,—XDB,
Cs; -
ECS,/CS; Control
IOR————————— Jogic IDR1 [ >
EIOW/IOW -
HAq - <] ODR1 (>
’7 @ < STR1 < >
o
S
- - 3 DR2 [ >
[%2]
Host iaSt L2
interrupt 2]:0 < | ODR2 <>
request gate
control STRO
o B
HIRQY; Portd | HICR
HIRQ, =
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IDR1: Input data register 1

IDR2: Input data register 2

ODRL1: Output data register 1

ODR2: Output data register 2

STR1: Status register 1

STR2: Status register 2

HICR: Host interface control register

Module data bus

Figure 14.1 Host Interface Block Diagram
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14.1.2  Input and Output Pins

Table 14.1 lists the input and output pins of the host interface module.

Table 14.1 H/F Input/Output Pins

Name Abbreviation Port 1/0 Function

I/O read IOR P8, Input Host interface read signal

1/O write* oW P8, Input Host interface write signal
EIOW P9,

Chip select 1 CS, P8, Input Host interface chip select signal for

IDR1, ODR1, STR1

Chip select 2* CS, P8, Input Host interface chip select signal for
ECS, P9, IDR2, ODR2, STR2

Command/data HA, P8, Input Host interface address select signal

In host read access, this signal
selects the status registers (STR1,
STR2) or data registers (ODR1,
ODR?2). 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,-HDB, P3,-P3, I/O Host interface data bus (single-chip

mode)
XDB.,—XDB, PB,-PB, /O Host interface data bus (expanded

modes)

Host interrupt 1 HIRQ, P4, Output Interrupt output 1 to host

Host interrupt 11 HIRQ,, P4, Output Interrupt output 11 to host

Host interrupt 12 HIRQ,, P4, Output Interrupt output 12 to host

Gate A, GA,, P8, Output A,, gate control signal output

Note: * Selection between IOW and EIOW, and between CS, and ECS,, is by the STAC bit in
STCR. IOW and CS, are used when STAC is 0. EIOW and ECS, are used when STAC is 1.
In this manual, both are referred to as IOW and CS,.
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14.1.3 Register Configuration
Table 14.2 lists the host interface registers.

Table 14.2 HIF Registers

x4
R/W Initial  Slave Master Address
Name Abbreviation Slave Host Value Address * CS, CS, HA,
System control SYSCR RW*' — H'09 HFFC4 — — —
register
Host interface control ~ HICR R/W — H'F8 H'FFFO — — —
register
Input data register 1 IDR1 R w — H'FFF4 0 1 0/1"°
Output data register 1  ODR1 R/W R — H'FFF5 0 1 0
Status register 1 STR1 R/(W)? R H'00 H'FFF6 0 1 1
Input data register 2 IDR2 R W — HFFFC 1 0 0/1"°
Output data register 2  ODR2 R/W R — H'FFFD 1 0 0
Status register 2 STR2 R/(W)? R H'00 HFFFE 1 0 1
Serial/timer control STCR R/W — H'00 H'FFC3 — — —
register

Notes: *1 Bit 3 is a read-only bit.
*2 The user-defined bits (bits 7 to 4) are read/write accessible from the slave processor.
*3 Address when accessed from the slave processor.
*4 Pin inputs used in access from the host processor.
*5 The HA, input discriminates between writing of commands and data.
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14.2  Register Descriptions

14.2.1  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
ReadWrtt RW  RW  RW  RW R RW  RW  RW

SYSCR is an 8-bit read/write register which controls chip operations. Host interface functions ar
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
hardware standby mode.

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: HIE Description
0 The host interface is disabled (Initial value)
1 The host interface is enabled (slave mode)

14.2.2  Host Interface Control Register (HICR)

Bit 7 6 5 4 3 2 1 0

. — | — | — | — | — | BFE2| IBFIE1 | FGA20E|
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 read/write register which controls host interface interrupts and the,fgated
function. HICR is initialized to H'F8 by a reset and in hardware standby mode.

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: IBFIE1 Description
0 IDR1 input buffer full interrupt is disabled (Initial value)
1 IDR1 input buffer full interrupt is enabled

Bit 0—Fast Gate A, Enable (FGA20E): Enables or disables the fasjfate function. When the
fast Ay, gate is disabled, a regular-speeg date signal can be implemented by using software to
manipulate the BE&®utput.

Bit 0: FGA20E Description

0 Disables fast A,, gate function (Initial value)

1 Enables fast A,, gate function

14.2.3 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. Whets, is low, information on the host data bus is written into IDR1 at the
rising edge ofOW. The HA, state is also latched into theDObit in STR1 to indicate whether the
written information is a command or data.

The initial values of IDR1 after a reset or standby are undetermined.
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14.2.4  Output Data Register 1 (ODR1)

Bit 7 6 5 4 3 2 1 0
\ ODR? \ ODRG‘ ODRS5 \ ODR4‘ ODR3 \ ODRZ‘ 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 read/write register to the slave processor, and an 8-bit read-only register to the
host processor. The ODR1 contents are output on the host data bus w}isiaACS; is low,
andIOR is low.

The initial values of ODR1 after a reset or standby are undetermined.

14.2.5 Status Register 1 (STR1)

Bit 7 6 5 4 3 2 1 0

| DBU | DBU | DBU | DBU | CD | 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-hit 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 hardware standby mode.
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 HAnput when the host processor writes to IDR1,
and indicates whether IDR1 contains data or a command.

Bit3: 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 ODR1.

Bit 0: 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 14.3 shows the conditions for setting and clearing the STR1 flags.

Table 14.3 Set/Clear Timing for STR1 Flags

Flag Setting Condition Clearing Condition

c/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 IDR1 (RD) when reading IDR1

OBF Falling edge of slave’s internal write Rising edge of host’s read signal (IOR)
signal (WR) when writing to ODR1 when reading ODR1

14.2.6 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. WhefS, is low, information on the host data bus is written into IDR2 at the
rising edge ofOW. The HA, state is also latched into theDOBit in STR2 to indicate whether the
written information is a command or data.

The initial values of IDR2 after a reset or standby are undetermined.
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14.2.7  Output Data Register 2 (ODR2)

Bit 7 6 5 4 3 2 1 0
\ ODR? \ ODRG‘ ODRS5 \ ODR4‘ ODR3 \ ODRZ‘ 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

ODR?2 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 w}isriaACS, is low,
andIOR is low.

The initial values of ODR2 after a reset or standby are undetermined.

14.2.8  Status Register 2 (STR2)

Bit 7 6 5 4 3 2 1 0

| DBU | DBU | DBU | DBU | CD | 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-hit 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 hardware standby mode.
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 HAnput when the host processor writes to IDR2,
and indicates whether IDR2 contains data or a command.

Bit3: 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 0: 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 14.4 shows the conditions for setting and clearing the STR2 flags.

Table 14.4 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)
sighal (WR) when writing to ODR2 when reading ODR2
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14.2.9  Serial/Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0
\ IIcS \ IICD \ lIcX \ IICE \ STAC \ MPE \ ICKSl‘ ICKSO‘
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

STCR is an 8-bit readable/writable register that controls’@éuis interface and host interface,
controls the SCI operating mode, and selects the TCNT clock source in the 8-bit timers. STCR i
initialized to H'00 by a reset and in hardware standby mode.

Bits 7 to 4—FC Control (IICS, IICD, IICX, IICE): These bits are used to control th& bus
interface. For details, see section £8, Bus Interface.

Bit 3—Slave Input Switch (STAC): Controls switching of host interface input pins. Settings of
this bit are valid only when the host interface is enabled (slave mode).

Bit 3: STAC Description
0 In port 8, P8, switches over to CS,, and P8, to [OW (Initial value)
1 In port 9, P9, switches over to EIOW, and P9, to ECS,

Bit 2—Multiprocessor Enable (MPE): Controls the operating mode of SCI0 and SCI1. For
details, see section 12, Serial Communication Interface.

Bits 1 and 0—Internal Clock Source Select 1 and 0 (ICKS1, ICSKOY.ogether with bits CKS2
to CKSO0 in TCR, these hits select timer counter clock inputs. For details, see section 9, 8-Bit
Timers.
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14.3  Operation

14.3.1  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 or B (data), port 8 or 9 (control) and port 4 (host interrupt requests) for interface use.

For host interface read/write timing diagrams, see section 23.3.8, Host Interface Timing.

14.3.2  Control States

Table 14.5 indicates the slave operations carried out in response to host interface signals from th
host processor.

Table 14.5 Host Interface Operation

Cs, CS, IOR IOW  HA, Slave Operation
1 0 0 0 0 Prohibited
1 Prohibited
1 0 Data read from output data register 1 (ODR1)
1 Status read from status register 1 (STR1)
1 0 0 Data write to input data register 1 (IDR1)
1 Command write to input data register 1 (IDR1)
1 0 Idle state
1 Idle state
0 1 0 0 0 Prohibited
1 Prohibited
1 0 Data read from output data register 2 (ODR2)
1 Status read from status register 2 (STR2)
1 0 0 Data write to input data register 2 (IDR2)
1 Command write to input data register 2 (IDR2)
1 0 Idle state
1 Idle state
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1433 A, Gate

The A, gate signal can mask addresgt& emulate an addressing mode used by personal
computers with an 8086*-family CPU. In slave mode, a regular-spgeghte signal can be

output under software control, or a fast ate 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 A,, Gate Operation: Output of the A, gate signal can be controlled by an H'D1
command followed by data. When the slave processor receives data, it normally uses an interru
routine activated by the IBF1 interrupt to read IDRL1. If the data follows an H'D1 command,
software copies bit 1 of the data and outputs it at the gai@iA(P8/GA,).

Fast A,, Gate Operation: When the FGA20E bit is set to 1,,FKBA,, is used for output of a fast

A, gate signal. Bit P®DR 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 ugifg. 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 Gfoutput pin. This operation does not depend on software or
interrupts, and is faster than the regular processing using interrupts. Table 14.6 lists the conditic
that set and clear GA(P8). Figure 14.2 describes the GAutput in flowchart form. Table 14.7
indicates the G4\, output signal values.

Table 14.6 GA, (P8) Set/Clear Timing

Pin Name Setting Condition Clearing Condition

GA,, (P8)) Rising edge of the host’s write signal Rising edge of the host’s write signal
(IOW) when bit 1 of the written data (IOW) when bit 1 of the written data is O
is 1 and the data follows an H'D1 and the data follows an H'D1 host
host command command
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Table 14.7 Fast A, Gate Output Signal

Internal CPU GA,,
HA, Data/Command Interrupt Flag (PB)) Remarks
1 H'D1 command 0 Q Turn-on sequence
0 “1” data™ 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
0 Any data 0 1/0 sequences
1 H'D1 command 0 Q (1/0)

Notes: *1 Arbitrary data with bit 1 set to 1.
*2 Arbitrary data with bit 1 cleared to O.
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14.4  Interrupts

1441 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 14.8).

Table 14.8 Input Buffer Full Interrupts

Interrupt Description
IBF1 Requested when IBFIEL is set to 1 and IDR1 is full
IBF2 Requested when IBFIE2 is set to 1 and IDR2 is full

14.4.2 HIRQ,, HIRQ,, and HIRQ,,

In slave mode (when HIE = 1 in SYSCR), three bits in the port 4 data register (P4DR) can be use
as host interrupt request latches.

These three P4DR bits are cleared to 0 by the host processor’s readl®Bhalf (CS, and HA

are low, wherOR goes low and the host reads ODR1, HJR@d HIRQ, are cleared to 0. (S,

and HA, are low, wherOR goes low and the host reads ODR2, HJR§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 (ODR
or ODR2), and this clears the host interrupt latch to 0.

Table 14.9 indicates how these bits are set and cleared. Figure 14.3 shows the processing in
flowchart form.

Table 14.9 Host Interrupt Set/Clear Conditions

Host Interrupt

Signal Setting Condition Clearing Condition

HIRQ,, (P4,) Slave CPU reads 0 from P4DR bit 3, Slave CPU writes 0 in PADR bit 3, or
then writes 1 host reads output data register 2

HIRQ, (P4, Slave CPU reads 0 from P4DR bit 4, Slave CPU writes 0 in P4DR bit 4, or
then writes 1 host reads output data register 1

HIRQ,, (P4,) Slave CPU reads 0 from P4DR bit 5, Slave CPU writes 0 in PADR bit 5, or
then writes 1 host reads output data register 1
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Figure 14.3 HIRQ Output Flowchart

14.5  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 simp
and effective protocol.
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Section 15 A/D Converter

15.1  Overview

The H8/3437 Series includes a 10-bit successive-approximations A/D converter with a selection
up to eight analog input channels.

15.1.1 Features
A/D converter features are listed below.

¢ 10-bit resolution
« Eight input channels
« Selectable analog conversion voltage range

The analog voltage conversion range can be programmed by input of an analog reference
voltage at the Ay pin.

« High-speed conversion

Conversion time: minimum 8.4 ps per channel (with 16-MHz system clock)
* Two conversion modes

Single mode: A/D conversion of one channel

Scan mode: continuous conversion on one to four channels
¢ Four 16-bit data registers

A/D conversion results are transferred for storage into data registers corresponding to the
channels.

e Sample-and-hold function
« A/D conversion can be externally triggered
« A/D interrupt requested at end of conversion
At the end of A/D conversion, an A/D end interrupt (ADI) can be requested.
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15.1.2

Block Diagram

Figure 15.1 shows a block diagram of the A/D converter.
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15.1.3  Input Pins

Table 15.1 lists the A/D converter’s input pins. The eight analog input pins are divided into two
groups: group O (ANto AN,), and group 1 (Alto AN,). AV and AV are the power supply
for the analog circuits in the A/D converter. A\s the A/D conversion reference voltage.

Table 15.1 A/D Converter Pins

Pin Name Abbreviation lfe} Function

Analog power supply pin AV Input Analog power supply

Analog ground pin AV Input Analog ground and reference voltage

Reference voltage pin AV, Input Analog reference voltage

Analog input pin 0 AN, Input Group 0 analog inputs

Analog input pin 1 AN, Input

Analog input pin 2 AN, Input

Analog input pin 3 AN, Input

Analog input pin 4 AN, Input Group 1 analog inputs

Analog input pin 5 AN, Input

Analog input pin 6 AN, Input

Analog input pin 7 AN, Input

A/D external trigger input pin  ADTRG Input External trigger input for starting A/D
conversion
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15.1.4 Register Configuration

Table 15.2 summarizes the A/D converter’s registers.

Table 15.2 A/D Converter Registers

Name Abbreviation R/W Initial Value Address

A/D data register A (high) ADDRAH R H'00 H'FFEO
A/D data register A (low) ADDRAL R H'00 H'FFE1
A/D data register B (high) ADDRBH R H'00 H'FFE2
A/D data register B (low) ADDRBL R H'00 H'FFE3
A/D data register C (high) ADDRCH R H'00 H'FFE4
A/D data register C (low) ADDRCL R H'00 H'FFES
A/D data register D (high) ADDRDH R H'00 H'FFE6
A/D data register D (low) ADDRDL H'00 H'FFE7
A/D control/status register ADCSR R/(W)* H'00 H'FFES
A/D control register ADCR R/W H'7F H'FFE9

Note: * Only 0 can be written in bit 7, to clear the flag.
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15.2  Register Descriptions

15.2.1 A/D Data Registers A to D (ADDRA to ADDRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDRn  |AD9 AD8|AD6|AD5|AD4|AD3|AD2 ADL|ADO| — | —| — | — | —| —| —|
Initalvaloe.: 0 0 0 0O 0O O O O O O O O O O 0 O
Readwitt R R R R R R R R R R R R R R R R

Bits 15 to 6—A/D Conversion Data (AD9 to AD0)10-bit data giving an A/D conversion result.
Bits 5 to 0—ReservedThese bits cannot be modified and are always read as 0.

The four A/D data registers (ADDRA to ADDRD) are 16-bit read-only registers that store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which is transferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in the u
byte of the A/D data register. The lower 2 bits are stored in the lower byte. Bits 5 to 0 of an A/D
data register are reserved bits that always read 0. Table 15.3 indicates the pairings of analog in|
channels and A/D data registers.

The CPU can always read the A/D data registers. The upper byte can be read directly, but the
lower byte is read through a temporary register (TEMP). For details see section 15.3, CPU
Interface.

The A/D data registers are initialized to H'0000 by a reset and in standby mode.
Table 15.3 Analog Input Channels and A/D Data Registers

Analog Input Channel

Group O Group 1 A/D Data Register
AN, AN, ADDRA
AN, AN, ADDRB
AN, AN, ADDRC
AN, AN, ADDRD
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15.2.2  A/D Control/Status Register (ADCSR)

Bit 7 6 5 4 3 2 1 0
\ ADF \ ADIE \ ADST \ SCAN \ CKS \ CH2 \ CH1 \ CHO \
Initial value 0 0 0 0 0 0 0 0

Read/Write R/I(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * Only 0 can be written, to clear the flag.

ADCSR is an 8-bit readable/writable register that selects the mode and controls the A/D converte
ADCSR is initialized to H'00 by a reset and in standby mode.

Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7: ADF Description

0 Clearing condition: (Initial value)
Cleared by reading ADF while ADF = 1, then writing 0 in ADF

1 Setting conditions:
1. Single mode: A/D conversion ends
2. Scan mode: A/D conversion ends in all selected channels

Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the
end of A/D conversion.

Bit 6: ADIE Description
0 A/D end interrupt request (ADI) is disabled (Initial value)
1 A/D end interrupt request (ADI) is enabled

Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during
A/D conversion. It can also be set to 1 by external trigger input ARG pin.

Bit 5: ADST Description
0 A/D conversion is stopped (Initial value)
1 1. Single mode: A/D conversion starts; ADST is automatically cleared to O

when conversion ends

2. Scan mode: A/D conversion starts and continues, cycling among the
selected channels, until ADST is cleared to 0 by software, by a reset, or by
a transition to standby mode
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Bit 4—Scan Mode (SCAN):Selects single mode or scan mode. For further information on
operation in these modes, see section 15.4, Operation. Clear the ADST bit to 0 before switching
the conversion mode.

Bit 4: SCAN Description
0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS):Selects the A/D conversion time. When=ga/2, the conversion time
doubles. Clear the ADST bit to 0 before switching the conversion time.

Bit 3: CKS Description
0 Conversion time = 266 states (maximum) (when g, = @) (Initial value)
1 Conversion time = 134 states (maximum) (when g, = @)

Bits 2 to 0—Channel Select 2 to 0 (CH2 to CHOY.hese bits and the SCAN bit select the analog
input channels. Clear the ADST bit to 0 before changing the channel selection.

Group Selection Channel Selection Description
CH2 CH1 CHO Single Mode Scan Mode
0 0 0 AN, (initial value) AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
1 0 0 AN, AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
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15.2.3  A/D Control Register (ADCR)

Bit 7 6 5 4 3 2 1 0
tree | — | — | = | = | = | = [ - |
Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — — _

ADCR is an 8-bit readable/writable register that enables or disables external triggering of A/D
conversion. ADCR is initialized to H'7F by a reset and in standby mode.

Bit 7—Trigger Enable (TRGE): Enables or disables external triggering of A/D conversion.

Bit 7: TRGE Description
0 A/D conversion cannot be externally triggered (Initial value)
1 Enables start of A/D conversion by the external trigger input (ADTRG).

(A/D conversion can be started either by an external trigger or by software.)

Bits 6 to 0—ReservedThese bits cannot be modified, and are always read as 1.

15.3 CPU Interface

ADDRA to ADDRD are 16-bit registers, but they are connected to the CPU by an 8-bit data bus.
Therefore, although the upper byte can be be accessed directly by the CPU, the lower byte is ree
through an 8-bit temporary register (TEMP).

An A/D data register is read as follows. When the upper byte is read, the upper-byte value is
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when the
lower byte is read, the TEMP contents are transferred to the CPU.

When reading an A/D data register, always read the upper byte before the lower byte. It is possik
to read only the upper byte, but if only the lower byte is read, incorrect data may be obtained.

Figure 15.2 shows the data flow for access to an A/D data register.
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Upper-byte read

CPU
(H'AA)

Lower-byte read

CPU
(H'40)

Bus interface

Module data bus

TEMP
(H'40)

|

ADDRNH
(H'AA)

ADDRnNL
(H'40)

Bus interface

(n=AtoD)

Module data bus

TEMP
(H'40)

ADDRNH
(HAA)

ADDRnNL
(H'40)

(n=AtoD)

Figure 15.2 A/D Data Register Access Operation (Reading H'AA40)

HITACHI

343




15.4  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has two
operating modes: single mode and scan mode.

15.4.1 Single Mode (SCAN = 0)

Single mode should be selected when only one A/D conversion on one channel is required. A/D
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The
ADST bit remains set to 1 during A/D conversion and is automatically cleared to O when
conversion ends.

When conversion ends the ADF bit is set to 1. If the ADIE bit is also set to 1, an ADI interrupt is
requested at this time. To clear the ADF flag to O, first read ADCSR, then write 0 in ADF.

When the mode or analog input channel must be switched during analog conversion, to prevent
incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After making
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit can be
set at the same time as the mode or channel is changed.

Typical operations when channel 1 (ANk selected in single mode are described next. Figure
15.3 shows a timing diagram for this example.

1. Single mode is selected (SCAN = 0), input channe] ikNelected (CH2 = CH1 =0, CHO =
1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

2. When A/D conversion is completed, the result is transferred into ADDRB. At the same time
the ADF flag is set to 1, the ADST bit is cleared to 0, and the A/D converter becomes idle.

3. Since ADF =1 and ADIE = 1, an ADI interrupt is requested.

4. The A/D interrupt handling routine starts.

5. The routine reads ADCSR, then writes O in the ADF flag.

6. The routine reads and processes the conversion result (ADDRB).

7. Execution of the A/D interrupt handling routine ends.
After that, if the ADST bit is set to 1, A/D conversion starts again and steps 2 to 7 are repeate
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Figure 15.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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15.4.2 Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bit is set to 1 by software or external trigger input, A/D conversion starts on the first
channel in the group (ANvhen CH2 = 0, ANwhen CH2 = 1). When two or more channels are
selected, after conversion of the first channel ends, conversion of the second chanoel (AN

AN;) starts immediately. A/D conversion continues cyclically on the selected channels until the
ADST bit is cleared to 0. The conversion results are transferred for storage into the A/D data
registers corresponding to the channels.

When the mode or analog input channel selection must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the
first channel in the group. The ADST bit can be set at the same time as the mode or channel
selection is changed.

Typical operations when three channels in group 0,(#®MN,) are selected in scan mode are
described next. Figure 15.4 shows a timing diagram for this example.

1. Scan mode is selected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input channel
AN, to AN, are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1).

2. When A/D conversion of the first channel (AN completed, the result is transferred into
ADDRA. Next, conversion of the second channel (Adtarts automatically.

3. Conversion proceeds in the same way through the third channgl (AN

4. When conversion of all selected channels {fdNAN,) is completed, the ADF flag is setto 1
and conversion of the first channel (§Mtarts again. If the ADIE bit is set to 1, an ADI
interrupt is requested at this time.

5. Steps 2 to 4 are repeated as long as the ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After that, if the ADST bit is set to 1, A/D conversion
starts again from the first channel (4N
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15.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at a timey after the ADST bit is set to 1, then starts conversion. Figure 15.5 shows the A/D
conversion timing. Table 15.4 indicates the A/D conversion time.

As indicated in figure 15.5, the A/D conversion time inclugesmd the input sampling time. The
length of { varies depending on the timing of the write access to ADCSR. The total conversion
time therefore varies within the ranges indicated in table 15.4.

In scan mode, the values given in table 15.4 apply to the first conversion. In the second and
subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 states
when CKS = 1 (whengz= g).

Address bus

Write signal

Input sampling
timing

ADF

A
Y
A
Y

tD 1:SPL

teony

Legend:

(2): ADCSR write cycle
2): ADCSR address

tp: Synchronization delay
tgpL:  Input sampling time
tcony: A/D conversion time

Figure 15.5 A/D Conversion Timing
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Table 15.4 A/D Conversion Time (Single Mode)

CKS=0 CKsS=1
Symbol Min Typ Max Min Typ Max
Synchronization delay to 10 — 17 6 — 9
Input sampling time* tspL — 80 — — 40 —
A/D conversion time* teony 259 — 266 131 — 134

Note: Values in the table are numbers of states.
* Values for when g, = . When g, = /2, values are double those given in the table.

15.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE bit is set to 1 in ADCR, external
trigger input is enabled at tReDTRG pin. A high-to-low transition at th&aDTRG pin sets the
ADST bit to 1 in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same as if the ADST bit had been set to 1 by software. Figure 15.6 shows the
timing.

ADTRG

Internal trigger
signal

ADST

A/D conversion

1

Figure 15.6 External Trigger Input Timing
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15.5 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
request can be enabled or disabled by the ADIE bit in ADCSR.

15.6  Application Notes
When using the A/D converter, note the following points.

Setting Ranges of Analog Power Supply and Other Pins:

1. Analog Input Voltage Range
During A/D conversion, the voltages input to the analog input pinsshibluld be in the range
AVg< AN, <AV . (n=0t0 7)

2. AVcand AV Input Voltages
AV s should be equal to ¢ If the A/D converter is not used, the values should bgAW ¢
and AVgs= Vsg

3. AV, Input Range
The analog reference voltage input at the AMn should be in the range AV< AV .. If the
A/D converter is not used, the value should be AV .

Notes on Board Designin board design, digital circuitry and analog circuitry should be as
mutually isolated as possible, and layout in which digital circuit signal lines and analog circuit
signal lines cross or are in close proximity should be avoided as far as possible. Failure to do so
may result in incorrect operation of the analog circuitry due to inductance, adversely affecting A/L
conversion values.

Also, digital circuitry must be isolated from the analog input signals, faMN,), analog
reference voltage (AY), and analog power supply (AY by the analog ground (AM). The
analog ground (AYy) should be connected to a stable digital ground) & one point on the
board.

Notes on Noise Countermeasuresgs protection circuit connected to prevent damage due to an
abnormal voltage such as an excessive surge at the analog input pjrte 6®N) or analog
reference power supply pin (AY should be connected between A\And AV as shown in
figure 15.7.

Also, the bypass capacitors connected tg ARV . and the filter capacitor connected to At
AN, must be connected to AY

If a filter capacitor is connected as shown in figure 15.7, the input currents at the analog input pin
(AN, to AN,) are averaged, and so an error may arise. Also, when A/D conversion is performed
frequently, as in scan mode, if the current charged and discharged by the capacitance of the
sample-and-hold circuit in the A/D converter exceeds the current input via the input impedance
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(R, an error will arise in the analog input pin voltage. Careful consideration is therefore require
when deciding the circuit constants.

/\/

AVcce

AVief

ANg to AN

AVsg

/\/

Notes: Figures are reference values.
*1

10 pF 0.01 pF

*2  Rj,: Input impedance

Figure 15.7 Example of Analog Input Protection Circuit

A/D Conversion Precision Definitions:The H8/3437 Series A/D conversion precision definitions
are given below.

¢ Resolution
The number of A/D converter digital output codes

« Offset error
The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 15.9).

e Full-scale error
The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 15.9).
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e Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 15.8).

* Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between the zero voltage anc
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error.

» Absolute precision
The deviation between the digital value and the analog input value. Includes the offset error,
full-scale error, quantization error, and nonlinearity error.

Digital output

Ideal A/D conversion —»
H'3FF |~ characteristic

H'3FE |-

H'3FD |-

H'004 |~

H'003 —

b

H'002 [~ Quantization error

H'001 |~

(« | | |
)

| |
1 2 1022 1023 FS
1024 1024 1024 1024
Analog
input voltage

H'000

Figure 15.8 A/D Conversion Precision Definitions (1)
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Digital output

Full-scale error

|

Ideal A/D conversion
characteristic

L— Nonlinearity

error

characteristic

--— Actual A/D conversion

L

Offset error

FS

Analog
input voltage

Figure 15.9 A/D Conversion Precision Definitions (2)
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Permissible Signal Source Impedancea18S/2148 Series and H8S/2144 Series analog input is
designed so that conversion precision is guaranteed for an input signal for which the signal sourc
impedance is 10® or less. This specification is provided to enable the A/D converter’'s sample-
and-hold circuit input capacitance to be charged within the sampling time; if the sensor output
impedance exceeds 1@kcharging may be insufficient and it may not be possible to guarantee
the A/D conversion precision.

However, if a large capacitance is provided externally, the input load will essentially comprise
only the internal input resistance of 1Q kand the signal source impedance is ignored.

But since a low-pass filter effect is obtained in this case, it may not be possible to follow an analo
signal with a large differential coefficient (e.g., 5 mV/usec or greater).

When converting a high-speed analog signal, a low-impedance buffer should be inserted.

Influences on Absolute PrecisionAdding capacitance results in coupling with GND, and
therefore noise in GND may adversely affect absolute precision. Be sure to make the connection
an electrically stable GND such as 4V

Care is also required to insure that filter circuits do not communicate with digital signals on the
mounting board, so acting as antennas.

H8/3437 Series

chip A/D converter
equivalent circuit

Sensor output
impedance,
up to 10 kQ 10 kQ

Sensor input —— A\ l .
Cin = l

© Low-pass in = L
! filter C, ; ; 15 pF l l
1 upto 0.1 uF !

.......................

20 pF

Note: Figures are reference values.

Figure 15.10 Example of Analog Input Circuit
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Section 16 D/A Converter

16.1  Overview

The H8/3437 Series has an on-chip D/A converter module with two channels.

16.1.1 Features
Features of the D/A converter module are listed below.

» Eight-bit resolution

¢ Two-channel output

e Maximum conversion time: 10 us (with 20-pF load capacitance)
e Output voltage: 0 V to Al
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16.1.2  Block Diagram

Figure 16.1 shows a block diagram of the D/A converter.

(O]
Module data bus j:_? Internal data bus
g >
>
m
AVigt — ™
AVee —™
. AR &
DA, —+~— 8-bit D/A Al A Z
<| < 5
0| o
DA, —~<—
AVgg —*
|
Control
circuit

DACR: D/A control register
DADRO: D/A data register 0
DADR1: D/A data register 1

Figure 16.1 D/A Converter Block Diagram
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16.1.3  Input and Output Pins
Table 16.1 lists the input and output pins used by the D/A converter module.

Table 16.1 Input and Output Pins of D/A Converter Module

Name Abbreviation /0 Function

Reference voltage pin AV, Input Reference voltage for analog circuits

Analog supply voltage AV Input Power supply for analog circuits

Analog ground AV Input Ground and reference voltage for analog
circuits

Analog output 0 DA, Output Analog output channel 0

Analog output 1 DA, Qutput Analog output channel 1

16.1.4  Register Configuration
Table 16.2 lists the three registers of the D/A converter module.

Table 16.2 D/A Converter Registers

Name Abbreviation R/W Initial Value Address

D/A data register 0 DADRO R/W H'00 H'FFF8
D/A data register 1 DADR1 R/W H'00 H'FFF9
D/A control register DACR R/W H'1F H'FFFA
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16.2  Register Descriptions

16.2.1 D/A Data Registers 0 and 1 (DADRO, DADR1)

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 RIW R/W RIW RIW RIW R/IW

D/A data registers 0 and 1 (DADRO and DADR1) are 8-bit readable and writable registers that
store data to be converted. When analog output is enabled, the value in the D/A data register is
converted and output continuously at the analog output pin.

The D/A data registers are initialized to H'00 by a reset and in the standby modes.

16.2.2  D/A Control Register (DACR)

Bit 7 6 5 4 3 2 1 0
\ DAOE1 \ DAOEO‘ DAE \ — \ — \ _ ‘ _ ‘ _ ‘
Initial value 0 0 0 1 1 1 1 1

Read/Write R/W R/W R/W — — — — _

DACR is an 8-bit readable and writable register that controls the operation of the D/A converter
module.
DACR is initialized to H'1F by a reset and in the standby modes.

Bit 7—D/A Output Enable 1 (DAOEL): Controls analog output from the D/A converter.

Bit 7. DAOE1 Description

0 Analog output at DA, is disabled.
1 D/A conversion is enabled on channel 1. Analog output is enabled at DA,.
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Bit 6—D/A Output Enable 0 (DAOEOQ): Controls analog output from the D/A converter.

Bit 6: DAOEO Description

0 Analog output at DA, is disabled.

1 D/A conversion is enabled on channel 0. Analog output is enabled at DA,.

Bit 5—D/A Enable (DAE): Controls D/A conversion, in combination with bits DAOEO and
DAOEL1. D/A conversion is controlled independently on channels 0 and 1 when DAE = 0.
Channels 0 and 1 are controlled together when DAE = 1.

The decision to output the converted results is always controlled independently by DAOEO and
DAOEL.

Bit 7. DAOE1 Bit6: DAOEO Bit5: DAE D/A Conversion

0 0 — Disabled on channels 0 and 1.

1 0 Enabled on channel 0.
Disabled on channel 1.

Enabled on channels 0 and 1.

1 0 0 Disabled on channel 0.
Enabled on channel 1.

1 Enabled on channels 0 and 1.

1 — Enabled on channels 0 and 1.

When the DAE bit is set to 1, analog power supply current drain is the same as during A/D and
D/A conversion, even if the DAOEO and DAOEL1 bits in DACR and the ADST bit in ADSCR are
cleared to 0.

Bits 4 to 0—ReservedThese bits cannot be modified and are always read as 1.
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16.3  Operation

The D/A converter module has two built-in D/A converter circuits that can operate independently.

D/A conversion is performed continuously whenever enabled by the D/A control register. When a
new value is written in DADRO or DADR1, conversion of the new value begins immediately. The

converted result is output by setting the DAOEO or DAOEL bit to 1.

An example of conversion on channel 0 is given next. Figure 16.2 shows the timing.

1. Software writes the data to be converted in DADRO.

2. D/A conversion begins when the DAOEDO bit in DACR is set to 1. After a conversion delay,

analog output appears at the DAO pin. The output value js AYDADRO value)/256.

This output continues until a new value is written in DADRO or the DAOEDO bit is cleared to 0.

3. If a new value is written in DADRO, conversion begins immediately. Output of the converted

result begins after the conversion delay time.

4. When the DAOERQO bit is cleared to 0, DAO becomes an input pin.

DADRO DACR

write cycle write cycle

DADRO
write cycle

DACR

write cycle

Address N AN A A

DADRO >< Conversion data (1) Conversion data (2)

DAOEO I_
DAO " Conversion result (1) B \C\?r\\version result (2) —

High-impedance state

toconv: D/A conversion time

oy

-
-t

-

toconv

tbconv

Figure 16.2 D/A Conversion (Example)
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Section 17 RAM

17.1  Overview

The H8/3437 and H8/3436 have 2 kbytes of on-chip static RAM. The H8/3434 has 1 kbyte. The
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 is assigned to addresses H'F780 to H'FF7F in the address space of the H8/3/
and H8/3436, and addresses H'FB80 to H'FF7F in the address space of the H8/3434. The RAM
bit in the system control register (SYSCR) can enable or disable the on-chip RAM.

17.1.1  Block Diagram

Figure 17.1 is a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

) A

Internal data bus (lower 8 bits)

H'F780 H'F781
H'F782 H'F783
/_\
\_/
On-chip RAM
H'FF7E H'FF7F
Even address Odd address

Figure 17.1 Block Diagram of On-Chip RAM (H8/3437)
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17.1.2 RAM Enable Bit (RAME) in 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
ReadWrte RW  RW  RW  RW R RW  RW  RW

The on-chip RAM is enabled or disabled by the RAME bit in SYSCR. See section 3.2, System
Control Register (SYSCR), for the other SYSCR 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 tR&ES signal. The RAME bit is not initialized in software
standby mode.

Bit 0: RAME Description
0 On-chip RAM is disabled.
1 On-chip RAM is enabled. (Initial value)

17.2  Operation

17.2.1 Expanded Modes (Modes 1 and 2)

If the RAME bit is set to 1, accesses to addresses H'F780 to H'FF7F in the H8/3437 and H8/343¢
and addresses H'FB80 to H'FF7F in the H8/3434 are directed to the on-chip RAM. If the RAME
bit is cleared to 0, accesses to these addresses are directed to the external data bus.

17.2.2  Single-Chip Mode (Mode 3)

If the RAME bit is set to 1, accesses to addresses H'F780 to H'FF7F in the H8/3437 and H8/343¢
and addresses H'FB80 to H'FF7F in the H8/3434 are directed to the on-chip RAM.

If the RAME bit is cleared to 0, the on-chip RAM data cannot be accessed. Attempted write acce:
has no effect. Attempted read access always results in H'FF data being read.

Notes: 1. When Y. = Vv, On-chip RAM values can be retained by using the specified method.
See section 21.4.1 and Appendix E for details.
2. On-chip RAM values are not guaranteed if power is turned off, then on again, in any
state.
3. When specific bits in RAM are used as control bits, initial values must be set after
powering on.
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Section 18 ROM (Mask ROM Version/ZTAT Version)

18.1  Overview

The size of the on-chip ROM is 60 kbytes in the H8/3437, 48 kbytes in the H8/3436, and 32
kbytes in the H8/3434. The on-chip ROM is connected to the CPU via a 16-bit data bus. Both by
data and word data are accessed in two states, enabling rapid data transfer.

The on-chip ROM is enabled or disabled depending on the inputs at the mode piren(MD
MD,). See table 18.1.

Table 18.1 On-Chip ROM Usage in Each MCU Mode

Mode Pins
Mode MD, MD, 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

The PROM versions (H8/3437 ZTAT and H8/3434 ZTAT) and flash-memory version (H8/3437
F-ZTAT and H8/3434 F-ZTAT ) can be set to writer mode and programmed with a general-
purpose PROM programmer. In the H8/3437, the accessible ROM addresses are H'0000 to
H'EF7F (61,312 bytes) in mode 2, and H'0000 to H'F77F (63,360 bytes) in mode 3. For details, :
section 3, MCU Operating Modes and Address Space.
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18.1.1 Block Diagram

Figure 18.1 is a block diagram of the on-chip ROM.

Internal data bus (upper 8 bits)

) A

Internal data bus (lower 8 bits)

H'0000 H'0001
H'0002 H'0003
/_\
\_/
On-chip ROM
H'F77E H'F77F
Even address Odd address

Figure 18.1 Block Diagram of On-Chip ROM (H8/3437 Single-Chip Mode)
18.2  Writer Mode (H8/3437, H8/3434)

18.2.1  Writer Mode Setup

In writer mode the PROM versions of the H8/3437 and H8/3434 suspend the usual microcomput
functions to allow the on-chip PROM to be programmed. The programming method is the same ¢
for the HN27C101.

To select writer mode, apply the signal inputs listed in table 18.2.

Table 18.2 Selection of Writer Mode

Pin Input
Mode pin MD, Low
Mode pin MD, Low
STBY pin Low
Pins P6, and P6, High
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18.2.2  Socket Adapter Pin Assignments and Memory Map

The H8/3437 and H8/3434 can be programmed with a general-purpose PROM programmer by
using a socket adapter to change the pin-out to 32 pins. See table 18.3. The same socket adapt
can be used for both the H8/3437 and H8/3434. Figure 18.2 shows the socket adapter pin
assignments.

Table 18.3 Socket Adapter

Package Socket Adapter
100-pin QFP HS3437ESHS1H
100-pin TQFP HS3437ESNS1H

The PROM size is 60 kbytes for the H8/3437 and 32 kbytes for the H8/3434. Figures 18.3 and
18.4 show memory maps of the H8/3437 and H8/3434 in writer mode. H'FF data should be
specified for unused address areas in the on-chip PROM.

When programming with a PROM programmer, limit the program address range to H'0000 to
H'F77F for the H8/3437 and H'0000 to H'7FFF for the H8/3434. Specify H'FF data for addresses
H'F780 and above (H8/3437) or H'8000 and above (H8/3434). If these addresses are programmn
by mistake, it may become impossible to program or verify the PROM data. The same problem
may occur if an attempt is made to program the chip in page programming mode. Note that the
PROM versions are one-time programmable (OTP) microcomputers, packaged in plastic
packages, and cannot be reprogrammed.
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Note: All pins not listed in this figure should be left open.

Figure 18.2 Socket Adapter Pin Assignments
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Address in MCU mode Address in writer mode

H'0000 H'0000

On-chip
PROM

HF77F HF77F

! Undetermined
. value output* .

| H'1IFFFF

Note: * If this address area is read in writer mode, the output data is not guaranteed.

Figure 18.3 H8/3437 Memory Map in Writer Mode

Address in MCU mode Address in writer mode
H'0000 H'0000
On-chip
PROM
H'7FFF H'7FFF

value output*

© Undetermined

H'1FFFF

Note: * If this address area is read in writer mode, the output data is not guaranteed.

Figure 18.4 H8/3434 Memory Map in Writer Mode
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18.3 PROM Programming
The write, verify, and other sub-modes of the writer mode are selected as shown in table 18.4.

Table 18.4 Selection of Sub-Modes in Writer Mode

Sub-Mode CE OE PGM V., V.. EO,t0EO, EA,, to EA,
Write Low High Low Vop Ve Data input Address input
Verify Low Low High Vop Vee Data output Address input
Programming Low Low Low Vop Ve High impedance  Address input
inhibited Low High High

High Low Low
High High High

The H8/3437 and H8/3434 PROM have the same standard read/write specifications as the
HN27C101 EPROM. Page programming is not supported, however, so do not select page
programming mode. PROM programmers that provide only page programming cannot be used.
When selecting a PROM programmer, check that it supports a byte-at-a-time high-speed
programming mode. Be sure to set the address range to H'0000 to H'F77F for the H8/3437, and
H'0000 to H'7FFF for the H8/3434.

18.3.1  Programming and Verification

An efficient, high-speed programming procedure can be used to program and verify PROM data.
This procedure programs data quickly without subjecting the chip to voltage stress and without
sacrificing data reliability. It leaves the data H'FF in unused addresses.

Figure 18.5 shows the basic high-speed programming flowchart.

Tables 18.5 and 18.6 list the electrical characteristics of the chip in writer mode. Figure 18.6
shows a program/verify timing chart.
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Set program/verify mode
Vee=6.0V +0.25V,
Vpp =125V 0.3V

1

| Address =0 |

0 |

| n

Y

| n+l-n |

'

| Program tpy = 0.2 ms 5% |

| Address + 1 — address
]

| Program topyw = 0.2n ms |

Last address?
Yes

Set read mode
Vcee=5.0V+0.25V,
Vpp=Vcc

Read all
addresses

Figure 18.5 High-Speed Programming Flowchart
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Table 18.5 DC Characteristics

(when Ve = 6.0 V 20.25 V, \ip= 12.5 V 20.3 V, \ls= 0 V, Ta = 25°C +5°C)

Item Symbol Min  Typ  Max Unit Test Conditions
Input high EO,-EOQ,, Vi 24 — Vec+03 V
voltage EA—EA,,

OE, CE, PGM
Input low EO, — EO,, vV, -03 — 0.8 \Y,
voltage EA, — EA,,

OE, CE, PGM
Output high EO,-EO, Vou 24 — — \Y low =—200 pA
voltage
Output low EO.,—EQO, Voo — — 0.45 \Y, lo. = 1.6 MA
voltage
Input leakage EO, — EQ,, [ — — 2 HA V,=5.25V/0.5V
current EA;s — EA,,

OE, CE, PGM
V¢ current lec — — 40 mA
Ve current lop — — 40 mA
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Table 18.6 AC Characteristics
(when V. =6.0V +£0.25V, =125V 0.3V, Ta=25°C +5°C)

Iltem Symbol Min Typ Max Unit Test Conditions
Address setup time tas 2 — — Hs See figure 18.6*
OE setup time toes 2 — — us

Data setup time tos 2 — — us

Address hold time tan 0 — — ps

Data hold time ton 2 — — us

Data output disable time tor — — 130 ns

V. Setup time typs 2 — — us

Program pulse width tow 0.19 0.20 0.21 ms

OE pulse width for topw 0.19 — 5.25 ms
overwrite-programming

V¢ setup time tucs 2 — — us

CE setup time tees — — us

Data output delay time toe 0 — 150 ns

Note: * Input pulse level: 0.8 Vto 2.2V
Input rise/fall time < 20 ns

Timing reference levels: input—1.0 V, 2.0 V; output—0.8 V, 2.0 V

HITACHI
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Write Verify

Address :>§
be 2
Data —§£ Input data ] f Outputdata |)——
tps oy i
DF
Vep
Vep Vee _/Atvps‘
Vee +1
Vee V. tvcs
cc - -
CE
tces
PGM N J
tpw loes - loe
OE topw
Figure 18.6 PROM Program/Verify Timing
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18.3.2  Notes on Programming

(1) A PROM programmer that does not allow start address setting cannot be usdfisuch a
PROM programmer is used, it will not be possible to perform verification at addresses H'10002,
H'10003, H'10004, and so on. Therefore a PROM programmer that allows address setting must
used.

(2) Program with the specified voltages and timing. The programming voltage ) is
125V.

Caution: Applied voltages in excess of the specified values can permanently destroy the chip. B
particularly careful about the PROM programmer’s overshoot characteristics.

If the PROM programmer is set to HN27C101 specificatiopsywll be 12.5 V.

(3) Before writing data, check that the socket adapter and chip are correctly mounted in the
PROM writer. Overcurrent damage to the chip can result if the index marks on the PROM
programmer, socket adapter, and chip are not correctly aligned.

(4) Don't touch the socket adapter or chip while writing.Touching either of these can cause
contact faults and write errors.

(5) Page programming is not supportedDo not select page programming mode.

(6) The H8/3437 PROM size is 60 kbytes. The H8/3434 PROM size is 32 kbyget.the

address range to H'0000 to H'F77F for the H8/3437, and to H'0000 to H'7FFF for the H8/3434.
When programming, specify H'FF data for unused address areas (H'F780 to H'1LFFFF in the
H8/3437, H'8000 to H'1FFFF in the H8/3434).
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18.3.3  Reliability of Programmed Data

An effective way to assure the data holding characteristics of the programmed chips is to bake
them at 150°C, then screen them for data errors. This procedure quickly eliminates chips with
PROM memory cells prone to early failure.

Figure 18.7 shows the recommended screening procedure.

Write and verify program

A
Bake with power off

125° to 150°C, 24 to 48Hr

y

Read and check program

y

(" wom )

Figure 18.7 Recommended Screening Procedure

If a series of write errors occurs while the same PROM programmer is in use, stop programming
and check the PROM programmer and socket adapter for defects.

Please inform Hitachi of any abnormal conditions noted during programming or in screening of
program data after high-temperature baking.
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Section 19 ROM
(32-kbyte Dual-Power-Supply Flash Memory Version)

19.1  Flash Memory Overview

19.1.1 Flash Memory Operating Principle
Table 19.1 illustrates the principle of operation of the H8/3434F'’s on-chip flash memory.

Like EPROM, flash memory is programmed by applying a high gate-to-drain voltage that draws
hot electrons generated in the vicinity of the drain into a floating gate. The threshold voltage of &
programmed memory cell is therefore higher than that of an erased cell. Cells are erased by
grounding the gate and applying a high voltage to the source, causing the electrons stored in th
floating gate to tunnel out. After erasure, the threshold voltage drops. A memory cell is read like
an EPROM cell, by driving the gate to the high level and detecting the drain current, which
depends on the threshold voltage. Erasing must be done carefully, because if a memory cell is
overerased, its threshold voltage may become negative, causing the cell to operate incorrectly.

Section 19.4.6 shows an optimal erase control flowchart and sample program.

Table 19.1 Principle of Memory Cell Operation

Program Erase Read
Memo =
cell Y Vo TVPP v Vs = Vpp Open VTg »
_ T J N
Memory vd oV Open  Open vd oV
array
a oy e Vee Y yan ov o R Vee
Lfr " ELr M rE -
T ov A N>~ oV | = oV
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19.1.2 Mode Programming and Flash Memory Address Space

As its on-chip ROM, the H8/3434F has 32 kbytes of flash memory. The flash memory is
connected to the CPU by a 16-bit data bus. The CPU accesses both byte data and word data in
states.

The H8/3434F's flash memory is assigned to addresses H'0000 to H'7FFF. The mode pins enabl
either on-chip flash memory or external memory to be selected for this area. Table 19.2
summarizes the mode pin settings and usage of the memory area.

Table 19.2 Mode Pin Settings and Flash Memory Area

Mode Pin Setting

Mode MD, MD, Memory Area Usage

Mode 0 0 0 lllegal setting

Mode 1 0 1 External memory area
Mode 2 1 0 On-chip flash memory area
Mode 3 1 1 On-chip flash memory area

19.1.3 Features
Features of the flash memory are listed below.

» Five flash memory operating modes

The flash memory has five operating modes: program mode, program-verify mode, erase
mode, erase-verify mode, and prewrite-verify mode.

» Block erase designation

Blocks to be erased in the flash memory address space can be selected by bit settings. The
address space includes a large-block area (four blocks with sizes from 4 kbytes to 8 kbytes)
and a small-block area (eight blocks with sizes from 128 bytes to 1 kbyte).

e Program and erase time

Programming one byte of flash memory typically takes 50 ps. Erasing all blocks (32 kbytes)
typically takes 1 s.

» Erase-program cycles
Flash memory contents can be erased and reprogrammed up to 100 times.

e On-board programming modes
These modes can be used to program, erase, and verify flash memory contents. There are tw
modes: boot mode and user programming mode.
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e Automatic bit-rate alignment
In boot-mode data transfer, the H8/3434F aligns its bit rate automatically to the host bit rate
(maximum 9600 bps).

¢ Flash memory emulation by RAM
Part of the RAM area can be overlapped onto flash memory, to emulate flash memory updat
in real time.

*  Writer mode

As an alternative to on-board programming, the flash memory can be programmed and eras
in writer mode, using a general-purpose PROM programmer. Program, erase, verify, and oth
specifications are the same as for HN28F101 standard flash memory.

19.1.4 Block Diagram

Figure 19.1 shows a block diagram of the flash memory.

8
< Internal data bus (upper) >
8
< Internal data bus (lower) >
( [ FLMCR }=[ Bus interface and control section _|=| OP"alNg :MDl
1 [j (j mode MDO
( ] EBR1 H'0000 H'0001
EBR2 H'0004 H'0005
On-chip flash memory
(32 kbytes)
H'7FFC H'7FFD
H'7FFE H'7FFF
Upper byte Lower byte
(even address) (odd address)
Legend:
FLMCR: Flash memory control register
EBR1: Erase block register 1
EBR2: Erase block register 2
Figure 19.1 Flash Memory Block Diagram
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19.1.5 Input/Output Pins
Flash memory is controlled by the pins listed in table 19.3.

Table 19.3 Flash Memory Pins

Pin Name Abbreviation  Input/Output  Function

Programming power FVepo Power supply  Apply 12.0 V

Mode 1 MD, Input H8/3434F operating mode setting
Mode 0 MD, Input H8/3434F operating mode setting
Transmit data TxD, Output SCI1 transmit data output
Receive data RxD, Input SCI1 receive data input

The transmit data and receive data pins are used in boot mode.

19.1.6 Register Configuration
The flash memory is controlled by the registers listed in table 19.4.

Table 19.4 Flash Memory Registers

Name Abbreviation R/W Initial Value Address

Flash memory control register FLMCR R/W™ H'00™ H'FF80
Erase block register 1 EBR1 R/W™ H'FO™? H'FF82
Erase block register 2 EBR2 R/W™ H'00"2 H'FF83
Wait-state control register™ WSCR R/W H'08 H'FFC2

Notes: *1 The wait-state control register controls the insertion of wait states by the wait-state
controller, frequency division of clock signals for the on-chip supporting modules by the
clock pulse generator, and emulation of flash-memory updates by RAM in on-board
programming mode.

*2 In modes 2 and 3 (on-chip flash memory enabled), the initial value is H'00 for FLMCR
and EBR2, and H'FO for EBR1. In mode 1 (on-chip flash memory disabled), these
registers cannot be modified and always read H'FF.

Registers FLMCR, EBR1, and EBR2 are only valid when writing to or erasing flash memory, and
can only be accessed while 12 V is being applied to the iX.

When 12 V is not applied to the EMpin, in mode 2 addresses H'FF80 to H'FF83 are external
address space, and in mode 3 these addresses cannot be modified and always read H'FF.
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19.2  Flash Memory Register Descriptions

19.2.1  Flash Memory Control Register (FLMCR)

FLMCR is an 8-bit register that controls the flash memory operating modes. Transitions to
program mode, erase mode, program-verify mode, and erase-verify mode are made by setting |
in this register. FLMCR is initialized to H'00 by a reset, in the standby modes, and when 12 V is
not applied to F¥. When 12 V is applied to the EMoin, a reset or entry to a standby mode
initializes FLMCR to H'80.

Bit 7 6 5 4 3 2 1 0
Ve | = | = [ = e [ ] e [ P

Initial value* 0 0 0 0 0 0 0 0

Read/Write R — — — R/W* R/W* R/W* R/W*

Note: * The initial value is H'00 in modes 2 and 3 (on-chip flash memory enabled). In mode 1 (on-
chip flash memory disabled), this register cannot be modified and always reads H'FF. For
information on accessing this register, refer to in section 19.7, Flash Memory Programming
and Erasing Precautions (11).

Bit 7—Programming Power (Vpp): This status flag indicates that 12 V is applied to thepin.
Refer to section 19.7, Flash Memory Programming and Erasing Precautions (5), for details on u

Bit7: V. Description
0 Cleared when 12 V is not applied to FV,, (Initial value)
1 Set when 12 V is applied to FV,,

Bits 6 to 4—ReservedRead-only bits, always read as 0.

Bit 3—Erase-Verify Mode (EV):™ Selects transition to or exit from erase-verify mode.

Bit 3: EV Description
0 Exit from erase-verify mode (Initial value)
1 Transition to erase-verify mode

Bit 2—Program-Verify Mode (PV):™ Selects transition to or exit from program-verify mode.

Bit 2: PV Description
0 Exit from program-verify mode (Initial value)
1 Transition to program-verify mode
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Bit 1—Erase Mode (E)™ " Selects transition to or exit from erase mode.

Bit1l: E Description
0 Exit from erase mode (Initial value)
1 Transition to erase mode

Bit 0—Program Mode (P)™* ™ Selects transition to or exit from program mode.

BitO: P Description
0 Exit from program mode (Initial value)
1 Transition to program mode

Notes: *1 Do not set two or more of these bits simultaneously. Do not release or shut ¢ff the V
or Vpp power supply when these bits are set.
*2 Set the P or E bit according to the instructions given in section 19.4, Programming and
Erasing Flash Memory.
Set the watchdog timer beforehand to make sure that these bits do not remain set f
longer than the specified times.

For notes on use, see section 19.7, Flash Memory Programming and Erasin
Precautions.

19.2.2 Erase Block Register 1 (EBR1)

EBRL1 is an 8-bit register that designates large flash-memory blocks for programming and erasur
EBRL1 is initialized to H'FO by a reset, in the standby modes, and when 12 V is not appligd to FV

pin. When a bit in EBRL1 is set to 1, the corresponding block is selected and can be programmed
and erased. Figure 19.2 and table 19.6 show details of a block map.

Bit 7 6 5 4 3 2 1 0

. — | — | — | — | 1B | B2 | LBl | LBO |
Initial value* 1 1 1 1 0 0 0 0
Read/Write — — — — RW*  RW*  RMW*  RW*

Note: * The initial value is H'FO in modes 2 and 3 (on-chip ROM enabled). In mode 1 (on-chip ROM
disabled), this register cannot be modified and always reads H'FF. For information on
accessing this register, refer to in section 19.7, Flash Memory Programming and Erasing
Precautions (11).
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Bits 7 to 4—ReservedThese bits cannot be modified, and are always read as 1.

Bits 3 to 0—Large Block 3 to 0 (LB3 to LB0):These bits select large blocks (LB3 to LBO) to be
programmed and erased.

Bits 3 to O:

LB3to LBO Description

0 Block (LB3 to LBO) is not selected (Initial value)
1 Block (LB3 to LBO) is selected

19.2.3 Erase Block Register 2 (EBR2)

EBR?2 is an 8-bit register that designates small flash-memory blocks for programming and erasu
EBR?2 is initialized to H'00 by a reset, in the standby modes, and when 12 V is not appligd to FV
pin. When a bit in EBR2 is set to 1, the corresponding block is selected and can be programme
and erased. Figure 19.2 and table 19.6 show a block map.

Bit 7 6 5 4 3 2 1 0
\ SB7 \ SB6 \ SB5 \ SB4 \ SB3 \ SB2 \ SB1 \ SBO \
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: * The initial value is H'00 in modes 2 and 3 (on-chip ROM enabled). In mode 1 (on-chip ROM
disabled), this register cannot be modified and always reads H'FF. For information on
accessing this register, refer to in section 19.7, Flash Memory Programming and Erasing
Precautions (11).

Bits 7 to 0—Small Block 7 to 0 (SB7 to SBOJ-hese bits select small blocks (SB7 to SBO) to be
programmed and erased.

Bits 7 to O:

SB7 to SBO Description

0 Block (SB7 to SBO) is not selected (Initial value)
1 Block (SB7 to SBO) is selected

381
HITACHI



19.2.4  Wait-State Control Register (WSCR)

WSCR is an 8-bit readable/writable register that enables flash-memory updates to be emulated ir
RAM. It also controls frequency division of clock signals supplied to the on-chip supporting
modules and insertion of wait states by the wait-state controller.

WSCR is initialized to H'08 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
\ RAMS \ RAMO \ CKDBL‘ — \ WMS1 \ WMSO \ wC1 \ WCo \
Initial value 0 0 0 0 1 0 0 0

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

Bits 7 and 6—RAM Select and RAMO (RAMS and RAMO):These bits are used to reassign an
area to RAM (see table 19.5). These bits are write-enabled and their initial value is 0. They are
initialized by a reset and in hardware standby mode. They are not initialized in software standby
mode.

If only one of bits 7 and 6 is set, part of the RAM area can be overlapped onto the small-block
flash memory area. In that case, access is to RAM, not flash memory, and all flash memory block
are write/erase-protected (emulation protgcin this state, the mode cannot be changed to

program or erase mode, even if the P bit or E bit in the flash memory control register (FLMCR) is
set (although verify mode can be selected). Therefore, clear both of bits 7 and 6 before
programming or erasing the flash memory area.

If both of bits 7 and 6 are set, part of the RAM area can be overlapped onto the small-block flash
memory area, but this overlapping begins only when an interrupt signal is input while 12 V is
being applied to the Ry pin. Up until that point, flash memory is accessed. Use this setting for
interrupt handling while flash memory is being programmed or efased.

Table 19.5 RAM Area Reassignmerit

Bit 7: RAMS Bit 6: RAMO RAM Area ROM Area
0 0 None —
1 H'FC80 to H'FCFF H'0080 to H'00FF
1 0 H'FC80 to H'FD7F H'0080 to H'017F
1 H'FCO00 to H'FC7F H'0000 to H'007F
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Bit 5—Clock Double (CKDBL): Controls frequency division of clock signals supplied to the on-
chip 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, WMSO0)
Bits 1 and 0—Wait Count 1 and 0 (WC1, WCO0)

These bits control insertion of wait states by the wait-state controller. For details, see section 5,
Wait-State Controller.

Notes: *1 For details on emulation protect, see section 19.4.8, Protect Modes.

*2 For details on interrupt handling during programming and erasing of flash memory, se
section 19.4.9, Interrupt Handling during Flash Memory Programming and Erasing.

*3 RAM area that overlaps flash memory.
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A
Small block
area
(4 kbytes)
Y

H'0000

H'OFFF
J H'1000
Large block
area
(28 kbytes)
H'1FFF
H'2000

H'3FFF
H'4000

H'5FFF
H'6000

! H7FFF

SB7 to SBO
4 kbytes

LBO
4 kbytes

LB1
8 kbytes

LB2
8 kbytes

LB3
8 kbytes

H'0000

H'OLFF
H'0200

H'03FF
H'0400

H'O7FF
H'0800

H'OBFF
H'0C00

H'OFFF

SBO0 128 hytes

SB1 128 hytes

SB2 128 hytes

SB3 128 hytes

SB4
512 bytes

SB5
1 kbyte

SB6
1 kbyte

SB7
1 kbyte

Figure 19.2 Erase Block Map
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Table 19.6 Erase Blocks and Corresponding Bits

Register Bit Block Address Size

EBR1 0 LBO H'1000 to H'1FFF 4 kbytes
1 LB1 H'2000 to H'3FFF 8 kbytes
2 LB2 H'4000 to H'5FFF 8 kbytes
3 LB3 H'6000 to H'7FFF 8 kbytes

EBR2 0 SBO H'0000 to H'007F 128 bytes
1 SB1 H'0080 to H'O0FF 128 bytes
2 SB2 H'0100 to H'017F 128 bytes
3 SB3 H'0180 to H'O1FF 128 bytes
4 SB4 H'0200 to H'O3FF 512 bytes
5 SB5 H'0400 to H'0O7FF 1 kbyte
6 SB6 H'0800 to H'OBFF 1 kbyte
7 SB7 H'0CO0O0 to H'OFFF 1 kbyte

19.3  On-Board Programming Modes

When an on-board programming mode is selected, the on-chip flash memory can be programm:
erased, and verified. There are two on-board programming modes: boot mode, and user
programming mode. These modes are selected by inputs at the mode pjren{WN0D) and

FVee pin. Table 19.7 indicates how to select the on-board programming modes. For details on
applying voltage ¥, refer to section 19.7, Flash Memory Programming and Erasing Precautions

(5).

Table 19.7 On-Board Programming Mode Selection

Mode Selections FV o MD, MD, Notes

Boot mode Mode 2 12 v* 12 v* 0 0:V,
Mode 3 12 v* 1 1:V,,

User programming Mode 2 1 0

mode Mode 3 1 1

Note: * For details on the timing of 12 V application, see notes 6 to 8 in the Notes on Use of Boot
Mode at the end of this section.

In boot mode, the mode control register (MDCR) can be used to monitor the mode (mode 2
or 3) in the same way as in normal mode.

Example: Set the mode pins for mode 2 boot mode (MD, =12 V, MD, =0 V).

If the mode select bits of MDCR are now read, they will indicate mode 2 (MDS1 =1,

MDSO = 0).
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19.3.1 Boot Mode

To use boot mode, a user program for programming and erasing the flash memory must be
provided in advance on the host machine (which may be a personal computer). Serial
communication interface channel 1 is used in asynchronous mode. If the H8/3434F is placed in
boot mode, after it comes out of reset, a built-in boot program is activated. This program starts by
measuring the low period of data transmitted from the host and setting the bit rate register (BRR)
accordingly. The H8/3434F's built-in serial communication interface (SCI) can then be used to
download the user program from the host machine. The user program is stored in on-chip RAM.

After the program has been stored, execution branches to address H'FBEO in the on-chip RAM,
and the program stored on RAM is executed to program and erase the flash memory.

H8/3434F
Receive data to be programmed
RXDl
HOST Transmit verification data SCi
- TXD]_

Figure 19.3 Boot-Mode System Configuration
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Boot-Mode Execution ProcedureFigure 19.4 shows the boot-mode execution procedure.

10

o )

Program H8/3434F pins for boot mode,
and reset

Host transmits H'00 data continuously
at desired bit rate

H8/3434F measures low period
of H'00 data transmitted from host

H8/3434F computes bit rate and
sets bit rate register

After completing bit-rate alignment, H8/3434F
sends one H'00 data byte to host to indicate
that alignment is completed

Host checks that this byte, indicating
completion of bit-rate alignment, is received
normally, then transmits one H'55 byte

After receiving H'55, H8/3434F sends part of
the boot program to RAM

H8/3434F branches to the RAM boot
area (H'FCO0O0 to H'FF2F), then checks the
data in the user area of flash memory

All data = HFF?

After checking that all data in flash memory is H'FF,
H8/3434F transmits one H'AA data byte to host

HB8/3434F receives two bytes indicating byte
length (N) of program to be downloaded
to on-chip RAM*1

-~

HB8/3434F transfers one user program
byte to RAM*2

H8/3434F calculates number of bytes left
to be transferred (N = N — 1)

All bytes transferred?
(N=0?)

After transferring the user program to RAM,
HB8/3434F transmits one H'AA data byte to host

HB8/3434F branches to H'FBEO in RAM area and
executes user program downloaded into RAM

Erase all flash
memory blocks*3

10.

Program the H8/3434F pins for boot mode, and start the
H8/3434F from a reset.

Set the host's data format to 8 bits + 1 stop bit, select the
desired bit rate (2400, 4800, or 9600 bps), and transmit
H'00 data continuously.

The H8/3434F repeatedly measures the low period of the
RxD1 pin and calculates the host’s asynchronous-
communication bit rate.

When SCI bit-rate alignment is completed, the H8/3434F
transmits one H'00 data byte to indicate completion of
alignment.

The host should receive the byte transmitted from the
HB8/3434F to indicate that bit-rate alignment is completed,
check that this byte is received normally, then transmit one
H'55 byte.

After receiving H'55, H8/3434F sends part of the boot
program to H'FB80 to H'FBDF and H'FC00 to H'FF2F of
RAM.

After branching to the boot program area (H'FCO0O0 to
H'FF2F) in RAM, the H8/3434F checks whether the flash
memory already contains any programmed data. If so, all
blocks are erased.

After the H8/3434F transmits one H'AA data byte, the host
transmits the byte length of the user program to be
transferred to the H8/3434F. The byte length must be sent
as two-byte data, upper byte first and lower byte second.
After that, the host proceeds to transmit the user program.
As verification, the H8/3434F echoes each byte of the
received byte-length data and user program back to the
host.

The H8/3434F stores the received user program in on-chip
RAM in a 910-byte area from H'FBEO to H'FF6D.

After transmitting one H'AA data byte, the H8/3434F
branches to address H'FBEO in on-chip RAM and executes
the user program stored in the area from H'FBEO to
H'FF6D.

Notes: *1 The user can use 910 bytes of RAM. The number

of bytes transferred must not exceed 910 bytes. Be
sure to transmit the byte length in two bytes, upper
byte first and lower byte second. For example, if the
byte length of the program to be transferred is 256
bytes (H'0100), transmit H'01 as the upper byte,
followed by H'00 as the lower byte.

*2 The part of the user program that controls the flash
memory should be coded according to the flash
memory program/erase algorithms given later.

*3 If a memory cell malfunctions and cannot be
erased, the H8/3434F transmits one H'FF byte to
report an erase error, halts erasing, and halts
further operations.

Figure 19.4 Boot Mode Flowchart
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Automatic Alignment of SCI Bit Rate

E.ta” D0 | D1 | D2 | D3 | D4 | D5 | D6 | D7 |Stop

it bit

~ This low period (9 bits) is measured (H'00 data) . o
High for at
least 1 bit

Figure 19.5 Measurement of Low Period in Data Transmitted from Host

When started in boot mode, the H8/3434F measures the low period in asynchronous SCI data
transmitted from the host (figure 19.5). The data format is eight data bits, one stop bit, and no
parity bit. From the measured low period (9 bits), the H8/3434F computes the host’s bit rate. Afte
aligning its own bit rate, the H8/3434F sends the host 1 byte of H'00 data to indicate that bit-rate
alignment is completed. The host should check that this alignment-completed indication is
received normally and send one byte of H'55 back to the H8/3434F. If the alignment-completed
indication is not received normally, the H8/3434F should be reset, then restarted in boot mode to
measure the low period again. There may be some alignment error between the host's and
H8/3434F's bit rates, depending on the host’s bit rate and the H8/3434F's system clock frequenc
To have the SCI operate normally, set the host’s bit rate to 2400, 4800, or 960U digis 19.8

lists typical host bit rates and indicates the clock-frequency ranges over which the H8/3434F can
align its bit rate automatically. Boot mode should be used within these frequency*anges

Table 19.8 System Clock Frequencies Permitting Automatic Bit-Rate Alignment by

H8/3434F
System Clock Frequencies Permitting Automatic Bit-Rate Alignment

Host Bit Rate ™ by H8/3434F

9600 bps 8 MHz to 16 MHz

4800 bps 4 MHz to 16 MHz

2400 bps 2 MHz to 16 MHz

Notes: *1 Use a host bit rate setting of 2400, 4800, or 9600 bps only. No other setting should be

used.

*2 Although the H8/3434F may also perform automatic bit-rate alignment with bit rate and
system clock combinations other than those shown in table 19.8, there will be a slight
difference between the bit rates of the host and the H8/3434F, and subsequent transfer
will not be performed normally. Therefore, only a combination of bit rate and system
clock frequency within one of the ranges shown in table 19.8 can be used for boot
mode execution.
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RAM Area Allocation in Boot Mode: In boot mode, the 96 bytes from H'FB80 to H'FBDF and
the 18 bytes from H'FF6E to H'FF7F are reserved for use by the boot program, as shown in figu
19.6. The user program is transferred into the area from H'FBEO to H'FF6D (910 bytes). The bo
program area can be used after the transition to execution of the user program transferred into
RAM. If a stack area is needed, set it within the user program.

H'FB80
Boot program
area*
(96 bytes)
H'FBEO
User program
transfer area
(910 bytes)
H'FF6E Boot program
*
HEETE area* (18 bytes)

Note: * This area cannot be used until the H8/3434F starts to execute the user program
transferred to RAM (until it has branched to H'FBEO in RAM). Note that even after the
branch to the user program, the boot program area (H'FB80 to H'FBDF, H'FF6E to
H'FF7F) still contains the boot program.

Note also that 16 bytes (H'FB80 to H'FB8F) of this area cannot be used if an interrupt
handling routine is executed within the boot program. For details see section 19.4.9,
Interrupt Handling during Flash Memory Programming and Erasing.

Figure 19.6 RAM Areas in Boot Mode
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Notes on Use of Boot Mode

1. When the H8/3434F comes out of reset in boot mode, it measures the low period of the input
the SCI's RxD pin. The reset should end with RxBigh. After the reset ends, it takes about
100 states for the H8/3434F to get ready to measure the low period of thanRuD

2. In boot mode, if any data has been programmed into the flash memory (if all data is not H'FF)
all flash memory blocks are erased. Boot mode is for use when user programming mode is
unavailable, e.g. the first time on-board programming is performed, or if the update program
activated in user programming mode is accidentally erased.

3. Interrupts cannot be used while the flash memory is being programmed or erased.
4. The RxQ and TxD pins should be pulled up on-board.

5. Before branching to the user program (at address H'FBEO in the RAM area), the H8/3434F
terminates transmit and receive operations by the on-chip SCI (by clearing the RE and TE bits
of the serial control register to 0 in channel 1), but the auto-aligned bit rate remains set in bit
rate register BRR. The transmit data output pin (JX®in the high output state (in port 8, the
bits P8 DDR of the port 8 data direction register and PR of the port 8 data register are set
to 1).

At this time, the values of general registers in the CPU are undetermined. Thus these register
should be initialized immediately after branching to the user program. Especially in the case o
the stack pointer, which is used implicitly in subroutine calls, the stack area used by the user
program should be specified.

There are no other changes to the initialized values of other registers.

6. Boot mode can be entered by starting from a reset after 12 V is applied to tlaedB\,
pins according to the mode setting conditions listed in table 19.7. Note the following points
when turning the . power on.

When reset is released (at the rise from low to high), the H8/3434F checks for 12-V input at
the MD, and F\{p pins. If it detects that these pins are programmed for boot mode, it saves tha
status internally. The threshold point of this voltage-level check is in the range from
approximately ¥ + 2 V to 11.4 V, so boot mode will be entered even if the applied voltage is
insufficient for programming or erasure (11.4 V to 12.6 V). When the boot program is
executed, the M power supply must therefore be stabilized within the range of 11.4 V to

12.6 V before the branch to the RAM area occurs. See figure 19.20.

Make sure that the programming voltage ©oes not exceed 12.6 V during the transition to
boot mode (at the reset release timing) and does not go outside the range of 12 V + 0.6 V whi
in boot mode. Boot mode will not be executed correctly if these limits are exceeded. In
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addition, make sure that.Vis not released or shut off while the boot program is executing or
the flash memory is being programmed or erased.

Boot mode can be released by driving the reset pin low, waiting at least ten system clock
cycles, then releasing the application of 12 V to the, il F\}; pins and releasing the reset.

The settings of external pins must not change during operation in boot mode.

During boot mode, if input of 12 V to the MPin stops but no reset input occurs atRIkS
pin, the boot mode state is maintained within the chip and boot mode continues (but do not
stop applying 12 V to the R} pin during boot mod®).

If a watchdog timer reset occurs during boot mode, this does not release the internal mode
state, but the internal boot program is restarted.

Therefore, to change from boot mode to another mode, the boot-mode state within the chip
must be released by a reset input alRB8 pin before the mode transition can take place.

7. If the input level of the MBPpin is changed during a reset (e.g., rom 0V to 5V thento 12 V
while the input to th&®ES pin is low), the resultant switch in the microcontroller’'s operating
mode will affect the bus control output signadsS( RD, andWR) and the status of ports that
can be used for address output

Therefore, either set these pins so that they do not output signals during the reset, or make s
that their output signals do not collide with other signals outside the microcontroller.

8. When applying 12 V to the Mand F\{; pins, make sure that peak overshoot does not exceec
the rated limit of 13 V.

Also, be sure to connect a decoupling capacitor to thg &wW MD, pins.

Notes: *1 For details on applying, releasing, and shutting gff e note (5) in section 19.7,
Flash Memory Programming and Erasing Precautions.

*2 These ports output low-level address signals if the mode pins are set to mode 1 durin
the reset. In all other modes, these ports are in the high-impedance state. The bus
control output signals are high if the mode pins are set for mode 1 or 2 during the rese
In mode 3, they are at high impedance.
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19.3.2  User Programming Mode

When set to user programming mode, the H8/3434F can erase and program its flash memory by
executing a user program. On-board updates of the on-chip flash memory can be carried out by
providing on-board circuits for supplyingy¥and data, and storing an update program in part of

the program area.

To select user programming mode, select a mode that enables the on-chip ROM (mode 2 or 3) a
apply 12 V to the FY; pin, either during a reset, or after the reset has ended (been released) but
while flash memory is not being accessed. In user programming mode, the on-chip supporting
modules operate as they normally would in mode 2 or 3, except for the flash memory. However,
hardware standby mode cannot be set while 12 V is applied to theiRv

The flash memory cannot be read while it is being programmed or erased, so the update progran
must either be stored in external memory, or transferred temporarily to the RAM area and
executed in RAM.
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User Programming Mode Execution Procedure (Example)*Figure 19.7 shows the execution
procedure for user programming mode when the on-board update routine is executed in RAM.

Note: * Do not apply 12 V to the R pin during normal operation. To prevent flash memory
from being accidentally programmed or erased due to program runaway etc., apply 12 V
to FV,p Only when programming or erasing flash memory. Overprogramming or
overerasing due to program runaway can cause memory cells to malfunction. While 12 \
is applied, the watchdog timer should be running and enabled to halt runaway program
execution, so that program runaway will not lead to overprogramming or overerasing. Fo
details on applying, releasing, and shutting off, \¥ee section 19.7, Flash Memory

Programming and Erasing Precautions (5).

Set MD; and MDy to 10 or 11 Procedure
1 (apply V| to V¢ to MD,) The flash memory on-board update
Start from reset program is written in flash memory ahead
v of time by the user.
Branch to flash memory 1. Set MD1 and MDO of the H8/3434F to
2 on-board update program 10 or 11, and start from a reset.
¥ 2. Branch to the flash memory on-board

3 Transfer on-board update routine update program in flash memory.

into RAM 3. Transfer the on-board update routine
¥ into RAM.

4 Branch to flash memory on-board 4. Branch to the on-board update routine

update routine in RAM that was transferred into RAM.
v 5. Apply 12 V to the FVpp pin, to enter

5 FVpp =12V user programming mode.

(user programming mode) 6. Execute the flash memory on-board
v update routine in RAM, to perform an
Execute flash memory on-board update of the flash memory.
6 on-board update routine in RAM 7. Change the voltage at the FVpp pin
(update flash memory) from 12 V to V¢, to exit user
¥ programming mode.
7 ~ Release FVpp 8. After the on-board update of flash
(exit user programming mode) memory ends, execution branches to
¥ an application program in flash
8 Branch to application program memory.
in flash memory*

Note: * After the update is finished, when input of 12 V to the FVpp pin is released, the flash
memory read setup time (trrs) must elapse before any program in flash memory is
executed. This is the required setup time from when the FVpp pin reaches the (V¢ +
2 V) level after 12 V is released until flash memory can be read.

Figure 19.7 User Programming Mode Operation (Example)
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19.4  Programming and Erasing Flash Memory

The H8/3434F’s on-chip flash memory is programmed and erased by software, using the CPU.
The flash memory can operate in program mode, erase mode, program-verify mode, erase-verify
mode, or prewrite-verify mode. Transitions to these modes can be made by setting the P, E, PV,
and EV bits in the flash memory control register (FLMCR).

The flash memory cannot be read while being programmed or erased. The program that controls
the programming and erasing of the flash memory must be stored and executed in on-chip RAM
in external memory. A description of each mode is given below, with recommended flowcharts
and sample programs for programming and erasing.

For details on programming and erasing, refer to section 19.7, Flash Memory Programming and
Erasing Precautions.

19.4.1 Program Mode

To write data into the flash memory, follow the programming algorithm shown in figure 19.8. This
programming algorithm can write data without subjecting the device to voltage stress or impairing
the reliability of programmed data.

To program data, first specify the area to be written in flash memory with erase block registers
EBR1 and EBRZ2, then write the data to the address to be programmed, as in writing to RAM. The
flash memory latches the address and data in an address latch and data latch. Next set the P bit
FLMCR, selecting program mode. The programming duration is the time during which the P bit is
set. A software timer should be used to provide a programming duration of about 10 to 20 ps. Th
value of N, the number of attempts, should be set so that the total programming time does not
exceed 1 ms. Programming for too long a time, due to program runaway for example, can cause
device damage. Before selecting program mode, set up the watchdog timer so as to prevent
overprogramming.
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19.4.2  Program-Verify Mode

In program-verify mode, after data has been programmed in program mode, the data is read to
check that it has been programmed correctly.

After the programming time has elapsed, exit programming mode (clear the P bit to 0) and selec
program-verify mode (set the PV bit to 1). In program-verify mode, a program-verify voltage is
applied to the memory cells at the latched address. If the flash memory is read in this state, the
data at the latched address will be read. After selecting program-verify mode, wait 4 pus or more
before reading, then compare the programmed data with the verify data. If they agree, exit
program-verify mode and program the next address. If they do not agree, select program mode
again and repeat the same program and program-verify sequence. Do not repeat the program a
program-verify sequence more than 50 times* for the same bit.

Note: * Keep the total programming time under 1 ms for each bit.
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19.4.3

Flowchart for Programming One Byte

Programming Flowchart and Sample Program

Start

Set erase block register
(set bit of block to be programmed to 1)

Write data to flash memory (flash
memory latches write
address and data)**

| n=1

| Enable watchdog timer*2

Select program mode
(P bit = 1 in FLMCR)

| Wait (x) us™

| Clear P bit

| End of programming

| Disable watchdog timer

Select program-verify mode
(PV bit =1 in FLMCR)

Wait (tygl) ps™

Notes:

*1

*2

*3

*4

Write the data to be programmed
with a byte transfer instruction.

Set the timer overflow interval to the
shortest value (CKS2, CKS1, CKSO
all cleared to 0).

Read the memory data to be verified
with a byte transfer instruction.

X: 10to 20 ps

4 us or more

50 (set N so that total
programming time does not
exceed 1 ms)

tysl:
N:

End of verification

ok No go
Verify*3 (read memory)
| Clear PV bit | ] Clear PV bit
Clear erase block register
(clear bit of programmed block to 0)
( End (1-byte data programmed) ) <N?M
Yes

C Programming error )

No

| n+l-n |

Figure 19.8 Programming Flowchart
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Sample Program for Programming One Byte:This program uses the following registers.

ROH:
R1H:
R1L:
R3:
R4:

R5:
R6L:

Specifies blocks to be erased.
Stores data to be programmed.
Stores data to be read.
Stores address to be programmed. Valid addresses are H'0000 to H'7FFF.

Sets program and program-verify timing loop counters, and also stores register setting

value.

Sets program timing loop counter.
Used for program-verify fail count.

Arbitrary data can be programmed at an arbitrary address by setting the address in R3 and the
in R1H.

The setting of #a and #b values depends on the clock frequency. Set #a and #b values accordir
tables 19.9 (1) and (2).

FLMCR
EBRL.:
EBR2:
TCSR

PRGM

PRQAVE:

LOCP1:

LOCP2:

H FF80
H FF82
H FF83
H FFA8

2
#H
ROH,

#H 00,
#H a,
R1H,

R6L

#H A578,
R4,

R5,

#0,

#1,

R4,
LCOCP1
#0,

#H A500,
R4,

#H b |
#2,
R4H
LOCP2
@3,
RLH
PVCK
#2,

ROH
@BR*: 8

R6L

@csR
@LMR 8

@LMR 8
@csR
R4H
@LMR 8
R1L

R1L

@LMR 8

; Set EBR*

; Program-verify fail counter

; Set program loop counter

; Dummy write

; Program-verify fail counter + 1 — R6L

; Start watchdog timer
; Set program loop counter
; Set P bit

; Wait loop
; Clear P bit

; Stop watchdog timer

;. Set program-verify loop counter
; Set PV bit

; Wait loop

; Read programmed address

; Compare programmed data with read data
; Program-verify decision

; Clear PV bit
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OWw. B #H 32, R6L ; Program-verify executed 50 times?

BEQ NGEND ; If program-verify executed 50 times, branch to NGEND
BRA PRAVB ; Program again
PVOK: BALR #2, @LMR 8 ; Clear PV bit
MOV. B #H 00, R6L ;
MOV. B R6L, @BR*: 8 ; Clear EBR*

One byte programmed

NGEND: Programming error

19.4.4 Erase Mode

To erase the flash memory, follow the erasing flowchart shown in figure 19.9. This erasing flow
can erase data without subjecting the device to voltage stress or impairing the reliability of
programmed data.

To erase flash memory, before starting to erase, first place all memory data in all blocks to be
erased in the programmed state (program all memory data to H'00). If all memory data is not in tt
programmed state, follow the sequence described later (figure 19.10) to program the memory da
to zero. Select the flash memory areas to be erased with erase block registers 1 and 2 (EBR1 an
EBR2). Next set the E bit in FLMCR, selecting erase mode. The erase time is the time during
which the E bit is set. To prevent overerasing, use a software timer to divide the erase time into
repeated 10 ms intervals, and perform erase operations a maximum of 3000 times so that the tot
erase time does not exceed 30 seconds. Overerasing, due to program runaway for example, can
give memory cells a negative threshold voltage and cause them to operate incorrectly. Before
selecting erase mode, set up the watchdog timer so as to prevent overerasing.

19.4.5 Erase-Verify Mode

In erase-verify mode, after data has been erased, it is read to check that it has been erased
correctly. After the erase time has elapsed, exit erase mode (clear the E bit to 0) and select erase
verify mode (set the EV bit to 1). Before reading data in erase-verify mode, write H'FF dummy
data to the address to be read. This dummy write applies an erase-verify voltage to the memory
cells at the latched address. If the flash memory is read in this state, the data at the latched addrt
will be read. After the dummy write, wait 2 us or more before reading. When performing the

initial dummy write, wait 4 ps or more after selecting erase-verify mode. If the read data has beer
successfully erased, perform an erase-verify (dummy write, wait 2 us or more, then read) for the
next address. If the read data has not been erased, select erase mode again and repeat the sam
erase and erase-verify sequence through the last address, until all memory data has been erase
1. Do not repeat the erase and erase-verify sequence more than 3000 times, however.
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19.4.6  Erasing Flowchart and Sample Program

Flowchart for Erasing One Block

( St.":lrt )

Set erase block register
(set bit of block to be erased to 1)

Write O data in all addresses
to be erased (prewrite)"!

| n=1 |
\
-
| Enable watchdog timer*2 |
I Notes: *1 Program all addresses to be
Select erase mode erased by following the prewrite
(E bit =1 in FLMCR) flowchart.
[ *2 Set the watchdog timer overflow
| Wait (x) ms'5 | Itgﬁgvilgtict)he value indicated in
I N - . .
- . 3 For the erase-verify dummy write,
| Clear E bit | Erasing ends write H'FF with a byte transfer
‘ instruction.
| Disable watchdog timer | *4 Read the data to be verified with
‘ a byte transfer instruction. When
. erasing two or more blocks, clear
Set top address in block the bits of erased blocks in the
as verify address erase block registers, so that only
‘ unerased blocks will be erased
Select erase-verify mode again.
(EV bit = 1 in FLMCR) *5 X 10 ms
| tysl: 4 ps or more
Wait (tys1) ps™ | tys2: 2 s or more
N: 3000
Dummy write to verify address*3
(flash memory latches address)
| Wait (tys2) ps'S |
Verify*4 (read data H'FF?
OK | Clear EV bit | Erase-verify ends
Last address? N
o
Address + 1 - addressl »
| Clear EV bit | Yes n+l-n
\
Clear erase block register
(clear bit of erased block to 0)
\
( End of block erase ) ( Erase error )

Figure 19.9 Erasing Flowchart
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Prewrite Flowchart

( Start )
\
Set erase block register
(set bit of block to be programmed to 1)
I

| Set start address”® |
\
-

| |

Write H'00 to flash memory
(Flash memory latches Address + 1 - address

write address and write data)™!

| Enable watchdog timer*2 | Notes: :1 Use a by_te transfer ins'truction.
‘ 2 Set the timer overflow interval to the
shortest value (CKS2, CKS1, CKSO
Sele(_:t program mode all cleared to 0).
(P bit=1in FLMCR) *3 In prewrite-verify mode P, E, PV,
‘ and EV are all cleared to 0 and 12 V
| Wait (x) ps™4 | is applied to FVpp. Read the data
[ with a byte transfer instruction.
*4 X 10 to 20 ps
tysl: 4 ps or more
‘ N: 50 (set N so that total
| Disable watchdog timer | programming time does not
‘ exceed 1 ms)
: B *5 Start and last addresses shall be top
| Wait (tys1) ps™ | and last addresses of the block to be
erased.

| Clear P bit | End of programming

Prewrite verify"3
(read data = H'00?)

<N?*4 No

Yes

n+l-n

( Programming error )

Last address?*5

Clear erase block register
(clear bit of programmed block to 0)

( End of prewrite )

Figure 19.10 Prewrite Flowchart
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Sample Block-Erase Program:This program uses the following registers.

RO:  Specifies block to be erased, and also stores address used in prewrite and erase-verify.

R1H: Stores data to be read, and also used for dummy write.

R2: Stores last address of block to be erased.

R3: Stores address used in prewrite and erase-verify.

R4: Sets timing loop counters for prewrite, prewrite-verify, erase, and erase-verify, and also
stores register setting value.

R5: Sets prewrite and erase timing loop counters.

R6L: Used for prewrite-verify and erase-verify fail count.

The setting of #a, #b, #c, #d, and #e values in the program depends on the clock frequency. Set
#b, #c, #d, and #e values according tables 19.9 (1) and (2), and 19.10. Erase block registers (E!
and EBR2) should be set according to sections 19.2.2 and 19.2.3. #BLKSTR and #BLKEND are
the top and last addresses of the block to be erased. Set #BLKSTR and #BLKEND according to
figure 19.2.
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FLMR . EQU H FF80

EBRL: .EQU H FF82
EBR2: .EQU H FF83
TCSR .EQU H FFAS
ALIGN 2
MOV. B #H **, ROH ;
MV.B  RH @BR:8 ; SetEBR*

; #BLKSTR is top address of block to be erased.
; #BLKEND is last address of block to be erased.

MOV. W #BLKSTR, RO ; Top address of block to be erased

MOV. W #BLKEND, R2 ; Last address of block to be erased

ADDS #1, Rz : Last address of block to be erased + 1 — R2
; Execute prewrite

MOV. W RO, R3 ; Top address of block to be erased
PREWRT: MOV.B #H 00, R6L ;. Prewrite-verify fail counter

MOV. W #H a, R5 ; Set prewrite loop counter
PREWRS. [INC R6L ; Prewrite-verify fail counter + 1 — R6L

MOV. B #H 00 RLH ;

MOV. B R1H, @3 ;. Write H'00

MOV. W #H A578, R4 ;

MOV. W R4, @cCsR ; Start watchdog timer

MOV. W R5, R4 ; Set prewrite loop counter

BSET #0, @LMCR 8 ; SetP bit
LOCPRL: SUBS #1, R4 ;

MOV. W R4, R4 ;

BNE LOCPRL ; Wait loop

BCLR #0, @LMCR 8 ; Clear P bit

MOV. W #H AS00, R4 ;

MOV. W R4, @csr ; Stop watchdog timer

MOV. B #H c, R4H ; Set prewrite-verify loop counter
LOCPR2: DEC R4AH ;

BNE LOCOPR2 ; Wait loop

MOV. B @3, R1H : Read data = H'00?

BEQ PW/F ; If read data = H'00 branch to PWVFOK

OWw. B #H 32, R6L ;. Prewrite-verify executed 50 times?

BEQ ABENDL ; If prewrite-verify executed 50 times, branch to ABEND1

BRA PREVWRS ; Prewrite again

ABENDL: Programming error

PWFCK:  ADDS #1, R3 ; Address +1 - R3
aw. W R2, R3 ; Last address?
BNE PREVWRT ; If not last address, prewrite next address
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, Execute erase

ERASES:

ERASE:

LOCPE:

; Execute erase-verify

LCCPEV-

LOCPDW

RERASE:

BRER

ABEND2:

MOV.

MOV. W
BNE
BCLR
MOV. W
MOV. W

MOV, W
MOV. B

BALR
SUBS

MOV. W
aw. w
BNE
BRA

BALR
MV. B
MOV. B

#H 0000,
#H d,
#1,

#H e,
R4,

R5,

#1,

RAH
#H FF,

#H c,

#3,
#1,

#H 0OBBS,
R4,
ERASE
ABEND2

#3,
#H 00,
R6L,

One block erased

Erase error

RQRIASR

@LMCR 8

@LMR 8
R4
@csR

R4H
@LMCR 8

R1H

R4H

RLH

@LMR 8

R4

@LMCR 8

R6L
@BR*: 8

; Erase-verify fail counter
; Set erase loop count
; Erase-verify fail counter + 1 — R6

; Start watchdog timer
; Set erase loop counter
; Set E bit

; Wait loop
; Clear E bit

; Stop watchdog timer

; Top address of block to be erased
; Set erase-verify loop counter
; Set EV bit

; Wait loop

; Dummy write
; Set erase-verify loop counter

; Wait loop

; Read

; Read data = HFF?
; If read data # H'FF, branch to RERASE
; Last address of block?

; Clear EV bit
; Erase-verify address—1 — R3

; Erase-verify executed 3000 times?
; If erase-verify not executed 3000 times, erase again

; If erase-verify executed 3000 times, branch to ABEND2
; Clear EV bit

; Clear EBR*

HITACHI
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Flowchart for Erasing Multiple Blocks

( Start ) Notes: *1 Program all addresses to be
[ erased by following the prewrite

Set erase block registers flowchart.
(set bits of blocks to be erased to 1) *2 Set the watchdog timer
‘ overflow interval to the value
| Write 0 data to all addresses to be | indicated in table 19.10.
erased (prewrite)"? *3 For the erase-verify dummy
| write, write H'FF with a byte
transfer instruction.
*4 Read the data to be verified
| Enable watchdog fimer'2 | with a byte_transfer instruction.
When erasing two or more
‘ blocks, clear the bits of erased
Select erase mode (E bit = 1 in FLMCR) | blocks in the erase block
register, so that only unerased
| blocks will be erased again.
*5 X 10 ms
tysl: 4 ps or more
tys2: 2 s or more
N: 3000

| n=1

[
| Wait (X) ms™®
[

| Clear E bit | Erasing
‘ ends

| Disable watchdog timer |

Select erase-verify mode
(EV bit =1 in FLMCR)

\

| Wait (tys1) ps' |
\
|

Set top address of block as
verify address

Erase-verify
next block

Dummy write to verify address™3
(flash memory latches address)

Wait (tys2) ps™> | Erase-verify next block

All erased blocks No
verified?2

Yes

Verify*4
read data H'FF?,

Last address
in block?

| Clear EBR bit of erased block |

No All erased blocks

verified?

Clear EV bit |

All blocks erased?
(EBR1 = EBR2 = 0?)

End of erase

Erase error

Figure 19.11 Multiple-Block Erase Flowchart
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Sample Multiple-Block Erase Program:This program uses the following registers.

RO: Specifies blocks to be erased (set as explained below), and also stores address used in
prewrite and erase-verify.

R1H: Used to test bits 8 to 11 of RO stores register read data, and also used for dummy write.

R1L: Used to test bits 0 to 11 of RO.

R2: Specifies address where address used in prewrite and erase-verify is stored.

R3: Stores address used in prewrite and erase-verify.

R4: Stores last address of block to be erased.

R5: Sets prewrite and erase timing loop counters.

R6L: Used for prewrite-verify and erase-verify fail count.

Arbitrary blocks can be erased by setting bits in R0O. Write RO with a word transfer instruction.

A bit map of RO and a sample setting for erasing specific blocks are shown next.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RO -\ -\ -—\ — ‘LBS‘LBZ‘LBl‘LBO SB?‘SBG‘SBS‘SB4‘SBS‘SBZ‘SBl‘SBO
Corresponds to EBR1 Corresponds to EBR2

Note: Clear bits 15, 14, 13, and 12 to O.

Example: to erase blocks LB2, SB7, and SBO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RO ——\ ——\ ——\ — ‘LBS‘LBZ‘LBI‘LBO SB?‘SBG‘585‘884‘883‘582‘881‘880
Corresponds to EBR1 Corresponds to EBR2

Setting 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1

RO is set as follows:

MOV. W  #H 0481, RO
MOV. W RO, @EBR1

The setting of #a, #b, #c, #d, and #e values in the program depends on the clock frequency. Set
#b, #c, #d, and #e values according to tables 19.9 (1), (2), and 19.10.
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Notes: 1. In this sample program, the stack pointer (SP) is set at address H'FF80. As the stack

FLMCR
EBR1.:
EBR2:
TCSR
STACK:

START:

; all blocks.

area, on-chip RAM addresses H'FF7E and H'FF7F are used. Therefore, when executir
this sample program, addresses H'FF7E and H'FF7F should not be used. In addition,
the on-chip RAM should not be disabled.

In this sample program, the program written in a ROM area (including external space)
is transferred into the RAM area and executed in the RAM to which the program is
transferred. #RAMSTR in the program is the starting destination address in RAM to
which the program is transferred. #RAMSTR must be set to an even number.

. When executing this sample program in the on-chip ROM area or external space,

#RAMSTR should be set to #START.

.RQU H FF80
. EQU H FF82
.EQU H FF83
. EQU H FFA8
. EQU H FF80
CALTGN 2
MOV. W #STACK, SP ; Set stack pointer
; Set the bits in RO following the description on the previous page. This program is a sample program to erase
MOV. W #H OFFF, RO ; Select blocks to be erased (RO: EBR1/EBR2)
MOV. W RO, @EBRL ; Set EBR1/EBR2

; #RAMSTR is starting destination address to which program is transferred in RAM.
; Set #RAMSTR to even number.

PRETST:

EBR2PW

406

MOV. W #RAMBTR, R2 ; Starting transfer destination address (RAM)

MOV. W #ERVADR, R3 ;

ADD. W R3, R2 ; #RAMSTR + #ERVADR - R2

MOV. W #START, R3 ;

SUB. W R3, R2 : Address of data area used in RAM

MOV. B #H 00, RIL . Used to test R1L bit in RO

Cw. B #H 0C, RIL ; R1L = H0OC?

BEQ ERASES ; If finished checking all RO bits, branch to ERASES
CwP. B #H 08, RLL ;

BM EBR2PW ; TestEBR1if R1L =8, or EBR2ifR1L<8

MOV. B RLL, R1H ;

SUBX #H 08, R1H ; RIL-8 - R1H

BTST RLH, ROH . Test R1H bit in EBR1 (ROH)

BNE PREVWRT ; If R1H bitin EBR1 (ROH) is 1, branch to PREWRT
BRA PWADD1 ; If R1H bit in EBR1 (ROH) is 0, branch to PWADD1
BTST RLL, ROL . Test R1L bit in EBR2 (ROL)

BNE PREVWRT ; If R1L bit in EBR2 (ROH) is 1, branch to PREWRT
I NC R1L : RIL+1 - RIL

MOV. W @+, R3 ; Dummy-increment R2

BRA PRETST ;
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; Execute prewrite

PREVIRT:
PREW

PREVIRS:

LOCPRL:

LOCPR2:

ABENDL:

PW/FOK

PWADD2:

000205222
gm=

S22O@

P41

BCLR
MOV. W
MOV. W

MOV. B
DEC
BNE
MOV. B
BEQ
Qw. B
BEQ
BRA

#H c,
RAH
LOOPR2
@3,
PW/FCK
#H 32,
ABENDL
PREWRS

Programming error

ADDS
MOV. W
aw. W
BNE
I NC
BRA

; Execute erase

ERASES:

ERASE:

LOCPE:

MOV.

#1,

@,
R4,
PREW
RLL
PRETST

#H 0000,
#H d,
#1,

#H e,
R4,

R5,

#1,

@cCsR

R4H

R1H

R6L

BRA

@csr

; Prewrite starting address

;. Prewrite-verify fail counter

; Prewrite-verify loop counter

; Prewrite-verify fail counter + 1 — R6L

;. Write H'00
; Start watchdog timer

;. Set prewrite loop counter
@LMR 8 ;

Set P bit

; Wait loop
@LMR 8 ;

Clear P bit

;. Stop watchdog timer
; Set prewrite-verify loop counter

; Wait loop

; Read data = H'00?

; If read data = H'00 branch to PWVFOK

;. Prewrite-verify executed 50 times?

; If prewrite-verify executed 50 times, branch to ABEND1
; Prewrite again

; Address +1 — R3

; Top address of next block

; Last address?

; If not last address, prewrite next address
; Used to test R1L+1 bit in RO

; Branch to PRETST

; Erase-verify fail counter
; Set erase loop count
; Erase-verify fail counter + 1 — R6

; Start watchdog timer
; Set erase loop counter
; Set E bit

; Wait loop
@FLMR 8 ;

Clear E bit

; Stop watchdog timer
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; Execute erase-verify

EVR

LOCPEV:

EBRTST:

EBR2EV:

ADDO1:

ERASEL:

LOCPEP:

SBALR
BLKAD:

HANTEI :

408

ADW R
MOV.W  #START,
SBW R

BSET #3,
DEC R4H
BNE LOCPEV
Qw. B #H 0C,
BEQ HANTEI
CwW. B #H 08,
BM EBR2EV
MOV. B RIL,
SUBX #H 08,
BTST R1H
BNE ERSEVF
BRA ADDO1
BTST RIL,
BNE ERSEVF
I NC R1L
MOV. W @+,
BRA EBRTST
BRA ERASE
MOV. W @+,
MOV. B #H FF,
MOV. B R1H
MOV. B #H c,
DEC RAH
BNE LOCPEP

BNE BLKAD
MOV. W are,
aw. W R4,
BNE EVR2
aw. B #H 08,
BM SBCLR
MOV. B RIL,
SUBX #H 08,
BALR R1H,
BRA BLKAD
BCLR RLL,

I NC R1L
BRA EBRTST
BALR #3,
MOV. W RO,
BEQ EOMR

SB8IBA

R1L
RAH

RLL
RiL
R1H

R1H
ROH

ROL

RLL

R1H

ROH

ROL

@LMR 8 ;

@BRL

; Starting transfer destination address (RAM)
; #RAMSTR + #ERVADR - R2

; Address of data area used in RAM

; Used to test R1L bit in RO

; Set erase-verify loop counter
@LMR 8 ;

Set EV bit

; Wait loop
; R1L=H'OC?
; If finished checking all RO bits, branch to HANTEI

; Test EBR1if R1L =8, or EBR2 if R1L <8

; RIL-8 — R1H

; Test R1H bit in EBR1 (ROH)

; If R1H bit in EBR1 (ROH) is 1, branch to ERSEVF
; If R1H bit in EBR1 (ROH) is 0, branch to ADDO1

; Test R1L bitin EBR2 (ROL)

; If R1L bit in EBR2 (ROH) is 1, branch to ERSEVF
; RIL+1 - R1L

;  Dummy-increment R2

; Branch to ERASE via Erase 1
; Top address of block to be erase-verified

;  Dummy write
; Set erase-verify loop counter

; Wait loop

; Read

; Read data = H'FF?

; If read data # H'FF branch to BLKAD
; Top address of next block

; Last address of block?

; Test EBR1if R1L =8, or EBR2 if R1L <8

. RIL-8 - RIH
. Clear R1H bit in EBR1 (ROH)

. Clear R1L bit in EBR2 (ROL)
. RIL+1 -RIL

Clear EV bit

; If EBR1/EBR2 is all 0, erasing ended normally
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BRER MOV. W #H 0BBS, R4

aw. W R4, R6 ; Erase-verify executed 3000 times?
BNE ERASE1 ; If erase-verify not executed 3000 times, erase again
BRA ABEND2 ; If erase-verify executed 3000 times, branch to ABEND2
< Block address table used in erase-verify>
ALICGN 2
ERVADR . DATA W H 0000 ; SBO
.DATA' W H 0080 ; SB1
.DATA W H 0100 ; SB2
.DATA W H 0180 ; SB3
.DATA W H 0200 ; SB4
.DATA W H 0400 ; SB5
. DATA W H 0800 ; SB6
.DATA W H 000 ; SB7
.DATA W H 1000 ; LBO
.DATA W H 2000 ; LB1
.DATA W H 4000 ; LB2
. DATA. W H 6000 ; LB3
. DATA. W H 8000 ; FLASH END

EOMR : Erase end
ABEND2: Erase error

Loop Counter Values in Programs and Watchdog Timer Overflow Interval SettingsThe

setting of #a, #b, #c, #d, and #e values in the programs depends on the clock frequency. Tables
19.9 (1) and (2) indicate sample loop counter settings for typical clock frequencies. However, #e
set according to table 19.10.

As a software loop is used, calculated values including percent errors may not be the same as
actual values. Therefore, the values are set so that the total programming time and total erase ti
do not exceed 1 ms and 30 s, respectively.

The maximum number of writes in the program, N, is set to 50.

Programming and erasing in accordance with the flowcharts is achieved by setting #a, #b, #c, a
#d in the programs as shown in tables 19.9 (1) and (2). #e should be set as shown in table 19.1

Wait state insertion is inhibited in these programs. If wait states are to be used, the setting shou
be made after the program ends. The setting value for the watchdog timer (WDT) overflow time
calculated based on the number of instructions between starting and stopping of the WDT,
including the write time and erase time. Therefore, no other instructions should be added betwe
starting and stopping of the WDT in this program example.
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Table 19.9 (1) #a, #b, #c, and #d Setting Values for Typical Clock Frequencies with
Program Running in the On-Chip Memory (RAM)

Clock Frequency

f=16 MHz f=10 MHz f=8 MHz f=2MHz

Time Counter Counter Counter Counter
Variable Setting  Setting Value Setting Value Setting Value Setting Value
a;, Programmingtime 20 us H'0028 H'0019 H'0014 H'0005
by tvsl 4 pus H'0B H'07 H'06 H'02
Cyp tvs2 2 s H'06 H'04 H'03 H'01
d, Erase time 10 ms H'2710 H'186A H'1388 H'04E2

Table 19.9 (2) #a, #b, #c, and #d Setting Values for Typical Clock Frequencies with
Program Running in the External Device

Clock Frequency

f=16 MHz f=10 MHz f=8 MHz f=2MHz

Time Counter Counter Counter Counter
Variable Setting  Setting Value Setting Value Setting Value Setting Value
a;, Programmingtime 20 us H'000D H'0008 H'0006 H'0001
by tvsl 4 pus H'04 H'03 H'02 H'01
C, tvs2 2 s H'02 H'02 H'01 H'01
d, Erase time 10 ms H'0D05 H'0823 H'0682 H'01A0
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Formula: When using a clock frequency not shown in tables 19.9 (1) and (2), follow the formula
below. The calculation is based on a clock frequency of 10 MHz.

After calculating a(f) and d(f) in the decimal system, omit the first decimal figures, and convert
them to the hexadecimal system, so that a(f) and d(f) are set to 20 ps or less and 10 ms or less,
respectively.

After calculating b(f) and c(f) in the decimal system, raise the first decimal figures, and convert
them to the hexadecimal system, so that b(f) and c(f) are set to 4 us or more and 2 us or more,
respectively.

Clock frequency f [MHz]

a(tod(f)= 0

xa (f=10)tod (f = 10)

Examples for a program running in on-chip memory (RAM) at a clock frequency of 12 MHz:

a)= 2 x 25 = 30 = 30 = HOOLE
10

b= =2 x 7 = 84 = 9 = HOI
10

ch= 22 x 4 = 48 = 5 = HO5
10
12 '

d() = 1> x 6250 = 7500 = 7500 = HDAC

Table 19.10 Watchdog Timer Overflow Interval Settings (#e Setting Value According to
Clock Frequency)

Variable
Clock Frequency [MHz] e ()
10 MHz < frequency < 16 MHz H'A57F
2 MHz < frequency < 10 MHz H'AS7E

411
HITACHI



19.4.7  Prewrite Verify Mode

Prewrite-verify mode is a verify mode used when programming all bits to equalize their threshold
voltages before erasing them.

Program all flash memory to H'00 by writing H'00 using the prewrite algorithm shown in figure
19.10. H'00 should also be written when using RAM for flash memory emulation (when
prewriting a RAM area). (This also applies when using RAM to emulate flash memory erasing
with an emulator or other support tool.) After the necessary programming time has elapsed, exit
program mode (by clearing the P bit to 0) and select prewrite-verify mode (leave the P, E, PV, an
EV bits all cleared to 0). In prewrite-verify mode, a prewrite-verify voltage is applied to the
memory cells at the read address. If the flash memory is read in this state, the data at the read
address will be read. After selecting prewrite-verify mode, wait 4 ps or more before reading.

Note: For a sample prewriting program, see the prewrite subroutine in the sample erasing
program.

19.4.8 Protect Modes

Flash memory can be protected from programming and erasing by software or hardware method
These two protection modes are described below.

Software Protection: Prevents transitions to program mode and erase mode even if the P or E bit
is set in the flash memory control register (FLMCR). Details are as follows.

Function
Protection Description Program Erase Verify !
Block Individual blocks can be protected from erasing Disabled Disabled Enabled

protect and programming by the erase block registers
(EBR1 and EBR2). If H'FO is set in EBR1 and
H'00 in EBR2, all blocks are protected from
erasing and programming.

Emulation ~ When the RAMS or RAMO bit, but not both, is Disabled Disabled™® Enabled
protect™? set in the wait-state control register (WSCR),

all blocks are protected from programming and

erasing.

Notes: *1 Three modes: program-verify, erase-verify, and prewrite-verify.
*2 Except in RAM areas overlapped onto flash memory.
*3 All blocks are erase-disabled. It is not possible to specify individual blocks.
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Hardware Protection: Suspends or disables the programming and erasing of flash memory, and
resets the flash memory control register (FLMCR) and erase block registers (EBR1 and EBR?2).
Details of hardware protection are as follows.

Function

Protection  Description Program Erase Verify !
Programing  When 12 V is not applied to the FV,, pin, Disabled  Disabled® Disabled
voltage (V,,) FLMCR, EBR1, and EBR?2 are initialized,
protect disabling programming and erasing. To obtain

this protection, V,, should not exceed V.."
Reset and When a reset occurs (including a watchdog Disabled  Disabled® Disabled
standby timer reset) or standby mode is entered,
protect FLMCR, EBR1, and EBR2 are initialized,

disabling programming and erasing. Note that

RES input does not ensure a reset unless the

RES pin is held low for at least 20 ms at power-

up (to enable the oscillator to settle), or at least

ten system clock cycles (10g) during operation.
Interrupt To prevent damage to the flash memory, if Disabled Disabled’® Enabled

protect interrupt input occurs while flash memory is
being programmed or erased, programming or
erasing is aborted immediately. The settings in
FLMCR, EBR1, and EBR2 are retained. This
type of protection can be cleared only by a
reset.

Notes: *1 Three modes: program-verify, erase-verify, and prewrite-verify.
*2 All blocks are erase-disabled. It is not possible to specify individual blocks.
*3 For details, see section 19.7, Flash Memory Programming and Erasing Precautions.

19.4.9 Interrupt Handling during Flash Memory Programming and Erasing

If an interrupt occur$ while flash memory is being programmed or erased (while the P or E bit of
FLMCR is set), the following operating states can occur.

e If an interrupt is generated during programming or erasing, programming or erasing is aborte
to protect the flash memory. Since memory cell values after a forced interrupt are
indeterminate, the system will not operate correctly after such an interrupt.

< Program runaway may result because the vector table could not be read correctly in interrup
exception handling during programming or erasure
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For NMI interrupts while flash memory is being programmed or erased, these malfunction and
runaway problems can be prevented by using the RAM overlap function with the settings
described below.

1. Do not store the NMI interrupt-handling routthia the flash memory area (H'0000 to
H'7FFF). Store it elsewhere (in RAM, for example).

2. Set the NMlI interrupt vector in address H'FCO06 in RAM (corresponding to H'0006 in flash
memory).

3. After the above settings, set both the RAMS and RAMO bits to 1 in WSCR.

Due to the setting of step 3, if an interrupt signal is input while 12 V is applied to theiRythe

RAM overlap function is enabled and part of the RAM (H'FCO00 to H'FC7F) is overlapped onto the
small-block area of flash memory (H'0000 to H'007F). As a result, when an interrupt is input, the
vector is read from RAM, not flash memory, so the interrupt is handled normally even if flash
memory is being programmed or erased. This can prevent malfunction and runaway.

Notes: *1 When the interrupt mask bit (1) of the condition control register (CCR) is set to 1, all
interrupts except NMI are masked. For details see (2) in section 2.2.2, Control
Registers.

*2 The vector table might not be read correctly for one of the following reasons:
« If flash memory is read while it is being programmed or erased (while the P or E bit
of FLMCR is set), the correct value cannot be read.
e If no value has been written for the NMI entry in the vector table yet, NMI
exception handling will not be executed correctly.
*3 This routine should be programmed so as to prevent microcontroller runaway.
*4 For details on WSCR settings, see section 19.2.4, Wait-State Control Register.

Notes on Interrupt Handling in Boot Mode: In boot mode, the settings described above
concerning NMI interrupts are carried out, and NMI interrupt handling (but not other interrupt
handling) is enabled while the boot program is executing. Note the following points concerning
the user program.

» If interrupt handling is required
0 Load the NMI vector (H'FB80) into address H'FC06 in RAM (the 38th byte of the
transferred user program should be H'FB80).

O The interrupt handling routine used by the boot program is stored in addresses H'FB80 to
H'FB8F in RAM. Make sure that the user program does not overwrite this area.

» If interrupt handling is not required

Since the RAMS and RAMO bits remain set to 1 in WSCR, make sure that the user program
disables the RAM overlap by clearing the RAMS and RAMO bits both to 0.
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19.5 Flash Memory Emulation by RAM

Erasing and programming flash memory takes time, which can make it difficult to tune paramete
and other data in real time. If necessary, real-time updates of flash memory can be emulated by
overlapping the small-block flash-memory area with part of the RAM (H'FC00 to H'FD7F). This
RAM reassignment is performed using bits 7 and 6 of the wait-state control register (WSCR).

After a flash memory area has been overlapped by RAM, the RAM area can be accessed from t
address areas: the overlapped flash memory area, and the original RAM area (H'FC00 to H'FD7
Table 19.11 indicates how to reassign RAM.

Wait-State Control Register (WSCR}?

Bit 7 6 5 4 3 2 1 0
\ RAMS \ RAMO \ CKDBL‘ — \ WMS1 \ WMSO \ wCl \ WCO \
Initial value™ 0 0 0 0 1 0 0 0

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

Notes: *1 WSCR is initialized by a reset and in hardware standby mode. It is not initialized in
software standby mode.

*2 For details of WSCR settings, see section 19.2.4, Wait-State Control Register (WSCR).

Table 19.11 RAM Area Selection

Bit 7: RAMS Bit 6: RAMO RAM Area ROM Area
0 0 None —
1 H'FC80 to H'FCFF H'0080 to H'O0OFF
1 0 H'FC80 to H'FD7F H'0080 to H'017F
1 H'FCO00 to H'FC7F H'0000 to H'007F
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Example of Emulation of Real-Time Flash-Memory Update

H'0000

HOO7F | __
Small-block / H'0080
area (SB1) | H'OOFF
H'0100 |

Overlapped RAM

Flash memory
address space

H'7FFF

H'FB80
Overlapped (HEC80| |
RAM HFCFF|
On-chip
RAM area
HFF7F

Procedure

1. Overlap part of RAM (H'FC80 to H'FCFF) onto the area requiring real-time update (SB1).
(Set WSCR bits 7 and 6 to 01.)

2. Perform real-time updates in the overlapping RAM.

3. After finalization of the update data, clear the RAM overlap (by clearing the RAMS and
RAMO bits).

4. Read the data written in RAM addresses H'FC80 to H'FCFF out externally, then program
the flash memory area, using this data as part of the program data.

Figure 19.12 Example of RAM Overlap
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Notes on Use of RAM Emulation Function

Notes on Applying, Releasing, and Shutting Off the Programming Voltage (V

Care is necessary to avoid errors in programming and erasing when applying, releasing, anc
shutting off ., just as in the on-board programming modes. In particular, even if the
emulation function is being used, make sure that the watchdog timer is set when the P or E &
of the flash memory control register (FLMCR) has been set, to prevent errors in programming
and erasing due to program runaway whilg i applied.

For details see section 19.7, Flash Memory Programming and Erasing Precautions (5).
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19.6  Flash Memory Writer Mode (H8/3434F)

19.6.1  Writer Mode Setting

The on-chip flash memory of the H8/3434F can be programmed and erased not only in the on-
board programming modes but also in writer mode, using a PROM programmer.

19.6.2  Socket Adapter and Memory Map

Programs can be written and verified by attaching a special 100-pin/32-pin socket adapter to the
PROM programmer. Table 19.12 gives ordering information for the socket adapter. Figure 19.13
shows a memory map in writer mode. Figure 19.14 shows the socket adapter pin interconnection

Table 19.12 Socket Adapter

Microcontroller Package Socket Adapter
HD64F3434F16 100-pin QFP HS3434ESHF1H
HD64F3434TF16 100-pin TQFP HS3434ESNF1H
MCU mode H8/3434F Writer mode
H'0000 H'0000

On-chip ROM area

H'7FFF | H7FFF

1 output

Figure 19.13 Memory Map in Writer Mode
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H8/3434F

Pin No. bin Name (7Ei£ké[A&éb&§777ﬁ
FP-100B, TFP-100B ;
8 STBY/FVpp
7 NMI
18 P95
19 P9,
22 P9,
82 P3,
83 P3,
84 P3,
85 P3,
86 P3,
87 P35
88 P3¢
89 P3;
79 P,
78 Pl
77 P1,
76 P1,
75 P1,
74 P1s
73 Plg
72 P1,
67 P2,
66 P2,
65 P2,
64 P23
63 P2,
62 P25
61 P2
60 P2; :
24, 25, 29, P9y, P9, P63,
32,16 P6,, P9,
5, 6, 23,35 MD;, MDg, P9, P6; |—
36, 37 AVt AVce
4,9,59 VeeB, Vee
46 AVss
15, 70, 71, 92 Vss
P e [ roverr,
2,3 XTAL, EXTAL
Other pins NC (OPEN) b

HN28F101 (32 Pins)
Pin Name Pin No.
Vpp 1
FAg 26
FA1g 2
FA15 3
WE 31
FOq 13
FO, 14
FO, 15
FO3 17
FOy4 18
FOs 19
FOg 20
FO- 21
FAo 12
FA; 11
FA, 10
FA3 9
FA, 8
FAs 7
FAg 6
FA7 5
FAg 27
OE 24
FA1o 23
FA11 25
FA1» 4
FA13 28
FA14 29
CE 22
Vee 32
Vss 16
Legend:
Vpp! Programming power supply
FO;to FOqy: Data input/output
FA16to FAg: Address input
OE: Output enable
E Chip enable
WE: Write enable

Figure 19.14 Wiring of Socket Adapter
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19.6.3  Operation in Writer Mode

The program/erase/verify specifications in writer mode are the same as for the standard
HN28F101 flash memory. However, since the H8/3434F does not support product name
recognition mode, the programmer cannot be automatically set with the device name. Table 19.1
indicates how to select the various operating modes.

Table 19.13 Operating Mode Selection in Writer Mode

Pins
Mode FVee V.. ©CE ©OE WE D,toD, A t0A,
Read Read Vee Ve L L H Data output Address input
Output Vee Vee L H H High impedance
disable
Standby V. Ve H X X High impedance
Command Read Voo Ve L L Data output
write Output Ve Ve L H High impedance
disable
Standby V. Ve H X X High impedance
Write Voo Vee L H L Data input

Note: Be sure to set the FV,, pin to V. in these states. If it is set to 0 V, hardware standby mode
will be entered, even when in writer mode, resulting in incorrect operation.

Legend:

L: Low level
H: High level
Voot Vo level
Voo Ve level
X: Don’t care
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Table 19.14 Writer Mode Commands

1st Cycle 2nd Cycle
Command Cycles Mode Address  Data Mode Address  Data
Memory read 1 Write X H'00 Read RA Dout
Erase setup/erase 2 Write X H'20 Write X H'20
Erase-verify 2 Write EA H'A0 Read X EVD
Auto-erase setup/ 2 Write X H'30 Write X H'30
auto-erase
Program setup/ 2 Write X H'40 Write PA PD
program
Program-verify 2 Write X H'CO Read X PVD
Reset 2 Write X H'FF Write X H'FF
PA: Program address
EA: Erase-verify address
RA: Read address
PD:  Program data
PVD: Program-verify output data
EVD: Erase-verify output data
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High-Speed, High-Reliability Programming: Unused areas of the H8/3434F flash memory
contain H'FF data (initial value). The H8/3434F flash memory uses a high-speed, high-reliability
programming procedure. This procedure provides enhanced programming speed without
subjecting the device to voltage stress and without sacrificing the reliability of programmed data.
Figure 19.15 shows the basic high-speed, high-reliability programming flowchart. Tables 19.15
and 19.16 list the electrical characteristics during programming.

| Set Vpp = 12.0 V 0.6 V |

| Address =0 |

| Program setup command |

| Program command |
| Wait (‘25 us) |
| Program-ver‘ify command |
| wai o |

Address + 1 - address |
A

No go

Verification?

No

| Set Vpp = VCC |

End

Figure 19.15 High-Speed, High-Reliability Programming
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High-Speed, High-Reliability Erasing: The H8/3434F flash memory uses a high-speed, high-
reliability erasing procedure. This procedure provides enhanced erasing speed without subjectir
the device to voltage stress and without sacrificing data reliability. Figure 19.16 shows the basic
high-speed, high-reliability erasing flowchart. Tables 19.15 and 19.16 list the electrical

characteristics during erasing.

| Program all bits to 0* |

| Address =0 |

>
I —

0 |

-

| n+1l-n |

| Erase setup/erase command |

| Wait (10 ms) |

-

| Erase-verify command |

| Wait (6 pis) |

Go

Address + 1 - address |
A

No

Last address?

Note: * Follow the high-speed, high-reliability programming flowchart in programming all bits. If some bits
are already programmed to 0, program only the bits that have not yet been programmed.

Figure 19.16 High-Speed, High-Reliability Erasing

423
HITACHI



Table 19.15 DC Characteristics in Writer Mode

(Conditions: . =5.0 V £10%, ¥-=12.0V £0.6 V, s= 0V, T, = 25°C £5°C)

Item Symbol  Min Typ Max Unit  Test Conditions
Input high FO, to FO,, V, 2.2 — Ve+03 V
voltage FAs to FA,,
OE, CE, WE
Input low FO, to FO,, A -03 — 0.8 \Y,
voltage FA, 1o FA,,
OE, CE, WE
Output high FO, to FO, Vou 2.4 — — \% loy =—200 pA
voltage
Output low FO,to FO, A — — 0.45 \Y, lop = 1.6 MA
voltage
Input leakage  FO, to FO,, |1, ] — — 2 A Vin=01to V.
current FA, to FA,,
OE, CE, WE
V¢ current Read lec — 40 80 mA
Program lee — 40 80 mA
Erase lec — 40 80 mA
FV.. current Read lop — — 10 HA Vo, =5.0V
— 10 20 mA V=126V
Program lop — 20 40 mA Ve =126V
Erase lop — 20 40 mA Ve =126 V
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Table 19.16 AC Characteristics in Writer Mode

(Conditions: V. =5.0 V £10%, ¥=12.0V 0.6 V, \{s= 0V, T,= 25°C +5°C)

Item Symbol Min  Typ Max Unit Test Conditions
Command write cycle tewe 120 — — ns Figure 19.17
Address setup time ths 0 — — ns Figure19.18
Address hold time tan 60 — — ns Figure 19.19
Data setup time tos 50 — — ns

Data hold time ton 10 — — ns

CE setup time tees 0 — — ns

CE hold time teen 0 — — ns

V., setup time tups 100 — — ns

V, hold time tupn 100 — — ns

WE programming pulse width twer 70 — — ns

WE programming pulse high time twen 40 — — ns

OE setup time before command write  toqs 0 — — ns

OE setup time before verify toers — — us

Verify access time tya — — 500 ns

OE setup time before status polling toeps 120 — — ns

Status polling access time tepa — — 120 ns

Program wait time topw 25 — — ns

Erase wait time ter 9 — 11 ms

Output disable time tor 0 — 40 ns

Total auto-erase time tper 0.5 — 30 S

Note: CE, OE, and WE should be high during transitions of V,, from 5 V to 12 V and from 12 V to

5V.

* Input pulse level: 0.45V to 2.4V

Input rise time and fall time <10 ns

Timing reference levels: 0.8 V and 2.0 V for input; 0.8 V and 2.0 V for output

HITACHI
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, Auto-erase and status polling

L}
|

Auto-erase setup

50V

Vee

CQRUX XX XXX KX KKK KX KX KXAKXXIAXK)

Address

CE
OE
WE
1107

Command 1
input

' Command 1
N_input

1/00 to 1/06

Figure 19.17 Auto-Erase Timing
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| Program setup : Program : Program-verify :
Vee 50V —— - - :
v 12v ‘ ‘ ‘ ‘ |
PP | ! ! ! )
50V _/} ! I I el
S Jves ; | ! ‘i

DL 0041001, G AT OO OO OO OO0

|
! | |
| itag B | ;
_ |
cE \ VSR N S\ /'
| ! P — w o | |
I 1 [ - | | | | |
! | Lo ' tcen | i w |
/ot | R ] ' — ! |
| CES
OE Vi i Hewe | i tCESi itCE‘S P i ¢ M
Lot N trpw t:t »‘;uﬂ"l; |
t, am VR tegn itwep! | WEP | t 1\ |
CEWS ™ =4 a—=" [l | | le—>! L/ OERS, | !
i 1 W | W i ‘
‘ L |
WE Uﬁﬂ»u U - Doy
“LM o _tDiH ' toy VA L «DF
tos e | Ipgea!” tos st ! ‘ | |
I | I I -
1107 1Command, ;‘ _Data \( ;‘Cummanm; @Vahdda{a}
)‘ input ‘z N‘ input Z‘ LK mpu‘% output
I ] I ] I i
o o o | i
| | | | | | ! .
i/ \ \/ 5\ I, !
1/00 to 1/06 (Command Data ;CU""“a"ﬂ‘\ I Valid data '
0 input _, input/ N input_/ output
| | h | h |

Note: Program-verify data output values may be intermediate between 1 and O before programming has
been completed.

Figure 19.18 High-Speed, High-Reliability Programming Timing
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Erase setup Erase Erase-verify
T .

-
s XXX v s KAKXIKXIHKIRK

i e

|
I
|
|
t ‘ 1
OE t t tees | lCEH M
i OENS fowe i : E-L‘\ :‘7 " i: 1
I I
tegs vl WEP, > twep | ter 1 twep L&h‘ ! |
i i tCES\:‘—':\ i \: 3 |
i 1 [ | W ) T
Wi A X N/ | |
) ilcen ¢ ol ) T ' otya |
e T
tps—p' «2H bl 1 DH et | i tor
:DS?‘ }‘7 : tps— i :‘* ! fps* ;‘7 ! +4‘ 347
| { { h |
7éommand‘ jCommand \ Command | Valid data 1
Voot o7 N 5 AN N e << ouput
| |

Note: Erase-verify data output values may be intermediate between 1 and 0 before erasing has been completed.

Figure 19.19 Erase Timing

19.7  Flash Memory Programming and Erasing Precautions

Read these precautions before using writer mode, on-board programming mode, or flash memor

emulation by RAM.
(1) Program with the specified voltages and timing.
The rated programming voltage (\sp) of the flash memory is 12.0 V.

If the PROM programmer is set to Hitachi HN28F101 specificatiopswill be 12.0 V. Applying

voltages in excess of the rating can permanently damage the device. Take particular care to ensi

that the PROM programmer peak overshoot does not exceed the rated limit of 13 V.

(2) Before programming, check that the chip is correctly mounted in the PROM
programmer. Overcurrent damage to the device can result if the index marks on the PROM
programmer socket, socket adapter, and chip are not correctly aligned.

(3) Don't touch the socket adapter or chip while programmingTouching either of these can
cause contact faults and write errors.
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(4) Set H'FF as the PROM programmer buffer data for addresses H'8000 to H'1AFFFH.he
H8/3434F PROM size is 32 kbytes. Addresses H'8000 to H'1FFFF always read H'FF, so if H'FF
not specified as programmer data, a verify error will occur.

(5) Notes on applying, releasing, and shutting off the programming voltage £

Note: In this section, the application, release, and shutting-off,0é defined as follows.
Application: A rise in voltage from 4 to 12V + 0.6 V.
Release: A drop in voltage from 12 V + 0.6 V tg.V
Shut-off: ~ No applied voltage (floating).

« Apply the programming voltage () after the rise of ¥, and release }before shutting off
Ve
To prevent unintended programming or erasing of flash memory, in these power-on and
power-off timings, the application, release, and shutting-off@pfivuist take place when the
microcontroller is in a stable operating condition as defined below.

Stable operating condition
O The V. voltage must be stabilized within the rated voltage range$\2.7 V to 5.5 V)*

If Vppis applied, released, or shut off while the microcontrollegsWwoltage is not within
the rated voltage range {¥= 2.7 to 5.5 V)*, since microcontroller operation is unstable,
the flash memory may be programmed or erased by mistake. This can occur eyen if V
0 V. To prevent changes in theMpower supply when M is applied, be sure that the
power supply is adequately decoupled with inserting bypass capacitors.

Note: *Inthe LH version, ¥.=3.0Vto5.5V.

0 Clock oscillation must be stabilized (the oscillation settling time must have elapsed), and
oscillation must not be stopped

When turning on ¥ power, hold th&ES pin low during the oscillation settling time
(tosc1 = 20 ms), and do not apply-Muntil after this time.

O The microcontroller must be in the reset state, or in a state in which a reset has ended
normally (reset has been released) and flash memory is not being accessed

Apply or release ¥ either in the reset state, or when the CPU is not accessing flash
memory (when a program in on-chip RAM or external memory is executing). Flash
memory cannot be read normally at the instant wheris\applied or released. Do not read
flash memory while ¥ is being applied or released.

For a reset during operation, apply or releageovily after theRES pin has been held low
for at least ten system clock cycles (102).
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O The P and E bits must be cleared in the flash memory control register (FLMCR)
When applying or releasingpy, make sure that the P or E bit is not set by mistake.
1 No program runaway
When V., is applied, program execution must be supervised, e.g. by the watchdog timer.

These power-on and power-off timing requirements should also be satisfied in the event of
a power failure and in recovery from a power failure. If these requirements are not
satisfied, overprogramming or overerasing may occur due to program runaway etc., which
could cause memory cells to malfunction.

» The Vpflag is set and cleared by a threshold decision on the voltage applied to-therEV
The threshold level is between approximatefy ¥ 2 V to 11.4 V.

When this flag is set, it becomes possible to write to the flash memory control register
(FLMCR) and the erase block registers (EBR1 and EBR2), even though:theltdge may
not yet have reached the programming voltage range of 12.0 + 0.6 V.

Do not actually program or erase the flash memory uptihds reached the programming
voltage range.

The programming voltage range for programming and erasing flash memory is 12.0 + 0.6 V
(11.4 V to 12.6 V). Programming and erasing cannot be performed correctly outside this range
When not programming or erasing the flash memory, ensure thattheltage does not

exceed the ¥ voltage. This will prevent unintended programming and erasing.

In this chip, the same pin is used §BY and F\i,. When this pin is driven low, a transition

is made to hardware standby mode. This happens not only in the normal operating modes
(modes 1, 2, and 3), but also when programming the flash memory with a PROM programmet
When programming with a PROM programmer, therefore, use a programmer which sets this
pin to the \{. level when not programming (EM12 V).
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tosc1 >
A AN
2.7t05.5V" ----
Vee » 0 pusmin 0 ps min fe—-»
1240.6 V|-
Vec+2V1011.4Vi -+ |
Vpp «—= 0 ps min
VeeV -
Boot mode Timing at which boot
program branches
to RAM area
12+06V--F----=---
Vep
VeeV---pbrvmo———7H/4 0to VeV
User program
mode
RES
Min 10g
(when RES is low)
Periods during which the Vpp flag is being set or
cleared and flash memory must not be accessed
Note: * In the LH version, V. =3.0Vt05.5V.

Figure 19.20 V., Power-On and Power-Off Timing
(6) Do not apply 12 V to the F, pin during normal operation.

To prevent accidental programming or erasing due to microcontroller program runaway etc., apy
12 V to the \¢p pin only when the flash memory is programmed or erased, or when flash memory
is emulated by RAM. Overprogramming or overerasing due to program runaway can cause
memory cells to malfunction. Avoid system configurations in which 12 V is always applied to the
FVpp pin.

While 12 V is applied, the watchdog timer should be running and enabled to halt runaway
program execution, so that program runaway will not lead to overprogramming or overerasing.
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(7) Design a current margin into the programming voltage (V) power supply.Ensure that
Ve Will not depart from 12.0 £0.6 V (11.4 V to 12.6 V) during programming or erasing.
Programming and erasing may become impossible outside this range.

(8) Ensure that peak overshoot does not exceed the rated value at the,F&nd MD, pins.
Connect decoupling capacitors as close to thg Bhd MD, pins as possible.

Also connect decoupling capacitors to the Mi in the same way when boot mode is used.

12V O FVpp

1.0 pF 0.01 pF

H8/3434F

12V O MD;

Vb
¥

1.0 uF 0.01 pF

P

Note: Also connect decoupling capacitors to the MD; pin in the same way when boot mode is used.

Figure 19.21 \., Power Supply Circuit Design (Example)

(9) Use the recommended algorithms for programming and erasing flash memorjhese
algorithms are designed to program and erase without subjecting the device to voltage stress ant
without sacrificing the reliability of programmed data.

Before setting the program (P) or erase (E) bit in the flash memory control register (FLMCR), set
the watchdog timer to ensure that the P or E bit does not remain set for more than the specified
time.

(10) For details on interrupt handling while flash memory is being programmed or erased, see th
notes on NMI interrupt handling in section 19.4.9, Interrupt Handling during Flash Memory
Programming and Erasing.
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(11) Cautions on Accessing Flash Memory Control Registers

1.

Flash memory control register access state in each operating mode

The H8/3434F has flash memory control registers located at addresses H'FF80 (FLMCR),
H'FF82 (EBR1), and H'FF83 (EBR2). These registers can only be accessed when 12 V is
applied to the flash memory program power supply pin-FV

Table 19.17 shows the area accessed for the above addresses in each mode, when 12 V is
is not applied to F\.

Table 19.17 Area Accessed in Each Mode with 12V Applied and Not Applied to EY

Mode 1 Mode 2 Mode 3
12 V applied Reserved area Flash memory control Flash memory control
to FV,, (always H'FF) register (initial value H'80)  register (initial value
H'80)
12 V not applied External address  |External address space Reserved area
to FVpp space (always H'FF)
2. When a flash memory control register is accessed in mode 2 (expanded mode with on-chip
ROM enabled)
When a flash memory control register is accessed in mode 2, it can be read or written to if 12
V is being applied to FM, but if not, external address space will be accessed. It is therefore
essential to confirm that 12 V is being applied to thedpih before accessing these registers.
3. To check for 12 V application/non-application in mode 3 (single-chip mode)

When address H'FF80 is accessed in mode 3, if 12 V is being appliedtd-EMCR is
read/written to, and its initial value after reset is H'80. When 12 V is not being appliedso FV
FLMCR is a reserved area that cannot be modified and always reads H'FF. Since bit 7
(corresponding to the¢bit) is set to 1 at this time regardless of whether 12 V is applied to
FVep, application or release of 12 V to fMannot be determined simply from the 0 or 1 status
of this bit. A byte data comparison is necessary to check whether 12V is being applied. The
relevant coding is shown below.

LABEL1: MOV.B @ FF80, RIL
CWP. B #H FF, R1L
BEQ LABEL1

Sample program for detection of 12 V application to FV,, (mode 3)
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Table 19.18 DC Characteristics of Flash Memory

Conditions: Ve =2.7V 1055V, AV =2.7V105.5V, AV, = 2.7 V t0 AV 2,
Vss=AVss=0V, Vpp=12.0£ 0.6 V, T=-20°C to +75°C (regular specifications),
T,=-40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
High-voltage FVep, MD, Vy, Veet2 — 114 V
(12 V) threshold
level ™
FV,, current Duringread | — — 10 HA Vo =2.7t1055V
— 10 20 mA V=126V
During — 20 40 mA
programming
During — 20 40 mA
erasure

Notes: *1 The listed voltages describe the threshold level at which high-voltage application is
recognized. In boot mode and while flash memory is being programmed or erased, the
applied voltage should be 12.0V £ 0.6 V.

*2 In the LH version, V.. =3.0Vto 55V, AV,.=3.0Vto 55V, AV, =3.0Vto AV_.
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Table 19.19 AC Characteristics of Flash Memory

Conditions: W.c=2.7V1t055V, AV, =2.7V1055W, AV =27V to AV,
Vss=AVss=0V, Ve =12.0£ 0.6 V, T=-20°C to +75°C (regular specifications),
T,=-40°C to +85°C (wide-range specifications)

Iltem Symbol  Min Typ Max Unit  Test Conditions
Programming time™ " tp — 50 1000 s

Erase time™""® te — 1 30 S

Number of writing/erasing count  Nec — — 100 Times

Verify setup time 1™ tyes 4 — — us

Verify setup time 2™ tye, 2 — — us

Flash memory read setup ters 50 — — us V245V
time* 100 —  — V. <45V

Notes: *1 Set the times following the programming/erasing algorithm shown in section 19.

*2 The programming time is the time during which a byte is programmed or the P bit in the
flash memory control register (FLMCR) is set. It does not include the program-verify
time.

*3 The erase time is the time during which all 32-kbyte blocks are erased or the E bit in the
flash memory control register (FLMCR) is set . It does not include the prewrite time
before erasure or erase-verify time.

*4 After power-on when using an external colck source, after return from standby mode, or
after switching the programming voltage (V,,) from 12 V to V.., make sure that this read
setup time has elapsed before reading flash memory.

When V., is released, the flash memory read setup time is defined as the period from
when the FV,, pin has reached V.. + 2 V until flash memory can be read.

*5 In the LH version, V.. =3.0Vto 5.5V, AV, . =3.0Vto 55V, AV,,=3.0 Vto AV,.

ref
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Section 20 ROM
(60-kbyte Dual-Power-Supply Flash Memory Version)

20.1  Flash Memory Overview

20.1.1 Flash Memory Operating Principle
Table 20.1 illustrates the principle of operation of the H8/3437F'’s on-chip flash memory.

Like EPROM, flash memory is programmed by applying a high gate-to-drain voltage that draws
hot electrons generated in the vicinity of the drain into a floating gate. The threshold voltage of &
programmed memory cell is therefore higher than that of an erased cell. Cells are erased by
grounding the gate and applying a high voltage to the source, causing the electrons stored in th
floating gate to tunnel out. After erasure, the threshold voltage drops. A memory cell is read like
an EPROM cell, by driving the gate to the high level and detecting the drain current, which
depends on the threshold voltage. Erasing must be done carefully, because if a memory cell is
overerased, its threshold voltage may become negative, causing the cell to operate incorrectly.

Section 20.4.6 shows an optimal erase control flowchart and sample program.
Table 20.1 Principle of Memory Cell Operation

Program Erase Read

=Igni=—=1Rral)

f@
e

Memory vd oV Open  Open vd oV
array
am | - Vep e Y ov R Vee
il i ov Sdl N ov i Al ov
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20.1.2 Mode Programming and Flash Memory Address Space

As its on-chip ROM, the H8/3437F has 60 kbytes of flash memory. The flash memory is
connected to the CPU by a 16-bit data bus. The CPU accesses both byte data and word data in
states.

The H8/3437F’s flash memory is assigned to addresses H'0000 to H'EF7F in mode 2, and
addresses H'0000 to H'F77F in mode 3. The mode pins enable either on-chip flash memory or
external memory to be selected for this area. Table 20.2 summarizes the mode pin settings and
usage of the memory area.

Table 20.2 Mode Pin Settings and Flash Memory Area

Mode Pin Setting

Mode MD, MD, Memory Area Usage

Mode 0 0 0 lllegal setting

Mode 1 0 1 External memory area

Mode 2 1 0 On-chip flash memory area (H'0000 to H'EF7F)
Mode 3 1 1 On-chip flash memory area (H'0000 to H'F77F)

20.1.3 Features
Features of the flash memory are listed below.

» Five flash memory operating modes

The flash memory has five operating modes: program mode, program-verify mode, erase
mode, erase-verify mode, and prewrite-verify mode.

» Block erase designation

Blocks to be erased in the flash memory address space can be selected by bit settings. The
address space includes a large-block area (eight blocks with sizes from 2 kbytes to 12 kbytes
and a small-block area (eight blocks with sizes from 128 bytes to 1 kbyte).

* Program and erase time

Programming one byte of flash memory typically takes 50 ps. Erasing all blocks (60 kbytes)
typically takes 1 s.

» Erase-program cycles
Flash memory contents can be erased and reprogrammed up to 100 times.

e On-board programming modes
These modes can be used to program, erase, and verify flash memory contents. There are tw
modes: boot mode and user programming mode.
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e Automatic bit-rate alignment
In boot-mode data transfer, the H8/3437F aligns its bit rate automatically to the host bit rate
(maximum 9600 bps).

¢ Flash memory emulation by RAM
Part of the RAM area can be overlapped onto flash memory, to emulate flash memory updat
in real time.

* Writer mode

As an alternative to on-board programming, the flash memory can be programmed and eras
in writer mode, using a general-purpose PROM programmer. Program, erase, verify, and oth
specifications are the same as for HN28F101 standard flash memory.

20.1.4  Block Diagram

Figure 20.1 shows a block diagram of the flash memory.

8
< Internal data bus (upper) >
8
< Internal data bus (lower) >
<:>| FLMCR |—>| Bus interface and control section |¢ Operating :MDl
1 (j (j mode MDO
( | EBR1 H'0000 H'0001
EBR2 H'0004 H'0005
On-chip flash memory
(60 kbytes)
H'F77C H'F77D
H'F77E H'F77F
Upper byte Lower byte
(even address) (odd address)
Legend:
FLMCR: Flash memory control register
EBR1: Erase block register 1
EBR2: Erase block register 2
Figure 20.1 Flash Memory Block Diagram
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20.1.5 Input/Output Pins
Flash memory is controlled by the pins listed in table 20.3.

Table 20.3 Flash Memory Pins

Pin Name Abbreviation  Input/Output  Function

Programming power FVepo Power supply  Apply 12.0 V

Mode 1 MD, Input H8/3437F operating mode setting
Mode 0 MD, Input H8/3437F operating mode setting
Transmit data TxD, Output SCI1 transmit data output
Receive data RxD, Input SCI1 receive data input

The transmit data and receive data pins are used in boot mode.

20.1.6  Register Configuration
The flash memory is controlled by the registers listed in table 20.4.

Table 20.4 Flash Memory Registers

Name Abbreviation R/W Initial Value Address
Flash memory control register FLMCR R/W™? H'00™? FF80
Erase block register 1 EBR1 R/W H'00"? FF82
Erase block register 2 EBR2 R/W™ H'00"* FF83
Wait-state control register™ WSCR R/W H'08 FFC2

Notes: *1 The wait-state control register controls the insertion of wait states by the wait-state
controller, frequency division of clock signals for the on-chip supporting modules by the
clock pulse generator, and emulation of flash-memory updates by RAM in on-board
programming mode.

*2 In modes 2 and 3 (on-chip flash memory enabled), the initial value is H'00 for FLMCR,
EBR1 and EBR2. In mode 1 (on-chip flash memory disabled), these registers cannot be
modified and always read H'FF.

Registers FLMCR, EBR1, and EBR2 are only valid when writing to or erasing flash memory, and
can only be accessed while 12 V is being applied to the |BiW. When 12 V is not applied to the
FVep pin, in mode 2 addresses H'FF80 to H'FF83 are external address space, and in mode 3 the:
addresses cannot be modified and always read H'FF.
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20.2  Flash Memory Register Descriptions

20.2.1  Flash Memory Control Register (FLMCR)

FLMCR is an 8-bit register that controls the flash memory operating modes. Transitions to
program mode, erase mode, program-verify mode, and erase-verify mode are made by setting |
in this register. FLMCR is initialized to H'00 by a reset, in the standby modes, and when 12 V is
not applied to F¥. When 12 V is applied to the EMoin, a reset or entry to a standby mode
initializes FLMCR to H'80.

Bit 7 6 5 4 3 2 1 0
Ve | = | = [ = e [ ] e [ P

Initial value* 0 0 0 0 0 0 0 0

Read/Write R — — — R/W* R/W* R/W* R/W*

Note: * The initial value is H'00 in modes 2 and 3 (on-chip flash memory enabled). In mode 1 (on-
chip flash memory disabled), this register cannot be modified and always reads H'FF. For
information on accessing this register, refer to in section 20.7, Flash Memory Programming
and Erasing Precautions (11).

Bit 7—Programming Power (Vpp): This status flag indicates that 12 V is applied to thepin.
Refer to section 20.7, Flash Memory Programming and Erasing Precautions (5), for details on u

Bit7: V. Description
0 Cleared when 12 V is not applied to FV,, (Initial value)
1 Set when 12 V is applied to FV,,

Bits 6 to 4—ReservedRead-only bits, always read as 0.

Bit 3—Erase-Verify Mode (EV):™ Selects transition to or exit from erase-verify mode.

Bit 3: EV Description
0 Exit from erase-verify mode (Initial value)
1 Transition to erase-verify mode

Bit 2—Program-Verify Mode (PV):™ Selects transition to or exit from program-verify mode.

Bit 2: PV Description
0 Exit from program-verify mode (Initial value)
1 Transition to program-verify mode

441
HITACHI



Bit 1—Erase Mode (E)™ " Selects transition to or exit from erase mode.

Bit1l: E Description
0 Exit from erase mode (Initial value)
1 Transition to erase mode

Bit 0—Program Mode (P)™* ™ Selects transition to or exit from program mode.

BitO: P Description
0 Exit from program mode (Initial value)
1 Transition to program mode

Notes: *1 Do not set two or more of these bits simultaneously. Do not release or shut ¢ff the V
or Vpp power supply when these bits are set.
*2 Set the P or E bit according to the instructions given in section 20.4, Programming and
Erasing Flash Memory.
Set the watchdog timer beforehand to make sure that these bits do not remain set for
longer than the specified times.

For notes on use, see section 20.7, Flash Memory Programming and Erasing
Precautions.

20.2.2 Erase Block Register 1 (EBR1)

EBRL1 is an 8-bit register that designates large flash-memory blocks for programming and erasur
EBRL1 is initialized to H'00 by a reset, in the standby modes, and when 12 V is not appligd to FV

pin. When a bit in EBRL1 is set to 1, the corresponding block is selected and can be programmed
and erased. Figure 20.2 and table 20.6 show details of a block map.

Bit 7 6 5 4 3 2 1 0
‘ LB7 ‘ LB6 ‘ LB5 ‘ LB4 ‘ LB3 ‘ LB2 ‘ LB1 ‘ LBO ‘
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™

Notes: *1 The initial value is H'00 in modes 2 and 3 (on-chip ROM enabled). In mode 1 (on-chip
ROM disabled), this register cannot be modified and always reads H'FF.

*2 This bit cannot be modified mode 2.

For information on accessing this register, refer to in section 20.7, Flash Memory
Programming and Erasing Precautions (11).
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Bits 7 to 0—Large Block 7 to 0 (LB7 to LB0O):These bits select large blocks (LB7 to LBO) to be
programmed and erased.

Bits 7 to O:

LB7 to LBO Description

0 Block (LB7 to LBO) is not selected (Initial value)
1 Block (LB7 to LBO) is selected

20.2.3  Erase Block Register 2 (EBR2)

EBR?2 is an 8-bit register that designates small flash-memory blocks for programming and erasu
EBR?2 is initialized to H'00 by a reset, in the standby modes, and when 12 V is not appligd to FV
pin. When a bit in EBR2 is set to 1, the corresponding block is selected and can be programme
and erased. Figure 20.2 and table 20.6 show a block map.

Bit 7 6 5 4 3 2 1 0
\ SB7 \ SB6 \ SB5 \ SB4 \ SB3 \ SB2 \ SB1 \ SBO \
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: * The initial value is H'00 in modes 2 and 3 (on-chip ROM enabled). In mode 1 (on-chip ROM
disabled), this register cannot be modified and always reads H'FF.

For information on accessing this register, refer to in section 20.7, Flash Memory
Programming and Erasing Precautions (11).

Bits 7 to 0—Small Block 7 to 0 (SB7 to SBO)Yhese bits select small blocks (SB7 to SBO) to be
programmed and erased.

Bits 7 to O:

SB7 to SBO Description

0 Block (SB7 to SBO) is not selected (Initial value)
1 Block (SB7 to SBO) is selected

443
HITACHI



20.2.4  Wait-State Control Register (WSCR)

WSCR is an 8-bit readable/writable register that enables flash-memory updates to be emulated ir
RAM. It also controls frequency division of clock signals supplied to the on-chip supporting
modules and insertion of wait states by the wait-state controller.

WSCR is initialized to H'08 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
\ RAMS \ RAMO \ CKDBL‘ — \ WMS1 \ WMSO \ wC1 \ WCo \
Initial value 0 0 0 0 1 0 0 0

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

Bits 7 and 6—RAM Select and RAMO (RAMS and RAMO):These bits are used to reassign an
area to RAM (see table 20.5). These bits are write-enabled and their initial value is 0. They are
initialized by a reset and in hardware standby mode. They are not initialized in software standby
mode.

If only one of bits 7 and 6 is set, part of the RAM area can be overlapped onto the small-block
flash memory area. In that case, access is to RAM, not flash memory, and all flash memory block
are write/erase-protected (emulation protgcin this state, the mode cannot be changed to

program or erase mode, even if the P bit or E bit in the flash memory control register (FLMCR) is
set (although verify mode can be selected). Therefore, clear both of bits 7 and 6 before
programming or erasing the flash memory area.

If both of bits 7 and 6 are set, part of the RAM area can be overlapped onto the small-block flash
memory area, but this overlapping begins only when an interrupt signal is input while 12 V is
being applied to the Ry pin. Up until that point, flash memory is accessed. Use this setting for
interrupt handling while flash memory is being programmed or efased.

Table 20.5 RAM Area Reassignmerit

Bit 7: RAMS Bit 6: RAMO RAM Area ROM Area
0 0 None —
1 H'F880 to H'F8FF H'0080 to H'00FF
1 0 H'F880 to H'F97F H'0080 to H'017F
1 H'F800 to H'F87F H'0000 to H'007F
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Bit 5—Clock Double (CKDBL): Controls frequency division of clock signals supplied to the on-
chip 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, WMSO0)
Bits 1 and 0—Wait Count 1 and 0 (WC1, WCO0)

These bits control insertion of wait states by the wait-state controller. For details, see section 5,
Wait-State Controller.

Notes: *1 For details on emulation protect, see section 20.4.8, Protect Modes.

*2 For details on interrupt handling during programming and erasing of flash memory, se
section 20.4.9, Interrupt Handling during Flash Memory Programming and Erasing.

*3 RAM area that overlaps flash memory.
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Small block H0000 F0000 | SBO 128 bytes
mire;’c SB7 to SBO SB1 128 bytes
(4 kbytes) 4 kbytes SB2 128 bytes

H'OFFF H'01FF| SB3 128 bytes
H'1000 H'0200
Large block
area LBO SB4
(58 kbytes) 4 kbytes 512 bytes
H'1FFF H'03FF
H'2000 H'0400
LB1 SB5
8 kbytes 1 kbyte
H'3FFF H'07FF
H'4000 H'0800
LB2 SB6
8 kbytes 1 kbyte
H'SFFF H'OBFF
H'6000 H'0C00
LB3 SB7
8 kbytes 1 kbyte
H'7FFF H'OFFF
H'8000
LB4
8 kbytes
H'OFFF
H'A000
LB5
8 kbytes
H'BFFF
H'C000
LB6
12 kbytes
HEF7F
H'EF80 LB7
HF77F 2 kbytes
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Table 20.6 Erase Blocks and Corresponding Bits

Register Bit Block Address Size

EBR1 0 LBO H'1000 to H'1FFF 4 kbytes
1 LB1 H'2000 to H'3FFF 8 kbytes
2 LB2 H'4000 to H'5FFF 8 kbytes
3 LB3 H'6000 to H'7FFF 8 kbytes
4 LB4 H'8000 to H'9FFF 8 kbytes
5 LB5 H'A000 to H'BFFF 8 kbytes
6 LB6 H'C000 to H'EF7F 12 kbytes
7 LB7 H'EF80 to H'F77F 2 kbytes

EBR2 0 SBO H'0000 to H'007F 128 bytes
1 SB1 H'0080 to H'0O0FF 128 bytes
2 SB2 H'0100 to H'017F 128 bytes
3 SB3 H'0180 to H'O1FF 128 bytes
4 SB4 H'0200 to H'03FF 512 bytes
5 SB5 H'0400 to H'07FF 1 kbyte
6 SB6 H'0800 to H'OBFF 1 kbyte
7 SB7 H'0CO00 to H'OFFF 1 kbyte

20.3  On-Board Programming Modes

When an on-board programming mode is selected, the on-chip flash memory can be programm:
erased, and verified. There are two on-board programming modes: boot mode, and user
programming mode. These modes are selected by inputs at the mode pjren@NdD)) and

FVep pin. Table 20.7 indicates how to select the on-board programming modes. For details on
applying voltage ¥, refer to section 20.7, Flash Memory Programming and Erasing Precautions

).
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Table 20.7 On-Board Programming Mode Selection

Mode Selections FV o MD, MD, Notes

Boot mode Mode 2 12 v* 12 v* 0 0:V,
Mode 3 12 v* 1 1:V,,

User programming Mode 2 1 0

mode Mode 3 1 1

Note: * For details on the timing of 12 V application, see notes 6 to 8 in the Notes on Use of Boot
Mode at the end of this section.

In boot mode, the mode control register (MDCR) can be used to monitor the mode (mode 2
or 3) in the same way as in normal mode.

Example: Set the mode pins for mode 2 boot mode (MD, =12 V, MD, =0 V).

If the mode select bits of MDCR are now read, they will indicate mode 2 (MDS1 =1,
MDSO = 0).

20.3.1 Boot Mode

To use boot mode, a user program for programming and erasing the flash memory must be
provided in advance on the host machine (which may be a personal computer). Serial
communication interface channel 1 is used in asynchronous mode. If the H8/3437F is placed in
boot mode, after it comes out of reset, a built-in boot program is activated. This program starts by
measuring the low period of data transmitted from the host and setting the bit rate register (BRR)
accordingly. The H8/3437F’s built-in serial communication interface (SCI) can then be used to
download the user program from the host machine. The user program is stored in on-chip RAM.

After the program has been stored, execution branches to address H'F7EOQ in the on-chip RAM,
and the program stored on RAM is executed to program and erase the flash memory.

H8/3437F
Receive data to be programmed
RXDl
HOST Transmit verification data SC
B TXDl

Figure 20.3 Boot-Mode System Configuration
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Boot-Mode Execution Procedure:Figure 20.4 shows the boot-mode execution procedure.

( Start ) 1. Program the H8/3437F pins for boot mode, and start the
‘ H8/3437F from a reset.
) 2. Set the host's data format to 8 bits + 1 stop bit, select the
1 Program HE/34S7F:pins for boot mode, desired bit rate (2400, 4800, or 9600 bps), and transmit
I H'00 data continuously.
2 Host transmits H'00 data continuously 3. The H8/3437F repeatedly measures the low period of the
at desired bit rate RxD1 pin and calculates the host's asynchronous-
‘ communication bit rate.
H8/3437F measures low period . . .
of H'00 data transmitted from host 4. When SCI bit-rate alignment is completed, the H8/3437F
3 T transmits one H'00 data byte to indicate completion of
H8/3437F computes bit rate and alignment.
sets bit rate register 5. The host should receive the byte transmitted from the
— ‘ - H8/3437F to indicate that bit-rate alignment is completed,
4 A;T:r:dcsoomnpée::%%%g{:fy?é‘%g?g;"t (')"ﬁ]/gi‘ézg check that this byte is received normally, then transmit one
that alignment is completed H'S5 byte.
I 6. After receiving H'55, H8/3437F sends part of the boot
Host checks that this byte, indicating program to H'F780 to H'F7DF and H'F800 to H'FF2F of
5 completion of bit-rate alignment, is received RAM.
normally, then transmits one H'55 byte X
I 7. After branching to the boot program area (H'F800 to
After receiving H'55, H8/3437F sends part of H'FF2F) in RAM, the H8/3437F checks whether the flash
6 the boot program to RAM memory already contains any programmed data. If so, all
I blocks are erased.
— H8/3437F branches to the RAM boot 8. After the H8/3437F transmits one H'AA data byte, the host
area (HF800 to H'FF2F), then checks the transmits the byte length of the user program to be
data in the user area of flash memory transferred to the H8/3437F. The byte length must be sent
7 as two-byte data, upper byte first and lower byte second.
After that, the host proceeds to transmit the user program.
As verification, the H8/3437F echoes each byte of the
Erase all flash received byte-length data and user program back to the
L memory blocks*3 *4 host.
9. The H8/3437F stores the received user program in on-chip
_ After checking that QII data in flash memory is HFF, RAM in a 1934-byte area from H'F7EO to H'FF6D.
H8/3437F transmits one H'AA data byte to host
I 10. After transmitting one H'AA data byte, the H8/3437F
8 H8/3437F receives two bytes indicating byte branches to address H'F7EOQ in on-chip RAM and executes
= length (N) of program to be downloaded the user program stored in the area from H'F7EO to
to on-chip RAM™ H'FF6D.
-
HB/3437F transfers one user program Notes: *1 The user can use 1934 bytes of RAM. The number
byte to RAM of bytes transferred must not exceed 1934 bytes.
I Be sure to transmit the byte length in two bytes,
HB8/3437F calculates number of bytes left upper byt§ first and lower byte second. For
9 to be transferred (N = N — 1) example, if the byte length of the program to be
transferred is 256 bytes (H'0100), transmit H'01 as
the upper byte, followed by H'00 as the lower byte.
All bytes transferred? *2 The part of the user program that controls the flash
(N=0?) memory should be coded according to the flash
memory write/erase algorithms given later.
- *3 If a memory cell malfunctions and cannot be
HQgi;gﬁqf;zQﬁﬂigsﬁ.ﬂ%%zn;;?ﬁ? m;st erased, the H8/3437F transmits one H'FF byte to
10 I report an erase error, halts erasing, and halts

H8/3437F branches to H'F7EQ in RAM area and
executes user program downloaded into RAM

further operations.

*4 H'0000 to H'EF7F in mode 2 and H'0000 to H'F77F
in mode 3.

Figure 20.4 Boot Mode Flowchart
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Automatic Alignment of SCI Bit Rate

E.ta” D0 | D1 | D2 | D3 | D4 | D5 | D6 | D7 |Stop

it bit

~ This low period (9 bits) is measured (H'00 data) . o
High for at
least 1 bit

Figure 20.5 Measurement of Low Period in Data Transmitted from Host

When started in boot mode, the H8/3437F measures the low period in asynchronous SCI data
transmitted from the host (figure 20.5). The data format is eight data bits, one stop bit, and no
parity bit. From the measured low period (9 bits), the H8/3437F computes the host’s bit rate. Afte
aligning its own bit rate, the H8/3437F sends the host 1 byte of H'00 data to indicate that bit-rate
alignment is completed. The host should check that this alignment-completed indication is
received normally and send one byte of H'55 back to the H8/3437F. If the alignment-completed
indication is not received normally, the H8/3437F should be reset, then restarted in boot mode to
measure the low period again. There may be some alignment error between the host's and
H8/3437F's bit rates, depending on the host’s bit rate and the H8/3437F's system clock frequenc
To have the SCI operate normally, set the host’s bit rate to 2400, 4800, or 960U digis 20.8

lists typical host bit rates and indicates the clock-frequency ranges over which the H8/3437F can
align its bit rate automatically. Boot mode should be used within these frequency*anges

Table 20.8 System Clock Frequencies Permitting Automatic Bit-Rate Alignment by

H8/3437F
System Clock Frequencies Permitting Automatic Bit-Rate Alignment

Host Bit Rate ™ by H8/3437F

9600 bps 8 MHz to 16 MHz

4800 bps 4 MHz to 16 MHz

2400 bps 2 MHz to 16 MHz

Notes: *1 Use a host bit rate setting of 2400, 4800, or 9600 bps only. No other setting should be

used.

*2 Although the H8/3437F may also perform automatic bit-rate alignment with bit rate and
system clock combinations other than those shown in table 20.8, there will be a slight
difference between the bit rates of the host and the H8/3437F, and subsequent transfer
will not be performed normally. Therefore, only a combination of bit rate and system
clock frequency within one of the ranges shown in table 20.8 can be used for boot
mode execution.
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RAM Area Allocation in Boot Mode: In boot mode, the 96 bytes from H'F780 to H'F7DF and

the 18 bytes from H'FF6E to H'FF7F are reserved for use by the boot program, as shown in figu
20.6. The user program is transferred into the area from H'F7EOQ to H'FF6D (1934 bytes). The b
program area can be used after the transition to execution of the user program transferred into
RAM. If a stack area is needed, set it within the user program.

H'F780
Boot program
area*
(96 bytes)
H'F7EOQ
User program
transfer area
(1934 bytes)
H'FF6E Boot program
*
HEFTF area* (18 bytes)

Note: * This area cannot be used until the H8/3437F starts to execute the user program
transferred to RAM (until it has branched to H'F7EO in RAM). Note that even after the
branch to the user program, the boot program area (H'F780 to H'F7DF, H'FF6E to
H'FF7F) still contains the boot program.

Note also that 16 bytes (H'F780 to H'F78F) of this area cannot be used if an interrupt
handling routine is executed within the boot program. For details see section 20.4.9,
Interrupt Handling during Flash Memory Programming and Erasing.

Figure 20.6 RAM Areas in Boot Mode
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Notes on Use of Boot Mode

1. When the H8/3437F comes out of reset in boot mode, it measures the low period of the input
the SCI's RxD pin. The reset should end with RxBigh. After the reset ends, it takes about
100 states for the H8/3437F to get ready to measure the low period of thanRuD

2. In boot mode, if any data has been programmed into the flash memory (if allsiata
H'FF), all flash memory blocks are erased. Boot mode is for use when user programming moc
is unavailable, e.g. the first time on-board programming is performed, or if the update progran
activated in user programming mode is accidentally erased.

3. Interrupts cannot be used while the flash memory is being programmed or erased.
4. The RxQ and TxD pins should be pulled up on-board.

5. Before branching to the user program (at address H'F7EO in the RAM area), the H8/3437F
terminates transmit and receive operations by the on-chip SCI (by clearing the RE and TE bits
of the serial control register to 0 in channel 1), but the auto-aligned bit rate remains set in bit
rate register BRR. The transmit data output pin (JX®in the high output state (in port 8, the
bits P8 DDR of the port 8 data direction register and PR of the port 8 data register are set
to 1).

At this time, the values of general registers in the CPU are undetermined. Thus these register
should be initialized immediately after branching to the user program. Especially in the case o
the stack pointer, which is used implicitly in subroutine calls, the stack area used by the user
program should be specified.

There are no other changes to the initialized values of other registers.

6. Boot mode can be entered by starting from a reset after 12 V is applied to tlaedB\,
pins according to the mode setting conditions listed in table 20.7. Note the following points
when turning the . power on.

When reset is released (at the rise from low to high), the H8/3437F checks for 12-V input at
the MD, and F\{p pins. If it detects that these pins are programmed for boot mode, it saves tha
status internally. The threshold point of this voltage-level check is in the range from
approximately ¥ + 2 V to 11.4 V, so boot mode will be entered even if the applied voltage is
insufficient for programming or erasure (11.4 V to 12.6 V). When the boot program is
executed, the M power supply must therefore be stabilized within the range of 11.4 V to

12.6 V before the branch to the RAM area occurs. See figure 20.20.

Make sure that the programming voltage ©oes not exceed 12.6 V during the transition to
boot mode (at the reset release timing) and does not go outside the range of 12 V £ 0.6 V whi
in boot mode. Boot mode will not be executed correctly if these limits are exceeded. In
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addition, make sure that.Vis not released or shut off while the boot program is executing or
the flash memory is being programmed or erased.

Boot mode can be released by driving the reset pin low, waiting at least ten system clock
cycles, then releasing the application of 12 V to the, il F\}; pins and releasing the reset.

The settings of external pins must not change during operation in boot mode.

During boot mode, if input of 12 V to the MPin stops but no reset input occurs atRES
pin, the boot mode state is maintained within the chip and boot mode continues (but do not
stop applying 12 V to the R) pin during boot mod¥).

If a watchdog timer reset occurs during boot mode, this does not release the internal mode
state, but the internal boot program is restarted.

Therefore, to change from boot mode to another mode, the boot-mode state within the chip
must be released by a reset input aiRBS pin before the mode transition can take place.

7. If the input level of the MDpin is changed during a reset (e.g., from 0 Vto 5V thento 12 V
while the input to th&®ES pin is low), the resultant switch in the microcontroller's operating
mode will affect the bus control output signadsS( RD, andWR) and the status of ports that
can be used for address outfput

Threfore, either set these pins so that they do not output signals during the reset, or make st
that their output signals do not collide with other signals outside the microcontroller.

8. When applying 12 V to the Mand F\{; pins, make sure that peak overshoot does not exceec
the rated limit of 13 V.

Also, b sure to connect a decoupling capacitor to theg &w MD, pins.

Note: *1 For details on applying, releasing, and shutting ¢ff $ee note (5) in section 20.7,
Flash Memory Programming and Erasing Precautions.

*2 These ports output low-level address signals if the mode pins are set to mode 1 durin
the reset. In all other modes, these ports are in the high-impedance state. The bus
control output signals are high if the mode pins are set for mode 1 or 2 during the rese
In mode 3, they are at high impedance.

*3 H'0000 to H'EF7F in mode 2 and H'0000 to H'F77F in mode 3.
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20.3.2  User Programming Mode

When set to user programming mode, the H8/3437F can erase and program its flash memory by
executing a user program. On-board updates of the on-chip flash memory can be carried out by
providing on-board circuits for supplyingy¥and data, and storing an update program in part of

the program area.

To select user programming mode, select a mode that enables the on-chip ROM (mode 2 or 3) a
apply 12 V to the FY; pin, either during a reset, or after the reset has ended (been released) but
while flash memory is not being accessed. In user programming mode, the on-chip supporting
modules operate as they normally would in mode 2 or 3, except for the flash memory. However,
hardware standby mode cannot be set while 12 V is applied to theiRv

The flash memory cannot be read while it is being programmed or erased, so the update progran
must either be stored in external memory, or transferred temporarily to the RAM area and
executed in RAM.

454
HITACHI



User Programming Mode Execution Procedure (Example)*Figure 20.7 shows the execution
procedure for user programming mode when the on-board update routine is executed in RAM.

Note: * Do not apply 12 V to the R pin during normal operation. To prevent flash memory
from being accidentally programmed or erased due to program runaway etc., apply 12 V
to FV,p Only when programming or erasing flash memory. Overprogramming or
overerasing due to program runaway can cause memory cells to malfunction. While 12 \
is applied, the watchdog timer should be running and enabled to halt runaway program
execution, so that program runaway will not lead to overprogramming or overerasing. Fo
details on applying, releasing, and shutting off, \¥ee section 20.7, Flash Memory

Programming and Erasing Precautions (5).

Set MD; and MDg to 10 or 11 Procedure
apply Vi 10 Vcc 10 1 e flash memory on-board update
1 (apply V| to Ve to MDy) The flash board upd
Start from reset program is written in flash memory ahead
¥ of time by the user.
5 Branch to flash memory 1. Set MD1 and MDO of the H8/3437F to
on-board update program 10 or 11, and start from a reset.
Y 2. Branch to the flash memory on-board

3 Transfer on-board update routine update program in flash memory.

into RAM 3. Transfer the on-board update routine
v into RAM.
4 Branch to flash memory on-board 4. Branch to the on-board update routine
update routine in RAM that was transferred into RAM.
' 5. Apply 12 V to the FVpp pin, to enter
5 FVpp =12V user programming mode.
ser programming mode
(user prog "9 ) 6. Execute the flash memory on-board
Y update routine in RAM, to perform an
Execute flash memory on-board update of the flash memory.
6 on-board update routine in RAM 7. Change the voltage at the FVpp pin
(update flash memory) from 12 V to V¢, to exit user
v programming mode.
7 ~ Release FVpp 8. After the on-board update of flash
(exit user programming mode) memory ends, execution branches to
] an application program in flash
8 Branch to application program memory.
in flash memory*

Note: * After the update is finished, when input of 12 V to the FVpp pin is released, the flash
memory read setup time (trrs) must elapse before any program in flash memory is
executed. This is the required setup time from when the FVpp pin reaches the (V¢ +
2 V) level after 12 V is released until flash memory can be read.

Figure 20.7 User Programming Mode Operation (Example)
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20.4  Programming and Erasing Flash Memory

The H8/3437F’s on-chip flash memory is programmed and erased by software, using the CPU.
The flash memory can operate in program mode, erase mode, program-verify mode, erase-verify
mode, or prewrite-verify mode. Transitions to these modes can be made by setting the P, E, PV,
and EV bits in the flash memory control register (FLMCR).

The flash memory cannot be read while being programmed or erased. The program that controls
the programming and erasing of the flash memory must be stored and executed in on-chip RAM
in external memory. A description of each mode is given below, with recommended flowcharts
and sample programs for programming and erasing.

For details on programming and erasing, refer to section 20.7, Flash Memory Programming and
Erasing Precautions.

20.4.1 Program Mode

To write data into the flash memory, follow the programming algorithm shown in figure 20.8. This
programming algorithm can write data without subjecting the device to voltage stress or impairing
the reliability of programmed data.

To program data, first specify the area to be written in flash memory with erase block registers
EBR1 and EBRZ2, then write the data to the address to be programmed, as in writing to RAM. The
flash memory latches the address and data in an address latch and data latch. Next set the P bit
FLMCR, selecting program mode. The programming duration is the time during which the P bit is
set. The total programming time does not exceed 1 ms. Programming for too long a time, due to
program runaway for example, can cause device damage. Before selecting program mode, set u
the watchdog timer so as to prevent overprogramming. For details of the programming method,
refer to section 20.4.3, Programming Flowchart and Sample Programs.
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20.4.2  Program-Verify Mode

In program-verify mode, after data has been programmed in program mode, the data is read to
check that it has been programmed correctly.

After the programming time has elapsed, exit programming mode (clear the P bit to 0) and selec
program-verify mode (set the PV bit to 1). In program-verify mode, a program-verify voltage is
applied to the memory cells at the latched address. If the flash memory is read in this state, the
data at the latched address will be read. After selecting program-verify mode, wait 4 pus or more
before reading, then compare the programmed data with the verify data. If they agree, exit
program-verify mode and program the next address. If they do not agree, select program mode
again and repeat the same program and program-verify sequence. Do not repeat the program a
program-verify sequence more than 6 times* for the same bit.

Note: * Keep the total programming time under 1 ms for each bit.
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20.4.3

Flowchart for Programming One Byte

Programming Flowchart and Sample Program

Start

Set erase block register
(set bit of block to be programmed to 1)
\
Write data to flash memory (flash
memory latches write
address and data)*!

| n=1 |

| Enable watchdog timer2 |

Select program mode
(P bit = 1 in FLMCR)

|
| Wait (x) s |
\

| Clear P bit

| Disable watchdog timer |

Select program-verify mode
(PV bit = 1 in FLMCR)

Wait (t,s1) ps™ |

Notes:

| End of programming

Verify"3 (read memory)

*1

*2

*3

*4

*5

| Clear PV bit | | Clear

PV bit

Clear erase block register
(clear bit of programmed block to 0)

|
( End (1-byte data programmed) ) <

N?*5

Yes

Write the data to be programmed
with a byte transfer instruction.
Set the timer overflow interval as
follows.
CKS2=0,CKS1=0,CKS0=1
Read the memory data to be
verified with a byte transfer
instruction.
Programming time X, which is
determined by the initial time x 2"1
(n=1,2,3,4,5,6), increases in
proportion to n. Thus, set the initial
time to 15.8 ps or less to make total
programming time 1 ms or less.
tysl: 4 ys or more
N: 6 (set N so that total
programming time does not
exceed 1 ms)

End of verification

( Programming error )

]
| n+l-n |

\
Double programming time
(X X2-X)
——

Figure 20.8 Programming Flowchart
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Sample Program for Programming One Byte:This program uses the following registers.

ROH: Specifies blocks to be erased.

R1H: Stores data to be programmed.

R1L: Stores data to be read.

R3: Stores address to be programmed. Valid address specifications are H'0000 to H'EF7F in
mode 2, and H'0000 to H'F77F in mode 3.

R4: Sets program and program-verify timing loop counters, and also stores register setting
value.

R5: Sets program timing loop counter.

R6L: Used for program-verify fail count.

Arbitrary data can be programmed at an arbitrary address by setting the address in R3 and the
in R1H.

The setting of #a and #b values depends on the clock frequency. Set #a and #b values accordir
tables 20.9 (1) and (2).

FLMCR . EQU H FF80
EBR1: . EQU H FF82
EBR2: . EQU H FF83
TCSR . EQU H FFA8
JALT QN 2
PRGM MOV. B #H **, ROH ;
MOV. B ROH, @BR*: 8 ; Set EBR*
M. B #H 00, R6L ; Program-verify fail counter
MOV. W #H a, RS ; Set program loop counter
MOV. B R1H, @3 . Dummy write
PRQVE: I NC R6L ; Program-verify fail counter + 1 — R6L
MOV. W #H AB79, R4 ;
MOV. W R4, @cCsR ; Start watchdog timer
MOV. W R5, R4 ; Set program loop counter
BSET #0, @LMOR 8 ; SetP bit
LOOPL: SUBS #1, R4 ;
MOV. W R4, R4 ;
BNE LOCP1 ;. Wait loop
BCLR #0, @LMCR 8 ; Clear P bit
MOV. W #H A500, R4 ;
MOV. W R4, @cCsRk ; Stop watchdog timer
MOV. B #H b R4H ; Set program-verify loop counter
BSET #2, @LMIR 8 ; SetPV bit
LOOP2: DEC RAH ;
BNE LOCP2 ;. Wait loop
MOV. B @3, RIL ; Read programmed address
Qw. B R1H, R1L ; Compare programmed data with read data
BEQ PVCK ; Program-verify decision
BCLR #2, @FLMCR 8 : Clear PV bit
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OWw. B #H 06, R6L ; Program-verify executed 6 times?

BEQ NGEND ; If program-verify executed 6 times, branch to NGEND
ADD. W R5, R5 ;  Programming time x 2
BRA PRGAVB ; Program again
PVCK: BCLR #2, @LMCR 8 ; Clear PV bit
MOV. B #H 00, R6L ;
MOV. B R6L, @BR*:8 ; Clear EBR*

One byte programmed

NGEND: Programming error

20.4.4 Erase Mode

To erase the flash memory, follow the erasing algorithm shown in figure 20.9. This erasing
algorithm can erase data without subjecting the device to voltage stress or impairing the reliability
of programmed data.

To erase flash memory, before starting to erase, first place all memory data in all blocks to be
erased in the programmed state (program all memory data to H'00). If all memory data is not in tt
programmed state, follow the sequence described later to program the memory data to zero. Sel
the flash memory areas to be erased with erase block registers 1 and 2 (EBR1 and EBR2). Next
the E bit in FLMCR, selecting erase mode. The erase time is the time during which the E bit is se
To prevent overerasing, use a software timer to divide the time for a single erase, and ensure tha
the total time does not exceed 30 seconds. For the time for a single erase, refer to section 20.4.6
Erase Flowchart and Sample Programs. Overerasing, due to program runaway for example, can
give memory cells a negative threshold voltage and cause them to operate incorrectly. Before
selecting erase mode, set up the watchdog timer so as to prevent overerasing.

20.4.5 Erase-Verify Mode

In erase-verify mode, after data has been erased, it is read to check that it has been erased
correctly. After the erase time has elapsed, exit erase mode (clear the E bit to 0) and select erase
verify mode (set the EV bit to 1). Before reading data in erase-verify mode, write H'FF dummy
data to the address to be read. This dummy write applies an erase-verify voltage to the memory
cells at the latched address. If the flash memory is read in this state, the data at the latched addr¢
will be read. After the dummy write, wait 2 us or more before reading. When performing the

initial dummy write, wait 4 pus or more after selecting erase-verify mode. If the read data has beer
successfully erased, perform an erase-verify (dummy write, wait 2 us or more, then read) for the
next address. If the read data has not been erased, select erase mode again and repeat the sam
erase and erase-verify sequence through the last address, until all memory data has been erase
1. Do not repeat the erase and erase-verify sequence more than 602 times, however.
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20.4.6

Flowchart for Erasing One Block

Erasing Flowchart and Sample Program

Start )

Set erase block register

(set bit of block to be erased to 1)

Write O data in all addresses
to be erased (prewrite)"!

n=1

Enable watchdog timer"?2

Select erase mode
(E bit = 1 in FLMCR)

Wait (x) ms*®

Clear E bit

Disable watchdog timer

Set top address in block
as verify address

Select erase-verify mode
(EV bit = 1 in FLMCR)

Wait (tys1) us*ﬁ

Dummy write to verify address”3
(flash memory latches address)

Wait (t,s2) ps ®

Clear EV bit

Clear erase block register
(clear bit of erased block to 0)

Notes: *1

*2

*3

Erasing
ends

*4

*5

*6

Program all addresses to be erased
by following the prewrite flowchart.
Set the watchdog timer overflow
interval to the value indicated in
table 20.10.
For the erase-verify dummy write,
write H'FF with a byte transfer
instruction.
Read the data to be verified with a
byte transfer instruction. When
erasing two or more blocks, clear
the bits of erased blocks in the
erase block registers, so that only
unerased blocks will be erased
again.
The erase time x is successively
incremented by the initial set value
x2n-1(n =1, 2, 3, 4). After fourth
erasing, the erase time is fixed. An
initial value of 6.25 ms or less
should be set, and the time for one
erasure should be 50 ms or less.
tysl: 4 ps or more
tys2: 2 Hs or more
N: 602 (Set N so that total erase
time does not exceed 30s.)

Clear EV bit

| Erase-verify ends

(

End of block erase

)

Erase error

(

Double erase time

(X x2-X)

Figure 20.9 Erasing Flowchart
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Prewrite Flowchart

( Stfrt )

Set erase block register
(set bit block to be programmed to 1)

| Set start address”™® |

| |

=

Write H'0O to flash memory Notes: *1 Use a byte transfer instruction.
(flash memory latches write address *2  Set the timer overflow interval as
and write data)!

follows.
\ CKS2 =0, CKS1 =0, CKSO0 = 1
| Enable watchdog timer*2 *3 In prewrite-verify mode P, E, PV,

‘ and EV are all cleared to 0 and
12 Vis applied to FVpp. Read the
(S: Isi(t:tzpﬁ?]riTMnéoFg)e data with a byte transfer instruction.
*4 Programming time x, which is
| determined by the inital time x 21
| Wait (x) pus*4 | (n=1,2,3,4,5,6), increases in
‘ proportion to n. Thus, set the initial
: time to 15.8 ps or less to make total
| Clear P bit | End of . programming time 1 ms or less.
‘ programming *5 tysl: 4 ps or more
| Disable watchdog timer | N: 6 (setN so that total
‘ programming time does not
exceed 1 ms)
| *6 Start and last addresses shall be top
and last addresses of the block to be
erased.

| Wait (tys1) ps™>

Prewrite verify*3
(read data = H'00?)

n+l-n |

Double programming time
(X x2-X)

]

( Programming error ) | Address + 1 Address |

Last address?"®

No

Clear erase block register
(clear bit of programmed block to 0)

( End of prewrite )

Figure 20.10 Prewrite Flowchart
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Sample Block-Erase Program:This program uses the following registers.

RO:  Specifies block to be erased, and also stores address used in prewrite and erase-verify.

R1H: Stores data to be read, and also used for dummy write.

R2: Stores last address of block to be erased.

R3: Stores address used in prewrite and erase-verify.

R4: Sets timing loop counters for prewrite, prewrite-verify, erase, and erase-verify, and also
stores register setting value.

R5: Sets prewrite and erase timing loop counters.

R6L: Used for prewrite-verify and erase-verify fail count.

The setting of #a, #b, #c, #d, and #e values in the program depends on the clock frequency. Set
#b, #c, #d, and #e values according tables 20.9 (1) and (2), and 20.10. Erase block registers (E!
and EBR2) should be set according to sections 20.2.2 and 20.2.3. #BLKSTR and #BLKEND are
the top and last addresses of the block to be erased. Set #BLKSTR and #BLKEND according to
figure 20.2.
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FLMR
EBR1:

TCSR

.EQU H FF80
.EQU H FF82
.EQU H FF83
.EQU H FFAS

JALIGN 2
MOV. B #H **,
MOV. B RCH,

RCH
@BR*: 8

; #BLKSTR is top address of block to be erased.
; #BLKEND is last address of block to be erased.

MOV. W #BLKSTR,
MOV. W #BLKEND,

; Execute prewrite

PREVIRT:

PREVRS:

LOCPR1:

LOCPR2:

ABENDL:

PW/FCK:

ADDS #1,
MV.W RO,
MV.B  #H 00,
MV. W  #H a,
INC R6L
MV.B  #H 00
MV.B  RIH
MV. W  #H A579,
MV.W R4,
MV.W RS,

BSET #0,
SUBS #1,

MV. W R4,

BNE LOCPRL
BOLR #0,

MOV. W  #H A500,
MV.W R4,
MV.B  #Hc,
DEC RAH

BNE LOCPR2
MV.B @B,
BEQ PWFCK
OW.B  #H 06,
BEQ ABENDL
ADDW RS

BRA PREWRS

Programming error

ADDS #1,
aw. W R2,
BNE PREVIRT

; Execute erase

ERASES:

464

MOV. W #H 0000,
MOV. W #H d,

RO

@csr

@LMR 8

@LMR 8
@csk

R4H

R1H

R6L

B A8

A8

; Set EBR*

; Top address of block to be erased
; Last address of block to be erased
; Last address of block to be erased +1 — R2

; Top address of block to be erased

;  Prewrite-verify fail counter

; Set prewrite loop counter

;  Prewrite-verify fail counter + 1 — R6L

;. Write H'00

; Start watchdog timer
; Set prewrite loop counter
; Set P bit

; Wait loop
; Clear P bit

; Stop watchdog timer
; Set prewrite-verify loop counter

; Wait loop

; Read data = H'00?

; If read data = H'00 branch to PWVFOK

; Prewrite-verify executed 6 times?

; If prewrite-verify executed 6 times, branch to ABEND1
; Programming time x 2

; Prewrite again

; Address+1 — R3
; Last address?
; If not last address, prewrite next address

; Erase-verify fail counter
; Set erase loop count
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ERASE: ADDS #1, R6 ; Erase-verify fail counter + 1 — R6

MOV. W #H e, R4 ;
MOV. W R4, @cCsR ; Start watchdog timer
MOV. W R5, R4 ; Set erase loop counter
BSET #1, @LMOR 8 ; SetE bit
LOCPE: NCP
NCP
NCP
NCP
SUBS #1, R4 ;
MOV. W R4, R4 ;
BNE LOCPE ;. Wait loop
BCLR #1, @LMR 8 ; Clear E bit
MOV. W #H AS00, R4 ;
MOV. W R4, @CSR ; Stop watchdog timer
; Execute erase-verify
MOV. W RO, R3 ; Top address of block to be erased
MOV. B #H b, R4AH ; Set erase-verify loop counter
BSET #3, @LMIR 8 ; SetEV bit
LOCPEV: DEC RAH ;
BNE LOCPEV ; Wait loop
EVR2: MOV. B #H FF, R1H ;
MOV. B R1H, @3 . Dummy write
MOV. B #H c, R4AH ; Set erase-verify loop counter
LOOPDW  DEC RAH ;
BNE LOOPDW ;. Wait loop
MOV. B @3+, R1H ;. Read
Ow. B #H FF, R1H ; Read data = H'FF?
BNE RERASE ; Ifread data # H'FF, branch to RERASE
aw. W R2, R3 ; Last address of block?
BNE EVR2
BRA CKEND
RERASE: BCLR #3, @LMCR 8 ; Clear EV bit
SUBS #1, R3 ; Erase-verify address — 1 —» R3
MOV. W #H 0004, R4 ;
aw. W R4 R6 ; Erase-verify fail count executed 4 times?
BPL BRER ; If R624, branch to BRER (branch until R6 is 4 to 602)
ADD. W R5, R5 ; If R6<4, Erase time x 2 (execute when R6 is 1, 2, or 3)
BRER MOV. W #H 025A, R4 ;
aw. W R4, R6 ; Erase-verify executed 602 times?
BNE ERASE ; If erase-verify not executed 602 times, erase again
BRA ABEND2 ; If erase-verify executed 602 times, branch to ABEND2
CKEND: BCLR #3, @LMCR 8 ; Clear EV bit
MOV. B #H 00, R6L ;
MOV. B R6L, @BR: 8 ;. Clear EBR*

One block erased

ABEND2: Erase error
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Flowchart for Erasing Multiple Blocks

Start
I

Set erase block registers
(set bits of block to be erased to 1)
I
Write O data to all addresses to be
erased (prewrite)*!
I

Notes: *1 Program all addresses to be erased
by following the prewrite flowchart.
Set the watchdog timer overflow
interval to the value indicated in table
20.10.

For the erase-verify dummy write,
write H'FF with a byte transfer

instruction.

*2

*3

| n=1 | *4 Read the data to be verified with a
[ byte transfer instruction. When
C — erasing two or more blocks, clear the
| Enable watchdog timer | bits of erased blocks in the erase
\ block register, so that only unerased
Select erase mode (E bit = 1 in FLMCR) blocks will pe era§ed agam.
*5 The erase time x is successively
incremented by the initial set value x
| Wait (x)ms*® | 21 (n=1, 2, 3, 4). After fourth
[ i erasing, the erase time is fixed. An
| Clear E bit | Erasing initial value of 6.25 ms or less should
[ ends be set, and the time for one erasure
" - should be 50 ms or less.
| Disable watchdog timer | *6 tysl: 4 s or more
‘ tys2: 2 ps or more
Select erase-verify mode N: 602 (Set N so that total
(EV bit =1 in FLMCR) erase time does not exceed
\ 30s.)
| Wait (tys1) ps*® |
Erase-verify Set top address of block as
next block verify address
}
Dummy write to verify address*3
(flash memory latches address)
\
| Wait (t,e2) Hs™© | |
Erase-verify next block
Verify*4 No go
read data = H'FF?,

Address + 1 - Address

Last address
in block?

Yes

Clear EBR bit of erased block

No All erased blocks

verified?

Clear EV bit

All blocks erased?
(EBR1 = EBR2 = 0?)

End of erase

ed blocks
fied?2

All eras
veri

Double Erase time
(X x2-X)

Figure 20.11 Multiple-Block Erase Flowchart
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Sample Multiple-Block Erase Program:This program uses the following registers.

RO:  Specifies blocks to be erased (set as explained below), and also stores address used in
prewrite and erase-verify.

R1H: Used to test bits 8 to 15 of RO stores register read data, and also used for dummy write.

R1L: Used to test bits O to 15 of RO.

R2: Specifies address where address used in prewrite and erase-verify is stored.

R3: Stores address used in prewrite and erase-verify.

R4: Stores last address of block to be erased.

R5: Sets prewrite and erase timing loop counters.

R6L: Used for prewrite-verify and erase-verify fail count.

Arbitrary blocks can be erased by setting bits in R0O. Write RO with a word transfer instruction.

A bit map of RO and a sample setting for erasing specific blocks are shown next.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RO LB7‘ LB6‘ LBS‘ LB4‘ LBS‘ LBZ‘ LBl‘ LBO SB?‘SBG‘ SBS‘ 334\ SBS‘ SBZ‘ SBl‘SBO
Corresponds to EBR1 Corresponds to EBR2

Example: to erase blocks LB2, SB7, and SBO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RO LB7‘ LBG‘ LBS‘ LB4‘ LB3‘ LBZ‘ LBl‘ LBO SB?‘SBG‘ 555\ 354\ SB3‘ ssz\ SBl‘SBO
Corresponds to EBR1 Corresponds to EBR2

Setting 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1

RO is set as follows:

MOV. W #H 0481, RO
MOV. W RO, @EBR1

The setting of #a, #b, #c, #d, and #e values in the program depends on the clock frequency. Se
#b, #c, #d, and #e values according to tables 20.9 (1), (2), and 20.10.
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Notes: 1. In this sample program, the stack pointer (SP) is set at address FF80. As the stack ar
on-chip RAM addresses FF7E and FF7F are used. Therefore, when executing this
sample program, addresses FF7E and FF7F should not be used. In addition, the on-ct
RAM should not be disabled.

2. In this sample program, the program written in a ROM area (including external space)
is transferred into the RAM area and executed in the RAM to which the program is
transferred. #RAMSTR in the program is the starting destination address in RAM to
which the program is transferred. #RAMSTR must be set to an even number.

3. When executing this sample program in the on-chip ROM area or external space,
#RAMSTR should be set to #START.

FLMCR . RQU H FF80
EBR1.: . EQU H FF82
EBR2: . EQU H FF83
TCSR . EQU H FFA3
STACK: . EQU H FF80
CALIGN 2
START: MOV. W #STACK, SP ; Set stack pointer

; Set the bits in RO following the description on the previous page. This program is a sample program to erase
; all blocks.

MOV. W #H FFFF, RO ; Select blocks to be erased (RO: EBR1/EBR2)

MOV. W RO, @EBRL ; Set EBR1/EBR2

; #RAMSTR is starting destination address to which program is transferred in RAM.
; Set #RAMSTR to even number.

MOV. W #RAMBTR, R2 ; Starting transfer destination address (RAM)

MOV. W #ERVADR, R3 ;

ADD. W R3, R2 ; #RAMSTR + #ERVADR - R2

MOV. W #START, R3 ;

SUB. W R3, R2 : Address of data area used in RAM

MOV. B #H 00, RIL . Used to test R1L bit in RO
PRETST: OW.B #H 10, RIL ; R1L =H'10?

BEQ ERASES ; If finished checking all RO bits, branch to ERASES

CwP. B #H 08, RLL ;

BM EBR2PW ; TestEBR1ifR1L =8, or EBR2ifR1L<8

MOV. B RLL, R1H ;

SUBX #H 08, R1H ; RIL-8 - R1H

BTST RLH, ROH . Test R1H bit in EBR1 (ROH)

BNE PREVWRT ; If R1H bitin EBR1 (ROH) is 1, branch to PREWRT

BRA PWADD1 ; If R1H bit in EBR1 (ROH) is 0, branch to PWADD1
EBR2PW BTST RLL, ROL . Test R1L bit in EBR2 (ROL)

BNE PREVWRT ; If R1L bit in EBR2 (ROH) is 1, branch to PREWRT
PWADDL: I NC R1L : RIL+1 - RIL

MOV. W @+, R3 ; Dummy-increment R2

BRA PRETST ;
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; Execute prewrite

PREVIRT:
PREW

PREVIRS:

LOCPRL:

LOCPR2:

ABENDL:

PW/FCK

PWADD?:

000205222
gm=

S22O@

P41

BCLR
MOV. W
MOV. W

MOV. B
DEC
BNE
MOV. B
BEQ
Qw. B
BEQ
ADD. W
BRA

#H c,
RAH
LOOPR2
@3,
PW/FCK
#H 06,
ABENDL
k5,
PREWRS

Programming error

ADDS
MOV. W
aw. W
BNE
I NC
BRA

; Execute erase

ERASES:

ERASE:

LOCPE:

MOV.

#1,

@,
R4,
PREW
R1L
PRETST

#H 0000,
#H d,
#1,

#H e,
R4,

RS,

#1,

#1,
LOCPE
41,

#H AB00,

@cCsR

R4H

R1H

R6L

BRA

R4

R4
@cCsR

; Prewrite starting address

;. Prewrite-verify fail counter

; Prewrite-verify loop counter

; Prewrite-verify fail counter + 1 — R6L

;. Write H'00
; Start watchdog timer

;. Set prewrite loop counter
@LMR 8 ;

Set P bit

; Wait loop
@LMR 8 ;

Clear P bit

;. Stop watchdog timer
; Set prewrite-verify loop counter

; Wait loop

; Read data = H'00?

; If read data = H'00 branch to PWVFOK

; Prewrite-verify executed 6 times?

; If prewrite-verify executed 6 times, branch to ABEND1
; Programming time x 2

; Prewrite again

; Address+1 - R3

; Top address of next block

; Last address?

; If not last address, prewrite next address
; Used to test R1L+1 bit in RO

; Branch to PRETST

; Erase-verify fail counter
; Set erase loop count
; Erase-verify fail counter + 1 - R6

; Start watchdog timer
; Set erase loop counter
; Set E bit

; Wait loop
@LMR 8 ;

Clear E bit

; Stop watchdog timer
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; Execute erase-verify

EVR MOV. W #RAMGTR R2 ; Starting transfer destination address (RAM)
MOV. W #ERVADR R3 ;
ADD. W R3, R2 ;. #RAMSTR + #ERVADR - R2
MOV. W #START, R3 ;
SUB. W R3, R2 ; Address of data area used in RAM
MOV. B #H 00, RIL : Used to test R1L bit in RO
MOV. B #H b, RAH ; Set erase-verify loop counter
BSET #3, @LMR 8 ; SetEV bit
LOCPEV:  DEC R4H ;
BNE LOOPEV ; Wait loop
EBRTST: CQW.B #H 10, RIL ; R1L =H'10?
BEQ HANTE! ; If finished checking all RO bits, branch to HANTEI
OWw. B #H 08, R1L ;
BM EBR2EV ; Test EBR1if R1L =8, or EBR2ifR1L<8
MOV. B RILL, R1H ;
SUBX #H 08, R1H ; RIL-8 - R1H
BTST R1H, ROH : Test R1H bit in EBR1 (ROH)
BNE ERSEVF ; If R1H bitin EBR1 (ROH) is 1, branch to ERSEVF
BRA ADDO1 ; If R1H bitin EBR1 (ROH) is 0, branch to ADDO1
EBR2EV: BTST RLL, ROL : Test R1L bit in EBR2 (ROL)
BNE ERSEVF ; If R1L bit in EBR2 (ROH) is 1, branch to ERSEVF
ADDO1: I NC R1L : RIL+1 - R1L
MOV. W @+, R3 ; Dummy-increment R2
BRA EBRTST ;
ERASEL: BRA ERASE ; Branch to ERASE via Erase 1
ERSEVF:.  MOV. W @+, R3 ; Top address of block to be erase-verified
EVR2: MOV. B #H FF, R1H ;
MOV. B R1H, @3 ; Dummy write
MOV. B #H c, RAH ; Set erase-verify loop counter
LOCPEP: DEC R4AH ;
BNE LOCPEP ; Wait loop
MOV. B @B+, R1H . Read
Qw. B #H FF, R1H . Read data = H'FF?
BNE BLKAD ; If read data # H'FF branch to BLKAD
MOV. W @, R4 ; Top address of next block
aw. W R4, R3 ; Last address of block?
BNE EVR2 ;
OWw. B #H 08, RIL ;
BM SBCLR ; Test EBR1if R1L > 8, or EBR2 if R1L < 8
MOV. B RLL, R1H ;
SUBX #H 08, R1H ; RIL-8 - R1H
BCLR RLH, ROH ; Clear R1H bitin EBR1 (ROH)
BRA BLKAD ;
SBOLR  BCLR RIL, ROL : Clear R1L bit in EBR2 (ROL)
BLKAD: I NC R1L : RIL+1 - RIL
BRA EBRTST ;
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HANTEl :  BCLR #3, @LMR 8 ; Clear EV bit

MOV. W RO, @BRL ;

BEQ EOMRI ; If EBR1/EBR2 is all 0, erasing ended normally

MOV. W #H 0004, R4 ;

aw. W R4, R6 ; Erase-verify fail count executed 4 times?

BPL BRER ; 1f R624, branch to BRER (branch until R6 is 4 to 602)

ADD. W R5, R5 ; If R6<4, Erase time x 2 (execute when R6 is 1, 2, or 3)
BRER MOV. W #H 025A, R4 ;

aw. W R4, R6 ; Erase-verify executed 602 times?

BNE ERASEL ; If erase-verify not executed 602 times, erase again

BRA ABEND2 ; If erase-verify executed 602 times, branch to ABEND2
; < Block address table used in erase-verify>

JALT QN 2
ERVADR .DATA W H 0000 ; SBO

.DATA W H 0080 ; SB1

.DATA W H 0100 ; SB2

.DATA W H 0180 ; SB3

.DATA' W H 0200 ; SB4

.DATA W H 0400 ; SB5

.DATA' W H 0800 ; SB6

.DATA W H 00 ; SB7

.DATA W H 1000 ; LBO

.DATA W H 2000 ; LB1

.DATA W H 4000 ; LB2

.DATA W H 6000 ; LB3

.DATA' W H 8000 ; LB4

.DATA W H A000 ; LB5

.DATA W H Q000 ; LB6

.DATAW H EF80 ; LB7

.DATAW H F780 ; FLASH END

EOMRI : Erase end
ABEND2: Erase error

Loop Counter Values in Programs and Watchdog Timer Overflow Interval SettingsThe

setting of #a, #b, #c, #d, and #e values in the programs depends on the clock frequency. Tables
20.9 (1) and (2) indicate sample loop counter settings for typical clock frequencies. However, #e
set according to table 20.10.

As a software loop is used, calculated values including percent errors may not be the same as
actual values. Therefore, the values are set so that the total programming time and total erase ti
do not exceed 1 ms and 30 s, respectively.

The maximum number of writes in the program, N, is set to 6.

471
HITACHI



Programming and erasing in accordance with the flowcharts is achieved by setting #a, #b, #c, an
#d in the programs as shown in tables 20.9 (1) and (2). #e should be set as shown in table 20.10

Wait state insertion is inhibited in these programs. If wait states are to be used, the setting shoulc
be made after the program ends. The setting value for the watchdog timer (WDT) overflow time i
calculated based on the number of instructions between starting and stopping of the WDT,
including the write time and erase time. Therefore, no other instructions should be added betwee
starting and stopping of the WDT in this program example.

Table 20.9 (1) #a, #b, #c, and #d Setting Values for Typical Clock Frequencies with
Program Running in the On-Chip Memory (RAM)

Clock Frequency
f=16 MHz f=10 MHz f=8 MHz f=2MHz

Time Counter Counter Counter Counter
Variable Setting  Setting Value Setting Value Setting Value Setting Value
a;, Programmingtime 15.8pus HOO1F H'0013 H'000F H'0003
(initial setting value)
b, tvsl 4 pus H'0B H'07 H'06 H'02
Cq tvs2 2 us H'06 H'04 H'03 H'01
d, Erasetime 6.25ms H'1869 H'0F42 H'0C34 H'030D

(initial setting value)

Table 20.9 (2) #a, #b, #c, and #d Setting Values for Typical Clock Frequencies with
Program Running in the External Device

Clock Frequency
f=16 MHz f=10 MHz f=8 MHz f=2MHz

Time Counter Counter Counter Counter
Variable Setting  Setting Value Setting Value Setting Value Setting Value
a, Programmingtime 15.8pus H'0O00A H'0006 H'0005 H'0001
(initial setting value)
by tvsl 4 us H'04 H'03 H'02 H'01
C, tvs2 2 us H'02 H'02 H'01 H'01
d, Erasetime 6.25ms H'0823 H'0516 H'0411 H'0104

(initial setting value)
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Formula: When using a clock frequency not shown in tables 20.9 (1) and (2), follow the formula
below. The calculation is based on a clock frequency of 10 MHz.

After calculating a(f) and d(f) in the decimal system, omit the first decimal figures, and convert
them to the hexadecimal system, so that a(f) and d(f) are set to 15.8 us or less and 6.25 ms or I
respectively.

After calculating b(f) and c(f) in the decimal system, raise the first decimal figures, and convert
them to the hexadecimal system, so that b(f) and c(f) are set to 4 ys or more and 2 us or more,
respectively.

Clock frequency f [MHz]

a(tod(f)= 0

xa (f=10)tod (f = 10)

Examples for a program running in on-chip memory (RAM) at a clock frequency of 12 MHz:

a(h= 22 x 19 = 228 = 22 = HO016
10

b= > x 7 = 84 = 9 = HO9
10

cH= 22 x 4 = 48 = 5 = HO5
10
12 '

0() = 1> x 3906 = 4687.2 = 4687 = H124F

Table 20.10 Watchdog Timer Overflow Interval Settings (#e Setting Value According to
Clock Frequency)

Variable
Clock Frequency [MHz] e ()
10 MHz < frequency < 16 MHz H'A57F
2 MHz < frequency < 10 MHz H'AS7E
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20.4.7  Prewrite Verify Mode

Prewrite-verify mode is a verify mode used when programming all bits to equalize their threshold
voltages before erasing them.

To program all bits, follow the prewrite algorithm shown in figure 20.10. The procedure is to
program all flash memory data to H'00 by using H'00 write data. H'00 should also be written whel
using RAM for flash memory emulation (when prewriting a RAM area). (This also applies when
using RAM to emulate flash memory erasing with an emulator or other support tool.) After the
necessary programming time has elapsed, exit program mode (by clearing the P bit to 0) and sel
prewrite-verify mode (leave the P, E, PV, and EV bits all cleared to 0). In prewrite-verify mode, a
prewrite-verify voltage is applied to the memory cells at the read address. If the flash memory is
read in this state, the data at the read address will be read. After selecting prewrite-verify mode,
wait 4 ps or more before reading.

Note: For a sample prewriting program, see the prewrite subroutine in the sample erasing
program.

20.4.8 Protect Modes

Flash memory can be protected from programming and erasing by software or hardware method
These two protection modes are described below.

Software Protection: Prevents transitions to program mode and erase mode even if the P or E bit
is set in the flash memory control register (FLMCR). Details are as follows.

Function

Protection Description Program Erase Verify ™!
Block Individual blocks can be protected from erasing Disabled Disabled Enabled
protect and programming by the erase block registers

(EBR1 and EBR2). If H'00 is set in EBR1 and

EBRZ2, all blocks are protected from erasing and

programming.
Emulation ~ When the RAMS or RAMO bit, but not both, Disabled  Disabled”® Enabled
protect’? is set in the wait-state control register (WSCR),

all blocks are protected from programming and

erasing

Notes: *1 Three modes: program-verify, erase-verify, and prewrite-verify.
*2 Exceptin RAM areas overlapped onto flash memory.
*3 All blocks are erase-disabled. It is not possible to specify individual blocks.
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Hardware Protection: Suspends or disables the programming and erasing of flash memory, and
resets the flash memory control register (FLMCR) and erase block registers (EBR1 and EBR?2).
Details of hardware protection are as follows.

Function

Protection  Description Program Erase Verify !
Programing  When 12 V is not applied to the FV,, pin, Disabled  Disabled® Disabled
voltage (V,,) FLMCR, EBR1, and EBR?2 are initialized,
protect disabling programming and erasing. To obtain

this protection, V,, should not exceed V.."
Reset and When a reset occurs (including a watchdog Disabled  Disabled® Disabled
standby timer reset) or standby mode is entered,
protect FLMCR, EBR1, and EBR2 are initialized,

disabling programming and erasing. Note that

RES input does not ensure a reset unless the

RES pin is held low for at least 20 ms at power-

up (to enable the oscillator to settle), or at least

ten system clock cycles (10g) during operation.
Interrupt To prevent damage to the flash memory, if Disabled Disabled’® Enabled

protect interrupt input occurs while flash memory is
being programmed or erased, programming or
erasing is aborted immediately. The settings in
FLMCR, EBR1, and EBR2 are retained. This
type of protection can be cleared only by a
reset.

Notes: *1 Three modes: program-verify, erase-verify, and prewrite-verify.
*2 All blocks are erase-disabled. It is not possible to specify individual blocks.
*3 For details, see section 20.7, Flash Memory Programming and Erasing Precautions.

20.4.9 Interrupt Handling during Flash Memory Programming and Erasing

If an interrupt occur$ while flash memory is being programmed or erased (while the P or E bit of
FLMCR is set), the following operating states can occur.

e If an interrupt is generated during programming or erasing, programming or erasing is aborte
to protect the flash memory. Since memory cell values after a forced interrupt are
indeterminate, the system will not operate correctly after such an interrupt.

< Program runaway may result because the vector table could not be read correctly in interrup
exception handling during programming or erasure
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For NMI interrupts while flash memory is being programmed or erased, these malfunction and
runaway problems can be prevented by using the RAM overlap function with the settings
described below.

1. Do not store the NMI interrupt-handling routthia the flash memory area (neither H'0000 to
H'EF7F in mode 2 nor H'0000 to H'F77F in mode 3). Store it elsewhere (in RAM, for
example).

2. Set the NMI interrupt vector in address H'F806 in RAM (corresponding to H'0006 in flash
memory).

3. After the above settings, set both the RAMS and RAMO bits to 1 in WSCR.

Due to the setting of step 3, if an interrupt signal is input while 12 V is applied to theiRYthe

RAM overlap function is enabled and part of the RAM (H'F800 to H'F87F) is overlapped onto the
small-block area of flash memory (H'0000 to H'007F). As a result, when an interrupt is input, the
vector is read from RAM, not flash memory, so the interrupt is handled normally even if flash
memory is being programmed or erased. This can prevent malfunction and runaway.

Notes: *1 When the interrupt mask bit (1) of the condition control register (CCR) is set to 1, all
interrupts except NMI are masked. For details see (2) in section 2.2.2, Control
Registers.

*2 The vector table might not be read correctly for one of the following reasons:
« If flash memory is read while it is being programmed or erased (while the P or E bit
of FLMCR is set), the correct value cannot be read.
e If no value has been written for the NMI entry in the vector table yet, NMI
exception handling will not be executed correctly.
*3 This routine should be programmed so as to prevent microcontroller runaway.
*4 For details on WSCR settings, see section 20.2.4, Wait-State Control Register.

Notes on Interrupt Handling in Boot Mode: In boot mode, the settings described above
concerning NMI interrupts are carried out, and NMI interrupt handling (but not other interrupt
handling) is enabled while the boot program is executing. Note the following points concerning
the user program.

» If interrupt handling is required
O Load the NMI vector (H'F780) into address H'F806 in RAM (the 38th byte of the
transferred user program should be H'F780).

O The interrupt handling routine used by the boot program is stored in addresses H'F780 to
H'F78F in RAM. Make sure that the user program does not overwrite this area.

» If interrupt handling is not required
Since the RAMS and RAMO bits remain set to 1 in WSCR, make sure that the user program
disables the RAM overlap by clearing the RAMS and RAMO bits both to 0.
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20.5 Flash Memory Emulation by RAM

Erasing and programming flash memory takes time, which can make it difficult to tune paramete
and other data in real time. If necessary, real-time updates of flash memory can be emulated by
overlapping the small-block flash-memory area with part of the RAM (H'F800 to H'F97F). This
RAM reassignment is performed using bits 7 and 6 of the wait-state control register (WSCR). Se
figure 20.11.

After a flash memory area has been overlapped by RAM, the RAM area can be accessed from t
address areas: the overlapped flash memory area, and the original RAM area (H'F800 to H'F97|
Table 20.11 indicates how to reassign RAM.

Wait-State Control Register (WSCR}?

Bit 7 6 5 4 3 2 1 0
\ RAMS \ RAMO \ CKDBL‘ — \ WMS1 \ WMSO0 \ wcl \ WCo \
Initial value™ 0 0 0 0 1 0 0 0

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

Notes: *1 WSCR is initialized by a reset and in hardware standby mode. It is not initialized in
software standby mode.

*2 For details of WSCR settings, see section 20.2.4, Wait-State Control Register (WSCR).

Table 20.11 RAM Area Selection

Bit 7: RAMS Bit 6: RAMO RAM Area ROM Area
0 0 None —
1 H'F880 to H'F8FF H'0080 to H'O0OFF
1 0 H'F880 to H'FI7F H'0080 to H'017F
1 H'F800 to H'F87F H'0000 to H'007F
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Example of Emulation of Real-Time Flash-Memory Update

H'0000
Hoo7Fl Overlapped RAM
Small-block [ H'0080
area (SB1) \ H'OOFF
H'0100 ‘
Flash memory
address space
HF77F
H'F780
Overlapped [HFsgo | [
RAM HFSFF|
On-chip
RAM area
H'FF7F

Procedure

1. Overlap part of RAM (H'F880 to H'F8FF) onto the area requiring real-time update (SB1).
(Set WSCR bits 7 and 6 to 01.)

2. Perform real-time updates in the overlapping RAM.

3. After finalization of the update data, clear the RAM overlap (by clearing the RAMS and RAMO
bits).

4. Read the data written in RAM addresses H'F880 to H'F8FF out externally, then program the
flash memory area, using this data as part of the program data.

Figure 20.12 Example of RAM Overlap
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Notes on Use of RAM Emulation Function

Notes on Applying, Releasing, and Shutting Off the Programming Voltage (V

Care is necessary to avoid errors in programming and erasing when applying, releasing, anc
shutting off ., just as in the on-board programming modes. In particular, even if the
emulation function is being used, make sure that the watchdog timer is set when the P or E &
of the flash memory control register (FLMCR) has been set, to prevent errors in programming
and erasing due to program runaway whilg i applied.

For details see section 20.7, Flash Memory Programming and Erasing Precautions (5).
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20.6  Flash Memory Writer Mode (H8/3437F)

20.6.1  Writer Mode Setting

The on-chip flash memory of the H8/3437F can be programmed and erased not only in the on-
board programming modes but also in writer mode, using a general-purpose PROM programmer

20.6.2  Socket Adapter and Memory Map

Programs can be written and verified by attaching a special 100-pin/32-pin socket adapter to the
PROM programmer. Table 20.12 gives ordering information for the socket adapter. Figure 20.13
shows a memory map in writer mode. Figure 20.14 shows the socket adapter pin interconnection

Table 20.12 Socket Adapter

Microcontroller Package Socket Adapter
HD64F3437F16 100-pin QFP HS3434ESHF1H
HD64F3437TF16 100-pin TQFP HS3434ESNF1H
MCU mode H8/3437F Writer mode
H'0000 H'0000

On-chip ROM area

HF77F |HF77F

1 output

Figure 20.13 Memory Map in Writer Mode
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H8/3437F

HN28F101 (32 Pins)

Pin No. Pin Name i Socket Adapter
FP-1008, TFP-100B ;
8 STBY/FVpp
7 NI
18 P95
19 P9,
22 P9,
82 P3,
83 P3,
84 P3,
85 P3,
86 P34
87 P35
88 P3s
89 P3;
79 P,
78 P1,
77 P1,
76 P1,
75 P1,
74 Pls
73 Pls
72 P1,
67 P2,
66 P2;
65 P2,
64 P23
63 P2,
62 P25 :
61 P26
60 P2,
24, 25, 29, P9y, P9, P63,
32,16 P6,, P9,
5,6, 23,35 MDy, MDg, P9, P6; [
36,37 AVier, AVcc
4,9,59 VeeB, Vee
46 AVsg
15, 70, 71, 92 Vss
L e [ Eoverr,
2,3 XTAL, EXTAL
Other pins NC (OPEN) e

Pin Name Pin No.
Vpp 1
FAg 26
FA1g 2
FA1s 3
WE 31
FOq 13
FO, 14
FO, 15
FO4 17
FO,4 18
FOs 19
FOg 20
FO, 21
FAg 12
FA, 11
FA, 10
FA3 9
FA, 8
FAg 7
FAg 6
FA7 5
FAg 27
OE 24
FA1g 23
FA1; 25
FA1» 4
FA13 28
FA14 29
CE 22
Vee 32
Vss 16

Legend:
Vpp:

FO, to FOy:

Programming power supply
Data input/output

FA6 to FAg: Address input

SRR

Output enable
Chip enable
Write enable

Figure 20.14 Wiring of Socket Adapter
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20.6.3  Operation in Writer Mode

The program/erase/verify specifications in writer mode are the same as for the standard
HN28F101 flash memory. However, since the H8/3437F does not support product name
recognition mode, the programmer cannot be automatically set with the device name. Table 20.1
indicates how to select the various operating modes.

Table 20.13 Operating Mode Selection in Writer Mode

Pins
Mode FVee V.. ©CE ©OE WE D,toD, A t0A,
Read Read Vee Ve L L H Data output Address input
Output Vee Vee L H H High impedance
disable
Standby V. Ve H X X High impedance
Command Read Voo Ve L L Data output
write Output Ve Ve L H High impedance
disable
Standby V. Ve H X X High impedance
Write Voo Vee L H L Data input

Note: * Be sure to set the FV,, pin to V. in these states. If it is set to 0 V, hardware standby mode
will be entered, even when in writer mode, resulting in incorrect operation.

Legend:

L: Low level
H: High level
Voot Vo level
Voo Ve level
X: Don’t care
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Table 20.14 Writer Mode Commands

1st Cycle 2nd Cycle
Command Cycles Mode Address  Data Mode Address  Data
Memory read 1 Write X H'00 Read RA Dout
Erase setup/erase 2 Write X H'20 Write X H'20
Erase-verify 2 Write EA H'A0 Read X EVD
Auto-erase setup/ 2 Write X H'30 Write X H'30
auto-erase
Program setup/ 2 Write X H'40 Write PA PD
program
Program-verify 2 Write X H'CO Read X PVD
Reset 2 Write X H'FF Write X H'FF
PA: Program address
EA: Erase-verify address
RA: Read address
PD:  Program data
PVD: Program-verify output data
EVD: Erase-verify output data
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High-Speed, High-Reliability Programming: Unused areas of the H8/3437F flash memory
contain H'FF data (initial value). The H8/3437F flash memory uses a high-speed, high-reliability
programming procedure. This procedure provides enhanced programming speed without
subjecting the device to voltage stress and without sacrificing the reliability of programmed data.
Figure 20.15 shows the basic high-speed, high-reliability programming flowchart. Tables 20.15
and 20.16 list the electrical characteristics during programming.

| Set Vpp =12.0V +0.6 V |

| Address =0 |

| Program setup command |

| Program command |
\

| Wait (25 ps) |
\

| Program-verify command |
\
| Wait (6 pis) |

Address + 1 — address |
A

No go

S

Yes

Verification?

No

| Set Vpp = VCC |

End

Figure 20.15 High-Speed, High-Reliability Programming
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High-Speed, High-Reliability Erasing: The H8/3437F flash memory uses a high-speed, high-
reliability erasing procedure. This procedure provides enhanced erasing speed without subjectir
the device to voltage stress and without sacrificing data reliability. Figure 20.16 shows the basic
high-speed, high-reliability erasing flowchart. Tables 20.15 and 20.16 list the electrical

characteristics during erasing.

| Program all bits to 0* |

| Address =0 |

|
I

-

T ein |

| Erase setup/erase command |

| Wait (10 ms) |

| Erase-verify command |

| Wait (6 is) |

Go

Address + 1 - address |
A

No

Last address?

Note: * Follow the high-speed, high-reliability programming flowchart in programming all bits. If some bits
are already programmed to 0, program only the bits that have not yet been programmed.

Figure 20.16 High-Speed, High-Reliability Erasing
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Table 20.15 DC Characteristics in Writer Mode

(Conditions: V. =5.0 V £10%, ¥-=12.0V 0.6 V, s= 0V, T, = 25°C £5°C)

Item Symbol  Min Typ Max Unit  Test Conditions
Input high FO, to FO,, V, 2.2 — Ve+03 V
voltage FAs to FA,,
OE, CE, WE
Input low FO, to FO,, A -03 — 0.8 \Y,
voltage FA, 1o FA,,
OE, CE, WE
Output high FO, to FO, Vou 2.4 — — \% loy =—200 pA
voltage
Output low FO,to FO, A — — 0.45 \Y, lop = 1.6 MA
voltage
Input leakage  FO, to FO,, |1, ] — — 2 A Vin=01to V.
current FA, to FA,,
OE, CE, WE
V¢ current Read lec — 40 80 mA
Program lee — 40 80 mA
Erase lec — 40 80 mA
FV.. current Read lop — — 10 HA Vo =2.7V 10
55V
— 10 20 mA V=126V
Program lpp — 20 40 mA Vep =126V
Erase lop — 20 40 mA Vep =126 V
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Table 20.16 AC Characteristics in Writer Mode

(Conditions: V. =5.0 V £10%, ¥p=12.0V 0.6 V, \{s= 0V, T,= 25°C +5°C)

Item Symbol Min  Typ Max Unit Test Conditions
Command write cycle tewe 120 — — ns Figure 20.17
Address setup time ths 0 — — ns Figure20.18*
Address hold time tan 60 — — ns Figure 20.19
Data setup time tos 50 — — ns

Data hold time ton 10 — — ns

CE setup time tees 0 — — ns

CE hold time teen 0 — — ns

V., setup time tups 100 — — ns

V, hold time tupn 100 — — ns

WE programming pulse width twer 70 — — ns

WE programming pulse high time twen 40 — — ns

OE setup time before command write  toqs 0 — — ns

OE setup time before verify toers — — us

Verify access time tya — — 500 ns

OE setup time before status polling toeps 120 — — ns

Status polling access time tepa — — 120 ns

Program wait time topw 25 — — ns

Erase wait time ter 9 — 11 ms

Output disable time tor 0 — 40 ns

Total auto-erase time tper 0.5 — 30 S

Note: CE, OE, and WE should be high during transitions of V,, from 5 V to 12 V and from 12 V to

5V.

* Input pulse level: 0.45V to 2.4V

Input rise time and fall time <10 ns

Timing reference levels: 0.8 V and 2.0 V for input; 0.8 V and 2.0 V for output

HITACHI
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, Auto-erase and status polling

L}
|

Auto-erase setup

50V

Vee

CQRUX XX XXX KX KKK KX KX KXAKXXIAXK)

Address

CE
OE
WE
1107

Command 1
input

' Command 1
N_input

1/00 to 1/06

Figure 20.17 Auto-Erase Timing
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| Program setup : Program : Program-verify :
Vee 5.0V —— l l l
v | f -
i
*osov /] tvps 3 3 L—i&—
L ‘ | \ | itva
pddress X vasd adress KX X X X XXXXKXOXXIXIXXAXINXNK)
¥ itAs e : :
. | , L | | | |
« N \F /TN T
i | C < | T | |
1 L M 1 L :
__ VA | o ] | i - /
OE I cES tewe 1! | itces | | M
| \<—\4>:‘"‘ | tCES} t, [ BN tCEH i |
| | | I PPW : | > — |
tora B | teen | twep! " 1WER! | toers | :
OEWSH 4‘»‘ e .H H“—’:‘M—N\ !
| [ | [ I ! |
WE N4 twen N/ U 1 ‘
T on g L ton M oy L Jor
—p a2H L L e B
Ips et ! psies ! sl ! | ‘
/07 ;\Command‘; ;‘ Data \:\ ;‘Command\; {Vahddma :
N‘ mput% l& |nput7ll‘ lk ‘"P“‘% ) output >
! I i ! | i |
b b Lo ! :
| | | | | | | |
|, , ! I, U
1/00 to 1/06 G { paa 7 o {ivmm}
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Note: Program-verify data output values may be intermediate between 1 and O before programming has

been completed.

Figure 20.18 High-Speed, High-Reliability Programming Timing
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Note: Erase-verify data output values may be intermediate between 1 and 0 before erasing has been completed.

Figure 20.19 Erase Timing

20.7  Flash Memory Programming and Erasing Precautions

Read these precautions before using writer mode, on-board programming mode, or flash memor

emulation by RAM.
(1) Program with the specified voltages and timing.
The rated programming voltage () of the flash memory is 12.0 V.

If the PROM programmer is set to Hitachi HN28F101 specificatiopswill be 12.0 V. Applying

voltages in excess of the rating can permanently damage the device. Take particular care to ensi

that the PROM programmer peak overshoot does not exceed the rated limit of 13 V.

(2) Before programming, check that the chip is correctly mounted in the PROM
programmer. Overcurrent damage to the device can result if the index marks on the PROM
programmer socket, socket adapter, and chip are not correctly aligned.

(3) Don't touch the socket adapter or chip while programmingTouching either of these can
cause contact faults and write errors.
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(4) Set H'FF as the PROM programmer buffer data for addresses H'F780 to H'1FFFH.he
H8/3437F PROM size is 60 kbytes. Addresses H'F780 to H'1FFFF always read H'FF, so if H'FF
not specified as programmer data, a verify error will occur.

(5) Notes on applying, releasing, and shutting off the programming voltage £

Note: In this section, the application, release, and shutting-off,0é defined as follows.
Application: A rise in voltage from . to 12V + 0.6 V.
Release: A drop in voltage from 12 V + 0.6 V tg.V
Shut-off: No applied voltage (floating).

« Apply the programming voltage () after the rise of ¥, and release }before shutting off
Vee

To prevent unintended programming or erasing of flash memory, in these power-on and
power-off timings, the application, release, and shutting-offpfivust take place when the
microcontroller is in a stable operating condition as defined below.

Stable operating condition
O The V,c voltage must be stabilized within the rated voltage range$\2.7 V to 5.5 V)*

If Vppis applied, released, or shut off while the microcontrollegswoltage is not within
the rated voltage range {¥= 2.7 to 5.5 V)*, since microcontroller operation is unstable,
the flash memory may be programmed or erased by mistake. This can occur eyen if V
0 V. To prevent changes in theMower supply when M. is applied, be sure that the
power supply is adequately decoupled with inserting bypass capacitors.

Note: *Inthe LH version, ¥.=3.0Vto5.5V.

0 Clock oscillation must be stabilized (the oscillation settling time must have elapsed), and
oscillation must not be stopped

When turning on Y power, hold th&®ES pin low during the oscillation settling time
(tosc1 = 20 ms), and do not apply-Muntil after this time.

O The microcontroller must be in the reset state, or in a state in which a reset has ended
normally (reset has been released) and flash memory is not being accessed

Apply or release Y either in the reset state, or when the CPU is not accessing flash
memory (when a program in on-chip RAM or external memory is executing). Flash
memory cannot be read normally at the instant wheris\applied or released. Do not read
flash memory while \; is being applied or released.

For a reset during operation, apply or releageovily after theRES pin has been held low
for at least ten system clock cycles (102).
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O The P and E bits must be cleared in the flash memory control register (FLMCR)
When applying or releasingp), make sure that the P or E bit is not set by mistake.
1 No program runaway
When V., is applied, program execution must be supervised, e.g. by the watchdog timer.

These power-on and power-off timing requirements should also be satisfied in the event of a
power failure and in recovery from a power failure. If these requirements are not satisfied,
overprogramming or overerasing may occur due to program runaway etc., which could cause
memory cells to malfunction.

» The Vpflag is set and cleared by a threshold decision on the voltage applied to-therEV
The threshold level is between approximatefy ¥ 2 V to 11.4 V.

When this flag is set, it becomes possible to write to the flash memory control register
(FLMCR) and the erase block registers (EBR1 and EBR2), even though:theltdge may
not yet have reached the programming voltage range of 12.0 + 0.6 V.

Do not actually program or erase the flash memory uptihds reached the programming
voltage range.

The programming voltage range for programming and erasing flash memory is 12.0 + 0.6 V
(11.4 V to 12.6 V). Programming and erasing cannot be performed correctly outside this range
When not programming or erasing the flash memory, ensure thattheltage does not

exceed the ¥ voltage. This will prevent unintended programming and erasing.

In this chip, the same pin is used §BY and F\i,. When this pin is driven low, a transition

is made to hardware standby mode. This happens not only in the normal operating modes
(modes 1, 2, and 3), but also when programming the flash memory with a PROM programmet
When programming with a PROM programmer, therefore, use a programmer which sets this
pin to the \{. level when not programming (EM12 V).

Note: Here, \4p application, release, and cutoff are defined as follows:
Application: Raising the voltage from¥to 12+0.6 V.
Release: Dropping the voltage from 12+0.6 V t@.V
Cutoff: Halting voltage application (setting the floating state).
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tosc1 -
- _ A AN
27t055V" ----
Vee > 0 ps min 0 ps mMin fe—-»
12406V |-
Vec+2Vi0114Vi ---3- |
Vpp <= 0 s min
VeeV---- \ fffff 0to VeV
Boot mode Timing at which boot
program branches
to RAM area
12+06V--F----=---
Vpp
VecV -7
User program
mode
RES
f—
Min 10g
(when RES is low)
Periods during which the Vpp flag is being set or
cleared and flash memory must not be accessed
Note: * In the LH version, Vo =3.0Vto 5.5 V.

Figure 20.20 ., Power-On and Power-Off Timing
(6) Do not apply 12 V to the F, pin during normal operation.

To prevent accidental programming or erasing due to microcontroller program runaway etc., apf
12 V to the \{p pin only when the flash memory is programmed or erased, or when flash memory
is emulated by RAM. Overprogramming or overerasing due to program runaway can cause
memory cells to malfunction. Avoid system configurations in which 12 V is always applied to the
FVep pin.

While 12 V is applied, the watchdog timer should be running and enabled to halt runaway
program execution, so that program runaway will not lead to overprogramming or overerasing.
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(7) Design a current margin into the programming voltage (V) power supply.Ensure that
Ve Will not depart from 12.0 £0.6 V (11.4 V to 12.6 V) during programming or erasing.
Programming and erasing may become impossible outside this range.

(8) Ensure that peak overshoot does not exceed the rated value at the,F&nd MD, pins.
Connect decoupling capacitors as close to thg Bhd MD, pins as possible.

Also connect decoupling capacitors to the Mi in the same way when boot mode is used.

12V O FVpp

1.0 uF 0.01 pF

H8/3437F

12V O MD;

b
1 ¥y

1.0 pF 0.01 pF

o

Note: Also connect decoupling capacitors to the MD; pin in the same way when boot mode is used.

Figure 20.21 \4, Power Supply Circuit Design (Example)

(9) Use the recommended algorithms for programming and erasing flash memorjhese
algorithms are designed to program and erase without subjecting the device to voltage stress ant
without sacrificing the reliability of programmed data.

Before setting the program (P) or erase (E) bit in the flash memory control register (FLMCR), set
the watchdog timer to ensure that the P or E bit does not remain set for more than the specified
time.

(10) For details on interrupt handling while flash memory is being programmed or erased, see th:
notes on NMI interrupt handling in section 20.4.9, Interrupt Handling during Flash Memory
Programming and Erasing.

(11) Cautions on Accessing Flash Memory Control Registers
1. Flash memory control register access state in each operating mode

The H8/3437F has flash memory control registers located at addresses H'FF80 (FLMCR),
H'FF82 (EBR1), and H'FF83 (EBR2). These registers can only be accessed when 12 V is
applied to the flash memory program power supply pinsFV
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Table 20.17 shows the area accessed for the above addresses in each mode, when 12 V is
is not applied to F\.

Table 20.17 Area Accessed in Each Mode with 12V Applied and Not Applied to EY

Mode 1 Mode 2 Mode 3
12 V applied Reserved area Flash memory control Flash memory control
to FV,p (always H'FF) register (initial value H'80)  register (initial value
H'80)
12 V not applied External address  External address space Reserved area
to FVpp space (always H'FF)

2. When a flash memory control register is accessed in mode 2 (expanded mode with on-chip
ROM enabled)

When a flash memory control register is accessed in mode 2, it can be read or written to if 12
V is being applied to FM, but if not, external address space will be accessed. It is therefore
essential to confirm that 12 V is being applied to thedgh before accessing these registers.

3. To check for 12 V application/non-application in mode 3 (single-chip mode)

When address H'FF80 is accessed in mode 3, if 12 V is being applied-td-EMCR is
read/written to, and its initial value after reset is H'80. When 12 V is not being appliedso FV
FLMCR is a reserved area that cannot be modified and always reads H'FF. Since bit 7
(corresponding to the¢bit) is set to 1 at this time regardless of whether 12 V is applied to
FVeoe, application or release of 12 V to f\Mannot be determined simply from the 0 or 1 status
of this bit. A byte data comparison is necessary to check whether 12V is being applied. The
relevant coding is shown below.

LABEL1: MOV.B @+ FF80, RIL
CWP. B #H FF, R1L
BEQ LABEL1

Sample program for detection of 12 V application to FV,, (mode 3)
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Table 20.18 DC Characteristics of Flash Memory

Conditions: Ve =2.7V 1055V, AV =2.7V105.5VF, AV = 2.7 V t0 AV 2,
Vss=AVss=0V, Vpp=12.0£ 0.6 V, T=-20°C to +75°C (regular specifications),
T,=-40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
High-voltage FVep, MD, Vy, Veet2 — 114 V
(12 V) threshold
level ™
FV,, current Duringread | — — 10 HA Vo =2.7t1055V
— 10 20 mA V=126V
During — 20 40 mA
programming
During — 20 40 mA
erasure

Notes: *1 The listed voltages describe the threshold level at which high-voltage application is
recognized. In boot mode and while flash memory is being programmed or erased, the
applied voltage should be 12.0V £ 0.6 V.

*2 In the LH version, V.. =3.0Vto 5.5V, AV, =3.0Vto 5.5V, AV, =3.0Vto AV.
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Table 20.19 AC Characteristics of Flash Memory

Conditions: Wc=2.7V1t055V, AV,.=2.7V1055VW, AV =27V to AV,
Vss=AVss=0V, Ve =12.0£ 0.6 V, T=-20°C to +75°C (regular specifications),
T,=-40°C to +85°C (wide-range specifications)

Iltem Symbol  Min Typ Max Unit  Test Conditions
Programming time™ " tp — 50 1000 s

Erase time™""® te — 1 30 S

Number of witing/erasing munt Nyec — — 100 Times

Verify setup time 1™ tyes 4 — — us

Verify setup time 2™ tye, 2 — — us

Flash memory read setup ters 50 — — us V245V
time* 100 —  — V. <45V

Notes: *1 Set the times following the programming/erasing algorithm shown in section 20.

*2 The programming time is the time during which a byte is programmed or the P bit in the
flash memory control register (FLMCR) is set. It does not include the program-verify
time.

*3 The erase time is the time during which all 60-kbyte blocks are erased or the E bit in the
flash memory control register (FLMCR) is set . It does not include the prewrite time
before erasure or erase-verify time.

*4 After power-on when using an external colck source, after return from standby mode, or
after switching the programming voltage (V,,) from 12 V to V.., make sure that this read
setup time has elapsed before reading flash memory.

When V., is released, the flash memory read setup time is defined as the period from
when the FV,, pin has reached V.. + 2 V until flash memory can be read.

*5 In the LH version, V.. =3.0Vt0 55V, AV, . =3.0Vto 55V, AV, =3.0Vto AV..

ref
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Section 21 ROM
(60-kbyte Single-Power-Supply Flash Memory Version)

21.1  Flash Memory Overview

21.1.1 Mode Pin Settings and ROM Space

The H8/3437SF has 60 kbytes of on-chip flash memory. The ROM is connected to the CPU by «
16-bit data bus. The CPU accesses both byte data and word data in two states. Even addresse:
connected to the upper 8 bits, and odd addresses to the lower 8 bits. Word data must start at ar
even address.

Enabling and disabling of the on-chip ROM is performed by the mode pinggdMDMD,) and
the EXPE bit in MDCR.

The H8/3437SF flash memory can be programmed and erased on-board as well as with a PRO
programmer.

Table 21.1 Mode Pin Settings and ROM Space

Operating Mode Mode Pin Settings
MCU Operating On-Chip
Mode Description MD MD, ROM
Mode 1 Expanded mode with on-chip ROM disabled 0 1 Disabled
Mode 2 Expanded mode with on-chip ROM enabled 1 0 Enabled
Mode 3 Single-chip mode 1 Enabled
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21.1.2 Features

Features of the flash memory are listed below.

Four flash memory operating modes

The flash memory has four operating modes: program mode, program-verify mode, erase
mode, and erase-verify mode.

Programming and erasing

32 bytes are programmed at a time. Erasing is performed in block units. To erase multiple
blocks, individual blocks must be erased sequentially. In block erasing, 1-kbyte, 28-kbyte, 16-
kbyte, 12-kbyte, and 2-kbyte blocks can be set arbitrarily.

Program and erase times

The flash memory programming time is 10 ms (typ.) for simultaneous 32-byte programming,
equivalent to 300 us (typ.) per byte, and the erase time for one block is 100 ms (typ.).

Erase-program cycles
Flash memory contents can be erased and reprogrammed up to 100 times.

On-board programming modes

These modes can be used to program, erase, and verify flash memory contents. There are tw
modes: boot mode and user programming mode.

Automatic bit rate alignment
In boot-mode data transfer, the H8/3437SF aligns its bit rate automatically to the host bit rate.

Protect modes

There are three modes that enable flash memory to be protected from program, erase, and
verify operations: hardware protect mode, software protect mode, and error protect mode.

Writer mode

As an alternative to on-board programming, the flash memory can be programmed and erase
in writer mode, using a general-purpose PROM programmer.
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21.1.3 Block Diagram

Figure 21.1 shows a block diagram of the flash memory.

< Internal data bus (upper) >
A ; [ :

< Internal data bus (lower)

O —
Bus interface and control section |+ Operating 1

Q Q mode |- MDg

H'0000 H'0001

H'0002 H'0003

H'0004 H'0005

On-chip flash memory
(60 kbytes)
H'F77C H'F77D
H'F77E H'F77F
Upper byte Lower byte
(even address) (odd address)
Legend:
FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR2: Erase block register 2
Figure 21.1 Flash Memory Block Diagram
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21.1.4

Input/Output Pins

Flash memory is controlled by the pins listed in table 21.2.

Table 21.2 Flash Memory Pins

Input/

Pin Name Abbreviation Output  Function

Reset RES Input Reset

Mode 1 MD, Input H8/3437SF operating mode setting

Mode 0 MD, Input H8/3437SF operating mode setting

Port 92 P9, Input H8/3437SF operating mode setting when MD1 =
MDO =0

Port 91 P9, Input H8/3437SF operating mode setting when MD1 =
MDO =0

Port 90 P9, Input H8/3437SF operating mode setting when MD1 =
MDO =0

Transmit data TXD, Output SCI1 transmit data output

Receive data RxD, Input SCI1 receive data input

The transmit data and receive data pins are used in boot mode.

21.15

Register Configuration

The flash memory is controlled by the registers listed in table 21.3.

Table 21.3 Flash Memory Registers

Name Abbreviation  R/W Initial Value ~ Address

Flash memory control register 1 FLMCR1 R/W? H'80 H'FF80
Flash memory control register 2 FLMCR2 R/W™ H'00™ H'FF81
Erase block register 2 EBR2 R/W? H'00™® H'FF83
Wait-state control register™ WSCR R/W H'08 H'FFC2

Notes: *1 The wait-state control register is used to control the insertion of wait states by the wait-
state controller and frequency division of clock signals for the on-chip supporting
modules by the clock pulse generator. Selection of the respective registers (or
FLMCR1, FLMCR2, and EBR2) is performed by means of the FLSHE bit in the wait
state control register (WSCR).

*2 In modes in which the on-chip flash memory is disabled, these registers cannot be
modified and return H'0O0 if read.

*3 Initialized to H'00 when the SWE bit is not set in FLMCR1.
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21.1.6  Mode Control Register (MDCR)

Register Configuration: The operating mode of the H8/3437SF is controlled by the mode pins
and the mode control register (MDCR). Table 21.4 shows the MDCR register configuration.

Table 21.4 Register Configuration

Name Abbreviation R/W Initial Value Address

Mode control register MDCR R/W Undefined H'FFC5
(Depends on operating mode)

Mode Control Register (MDCR)

Bit 7 6 5 4 3 2 1 0
exetl — | — | — | — | — | MDSI | MDSO |

Initial value —2 1 1 0 0 1 —2 —2

Read/Write R/W™ — — — — — R R

Notes: *1 H8/3437SF (S-mask model, single-power-supply on-chip flash memory version) only.
Otherwise, this is a reserved bit that is always read as 1.

*2 Determined by the mode pins (MD, and MD,).
MDCR is an 8-bit register used to set the operating mode of the H8/3437SF and to monitor the
current operating mode.

Bit 7—Expanded Mode Enable (EXPE):Sets expanded mode. In mode 1, this bit is fixed at 1
and cannot be modified. In modes 2 and 3, this bit has a fixed initial value of 0 and cannot be
modified.

This bit can be read and written only in boot mode.

Bit 7: EXPE Description
0 Single-chip mode is selected
1 Expanded mode is selected (writable in boot mode only)

Bits 6 and 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 O.

Bit 2—Reserved: This bit cannot be modified and is always read as 1.
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Bits 1 and 0—Mode Select 1 and 0 (MDS1, MDSQO)hese bits indicate the input levels at mode
pins MD, and MD, (the current operating mode). Bits MDS1 and MDSO correspond to pins MD
and MD,, respectively. MDS1 and MDSO are read-only bits, and cannot be modified. The mode
pin (MD, and MD)) input levels are latched into these bits when MDCR is read.

21.1.7 Flash Memory Operating Modes

Mode Transition Diagram: When the mode pins are set in the reset state and a reset start is
effected, the microcontroller enters one of the operating modes as shown in figure 21.2. In user
mode, the flash memory can be read but cannot be programmed or erased.

Modes in which the flash memory can be programmed and erased are boot mode, user
programming mode, and writer mode.

User mode
with on-chip ROM —
enabled

FLSHE = 1 FLSHE =0

Writer mode

User
programming
mode

Notes: Transitions between user mode and user programming mode should only be made when the CPU is
not accessing the flash memory.
*1 MDop=MD;1=0,P92=P91=P90=1
*2 MDp=MD1=0,P92=0,P91=P90=1

On-board programming mode

Figure 21.2 Flash Memory Related State Transitions
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On-Board Programming Modes

+ Boot Mode

1.

Initial state

The flash memory is in the erased state when
shipped. The procedure for rewriting an old
version of an application program or data is
described here. The user should prepare an
on-board update routine and the new
application program beforehand in the host.

Host

On-board update routine

New application )
program

H8/3437SF

N SCI

Flash memory RAM

Application
program
(old version)

Flash memory initialization

The erase program in the boot program area (in
RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, total flash
memory erasure is performed, without regard to
blocks.

Host

On-board update routine

New application )
program

H8/3437SF

1
Boot program sC

Flash memory RAM

Boot program area

Flash memory
erase

SCI communication check

When boot mode is entered, the boot program
in the H8/3437SF (already incorporated in the
chip) is started, an SCI communication check is
carried out, and the boot program required for
flash memory erasing is automatically
transferred to the RAM boot program area.

Host

On-board update routine

New application
program

H8/3437SF
\ SCI
Flash memory RAM

Boot program area

Application
program
(old version)

Writing new application program

The on-board update routine in the host to
RAM is transferred to RAM by SCI
communication and executed, and the new
application program in the host is written into
the flash memory.

Host
A N
H8/3437SF
1
Boot program st
Flash memory RAM

On-board update
routine

New application
program

: Program execution state

Figure 21.3 Boot Mode
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e User programming mode

1.

3.

Initial state
(1) The program that will transfer the on-board
update routine to on-chip RAM should be
written into the flash memory by the user
beforehand. (2) The on-board update routine
should be prepared in the host or in the flash
memory.

Host

On-hoard update routine

New application )
program
H8/3437SF
Boot program 2

Flash memory RAM

Transfer program

Application program
(old version)

Flash memory initialization

The update routine in RAM is executed, and
the flash memory is initialized (to H'FF).
Erasing can be performed in block units, but
not in byte units.

Host

New application )
program
H8/3437SF
]
Boot program SC
Flash memory RAM

Transfer program

On-board update routine]

Flash memory
erase

On-board update routine transfer

The transfer program in the flash memory is
executed, and the on-board update routine is
transferred to RAM.

New application )
program
H8/3437SF
Cl
s
Flash memory RAM 1

Transfer program

On-board update routine

Application program
(old version)

Writing new application program

Next, the new application program in the host is
written into the erased flash memory blocks. Do
not write to unerased blocks.

Host

H8/3437SF

1
Boot program / SC
RAM

Flash memory

Transfer program

On-board update routine]

New application
program

: Program execution state
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Differences between Boot Mode and User Programming Mode

Boot Mode User Programming Mode
Total erase Yes Yes
Block erase No Yes
On-board update routine* Program/program-verify Erase/erase-verify

Program/program-verify

Note: * To be provided by the user, in accordance with the recommended algorithm.

Block Configuration: The flash memory is divided into one 2-kbyte block, one 12-kbyte block,
one 16-kbyte block, one 28-kbyte block, and four 1-kbyte blocks.

Address H'00000 —— 1 kbyte

1 kbyte
1 kbyte
1 kbyte

28 kbytes

60 kbytes

16 kbytes

12 kbytes

2 kbytes

Address H'F77F ——

Figure 21.5 Flash Memory Blocks
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21.2  Flash Memory Register Descriptions

21.2.1 Flash Memory Control Register 1 (FLMCR1)

Bit 7 6 5 4 3 2 1

\ FWE \ SWE \ — \ — \ EV \ PV \ E \ P \
Initial value 1 0 0 0 0 0 0
Read/Write R R/W — — R/W R/W R/W R/W

Note: The FLSHE bit in WSCR must be set to 1 in order for this register to be accessed.

FLMCRL1 is an 8-bit register that controls the flash memory operating modes. Program-verify
mode or erase-verify mode is entered by setting SWE to 1. Program mode is entered by setting
SWE to 1 when FWE = 1, then setting the PSU bit in FLMCR2, and finally setting the P bit. Erase
mode is entered by setting SWE to 1, then setting the ESU bit in FLMCRZ2, and finally setting the
E bit. FLMCRL1 is initialized to H'80 by a reset, and in hardware standby mode and software
standby mode. When on-chip flash memory is disabled, a read will return H'00, and writes are
invalid.

Writes to bits EV and PV in FLMCR1 are enabled only when SWE = 1; writes to the E bit only
when FWE =1, SWE =1, and ESU = 1; and writes to the P bit only when SWE = 1 and PSU = 1,

Bit 7—Flash Write Enable (FWE): Controls programming and erasing of on-chip flash memory.
In the H8/3437SF, this bit cannot be modified and is always read as 1.

Bit 6—Software Write Enable (SWE): Enables or disables the flash memory. This bit should be
set before setting bits ESU, PSU, EV, PV, E, P, and EB7 to EBO, and should not be cleared at th
same time as these bits.

Bit 6: SWE Description
0 Writes disabled (Initial value)
1 Writes enabled

Bits 6 to 4—ReservedThese bits cannot be modified and are always read as 0.
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Bit 3—Erase-Verify Mode (EV): Selects transition to or exit from erase-verify mode. (Do not set
the SWE, ESU, PSU, PV, E, or P bit at the same time.)

Bit 3: EV Description
0 Exit from erase-verify mode (Initial value)
1 Transition to erase-verify mode

[Setting condition]
When SWE =1

Bit 2—Program-Verify Mode (PV): Selects transition to or exit from program-verify mode. (Do
not set the SWE, ESU, PSU, EV, E, or P bit at the same time.)

Bit 2: PV Description
0 Exit from program-verify mode (Initial value)
1 Transition to program-verify mode

[Setting condition]
When SWE =1

Bit 1—Erase Mode (E):Selects transition to or exit from erase mode. (Do not set the SWE, ESU
PSU, EV, PV, or P bit at the same time.)

Bitl: E Description
0 Exit from erase mode (Initial value)
1 Transition to erase mode

[Setting condition]
When SWE =1 and ESU =1

Bit 0—Program Mode (P): Selects transition to or exit from program mode. (Do not set the
SWE, ESU, PSU, EV, PV, or E bit at the same time.)

Bit0: P Description
0 Exit from program mode (Initial value)
1 Transition to program mode

[Setting condition]
When SWE =1and PSU =1
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21.2.2  Flash Memory Control Register 2 (FLMCR2)

Bit 7 6 5 4 3 2 1 0
FER | — | — | — | — | — | Esu | Psu |

Initial value 0 0 0 0 0 0 0 0

Read/Write R — — — — — R/W R/W

Note: The FLSHE bit in WSCR must be set to 1 in order for this register to be accessed.

FLMCR?2 is an 8-bit register used for monitoring of flash memory program/erase protection (error
protection) and flash memory program/erase mode setup. FLMCR?2 is initialized to H'00 by a rese
and in hardware standby mode. The ESU and PSU bits are cleared to 0 in software standby moc
hardware protect mode, and software protect mode.

When on-chip flash memory is disabled, a read will return H'0O.

Bit 7—Flash Memory Error (FLER): Indicates that an error has occurred during an operation on
flash memory (programming or erasing). When FLER is set to 1, flash memory goes to the error-
protection state.

Bit 7: FLER Description

0 Flash memory is operating normally
Flash memory program/erase protection (error protection) is disabled
[Clearing conditions]

Reset, hardware standby mode, subactive mode, subsleep mode, watch mode
(Initial value)

1 An error occurred during flash memory programming/erasing
Flash memory program/erase protection (error protection) is enabled
[Setting condition]
See Error Protection in section 21.4.5

Bits 6 to 2—ReservedThese bits cannot be modified and are always read as 0.
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Bit 1—Erase Setup (ESU)Prepares for a transition to erase mode. Set this bit to 1 before setting
the E bitin FLMCRZ1. (Do not set the SWE, PSU, EV, PV, E, or P bit at the same time.)

Bit 1. ESU Description
0 Erase setup cleared (Initial value)
1 Erase setup

[Setting condition]
When SWE =1

Bit 0—Program Setup (PSU):Prepares for a transition to program mode. Set this bit to 1 before
setting the P bit in FLMCR1. (Do not set the SWE, ESU, EV, PV, E, or P bit at the same time.)

Bit 0: PSU Description
0 Program setup cleared (Initial value)
1 Program setup

[Setting condition]
When SWE =1

21.2.3 Erase Block Register 2 (EBR2)

Bit 7 6 5 4 3 2 1 0
‘ EB7 ‘ EB6 ‘ EB5 ‘ EB4 ‘ EB3 ‘ EB2 ‘ EB1 ‘ EBO ‘
Initial value 0 0 0 0 1 0 0 0

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

Note: The FLSHE bit in WSCR must be set to 1 in order for this register to be accessed.
* Writes to bit 7 are invalid in mode 2.

EBR?2 is an 8-bit register that designates flash-memory erase blocks for erasure. EBR2 is
initialized to H'00 by a reset, in hardware standby mode and software standby mode, and when
SWE bit in FLMCR1 is not set. When a bit in EBR2 is set to 1, the corresponding block can be
erased. Other blocks are erase-protected. Only one bit should be set in EBR2; do not set two or
more bits. When on-chip flash memory is disabled, a read will return H'00, and writes are invalid

The flash memory block configuration is shown in table 21.5.
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Table 21.5 Flash Memory Erase Blocks

Block (Size)

60-Kbyte Version

Addresses

EBO (1 kbyte)

H'0000-H'03FF

EB1 (1 kbyte)

H'0400-H'07FF

EB2 (1 kbyte)

H'0800—-H'OBFF

EB3 (1 kbyte)

H'0CO0-H'OFFF

EB4 (28 kbytes)

H'1000-H'7FFF

EB5 (16 kbytes)

H'8000-H'BFFF

EB6 (12 kbytes)

H'CO00-H'EF7F

EB7 (2 kbytes)

H'EF80-H'F77F

21.2.4  Wait-State Control Register (WSCR)

Bit 7 6 5 4 3 2 1 0
\ — \ — \ CKDBL‘ FLSHE‘ WMS1 \ WMS0 \ wcC1 \ WCo \
Initial value 0 0 0 0 1 0 0 0

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

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 controller wait settings, RAM area
setting for dual-power-supply flash memory, and selection/non-selection of single-power-supply
flash memory control registers.

WSCR is initialized to H'08 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 and 6—ReservedThese bits are reserved, but can be written and read. Their initial value
is 0.

Bit 5—Clock Double (CKDBL): Controls frequency division of clock signals supplied to the on-
chip supporting modules. For details, see section 6, Clock Pulse Generator.
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Bit 4—Flash Memory Control Register Enable (FLSHE):When the FLSHE bit is set to 1, the
flash memory control registers can be read and written to. When FLSHE is cleared to O, the flas
memory control registers are unselected. In this case, the contents of the flash memory content
are retained.

Bit 4: FLSHE Description

0 Flash memory control registers are in unselected state (Initial value)

1 Flash memory control registers are in selected state

Bits 3 and 2—Wait Mode Select 1 and 0 (WMS1, WMSO0)

Bits 1 and 0—Wait Count 1 and 0 (WC1, WCO0)

These bits control insertion of wait states by the wait-state controller. For details, see section 5,
Wait-State Controller.

21.3 On-Board Programming Modes

When an on-board programming mode is selected, the on-chip flash memory can be programm:
erased, and verified. There are two on-board programming modes: boot mode and user
programming mode. Table 21.6 indicates how to select the on-board programming modes. Usel
programming mode operation can be performed by setting control bits with software. A state
transition diagram for flash memory related modes is shown in figure 21.2.

Table 21.6 On-Board Programming Mode Selection

Mode Selection MD , MD, P9, P9, P9,
Boot mode 0 0 1 1 1
User programming 1 0 — — _
mode 1 N

21.3.1 Boot Mode

To use boot mode, a user program for programming and erasing the flash memory must be
provided in advance on the host machine (which may be a personal computer). Serial
communication interface (SCI) channel 1 is used in asynchronous mode.

When a reset state is executed after the H8/3437SF pins have been set to boot mode, the built-
boot program is activated, and the on-board update routine provided in the host is transferred
sequentially to the H8/3437SF using the serial communication interface (SCI). The H8/3437SF
writes the on-board update routine received via the SCI to the on-board update routine area in t
on-chip RAM. After the transfer is completed, execution branches to the first address of the on-
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board update routine area, and the on-board update routine execution state is entered (flash
memory programming is performed).

Therefore, a routine conforming to the programming algorithm described later must be provided i
the on-board update routine transferred from the host.

Figure 21.6 shows the system configuration in boot mode, and figure 21.7 shows the boot mode
execution procedure.

H8/3437SF

Flash memory

Host Reception of programming data
p prog 9 RxD1
Transmission of verification data SCi1 On-chip RAM
~ TxD1

Figure 21.6 Boot-Mode System Configuration

Boot-Mode Execution ProcedureFigure 21.7 shows the boot-mode execution procedure.
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Program H8/3437SF pins for boot mode, and
reset

I
Host transmits H'00 data continuously at desired
bit rate

I
H8/3437SF measures low period of H'00 data
transmitted from host

I
H8/3437SF computes bit rate and sets bit rate
register

I
After completing bit-rate alignment, H8/3437SF
sends one H'00 data byte to host to indicate that
alignment is completed

I
Host checks that this byte, indicating completion
of bit-rate alignment, is received normally, then
transmits one H'55 byte.

I
After receiving H'55, H8/3437SF sends part of
the boot program to RAM

I
After checking that all data in flash memory has
been erased, H8/3437SF transmits one H'AA
data byte to host

I
Check flash memory data, and if data has
already been written, erase all blocks

I
Host transmits byte length (N) of user program in
two bytes, upper byte followed by lower byte

I
H8/3437SF transmits received byte length to
host as verification data (echo-back)

I

n=1
[

Host transmits user program sequentially,
in byte units

I
H8/3437SF transmits received user program to

host as verification data (echo-back) n+1-n
| [0 ]

Transfer received on-board update routine to
on-chip RAM

End of transfer
I
Transmit one H'AA data byte to host, and
execute on-board update routine transferred
to on-chip RAM

Note: If a memory cell malfunctions and cannot be erased, the H8/3437SF transmits one H'FF byte to report an erase
error, halts erasing, and halts further operations.

Figure 21.7 Boot Mode Flowchart

515
HITACHI




Automatic Alignment of SCI Bit Rate

;tta” D0 | p1 | D2 | D3 | D4 | D5 | D6 | D7 Sitto'o

This low period (9 bits) is measured (H'00 data)

| -
High for at
least 1 bit

i
\

Figure 21.8 Measurement of Low Period in Data Transmitted from Host

When started in boot mode, the H8/3437SF measures the low period in asynchronous SCI data
(H'00) transmitted from the host. The data format is eight data bits, one stop bit, and no parity bit.
From the measured low period (9 bits), the H8/3437SF computes the host’s bit rate. After alignin
its own bit rate, the H8/3437SF sends the host one byte of H'00 data to indicate that bit-rate
alignment is completed. The host should check that this alignment-completed indication is
received normally and send one H'55 byte back to the H8/3437SF. If the alignment-completed
indication is not received normally, the H8/3437F should be reset, then restarted in boot mode to
measure the low period again. There may be some alignment error between the host's and
H8/3437SF's bit rates, depending on the host’s transmission bit rate and the H8/3437SF’s syster
clock frequency (sJ. To have the SCI operate normally, set the host’s transfer bit rate to 2400,
4800, or 9600 bps.

Table 21.7 lists typical host transfer bit rates and indicates the system clock frequency ranges ov
which the H8/3437SF can align its bit rate automatically. Boot mode should be used within these
frequency ranges.

Table 21.7 System Clock Frequencies Permitting Automatic Bit-Rate Alignment by

H8/3437SF
Host Bit Rate System Clock Frequencies (f  ,¢.) Permitting Automatic Bit-Rate
Alignment by H8/3437SF
9600 bps 8 MHz to 16 MHz
4800 bps 4 MHz to 16 MHz
2400 bps 2 MHz to 16 MHz

RAM Area Allocation in Boot Mode: In boot mode, the 128 bytes from H'FFOO to H'FF7F are
reserved for use by the boot program, as shown in figure 21.9. The user program is transferred ir
the area from H'F780 to H'FDFF (1664 bytes). The boot program area can be used after the
transition to execution of the user program transferred into RAM. If a stack area is needed, set it
within the user program.
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Note: * This area cannot be used until the H8/3437SF starts to execute the user program

H'F780

User program
transfer area
(1664 bytes)

H'FDFF
H'FFO0
Boot program
area*
(128 bytes)
H'FF7F

transferred to RAM. Note that even after the branch to the user program, the boot
program area still contains the boot program.

Figure 21.9 RAM Areas in Boot Mode

Notes on Use of Boot Mode

1.

When the H8/3437SF comes out of reset in boot mode, it measures the low period of the inp
at the SCI's RxDQpin. The reset should end with RxBigh. After the reset ends, it takes about
100 states for the H8/3437SF to get ready to measure the low period of thmRxD

In boot mode, if any data has been programmed into the flash memory (if all data is not H'FF
all flash memory blocks are erased. Boot mode is for use when user programming mode is
unavailable, such as the first time on-board programming is performed, or if the program
activated in user programming mode is accidentally erased.

Interrupts cannot be used while the flash memory is being programmed or erased.
The RxDQ and TxDQ pins should be pulled up on-board.

Before branching to the user program (at address H'E880 in the RAM area), the H8/3437SF
terminates transmit and receive operations by the on-chip SCI (by clearing the RE and TE bi
of serial control register SCR to 0 in channel 1), but the auto-aligned bit rate remains set in b
rate register BRR. The transmit data output pin (J*®in the high output state (in port 8, bits
P8,DDR of the port 8 data direction register and¥8 of the port 8 data register are set to 1).
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At this time, the values of general registers in the CPU are undetermined. Thus these register
should be initialized immediately after branching to the user program. Especially in the case o
the stack pointer (SP), which is used implicitly in subroutine calls, etc., the stack area used by
the user program should be specified.

There are no other changes to the initialized values of other registers.

6. Boot mode can be entered by starting from a reset after pin settings are made according to th
mode setting conditions listed in table 21.6.
In the HB8/3437SF, B9PY, and P9can be used as I/O ports if boot mode selection is detected
when reset is releaséd
Boot mode can be released by driving the reset pin low, waiting at least 20 system clock
cycles, then setting the mode pins and releasing thé'reset
Boot mode can also be released if a watchdog timer overflow reset occurs.
The mode pin input levels must not be changed during boot mode.

7. If the input level of a mode pin is changed during a reset (e.g., from low to high), the resultant
switch in the microcontroller’s operating mode will affect the bus control output sigr&ls (
RD, andWR) and the status of ports that can be used for address autput

Therefore, either set these pins so that they do not output signals during the reset, or make st
that their output signals do not collide with other signals output the microcontroller.

Notes: *1 Mode pin input must satisfy the mode programming setup timne<(# states) with
respect to the reset release timing.

*2 These ports output low-level address signals if the mode pins are set to mode 1 during
the reset. In all other modes, these ports are in the high-impedance state. The bus
control output signals are high if the mode pins are set for mode 1 or 2 during the reset
In mode 3, they are at high impedance.

BES tMDS /—‘

MDo, MD;

P9,
P9,

P9g

tMDS: 4tcyc (min.)

Figure 21.10 Programming Mode Timing
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21.3.2  User Programming Mode

When set to user programming mode, the H8/3437SF can erase and program its flash memory
executing a user program. On-board updates of the on-chip flash memory can be carried out by
providing an on-board circuit for supplying programming data, and storing an update program in
part of the program area.

To select user programming mode, start up in a mode that enables the on-chip flash memory
(mode 2 or 3). In user programming mode, the on-chip supporting modules operate as they
normally would in mode 2 or 3, except for the flash memory.

The flash memory cannot be read while the SWE bit is set to 1 in order to perform programming
or erasing, so the update program must be executed in on-chip RAM or external memory.

User Programming Mode Execution Procedure (Example)rigure 21.11 shows the execution
procedure for user programming mode when the on-board update routine is executed in RAM.

The transfer program (and on-board update
program as required) is written in flash
memory ahead of time by the user.

Set MD; and MDg to 10 or 11
Start from reset

1

Transfer on-board update routine
into RAM

1

Branch to flash memory on-board
update routine in RAM

1

Execute flash memory on-board
update routine (update flash memory)

1

Branch to application program
in flash memory

Note: Start the watchdog timer to prevent over-erasing due to program runaway, etc.

Figure 21.11 User Programming Mode Operation (Example)
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21.4  Programming/Erasing Flash Memory

In the on-board programming modes, flash memory programming and erasing is performed by
software, using the CPU. There are four flash memory operating modes: program mode, erase
mode, program-verify mode, and erase-verify mode. Transitions to these modes can be made by
setting the PSU and ESU bits in FLMCRZ2, and the P, E, PV, and EV bits in FLMCRL.

The flash memory cannot be read while being programmed or erased. Therefore, the program th
controls flash memory programming/erasing (the programming control program) should be
located and executed in on-chip RAM or external memory.

Notes: 1. Operation is not guaranteed if setting/resetting of the SWE, EV, PV, E, and P bits in
FLMCR1, and the ESU and PSU bits in FLMCR?2, is executed by a program in flash
memory.

2. Perform programming in the erased state. Do not perform additional programming on
previously programmed addresses.

21.4.1 Program Mode

Follow the procedure shown in the program/program-verify flowchart in figure 21.12 to write data
or programs to flash memory. Performing program operations according to this flowchart will
enable data or programs to be written to flash memory without subjecting the device to voltage
stress or sacrificing program data reliability. Programming should be carried out 32 bytes at a
time.

For the wait times (x, y, &, B, Y, €, n)after setting/clearing individual bits in flash memory
control registers 1 and 2 (FLMCR1, FLMCR2) and the maximum number of writes (N), see Flash
Memory Characteristics in section 23, Electrical Characteristics.

Following the elapse of (x) us or more after the SWE bit is set to 1 in flash memory control
register 1 (FLMCR1), 32-byte program data is stored in the program data area and reprogram da
area, and the 32-byte data in the reprogram data area written consecutively to the write addresse
The lower 8 bits of the first address written to must be H'00, H'20, H'40, H'60, H'80, H'A0, H'CO,
or H'EO. Thirty-two consecutive byte data transfers are performed. The program address and
program data are latched in the flash memory. A 32-byte data transfer must be performed even i
writing fewer than 32 bytes; in this case, H'FF data must be written to the extra addresses.

Next, the watchdog timer is set to prevent overprogramming in the event of program runaway, et
Set a value greater than (y + i+ ) us as the WDT overflow period. After this, preparation for
program mode (program setup) is carried out by setting the PSU bit in FLMCR2, and after the
elapse of (y) us or more, the operating mode is switched to program mode by setting the P bit in
FLMCRZ1. The time during which the P bit is set is the flash memory programming time. Make a
program setting so that the time for one programming operation is within the range of (z) ps.
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21.4.2  Program-Verify Mode

In program-verify mode, the data written in program mode is read to check whether it has been
correctly written in the flash memory.

After the elapse of a given programming time, the programming mode is exited (the P bit in
FLMCRL1 is cleared, then the PSU bit in FLMCR2 is cleared at leasts(later). The watchdog

timer is cleared after the elapse Bf (is or more, and the operating mode is switched to program-
verify mode by setting the PV bit in FLMCRL1. Before reading in program-verify mode, a dummy
write of H'FF data should be made to the addresses to be read. The dummy write should be
executed after the elapse gf is or more. When the flash memory is read in this state (verify data
is read in 16-bit units), the data at the latched address is read. Wait a)lgastfer the dummy
write before performing this read operation. Next, the originally written data is compared with the
verify data, and a bit generation operation is performed for reprogram data (see figure 21.12) ar
transferred to the reprogram data area. After 32 bytes of data have been verified, exit program-
verify mode, wait for at leashj us, then clear the SWE bit in FLMCRL. If reprogramming is
necessary, set program mode again, and repeat the program/program-verify sequence as befor
However, ensure that the program/program-verify sequence is not repeated more than (N) time:
the same bits.
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Perform programming in the erased state.

Set SWE bit in FLMCR1 | Do not perform additional programming
1 on previously programmed addresses.

| Wait (x) ps | *5
I
Store 32-byte program data in program | .,
data area and reprogram data area
)
I n=1 |
¥
I m=0 |
)
| Write 32-byte data in RAM reprogram data. | .,
area consecutively to flash memory EE
[ Enable WDT |
)
[ Set PSU bit in FLMCR2 |
!
| Wait (y) pus | *5
i
[ Set P bitin FLMCR1 | start of programming
| Wait (z) pus | *5
]
| Clear P bit in FLMCR1 | End of programming
| Wait :q) s | Notes: *1 Data transfer is performed by byte transfer. The lower
H *5 8 bits of the first address written to must be H'00, H'20, H'40,
H'60, H'80, H'AQ, H'CO, or H'EQ. A 32-byte data transfer
| Clear PSU bit in FLMCR2 | must be performed even if writing fewer than 32 bytes;
in this case, H'FF data must be written to the extra addresses.
| Wait (B) s | .5 *2 Verify data is read in 16-bit (word) units.
*3 If a bit for which programming has been completed in the 32-byte
) programming loop fails the following verify phase, additional
| Disable WDT | programming is performed for that bit.
] *4 An area for storing program data (32 bytes) and reprogram data
| Set PV bit in FLMCR1 | (32 byte;) must be provide_d in RAM. The contents of the latter
T are rewritten as programming progresses.
- *5 See section 23, Flash Memory Characteristics, for the values of
[ Wait (y) ps | *s X ¥, 2,0, B, Y, &n, and N.
] )
Program  Veri Reprogram
| H'FF dummy write to verify address | Datg Datafy Da{)a 9 Comments
- . 0 0 1 Reprogramming is not
| Wait (€) ps | 5 performed if program data
1 and verify data match
| Read verify data | *2 0 1 0 Programming incomplete;
reprogram
[Lncrement agdress | e
Program data = 1 0 1 -
verify data? Y
m=1 1 1 1 Still in erased state;
no action
| Reprogram data computation | 3
!
Transfer reprogram data to reprogram |+, RAM
data area
Program data storage
area (32 bytes)

| Wait (n) ps | *5 Reprogram data storage
" area (32 bytes)
e e
OK OK
[ Clear SWE bit in FLMCR1 | | Clear SWE bit in FLMCR1 |

End of programming Programming failure

Figure 21.12 Program/Program-Verify Flowchart
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21.4.3 Erase Mode

Flash memory erasing should be performed block by block following the procedure shown in the
erase/erase-verify flowchart (single-block erase) shown in figure 21.13.

The wait times (x, y, &y, B, Y, €, n)after setting/clearing individual bits in flash memory control
registers 1 and 2 (FLMCR1, FLMCR?2) and the maximum number of erases (N), see Flash
Memory Characteristics in section 23, Electrical Characteristics.

To perform data or program erasure, make a 1 bit setting for the flash memory area to be erase
erase block register 2 (EBR2) at least (x) us after setting the SWE bit to 1 in flash memory contr
register 1 (FLMCR1). Next, the watchdog timer is set to prevent overerasing in the event of
program runaway, etc. Set a value greater than (y & #z ) ms as the WDT overflow period.

After this, preparation for erase mode (erase setup) is carried out by setting the ESU bit in
FLMCRZ2, and after the elapse of (y) us or more, the operating mode is switched to erase mode
setting the E bit in FLMCR1. The time during which the E bit is set is the flash memory erase
time. Ensure that the erase time does not exceed (z) ms.

Note: With flash memory erasing, preprogramming (setting all data in the memory to be erase
to 0) is not necessary before starting the erase procedure.

21.4.4  Erase-Verify Mode

In erase-verify mode, data is read after memory has been erased to check whether it has been
correctly erased.

After the elapse of the erase time, erase mode is exited (the E bit in FLMCRL1 is cleared, then tt
ESU bit in FLMCR?2 is cleared at least)(us later), the watchdog timer is cleared after the elapse
of (B) us or more, and the operating mode is switched to erase-verify mode by setting the EV bit
in FLMCRL1. Before reading in erase-verify mode, a dummy write of H'FF data should be made t
the addresses to be read. The dummy write should be executed after the elgpseafrore.

When the flash memory is read in this state (verify data is read in 16-bit units), the data at the
latched address is read. Wait at leapjié after the dummy write before performing this read
operation. If the read data has been erased (all 1), a dummy write is performed to the next addr:
and erase-verify is performed. If the read data has not been erased, set erase mode again, and
repeat the erase/erase-verify sequence in the same way. However, ensure that the erase/erase
verify sequence is not repeated more than (N) times. When verification is completed, exit erase-
verify mode, and wait for at least)(us. If erasure has been completed on all the erase blocks,
clear the SWE bit in FLMCRL1. If there are any unerased blocks, make a 1 bit setting in EBR2 fo
the flash memory area to be erased, and repeat the erase/erase-verify sequence in the same w
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s

[ Set SWE bit in FLMCR1 |
:

| Wait (x) us |

\

"

| n=1 |
v

[ Set EBR1, EBR2
I

Enable WDT
¥
Set ESU bit in FLMCR2
¥

|

|

[ Wait (y) ps
¥

|

|

*5

Set E bit in FLMCR1 Start of erase
¥

Wait (z) ms

*5

[ Clear E bitin FLMCR1
L1

| Wait (a) ps |
¥

Halt erase

*5

[ Clear ESU bit in FLMCR2 |
¥
[ Wait 5[3) us |

[ Disable WDT |
[1

[ Set EV bit in FLMCR1 |
[1

| Wait (y) us |

| Set block start address to verify addressl

\
L

| H'FF dummy write to verify address |
¥

| s

| Wait () ps
¥

Increment | Read verify data |

address

NG

Verify data = all 1?
OK

Last address of block?

oK

[ Clear EV bit in FLMCR1 | [

Clear EV bitin FLMCR1 |

¥

!

| Wait (n) ps

Wait (n) us *5

End of

Notes:

erasing of all erase
blocks?

*5

NG

OK

Clear SWE bit in FLMCR1 | [

Clear SWE bit in FLMCR1

End of erasing

*1 Preprogramming (setting erase block data to all 0) is not necessary.
*2 Verify data is read in 16-bit (W) units.
*3 Set only one bit in EBR2. More than one bit cannot be set.

]

*4 Erasing is performed in block units. To erase a number of blocks, the individual blocks must be erased sequentially.
*5 See section 23, Electrical Characteristics, Flash Memory Characteristics, for the values of x, y, z, o, B, y, €, n, and N.
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21.45 Protect Modes

There are three modes for protecting flash memory from programming and erasing: software
protection, hardware protection, and error protection. These protection modes are described be

Software Protection: Software protection can be implemented by setting the SWE bit in flash
memory control register 1 (FLMCR1), and setting erase block register 2 (EBR2). Software
protection prevents transitions to program mode and erase mode even if the P or E bit is set in
FLMCR1.

Details of software protection are shown in table 21.8.

Table 21.8 Software Protection

Functions
Iltem Description Program Erase
SWE bit protect Clearing the SWE bit to 0 in FLMCRL1 sets the Yes Yes
program/erase-protected state for all blocks.
(Execute in on-chip RAM or external memory.)
Block protect Individual blocks can be protected from erasing — Yes

and programming by erase block register 2
(EBR2). If H'00 is set in EBR2, all blocks are
protected from erasing and programming.

Hardware Protection: Hardware protection refers to a state in which programming and erasing ©
flash memory is forcibly suspended or disabled. At this time, the flash memory control registers
and 2 (FLMCR1, FLMCR?2) and erase block register 2 (EBR2) settings are reset.

Details of hardware protection are shown in table 21.9.

Table 21.9 Hardware Protection

Functions
Item Description Program Erase
Reset and When a reset occurs (including a watchdog timer  Yes Yes

standby protect reset) or standby mode is entered, FLMCR1,
FLMCR2, and EBR?2 are initialized, disabling
programming and erasing. Note that RES input
does not ensure a reset unless the RES pin is
held low until the oscillator settles at power-up, or
for a period equivalent to the RES pulse width
specified in the AC characteristics during
operation.
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Error Protection: In error protection, an error is detected when microcontroller runaway occurs
during flash memory programming/erasing, or operation is not performed in accordance with the
program/erase algorithm, and the program/erase operation is aborted. Aborting the program/eras
operation prevents damage to the flash memory due to overprogramming or overerasing.

If the microcontroller malfunctions during flash memory programming/erasing, the FLER bit is set
to 1 in FLMCR?2 and the error protection state is entered. The FLMCR1, FLMCR2, and EBR2
settings are retained, but program mode or erase mode is aborted at the point at which the error
occurred. Program mode or erase mode cannot be re-entered by re-setting the P or E bit. Howev
PV and EV bit setting is enabled, and a transition can be made to verify mode.

FLER bit setting conditions are as follows:

1. When flash memory is read during programming/erasing (including a vector read or instructiol
fetch)

2. Immediately after the start of exception handling (excluding a reset) during
programming/erasing

3. When a SLEEP instruction (including software standby) is executed during
programming/erasing

4. When the bus is released during programming/erasing

Error protection is released only by a power-on reset.

Figure 21.14 shows the flash memory state transition diagram.
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Reset or

Program mode hardware standby

Erase mode RES=00r STBY =0 _ (hardware protection)
RD VF PRERFLER =0
Error occurrence RES =0 or FLMCR1. FLMCR2
(software standby ~ STBY=0 EBR2 initialized
mode) RES=0or
Error occurrence STBY =0

Error protect mode

Software standby mode (standby)
SR S
-

Error protect mode

Software standby mode
release

FLMCR1, FLMCR2 (except FLER bit),
EBR?2 initialized

RD: Memory read possible : Memory read not possible
VF: Verify-read possible Verify-read not possible
PR: Programming possible PR: Programming not possible
ER: Erasing possible ER: Erasing not possible
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Figure 21.14 Flash Memory State Transitions

21.4.6 Interrupt Handling during Flash Memory Programming and Erasing

All interrupts, including NMI input, should be disabled when flash memory is being programmed
or erased (while the P or E bit is set in FLMCR1) and while the boot program is executing in boc
modée?, to give priority to the program or erase operation. There are three reasons for this:

1. Interrupt occurrence during programming or erasing might cause a violation of the
programming or erasing algorithm, with the result that normal operation could not be assurec

2. In the interrupt exception handling sequence during programming or erasing, the vector wou
not be read correctfy possibly resulting in microcontroller runaway.

3. If an interrupt occurred during boot program execution, it would not be possible to execute th
normal boot mode sequence.

For these reasons, there are conditions for disabling interrupts in the on-board programming
modes alone, as an exception to the general rule. However, this provision does not guarantee
normal erasing and programming or microcontroller operation.

All requests, including NMI, must therefore be disabled inside and outside the microcontroller
when flash memory is programmed or erased. Interrupts are also disabled in the error protectior
state while the P or E bit setting in FLMCR1 is held.
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Notes: *1 Interrupt requests must be disabled inside and outside the microcontroller until
programming by the update program has been completed.
*2 The vector may not be read correctly in this case for the following two reasons:

« If flash memory is read while being programmed or erased (while the P or E bit is
set in FLMCR1), correct read data will not be obtained (undetermined values will be
returned).

« If a value has not yet been written in the interrupt vector table, interrupt exception
handling will not be executed correctly.

21.5 Flash Memory Writer Mode (H8/3437SF)

21.5.1 Writer Mode Setting

Programs and data can be written and erased in writer mode as well as in the on-board
programming modes. In writer mode, the on-chip ROM can be freely programmed using a PRON
programmer that supports the Hitachi microcomputer device type* with 64-kbyte on-chip flash
memory*. Flash memory read mode, auto-program mode, auto-erase mode, and status read mo
are supported with this device type. In auto-program mode, auto-erase mode, and status read
mode, a status polling procedure is used, and in status read mode, detailed internal signals are
output after execution of an auto-program or auto-erase operation.

Note: * The H8/3437 should be used with the PROM programmer programming voltage set to
5.0V.

Table 21.10 Writer Mode Pin Settings

Pin Names Settings

Mode pins: MD,, MD, Low level input to MD, and MD,

STBY pin High level input (hardware standby mode not entered)
RES pin Power-on reset circuit

XTAL and EXTAL pins Oscillator circuit

Other setting pins: P9,, P9,, P9,, P9,, P6,  Low level input to P9, and P6,, high level input to P9,,
P9,, and P9,

21.5.2 Socket Adapter and Memory Map

In writer mode, a socket adapter for the relevant kind of package is attached to the PROM
programmer. Socket adapters are available for all PROM programmer manufacturers supporting
the Hitachi microcomputer device type with 64-kbyte on-chip flash memory.
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Figure 21.15 shows the memory map in writer mode, and table 21.10 shows writer mode pin
settings. For pin names in writer mode, see section 1.3.2, Pin Functions in Each Operating Mod

MCU mode H8/3437SF Writer mode
H'0000 H'0000

On-chip ROM area

HF77F . HF77F

output

Figure 21.15 Memory Map in Writer Mode

21.5.3 Operation in Writer Mode

Table 21.11 shows how to select the various operating modes when using writer mode, and tab
21.12 lists the commands used in writer mode. Details of each mode are given below.

Memory Read Mode
Memory read mode supports byte reads.

Auto-Program Mode

Auto-program mode supports programming of 128 bytes at a time. Status polling is used to
confirm the end of auto-programming.

Auto-Erase Mode

Auto-erase mode supports automatic erasing of the entire flash memory. Status polling is us
to confirm the end of auto-erasing.

Status Read Mode

Status polling is used for auto-programming and auto-erasing, and normal termination can b
confirmed by reading the FO6 signal. In status read mode, error information is output if an
error occurs.
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Table 21.11 Operating Mode Selection in Writer Mode

Pins
Mode FO7-FOO0 FA17-FAO
Read Data output Ain”?
Output disable High impedance X

Command write Data input Ain’?

II_I_I_O
A
XII'_O‘
m
Xl_IIE‘
m

Chip disable™ High impedance X

Notes: *1 Chip disable is not a standby state; internally, it is an operation state.
*2 Ain indicates that there is also address input in auto-program mode.

Table 21.12 Writer Mode Commands

1st Cycle 2nd Cycle
Command Cycles Mode  Address Data Mode  Address Data
Memory read mode 1+n Write X H'00 Read RA Dout
Auto-program mode 129 Write X H'40 Write WA Din
Auto-erase mode 2 Write X H'20 Write X H'20
Status read mode 2 Write X H'71 Write X H'71

Notes: 1. In auto-program mode, 129 cycles are required for command writing by a simultaneous
128-byte write.

2. In memory read mode, the number of cycles depends on the number of address write
cycles (n).
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Memory Read Mode

1. After completion of auto-program/auto-erase/status read operations, a transition is made to t
command wait state. When reading memory contents, a transition to memory read mode mu
first be made with a command write, after which the memory contents are read.

2. In memory read mode, command writes can be performed in the same way as in the comme
wait state.

3. Once memory read mode has been entered, consecutive reads can be performed.
4. After powering up, memory read mode is entered.

Table 21.13 AC Characteristics in Memory Read Mode
(Conditions: Ve = 5.0V £10%, V;s=0V, T, = 25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle [P 20 us
CE hold time teen 0 ns
CE setup time teoe 0 ns
Data hold time tan 50 ns
Data setup time tas 50 ns
Programming pulse width toep 70 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
Command write Memory read mode
Address >< Address stable ><
tces tcen

CE 5[ I e [

OF twep \ /
tf tr

tdS [ tdh

Data <(:Data 7>>> << Data>>>

Note: Data is latched at the rising edge of WE.

Figure 21.16 Timing Waveforms for Memory Read after Command Write
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Table 21.14 AC Characteristics in Transition from Memory Read Mode to Another Mode
(Conditions: Ve = 5.0 V £10%, Vss= 0V, T, = 25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle e 20 us
CE hold time teen 0 ns
CE setup time teoe 0 ns
Data hold time tan 50 ns
Data setup time tys 50 ns
Programming pulse width toep 70 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
Memory read mode Other mode command write
Address >< Address stable

teen

_ —\ 7 tte _ tees _){7

OE \ t
tf wep tr

AT =
WE

tds <l leritdn

Data << Data >>> <<<:H'XX7>>

Note: Do not enable WE and OE simultaneously.

Figure 21.17 Timing Waveforms for Transition from Memory Read Mode
to Another Mode
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Table 21.15 AC Characteristics in Memory Read Mode
(Conditions: Ve = 5.0 V £10%, Vss= 0V, T, = 25°C £5°C)

Iltem Symbol Min Max Unit Notes
Access time toce 20 us
CE output delay time te 150 ns
OE output delay time t, 150 ns
Output disable delay time tye 100 ns
Data output hold time ton 5 ns

. N pt
Address ><Y Address stable 1}(T Address stable 7}(
CE Vi
OE Vi
WE toce tace o Vi
toh | [
< ) { )
Data \ \ Data 1} N \ Data 1}

Figure 21.18 Timing Waveforms forCE and OE Enable State Re

ad

r \ / \
Address X( Address stable 7}(k Address stable 7}<
tee tee
CE 1 \ i
\
. toe < toe »
OE \ ‘—\ r
L
WE Vig tace : tacc ton Lo
toh e s tdf

Data < < Data >[—< < Data

Figure 21.19 Timing Waveforms forCE and OE Clocked Read

HITACHI
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Auto-Program Mode

* AC Characteristics

Table 21.16 AC Characteristics in Auto-Program Mode
(Conditions: Ve = 5.0V £10%, ;5= 0V, T, = 25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle e 20 us
CE hold time teen 0 ns
CE setup time tooe 0 ns
Data hold time tan 50 ns
Data setup time tas 50 ns
Programming pulse width tep 70 ns
Status polling start time osts 1 ms
Status polling access time topa 150 ns
Address setup time s 0 ns
Address hold time tn 60 ns
Memory write time t e 1 3000 ms
WE rise time t, 30 ns
WE fall time t 30 ns

f

address )N

————\
(Addressstable ]

SQU@@@ @@ @@«

thxtc

fes ‘tceh thxte
e\ f jﬁ A [
| (-
OE \I
t
- 4 wep t, tas tan twsts tspa
WE \ f \ f
k 1 Data transfer
tys tan 1 byte ... 128 bytes twrite Programming operation
end identification signal
FO7 —4 1& ) { A AN
/ \—/ Programming normal
end identification signal
FO6 { ) ) { L
Programming wait
Data ‘22 H'40 ;;‘ ‘zg Data ;} /<<Data>> ‘ZgFOOtO FOS=0;;‘

Figure 21.20 Auto-Program Mode Timing Waveforms
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Notes on Use of Auto-Program Mode

. In auto-program mode, 128 bytes are programmed simultaneously. This should be carried ol
by executing 128 consecutive byte transfers.

. A 128-byte data transfer is necessary even when programming fewer than 128 bytes. In this
case, H'FF data must be written to the extra addresses.

. The lower 8 bits of the transfer address must be H'00 or H'80. If a value other than a valid
address is input, processing will switch to a memory write operation but a write error will be
flagged.

. Memory address transfer is performed in the second cycle (figure 21.19). Do not perform
transfer after the second cycle.

. Do not perform a command write during a programming operation.

. Perform one auto-programming operation for a 128-byte block for each address.
Characteristics are not guaranteed for two or more programming operations.

. Confirm normal end of auto-programming by checking FOG6. Alternatively, status read mode
can also be used for this purpose (in FO7 status polling, the pin is the auto-program operatio
end identification pin).

. Status polling FO6 and FO7 pin information is retained until the next command write. As long
as the next command write has not been performed, reading is possible by efatalind
OE.
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Auto-Erase Mode
AC Characteristics

Table 21.17 AC Characteristics in

Auto-Erase Mode

(Conditions: Ve = 5.0V £10%, ;5= 0V, T, = 25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle e 20 us
CE hold time teen 0 ns
CE setup time tooe 0 ns
Data hold time tan 50 ns
Data setup time tas 50 ns
Programming pulse width tep 70 ns
Status polling start time tess 1 ms
Status polling access time topa 150 ns
Memory erase time Terase 100 40000 ms
WE rise time t, 30 ns
WE fall time t, 30 ns
Address
‘tce ‘tce tnxtc tnxtc
CE / jﬁ [\ * %
o
OE I
tf‘ twep t, tests tspa
WE 7 —
\ 7 \_ terase \—
(100 to 40000 ms)
tds |~ -2 L Ll
FO7 { D { > {—\—C
- I/ Erase end
identification signal
FO6 { \ { ) T
Erase normalend |\
CLin DLin confirmation signal
Dsta Lo ) 20 {roowros=0 hp—
Figure 21.21 Auto-Erase Mode Timing Waveforms
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Notes on Use of Erase-Program Mode

Auto-erase mode supports only total memory erasing.

Do not perform a command write during auto-erasing.

Confirm normal end of auto-erasing by checking FO6. Alternatively, status read mode can al
be used for this purpose (in FO7 status polling, the pin is the auto-erase operation end
identification pin).

Status polling FO6 and FO7 pin information is retained until the next command write. As long
as the next command write has not been performed, reading is possible by €bilzlimd)

OE.

Status Read Mode

1.

Status read mode is used to identify what kind of abnormal end has occurred. This mode
should be used if an abnormal end occurs in auto-program or auto-erase mode.

The return code is retained until a command write for a mode other than status read mode is
executed.

Table 21.18 AC Characteristics in Status Read Mode

(Conditions: Ve = 5.0V £10%, V=0V, T, = 25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle toec 20 us
CE hold time teen ns
CE setup time tees 0 ns
Data hold time tan 50 ns
Data setup time tas 50 ns
Programming pulse width tyep 70 ns
OE output delay time t, 150 ns
Disable delay time ty 100 ns
CE output delay time te 150 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
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Address A
{ces tceh‘ toxic | tees teen toxic toxte
CE r r 3
x \ / \
: tce
OE /‘—
t, t X
- (Mol B Lt e,
WE S [ \ f
K 1 it 7
t t t t Lot
ds |- < ‘dh ds |- |- ‘dh -
o f 71 F 3
Data (IS (EED) « y—

Note: FO2 and FO3 are undefined.

Figure 21.22 Status Read Mode Timing Waveforms

Table 21.19 Status Read Mode Return Codes

Pin FO7 FO6 FO5 FO4 FO3 FO2 FO1 FOO
Attribute Normalend Command Programming Erase — — Programming Valid
identification error error error or erase address
count error
exceeded
Initial value 0 0 0 0 0 0 0 0
Indications  Normal end: Command Programming Erase — — Count Valid
0 error: 1 error: 1 error: 1 exceeded: 1 address
Abnormal Otherwise: Otherwise: 0 Otherwise: Otherwise: 0 &Mor: 1
end: 1 0 0 Otherwise:
0

Note: FO2 and FO3 are undefined.

Status Polling

1. In FO7 status polling, FO7 is a flag that indicates the operating status in auto-program or autc
erase mode.

2. In FOG6 status polling, FO6 is a flag that indicates a normal or abnormal end in auto-program ¢
auto-erase mode.

Table 21.20 Status Polling Output Truth Table

Internal Operation

Pin in Progress Abnormal End — Normal End
FO7 0 1 0 1

FO6 0 0 1 1
FOO-FO5 0 0 0 0
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Writer Mode Transition Time: Commands cannot be accepted during the oscillation settling

period or the writer mode setup period. After the writer mode setup time, a transition is made to
memory read mode.

Table 21.21 Stipulated Transition Times to Command Wait State

Iltem Symbol Min Max Unit Notes
Standby release (oscillation settling time) tose1 10 ms
Writer mode setup time Loy 10 ms
V¢ hold time g 0 ms
Vee ) tosc1 P thmy . . Liwn
|- - - >
. 1 Memory Auto-program mode | Command
S —MM —— read mode Auto-erase mode wait state | “———
Command Normal/
wait state abnormal
4 end
Command acceptance identification

Figure 21.23 Oscillation Settling Time, Boot Program Transfer Time,
and Power-Down Sequence

Cautions on Memory Programming

1. When programming addresses which have previously been programmed, carry out auto-
erasing before auto-programming.

2. When performing programming using writer mode on a chip that has been programmed/eras

in an on-board programming mode, auto-erasing is recommended before carrying out auto-
programming.

Notes: 1. The flash memory is initially in the erased state when the device is shipped by Hitact
For other chips for which the erasure history is unknown, it is recommended that auto
erasing be executed to check and supplement the initialization (erase) level.

2. Auto-programming should be performed once only on the same address block.
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21.6  Flash Memory Programming and Erasing Precautions

Read these precautions before using writer mode, on-board programming mode, or flash memor
emulation by RAM.

(1) Program with the specified voltage and timing.

When using a PROM programmer to reprogram the on-chip flash memory in the single-power-
supply model (S-mask model), use a PROM programmer that supports the Hitachi microcompute
device type with 64-kbyte on-chip flash memory (5.0 V programming voltage), do not set the
programmer to the HN28F101 3.3 V programming voltage and only use the specified socket
adapter. Failure to observe these precautions may result in damage to the device.

(2) Before programming, check that the chip is correctly mounted in the PROM

programmer.

Overcurrent damage to the device can occur if the index marks on the PROM programmer socke
socket adapter, and chip are not correctly aligned.

(3) Don't touch the socket adapter or chip while programming.
Touching either of these can cause contact faults and write errors.

(4) Set H'FF as the PROM programmer buffer data for addresses H'F780 to H'1FFFF.
The H8/3437SF PROM size is 60 kbytes. Addresses H'F780 to H'1FFFF always read H'FF, so if
H'FF is not specified as programmer data, a block error will occur.

(5) Use the recommended algorithms for programming and erasing flash memory.
These algorithms are designed to program and erase without subjecting the device to voltage str
and without sacrificing the reliability of programmed data.

Before setting the program (P) or erase (E) bit in flash memory control register 1 (FLMCR1), set
the watchdog timer to ensure that the P or E bit does not remain set for more than the specified
time.

(6) For details on interrupt handling while flash memory is being programmed or erased,
see section 21.4.6, Interrupt Handling during Flash Memory Programming and Erasing.

(7) Cautions on Accessing Flash Memory Control Registers

1. Flash memory control register access state in each operating mode
The H8/3437SF has flash memory control registers located at addresses H'FF80 (FLMCR1),
H'FF81 (FLMCR?2), and H'FF83 (EBR2). These registers can only be accessed when the
FLSHE bit is set to 1 in the wait-state control register (WSCR).
Table 21.22 shows the area accessed for the above addresses in each mode, when FLSHE =
and when FLSHE = 1.

540
HITACHI



Table 21.22 Area Accessed in Each Mode with FLSHE = 0 and FLSHE =1

Mode 1 Mode 2 Mode 3
FLSHE =1 Reserved area Flash memory control register initial values
(always H'FF) FLLMCR1 = H'80
FLMCR2 = H'00
EBR2 = H'00
FLSHE =0 External address space External address space Reserved area

(always H'FF)

2. When a flash memory control register is accessed in mode 2 (expanded mode with on-chip
ROM enabled)
When a flash memory control register is accessed in mode 2, it can be read or written to if
FLSHE =1, but if FLSHE = 0, external address space will be accessed. It is therefore essent
to confirm that FLSHE is set to 1 before accessing these registers.

3. To check whether FLSHE = 0 or 1 in mode 3 (single-chip mode)

When address H'FF80 is accessed in mode 3, if FLSHE = 1, FLMCR1 is read/written to, and
its initial value after a reset is H'80. When FLSHE = 0, however, this address is a reserved ai
that cannot be modified and always reads H'FF.
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Section 22 Power-Down State

22.1  Overview

The H8/3437 Series has a power-down state that greatly reduces power consumption by stoppil
some or all of the chip functions. The power-down state includes three modes:

1. Sleep mode
2. Software standby mode
3. Hardware standby mode

Table 22.1 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 22.1 Power-Down State

Entering CPU Sup. I/O Exiting
Mode Procedure Clock CPU Reg’s. Mod. RAM Ports Methods
Sleep Execute Run Halt Held Run Held Held * Interrupt
mode SLEEP . m
instruction
« STBY
Software Set SSBY bit Halt Halt Held Haltand Held Held « NMI
standby  in SYSCR to initialized . B
mode 1, then IRQ, l_RQZ
execute IRQ (incl
SLEEP KEYIN,—
instruction KEYIN,)
* RES
« STBY
Hardware Set STBY Halt Halt Not Haltand Held High « STBY and
standby  pin to low held initialized impe- RES
mode level dance
state

Notes: 1. SYSCR: System control register
2. SSBY: Software standby bit
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22.1.1 System Control Register (SYSCR)

Four of the eight bits in the system control register (SYSCR) control the power-down state. These
are bit 7 (SSBY) and bits 6 to 4 (STS2 to STS0). See table 22.2.

Table 22.2 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 software standby
mode.

On recovery from the software standby mode by an external interrupt, SSBY remains set to 1. Tc
clear this bit, software must write a 0.

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.
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Bits 6 to 4—Standby Timer Select 2 to 0 (STS2 to STSd)hese bits select the clock settling
time when the chip recovers from software standby mode by an external interrupt. During the
selected time, the clock oscillator runs but the CPU and on-chip supporting modules remain in
standby. Set bits STS2 to STSO0 according to the clock frequency to obtain a settling time of at
least 8 ms. See table 22.3.

e ZTAT and Mask ROM Versions

Bit 6: STS2 Bit 5: STS1 Bit 4: STSO Description

0 0 0 Settling time = 8,192 states (Initial value)
1 Settling time = 16,384 states
1 0 Settling time = 32,768 states
1 Settling time = 65,536 states
1 0 — Settling time = 131,072 states
1 — Unused

e F-ZTAT Version

Bit 6: STS2 Bit 5: STS1 Bit 4: STSO Description

0 0 0 Settling time = 8,192 states (Initial value)
Settling time = 16,384 states

Settling time = 32,768 states

Settling time = 131,072 states

1
0
1 Settling time = 65,536 states
0
1

Settling time = 1,024 states

1 — Unused

Note: When 1,024 states (STS2 to STSO = 101) is selected, the following points should be noted.

If a period exceeding @p/1,024 (e.g. @p/2,048) is specified when selecting the 8-bit timer,
PWM timer, or watchdog timer clock, the counter in the timer will not count up normally
when 1,024 states is specified for the settling time. To avoid this problem, set the STS value
just before the transition to software standby mode (before executing the SLEEP
instruction), and re-set the value of STS2 to STSO to a value from 000 to 100 directly after
software standby mode is cleared by an interrupt.
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22.2  Sleep Mode

22.2.1 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 sleep mode. After executing tt
SLEEP instruction, the CPU halts, but the contents of its internal registers remain unchanged. Th
on-chip supporting modules continue to operate normally.

22.2.2 Exit from Sleep Mode

The chip exits sleep mode when it receives an internal or external interrupt request, or a low inpu
at theRES or STBY pin.

Exit by Interrupt: An interrupt releases 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/disable
bit in the module’s control register, the interrupt cannot be requested, so it cannot wake the chip
up. Similarly, the CPU cannot be awakened by an interrupt other than NMI if the | (interrupt
mask) bit is set when the SLEEP instruction is executed.

Exit by RES Pin: When theRES pin goes low, the chip exits from sleep mode to the reset state.

Exit by STBY Pin: When theSTBY pin goes low, the chip exits from sleep mode to hardware
standby mode.
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22.3  Software Standby Mode

22.3.1 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. Power consumption is reduced f
an extremely low level. The on-chip supporting modules and their registers are reset to their initi
states, but as long as a minimum necessary voltage supply is maintained, the contents of the Cl
registers and on-chip RAM remain unchanged.

22.3.2 Exit from Software Standby Mode

The chip can be brought out of software standby mode BRESnnput, STBY input, or external
interrupt input at th&MI pin, IRQ, toIRQ, pins, orMRQ; pin (includingKEYIN, to KEYIN;).

Exit by Interrupt: When an NMI, IRQ, IRQ,, IRQ,, or IRQ; interrupt request signal is input, the
clock oscillator begins operating. After the waiting time set in bits STS2 to STSO0 of SYSCR, a
stable clock is supplied to the entire chip, software standby mode is released, and interrupt
exception-handling begins. IRQRQ,, IRQ;, and IRQ interrupts should be disabled before the
transition to software standby (clear IRQ3E, IRQ4E, IRQ5E, and IRQ7E to 0).

Exit by RES Pin: When theRES input goes low, the clock oscillator begins operating. When
RES is brought to the high level (after allowing time for the clock oscillator to settle), the CPU
starts reset exception handling. Be sure to R&f low long enough for clock oscillation to
stabilize.

Exit by STBY Pin: When theSTBY input goes low, the chip exits from software standby mode
to hardware standby mode.
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22.3.3  Clock Settling Time for Exit from Software Standby Mode

Set bits STS2 to STS0 in SYSCR as follows:

Crystal oscillator

Set STS2 to STSO for a settling time of at least 8 ms. Table 22.3 lists the settling times selecte
by these bits at several clock frequencies.

External clock

The STS bits can be set to any value. When 1,024 states (STS2 to STSO = 101) is selected, t
following points should be noted.

If a period exceeding gp/1,024 (e.g. @p/2,048) is specified when selecting the 8-bit timer,
PWM timer, or watchdog timer clock, the counter in the timer will not count up normally when
1,024 states is specified for the settling time. To avoid this problem, set the STS value just
before the transition to software standby mode (before executing the SLEEP instruction), and
re-set the value of STS2 to STSO to a value from 000 to 100 directly after software standby
mode is cleared by an interrupt.

Table 22.3 Times Set by Standby Timer Select Bits (Unit: ms)

Settling

Time System Clock Frequency (MHz)

STS2 STS1 STSO (States) 16 12 10 8 6 4 2 1 0.5

0 0 0 8,192 051 0.65 0.8 1.0 13 2.0 4.1 8.2 16.4
0 0 1 16,384 10 13 16 20 27 41 82 164 328
0 1 0 32,768 2.0 2.7 3.3 4.1 55 8.2 16.4 328 655
0 1 1 65,536 4.1 55 6.6 8.2 109 164 328 655 131.1
1 0 0/—* 131,072 8.2 109 13.1 164 21.8 328 655 131.1 262.1
Notes: 1. Alltimes are in milliseconds.

2. Recommended values are printed in boldface.

*  F-ZTAT version/ZTAT and mask-ROM versions
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22.3.4  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 22.1.

The NMI edge bit (NMIEG) in the system control register is originally cleared to 0, selecting the
falling edge. WhemNMI goes low, the&MI interrupt handling routine sets NMIEG to 1, sets
SSBY to 1 (selecting the rising edge), then executes the SLEEP instruction. The chip enters
software standby mode. It recovers from software standby mode on the next rising éNge of

oscitscor LTI et LTI

o [ U
Wi ]

NMIEG |

SSBY | :

NMI interrupt Software standby  Settling time NMI interrupt

handler mode (power- handler
NMIEG =1 down state)
SSBY =1

SLEEP

Figure 22.1 NMI Timing in Software Standby Mode
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22.3.5 Application Note

1. The I/O ports retain their current states in software standby mode. If a port is in the high outpt
state, the current dissipation caused by the output current is not reduced.

BSET #7, @SYSCR:8 ; Sets the SSBY bit

SLEEP . ; Executes the SLEEP instruction
Replace the underlined part
(SLEEP instruction) with
the code shown below.
4 N\
BSET #7, @SYSCR:8 ; Sets the SSBY bit
MOV. W #H'0180, RO ; Writes the SLEEP code H'0180
MOV. W RO, @H'FFO0 ; to the RAM
MOV. W #H'5470, RO ; Writes the RTS code H'5470
MOV. W RO, @H'FF02 ; to the RAM
JSR @H'FF00 : Subroutine branch
* Registers and RAM addresses are
arbitrary.
\ J

Note: The current responsible for this phenomenon also flows when the mode is changed to
SLEEP mode. In order to reduce current dissipation, therefore, please use the preliminary
remedy for the SLEEP instruction when changing the mode to SLEEP mode.
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22.4  Hardware Standby Mode

22.4.1 Transition to Hardware Standby Mode

Regardless of its current state, the chip enters hardware standby mode wherfsiRltpn
goes low.

Hardware standby mode reduces power consumption drastically by halting the CPU, stopping a
the functions of the on-chip supporting modules, and placing I/O ports in the high-impedance
state. The registers of the on-chip supporting modules are reset to their initial values. Only the o
chip RAM is held unchanged, provided the minimum necessary voltage supply is maintained.

Notes: 1. The RAME bit in the system control register should be cleared to 0 bef8iBtlie
pin goes low.

2. Do not change the inputs at the mode pins {MID,) 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 writer mode and increases current dissipation.

22.4.2  Recovery from Hardware Standby Mode

Recovery from the hardware standby mode requires inputs at b&fiBheandRES pins. When

the STBY pin goes high, the clock oscillator begins running. KR8 pin should be low at this

time and should be held low long enough for the clock to stabilize. Wh&Eshpin changes

from low to high, the reset sequence is executed and the chip returns to the program execution
state.
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22.4.3 Timing Relationships
Figure 22.2 shows the timing relationships in hardware standby mode.

In the sequence shown, fiRES goes low, theSTBY goes low, at which point the chip enters
hardware standby mode. To recover, ff§BY goes high, then after the clock settling tiRES
goes high.

Clock pulse
generator (¢
RES
(
) ) j
STBY !
(¢ |
) i |
-
" Clock settling
time
=~
Restart
Figure 22.2 Hardware Standby Mode Timing
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Section 23 Electrical Specifications

23.1  Absolute Maximum Ratings
Table 23.1 lists the absolute maximum ratings.

Table 23.1 Absolute Maximum Ratings

Item Symbol Rating Unit
Supply voltage Vee -0.3to +7.0 \Y,
1/0 buffer supply voltage VB -0.3t0 +7.0 \%
Flash memory programming FVee -0.3to0 +13.0 \%
voltage (Dual-power-supply
F-ZTAT™ version)
Programming voltage Vop —-0.3to +13.5 \%
Input voltage  Pins other than V., -0.3to V. +0.3 \%
ports 7, MD,, P8,
P9,, PA, to PA,
P8, P9., Vi, -0.3to VB +0.3 \Y,
PA, to PA,
Port 7 Vi, —0.3t0 AV, +0.3
MD, V., Dual-power-supply F-ZTAT version: \%
-0.3to +13.0
Other versions: —-0.3 to V. + 0.3
Reference supply voltage AV —-0.3t0 AV +0.3 \%
Analog supply voltage AV -0.3t0 +7.0 \%
Analog input voltage Van —-0.3t0 AV, +0.3 \Y,
Operating temperature Tonr Regular specifications: —20 to +75 °C
Wide-range specifications: —40to +85 °C
Storage temperature Ty -551t0 +125 °’C

Caution: Exceeding the absolute maximum ratings shown in table 23.1 can permanently destroy

the chip.*

Note: * FV,, must not exceed 13 V and V. must not exceed 13.5 V, including allowances for peak
overshoot. For the dual-power-supply F-ZTAT version, MD, must not exceed 13 V, including

an allowance for peak overshoot.
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23.2 Electrical Characteristics

23.2.1 DC Characteristics

Table 23.2 lists the DC characteristics of the 5-V version. Table 23.3 lists the DC characteristics ¢
4-V version. Table 23.4 lists the DC characteristics of the 3 V version. Table 23.5 gives the
allowable current output values of the 5-V and 4-V versions. Table 23.6 gives the allowable
current output values of the 3-V version. Bus drive characteristics common to 5-V, 4-V and 3-V
versions are listed in table 23.7.

Table 23.2 DC Characteristics (5-V Version)

Conditions: \.c=5.0 V +10%, \{(B = 5.0 V +10%, A\, = 5.0 V 109", AV,= 4.5V to
AV ¢, Vss= AVgs =0V, Ta=-20°C to +75°C (regular specifications), Ta = —40°C
to +85°C (wide-range specifications)

Test
Item Symbol Min Typ Max Unit Conditions
Schmitt P6, to P6,*, (EN A 1.0 — — \Y
trigger input  KEYIN,, to NE _ _ V. x07
T cc "

voltage KEYIN,, . VB x 0.7

IRQ, to IRQ,"”, " .

IRQ, to IRQ, Vi -V 04 - =
Input high  RES, STBY, (2 Vi Vee =07 — Vc+03 V
voltage MD,, MD,,

EXTAL, NMI

PA, to PA,"’ Ve 0.7 — Ve +0.3

SCL, SDA VB x 0.7 VB +0.3

P7,to P7, 2.0 — AV, +03

All input pins other 2.0 — Ve +0.3

than (1) and (2) V..B+0.3

above’’
Input low RES, STBY, 3) V. -0.3 — 0.5 \%
voltage MD,, MD,

PA, to PA, -0.3 — 1.0

SCL, SDA

All input pins other -0.3 — 0.8

than (1) and (3)

above
Output high All output pins Vou V=05 — — \Y, loy =—200 pA
voltage (except RESO)"® "’ VB -0.5

35 — — loy =—1.0 mA
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Test

Item Symbol Min Typ Max Unit Conditions
Output low  All output pins A — — 0.4 \% lop = 1.6 MA
voltage (except RESO) ™
P1,to P1,, — — 1.0 lo. =10.0 mA
P2, to P2,
RESO — — 0.4 lo. = 2.6 MA
Input RES, STBY | 1l — — 10.0 MA  Vin=0.5Vto
leakage NMI, MD,, MD, _ _ 1.0 Ve—05V
current
P7,to P7, — — 1.0 Vin=0.5Vto
AV, -05V
Leakage Ports 110 6, 8, 9, [ l1g | — — 1.0 A Vin=05Vto
currentin - A, B, RESO’’ Ve =05V,
three-state Vin=0.5Vto
(off state) V,B-05V
Input pull-  Ports 1to 3 —l, 30 — 250 MA  Vin=0V
up MOS Ports 6, A, B 60 — 500
current
Input STBY (dual- 4 c, — — 120 pF  Vin=0V,
capacitance power-supply f=1MHz,
F-ZTAT Ta=25°C
version)
RES, STBY — — 60
(except dual-
power-supply
F-ZTAT
version)
NMI, MD, — — 50
PA, to PA,, — — 20
P9,, P8
All input pins other — — 15
than (4)
Current Normal operation lec — 27 45 mA =12 MHz
dissipation™ — 36 60 f= 16 MHz
Sleep mode — 18 30 f=12 MHz
— 24 40 f=16 MHz
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Test

Item Symbol Min Typ Max Unit Conditions
Current Standby modes”™? lec — 0.01 5.0 MA Ta<50°C
dissipation”? _ _ 20.0 50°C < Ta
Analog During A/D Al — 12 20 mA
supply conversion
current During A/D and D/A — 12 20
conversion
A/D and D/A — 0.01 5.0 HA AV, =20V
conversion idle to5.5V
Reference  During A/D Al — 03 06 mA
supply conversion
current During A/D and D/A — 13 30
conversion
A/D and D/A — 0.01 5.0 HA AV, =20V
conversion idle to5.5V
Analog supply voltage™ AV, 45 — 5.5 \Y During
operation
2.0 — 5.5 While idle or
when not in
use
RAM standby voltage Viram 2.0 — — \Y

Notes: *1 Even when the A/D and D/A converters are not used, connect AV to power supply V..
and keep the applied voltage between 2.0 V and 5.5 V. At this time, make sure AV, <
AV...

*2 Current dissipation values assume that V,, ...

=V =05V, Ve B=05V,V, .=

0.5V,

all output pins are in the no-load state, and all input pull-up transistors are off.
*3 For these values it is assumed that Vg,, < V. <4.5Vand V,, i, = Vee X 0.9,

VB x0.9,V

IL max

=0.3V.

*4 P6, to P6, include supporting module inputs multiplexed with them.

*5 IRQ, includes ADTRG multiplexed with it.

*6 Applies when IICS = IICE = 0. The output low level is determined separately when the
bus drive function is selected.

*7 The characteristics of PA, to PA,, KEYIN,; to KEYIN,,, P9,/WAIT, SDA, and
P8,/IRQ./SCK,, SCL depend on V_.B; the characteristics of all other pins depend on
Vee.
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Table 23.3 DC Characteristics (4-V Version)

Conditions: W.c=4.0Vto55V,VB=40Vto55V, A\¢.=4.0Vto55W

AV, =4.0 V10 AV.e, Ves= AVgs= 0V, Ta=-20°C to +75°C (regular

specifications), Ta = —40°C to +85°C (wide-range specifications)

Test
Item Symbol Min Typ Max Unit Conditions
Schmitt P6,t0 P6, %, (1) V. 1.0 - = Y Ve =45Vto
trigger input  KEYIN,; to, V. _ _ V. x0.7 55V,V.B=
voltage KEYIN,, ' o 45V1t055V
oTaY . VB x0.7
IRQ, to IRQ,°, " -
IRQ, to IRQ, Vi =V 04 - =
\VAy 0.8 - = Ve =4.0Vto
v, _ V. x07 45V, VB =
VB x 0.7 40Vto4.5V
V' =V, 0.3 S —
Input high  RES, STBY, (2) V, Vee— 07 — Vec+03 V
voltage MD,, MD,,
EXTAL, NMI
PA, to PA,” Ve X07 — V. +0.3
SCL, SDA VB x 0.7 VB +0.3
P7,t0 P7, 2.0 — AV, +03
All input pins other 2.0 — V. +0.3
than (1) and (2) VB +0.3
above’’
Input low RES, STBY, 3) V, -0.3 — 0.5 \Y
voltage MD,, MD,
PA, to PA,” -0.3 — 10 Ve =45V to
SCL, SDA 55V, VB =
45Vto55V
-0.3 — 0.8 Ve.=4.0Vto
45V, VB =
40Vto45V
All input pins other -0.3 — 0.8 V=45V to
than (1) and (3) 55V, V.B=
above™’ 45Vt055V
-0.3 — 06 Ve =4.0Vto
45V, VB =
40Vto45V
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Test

Item Symbol Min Typ Max Unit Conditions
Output high  All output pins Vou V=05 — — \% loy = =200 pA
voltage (except RESO)™® "’ VB -0.5
35 — — low =—=1.0 MA,
Ve =45Vto
55V, V.B=
45Vto55V
2.8 — — low ==1.0 MA,
Vec=4.0Vto
45V, VB =
40Vtod45V
Output low  All output pins Voo — — 0.4 \% lo, =1.6 MA
voltage (except RESO)®
P1, to P1,, — — 10 lo. = 10.0 mA
P2, to P2,
RESO — — 0.4 lo. = 2.6 MA
Input RES, STBY | 1 — — 10.0 MA  Vin=0.5Vto
Ieakage m, MD1| MDO _ _ 10 VCC - 0.5 \Y
current
P7,to P7, — — 1.0 Vin=0.5Vto
AV, -05V
Leakage Ports 1t0 6, 8, 9, [ lrsi | — — 10 MA  Vin=0.5Vto
currentin A, B, RESO’’ V=05V,
three-state Vin=0.5Vto
(off state) V..B-05V
Input pull-  Ports 1to 3 —lp 30 — 250 MA  Vin=0V,
upMOS  ports 6, A, B 60 — 500 Vec =45V 1o
current 55V, VB =
45Vto55V
Ports 1 to 3 20 — 200 Vin=0V,
Ports 6, A, B'’ 40 — 400 Vec =4.0Vio
45V, VB =
40Vtod45V
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Test

Item Symbol Min Typ Max Unit Conditions
Input STBY (dual- 4 C, — — 120 pF  Vin=0V,
capacitance power-supply f=1 MHz,
F-ZTAT Ta=25°C
version)
RES, STBY — — 60
(except dual-
power-supply
F-ZTAT
version)
NMI, MD, — — 50
PA, to PA,, — — 20
P9,, P8;
All input pins other — — 15
than (4) above
Current Normal operation lee — 27 45 mA =12 MHz
dissipation™ — 36 60 f= 16 MHz
V=45V to
55V
Sleep mode — 18 30 f=12 MHz
— 24 40 f=16 MHz
V=45V to
55V
Standby modes™® — 0.01 5.0 HA  Tas<50°C
— — 20.0 50°C < Ta
Analog During A/D Al — 12 20 mA
supply conversion
current During A/D and D/A — 12 20
conversion
A/D and D/A — 0.01 5.0 MA AV, =20V
conversion idle to55V
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Test

Item Symbol Min Typ Max Unit Conditions
Reference  During A/D Al — 03 06 mA
supply conversion
current During A/D and D/A — 1.3 3.0
conversion
A/D and D/A — 0.01 5.0 MA  AV,,=20V
conversion idle to5.5V
Analog supply voltage™ AV . 4.0 — 5.5 \% During
operation
2.0 — 5.5 While idle or
when not in
use
RAM standby voltage Viam 2.0 — — \Y

Notes: *1 Even when the A/D and D/A converters are not used, connect AV to power supply V..
and keep the applied voltage between 2.0 V and 5.5 V. At this time, make sure AV, <
AVc.
*2 Current dissipation values assume that V,, .., = Vec = 0.5V, V. .B-05V, V, .. =
0.5V, all output pins are in the no-load state, and all input pull-up transistors are off.
*3 For these values it is assumed that Vg, < V. <4.0Vand V,, i, = Vee X 0.9, VB x 0.9,
\Y/ =0.3V.

IL max

*4 P6, to P6, include supporting module inputs multiplexed with them.

*5 IRQ, includes ADTRG multiplexed with it.

*6 Applies when IICS = IICE = 0. The output low level is determined separately when the
bus drive function is selected.

*7 The characteristics of PA, to PA,, KEYIN,;to KEYIN,,, P9,/WAIT, SDA, and
P8,/IRQ./SCK,, SCL depend on V_.B; the characteristics of all other pins depend on
Vee.
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Table 23.4 DC Characteristics (3-V Version)

Conditions: Ve =2.7V1t055V, V.c.B=27V 1055V, AV =2.7V1055W
AV . = 2.7 V10 AVsg, Ves= AVes= 0V, Ta = —20°C to +75°C

Test

Item Symbol Min Typ Max Unit Conditions
Schmitt P6,to P6,%,  (1)7 V. Ve 015 — v
trigger input  KEYIN,; to, VB x0.15
voltage KEYIN,, g v, _ _ Ve x 0.7

|RQZ tO |RQD ) VCCB X 07

IRQ, to IRQ,

Vi =V, 0.2 S —

Input high  RES, STBY, 2 Vv, Ve x09 — Vec+03 V
voltage MD,, MD,,

EXTAL, NMI

PA, to PA,” Ve X0.7 — V. +03

SCL, SDA V. B x0.7 VB +0.3

P7,to P7, AV, x07 — AV, +0.3

All input pins other Ve x0.7  — Ve +0.3

than (1) and (2) V..B % 0.7 V..B+0.3

above’’
Input low RES, STBY, 3) V. -0.3 — Ve x01  V
voltage™ MD,, MD,

PA, to PA,” -0.3 — V., x0.15

SCL, SDA VB % 0.15

All input pins other -0.3 — Ve x 0.15

than (1) and (3) VB x0.15

above™’
Output high All output pins Vou Vee—05 — — \Y, lon = =200 pA
voltage (except RESO)™®"” VB -0.5

Vee—10 — — low =—1 MA
V.B-1.0

Output low  All output pins A — — 0.4 \Y, lo. =0.8 MA
voltage (except RESO)'®

P1,to P1,, — — 04 lo. = 1.6 MA

P2, to P2,

RESO — — 0.4 loo = 1.6 MA
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Test

Item Symbol Min Typ Max Unit Conditions
Input RES, STBY | 1 — — 10.0 MA  Vin=0.5Vto
leakage NMI, MD,, MD, _ _ 1.0 V=05V
current -

P7,to P7, — — 1.0 Vin=0.5Vto

AV.,.—05V
Leakage Ports 1to0 6, 8, 9, | I | — — 1.0 HA  Vin=05Vto
current in A, B, RESO"”’ V=05V,
three-state Vin=0.5Vto
(off state) VecB-05V
Input pull-  Ports 1to 3 —lp 3 — 120 HA  Vin=0V,
upMOS  pors 6, A, B 30 — 250 Ve =2.7V 10
current 3.6V,V.B=
27Vto36V

Input STBY (dual- 4) C, — — 120 pF  Vin=0V,
capacitance power-supply f=1 MHz,

F-ZTAT Ta=25°C

version)

RES, STBY — — 60

(except dual-

power-supply

F-ZTAT

version)

NMI, MD, — — 50

PA, to PA,, — — 20

P9,, P8,

All input pins other — — 15

than (4) above
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Test

Item Symbol Min Typ Max Unit Conditions
Current Normal operation lec — 7 — mA  f=6 MHz,
dissipation”? V=27V 1o
3.6V
— 12 22 f=10 MHz,
V=27V to
3.6V
— 25 — f =10 MHz,
Ve =4.0Vto
55V
Sleep mode — 5 — f=6 MHz,
V=27V to
3.6V
— 9 16 f=10 MHz,
V=27V to
3.6V
— 18 — f =10 MHz,
Ve =4.0Vto
55V
Standby modes™® — 0.01 5.0 HA  Ta<50°C
— — 20.0 50°C < Ta
Analog During A/D Al — 12 20 mA
supply conversion
current During A/D and D/A — 1.2 20
conversion
A/D and D/A — 0.01 5.0 MA AV, =20V
conversion idle to5.5V
Reference  During A/D Al — 03 0.6 mA
supply conversion
current During A/D and D/A — 1.3 3.0
conversion
A/D and D/A — 0.01 5.0 MA  AV,,=20V
conversion idle to5.5V
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Test

Item Symbol Min Typ Max Unit Conditions
Analog supply voltage™ AV . 2.7 — 55 \Y, During
operation
2.0 — 55 While idle or
when not in
use
RAM standby voltage Veam 2.0 — — \%

Notes: *1 Even when the A/D and D/A converters are not used, connect AV to power supply V.

564

and keep the applied voltage between 2.0 V and 5.5 V. At this time, make sure AV, <
AV ..

*2 Current dissipation values assume that V, i, = Ve — 0.5V, V,(B-05V, V. =
0.5V, all output pins are in the no-load state, and all input pull-up transistors are off.

*3 For these values it is assumed that Vi, < Vo < 2.7V and Vy, i, = Ve X 0.9, VB x 0.9,
Vi max = 0.3 V.

*4 P6, to P6, include supporting module inputs multiplexed with them.

*5 IRQ, includes ADTRG multiplexed with it.

*6 Applies when IICS = IICE = 0. The output low level is determined separately when the
bus drive function is selected.

*7 The characteristics of PA, to PA,, KEYIN,;to KEYIN,,, P9,/WAIT, SDA, and
P8./IRQ./SCK,, SCL depend on V..B; the characteristics of all other pins depend on
Ve

*8 In the F-ZTAT LH version, V.,.=3.0Vto55V,V.,.B=3.0Vto55V, AV, =3.0Vto
55V.
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Table 23.5 Allowable Output Current Values (5-V and 4-V Versions)

Conditions: W\.=4.0Vto55V,¥B=4.0Vto55V,A¢.=4.0Vto55V, AV,=4.0V
to AV, Vegs= AVs= 0V, Ta = -20°C to +75°C (regular specifications),

Ta = -40°C to +85°C (wide-range specifications)

Iltem Symbol Min Typ Max Unit
Allowable output low SCL, SDA, PA,to PA, 1 — — 20 mA
current (per pin) (bus drive selection)

Ports 1 and 2 — — 10

RESO — — 3

Other output pins — — 2
Allowable output low Ports 1 and 2, total Zlo, — — 80 mA
current (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 Z—loy — — 40 mA
current (total)
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Table 23.6 Allowable Output Current Values (3-V Version)

Conditions: \ec=2.7 V10 5.5 V¥, LB = 2.7 V10 5.5 V¥, A\lc = 2.7 V 10 5.5 V*, A\,= 2.7
V 10 AV, Ves= AVgs= 0V, Ta = —20°C to +75°C

Item Symbol Min Typ Max Unit
Allowable output low SCL, SDA, PA, to PA, I, — — 10 mA
current (per pin) (bus drive selection)

Ports 1 and 2 — — 2

RESO — — 1

Other output pins — — 1
Allowable output low Ports 1 and 2, total Sl — — 40 mA
current (total) Total of all output — — 60
Allowable output high All output pins —lo — — 2 mA
current (per pin)
Allowable output high Total of all output oy — — 30 mA

current (total)

Note: To avoid degrading the reliability of the chip, be careful not to exceed the output current
values in tables 23.5 and 23.6. In particular, when driving a darlington transistor pair or LED
directly, be sure to insert a current-limiting resistor in the output path. See figures 23.1 and
23.2.

* In the F-ZTAT LH version, V..=3.0Vto55V,V.,.B=3.0Vto 55V, AV, =3.0Vto
55V.

H8/3437

Port

Darlington
transistor

Figure 23.1 Example of Circuit for Driving a Darlington Transistor (5-V Version)
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H8/3437

Ports 1 or 2

LED

Figure 23.2 Example of Circuit for Driving an LED (5-V Version)
Table 23.7 Bus Drive Characteristics

Conditions: \Vc=2.7Vt05.5V* =0V, Ta=-20°C to +75°C

Item Symbol Min Typ Max  Unit Test Condition
Output low SCL, SDA Voo — — 0.5 \Y, VB =5V £10%
level voltage PA, to PA, lo, =16 mA
(bLI‘S ‘tj_”"e — — 05 VeB =27V 1055 V*
selection) o, = 8 MA
— — 0.4 VB =27V1t055V*
o =3 MA

Note: * In the F-ZTAT LH version, V.. =3.0Vto55V,V.,B=3.0Vto55V.

23.2.2  AC Characteristics

The AC characteristics are listed in four tables. Bus timing parameters are given in table 23.8,
control signal timing parameters in table 23.9, timing parameters of the on-chip supporting
modules in table 23.10°G bus timing parameters in table 23.11, and external clock output
stabilization delay time in table 23.12.
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Table 23.8 Bus Timing

Condition A: Vc=5.0 V £10%, VB =5.0 V £10%, ;=0 V, g = 2.0 MHz to maximum
operating frequency, Ta = —20 to +75°C (regular specifications), Ta = —40 to +85°C
(wide-range specifications)

Condition B: V,c=4.0Vto55V,¥B=4.0Vto55V, =0V, g =2.0 MHz to maximum
operating frequency, Ta = —20 to +75°C (regular specifications), Ta = —40 to +85°C
(wide-range specifications)

Condition C: W.c=2.7Vt055V, V. B=27V1055V, V=0V, g =2.0MHzto
maximum operating frequency, Ta = -20to +75°C

Condition C Condition B Condition A

10 MHz 12 MHz 16 MHz Test
Iltem Symbol  Min Max Min  Max Min Max Unit  Conditions
Clock cycle time toye 100 500 83.3 500 62.5 500 ns Fig. 23.7
Clock pulse width low ter 30 — 30 — 20 — ns
Clock pulse width high tey 30 — 30 — 20 — ns
Clock rise time te — 20 — 10 — 10 ns
Clock fall time tes — 20 — 10 — 10 ns
Address delay time tap — 50 — 35 — 30 ns
Address hold time tan 20 — 15 — 10 — ns
Address strobe delay time  t g — 50 — 35 — 30 ns
Write strobe delay time twsp — 50 — 35 — 30 ns
Strobe delay time tsp — 50 — 35 — 30 ns
Write strobe pulse width™  t,,q 110 — 90 — 60 — ns
Address setup time 1"* tass 15 — 10 — 10 — ns
Address setup time 2"t taso 65 — 50 — 40 — ns
Read data setup time tros 35 — 20 — 20 — ns
Read data hold time™? taoH 0 — 0 — 0 — ns
Read data access time™  t,.c — 170 — 160 — 110 ns
Write data delay time twop — 80/752 — 65/60"2 — 60 ns
Write data setup time twos 052 — 052 — 052 — ns
Write data hold time twon 20 — 20 — 20 — ns
Wait setup time twrs 40 — 35 — 30 — ns Fig. 23.8
Wait hold time twrh 10 — 10 — 10 — ns

Notes: *1 Values at maximum operating frequency
*2 HB8/3437 F-ZTAT version/other products
*3 In the F-ZTAT LH version, V.. =3.0Vto55V,V.,.B=3.0Vto55V
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Table 23.9 Control Signal Timing

Condition A: V,c=5.0V £10%, LB =5.0V £10%, ;=0 V, g = 2.0 MHz to maximum
operating frequency, Ta = —20°C to +75°C (regular specifications), Ta = —40°C to
+85°C (wide-range specifications)

Condition B: V,c=4.0Vto55V,¥B=4.0Vto5.5V, =0V, g=2.0 MHz to maximum
operating frequency, Ta = —-20°C to +75°C (regular specifications), Ta = —40°C to
+85°C (wide-range specifications)

Condition C: Ve =2.7 V10 5.5 V* LB = 2.7 V10 5.5 V*, \ls = 0 V, @ = 2.0 MHz to
maximum operating frequency, Ta =-20°C to +75°C

Condition C Condition B Condition A
10 MHz 12 MHz 16 MHz

Test
Item Symbol  Min Max Min Max Min Max  Unit Conditions
RES setup time tress 300 — 200 — 200 — ns Fig. 23.9
RES pulse width tresw 10 — 10 — 10 — tye
RESO output delay time treso — 200 — 120 — 100 ns  Fig. 23.25
RESO output pulse width  tyegow 132 — 132 — 132 — tye
N‘ﬂsetﬂ time tamis 300 — 150 — 150 — ns Fig. 23.10
(NMI, IRQ, to IRQ,)
NMI hold time tamin 10 — 10 — 10 — ns
(NMI, IRQ, to IRQ,)
Interrupt pulse width for tamiw 300 — 200 — 200 — ns

recovery from software
standby mode
(NMI, IRQ, to IRQ,, IRQ,)

Crystal oscillator settling tosc1 20 — 20 — 20 — ms  Fig. 23.11
time (reset)

Crystal oscillator settling tosca 8 — 8 — 8 — ms  Fig. 23.12
time (software standby)

Note: * In the F-ZTAT LH version, V.. =3.0Vt0 55V, V., B=3.0Vto55V.
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Measurement Conditions for AC Characteristics

5V
RL
LSI
in ©
output pin < C= 90pF: Ports 1-4, 6,9, A, B
30 pF: Ports 5, 8
RL=2.4kQ
— § Ry Ru=12kQ
C
Input/output timing measurement levels
Low: 0.8 V
77 T High: 2.0 V

Figure 23.3 Measurement Conditions for A/C Characteristics
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Table 23.10 Timing Conditions of On-Chip Supporting Modules

Condition A: V,c=5.0V £10%, LB =5.0V £10%, ;=0 V, g = 2.0 MHz to maximum
operating frequency, Ta = —20°C to +75°C (regular specifications), Ta = —40°C to
+85°C (wide-range specifications)

Condition B: V,c=4.0Vto55V,¥B=4.0Vto5.5V, =0V, g=2.0 MHz to maximum
operating frequency, Ta = —-20°C to +75°C (regular specifications), Ta = —40°C to
+85°C (wide-range specifications)

Condition C: Ve =2.7 V10 5.5 V* LB = 2.7 V10 5.5 V*, \ls = 0 V, @ = 2.0 MHz to
maximum operating frequency, Ta =-20°C to +75°C

Condition C Condition B Condition A

10 MHz 12 MHz 16 MHz Test
Item Symbol  Min Max Min  Max Min Max  Unit  Conditions
FRT  Timer output delay  terop — 150 — 100 — 100 ns Fig. 23.13
time
Timer input setup  trg 80 — 50 — 50 — ns
time
Timer clock input tercs 80 — 50 — 50 — ns Fig. 23.14
setup time
Timer clock pulse  terewn 15 — 15 — 15 — teye
width —
TMR  Timer output delay  t;yop — 150 — 100 — 100 ns Fig. 23.15
time
Timer reset input trurs 80 — 50 — 50 — ns Fig. 23.17
setup time
Timer clock input trmes 80 — 50 — 50 — ns Fig. 23.16
setup time
Timer clock pulse  trycwn 15 — 15 — 15 — toye
width (single edge)
Timer clock pulse  trycw 2.5 — 25 — 25 — teye
width (both edges)
PWM  Timer output delay  toyop — 150 — 100 — 100 ns Fig. 23.18
time
SCI Input clock (Async) tg. 4 — 4 — 4 — teye Fig. 23.19
cycle
Y (Sync) 6 — 6 — 6 — toe
Transmit data delay tryp — 200 — 100 — 100 ns
time (Sync)
Receive data setup trys 150 — 100 — 100 — ns
time (Sync)
Receive data hold  tgyy, 150 — 100 — 100 — ns
time (Sync)
Input clock pulse tsckw 0.4 0.6 0.4 0.6 0.4 0.6 tsee  Fig. 23.20
width
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Condition C Condition B Condition A
10 MHz 12 MHz 16 MHz Test
Item Symbol  Min Max Min Max Min  Max Unit Conditions
Ports Output data delay  toyp — 150 — 100 — 100 ns Fig. 23.21
time
Input data setup tors 80 — 50 — 50 — ns
time
Input data hold time  toz, 80 — 50 — 50 — ns
HIF  CS/HA,setup time  t.g 10 — 10 — 10 — ns Fig. 23.22
read CSIHA, hold time  t,s 10 — 10 — 10 — ns
cycle ——
IOR pulse width turew 220 — 120 — 120 — ns
HDB delay time turo — 200 — 100 — 100 ns
HDB hold time tre 0 40 0 25 0 25 ns
HIRQ delay time thiro — 200 — 120 — 120 ns
HIF  CS/HA, setup time  tyay 10 — 10 — 10 — ns Fig. 23.23
write =g :
CS/HA, hold time t 10 — 10 — 10 — ns
cycle 0 HWA
IOW pulse width twew 100 — 60 — 60 — ns
HDB  High-speed t,py 50 — 30 — 30 — ns
setup GATE A,
time  not used
High-speed 85 — 55 — 45 —
GATE Ay,
used
HDB hold time tawo 25 — 15 — 15 — ns
GA,, delay time thea — 180 — 90 — 90 ns

Note: * In the F-ZTAT LH version, V.. =3.0Vto55V,V.,B=3.0Vto55V.

572

HITACHI



Table 23.11 FC Bus Timing

Conditions: W.=2.7Vt055V*  B=27V1t055V* V=0V, Ta=-20°C to +75°C,

225 MHz
Item Symbol  Min Typ  Max Unit Test Conditions Note
SCL clock toe 12t — — ns Fig. 23.24
cycle time
SCL clock tscn 3t — — ns
high pulse
width
SCL clock tocs 51, — — ns
low pulse
width
SCL and SDA tg, — — 1000 ns Normal mode
rise time 100 kbits/s (max)
20+0.1Cc, — 300 High-speed mode
400 kbits/s (max)
SCL and SDA tg — — 300 ns Normal mode
fall time 100 kbits/s (max)
20+0.1Cc, — 300 High-speed mode
400 kbits/s (max)
SDA bus-free tg: 51, — — ns
time
SCL start toran 3t — — ns
condition
hold time
SCLresend  tgras 3ty — — ns
start condition
setup time
SDA stop tsros 3t — — ns
condition
setup time
SDA data tspas 0.5t,, — — ns
setup time
SDA data tspan 0 — — ns
hold time
SDA load C, — — 400 pF
capacitance
Note: * In the F-ZTAT LH version, V.. =3.0Vto55V,V ., B=3.0Vto55V.
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Table 23.12 External Clock Output Stabilization Delay Time

Conditions: V. =2.7V 1055V, AV =2.7V 1055V, Vgs=AVss= 0V, Ta=-40°C to
+85°C

Item Symbol Min Max Unit Notes

External clock output stabilization toexr - 500 — us Figure 23.26
delay time

Notes: *1 tpg, includes a 10 t,. RES pulse width (tgegy).
*2 In the F-ZTAT LH version, V.. =3.0Vto 55V, AV,.=3.0Vto55V.
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23.2.3  A/D Converter Characteristics

Table 23.13 lists the characteristics of the on-chip A/D converter.

Table 23.13

Condition A:

Condition B:

Condition C:

A/D Converter Characteristics

Vee = 5.0 V £10%, LB = 5.0 V #10%, A\L. = 5.0 V +10%, AV, = 4.5 V to
AV e, Vss= AVgs= 0V, g = 2.0 MHz to maximum operating frequency,

Ta =-20to +75°C (regular specifications), Ta = —40 to +85°C (wide-range
specifications)

Vec=4.0Vto55V,¥B=40Vto55V,A.=40Vto55V,AV,;=4.0V
to AV, Vss= AVgs= 0V, g = 2.0 MHz to maximum operating frequency,
Ta =-20 to +75°C (regular specifications), Ta = —40 to +85°C (wide-range
specifications)

\e=2.7V1055V VB =27V1055\ AV =2.7 V10 5.5 V7,
AV =27 V10 AV ?, Vgs= AVgs= 0V, @ = 2.0 MHz to maximum operating
frequency, Ta =-20to +75°C

Condition C Condition B Condition A
10 MHz 12 MHz 16 MHz

Iltem Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 Bits
Conversion (single mode)* — — 134 — — 112 — — 84 us
Analog input capacitance — — 20 — — 20 — — 20 pF
Allowable signal source — — 5 — — 10 — — 10 kQ
impedance
Nonlinearity error — — 6.0 — — +3.0 — — +3.0 LSB
Offset error — — 4.0 — — +35 — — +3.5 LSB
Full-scale error — — 40 — — +35 — — +3.5 LSB
Quantizing error — — 05 — — +0.5 — — +0.5 LSB
Absolute accuracy — — +8.0 — — +40 — — +4.0 LSB

Notes: *1 Values at maximum operating frequency

*2 In the F-ZTAT LH version, V.. =3.0 V10 5.5V, V. .B=3.0V10 55V, AV, =3.0 Vo
5.5V, AV,,= 3.0 V to AV,..
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23.2.4 DI/A Converter Characteristics

Table 23.14 lists the characteristics of the on-chip D/A converter.

Table 23.14 D/A Converter Characteristics
Condition A: Ve =5.0 V £10%, (B = 5.0 V £10%, AV, = 5.0 V £10%, AV,;= 4.5V to
AV e, Vss= AVgs= 0V, g = 2.0 MHz to maximum operating frequency,
Ta =-20to +75°C (regular specifications), Ta = —40 to +85°C (wide-range
specifications)
Condition B: V;c=4.0Vt055V,¥B=40V1to55V,A{:=4.0V1to55V, AY;=4.0V
to AV, Ves= AVgs= 0V, g = 2.0 MHz to maximum operating frequency,
Ta =-20 to +75°C (regular specifications), Ta = —40 to +85°C (wide-range
specifications)
Condition C: c=2.7V1t055V* (B =2.7V1t055V* AL.=2.7V 1055 V*
AV = 2.7V 10 AV 5, Vgs= AVgs= 0V, g = 2.0 MHz to maximum operating
frequency, Ta =-20to +75°C
Condition C Condition B Condition A
10 MHz 12 MHz 16 MHz Test
Item Min Typ Max Min Typ Max Min Typ Max Unit Conditions
Resolution 8 8 8 8 8 8 8 8 8 Bits
Conversion time - — 100 — — 100 — — 100 ps 30pFload
(settling time) capacitance
Absolute accuracy — 2.0 #30 — #1.0 #15 — #1.0 %15 LSB 2 MQ load
resistance
—_ - 20 — — 210 — — +1.0 LSB 4 MQ load
resistance

Note: * In the F-ZTAT LH version, V.. =3.0Vt055V,V, B=30Vto55V, AV, =3.0Vto55YV,

AV,

ref
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23.2.5 Flash Memory Characteristics (H8/3437SF Only)
Table 23.15 shows the flash memory characteristics.
Table 23.15 Flash Memory Characteristics

Conditions: \ie= 5.0V + 10%, A\k.= 5.0 V + 10%, \s= AVs= 0 V, T,= 0 to +75°C

Test
Item Symbol Min Typ Max Unit Condition
Programming time™ "> ™ tP — 10 200 ms/
32 bytes
Erase time™ ™™ tE — 100 1200 ms/
block

Reprogramming count Nyec — — 100 Times
Programming Wait time after X 10 — — us

SWE-bit setting™

Wait time after y 50 — — ps

PSU-bit setting™

Wait time after z 150 — 500 ps

P-bit setting™ ™

Wait time after a 10 — — ps

P-bit clear™

Wait time after B 10 — — us

PSU-bit clear*

Wait time after y 4 — — ps

PV-bit setting”™*

Wait time after € 2 — — us

dummy write™

Wait time after n 4 — — ps

PV-bit clear™*

Maximum N — — 403 Times

programming

count™™"®

HITACHI
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Test

Item Symbol Min Typ Max Unit Condition
Erase Wait time after X 10 — — Hs

SWE-bit setting™*

Wait time after y 200 — — us

ESU-bit setting™

Wait time after z 5 — 10 ms
E-bit setting™* "

Wait time after a 10 — — us
E-bit clear™

Wait time after B 10 — — Hs
ESU-bit clear™

Wait time after Y 20 — — us
EV-bit setting™*

Wait time after € 2 — — ps
dummy write™

Wait time after n 5 — — us
EV-bit clear™*

Maximum erase N — — 120 Times tE=10ms
count™"®"’

Notes: *1 Set the times according to the program/erase algorithms.

*2 Programming time per 32 bytes (Shows the total period for which the P-bit in FLMCR1
is set. It does not include the programming verification time.)

*3 Block erase time (Shows the total period for which the E-bit in FLMCRL1 is set. It does
not include the erase verification time.)

*4 Maximum programming time (tP (max) = wait time after P-bit setting (z) x maximum
programming count (N))
Set the wait time after P-bit setting (z) to the minimum value of 150 us when the write
counter in the 32-byte write algorithm is between 1 and 4.

*5 Number of times when the wait time after P-bit setting (z) = 150 pus or 500 ps.
The number of writes should be set according to the actual set value of (z) to allow
programming within the maximum programming time (tP).

*6 Maximum erase time (tE (max) = Wait time after E-bit setting (z) x maximum erase
count (N))

*7 Number of times when the wait time after E-bit setting (z) = 10 ms.

The number of erases should be set according to the actual set value of z to allow
erasing within the maximum erase time (tE).
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23.3  Absolute Maximum Ratings (H8/3437SF Low-Voltage Version)
Table 23.16 lists the absolute maximum ratings.

Table 23.16 Absolute Maximum Ratings

Item Symbol Value Unit
Supply voltage Ve -0.3to+7.0 \%
Input output Buffer for Supply VB -0.3to+7.0 \Y,
voltage

Input voltage Vi, -0.3toV,+0.3 \Y,
(except port 7, P86, P97,

PATY to PA4)

Input voltage vV, -0.3toV.,B+0.3 \Y,
(P86, P97, PA7 to PA4)

Input voltage (Port 7) V,, -0.3t0 AV, +0.3 \%
Reference supply voltage AV, -0.3t0 AV, +0.3 \Y,
Analog supply voltage AV -0.3t0+7.0 \%
Analog input voltage Vo -0.3t0 AV, +0.3 \%
Operating temperature Topr -20to+ 75 °C
Storage temperature Tag -55t0 + 125 °C

Caution: Exceeding the absolute maximum ratings shown in table above can permanently dest
the chip.
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23.4  Electrical Characteristics (H8/3437SF Low-Voltage Version)

23.4.1 DC Characteristics

Table 23.17 lists the DC characteristics. Table 23.18 gives the allowable current output values.
Bus drive characteristics common listed in table 23.19.

Table 23.17 DC Characteristics

Conditions: W:=3.0V1t055V,V¥B=3.0V1t055V, A{¢:.=3.0V 1055\,
AV =3.0 V10 AV, Ves=AV=0V, Ta=-20°C to +75°C (regular
specifications), Ta = —40°C to +85°C (wide-range specifications)

Test
Item Symbol Min Typ Max Unit Conditions
Schmitt P6,to P6,*, (1) V; Ve x015 — — \Y;
trigger input  KEYIN,; to, VB x0.15
voltage KEYIN,, y v, - - Vo % 0.7
1RQ, to IRQ, *, VB x0.7
IRQ, to IRQ,
V=V, 0.2 — —
Input high  RES, STBY, 2 Vu Ve x09 — Ve +03  V
voltage MD,, MD,,
EXTAL, NMI
PA, to PA,” Ve X07 — V. +03
SCL, SDA VB x0.7 VB +0.3
P7,to P7, Ve x07  — AV . +0.3
All input pins other Ve 0.7 — Ve +0.3
than (1) and (2) VB x0.7 VB +0.3
above™’
Input low RES, STBY, 3 V. -0.3 — Veex01 V
voltage™ MD,, MD,
PA, to PA,” -0.3 — Vg, x015
SCL, SDA V..B x 0.15
All input pins other -0.3 — Ve x 0.15
than (1) and (3) VB % 0.15
above™’
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Test

Item Symbol Min Typ Max Unit Conditions
Output high  All output pins Vou Vee—05 — — \% lon = =200 pA
voltage (except RESO)® ™ V,B-0.5
Vee—1.0 — — low =—1 MA
VB-1.0
Output low  All output pins A — — 0.4 \% lo. = 0.8 MA
voltage (except RESO)
P1,to P1,, — — 0.4 loo = 1.6 MA
P2, to P2,
RESO — — 0.4 lo. =1.6 MA
Input RES, STBY | 1l — — 10.0 MA  Vin=05Vto
leakage NMI, MD,, MD, _ _ 1.0 V=05V
current
P7,to P7, — — 1.0 Vin=0.5Vto
AV, -05V
Leakage Ports 1t0 6, 8, 9, | I | — — 1.0 MA  Vin=0.5Vto
currentin - A, B, RESO’’ Ve — 0.5V,
three-state Vin=0.5Vto
(off state) VB-05V
Input pull-  Ports 1to 3 —l, 3 — 120 PA  Vin=0V,
upMOS — ports 6, A, B 30 — 250 Vec =30 Vo
current 36V,V.B=
30Vto3.6V
Input STBY, RES 4 c, — — 60 pF  Vin=0V,
capacitance f=1 MHz,
NMI, MD, — — 50 Ta=25°C
PA, to PA,, — — 20
P9,, P8;
All input pins other — — 15
than (4) above
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Test

Item Symbol Min Typ Max Unit Conditions
Current Normal operation lec — 7 — mA  f=6 MHz,
dissipation”? V=3.0Vto
36V
— 12 22 f=10 MHz,
V,=3.0Vto
3.6V
— 25 — f=10 MHz,
V=45V to
55V
Sleep mode — 5 — f=6 MHz,
V,.=3.0Vto
36V
— 9 16 f=10 MHz,
V,=3.0Vto
3.6V
— 18 — f=10 MHz,
V=45V to
55V
Standby modes™® — 0.01 5.0 HA  Ta<50°C
— — 20.0 50°C < Ta
Analog During A/D Al — 12 20 mA
supply conversion
current During A/D and D/A — 1.2 20
conversion
A/D and D/A — 0.01 5.0 MA AV ,.=20V
conversion idle to55V
Reference  During A/D Al — 0.3 0.6 mA
supply conversion
current During A/D and D/A — 1.3 3.0
conversion
A/D and D/A — 0.01 5.0 MA  AV,,=20V
conversion idle to5.5V
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Test

Item Symbol Min Typ Max Unit Conditions
Analog supply voltage™ AV, 3.0 — 55 \Y During
operation
2.0 — 55 While idle or
when not in
use
RAM standby voltage Veam 2.0 — — \%

Notes: *1 Even when the A/D and D/A converters are not used, connect AV . to power supply V.
and keep the applied voltage between 2.0 V and 5.5 V. At this time, make sure AV, <
AV..

*2 Current dissipation values assume that V, i, = Vec — 0.5V, V,(B-05V, V, . =
0.5V, all output pins are in the no-load state, and all input pull-up transistors are off.

*3 For these values it is assumed that Vg, < Vo < 3.0 Vand V, i, = Ve X 0.9, VB x 0.9,
V= 0.3 V.

*4 P6, to P6, include supporting module inputs multiplexed with them.

*5 IRQ, includes ADTRG multiplexed with it.

*6 Applies when IICS = lICE = 0. The output low level is determined separately when the
bus drive function is selected.

*7 The characteristics of PA, to PA,, KEYIN,;to KEYIN,,, P9,/WAIT, SDA, and
P8,/IRQ,/SCK,, SCL depend on V..B; the characteristics of all other pins depend on
Vee.
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Table 23.18 Allowable Output Current Values

Conditions: W.=3.0Vto55V,¥B=3.0Vto55V,A¢.=3.0Vto55YV,
AV ,=3.0 V10 AV.e, Ves= AVgs =0V, Ta=-20°C to +75°C (regular
specifications), Ta = —40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit
Allowable output low SCL, SDA, PA,to PA, 1o — — 10 mA
current (per pin) (bus drive selection)

Ports 1 and 2 — — 2

RESO — — 1

Other output pins — — 1
Allowable output low Ports 1 and 2, total Zlo, — — 40 mA
current (total) Total of all output — — 60
Allowable output high All output pins —lon — — 2 mA
current (per pin)
Allowable output high Total of all output Z—loy — — 30 mA

current (total)

Note: To avoid degrading the reliability of the chip, be careful not to exceed the output current
values in table 23.19. In particular, when driving a darlington transistor pair or LED directly,
be sure to insert a current-limiting resistor in the output path. See figures 23.4 and 23.5.

H8/3437

Port

Darlington
transistor

Figure 23.4 Example of Circuit for Driving a Darlington Transistor (5-V Version)
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H8/3437

Ports 1 or 2

LED

Figure 23.5 Example of Circuit for Driving an LED (5-V Version)
Table 23.19 Bus Drive Characteristics

Conditions: W .=3.0Vto55V,\=0V, Ta=-20°C to +75°C

Item Symbol Min Typ Max  Unit Test Condition
Output low SCL, SDA Voo — — 0.5 \Y, VB =5V £10%
level voltage PA, to PA, lo, =16 mA
(bLI‘S ‘tj_”"e — — 05 V,B=30Vt055V
selection) o, = 8 MA
— — 0.4 V.B=3.0Vto55V
o =3 MA

23.4.2 AC Characteristics

The AC characteristics are listed in four tables. Bus timing parameters are given in table 23.20,
control signal timing parameters in table 23.21, timing parameters of the on-chip supporting
modules in table 23.22Q bus timing parameters in table 23.23, and external clock output
stabilization delay time in table 23.24.
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Table 23.20 Bus Timing

Conditions: W.:=3.0Vt0o55V,¥B=3.0Vto55V,\ =0V, g =2.0 MHz to maximum
operating frequency, Ta = —20 to +75°C (regular specifications), Ta = —40 to +85°C
(wide-range specifications)

Condition
10MHz

Item Symbol  Min Max Unit Test Conditions
Clock cycle time toye 100 500 ns Fig. 23.7
Clock pulse width low te 30 — ns

Clock pulse width high ten 30 — ns

Clock rise time ter — 20 ns

Clock fall time ter — 20 ns

Address delay time tao — 50 ns

Address hold time tan 20 — ns

Address strobe delay time taso — 50 ns

Write strobe delay time twso — 50 ns

Strobe delay time tep — 50 ns

Write strobe pulse width* twsw 110 — ns

Address setup time 1* tast 15 — ns

Address setup time 2* tas2 65 — ns

Read data setup time tros 35 — ns

Read data hold time* tron 0 — ns

Read data access time* tace — 170 ns

Write data delay time twob — 75 ns

Write data setup time twos 5 — ns

Write data hold time twon 20 — ns

Wait setup time twrs 40 — ns Fig. 23.8
Wait hold time L 10 — ns

Note: * Values at maximum operating frequency
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Table 23.21 Control Signal Timing

Conditions: W..=3.0Vto55V,¥B=3.0Vto55V,\ =0V, g =2.0 MHz to maximum
operating frequency, Ta = —20°C to +75°C (regular specifications), Ta = —40 to
+85°C (wide-range specifications)

Condition
10MHz

Item Symbol Min Max Unit Test Conditions
RES setup time trees 300 — ns Fig. 23.9
RES pulse width tresw 10 — teye
RESO output delay time treso — 200 ns Fig. 23.25
RESO output pulse width tresow 132 — teye
NMI setup time (NMI, IRQ, to IRQ;)  tyus 300 — ns Fig. 23.10
NMI hold time (NMI, IRQ, to IRQ,) tamn 10 — ns
Interrupt pulse width for recovery tamw 300 — ns
from software standby mode
(NMI, IRQ, to IRQ,, IRQ)
Crystal oscillator settling time tosct 20 — ms Fig. 23.11
(reset)
Crystal oscillator settling time toscs 8 — ms Fig. 23.12

(software standby)

Measurement Conditions for AC Characteristics

5V
RL
LSl
tput pin ©
output pin < C= 90pF: Ports 1-4, 6,9, A, B
30 pF: Ports 5, 8
RL=2.4kQ
— § Ru Ry =12 kQ
C
Input/output timing measurement levels
Low: 0.8 V
777 T High: 2.0 V

Figure 23.6 Measurement Conditions for A/C Characteristics
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Table 23.22 Timing Conditions of On-Chip Supporting Modules

Conditions: W.:=3.0Vt0o55V,¥B=3.0Vto55V,\ =0V, g =2.0 MHz to maximum
operating frequency, Ta = —20°C to +75°C (regular specifications), Ta = —40 to
+85°C (wide-range specifications)

Condition
10MHz

Item Symbol Min Max Unit  Test Conditions
FRT Timer output delay time terop — 150 ns Fig. 23.13

Timer input setup time tenis 80 — ns

Timer clock input setup time teres 80 — ns Fig. 23.14

Timer clock pulse width terown 15 — teye

terowe

TMR Timer output delay time trmob — 150 ns Fig. 23.15

Timer reset input setup time trvrs 80 — ns Fig. 23.17

Timer clock input setup time trmes 80 — ns Fig. 23.16

Timer clock pulse width trvewn 15 — teye

(single edge)

Timer clock pulse width trmewt 25 — teye

(both edges)
PWM Timer output delay time towop — 150 ns Fig. 23.18
SCI Input clock cycle  (Async) tseye 4 — teye Fig. 23.19

(Sync) 6 — teye

Transmit data delay time (Sync)  tp — 200 ns

Receive data setup time (Sync)  tgyg 150 — ns

Receive data hold time (Sync) trn 150 — ns

Input clock pulse width tsckw 0.4 0.6 tseye Fig. 23.20
Ports Output data delay time towp — 150 ns Fig. 23.21

Input data setup time tors 80 — ns

Input data hold time torn 80 — ns
HIF read CSIHA, setup time tuar 10 — ns Fig. 23.22
cycle CSIHA, hold time tira 10 — ns

10R pulse width turew 220 — ns

HDB delay time turo — 200 ns

HDB hold time tre 0 40 ns

HIRQ delay time thiro — 200 ns
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Item Symbol Min Max Unit Test Conditions
HIF wiite ~ CS/HA, setup time tyaw 10 — ns Fig. 23.23
cycle CS/HA, hold time o 10 — ns
IOW pulse width twew 100 — ns
HDB setup High-speed tow 50 — ns
time GATE A,, not
used
High-speed 85 —
GATE A,, used
HDB hold time tawo 25 — ns
GA,, delay time thea — 180 ns
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Table 23.23 FC Bus Timing

Conditions: W.=3.0Vto55V,¥B=3.0Vto55V,\ =0V, Ta=-20°Cto +75°C
(regular specifications), Ta = —40 to +85°C (wide-range specifications),
@ =5 MHz to maximum operating frequency

Item Symbol  Min Typ Max Unit Test Conditions Note

SCL clock tseL 12t — — ns Fig. 23.24
cycle time

SCL clock tscn 3t — — ns
high pulse
width

SCL clock tsc 5t — — ns
low pulse
width

SCL and SDA tg, — — 1000 ns Normal mode
rise time 100 kbits/s (max)

20+0.1C, — 300 High-speed mode
400 kbits/s (max)

SCL and SDA tg — — 300 ns Normal mode
fall time 100 kbits/s (max)

20+0.1C, — 300 High-speed mode
400 kbits/s (max)

SDA bus-free tg ¢ 5t — — ns
time

SCL start tran 3ty — — ns
condition
hold time

SCLresend  tgras 3ty — — ns
start condition
setup time

SDA stop tsros 3t — — ns
condition
setup time

SDA data tepas 0.5t,, — — ns
setup time

SDA data tsoan 0 — — ns
hold time

SDA load C, — — 400 pF
capacitance

590
HITACHI



Table 23.24 External Clock Output Stabilization Delay Time

Conditions: W.c=3.0Vt055V,A{.=3.0V1t055V, {=AV,=0V,
Ta = -40°C to +85°C

Item Symbol Min Max Unit Notes
External clock output stabilization toexr™ 500 — ps Figure 23.26
delay time

Note: * t,.,; includes a 10 t,. RES pulse width (tzeqn)-

cyc

23.4.3 A/D Converter Characteristics

Table 23.25 lists the characteristics of the on-chip A/D converter.
Table 23.25 A/D Converter Characteristics

Conditions: .=3.0Vto55V,¥B=3.0Vto55V,A¢.=3.0Vto55YV,
AV o =3.0 V1o AV, Vgs= AVgs =0V, g = 2.0 MHz to maximum operating
frequency, Ta = -20 to +75°C (regular specifications), Ta = —40 to +85°C (wide-
range specifications)

Condition
10 MHz
Item Min Typ Max Unit
Resolution 10 10 10 Bits
Conversion (single mode)* — — 134 Hs
Analog input capacitance — — 20 pF
Allowable signal source impedance — — 5 kQ
Nonlinearity error — — +6.0 LSB
Offset error — — +4.0 LSB
Full-scale error — — +4.0 LSB
Quantizing error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB

Note: * Values at maximum operating frequency
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23.4.4 DI/A Converter Characteristics
Table 23.26 lists the characteristics of the on-chip D/A converter.
Table 23.26 D/A Converter Characteristics

Conditions: W.:.=3.0Vto55V,¥B=3.0Vto55V,A{.=3.0Vto55YV,
AV = 3.0 Vto AV, Vgs= AVgs =0V, g = 2.0 MHz to maximum operating
frequency, Ta = -20 to +75°C (regular specifications), Ta = —40 to +85°C (wide-
range specifications)

Condition
10 MHz
Item Min Typ Max Unit Test Conditions
Resolution 8 8 8 Bits
Conversion time (settling time) — — 10.0 ps 30 pF load capacitance
Absolute accuracy — +2.0 +3.0 LSB 2 MQ load resistance

— — +2.0 LSB 4 MQ load resistance
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23.4.5 Flash Memory Characteristics
Table 23.27 shows the flash memory characteristics.
Table 23.27 Flash Memory Characteristics

Conditions: W..=3.0Vt03.6V,{B=3.0Vt03.6V,A{.=3.0Vto3.6V,
Vss= AVgs= 0V, AV, = 3.0 to AV, T,= 0 to +75°C (programming/erasing
operation temperature), Ta=0to +85°C

Test
Iltem Symbol Min Typ Max Unit Condition
Programming time™ ">"* tP — 10 200 ms/
32 bytes
Erase time™ ™™ tE — 100 1200 ms/
block

Reprogramming count Nuec — — 100 Times
Programming Wait time after X 10 — — HSs

SWE-bit setting"*

Wait time after y 50 — — ps

PSU-bit setting™

Wait time after z 150 — 500 HSs

P-bit setting™ "™

Wait time after a 10 — — Hs

P-bit clear™

Wait time after B 10 — — Hs

PSU-bit clear*

Wait time after % 4 — — Hs

PV-bit setting”™*

Wait time after € 2 — — HS

dummy write™

Wait time after n 4 — — Hs

PV-bit clear™*

Maximum N — — 403 Times

programming

count’™™"*"®
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Test

Item Symbol Min Typ Max Unit Condition
Erase Wait time after X 10 — — Hs

SWE-bit setting™*

Wait time after y 200 — — us

ESU-bit setting™

Wait time after z 5 — 10 ms
E-bit setting™* "

Wait time after a 10 — — us
E-bit clear™

Wait time after B 10 — — Hs
ESU-bit clear™

Wait time after Y 20 — — us
EV-bit setting™*

Wait time after € 2 — — ps
dummy write™

Wait time after n 5 — — us
EV-bit clear™*

Maximum erase N — — 120 Times tE=10ms
count™"®"’

Notes: *1 Set the times according to the program/erase algorithms.

*2 Programming time per 32 bytes (Shows the total period for which the P-bit in FLMCR1
is set. It does not include the programming verification time.)

*3 Block erase time (Shows the total period for which the E-bit in FLMCRL1 is set. It does
not include the erase verification time.)

*4 Maximum programming time (tP (max) = wait time after P-bit setting (z) x maximum
programming count (N))
Set the wait time after P-bit setting (z) to the minimum value of 150 us when the write
counter in the 32-byte write algorithm is between 1 and 4.

*5 Number of times when the wait time after P-bit setting (z) = 150 pus or 500 ps.
The number of writes should be set according to the actual set value of (z) to allow
programming within the maximum programming time (tP).

*6 Maximum erase time (tE (max) = Wait time after E-bit setting (z) x maximum erase
count (N))

*7 Number of times when the wait time after E-bit setting (z) = 10 ms.

The number of erases should be set according to the actual set value of z to allow
erasing within the maximum erase time (tE).
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23.5 MCU Operational Timing

This section provides the following timing charts:

23.5.1 Bus Timing Figures 23.7 and 23.8
23.5.2 Control Signal Timing Figures 23.9 to 23.12
23.5.3 16-Bit Free-Running Timer Timing Figures 23.13 and 23.14
23.5.4 8-Bit Timer Timing Figures 23.15 to 23.17
23.5.5 PWM Timer Timing Figure 23.18

23.5.6 SCI Timing Figures 23.19 and 23.20
23.5.7 1/O Port Timing Figure 23.21

23.5.8 Host Interface Timing Figures 23.22 and 23.23
23.5.9 C Bus Timing Figure 23.24

23.5.10 Reset Output Timing Figure 23.25

23.5.11 External Clock Output Timing Figure 23.26

23.5.1 Bus Timing

(1) Basic Bus Cycle (without Wait States) in Expanded Modes

Ty T, Ts

o —— - {

A to A, ><

tasp tsp
. S -

r— tag — - -—

AS, RD

- tacc _ | tros troH
D, to Dy _
(read) twso t Lt $

tASZ

- twsw L tan

twop twos twon

- - -
D, to Dgy J-
(write) £

Figure 23.7 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, T, T
2 &J_X\

w

IENIEN

Ajsto Ag ><

D7 to Dy

(read)

D7 to Dy
(write) twrsTT twrn

1 twrh

=

o T

<

Figure 23.8 Basic Bus Cycle (with 1 Wait State) in Expanded Modes

23.5.2  Control Signal Timing

(1) Reset Input Timing

Figure 23.9 Reset Input Timing
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(2) Interrupt Input Timing

2 w
tnmis | | tmiH
[ |-~
E A‘
IRQE (edge)
tnmis
[
TRQ, (level)

MW

T 2
=B
N
N /¥

Note: i =0 to 7; IRQg: IRQ; when edge-sensed; IRQ.: IRQ; when level-sensed

Figure 23.10 Interrupt Input Timing

(3) Clock Settling Timing

:
§
:
:

VCC —7 )] )]

= 55 r—ﬁ%
STBY | B tosci \ 0 tosc1

e i 55

RES o ] \ «

Figure 23.11 Clock Settling Timing
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(4) Clock Settling Timing for Recovery from Software Standby Mode

- JUUUUUU

g
>

o] \

(i=0,1,2,6) tosca

Figure 23.12 Clock Settling Timing for Recovery from Software Standby Mode

23.5.3 16-Bit Free-Running Timer Timing

(1) Free-Running Timer Input/Output Timing

o V2 N S NP N A N

Eree-runnlng Compare-match
timer counter

trrop
| S
FTOA , FTOB >4[

trmis

FTIA, FTIB,

FTIC, FTID

Figure 23.13 Free-Running Timer Input/Output Timing
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(2) External Clock Input Timing for Free-Running Timer

AN A

trres

FTCI ( -
)
B . .

trrewL trrewH

Figure 23.14 External Clock Input Timing for Free-Running Timer

23.5.4  8-Bit Timer Timing

(1) 8-Bit Timer Output Timing

AN N N N

Timer
counter Compare-match><
trmop
(e~
TMOy,
TMO;

Figure 23.15 8-Bit Timer Output Timing

(2) 8-Bit Timer Clock Input Timing

. NN

trmes trmes

TMClo,  \

TMCI, / #—
|

trmewL trmMewH

=T

Figure 23.16 8-Bit Timer Clock Input Timing
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(3) 8-Bit Timer Reset Input Timing

trMRs

TMRI,,
TMRI;

Timer \
counter N >< H'00

Figure 23.17 8-Bit Timer Reset Input Timing

23.5.5 Pulse Width Modulation Timer Timing

-/ N S S

Timer Compare-match><

counter
tpwob
PWo, PW; >4
Figure 23.18 PWM Timer Output Timing
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23.5.6  Serial Communication Interface Timing

(1) SCI Input/Output Timing

tScyc

Serial clock
(SCKo,
SCK1) trxp

[

Transmit
data

(TxDg,
TXDl)

Receive

trxs

data ><

D<K

(RXDo,
RXDl)

Figure 23.19 SCI Input/Output Timing (Synchronous Mode)

(2) SCI Input Clock Timing

SCKo, SCK;

tsckw

tScyc

Figure 23.20 SCI Input Clock Timing
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23.5.7 /O Port Timing

Port read/write cycle

Port 1 to
port 9 (input)

Port A, B

Port 1* to
port 9 (output)

Port A, B

Note: * Except P9¢ and P7; to P7q

Figure 23.21

23.5.8 Host Interface Timing

(1) Host Interface Read Timing

1/0 Port Input/Output Timing

CS/HA,

><

HAq

tHaR

us)

HDB- to HDBy

tHrPW tHrA
N tHrF
tHrRD -
R |
Valid data D
tHIRQ

HIRQ;*
(i=1,11,12)

N

Note: * Rising edge timing is the same as in port 4 output timing. Refer to figure 23.21.

Figure 23.22 Host Interface Read Timing
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(2) Host Interface Write Timing

CS/HA ><7
HAg

thaw thwpw thwa
e E— |~ o B
IOW
thwp
thow | ™™

HDB- to HDB,

thea

GAxo

Figure 23.23 Host Interface Write Timing

23.5.9 FC Bus Timing (Option)

Note: * Conditions S, P, and Sr are defined as follows:

S: Start condition
P: Stop condition
Sr: Resend “start” condition

Figure 23.24 FC Bus Interface 1/0 Timing
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23.5.10 Reset Output Timing

trReSD trRESD

((

((
))

tRESOW

Figure 23.25 Reset Output Timing

23.5.11 External Clock Output Timing

)

Vee ]

)

STBY Vﬂ?

S AVAVAVAVAVAVAVAVAVAVAVAVAN
ey HHAYAVAVAVAVAVAVAVAY

)

ES ) 77

tpEXT”

Note: * tpexr includes a 10 te,c RES pulse width (tresw)-

Figure 23.26 External Clock Output Stabilization Delay Time
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Al

Operation Notation

Appendix A CPU Instruction Set

Instruction Set List

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 (negative) flag in CCR
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 bits)
+ Addition
- Subtraction
X Multiplication
+ Division
O Logical AND
O Logical OR
O Exclusive logical OR

Move

NOT (logical complement)

Condition Code Notation

0 Modified according to the instruction result
* Undetermined (unpredictable)
0 Always cleared to 0

Not affected by the instruction result
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Table A.1 Instruction Set

Addres;mg Mode/ Condition Code
Instruction Length
8 =t 2
Mnemonic %) Operation glE|o|C £
© — =
=l 9 -1®|d | &
c = O I=|0| - @©|D
© G c |2 & S| RS2 G
g X128 T(3128|® 2 S
o #® QB E|I|H|N|Z|VIC|Z
MOV.B #xx:8, Rd B | #xx:8 - Rd8 2 —|—lt|t]0 2
MOV.B Rs, Rd B |Rs8 - Rd8 2 —|—[1t]t]|0 2
MOV.B @Rs, Rd B | @Rs16 - Rd8 2 —|—]|t] |0 4
MOV.B @(d:16, Rs), Rd | B | @(d:16, Rs16) — Rd8 4 —|—]t]t]|O0 6
MOV.B @Rs+, Rd B | @Rs16 - Rd8 2 —|—]t]t]|0 6
Rs16+1 - Rsl16
MOV.B @aa:8, Rd B | @aa:8 - Rd8 2 —|—lt|t]0 4
MOV.B @aa:16, Rd B | @aa:16 - Rd8 4 —|—]t]|t]|0 6
MOV.B Rs, @Rd B |Rs8 . @Rd16 2 —|—]t]|t]|0 4
MOV.B Rs, @(d:16, Rd) | B |Rs8 - @(d:16, Rd16) 4 —|—lt]t]|0 6
MOV.B Rs, @-Rd B |Rd16-1 - Rd16 2 —|—[1t]t]|0 6
Rs8 - @Rd16
MOV.B Rs, @aa:8 B |Rs8 - @aa:8 2 —|—lt|t]0 4
MOV.B Rs, @aa:16 B |[Rs8 - @aa:16 4 —|—lt|t]0 6
MOV.W #xx:16, Rd W | #xx:16 - Rd 4 —|—lt|t]0 4
MOV.W Rs, Rd W |Rs16 - Rd16 2 —|—]t]t]|O0 2
MOV.W @Rs, Rd W | @Rs16 - Rd16 2 —|—]1t]t]|O0 4
MOV.W @(d:16, Rs), Rd |W | @(d:16, Rs16) — Rd16 4 —|—]1t]t]|O0 6
MOV.W @Rs+, Rd W | @Rs16 - Rd16 2 —|—]t|t]|0 6
Rs16+2 - Rsl16
MOV.W @aa:16, Rd W| @aa:16 - Rd16 4 —|—]1t]t]|O0 6
MOV.W Rs, @Rd W|Rsl16 - @Rd16 2 —|—]t]t]|0 4
MOV.W Rs, @(d:16, Rd) |W|Rs16 - @(d:16, Rd16) 4 —|—]t]t]|0 6
MOV.W Rs, @-Rd W|Rd16-2 - Rd16 2 —|—]t]t|0 6
Rs16 - @Rd16
MOV.W Rs, @aa:16 W|Rsl6 - @aa:16 4 —|—|t|lt|0 6
POP Rd W|@SP - Rd16 2 — =]t
SP+2 - SP
PUSH Rs W|SP-2 -, SP 2 —|—]t]t]|0
Rs16 - @SP
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Addressing Mode/

Instruction Length

Condition Code

8 =/t g
Mnemonic [} Operation glx|lo|0 £
© - =
2 had © ® 5% | o %
g X281 s (20| S
o £ Q0 ® QB E|I|HINZ|VIC|Z
MOVFPE @aa:16, Rd B | Not supported
MOVTPE Rs, @aa:16 B | Not supported
EEPMOV — | if R4L#0 then 4 |—|—|—|—|—|—I|4)
Repeat @R5 -~ @R6
R5+1 - R5
R6+1 - R6
R4L-1 - R4L
Until R4L=0
else next
ADD.B #xx:8, Rd B | Rd8+#xx:8 - Rd8 2 —lt |t t]2
ADD.B Rs, Rd B | Rd8+Rs8 - Rd8 2 — et t]2
ADD.W Rs, Rd W | Rd16+Rs16 - Rd16 2 —l@| t]s|t]r]2
ADDX.B #xx:8, Rd B | Rd8+#xx:8 +C - Rd8 2 — |t t] ]2
ADDX.B Rs, Rd B | Rd8+Rs8 +C - Rd8 2 —|t|t|@] ]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 —|—]t| ]t ]|—2
DAA.B Rd B | Rd8 decimal adjust - Rd8 2 —[*|t]t|*|@3)2
SUB.B Rs, Rd B | Rd8-Rs8 - Rd8 2 — |t t]2
SUB.W Rs, Rd W | Rd16-Rs16 - Rd16 2 —l@| t]t|t]r]2
SUBX.B #xx:8, Rd B | Rd8—#xx:8 -C — Rd8 2 —|t|t|@] ]2
SUBX.B Rs, Rd B | Rd8-Rs8 —C - Rd8 2 —|t|t|@] ]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 — x| =2
NEG.B Rd B |0-Rd8 - Rd8 2 —ltlt|tjtlt]2
CMP.B #xx:8, Rd B | Rd8—#xx:8 2 —| |ttt 2
CMP.B Rs, Rd B | Rd8—Rs8 2 —lt |ttt 2
CMP.W Rs, Rd W |Rd16-Rs16 —l@|t]t|t]t]2
MULXU.B Rs, Rd B |Rd8 x Rs8 - Rd16 —|—|—=|—|—|—|14
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Addressing Mode/

Instruction Length Condition Code

8 =it g
Mnemonic (7 Operation glE|o|C £
2 S © @ O:E: - o 0
8 3 |2 %|e |88 5
5 -2 8T|8|89s S
®) £ @0 E|I|HINZ|VIC|Z
DIVXU.B Rs, Rd B |Rd16+Rs8 — Rd16 2 —|—|®)|(7)|—|—|14
(RdH: remainder,
RdL: guotient)
AND.B #xx:8, Rd B | RA8[H#xx:8 —» Rd8 2 —|—]t] |0 2
AND.B Rs, Rd B | Rd8Rs8 - Rd8 2 —|—]t] |0 2
OR.B #xx:8, Rd B | Rd8[#xx:8 - Rd8 2 —|—lt|t]0 2
OR.BRs, Rd B | Rd8Rs8 - Rd8 2 —|—|t] |0 2
XOR.B #xx:8, Rd B | Rd80#xx:8 —» Rd8 2 —|—]t] |0 2
XOR.B Rs, Rd B | Rd8Rs8 - Rd8 2 —|—]t] |0 2
NOT.B Rd B |Rd8 - Rd8 2 —|—|t] |0 2
SHAL.B Rd B IIIIIIII 0 2 — =ttt 2
b7 bo
. — =]t
SHAR.B Rd B lIIIIIII 2 0
b7 bo
SHLL.B Rd B 2 —|—]t] |0
L[] f«o
b b,

7 o
SHLR.B Rd B 0 IIIIIIII 2 —|—|0|¢]0

7

ROTXL.B Rd B IIIIIIII 2 —|—|t|lt|0

[@)

ROTXR.B Rd B IIIIIIII I 2 —|—lt|t]0

b, b

f

b by

b, bo
o

ROTL.B Rd B IIIIIIII 2 —|—|t|lt|0

ROTR.B Rd B IIIIIIII 2 —|—|t|lt|0

b7 bo
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Addres_smg Mode/ Condition Code
Instruction Length
g =/t g
Mnemonic o Operation glx|lo|0 %
© — =
° =t -®|D o &
c hag O |= |0 - © |
o © c|D g xR S|L ‘s
8_ X - @ E || © E © o S
0 £ 2|®0 Q] ®E|I|HIN|Z|VIC|Z
BSET #xx:3, Rd B | (#xx:3 of 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 N R R R R py 3
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 of 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) ~ 0O 2 — | —|—|—]—]—1] 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 —|—|—|—|—|—18
(#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 — | —|—|—]—]—1] 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 — == t|—=|—]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 | (Rn8 of Rd8) - Z 2 — ==t |—=|—] 2
BTST Rn, @Rd B | (Rn8 of @Rd16) - Z 4 —|—|—| t|—|—|6
BTST Rn, @aa:8 B | (Rn8 of @aa:8) -~ Z 4 —|—|—| t|—|—|6
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Addressing Mode/
Instruction Length

Condition Code

. I . = t 3

Mnemonic %) Operation ZlXlo|O =

2 a s1®5 % o 7

g R AT A 5

g X221 s (20|e S

o % z|® Q8BS E|IHNZ|VICZ

BLD #xx:3, Rd B | (#xx:30f 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:30f Rd8) - C 2 S S .
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 —|—|—|—|—] t |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 of 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 S R R S .
BIAND #xx:3, @Rd B | CO(#xx:3 of @Rd16) - C 4 —|—|—|—|—] t|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
BXOR #xx:3, Rd B |CO#xx:3 of Rd8) -~ C 2 —|—|=|=|— 2
BXOR #xx:3, @Rd B | CO#xx:3 of @Rd16) -~ C 4 — == |—|— 6
BXOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) - C 4 —|—|—|—|— 6
BIXOR #xx:3, Rd B |CO(#xx:3 of Rd8) - C 2 —|—]—|—|—] 1|2
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Addressing Mode/
Instruction Length

Condition Code

: N . = t 3
Mnemonic o Pperation . ZlXlo|O T
° Branching © Q|| &
c . = O |= |0 -l@ |
IS Condition s3] cDE 58| s|2 5
g 28 T|8|8|9s S
o % z|® Q8O E|I|H|NZ|VIC|Z
BIXOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) -~ C 4 —|—=|—=|—=|— 6
BIXOR #xx:3, @aa:8 B |CO(#xx:3 of @aa:8) -~ C 4 —|—|—=|—]— 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=o0 2 —|—|=|=]—= 4
BLS d:8 __|condition oz - 2 = ===]=]4
is true
BCC d:8 (BHS d:8) —|then cC=0 2 — = === 4
BCS d:8 (BLO d:8) —|PC < c=1 2 S R R
a4 PC+d:8 _
BNE d:8 —lelse next; | 279 2 — === |=—4
BEQ d:8 — Z=1 2 — === 4
BVC d:8 — V=0 2 —|—|—|=|— 4
BVS d:8 — V=1 2 RN DR R R p— 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 — NOvV=1 2 —_|—|—=|=]—= 4
BGT d:8 — ZONOV)=0 2 —|—|—|—|— 4
BLE d:8 — ZO(NOV) =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
BSR d:8 —|SP-2 - SP 2 —|—|=|—=|—= 6
PC - @SP
PC — PC+d:8
JSR @Rn —|SP-2 - SP 2 —_ == |=]—= 6
PC - @SP
PC —~ Rn16
JSR @aa:16 —|SP-2 - SP 4 — = |=|=|— 8
PC - @SP
PC — aa:16
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Addressing Mode/
Instruction Length

Condition Code

g o|t g
Mnemonic 3 Operation Elelol|o £
= 9 -1® || &
c = O I=|0| - ©|D
() @ c|DE | g |R|S|2 ©
g X281 5|20 S
o £ Q0B E|I|HIN|Z|VIC|Z
JSR @@aa:8 —|SP-2 ~ SP 2 — = === 8
PC - @SP
PC - @aa:8
RTS —|PC - @SP 2 |—|—|—|—|—|—|8
SP+2  SP
RTE —|CCR ~ @SP P20 B R B N 10
SP+2 . SP
PC - @SP
SP+2 - SP
SLEEP —| Transit to sleep mode. 2 |—|—|—|—|— 2
LDC #xx:8, CCR B |#xx:8 -~ CCR 2 FoB T I A 2
LDC Rs, CCR B | Rs8 - CCR FOB T A A (3 2
STC CCR, Rd B |CCR - Rd8 —|—|—|—|— 2
ANDC #xx:8, CCR B | CCR#xx:8 - CCR F T I A (3 2
ORC #xx:8, CCR B | CCR#xx:8 - CCR [ A A 2
XORC #xx:8, CCR B | CCRO#xx:8 - CCR Fo T I O 2
NOP —|PC — PC+2 2 |—|—|—|—|—|—| 2

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.
(1) Setto 1 when there is a carry or borrow from bit 11; otherwise cleared to 0.
(2) If the result is zero, the previous value of the flag is retained; otherwise the flag is

cleared to 0.

(3) Setto 1 if decimal adjustment produces a carry; otherwise cleared to 0.
(4) The number of states required for execution is 4n+8 (n = value of R4L).
(5) These instructions are not supported by the H8/3437 Series.
(6) Setto 1 if the divisor is negative; otherwise cleared to 0.

(7) Setto 1 if the divisor is 0; otherwise cleared to 0.
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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).

— 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
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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 executio
Table A.3 indicates the number of states required for each cycle (instruction fetch, branch addre
read, stack operation, byte data access, word data access, internal operation). Table A.4 indica
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 =% S+ Jx S+ Kx S+ L xS+ Mx §, + Nx §

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 A4: 1=L=2, J=K=M=N=0
Fromtable A3: =8, $=3
Number of states required for executionx & + 2x 3 =22

2. JSR @@30
Fromtable A4: 1=2, J=K=1, L=M=N=0
Fromtable A3: S=§5=5 =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

Execution Status Access Location

(Instruction Cycle) On-Chip Memory  On-Chip Reg. Field  External Memory
Instruction fetch S, 2 6 6 +2m
Branch addressread S,

Stack operation Sk

Byte data access S, 3 3+m

Word data access Su 6 6 +2m
Internal operation Sy 1 1 1

Notes: m: Number of wait states inserted in access to external device.
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Table A.4 Number of Cycles in Each Instruction

Instruction Mnemonic

Instruction  Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
| 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
BAND #xx:3, @aa:8

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

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @Rd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @Rd
BCLR Rn, @aa:8

1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
2
2
1
2
2
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Instruction  Branch Stack Byte Data Word Data Internal

Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
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

BIST #xx:3, @aa:8 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
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

BSET #xx:3, @aa:8 2

BSET Rn, Rd 1

BSET Rn, @Rd 2 2

BSET Rn, @aa:8 2 2
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Instruction  Branch Stack Byte Data Word Data Internal

Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BSR BSR d:8 2 1
BST BST #xx:3, Rd 1
BST #xx:3, @Rd 2
BST #xx:3, @aa:8 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
INC INC.B Rd 1
JMP JMP @Rn 2
JMP @aa:16 2
JMP @@aa:8 2 1
JSR JSR @Rn 2 1
JSR @aa:16 2 1 2
JSR @@aa:8 2 1 1
LDC LDC #xx:8, CCR 1
LDC Rs, CCR 1
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Instruction Mnemonic

Instruction
Fetch
|

Branch Stack
Addr. Read Operation

J

K

Byte Data Word Data
Access
M

Access
L

Internal
Operation

N

MOV

MOV.B #xx:8, Rd
MOV.B Rs, Rd
MOV.B @Rs, Rd

MOV.B @(d:16,Rs),
Rd

MOV.B @Rs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B Rs, @Rd

MOV.B Rs, @(d:16,
Rd)

MOV.B Rs, @-Rd
MOV.B Rs, @aa:8
MOV.B Rs, @aa:16
MOV.W #xx:16, Rd
MOV.W Rs, Rd
MOV.W @Rs, Rd

MOV.W @(d:16, Rs),
Rd

MOV.W @Rs+, Rd
MOV.W @aa:16, Rd
MOV.W Rs, @Rd

MOV.W Rs, @(d:16,
Rd)

MOV.W Rs, @—-Rd
MOV.W Rs, @aa:16

1
1
1
2

N RN R R

e N T =

[

[ i i

=

MOVFPE

MOVFPE @aa:16,
Rd

Not supported

MOVTPE

MOVTPE.Rs,
@aa:16

Not supported

MULXU

MULXU.Rs, Rd

12

NEG

NEG.B Rd

NOP

NOP

NOT

NOT.B Rd

Rk k| R
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Instruction  Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Operation

Instruction Mnemonic | J K L N
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
SuB 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
XOR XOR.B #xx:8, Rd 1

XOR.B Rs, Rd 1
XORC XORC #xx:8, CCR 1
Notes: 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

Addr.
(Last Register
Byte) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

Bit Names

H80 FLMCR Vy, — — — EV PV E P Flash memory
L2 or external
FLMCR1"3 FWE SWE — — EV PV E P addresses (in

expanded

H81 FLMCR23FLER — — — — — ESU PSU modes)

H'82"* EBR1'* — — — — LB3 LB2 LB1 LBO

EBR1'? LB7 LB6 LB5 LB4 LB3 LB2 LB1 LBO

H'83 EBR2':"2 SB7 SB6 SB5 SB4 SB3 SB2 SB1 SBO
EBR2'® EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO

H'84

H'85

H'86

H'87

H'88 SMR C/A CHR PE O/E STOP MP CKS1 CKSO SCI1

H89 BRR

H'8A SCR TIE RIE TE RE MPIE TEIE CKE1l CKEO

H8B TDR

H'8C SSR TDRE RDRF ORER FER PER TEND MPB MPBT

H8D RDR

H'8E

H'8F

H'90 TIER ICIAE ICIBE ICICE ICIDE OCIAE OCIBE OVIE — FRT

H91 TCSR ICFA ICFB ICFC ICFD OCFA OCFB OVF CCLRA

H'92 FRCH

H'93 FRCL

H'94 OCRAH
OCRBH

H'95 OCRAL
OCRBL

H'96 TCR IEDGA |IEDGB IEDGC IEDGD BUFEA BUFEB CKS1 CKSO

H'97 TOCR — — — OCRS OEA OEB OLVLA OLVLB
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Addr.

(Last Register Bit Names
Byte) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'98 ICRAH FRT
H99 ICRAL
H'9A ICRBH
H9B ICRBL
H'9C ICRCH
H9D ICRCL
H9E ICRDH
H9F ICRDL
HAO TCR OE oS — — — CKS2 CKS1 CKSO0 PWMO
H'A1 DTR
H'A2 TCNT
HA3 — — — — — — — — —
HA4 TCR OE oS — — — CKS2 CKS1 CKSO0 PWM1
H'A5 DTR
H'A6 TCNT
HA7 — — — — — — — — —
H'A8 TCSR/ OVF WT/ TME — @'/ CKS2 CKS1 CKSO0 WDT
TCNT IT NMI
H'A9 TCNT
H'AA PAODR PA, PA, PA, PA, PA, PA, PA, PA, Port A
H'AB PAPIN/  PA,/ PA,/ PA,/ PA,/ PA,/ PA,/ PA,/ PA,/
PADDR PA,DDR PA,DDR PA,DDR PA,DDR PA,DDR PA,DDR PA,DDR PA,DDR
H'AC P1PCR P1,PCR P1,PCR P1,PCR P1,PCR P1,PCR P1,PCR P1,PCR P1,PCR Portl
HAD P2PCR P2,PCR P2,PCR P2,PCR P2,PCR P2,PCR P2,PCR P2,PCR P2,PCR Port2
H'AE P3PCR P3,PCR P3,PCR P3,;PCR P3,PCR P3,PCR P3,PCR P3,PCR P3,PCR Port3
HAF — — — — — — — — — —
HBO P1DDR P1,DDR P1,DDR P1,DDR P1,DDR P1,DDR P1,DDR P1,DDR P1,DDR Portl
HBl1 P2DDR P2,DDR P2,DDR P2.DDR P2,DDR P2,DDR P2,DDR P2,DDR P2,DDR Port2
H'B2 P1DR P1, P1, P1, P1, P1, P1, P1, P1, Port 1
HB3 P2DR P2, P2, P2, P2, P2, P2, P2, P2, Port 2
HB4 P3DDR P3,DDR P3,DDR P3;DDR P3,DDR P3,DDR P3,DDR P3,DDR P3,DDR Port3
HB5 P4DDR P4,DDR P4,DDR P4.DDR P4,DDR P4,DDR P4,DDR P4,DDR P4,DDR Port4
H'B6 P3DR P3, P3, P3, P3, P3, P3, P3, P3, Port 3
HB7 P4DR P4, P4, P4, P4, P4, P4, P4, P4, Port 4
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Addr.
(Last Register
Byte) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

Bit Names

HB8 P5DDR — — — — — P5,DDR P5,DDR P5,DDR Port 5
HB9 P6DDR P6,DDR P6,DDR P6,DDR P6,DDR P6,DDR P6,DDR P6,DDR P6,DDR Port 6
HBA P5DR  — — — — — P5, P5, P5, Port5
HBB P6DR  P6, P6, P6, P6, P6, P6, P6, P6, Port 6
HBC PBODR PB, PB, PB, PB, PB, PB, PB, PB, Port B
HBD PSDDR/ —/ P8,DDR/ P8,DDR/ P8,DDR/ P8,DDR/ P8,DDR/ P8,DDR/ P8,DDR/ Port 8/

PBPIN  PB, PB, PB, PB, PB, PB, PB, PB, Port B

HBE P7PIN/ P7,/ P74 P74  P7,/ P74 P7,  PTJ  PT, Port 7/
PBDDR PB,DDR PB,DDR PB,DDR PB,DDR PB,DDR PB,DDR PB,DDR PB,DDR Port B

HBF PS8DR  — P8, P8, P8, P8, P8, P8, P8, Port 8
H'CO P9DDR P9,DDR P9,DDR P9,DDR P9,DDR P9,DDR P9,DDR P9,DDR P9,DDR Port 9
H'C1 P9DR P9, P9, PO, P9, P9, P9, P9, P9,

HC2 WSCR RAMS? RAMO'2 CKDBL FLSHE'® WMS1 WMSO WC1  WCO

HC3 STCR IICS  IICD  lICX  IICE  STAC MPE  ICKS1 ICKSO

HC4 SYSCR SSBY STS2 STS1 STSO XRST NMIEG HIE RAME

H'C5 MDCR  EXPE® — — — — — MDS1 MDSO

H'C6 ISCR IRQ7SC IRQ6SC IRQ5SC IRQ4SC IRQ3SC IRQ2SC IRQISC IRQOSC

H'C7 IER IRQ7E  IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQLE IRQOE

HC8 TCR CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO  TMRO
HC9 TCSR CMFB CMFA OVF  — 0S3 0S2 0S1  0SO0

HCA TCORA

H'CB TCORB

H'CC TCNT

HCD — — — — — — — — —

HCE — — — — — — — — —

HCF — — — — — — — — —

HDO TCR CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO TMRI1
HDL TCSR CMFB CMFA OVF  — 0S3 0S2 0S1  0S0

HD2 TCORA

H'D3 TCORB

H'D4 TCNT

HD5 — — — — — — — — —

HD6 — — — — — — — — —

HD7 — — — — — — — — —
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Addr.

(Last Register Bit Names
Byte) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'D8 SMR C/A CHR PE OfE STOP MP CKS1 CKSO0 SCI0 and I12C
ICCR ICE IEIC MST TRS ACK CKS2 CKs1 CKSO0
HD9 BRR
ICSR BBSY IRIC SCP — AL AAS ADZ ACKB
HDA SCR TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'DB TDR
H'DC SSR TDRE RDRF ORER FER PER TEND MPB MPBT
H'DD RDR
HDE — — — — — — — — —
ICDR ICDR7 ICDR6 ICDR5 |ICDR4 |ICDR3 ICDR2 ICDR1 ICDRO
HDF — — — — — — — — —
ICMR/ MLS/ WAIT/  —/ —/ —/ BC2/ BC1/ BCO/
SAR SVAG SVA5 SVA4 SVAS3 SVA2 SVAl SVAO FS
H'EO ADDRAH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/D
H'E1l ADDRAL AD1 ADO — — — — — —
H'E2 ADDRBH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'E3 ADDRBL AD1 ADO — — — — — —
H'E4 ADDRCH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'ES ADDRCL AD1 ADO — — — — — —
H'E6 ADDRDH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'E7 ADDRDL AD1 ADO — — — — — —
HE8 ADCSR ADF ADIE ADST SCAN CKS CH2 CH1 CHO
HE9 ADCR TRGE — — — — — — —
HEA — — — — — — — — —
HEB — — — — — — — — —
HEC — — — — — — — — — —
HED — — — — — — — — —
HEE — — — — — — — — —
HEF — — — — — — — — —
H'FO HICR — — — — — IBFIE2 IBFIE1 FGA20E HIF
HF1 KMIMR KMIMR7 KMIMR6 KMIMR5 KMIMR4 KMIMR3 KMIMR2 KMIMR1 KMIMRO
HF2 KMPCR KM,PCR KM,;PCR KM,PCR KM,PCR KM,PCR KM,PCR KM,PCR KM,PCR
HF3 KMIMRA KMIMR KMIMR KMIMR KMIMR KMIMR KMIMR KMIMR9 KMIMRS8
15 14 13 12 11 10
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Addr.

(Last Register Bit Names

Byte) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
HF4 IDR1 IDR7 IDR6 IDR5 IDR4 IDR3 IDR2 IDR1 IDRO HIF1
H'F5 ODR1 ODR7 ODR6 ODR5 ODR4 ODR3 ODR2 ODR1 ODRO

HF6 STR1 DBU DBU DBU DBU c/D DBU IBF OBF

HF7 — — — — — — — — —

H'F8 DADRO D/A
H'F9 DADR1

HFA DACR DAOE1 DAOEO DAE — — — — —

HFB — — — — — — — — —

HFC IDR2 IDR7 IDR6 IDR5 IDR4 IDR3 IDR2 IDR1 IDRO HIF2
H'FD ODR2 ODR7 ODR6 ODR5 ODR4 ODR3 ODR2 ODR1 ODRO

HFE STR2 DBU DBU DBU DBU c/D DBU IBF OBF

HFF — — — — — — — — —

Notes: *1 Applies to H8/3434F only (32k on-chip dual-power-supply flash memory version).
*2 Applies to H8/3437F only (60k on-chip dual-power-supply flash memory version).

*3 Applies to H8/3437SF only (60k on-chip single-power-supply flash memory version).
*4 Do not use this address with single-power-supply flash memory.

FRT:
SCI1:
PWMO:
PWM1:
WDT:
TMRO:
TMR1:
A/D:
sclo:
I’C:
HIF:

Free-running timer

Serial communication interface 1
Pulse-width modulation timer channel 0
Pulse-width modulation timer channel 1
Watchdog timer

8-bit timer channel 0

8-bit timer channel 1

Analog-to-digital converter

Serial communication interface 0

I°C bus interface

Host interface

HITACHI
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B.2 Function
Register name Address onto which
istor i
Abbreviation register is mapped
of register
name TIER—Timer Interrupt Enable Register H'FF90 FRT
Bit No. — Bit 7 6 5 4 3 2 1 0
| icia€ | iciBe | icice | icibE [ociaE [ociBE| oviE | — ]
Initial value —— Initial value 0 0 0 0 0 0 0 1 \
Read/Write R/W R/W R/W R/W R/W R/W R/W —
I
Type of access permitted Overflow Interrupt Enable
R | Read only ;) gver:ow !n:errup: reques: !s dlsa;)lleg.
W | write only verflow interrupt request is enabled.
R/W]| Read or write Output Compare Interrupt B Enable
0| Output compare interrupt request B is disabled.
1 | Output compare interrupt request B is enabled.
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Output Compare Interrupt A Enable
0 | Output compare interrupt request A is disabled.
Output compare interrupt request A is enabled.

=

Input Capture Interrupt D Enable
Input capture interrupt request D is disabled.
Input capture interrupt request D is enabled.

o

=

HITACHI

Name of
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supporting
module

Bit names
(abbreviations).
Bits marked “—"
are reserved.

Full name
of bit

Description
of bit function



(Dual-power-supply flash memory only)

FLMCR—Flash Memory Control Register H'80 Flash memory
» HB8/3434F, H8/3437F
Bit 7 6 5 4 3 2 1 0
e | = = [ e e e | P
Initial value 0 0 0 0 0 0 0 0
— — R/W R/W R/W R/W

Read/Write R —
]

Program Mode
0 | Exit from program mode

1 | Transition to program mode

Erase Mode
0 | Exit from erase mode
1 | Transition to erase mode

Program-Verify Mode
0 | Exit from program-verify mode
1 | Transition to program-verify mode

Erase-Verify Mode
0 | Exit from erase-verify mode
1 | Transition to erase-verify mode

Programming Power
0|12 Vis not applied to FVpp
1|12 Vis applied to FVpp

HITACHI
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(Single-power-supply flash memory only)

FLMCR1—Flash Memory Control Register 1 H'80 Flash memory
o H8/3437SF
Bit 7 6 5 4 3 2 1 0
‘FWE‘SWE‘—‘—‘EV‘PV‘E‘ ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write R R/IW — — R/W R/W R/W R/W
\
Program Mode
0 | Exit from program mode (initial value)
1 | Transition to program mode
[Setting condition]
When SWE =1
Erase Mode
0 | Exit from erase mode (initial value)
1 | Transition to erase mode
[Setting condition]
When SWE =1

Program-Verify Mode

0 | Exit from program-verify mode (initial value)
1 | Transition to program-verify mode

[Setting condition]

When SWE =1

Erase-Verify Mode

0 | Exit from erase-verify mode (initial value)
1 | Transition to erase-verify mode

[Setting condition]

When SWE =1

Software Write Enable
0 | Writes to flash memory disabled (initial value)

1 | Writes to flash memory enabled

Flash Write Enable
(Controls programming and erasing of flash memory. In the H8/3437SF,

this bit is always read as 1.)

Note: The FLSHE bit in WSCR must be set to 1 in order for this register to be accessed.
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(Single-power-supply flash memory only)

FLMCR2—Flash Memory Control Register 2 H'81 Flash memory
e HB8/3437SF
Bit 7 6 5 4 3 2 1 0
‘ FLER ‘ — ‘ — ‘ — ‘ — ‘ — ‘ ESU ‘ PSU ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R — — — — — R/W R/W

Program Setup
0 | Program setup cleared (initial value)

1 | Program setup
[Setting condition]
When SWE =1

Erase Setup
0 | Erase setup cleared (initial value)
1 | Erase setup

[Setting condition]
When SWE =1

Flash Memory Error
0 | Flash memory is operating normally (initial value)
An error occurred during flash memory programming/erasing

1

Note: The FLSHE bit in WSCR must be set to 1 in order for this register to be accessed.
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(Dual-power-supply flash memory only)

EBR1—Erase Block Register 1 H'82 Flash memory

o H8/3434F

Bit 7 6 5 4 3 2 1 0
] — ] — ] — || e | e | o |

Initial value 1 1 1 1 0 0 0 0

Read/Write — — — — R/W R/W R/W R/W

Large Block 3to 0

0 | Corresponding block (LB3 to LBO) is not selected
1 | Corresponding block (LB3 to LBO) is selected

» H8/3437F
Bit 7 6 5 4 3 2 1 0
‘ LB7 ‘ LB6 ‘ LB5 ‘ LB4 ‘ LB3 ‘ LB2 ‘ LB1 ‘ LBO ‘
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
Large Block 7to O
0 | Corresponding block (LB7 to LBO) is not selected
(Initial value)
1 | Corresponding block (LB7 to LBO) is selected
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EBR2—Erase Block Register 2 H'83 Flash memory

e HB8/3434F, H8/3437F

Bit 7 6 5 4 3 2 1 0

‘ SB7 ‘ SB6 ‘ SB5 ‘ SB4 ‘ SB3 ‘ SB2 ‘ SB1 ‘ SBO ‘
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

Small Block 7 to O
0 | Corresponding block (SB7 to SBO) is not selected
1 | Corresponding block (SB7 to SBO) is selected

» HB8/3437SF

Bit 7 6 5 4 3 2 1 0

‘ EB7 ‘ EB6 ‘ EB5 ‘ EB4 ‘ EB3 ‘ EB2 ‘ EB1 ‘ EBO ‘
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

Erase Block 7 to O ‘
0 | Corresponding block (EB7 to EBO) is not selected (initial value)
1 | Corresponding block (EB7 to EBO) is selected
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SMR—Serial Mode Register H'88 SCI1
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 R/W R/W R/W R/W R/W R/W R/W R/W
Clock Select
0| 0|g clock
0 | 1|gp/4 clock
1|0 |@p/16 clock
1|1 2p/64 clock
Multiprocessor Mode
0 | Multiprocessor function disabled
1 | Multiprocessor format selected
Stop Bit Length
0 | One stop bit
1 | Two stop bits
Parity Mode
0 | Even parity
1 | Odd parity
Parity Enable
0 | Transmit: No parity bit added.
Receive: Parity bit not checked.
1 | Transmit: Parity bit added.
Receive: Parity bit checked.
Character Length
0 | 8-bit data length
1 | 7-bit data length
Communication Mode
0 | Asynchronous
1 | Synchronous
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BRR—BIt Rate Register

Bit

Initial value
Read/Write

H'89 SCl1
7 6 5 4 3 2 1 0
[ [ |
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
Constant that dete‘rmines the bit rate
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SCR—Serial Control Register H'8A SCI1

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 | Asynchronous serial clock not output
1 | Asynchronous serial clock output at SCK pin

Clock Enable 1
0 | Internal clock

1 | External clock

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 | Receive disabled

1 | Receive enabled

Transmit Enable

0 | Transmit disabled

1 | Transmit enabled

Receive Interrupt Enable

0 | Receive interrupt and receive error interrupt requests are disabled.

1 | Receive interrupt and receive error interrupt requests are enabled.

Transmit Interrupt Enable

0 | TDR-empty interrupt request is disabled.

1 | TDR-empty interrupt request is enabled.
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TDR—Transmit Data Register H'8B 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

Transmit data
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SSR—Serial Status Register H'8C SCI1
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 RI(W)*  RIW)* R/(W)* R/MW)* R/MW* R R RIW

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 0 in TDRE.

character transmission.

1 | Setto 1 when TE =0, or when TDRE =1 at the end of

Parity Error

0 | Cleared by reading PER = 1, then writing O in PER.

1 | Set when a parity error occurs (parity of receive data
does not match parity selected by O/E bit in SMR).

Framing Error
0 | Cleared by reading FER = 1, then writing O in FER.
1 | Set when a framing error occurs (stop bit is 0).

Overrun Error
0 | Cleared by reading ORER = 1, then writing O in ORER.

1 | Set when an overrun error occurs (next data is completely
received while RDRF bit is set to 1).

Receive Data Register Full

0 | Cleared by reading RDRF = 1, then writing 0 in RDRF.
1 | Set when one character is received normally and transferred from RSR to RDR.

Transmit Data Register Empty

0 | Cleared by reading TDRE = 1, then writing 0 in TDRE.

1 | Set when:
1. Data is transferred from TDR to TSR.
2. TE is cleared while TDRE = 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'8D SCI1

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R

Receive data
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TIER—Timer Interrupt Enable Register

H'90 FRT

4 3 2 1 0

‘ ICIAE ‘ ICIBE ‘ ICICE ‘ ICIDE ‘ OCIAE ‘ OCIBE ‘ OVIE ‘ —_ ‘

Bit 7 6 5
Initial value 0 0 0
Read/Write R/W R/W R/W

638

0 0 0 0 1
R/W R/W R/W R/W —_

—

Overflow Interrupt Enable

0 | Overflow interrupt request is disabled.

1 | Overflow interrupt request is enabled.

Output Compare Interrupt B Enable

0

Output compare interrupt request B is disabled.

1

Output compare interrupt request B is enabled.

Output Compare Interrupt A Enable

0

Output compare interrupt request A is disabled.

1

Output compare interrupt request A is enabled.

Input Capture Interrupt D Enable

0 | Input capture interrupt request D is disabled.

1 | Input capture interrupt request D is enabled.

Input Capture Interrupt C Enable

0

Input capture interrupt request C is disabled.

1

Input capture interrupt request C is enabled.

Input Capture Interrupt B Enable

0 | Input capture interrupt request B is disabled.

1 | Input capture interrupt request B is enabled.

Input Capture Interrupt A Enable

0

Input capture interrupt request A is disabled.

1

Input capture interrupt request A is enabled.
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TCSR—Timer Control/Status Register H'91 FRT

Bit 7 6 5 4 3 2 1 0
‘ ICFA ‘ ICFB ‘ ICFC ‘ ICFD ‘ OCFA ‘ OCFB ‘ OVF ‘CCLRA‘
Initial value 0 0 0 0 0 0 0 0

ReadWrite  R/W)* RIW)* RIW)* RIAW)* RI(W)* RIW)* RIW)* RW
|

T
Counter Clear A
0 | FRC count is not cleared.
1 | FRC count is cleared by compare-match A.

Timer Overflow Flag
0 | Cleared by reading OVF = 1, then writing 0 in OVF.
1 | Set when FRC changes from H'FFFF to H'0000.

Output Compare Flag B

0 | Cleared by reading OCFB = 1, then writing 0 in OCFB.
1 | Set when FRC = OCRB.

Output Compare Flag A
0 | Cleared by reading OCFA = 1, then writing 0 in OCFA.
1 | Set when FRC = OCRA.

Input Capture Flag D
0 | Cleared by reading ICFD = 1, then writing O in ICFD.
1 | Set when FTID input signal is received.

Input Capture Flag C
0 | Cleared by reading ICFC = 1, then writing 0 in ICFC.
1 | Set when FTIC input signal is received.

Input Capture Flag B
0 | Cleared by reading ICFB = 1, then writing 0 in ICFB.
1 | Set when FTIB input causes FRC to be copied to ICRB.

Input Capture Flag A
0 | Cleared by reading ICFA = 1, then writing 0 in ICFA.
1 | Set when FTIA input causes FRC to be copied to ICRA.

Note: * Software can write a 0 in bits 7 to 1 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 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 0O 0 O o 0 O o O o0 o0 o 0O 0 O0O o0 O
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W RIWR/W R/W R/W R/W R/W R/W

Count value
OCRA (H and L)—Output Compare Register A H'94, H'95 FRT
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 1 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/IW RIWR/W R/W R/W R/W R/W R/W

Continually compared with FRC — OCFA is set when OCRA = FRC.

OCRB (H and L)—Output Compare Register B H'94, H'95 FRT

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 1 1 1 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/IW RIWR/W R/W R/W R/W R/W R/W

Continually compared with FRC — OCFB is set when OCRB = FRC.
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TCR—Timer Control Register H'96 FRT
Bit 7 6 5 4 3 2 1 0
‘ IEDGA ‘ IEDGB ‘ IEDGC ‘ IEDGD ‘ BUFEA ‘ BUFEB ‘ 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
0| 0 |Internal clock source: gp/2

0| 1|Internal clock source: @p/8
1| 0| Internal clock source: @p/32
1)1

External clock source: counted on rising edge

Buffer Enable B

0

ICRD is used for input capture D.

1

ICRD is buffer register for input capture B.

Buffer Enable A

0 | ICRC is used for input capture C.

1 | ICRC is buffer register for input capture A.

Input Edge Select D

0 | Falling edge of FTID is valid.

1 | Rising edge of FTID is valid.

Input Edge Select C

0 | Falling edge of FTIC is valid.

1 | Rising edge of FTIC is valid.

Input Edge Select B

0 | Falling edge of FTIB is valid.

1 | Rising edge of FTIB is valid.

Input Edge Select A

0 | Falling edge of FTIA is valid.

1 | Rising edge of FTIA is valid.
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TOCR—Timer Output Compare Control Register H'97 FRT

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ OCRS ‘ OEA ‘ OEB ‘ OLVLA ‘ OLVLB ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

Output Level B
0 | Compare-match B causes 0 output.
1 | Compare-match B causes 1 output.

Output Level A
0 | Compare-match A causes 0 output.

1 | Compare-match A causes 1 output.

Output Enable B
0 | Output compare B output is disabled.

1 | Output compare B output is enabled.

Output Enable A

0 | Output compare A output is disabled.
1 | Output compare A output is enabled.

Output Compare Register Select
0 | The CPU can access OCRA.
1| The CPU can access OCRB.

ICRA (H and L)—Input Capture Register A H'98, H'99 FRT

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

Initial value 0o o 0 o o o o o o o o 0O 0 o0 o0 O
Read/Write R R R R R R R R R R R R R R

Contains FRC count captured on FTIA input.
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ICRB (H and L)—Input Capture Register B H'9A, H'9B FRT

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

Initalvake O O O O O O O O O O O O O o0 o0 o
Read/Write R

Contains FRC count captured on FTIB input.

ICRC (H and L)—Input Capture Register C H'9C, H'9D FRT

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

Initalvake 0 O0 O O O O O O O O O O O 0o o0 o
Read/Write R

Contains FRC count captured on FTIC input, or old ICRA value in buffer mode.

ICRD (H and L)—Input Capture Register D H'9E, H'9F FRT

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

Initalvake 0 O0 O O O O O O O O O O O 0o o0 o
Read/Write R

Contains FRC count captured on FTID input, or old ICRB value in buffer mode.
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TCR—Timer Control Register H'AO PWMO

Bit 7 6 5 4 3 2 1 0
‘OE‘OS‘—‘—‘—‘CKSZ‘CKSl‘CKSO‘
Initial value 0 0 1 1 1 0 0 0
Read/Write R/W R/W — — — R/W R/W R/W
|
\
Clock Select (Values when g p = 10 MHz)
Internal PWM PWM
clock freq. |Resolution| period | frequency
0|00/ gp/2 200 ns 50 ps 20 kHz
1| op/8 800 ns 200 ps 5 kHz
1/0| op/32 3.2 s 800 ps 1.25 kHz
1| op/128 12.8 us 3.2ms 312.5Hz
1/0|0| @p/256 25.6 ps 6.4 ms 156.3 Hz
1| 9p/1024 | 102.4pus | 25.6 ms | 39.1 Hz
1/0| 9p/2048 | 2048 ps | 51.2ms | 19.5Hz
1| 9p/4096 | 409.6 ps | 102.4 ms | 9.8 Hz
Output Select
0 | Positive logic
1 | Negative logic

Output Enable
0 | PWM output disabled; TCNT cleared to H'00 and stops.
1 | PWM output enabled; TCNT runs.

DTR—Duty Register H'Al PWMO
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

Pulse duty cycle
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TCNT—Timer Counter H'A2

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 (runs from H'00 to H'F9, then repeats from H'00)
TCR—Timer Control Register H'A4 PWM1

Bit 7 6 5 4 3 2 1 0

‘ OE ‘ oS ‘ — ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘

Initial value 0 0 1 1 1 0 0 0

Read/Write R/W R/W — — — R/W R/W R/W

Note: Bit functions are the same as for PWMO.

DTR—Duty Register H'A5 PWM1
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 PWMO.

TCNT—Timer Counter H'A6 PWM1
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0

R/W R/W R/W

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

Note: Bit functions are the same as for PWMO.
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Bit

Initial value
Read/Write

TCSR—Timer Control/Status Register H'A8 WDT
7 6 5 4 3 2 1 0
‘ OVF ‘ WT/ﬁ‘ TME ‘ — ‘RST/W‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
0 0 0 1 0 0 0 0
R/(W)* R/W R/W — R/W R/W R/W R/W
Clock Select 2to 0
0/0|0|@p/2
1| 2p/32
1|0/ op/64
1| #p/128
1/0|0 | @p/256
1| @p/512
1|0 op/2048
1| gp/4096

Overflow Flag

Reset or NMI —

0 | Functions as NMI (initial value)

1 | Functions as reset

Timer Enable

stopped

0 | Timer disabled: TCNT is initialized to H'00 and
(initial value)

requested

1 | Timer enabled: TCNT runs; CPU interrupts can be

Timer Mode Select

0

Interval timer mode (OVF interrupt request) (initial value)

1

Watchdog timer mode (generates reset or NMI signal)

0

Cleared by reading OVF = 1, then writing O in OVF (initial value)

1

Set when TCNT changes from H'FF to H'00

Note: * Only 0 can be written, to clear the flag.
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TCNT—Timer Counter H'A9 (read), WDT

H'A8 (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 Input Pull-Up Control Register H'AC Port 1
Bit 7 6 5 4 3 2 1 0
‘ P1,PCR ‘ P16PCR‘ 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

Port 1 Input Pull-Up Control

0 | Input pull-up transistor is off.

1 | Input pull-up transistor is on.

P2PCR—Port 2 Input Pull-Up Control Register H'AD Port 2
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

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 Input Pull-Up Control Register H'AE Port 3

Bit 7 6 5 4 3 2 1 0

‘ P3;PCR ‘ P36PCR‘ P35PCR‘ P34PCR‘ P3;PCR ‘ P3,PCR ‘ P3,PCR ‘ P3oPCR ‘
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 Port 1
Bit 7 6 5 4 3 2 1 0
‘ P1,DDR ‘ P16DDR‘ P15DDR‘ P14DDR‘ P13DDR ‘ P1,DDR ‘ P1,DDR ‘ 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
Port 1 Input/Output Control
0 | Input port
1 | Output port
P1DR—Port 1 Data Register H'B2 Port 1
Bit 7 6 5 4 3 2 1 0
‘ P1, ‘ Plg ‘ Pls ‘ P1, ‘ Pl ‘ P1, ‘ P1, ‘ Pl ‘
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 Port 2

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
Port 2 Input/Output Control
0 | Input port
1 | Output port
P2DR—Port 2 Data Register H'B3 Port 2
Bit 7 6 5 4 3 2 1 0
‘ P2, ‘ P2 ‘ P25 ‘ P2, ‘ P25 ‘ 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
P3DDR—Port 3 Data Direction Register H'B4 Port 3
Bit 7 6 5 4 3 2 1 0
‘ P37DDR‘ P36DDR‘ P35DDR‘ P34DDR‘ P3;DDR ‘ P3,DDR ‘ P3,DDR ‘ 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
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P3DR—Port 3 Data Register H'B6 Port 3

Bit 7 6 5 4 3 2 1 0

P, | 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
P4ADDR—Port 4 Data Direction Register H'B5 Port 4
Bit 7 6 5 4 3 2 1 0

‘ P4,DDR ‘ P46DDR‘ P45DDR‘ P44DDR‘ P4;DDR ‘ P4,DDR ‘ P4,DDR ‘ P4oDDR ‘
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 Port 4
Bit 7 6 5 4 3 2 1 0
‘ P4, ‘ P4g ‘ P45 ‘ P4, ‘ P4, ‘ P4, ‘ P4, ‘ P4, ‘
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
P5DDR—Port 5 Data Direction Register H'B8 Port 5
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ P5,DDR ‘ P5,DDR ‘ P5,DDR ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — w w w

Port 5 Input/Output Control

0 | Input port
1 | Output port
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P5DR—Port 5 Data Register H'BA Port 5

Bit 7 6 5 4 3 2 1 0

= = = =] = [ e [P | e |
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W
P6DDR—Port 6 Data Direction Register H'B9 Port 6
Bit 7 6 5 4 3 2 1 0

‘ P6,DDR ‘ P66DDR‘ P65DDR‘ P64DDR‘ P6;DDR ‘ P6,DDR ‘ P6,DDR ‘ P6,DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W

Port 6 Input/Output Control
0 | Input port
1 | Output port

P6DR—Port 6 Data Register H'BB Port 6
Bit 7 6 5 4 3 2 1 0
| P6; | P6 | Pes | PG | PG | P&, | PGy | P |
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
P7PIN—Port 7 Input Data Register H'BE Port 7
Bit 7 6 5 4 3 2 1 0
‘ P7, ‘ P7g ‘ P75 ‘ P74 ‘ P73 ‘ P75 ‘ P74 ‘ P7q ‘
Initial value * * * * * * * *
Read/Write R R R R R R R R

Note: * Depends on the levels of pins P75 to P7,,.
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PB8DDR—Port 8 Data Direction Register H'BD Port 8

Bit 7 6 5 4 3 2 1 0

‘ — ‘ P86DDR‘ P85DDR‘ P84DDR‘ P8;DDR ‘ P8,DDR ‘ P8,DDR ‘ P8,DDR ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — w w w w w w w

Port 8 Input/Output Control
0 | Input port

1 | Output port

PB8DR—Port 8 Data Register H'BF Port 8
Bit 7 6 5 4 3 2 1 0
‘ — ‘ P8¢ ‘ P85 ‘ P84 ‘ P83 ‘ P8, ‘ P81 ‘ P8g ‘
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
PO9DDR—Port 9 Data Direction Register H'CO Port 9
Bit 7 6 5 4 3 2 1 0

‘ P9,DDR ‘ P96DDR‘ P95DDR‘ P94DDR‘ P9;DDR ‘ P9,DDR ‘ P9,DDR ‘ P9,DDR ‘
Modes 1 and 2

Initial value 0 1 0 0 0 0 0 0
Read/Write W — 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 9 Input/Output Control
0 | Input port
1 | Output port
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PO9DR—Port 9 Data Register H'C1l Port 9

Bit 7 6 5 4 3 2 1 0
Py, | P9 | Po | P9, | P9, | P9, | P9, | P9 |

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 level of pin P9g.

PADDR—Port A Data Direction Register H'AB Port A
Bit 7 6 5 4 3 2 1 0
‘ PA7DDR‘ PA6DDR‘ PA5DDR‘ PA4DDR‘ PA;DDR ‘ PA,DDR ‘ PA,;DDR ‘ PAoDDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w W w w w w

Port A Input/Output Control
0 | Input port

1 | Output port

PAPIN—Port A Input Data Register H'AB Port A
Bit 7 6 5 4 3 2 1 0
‘ PA; ‘ PAg ‘ PAg ‘ PA,4 ‘ PA3 ‘ PA, ‘ PA, ‘ PAq ‘
Initial value —* — —* —* — —* —* —
Read/Write R R R R R R R R

Note: * Depends on the levels of pins PA; to PA,.

PAODR—Port A Output Data Register H'AA Port A
Bit 7 6 5 4 3 2 1 0
‘ PA; ‘ PAg ‘ PAs ‘ PA, ‘ PA3 ‘ PA, ‘ PA; ‘ PAq ‘
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 A Output Data/Input Pull-Up Control

During output During input
0 0 output Input pull-up transistor off
1 1 output Input pull-up transistor on
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PBDDR—Port B Data Direction Register H'BE Port B

Bit 7 6 5 4 3 2 1 0

‘ PB7DDR‘ PBeDDR‘ PB5DDR‘ PB4DDR‘ PB3DDR ‘ PB,DDR ‘ PB,DDR ‘ PByDDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port B Input/Output Control

0 | Input port
1 | Output port

PBPIN—Port B Input Data Register H'BD Port B
Bit 7 6 5 4 3 2 1 0
‘ PB- ‘ PBg ‘ PBs5 ‘ PB4 ‘ PBj ‘ PB, ‘ PB4 ‘ PBg ‘
Initial value —* —* —* —* —* _* —* —x
Read/Write R R R R R R R R

Note: * Depends on the levels of pins PB; to PBj,.

PBODR—Port B Output Data Register H'BC Port B
Bit 7 6 5 4 3 2 1 0
‘ PB< ‘ PBg ‘ PBs5 ‘ PB4 ‘ PBj ‘ PB, ‘ PB4 ‘ PByg ‘
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 B Output Data/Input Pull-Up Control

During output During input
0 0 output Input pull-up transistor off
1 1 output Input pull-up transistor on
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WSCR—Wait-State Control Register

H'C2

System control

Bit 7 6 5 4 3 2 1 0
‘ RAMS ‘ RAMO ‘ CKDBL ‘ FLSHE ‘ WMS1 ‘ WMSO0 ‘ WC1 ‘ wCo ‘
Initial value 0 0 0 0 1 0 0 0
Read/Write RIW R/W R/W RIW R/W RIW R/W R/W
] ‘
Wait Count
00 | No wait states inserted by wait-state
controller (initial value)
01 |1 state inserted
10 |2 states inserted
11 |3 states inserted
Wait Mode Select
00 |Programmable wait mode
01 |No wait states inserted by wait-state controller
10 |Pin wait mode (initial value)
11 |Pin auto-wait mode
Flash Memory Control Register Enable
H8/3437SF (Single-power-supply flash memory only)
0 | Flash memory control registers are in unselected state (Initial value)
1 | Flash memory control registers are in selected state
Clock Double
0 | Supporting module clock frequency is not divided (gp = @) (initial value)
1| Supporting module clock frequency is divided by two (gp = 8/2)

RAM Select and RAM Area Select
H8/3434F (Dual-power-supply flash memory only)

RAMS, RAMO RAM Area ROM Area
00 None —
01 H'FC80 to H'FCFF H'0080 to H'00FF
10 H'FC80 to H'FD7F H'0080 to H'017F
11 H'FCO00 to H'FC7F H'0000 to H'007F

H8/3437F

RAMS, RAMO RAM Area ROM Area
00 None —
01 H'F880 to H'F8FF H'0080 to H'0O0FF
10 H'F880 to H'F97F H'0080 to H'017F
11 H'F800 to H'F87F H'0000 to H'007F
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STCR—Serial/Timer Control Register H'C3 System Control

Bit 7 6 5 4 3 2 1 0

‘ lICS ‘ IICD ‘ IICX ‘ IICE ‘ STAC ‘ MPE ‘ ICKS1 ‘ ICKSO ‘
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

e

Internal Clock Source Select
See TCR under TMRO and TMR1.

Multiprocessor Enable

0 | Multiprocessor communication function is disabled.

1 | Multiprocessor communication function is enabled.

Slave Mode Control Input Switch
0 | CS, and IOW are enabled

1 | ECS, and EIOW are enabled
12C Master Enable

0 | I2C bus interface data registers and control registers are disabled (initial value)
1 | 12C bus interface data registers and control registers are enabled

I2C Transfer Rate Select

lICX |CKS2"2|CKS172/CKS0%2| Clock Transfer Rate *

Zp=4 MHz |gp =5 MHz |gp = 8 MHz | gp = 10 MHz | 3p = 16 MHz

0 | 0 | 0 | 0 |@pf28 |143kHz | 179kHz | 286kHz | 357 kHz | 571 kHz

1 | 0p/40 | 100kHz | 125kHz | 200 kHz | 250 kHz | 400 kHz

1 | 0 |@p8 |833KkHz | 104kHz | 167kHz | 208kHz | 333 kHz

1 | 0,/64 | 62.5kHz | 78.1kHz | 125kHz | 156 kHz | 250 kHz

1 | 0 | 0 |0p/80 |50.0kHz | 625kHz | 100 kHz | 125kHz | 200 kHz

1 | ,/100 | 40.0 kHz | 50.0 kHz | 80.0 kHz | 100 kHz | 160 kHz

1 | 0 |@p/112 | 357kHz | 44.6kHz | 71.4KkHz | 89.3kHz | 143 kHz

1 | 0/128 | 31.3kHz | 39.1kHz | 62.5kHz | 78.1kHz | 125 kHz

1 | 0 | 0 | 0 |op/56 | 714kHz | 89.3kHz | 143kHz | 179 kHz | 286 kHz

1 | 0,/80 | 50.0kHz | 62.5kHz | 100 kHz | 125kHz | 200 kHz

1 | 0 |@p/96 | 41.7kHz | 52.1kHz | 83.3kHz | 104kHz | 167 kHz

1 | @p/128 | 31.3kHz | 39.1kHz | 62.5kHz | 78.1kHz | 125 kHz

1 | 0 | 0 |6,/160| 250kHz | 31.3kHz | 50.0 kHz | 62.5 kHz | 100 kHz

1| 0,/200 | 20.0 kHz | 25.0 kHz | 40.0 kHz | 50.0 kHz | 80.0 kHz

1 | 0 |@p/224 | 17.9kHz | 22.3kHz | 35.7 kHz | 44.6 kHz | 71.4 kHz

1 | 0p/256 | 15.6 kHz | 195kHz | 31.3kHz | 39.1kHz | 62.5 kHz

Notes: *1 gp = 2.
*2 CKS2 to CKSO are bits 2 to 0 of the 12C bus control register in the I12C bus interface.

I2C Extra Buffer Reserve
I2C Extra Buffer Select

0 | PA; to PA, are normal input/output pins
1 | PA; to PA, are selected for bus drive
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SYSCR—System Control Register H'C4

Bit

Initial value
Read/Write

System Control

7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ XRST ‘NMIEG ‘ HIE ‘ RAME ‘
0 0 0 0 1 0 0 1
R/W R/W R/W R/W R R/W R/W R/W
— ]
RAM Enable
0 | On-chip RAM is disabled.
1 | On-chip RAM is enabled. (initial value)

Host Interface Enable

0 | Host interface is prohibited (initial value)

1 | Host interface is allowed (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 reset signal (initial value)

Standby Timer Select 2 to 0 (ZTAT and Mask ROM Versions)

0

0

Clock settling time = 8,192 states (initial value)

Clock settling time = 16,384 states

Clock settling time = 32,768 states

RO |+ |O

Clock settling time = 65,536 states

—| Clock settling time = 131,072 states

R |Pr|O|O|O

=1

—| Unused

Standby Timer Select 2 to 0 (F-ZTAT Version)

0

0

0 | Settling time = 8,192 states (initial value)

Settling time = 16,384 states

Settling time = 32,768 states

Settling time = 65,536 states

Settling time = 131,072 states

R ok |o|k

Settling time = 1,024 states

Rk |FkP|O|O|O

P O|O|F |+ |O

—| Unused

Software Standby

0

SLEEP instruction causes transition to sleep mode. (initial value)

1

SLEEP instruction causes transition to software standby mode.
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MDCR—Mode Control Register H'C5

» Except H8/3437SF

System Control

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

Initial value 1 1 1 0 0 1 * *
Read/Write — — — — — — R R
—’7

Mode Select Bits

‘ Value

at mode pins. ‘

Note: * Determined by inputs at pins MD; and MD,.

» HB8/3437SF

Bit 7 6 5 4 3 2 1 0
‘ EXPE ‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS1 ‘ MDSO0 ‘
Initial value * 1 1 0 0 1 * *
Read/Write R/W* — — — — — R R
—’7

Mode Select Bits

‘ Value

at mode pins. ‘

Expanded Mode Enable

0

Single-chip mode is selected.

1

Expanded mode is selected (writable in boot mode only).

Note: * Determined by inputs at pins MD; and MD,.
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ISCR—IRQ Sense Control Register H'C6 System Control

Bit 7 6 5 4 3 2 1 0

‘ IRQ7SC‘ IRQGSC‘ IRQSSC‘ IRQ4SC‘ IRQ3SC ‘ IRQ2SC ‘ IRQlSC‘ IRQOSC ‘
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

IRQq to IRQ 7 Sense Control
0 | IRQq to IRQ7 are level-sensed (active low).
1 |IRQq to IRQ7 are edge-sensed (falling edge).

IER—IRQ Enable Register H'C7 System Control
Bit 7 6 5 4 3 2 1 0
‘ IRQ7E ‘ IRQ6E ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
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

IRQq to IRQ~7 Enable
0 | IRQq to IRQ7 are disabled.
1 |IRQq to IRQ7 are 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 ‘ 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
| ‘ ‘
Clock Select
TCR STCR .
Description
CKS2| CKS1| CKSO|ICKS1|ICKSO
0 0 0 — — | Timer stopped
0 0 1 — 0 2p/8 internal clock, falling edge
0 0 1 — 1 @p/2 internal clock, falling edge
0 1 0 — 0 2p/64 internal clock, falling edge
0 1 0 — 1 2p/32 internal clock, falling edge
0 1 1 — 0 2p/1024 internal clock, falling edge
0 1 1 — 1 2p/256 internal clock, falling edge
1 0 0 — — | Timer stopped
1 0 1 — — | External clock, rising edge
1 1 0 — — | External clock, falling edge
1 1 1 — — | External clock, rising and falling edges
Counter Clear
0| 0 |Counter is not cleared.
0| 1 |Cleared by compare-match A.
1|0 |Cleared by compare-match B.
1|1 |Cleared on rising edge of external reset input.
Timer Overflow Interrupt Enable
0 | Overflow interrupt request is disabled.
1 | Overflow interrupt request is enabled.

Compare-Match Interrupt Enable A

0 | Compare-match A interrupt request is disabled.

1 | Compare-match A interrupt request is enabled.

Compare-Match Interrupt Enable B

0 | Compare-match B interrupt request is disabled.

1 | Compare-match B interrupt request is enabled.
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TMRO

TCSR—Timer Control/Status Register H'C9
Bit 7 6 5 4 3 2 1
‘ CMFB ‘ CMFA ‘ OVF ‘ — ‘ 0S3"2| 0S2*2| 0S1*2 OSO*Z‘
Initial value 0 0 0 1 0 0 0
Read/Write RI(W)*1 RI(W)'l RI(W)*l — RIW RIW RIW

I

Output Select

0 | 0 | No change on compare-match A.

Output 0 on compare-match A.

01
1|0 | Output 1 on compare-match A.
11

Invert (toggle) output on compare-match A.

Output Select

0 | 0| No change on compare-match B.

Output 0 on compare-match B.

0|1
1|0 | Output 1 on compare-match B.
1|1 Invert (toggle) output on compare-match B.

Timer Overflow Flag

0 | Cleared by reading OVF = 1, then writing 0 in OVF.

1| Set when TCNT chal

nges from H'FF to H'00.

Compare-Match Flag A

0 | Cleared by reading CMFA = 1, then writing 0 in CMFA.

1 | Set when TCNT = TCORA.

Compare-Match Flag B

0 | Cleared by reading CMFB = 1, then writing 0 in CMFB.

1 | Set when TCNT = TCORB.

Notes: *1 Software can write a 0 in bits 7 to 5 to clear the flags, but cannot write a 1 in these bits.
*2 When all four bits (OS3 to OS0) are cleared to 0, output is disabled.
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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/W R/W R/W R/W R/W R/W
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
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
‘ |
Clock Select
TCR STCR -
Description
CKS2| CKS1| CKSO|ICKS1|ICKSO
0 0 0 — — | Timer stopped
0 0 1 0 — | @p/8 internal clock, falling edge
0 0 1 1 — | #p/2 internal clock, falling edge
0 1 0 0 — | #p/64 internal clock, falling edge
0 1 0 1 — | #p/128 internal clock, falling edge
0 1 1 0 — | #p/1024 internal clock, falling edge
0 1 1 1 — | @p/2048 internal clock, falling edge
1 0 0 — — | Timer stopped
1 0 1 — — | External clock, rising edge
1 1 0 — — | External clock, falling edge
1 1 1 — — | External clock, rising and falling edges
Counter Clear
0 | 0 | Counter is not cleared.
0| 1 | Cleared by compare-match A.
1|0 |Cleared by compare-match B.
1|1 |Cleared on rising edge of external reset input.
Timer Overflow Interrupt Enable
0 | Overflow interrupt request is disabled.
1 | Overflow interrupt request is enabled.

Compare-Match Interrupt Enable A

0 | Compare-match A interrupt request is disabled.

1 | Compare-match A interrupt request is enabled.

Compare-Match Interrupt Enable B

0 | Compare-match B interrupt request is disabled.

1 | Compare-match B interrupt request is enabled.

663
HITACHI



TCSR—Timer Control/Status Register H'D1 TMR1

Bit 7 6 5 4 3 2 1 0

‘ CMFB ‘ CMFA ‘ OVF ‘ — ‘ 0S3"2| 0S2*2| 0S1'2| 0S0*2
Initial value 0 0 0 1 0 0 0 0
Read/Write RI(W)*'1 R/(W)*1 R/(W)*1 — RIW RIW RIW RIW

Notes: Bit functions are the same as for TMRO.
*1 Software can write a 0 in bits 7 to 5 to clear the flags, but cannot write a 1 in these bits.
*2 When all four bits (OS3 to OS0) are cleared to 0, output is disabled.

TCORA—Time Constant Register A H'D2 TMR1
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 TMRO.

TCORB—Time Constant Register B H'D3 TMR1
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 TMRO.

TCNT—Timer Counter H'D4 TMR1
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

Note: Bit functions are the same as for TMRO.
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ICCR—I°C Bus Control Register H'D8 ’C
Bit 7 6 5 4 3 2 1 0
‘ ICE ‘ IEIC ‘ MST ‘ TRS ‘ ACK ‘ 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
I
Transfer Clock Select
ICX* | CKS2 | CKS1 | CKSO | Clock Transfer Rate
2p=4 MHz |gp =5 MHz |gp = 8 MHz | gp = 10 MHz | 8p = 16 MHz
0 0 0 0 |@p/28 | 143kHz | 179kHz | 286 kHz | 357 kHz | 571 kHz
1 |@p/40 | 100kHz | 125kHz | 200 kHz | 250 kHz | 400 kHz
1 0 |2p/48 | 83.3kHz | 104kHz | 167 kHz | 208 kHz | 333 kHz
1 |@p/64 | 625kHz | 78.1kHz | 125kHz | 156 kHz | 250 kHz
1 0 0 |p/80 | 50.0kHz | 62.5kHz | 100 kHz | 125kHz | 200 kHz
1 | @p/100 | 40.0kHz | 50.0 kHz | 80.0 kHz | 100 kHz | 160 kHz
1 0 |@p/112 | 35.7kHz | 44.6kHz | 71.4kHz | 89.3kHz | 143 kHz
1 | @p/128 | 31.3kHz | 39.1kHz | 62.5kHz | 78.1 kHz | 125 kHz
1 0 0 0 |@p/56 | 71.4kHz | 89.3kHz | 143kHz | 179kHz | 286 kHz
1 |@p/80 | 50.0kHz | 62.5kHz | 100 kHz | 125kHz | 200 kHz
1 0 |@p/96 | 41.7kHz | 52.1kHz | 83.3kHz | 104kHz | 167 kHz
1 |@p/128 | 31.3kHz | 39.1kHz | 62.5kHz | 78.1 kHz | 125 kHz
1 0 0 | @p/160 | 25.0kHz | 31.3kHz | 50.0 kHz | 62.5 kHz | 100 kHz
1 | @p/200 | 20.0kHz | 25.0 kHz | 40.0 kHz | 50.0 kHz | 80.0 kHz
1 0 | @p/224 | 17.9kHz | 22.3kHz | 35.7kHz | 44.6 kHz | 71.4 kHz
1 | @p/256 | 15.6 kHz | 19.5kHz | 31.3kHz | 39.1kHz | 62.5 kHz
Note: When gp = @.
The shaded setting exceeds the maximum transfer rate in the standard I12C bus
specifications.
* |ICX is bit 5 of the serial timer control register (STCR).

Acknowledgement Mode Select

0 | Acknowledgement mode

1 | Serial mode

Master/Slave Select and Transmit/Receive Select

0 | 0 | Slave receive mode

1 | Slave transmit mode

1|0 | Master receive mode

1 | Master transmit mode

I2C Bus Interface Interrupt Enable

0 | Interrupts disabled

1 | Interrupts enabled

I2C Bus Interface Enable

0 | Interface module disabled, with pins SCL and SDA operating as ports

1 | Interface module enabled for transfer operations, with pins SCL and SDA capable of bus drive
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ICSR—I2C Bus Status Register H'D9
Bit 7 6 5 4 3 2 1 0
‘ BBSY ‘ IRIC ‘ SCP ‘ — ‘ AL ‘ AAS ‘ ADZ ‘ ACKB ‘
Initial value 0 0 1 1 0 0 0 0
Read/Write RW  RI(W)* w — RI(W)* RIW)* RI(W)* R/W
] ‘ ‘
Acknowledge Bit
0 | Receive mode: 0 is output at acknowledge output timing
Transmit mode: indicates that the receiving device has acknowledged the data
1 | Receive mode: 1 is output at acknowledge output timing
Transmit mode: indicates that the receiving device has not acknowledged the data
General Call Address Recognition Flag
0 | General call address not recognized
Cleared when ICDR data is written (transmit mode) or read (receive mode)
Cleared by reading ADZ = 1, then writing O
1 | General call address recognized
Set when the general call address is detected in slave receive mode
Slave Address Recognition Flag
o | Slave address or general call address not recognized (Initial value)
Cleared when ICDR data is written (transmit mode) or read (receive mode)
Cleared by reading AAS = 1, then writing 0
1 | Slave address or general call address recognized
Set when the slave address or general call address is detected in slave receive mode
Arbitration Lost Flag
0 | Bus arbitration won
Cleared when ICDR data is written (transmit mode) or read (receive mode)
Cleared by reading AL = 1, then writing 0
1 | Arbitration lost
Set if the internal SDA and bus line disagree at the rise of SCL in master transmit mode
Set if the internal SCL is high at the fall of SCL in master transmit mode
Start Condition/Stop Condition Prohibit
0 | Writing 0 issues a start or stop condition, in combination with BBSY
1 | Reading always results in 1
Writing is ignored
12C Bus Interface Interrupt Request Flag
0 | Waiting for transfer, or transfer in progress
Cleared by reading IRIC = 1, then writing 0
1 | Interrupt requested
Set to 1 at the following times:
Master mode
« End of data transfer
« Bus arbitration lost
Bus Busy Slave mode (when FS = 0)
0 |Busis free

Cleared by detection
of a stop condition

* When the slave address is matched, and whenever a data transfer ends at timing of
a retransmit start condition after address matching or a stop condition is detected
* When a general call address is detected, and whenever a data transfer ends at timing

Bus is busy of a retransmit start condition after address detection or a stop condition is detected
Set by detection Slave mode (when FS = 1)
of a start condition « End of data transfer

Note: * Only 0 can be written, to clear the flag.
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SMR—Serial Mode Register H'D8 SCI0
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 R/W R/W R/W R/W R/W R/W R/W R/W
Clock Select
0| 0| @ clock
0 | 1|op/4 clock
1|0 |@p/16 clock
1|1 9p/64 clock

Multiprocessor Mode

0 | Multiprocessor function disabled

1 | Multiprocessor format selected

Stop Bit Length

0 | One stop bit

1 | Two stop bits

Parity Mode
0 | Even parity
1 | Odd parity

Parity Enable

0 | Transmit: No parity bit added.
Receive: Parity bit not checked.

1 | Transmit: Parity bit added.
Receive: Parity bit checked.

Character Length

0

8-bit data length

1

7-bit data length

Communication Mode

0 | Asynchronous

1 | Synchronous

Note: Bit functions are the same as for SCI1.
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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

Constant that determines the bit rate

Note: Bit functions are the same as for SCI1.
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SCR—Serial Control Register H'DA SCI0

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

] |

Clock Enable 0
0 | Asynchronous serial clock not output
1 | Asynchronous serial clock output at SCK pin

Clock Enable 1
0 | Internal clock

1 | External clock

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 | Receive disabled

1 | Receive enabled

Transmit Enable

0 | Transmit disabled

1 | Transmit enabled

Receive Interrupt Enable

0

Receive-end interrupt and receive-error interrupt requests are disabled.

1

Receive-end interrupt and receive-error interrupt requests are enabled.

Transmit Interrupt Enable

0

TDR-empty interrupt request is disabled.

1

TDR-empty interrupt request is enabled.

Note: Bit functions are the same as for SCI1.
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TDR—Transmit Data Register 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

Transmit data

Note: Bit functions are the same as for SCI1.
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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/W)* R/(W)* R/(W)* R/I(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 0 in TDRE.

1 | Setto 1 when TE =0, or when TDRE =1 at the end of
character transmission.

Parity Error
0 | Cleared by reading PER = 1, then writing 0 in PER.

1 | Set when a parity error occurs (parity of receive data
does not match parity selected by O/E bit in SMR).

Framing Error
0 | Cleared by reading FER = 1, then writing 0 in FER.
1 | Set when a framing error occurs (stop bit is 0).

Overrun Error

0 | Cleared by reading ORER = 1, then writing 0 in ORER.

1 | Set when an overrun error occurs (next data is completely
received while RDRF bit is set to 1).

Receive Data Register Full
0 | Cleared by reading RDRF = 1, then writing 0 in RDRF.
1 | Set when one character is received normally and transferred from RSR to RDR.

Transmit Data Register Empty

0 | Cleared by reading TDRE = 1, then writing 0 in TDRE.

1 | Set when:
1. Data is transferred from TDR to TSR.
2. TE is cleared while TDRE = 0.

Note: * Software can write a 0 in bits 7 to 3 to clear the flags, but cannot write a 1 in these bits.
Bit functions are the same as for SCI1.
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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 R R R R
Receive data
Note: Bit functions are the same as for SCI1.
ICDR—I *C Bus Data Register H'DE FC
Bit 7 6 5 4 3 2 1 0
‘ ICDR7 ‘ ICDR6 ‘ ICDR5 ‘ ICDR4 ‘ ICDR3 ‘ ICDR2 ‘ ICDR1 ‘ ICDRO ‘
Initial value — — — — — — — —
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Transmit/receive data
SAR—Slave Address Register H'DF ic
Bit 7 6 5 4 3 2 1 0
‘ SVA6 ‘ SVA5 ‘ SVA4 ‘ SVA3 ‘ SVA2 ‘ SVAl ‘ SVAO ‘ FS ‘
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
Slave address
Format Select
0 | Addressing format, slave address recognized
1 | Non-addressing format
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ICMR—I C Bus Mode Regjister H'DF FC

Bit 7 6 5 4 3 2 1 0
‘ MLS ‘ WAIT‘ — ‘ — ‘ — ‘ BC2 ‘ BC1 ‘ BCO ‘
Initial value 0 0 1 1 1 0 0 0
Read/Write R/W R/W — — — R/W R/W R/W
Bit Counter
sc2 e |Bco _ Bits/Frame
Serial Mode | Acknowledgement Mode
0 0 0 8 9
1 1 2
1 0 2 3
1 3 4
1 0 0 4 5
1 5 6
1 0 6 7
1 7 8

Wait Insertion Bit

0 | Data and acknowledge transferred consecutively
1 | Wait inserted between data and acknowledge

MSB-First/LSB-First
0 | MSB-first
1 | LSB-first
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ADDRA (H and L)—A/D Data Register A H'EO, H'E1l A/D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ADQ‘ADS‘AD?‘ AD6‘AD5‘AD4‘AD3‘ADZ‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘

Initial value 0 O o o0 o O O o o o o0 o0

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

ADDRAH ADDRAL

A/D Conversion Data Reserved Bits
10-hit data giving an A/D conversion result

ADDRB (H and L)—A/D Data Register B H'E2, H'E3 A/D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ADQ‘ADS‘AD?‘ AD6‘AD5‘AD4‘AD3‘ADZ‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘

Initial value 0 O o o0 o O O o o o o0 o0

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

ADDRBH ADDRBL

A/D Conversion Data Reserved Bits
10-hit data giving an A/D conversion result

ADDRC (H and L)—A/D Data Register C H'E4, H'E5 A/D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ADQ‘ADS‘AD?‘ AD6‘AD5‘AD4‘AD3‘ADZ‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘

Initial value 0 O o o0 o O O o o o o0 o0

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

ADDRCH ADDRCL

A/D Conversion Data Reserved Bits
10-hit data giving an A/D conversion result
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ADDRD (H and L)—A/D Data Register D H'E6, H'E7 A/D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ADQ‘AD8‘AD7‘ ADG‘ADS‘AD4‘AD3‘AD2‘AD1‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
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

ADDRDH ADDRDL

A/D Conversion Data Reserved Bits
10-hit data giving an A/D conversion result
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ADCSR—A/D Control/Status Register H'E8 A/D
Bit 7 6 5 4 3 2 1 0
‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS ‘ CH2 ‘ CH1 ‘ CHO ‘
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
| |
\
Channel Select
CH2 CH1 CHO | Single Mode | Scan Mode
0 0 0 |ANg ANg
1 |AN; ANg, AN
1 0 |AN, AN to AN,
1 AN3 ANO to AN3
1 0 0 |ANg AN,
1 |ANg ANy, AN
1 0 |ANg ANy to ANg
1 AN7 AN4 to AN7

A/ID

Clock Select
0 | Conversion time = 266 states (max)
1 | Conversion time = 134 states (max)
Note: When gp = g

Scan Mode
0 | Single mode
1 | Scan mode

A/D Start

0 | A/D conversion is halted.

1| 1. Single mode:
One A/D conversion is performed, then this bit is automatically cleared to O.
2. Scan mode:

written in this bit.

A/C conversion starts and continues cyclically on all selected channels until 0 is

A/D Interrupt Enable
0 | The A/D interrupt request (ADI) is disabled.
1 | The A/D interrupt request (ADI) is enabled.

End Flag

0

Cleared from 1 to 0 when CPU reads ADF = 1, then writes 0 in ADF.

1

Set to 1 at the following times:
1. Single mode: at the completion of A/D conversion
2. Scan mode: when all selected channels have been converted.

Note: * Only O can be written, to clear the flag.
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ADCR—A/D Control Register H'E9 A/D

Bit 7 6 5 4 3 2 1 0
Ree | — | — | — | = = | = -]

Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — _ _
T

Trigger Enable

0 | ADTRG is disabled.
1 | ADTRG is enabled. A/D conversion can be started by external trigger,

or by software.

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

Host Read/Write — —
— — R/W R/W R/W

Slave Read/Write — —

Fast Gate A20 Enable
0 | Fast A20 gate function disabled
1| Fast A20 gate function enabled

Input Buffer Full Interrupt Enable 1
0 | IDR1 input buffer full interrupt disabled
1 | IDR1 input buffer full interrupt enabled

Input Buffer Full Interrupt Enable 2
0 | IDR2 input buffer full interrupt disabled
1| IDR2 input buffer full interrupt enabled
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KMIMR—Keyboard Matrix Interrupt Mask Register H'F1 HIF

Bit 7 6 5 4 3 2 1 0

‘ KMIMR7‘ KMIMRS‘ KMIMRS‘ KMIMR4‘ KMIMRB‘KMIMRZ ‘ KMIMRl‘KMIMRO‘
Initial value 1 0 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 enabled

1 | Key-sense input interrupt request disabled (initial value)*
Note: * Initial value of KMIMRS is 0.

KMPCR—Port 6 Input Pull-Up Control Register H'F2 HIF (port 6)
Bit 7 6 5 4 3 2 1 0
‘ KM7PCR‘ KM6PCR‘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 Pull-Up Control

0 | Input pull-up transistor is off. (initial value)

1 | Input pull-up transistor is on.

KMIMRA—Keyboard Matrix Interrupt Mask Register A H'F3 HIF
Bit 7 6 5 4 3 2 1 0
‘KMIMRlS‘KMIMRM‘KMIMRlB‘KMIMRlZ‘KMIMRll‘KMIMRlO‘ KMIMR9 ‘ KMIMR8 ‘
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 enabled

1 | Key-sense input interrupt request disabled (initial value)
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IDR1—Input Data Register 1 H'F4 HIF

Bit 7 6 5 4 3 2 1 0
‘ IDR7 ‘ IDR6 ‘ IDR5 ‘ IDR4 ‘ IDR3 ‘ IDR2 ‘ IDR1 ‘ IDRO ‘
Initial value — — — — — — — —
Host Read/Write w W w w W w w W
Slave Read/Write R R R R R R R R
Input data (command or data input from host processor)
ODR1—Output Data Register 1 H'F5 HIF
Bit 7 6 5 4 3 2 1 0
‘ ODR7 ‘ ODR6 ‘ ODR5 ‘ ODR4 ‘ ODR3 ‘ ODR2 ‘ ODR1 ‘ ODRO ‘
Initial value — — — — — — — —
Host Read/Write R R R R R R R R

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

Output data (data output to host processor)
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STR1—Status Register 1 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
Host Read/Write R R R R R R R
Slave Read/Write R/W R/W R/W R/W R R/W R R
Output Buffer Full
0 |Host has read ODR1
1 | Slave has written to ODR1
Input Buffer Full
0 | Slave has read IDR1
1 | Host has written to IDR1
Defined By User
Command/Data
0 | IDR1 contains data
1 | IDR1 contains a command
Defined By User
DADRO—D/A Data Register 0 H'F8 D/A
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
Data to be converted
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DADR1—D/A Data Register 1 H'F9 D/A
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

Data to be converted
DACR—D/A Control Register H'FA D/A
Bit 7 6 5 4 3 2 1 0
‘ DAOCE1 ‘ DAOEO ‘ DAE ‘ ‘ ‘ ‘ ‘
Initial value 0 0 0 1 1 1 1 1
Read/Write R/W R/W R/W — — — — —
]
D/A Enable
Bit 7 Bit 6 Bit 5 o
Description
DAOE1 | DAOEO| DAE
0 0 — Channels 0 and 1 disabled
1 0 Channel 0 enabled, channel 1 disabled
1 Channels 0 and 1 enabled
1 0 0 Channel 0 disabled, channel 1 enabled
1 Channels 0 and 1 enabled
1 — Channels 0 and 1 enabled
D/A Output Enable 0
0 | Analog output at DAO disabled
1 | Analog conversion in channel 0 and output at DAO enabled
D/A Output Enable 1
0 | Analog output at DA1 disabled
1 | Analog conversion in channel 1 and output at DA1 enabled
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IDR2—Input Data Register 2 H'FC HIF

Bit 7 6 5 4 3 2 1 0

‘ IDR7 ‘ IDR6 ‘ IDR5 ‘ IDR4 ‘ IDR3 ‘ IDR2 ‘ IDR1 ‘ IDRO ‘
Initial value — — — — — — — —
Host Read/Write w w w w w w w w
Slave Read/Write R R R R R R R R

Input data (command or data input from host processor)

ODR2—Output Data Register 2 H'FD HIF
Bit 7 6 5 4 3 2 1 0

‘ ODR7 ‘ ODR6 ‘ ODR5 ‘ ODR4 ‘ ODR3 ‘ ODR2 ‘ ODR1 ‘ ODRO ‘
Initial value — — — — — — — —
Host Read/Write R R R R R R R R

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

Output data (data output to host processor)
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STR2—Status Register 2 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
Host Read/Write R R R R R R R R
Slave Read/Write R/W R/W R/W R/W R R/W R R

Output Buffer Full
0 |Host has read ODR2
1 | Slave has written to ODR2

Input Buffer Full
0 | Slave has read IDR2
1 | Host has written to IDR2

Defined By User

Command/Data
0 | IDR2 contains data
1 | IDR2 contains a command

Defined By User
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Appendix C 1/O Port Block Diagrams
Note: “Reset” here means “reset + hardware standby.”

Cl1 Port 1 Block Diagram

Re‘set

R

Q]h—@ | Q D
P1,PCR

C
\
RP1P WP1P

Hardware standby Mode 1 Reset

Mode 3 Reset

P, d Q D

Modes 1 or 2 I

Internal address bus (lower)

Internal data bus

’J—CF—RPl
™S

L 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

Figure C.1 Port 1 Block Diagram
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C.2 Port 2 Block Diagram

Re‘set

P

Hardware standby

RP2P

Q D
P2,PCR

R

C

\
WP2P

Mode 1 Reset

Mode 3

Q D
P2,DDR

S R

C *

\
WP2D

Reset

P2, \/}

N

Modes 1 or 2

Internal data bus

»—— RP2

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

Internal address bus (upper)

Figure C.2 Port 2 Block Diagram
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C.3 Port 3 Block Diagram
HIE Mode 3
Reset
D Re‘set
R
ID O( I . Q DI
P3,PCR
C
RP3P
WP3P
Ccs
IOR
[ R
Q DI—1
External address P3,DDR
write C
\
WP3D "
>
o]
Reset 3 o
1 ‘ s | |2
P3 R += @
" N Q D |8 8
P3,DR S o]
c § £
[ = B
Modes 1 or 2 WP3 T
cs
10w
L~
ﬂ'
—RP3
External address
4> read
L~
WP3P: Write to P3PCR
WP3D: Write to P3DDR
WP3:  Write to port 3
RP3P: Read P3PCR
RP3: Read port 3
n=0to7
Figure C.3 Port 3 Block Diagram
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C4 Port 4 Block Diagrams

Internal data bus

P4y

/5
]

’\[C'i% RP4
™~
L~ L~

8-bittimer

Counter clock input

—

Counter reset input

WP4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4
n=0,2

Figure C.4 (a) Port 4 Block Diagram (Pins Pg P4,)
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n
]

Internal data bus

P4
n ~ { P4nDR

8-bit timer

WP4

Output enable

8-bit timer output
PWM timer output

A\

J—CE RP4

N
L~ |

WP4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4
n=16,7

Figure C.4 (b) Port 4 Block Diagram (Pins P4 P4, P4))
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R
Q D
P4,DDR
C
I
WP4D HF
( Reset |
Reset i RESOBF2,
4 : RESOBF1
o4 M RD g i (reset HIRQq
n aN| QP4 DR 8 i and HIRQyo,
E: = i respectively)
g :
& e
WP4 c
*—RP4
8-bittmer ..
WPAD: Wr!te to PADDR i Counter clock input
WP4:  Write to port 4* :

e E——

RP4: Read port 4 i Counter reset input

n=3,5

Note: * Refer to table 14.9.

Figure C.4 (c) Port 4 Block Diagram (Pins P4 P4)
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R
T Q D
C
T Reset
WP4D
HIF ..
TG : RESOBF1
= @ i (reset HIRQq)
P4, Q D 4‘2 R ——
P4DR| |&
(‘: S| 8-bit timer
WP4 E) PWM timer
g
— Output enable
. 8-hit timer output

4|> p[CLi RP4

WPA4D: Write to PADDR
WP4:  Write to port 4*
RP4: Read port 4

Note: * Refer to table 14.9.

Figure C.4 (d) Port 4 Block Diagram (Pin P4
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C.5 Port 5 Block Diagrams
Reset
| %)
R a
I D I
e P50DDR s
C 3
I c
WPS5D o
<
Re‘set
R
g QD
PSo ~ P50,DR
c SCl
WP5
Output enable
Serial transmit
data
J—Cﬁ% RP5
™
L~ L~
WP5D: Write to PSDDR
WPS5:  Write to port 5
RP5: Read port 5

Figure C.5 (a) Port 5 Block Diagram (Pin P5
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(2]
>
o]
Reset <
| ©
R ©
D g
P5,DDR 5
c <
T
WP5D scl
Input enable
Re‘set
R
P5, < Q D
P5,DR
i
WP5
J—Cﬁ-— RP5
N
| |
» Serial receive
data
WPSD: Write to PSDDR
WP5:  Write to port 5
RP5: Read port 5
Figure C.5 (b) Port 5 Block Diagram (Pin PYH
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Py
Internal data bus

"
WP5D SCI
— Clock input
Reset i enable
| i
>
P5 g Q D
2 N . P5,DR
C
WP5

Clock output
enable

Clock output

v

J—@»— RP5
N
|

WPSD:  Write to PSDDR
WP5:  Write to port 5
RP5: Read port 5

» Clock input

Figure C.5 (c) Port 5 Block Diagram (Pin P§
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C.6 Port 6 Block Diagrams

[ S —

Hardware standby

P6,DDR 9
o]
¢ ¥
WP6D X!
©
£
gL
Re‘set £
R
P6 g Dl
" N P6,DR
¢
WP6
’\E@RPG
[2> > o
Free-running timer
' Input capture input
i Counter clock input
_ Key-sense interrupt
WP6D: Write to P6DDR FD input
WP6:  Write to port 6 KMIMR,,

RP6: Read port 6
RP6P: Read KMPCR
WP6P: Write to KMPCR
n=0,23,4,5

Figure C.6 (a) Port 6 Block Diagram (Pins P§ P6,, P6;, P6, P&)
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[ g —

Hardware standby

Internal data bus

Re‘set
d o b
P ~ J P6,DR o
c Free-running timer
‘ 1
WP6
Output enable
Output compare
output
J—Cﬁ RP6
[2> >
. Key-sense interrupt
Eﬂj " input
KMIMR
WP6D: Write to P6DDR !
WP6:  Write to port 6
RP6: Read port 6
RP6P: Read KMPCR
WP6P: Write to KMPCR

Figure C.6 (b) Port 6 Block Diagram (Pin P§)
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i —

Hardware standby ‘

[2]
R 3
G D g8
P6gDDR XS
C IS
\ =
WP6D 2
=]
Re‘set
1 Q RD
Pos ~ . P6¢DR o
c Free-running timer
T E
WP6

Output enable

Output compare

output
J—Cﬁ RP6
> >
KMIMRg
IRQg input

Other key-sense .
interrupt inputs IRQ enable register

IRQg enable

WP6D: Write to P6DDR
WP6:  Write to port 6
RP6: Read port 6
RP6P: Read KMPCR
WP6P: Write to KMPCR

Figure C.6 (c) Port 6 Block Diagram (Pin P§
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Internal data bus

KMIMR;

» Key-sense interrupt
input

» |IRQ7 input

IRQ enable register

R
Q:l P—Qi X R
KM7;PCR
¥
RP6P wpep
Hardware standby Re‘set
R
Q D
P6,DDR
C
I
WP6D
Re‘set
R
P6; \/II Q >
P6,DR
?
WP6
’\ECKRPG
> L
WP6D: Write to P6DDR
WP6:  Write to port 6
RP6: Read port 6
RP6P: Read KMPCR
WP6P: Write to KMPCR

IRQ7 enable

Figure C.6 (d) Port 6 Block Diagram (Pin P§)
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C.7 Port 7 Block Diagrams

RP7

NG $ .-
P7, | >

Internal data bus

A/D converter

» Analog input

RP7: Read port 7
n=0to5

Figure C.7 (a) Port 7 Block Diagram (Pins Pgyto P7)

Internal data bus

%

P7,

A/D converter

» Analog input

£o<} — Output enable
n E

t? :

T |

Analog output

RP7: Read port 7
n=6,7

Figure C.7 (b) Port 7 Block Diagram (Pins Pgand P7,)
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C.8 Port 8 Block Diagrams

—p—HIE R
Q DI—*

=

S

[e0)

O
Internal data bus

P8,

/
I

’\[@% RP8
L~

N

WP8D: Write to PBDDR
WP8:  Write to port 8
RP8: Read port 8

Figure C.8 (a) Port 8 Block Diagram (Pin P§
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Internal data bus

P8, i Q D

A4

ﬁj ____________
. £G1 RP8

WP8D: Write to PBDDR
WP8:  Write to port 8
RPS8: Read port 8

Figure C.8 (b) Port 8 Block Diagram (Pin Pg
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ﬂ HIE R
Q D
P8,DDR
¢
WP8D "
=}
o)
Reset 8
‘ g
R S
P8, \/II Q D¢ | &
P8,DR ki
C £
T
WP8
’\E:r—»—mvs
™~
L~ L~

WP8D: Write to PBDDR
WP8:  Write to port 8
RPS8: Read port 8
n=2,3

Input (CS;, IOR)

Figure C.8 (c) Port 8 Block Diagram (Pins P8 P8,
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HIE STAC

P8,

! I\ECL»*RPS

Internal data bus

Output enable

Serial transmit data

IRQ3 input

IRQ enable register

WP8D: Write to PBDDR

WP8:
RP8:

Write to port 8
Read port 8

IRQ3 enable
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Figure C.8 (d) Port 8 Block Diagram (Pin P8
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HIE
STAC

P85 <

’J—@ RP8

Internal data bus

Input enable

—Serial receive
i data

WP8D: Write to PODDR
WP8:  Write to port 8
RP8:  Read port 8

D

)

IRQg4 input

IRQ enable register

Figure C.8 (e) Port 8 Block Diagram (Pin P§
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P8¢

\
WP8D
Clock input enable
3
o
Reset %
| o
’ R <
Dl— c
P8sDR )
C £
[
WP8
Clock output enable

Clock output

’—[> ’\[@RPB

B >

Clock input

)

IRQs input
IRQ enable register

IRQs5 enable

WP8D: Write to PBDDR
WP8:  Write to port 8
RP8: Read port 8

Note: For a block diagram when the SCL pin function is selected, see section 13,
I°C Bus Interface.
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Figure C.8 (f) Port 8 Block Diagram (Pin Pg)
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C.9 Port 9 Block Diagrams

Re‘set
R
Q DiI—e
ﬂ(:t HIE P9,DDR "
STAC C B
T
WP9D g
©
o
I
[J]
Re‘set £
P9 d Q L
O ’ »
~ P9,DR
C
T
WP9
’J—@ RPY
4| > >
HIF
ECS; input

llb ¢ “[> [ ) > IRQ; input

IRQ enable register

IRQ; enable
WP9D: Write to PODDR A/D converter
WP9:  Write to port 9
RP9:  Read port 9 : _ External trigger
input

Figure C.9 (a) Port 9 Block Diagram (Pin P9
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Re‘set
Q RD
HIE R
ﬂ(:t HIE . P918DR g
‘ =
WP9D g
©
5
IS
Reset Q
‘ £
R
P9, d ] Q Dl 4
~l P9;DR
C
T
WP9
’\[@ RP9Y
!4| > I/
HFE
EIOW input
@ 4> ) IRQ; input
IRQ enable register

WP9D: Write to PODDR i IRQ enable
WP9:  Write to port 9 :
RP9:  Read port 9

Figure C.9 (b) Port 9 Block Diagram (Pin P9
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P9,

>

DI—e
P9,DDR
¢
WP9D
R(‘aset
R
d Do
~ P9,DR
¢
WP9
’\[@ RP9
N~
| L~
S—1

WP9D: Write to PODDR
Write to port 9

WP9:
RP9:

Read port 9

Internal data bus

IRQg input
IRQ enable register

IRQq enable

Figure C.9 (c)

Port 9 Block Diagram (Pin P9
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Hardware standby

Internal data bus

Modes 1 or 2 Reset
|
R
AN v Q D—*
P9,DDR
v
WP9D
Mode 3
ode Re‘set
P9 g Q D¢
" ~ <i% P9, DR
Modes 1 or 2 (\:
odes 1 or WP9
’\[@RPQ
™
L L
WP9ID: Write to PODDR
WP9:  Write to port 9
RP9:  Read port 9
n=3,4,5

RD output
WR output
AS output
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Figure C.9 (d) Port 9 Block Diagram (Pins P9 P9, P9)
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Hardware standby Modes1or2  Reset
L]

S R
D
P9sDDR
c |,
T
WP9D

Internal data bus

P9

/N

V3

™~
L~

WP9OD: Write to PODDR
RP9: Read port 9

Note: * Set priority

Figure C.9 (e) Port 9 Block Diagram (Pin P9
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Wait input enable

Modes 1 or 2

Re‘set

Q D
P9,DDR

I
WP9D
Rc?set

P97

Q D
P9;DR

WP9

F[Cﬁ

+—RP9

™~
L

L
>

WP9D: Write to PODDR
Write to port 9

WP9:
RP9:

Read port 9

Internal data bus

WAIT input

Note: For a block diagram when the SDA pin function is selected, see section 13, I°C Bus Interface.

710

Figure C.9 (f) Port 9 Block Diagram (Pin P9)
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C.10 Port A Block Diagram

IICS

Reset
|

Q DF—*
PA,DDR

X

b

T
WPAD

Internal data bus

Re‘set

PA g o o
—e
" ~ PA,ODR

WPA

L
> e
» Key-sense interrupt
input
KMIMR4+g

WPAD: Write to PADDR
WPA:  Write to port A
RPA: Read port A
n=0to7

Note: For a block diagram when pins PA7 to PA4 are used as bus buffer input/output pins, see section 13,
12C Bus Interface.

Figure C.10 Port A Block Diagram (Pins PAto PA,)
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C.11 Port B Block Diagram
HIE Modes 1 or 2
Ccs.
OR Re‘set
R
Q DI
PB,DDR
C
\
WPBD
2
Qo
Reset ﬁ 8
1 ‘ = |2
T N o "o |3 g
PB,ODR g 5
Q
C = E
W‘F’B §
Ccs
IOW
L~
ﬁ'
’J—CIZRPB
> >
WPBD: Write to PBDDR
WPB:  Write to port B
RPB: Read port B
n=0to7
Figure C.11 Port B Block Diagram
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Appendix D Port States in Each Processing State

Table D.1  Port States
Program
Port Name Hardware Execution
(Multiplexed Standby Software State (Normal
Pin Names) Mode Reset Mode Standby Mode Sleep Mode Operation)
Pl,toP1, 1 L T L keep™* A t0 A,
A, t0 A, 2 T (DDR =1) Address/
L input port
(DDR =0)
keep
3 keep 1/0 port
P2,toP2, 1 L T L keep™ A to A,
A to A, 2 T (DDR =1) Address/
L input port
(DDR =0)
keep
3 keep 1/0 port
P3, to P3, 1 T T T T D, to D,
D,to D, 2
3 keep keep 1/0 port
P4,toP4, 1 T T keep'? keep 1/0 port
2
3
P5,toP5, 1 T T keep'? keep 1/0 port
2
3
P6,toP6, 1 T T keep'? keep 1/0 port
2
3
P7,to P7, 1 T T T T Input port
2
3

HITACHI
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Program

Port Name Hardware Execution
(Multiplexed Standby Software State (Normal
Pin Names) Mode Reset Mode Standby Mode Sleep Mode Operation)
P8, toP8, 1 T T keep™® keep I/O port
2
3
PO/WAIT 1 T T T/keep™ T/keep WAIT/
2 I/0 port
3 keep? keep I/O port
P9./o 1 Clock T H Clock Clock
2 output output output
3 T (DDR = 1) (DDR=1)  (DDR=1)
H Clock output  Clock output
(DDR = 0) (DDR=0)  (DDR =0)
T T Input port
P9, to P9,, 1 H T H H AS, WR, RD
AS,WR,RD 2
3 keep keep I/O port
P9, to P9, 1 T keep keep I/O port
2
3
PA,toPA, 1 T T keep"? keep I/O port
2
3
PB,toPB, 1 T T keep"? keep I/O port
2
3
Legend:
H: High level
L: Low level
T: High impedance

keep: Input port becomes high-impedance (when DDR = 0 and PCR = 1, MOS input pull-ups
remain on), output port retains state

Notes: *1 With address outputs, the last address accessed is retained.

*2 As on-chip supporting modules are initialized, becomes an 1/0O port 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

() To retain RAM contents when the RAME bit in SYSCR is set to 1, drivRESesignal low
10 system clock cycles before th€BY signal goes low, as shown beldRES must remain
low until STBY goes low (minimum delay frol8TBY low toRES high: 0 ns).

STBY

t; 210 toye t,=20ns

RES

(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 befor8 TBY goes high.

STBY
t=100 ns tosc

RES
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Appendix F  Option Lists

HD6433437, HD6433436, HD6433434 Option List

Please check off the appropriate applications and Date of order
enter the necessary information. Customer

Department

Name

ROM code name

LSI number
(Hitachi entry)

1 ROM Size

[] HD6433434: 32-kbyte
[] HD6433436: 48-kbyte
[] HD6433437: 60-kbyte

2 System Oscillator

[] Crystal oscillator | f= MHz
[] External clock f= MHz

3 Power Supply Voltage/Maximum Operating Frequency
[J Vee =4.5Vt0 5.5V (16 MHz max.)
[ Ve =4.0Vto5.5V (12 MHz max.)
] Vee =2.7Vto 5.5V (10 MHz max.)

Notes: 1. Please select the power supply voltage/operating frequency version according to the
power supply voltage used.

Example: For use at V.. =4.5V to 5.5 V/f=10 MHz,
select V.. =4.5Vto 5.5V (16 MHz max.).

2. The power supply voltage and maximum operating frequency of the selected version
should also be entered on the Single-Chip Microcomputer Ordering Specifications
Sheet.

Continued on the following page.
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Continued from the preceding page. ROM code name

LS| number
(Hitachi entry)

4 1°C Bus Option
[] I12C bus used
(] 12C bus not used

Notes: 1. The “I°C bus used” option includes all cases where data transfer is performed via the
SCL and SDA pins using the on-chip I°C bus interface function (hardware module). If
the I1°C bus interface function (hardware module) is used, various bus interfaces with
different bus specifications and names are also included in “I°C bus used”. The case in
which only the bus drive function of pins PA7 to PA4 in port A is used is not included.

2. When “I°C bus not used” is selected, values cannot be set in registers relating to the 1°C
bus interface (ICCR, ICSR, ICDR, ICMR). These register always read H'FF. With
emulators, and ZTAT and F-ZTAT versions, the “I°C bus used” option is selected. If the
“I°C bus not used” option is selected, it is essential to ensure that 1°C bus interface
related registers are not accessed.

For the Microcomputer Family item in 1. Basic Specifications in the Single-Chip
Microcomputer Ordering Specifications Sheet*, please specify the appropriate item from
the table below according to the combination of items 1 and 4 above. If the “I°C bus used”
option is selected, please also specify this in Special Specifications (Product Specifications,
Mark Specifications, etc.) in 1. Basic Specifications.

* Please contact the relevant sales department for information on the Single-Chip
Microcomputer Ordering Specifications Sheet.

1’C
ROM Size I°C bus used I°C bus not used
32-kbyte HD6433434W HD6433434
48-kbyte HD6433436W HD6433436
60-kbyte HD6433437W HD6433437
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Table G.1 H8/3437 Series Product Code Lineup

Appendix G Product Code Lineup

Package
Product Type Product Code Mark Code (Hitachi Package Code)
H8/3437 Flash Dual-power-  HDG4F3437F16  HD64F3437F16 100-pin QFP (FP-100B)
memory  supply F-ZTAT |ins4F3437FLH16 HD64F3437F16
version version
HD64F3437TF16  HDG4F3437TF16  100-pin TQFP (TFP-100B)
HD64F3437TFLH16 HD64F3437TF16
Single-power- HD64F3437SF16  HD64F3437F16 100-pin QFP (FP-100B)
\S/ZfSF?LVnF‘ZTAT HD64F3437STF16 HD64F3437TF16  100-pin TQFP (TFP-100B)
PROM ZTAT version HD6473437F16  HD6473437F16 100-pin QFP (FP-100B)
version HD6473437TF16  HD6473437TF16 100-pin TQFP (TFP-100B)
Mask ROM  With I12C HD6433437WF HD6433437W(*** )F  100-pin QFP (FP-100B)
version interface HD6433437WTF  HD6433437W(*** )TF 100-pin TQFP (TFP-100B)
Without 12C HD6433437F HD6433437(*** )F  100-pin QFP (FP-100B)
interface HD6433437TF HD6433437(** )TF  100-pin TQFP (TFP-100B)
H8/3436 Mask ROM  With I12C HD6433436WF HD6433436W(*** )F  100-pin QFP (FP-100B)
version interface HD6433436WTF  HD6433436W(*** )TF 100-pin TQFP (TFP-100B)
Without 12C HD6433436F HD6433436(*** )F  100-pin QFP (FP-100B)
interface HD6433436TF HD6433436(** )TF  100-pin TQFP (TFP-100B)
H8/3434 Flash F-ZTAT HD64F3434F16  HDG4F3434F16 100-pin QFP (FP-100B)
memory version HD64F3434FLH16 HD64F3434F16
version HD64F3434TF16  HDG64F3434TF16  100-pin TQFP (TFP-100B)
HD64F3434TFLH16 HD64F3434TF16
PROM ZTAT HD6473434F16  HD6473434F16 100-pin QFP (FP-100B)
version version HD6473434TF16  HD6473434TF16 100-pin TQFP (TFP-100B)
Mask ROM  With I12C HD6433434WF HD6433434W(*** )F  100-pin QFP (FP-100B)
version interface HD6433434WTF  HD6433434W(*** )TF 100-pin TQFP (TFP-100B)
Without 12C HD6433434F HD6433434(** )F  100-pin QFP (FP-100B)
interface HD6433434TF HD6433434(** YTF  100-pin TQFP (TFP-100B)
Note: (***)in mask ROM versions is the ROM code.
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The FC interface is an option. Please note the following points when using this optional function.

1. Notify your Hitachi sales representative that you will be using an optional function.

2. With mask ROM versions, optional functions can be used if the product code includes the
letter W (e.g. HD6433437WF, HD6433434WTF).

3. The product code is the same for ZTAT versions, but please be sure to notify Hitachi if you a
going to use this optional function.
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Appendix H Package Dimensions

Figure H.1 shows the dimensions of the FP-100B package. Figure H.2 shows the dimensions of
the TFP-100B package.

Unit: mm

16.0 £ 0.3 ‘
14

3.05 Max
*0.17 + 0.05
0.15+0.04
=
(=}

Hitachi Code FP-100B
JEDEC —
*Dimension including the plating thickness JEITA Conforms
Base material dimension Mass (reference value) 129

Figure H.1 Package Dimensions (FP-100B)
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Unit: mm

16.0+0.2
14

76

16.0+0.2

x ey
a ] ]
= oo
o H|+
N ~|w0 1.0
| f—
™ glo 0°-8°
L * 1
S f 05:01 4
o
+
o
b
o Hitachi Code TFP-100B
JEDEC —
*Dimension including the plating thickness JEITA Conforms
Base material dimension Mass (reference value) [ 0.5g

Figure H.2 Package Dimensions (TFP-100B)
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