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Notice

When using this document, keep the following in mind:

1.
2.

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

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

Hitachi will not be held responsible for any damage to the user that may result from accidents or any other reasons during
operation of the user’s unit according to this document.

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

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

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




Introduction

The Hitachi H8 Series of single-chip microcomputers consists of the H8/500 Series, the
H8/300H Series, the H8/300 Series, and the H8/300L Series. These series have the following
features.

H8/500: Highly orthogonal instructions, with an instruction set geared for high level
languages
General register architecture

Up to 16-Mbyte address space

H8/300H: 16-Mbyte linear address space
16-bit general register architecture CPU that is upwardly compatible with the
H8/300 family.
Concise instruction set
Powerful word-size and longword size arithmetic instructions

HS8/300: Simple instruction (2- and 4-byte opcodes)
General register architecture
Concise instruction set
Power bit manipulation instructions

64-kbyte address space

H8/300L: Same CPU as the H8/300 Series
On-chip support functions geared for consumer applications
Low-voltage/low-power operation

This overview document describes all the products in the H8/300L series, briefly presenting
their features, a functional overview, and the microcomputer development environment

system.

The H8/300L Series are built around the H8/300L CPU core, and provide on chip a wealth of
supporting functions for use in various application systems. These include ROM, RAM,
timers, 14-bit PWM, serial communication interfaces, A/D converters, I/O ports, vacuum
fluorescent display (VFD) controller/drivers, liquid crystal display (LCD) controller/

drivers, dual tone multi frequency (DTMF) generators, and multi-tone generators. These
peripheral modules support the implementation of compact multi-function applications.
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Introduction

The H8/300L Series are available in either mask ROM or ZTAT™* versions, the latter
providing an on-chip PROM that can be programmed by the user.

Hitachi is working to provide a full, efficient development environment for a microcomputer
application system. In addition to support software, the environment includes a stand-alone

emulator that can be connected to a general purpose computer.

Note: * ZTAT™ is a trademark of Hitachi, Ltd.
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What is the H8/300L Series?

1. Application Areas

Today, a wide range of electronic equipment, including TVs, VCRs, audio systems,
telephones, refrigerators, washing machines, microwave ovens, and air conditioners, surrounds
us in our daily life. Since the seventies these home appliances have seen continuous progress
in terms of increased functionality and improved performance due to the use of 4-bit
microcomputers with superlative cost-performance. During this period 4-bit microcomputers
have seen both increased integration of memory and peripherals as well as cost reduction due
to increased CPU performance and revolutions in semiconductor precision manufacturing
technologies. As a result, 4-bit microcomputers have come to play a major role in supporting
the development of new consumer products. However, the market has come to demand
increased entertainment value and product satisfaction in consumer products. Simplified VCR
programmability, powerful tape editing functions in audio equipment, neuro-fuzzy control of
microwave ovens and washing machines, and improved man-machine interfaces (such as
display functions) in all types of equipment are examples of this trend.

Microcomputers with a large scale program ROM (at least 16 kbytes), superlative arithmetic
performance, and high processing speed are required to realize these new functions. From the
implementors’ standpoint, programming languages that support the efficient development of
large-scale programs are required. However, from an architectural standpoint, the 4-bit
microcomputer is limited both in arithmetic abilities and in software productivity. Now, the
8-bit CPU in the H8/300L Series has made its appearance to support improved functionality
and performance in consumer equipment. The H8/300L CPU provides a 64-kbyte address
space and the high speed performance of a 0.4 us minimum instruction execution time.
Furthermore, this CPU realizes high software productivity, since it supports standard (IEEE

conforming) mnemonics and the highly efficient C programming language.

The H8/300L Series is a product line of microcomputers that takes this H8/300L CPU as their
core and inherits and extends the consumer product oriented peripheral functions that were
supported by Hitachi’s 4-bit microcomputers. Peripheral functions provided by this series
include vacuum fluorescent display (VFD) controller/drivers, liquid crystal display (LCD)
controller/drivers, A/D converters, D/A converters, synchronous and asynchronous serial
communication interfaces (SCI), tone generators for telephone and radio equipment, PWM,
and a wide variety of timers. The H8/300L Series product line consists of products that
combine sets of these modules appropriate for particular applications.
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What is the H8/300L Series?

The Significance of Lower Voltage and Lower Power

In addition to the increased performance discussed above, contemporary consumer and
portable electronic equipment also requires lower voltage and lower power operation. This is
because increased battery life is desired in portable equipment such as cordless telephones, and
extended backup operating periods are desired in equipment that uses line power. Since the
HB8/300L Series microcomputers not only support operation at 2.7 V, but also support a rich
variety of low power modes, including 32-kHz subclock based operation, they can contribute
to reduced voltage and lower power application systems.
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What is the H8/300L Series?
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What is the H8/300L Series?

2. ASSP Based Approach

The members of the H8/300L Series include on-chip peripheral functions that are optimal for
particular applications.

The microcomputers in the H8/300L Series consist of an H8/300L CPU module, a standard
bus to which the on-chip modules are connected, and some number of modules, such as
ROM/RAM, VED/LCD controller/driver, A/D and D/A converter, and I/O port including
general purpose I/O ports and high current I/O ports. Thus each product in this series
integrates the modules required to form that product. This approach allows us to develop
products that are optimal for a particular application area.

Standard bus (address bus and data bus)
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‘CPU module peripheral modules Display modules
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Timer B LCD controlier/ l
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What is the H8/300L Series?

3. ZTAT™ Microcomputers

Hitachi proposed the new concept of the ZTAT™ (zero turn around time) microcomputer in
1984, and began shipping ZTAT™ products that year.

ZTAT™ microcomputers are microcomputers that include user-programmable PROM on-chip.
Since these microcomputers allow completed programs to be written to PROM at the user’s
site, the waiting time until a completed LSI is obtained, which had previously been required in
the development process, was reduced to zero. This allows rapid and flexible handling of the
customer’s product development.

ZTAT™ microcomputers provide an ideal response to the demands of markets in which new
product development competition is accelerating and that require reduced development times
and value added functions not available from other companies.

A Large Reduction in TAT is Possible

The ZTAT™ microcomputers do away with the time required for mark production, testing, and
confirmation required by earlier microcomputers. Furthermore, ZTAT™ microcomputers can
quickly handle situations where the program changes occur during the process.

Development costs are significantly Can be used with low-volume Also handle frequent specification

A general purpose EPROM writer Short-term mass production

w ramp-up possible

Hitachi 11




Product Line

General Purpose

H8/3614 Series Shared with the H8/3726
"“\\ ZTAT™ version
TZTAT™ }
H8/3754 Series
H8/3724 Series
Vacuum Fluorescent
Display Controller/
Driver Products
Reduced function
»-
H8/3714 Series
Shared with the H8/3834
ZTAT™ version

H8/3834 series

Liquid Crystal Display
Controller/Driver
Products

H8/3877 Series

H8/3814 Series

Analog /O (A/D and D/A)
Products

H8/3927 Series

<Notation>
DTMF: Dual tone multi frequency
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Product Line

abed aouaisjey

55

55

55

58

58

58

61

61

61

61

64

64

76

76

76

76

Package

g004-d4

@73

®(73

®i73

V00l-dd

®| @67

o ®|67

o 067

®(®|70

® @70

® @70

808-dd

V08-dd

V¥9-dd

St9-dd

JOjeI3UIY BUOL-HINW

103eJ9udy) Aouanbaig niny auoy jeng

Jaagps|jonuo) Aejdsiqg [eyskig pinbry

JaAuQpajjonuo) Keidsiq Jusdsalon|d wnNnoep

Jap3Au0] v/a 1g-8

JausAu0] /v 1ig-8

SCI

snouoJyouhsy/snouoiyouks

Iajsuel) ejeq aig-z¢

adA ) snouosyouls

WMd ¥}

(JEJK ]

Timers*

Jawi) Bopyorem

uonoung aimde) jnduj

uonoung asedwo? inding

Jajuno) umogydn

J3uno juaA3

Jawi] peojay

Jauii] Y909

wlV1lZ

RAM

saMqy 2

QI

salAq 0¥9

saiAq z1§

salAq pgg

salAq 952

ROM

sahqy 09

sa1Aqy gy

saihay oy

salhay 2¢

sauiqy 42

salhay 94

Product

H8/3612

H8/3613

H8/3614

H8/3712

H8/3713

H8/3714

H8/3723

H8/3724

H8/3725

H8/3726

H8/3753

H8/3754

H8/3812

H8/3813

Hg/3814

Hg/3834

H8/3836

H8/3837

Hg/3875

H8/3876

H8/3877

H8/3924

H8/3925

H8/3926

Hg/3927

Note: * Refer to the function table for the number of timers.
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Function Table

H8/3612 | H8/3613.( H8/3614 | H8/3712 | H8/3713 | H8/3714 | H8/3723 | H8/3724 | H8/3725 | H8/3726 | HB/3753 | H8/3754
Memory | ROM | Mask 16 24 32 16 24 32 24 32 40 48 24 32
ROM kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes
ZTAT™| — - [ ] — -_— [ ] — o —_ [ —_— -

RAM 512 bytes 1 kbyte 384 bytes|384 bytes|512 bytes|384 bytes|512 bytes|640 bytes| 1 kbyte | 1 kbyte | 1 kbyte
Timers | Clock timer 1 channel 1 channel 1 channel

Reload timer 3 channels 3 channels 3 channels

Event counter 3 channels 3 channels 3 channels

(of which 2 also function (of which 2 also function (of which 2 also function as reload timers)
as reload timers) as reload timers)
Up/down 1 channel 1 channel 1 channel
counter (also functions (also functions (also functions as an event counter)
as an event counter) as an event counter)

Output com- - - -

pare function

Input capture — — -

function

Watchdog timer -_ —_ -_
14-bit PWM _ 1 channel 1 channel 1 channel
SCI Synchronous 2 channels 2 channels 2 channels

Multi-byte data 1 channel*' 1 channel* 1 channel*!

transfer (however, also functions as | (however, also functions as (however, also functions as the synchronous interface)

the synchronous interface) | the synchronous interface)

Asynchronous/ - - —_

synchronous
8-bit A/D converter 8 channels 8 channels 8 channels
8-bit D/A converter - -— -
Vacuum fluorescent - Built-in VFD controller/driver Built-in VFD controller/driver
display controller/driver 16 segments x 16 digits*2 20 segments x 16 digits*2
function
Liquid crystal display — - —
controller/driver function
High current drive pins 6 lines 32 lines 36 lines
Dual tone multi —_ - -
frequency generator
Multi-tone generator —_ —_— —_
Package DP-64S/FP-64A DP-64S/FP-64A FP-80A/FP-80B
Minimum instruction 0.48 psec 0.48 psec 0.48 psec
execution time
Maximum operating 4.19 MHz 4,19 MHz 4.19 MHz
frequency
Operating voltage 27Vto55V 27Vto55V 27Vto55V
Target applications General purpose AV equipment such as AV equipment such as VCRs, LD players and CD players,

VCRs and CD players, communication equipment such as telephones
home appliances such
as microwave ovens

Notes: 1. Automatic transfer of up to 32 bytes of data.
2. Of the digit lines, 8 can also be used as segments.
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Function Table

counter)

counter)

(also functions as an event

H8/3812 | H8/3813 | H8/3814 | H8/3834 | H83836 | H8/3837 | H8/3875 | H8/3876 | H8/3877 | H8/3924 | H8/3925 | H8/3926 | H8/3927
16 24 32 32 48 60 40 48 60 32 40 48 60
kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes | kbytes
— — — [ ] —_ [} — — [ ] - — — [ ]
512 bytes|512 bytes|512 bytes| 1 kbyte | 2 kbytes | 2 kbytes | 2 kbytes | 2 kbytes | 2 kbytes | 1 kbyte | 1 kbyte | 1 kbyte | 1 kbyte
1 channel 1 channel 1 channel 1 channel
— 2 channels —_ 4 channels
1 channel 3 channels (also function 1 channel 2 channels
(16-bit or 8-bit, also functions [  as reload timers, and as (16-bit or 8-bit, also functions (also function as reload
as output-compare channel) | output-compare channels) | as output-compare channel) timers)
- 1 channel —_ 1 channel
(also functions as an event

16 bits x 1 channel
(or 8 bits x 2 channels)

16 bits x 1 channel

16 bits x 1 channel

16 bits x 2 channels,

(or 8 bits x 2 channels) (or 8 bits x 2 channels) 8 bits x 2 channels
8 bits x 2 channels 8 bits x 2 channels 8 bits x 2 channels 16 bits x 4 channels
- —_ — 1 channel
— 1 channel — 1 channel
1 channel 2 channels 1 channel 2 channels
— 1 channel*! — 1 channel*!
(however, also functions as (however, also functions as
the synchronous interface) the synchronous interface)
1 channel 1 channel 1 channel _
12 channels 12 channels 8 channels 8 channels
- —_ — 4 channels
Built-in LCD controller/driver | Built-in LCD controller/driver | Built-in LCD controller/driver -
4 common lines x 4 common lines x 4 common lines x
40 segments 40 segments 52 segments
16 lines 16 lines 16 lines 8 lines
— - 1.2 MHz to 10 MHz _
in 400 kHz increments
- —_ 40 Hz to 4000 Hz -
FP-100A/FP-100B FP-100A/FP-100B FP-100B FP-80B
0.4 ysec 0.4 psec 0.4 psec 0.4 psec
5 MHz 5 MHz 5 MHz 5 MHz
27Vto55V 27Vto55V 27Vto55V 27Vto55V
Portable electronic Portable electronic Communication equipment VCRs and similar equipment
equipment, SLRs, compact equipment, SLRs, and other similar
cameras, cordiess compact cameras, applications
telephones cordless telephones
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Application Perspectives Vacuum Fluorescent Display Controller/Driver

1. Vacuum Fluorescent Display Controller/Driver
(HS8/3714 Series, H8/3724 Series, and H8/3754 Series)

Features

Hitachi, Ltd. provides the 64-pin package H8/3714 Series and the 80-pin package H8/3724
Series and H8/3754 Series as built-in vacuum fluorescent display (VFD) controller/driver
microcomputers for use with applications incorporating fluorescent display. The H8/3714
Series provides 16 kbytes to 32 kbytes of on-chip ROM, H8/3724 Series provides 24 kbytes to
48 kbytes, and the H8/3754 Series provides 24 kbytes to 32 kbytes.

The VFD controller/driver consists of display RAM, a display control circuit, and 40 V high
breakdown voltage drivers. Vacuum fluorescent display can be driven directly by simply
storing data corresponding to the segments to be driven in display RAM.

These microcomputers provide on-chip five types of timer, a 14-bit PWM, two serial
communication interface channels, and an 8-channel A/D converter as additional peripheral
functions.

Furthermore, these microcomputers support low voltage operation (2.7 V) and a rich set of low
power modes including microcomputer operation from a 32 kHz subclock making these
products optimal for applications which require backup operation during power outages or
battery operation.

¢ Direct drive of VFD

¢ Built-in controller:
H8/3714 Series: 16 digits x 16 segments
H8/3724 Series: 16 digits x 20 segments
H8/3754 Series: 16 digits x 20 segments

C Large on-chip RAM, ) ¢ H8/3754 Series: 1-kbyte RAM

Built-in vacuum fluorescent
display (VFD) controller/driver

supporting realtime OS (H18-3X) o H8/3726: 1-kbyte RAM

( Low power operation

» Backup operation during power outage
Low voltage operation e Can be used with battery driven equipment that
(2.7 V10 5.5 V operation) does not use VFD.
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Vacuum Fluorescent Display Controller/Driver Application Perspectives

Possible Applications

The H8/3714 Series, the H8/3724 Series, and the H8/3754 Series are optimal for applications
that use vacuum fluorescent display. Typical products that incorporate vacuum fluorescent
display include VCR and laser disk players, audio equipment such as CD players, home
appliances such as microwave ranges, and electronic cash registers (ECRs). Furthermore, since
these microcomputers support low voltage operation (2.7 V) and a rich set of low power
modes, they can be used in portable equipment such as cordless telephones and camcorders.

CD players Audio equipment
D ——— =2
=== |13

VCRs Microwave ovens Electronic cash registers

8 )
Y

Man-machine interface and system controller in equipment using vacuum fluorescent display

Hitachi 17



Application Perspectives Vacuum Fluorescent Display Controller/Driver

Application Example

This section describes the use of the H8/3724 Series in VCR units. The VED controller/driver
directly drives the VCR front panel vacuum fluorescent display. The built-in timers, of which
there are five types, are used to generate the basic timing for system control and for the
clock/calendar function, remote control reception control, the frame synchronization counter,
the alarm, and other functions. The two-channel serial

communication interface (SCI) forms the interface with
servo ICs and the on screen display control (OSD) IC.
Finally, the A/D converter acquires analog data from

various sensors for the microcomputer. Since the

HS8/3724 Series provides a large capacity on-chip |
ROM (24 kbytes to 48 kbytes), in addition to these

powerful peripheral functions it is possible to

implement VCR system control, timers, and display
control with a single microcomputer chip.

Frame
synchronization VFD
30/25 Hz
]
VFD controller/driver
H8/3724 Series
— System control Timer control block
block W
N TV screen /0o .
VISS detection display Clock Key input
Mechanism
. rotecti . 14-bit PWM
Servo circuits |« scl protection Calendar Record timer t Tuner circuit
Servo circuit 32-byte data
control
Video circuits |« [l{e] VFD display Remote control buffer SCI 0osD
] reception controller
Mechanism
N \/O made control Remainin . /0 VPS
Audio circuits \ape g Key input controller
Sensor
Tape end, AD processing i
Tape start, Tuning control Alarm ?:é:;’;%‘i’g;?:
Condensation,
Cassette switch,| Iy T
Tracking,
Reel lock,
Cylinder lock,
Level meters -
(LUR), Me;h;ir:sm Tape loading Alarm output
S curve motor driver motor driver
Mechanism
mode switch
Mechanism Tape loading
mode motor motor
<Notation>
VFD: Vacuum fluorescent display
VISS: Video index search system
OSD: On-screen display
VPS: Video programming system
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Liquid Crystal Display Controller/Driver Application Perspectives

2. Liquid Crystal Display Controller/Driver
(H8/3814 Series, H8/3834 Series)

Features

Hitachi, Ltd. provides the H8/3814 Series and the H8/3834 Series (all in 100-pin packages)
as built-in liquid crystal display (LCD) controller/driver microcomputers for use with
applications incorporating liquid crystal displays. The H8/3814 Series provides 16 kbytes to
32 kbytes of on-chip ROM, and the H8/3834 Series provides 32 kbytes to 60 kbytes.

Since the LCD controller/driver provides 40 built-in segment lines and duty ratios of 1/4, 1/3,
1/2, and static, displays of up to 160 segments can be used. Furthermore, displays with up to
512 segments can be driven if an external expansion LCD driver (such as the HD66100) is
used.

As for additional peripheral functions, the H8/3834 Series provides on-chip five types of
timers and three serial communication interface channels. The H8/3814 Series provides on-
chip three types of timers and two serial communication interface channels. These
microcomputers also include a 12-channel A/D converter.

Furthermore, these microcomputers support low voltage operation (2.7 V) and a rich set of low
power modes including microcomputer operation from a 32 kHz subclock making these
products optimal for applications which require backup operation during power outages or
battery operation.

( Built-in LCD panel ) - Direct drive of LCD
controller/driver « Built-in controller:
All series: 40 built-in segment lines (static, 1/2, 1/3, and 1/4 duty)
Up to 160 segments (when 1/4 duty is used)
* Segments can be expanded externally (external + internal)

H8/3814 Series: Up to 160 segments (static or 1/2 duty)
H8/3834 Series: Up to 512 segments (static, 1/2, 1/3, or 1/4 duty)

The LCD segment pins can be
switched over to use as ¢ Allows use in applications that do not use an LCD.
standard I/O pins

( Low power operation
» Backup operation during power outage

¢ Can be used with battery driven equipment that does not
use LCD.

Low voltage operation
(2.7 V to 5.5 V operation)
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Application Perspectives Liquid Crystal Display Controller/Driver

Possible Applications

The H8/3814 Series and H8/3834 Series are optimal for use in applications that use liquid
crystal display (LCD). Typical products that incorporate LCD include cameras, audio
components, and CD players. Furthermore, since the LCD segment pins can be switched over
to function as standard I/O pins, these microcomputers can also be used for system control in
applications that do not require an LCD, such as cordless telephones and camcorders.

) Cordless
Cameras Audio CD players telephones Camcorders
components (base set)
1§ J

Y

Man-machine interface and system controller in equipment using liquid crystal display
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Liquid Crystal Display Controller/Driver Application Perspectives

Application Example

This section describes the use of the H8/3834 Series in CD players. The liquid crystal display
(LCD) controller/driver drives the LCD directly. The built-in timers, of which there are five
types, are used to implement clock and remote control reception

functions. The three-channel serial communication
interface (SCI) forms the interface with signal
processing and servo ICs and can also be used for
the interface with other equipment. Finally,

the 12-channel A/D converter can be used for
data acquisition from the various sensors, such

as the audio level control.

CD players
SRAM LCD
Ef‘l“[ g_og\g\gtlh_ngsiilgjgs_eg@e_nt_lggs_] LCD controller/driver
I H8/3834 Series
~ System control - Display control block———
block
Signal SCi /0 or AD .
processing IC < Key input
Mechanism Special f
s c sCl protection playback Key input
ervo modes such as
Servo circuit programmed L "
Other AV sci control playback CD display Input capture c%ﬁm}:r
equipment Mechanism Various time ook receiver circuit
display modes, oc
Audio circuits 1o mode control P|aybac_k time,
Sensor Re:panning Re;no'}e Custom file
8 ime, controller
Level m(.ater AD processing Total time receiver circuit SRAM
Power supply
7y |
Mechanism Tra i
y loading
mogzvrgglor motor driver
Mechanism
mode switching
Mechanism Tray loading
motor motor
<Notation>
LCD: Liquid crystal display
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Application Perspectives Tone Generator + LCD

3. Tone Generator + LCD (HS8/3877 Series)

Features

Hitachi, Ltd. provides the H8/3877 Series as microcomputers that include on-chip high
precision dual tone multi frequency (DTMF) and multi-tone generator circuits. The H8/3877
Series microcomputers include 40 kbytes to 60 kbytes of ROM and a 2-kbyte large capacity
RAM on chip.

The DTMF generator circuit provides high precision DTMF signal output and the multi-tone
generator circuit provides arbitrary tone outputs at arbitrary frequencies.

These microcomputers provide on-chip an LCD controller/driver (52 segment lines X
4 common lines), three types of timers, two serial communication interface (SCI) channels,
and an 8-channel A/D converter as additional peripheral functions.

Furthermore, these microcomputers support low voltage operation (2.7 V) and a rich set of low
power modes including microcomputer operation from a 32 kHz subclock making these
products optimal for applications which require backup operation during power outages or
battery operation.

* LCD display panels can be driven directly

¢ Built-in controller
52 segment line built-in (static, 1/2, 1/3, or 1/4 duty)
Up to 208 segments (when 1/4 duty is used)

* Segments can be expanded externally (external + internal)
Up to 256 segments (static or 1/2 duty)

Built-in DTMF and multi-tone ¢ High precision DTMF signal output
generators :  Arbitrary frequency arbitrary waveform tone output

Built-in LCD display panel
controller/driver

C Low power operation
» Backup operation during power outage
Low voltage operation ¢ Can be used with battery driven equipment that does

(2.7 V to 5.5 V operation) not use LCD displays.
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Tone Generator + LCD Application Perspectives

Possible Applications

The H8/3877 Series microcomputers are optimal for use in applications that require tone
generators and LCD displays. Typical products that require tone generators and LCD displays
include portable equipment such as portable telephones and radio transceivers, cordless
telephone hand sets, and pagers, as well as multi-function telephones.

%9 0 /-,\/
Portable Cordless Pagers Multi-function
telephones and telephones telephones
radio transceivers (hand sets)
. — J)

Man-machine interface and system controller in equipment using dual tone multi frequency and
other tone generators and liquid crystal displays
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Application Perspectives Tone Generator + LCD

Application Example

This section describes the use of the H8/3877 Series in portable telephones. The LCD
controller/driver drives the LCD panel directly. Since the tone generators can output DTMF
signals and arbitrary tones simultaneously, the external components previously required for
optional functions, such as tone squelch, can be eliminated. This can allow overall system
costs to be significantly reduced. The built-in timers, of which there are three types, are used to
generate the basic timing for system control, for the clock and calendar functions, for the
transmission/reception control function, and for the alarm function. The two-channel serial
communication interface (SCI) is used for, e.g., radio control protocols. Finally, the A/D
converter is used for acquisition of analog data from sensors ‘

such as the field strength sensor. Since the H8/3877 Series

provides a large capacity on-chip ROM in addition to
these powerful peripheral functions, it is possible to
implement portable telephone system control,
clock, and display control with a single
microcomputer chip.

Portable telephone

Y ——— H8/3877 Serieg ——————

RF amplifier Lco
l Calendar LCD display /0 Key input
IF amplifier Clock Key input Memory
I il
Transmission/ DTMF Filter
Filter '%%ermg"" generation . [
Speaker | Sensor Multi-tone Output
i i lii
Data modem | 3C! processing generation a"‘Pl ter
| DTMF/multi-tone output L
i Synch on PLL

" Tone squelch
l > Filter circuit

Microphone

<Notation>

PLL: Phase-locked loop
LCD: Liquid crystal display
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A/D and D/A Converters Application Perspectives

4. A/D and D/A Converters (H8/3927 Series)

Features

Hitachi, Ltd. provides the H8/3927 Seriés, which includes built-in 8-bit A/D and D/A
converters, as microcomputers for use in analog signal interface applications. The H8/3927
Series microcomputers include 32 kbytes to 60 kbytes of ROM and 1 kbyte of RAM on chip.

Since the D/A converter can directly output analog signals, analog output signals can be
directly controlled without the use of the external PWM generator and low pass filter
components that were previously required to form the D/A converter. Furthermore, eight A/D

converter channels are built in.

These microcomputers provide on-chip ten types of timer (including a watchdog timer), real-
time output ports, a 14-bit PWM, and two serial communication interface channels as
additional peripheral functions.

Furthermore, these microcomputers support low voltage operation (2.7 V) and a rich set of low
power modes including microcomputer operation from a 32 kHz subclock making these
products optimal for applications which require backup operation during power outages or

battery operation.

Built-in multi-channel A/D and * Direct output of analog voltages
D/A converters ¢ D/A converter and PWM differences

D/A PWM
Conversion speed Upto 10 ps 50 ps and over
. . Low (large ripple
Voltage stability High current component)

Circuit structure D/A

IC: Voltage control circuit
( Real time output ports >——>  Port output synchronized with an external signal

with no software overhead

( Low power operation
* Backup operation during power outage
Low voltage operation * Can be used with battery driven equipment that
( (2.7 V to 5.5 V operation) does not use LCD.
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Application Perspectives A/D and D/A Converters

Possible Applications

The H8/3927 Series microcomputers are optimal for use in applications that control analog
signals. Typical products that require A/D and D/A converters include video applications such
as VCRs and TVs. Furthermore, since the H8/3927 Series microcomputers support low power
and low voltage (2.7 V) operation, they can be used in portable equipment such as portable
telephones.

VCRs TVs Portable
telephones

Y
System controller in A/D and D/A converter applications
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CPU

1. Features

The H8/300L CPU provides sixteen 8-bit general registers and a concise optimized instruction
set that is geared for high speed operation. The general register set can also be used as eight
16-bit registers. Arithmetic, data transfer, and other operations are executed rapidly due to
operating frequencies of up to 5 MHz. Furthermore, the H8/300L CPU instruction set is
compatible with the H8/300 CPU instruction set.

HS8/300L High Speed CPU

* General register architecture
— Register set of sixteen 8-bit registers; also accessible as eight 16-bit registers

* High speed operations
— Maximum operating frequency of 5 MHz (g clock)
— High speed operations
8 or 16 bit register to register add: 0.4 us (5 MHz clock)
8 x 8 bit multiply: 2.8 us (5 MHz clock)
16 + 8 bit division: 2.8 us (5 MHz clock)

* Instruction set suited for high speed operation
— 55 basic instruction types
— Two and four byte instruction lengths

— High speed multiply and divide instructions and powerful bit manipulation instructions

* 64 kbyte address space
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- 2. Register Structure
The H8/300L CPU register set consists of sixteen 8-bit general registers (referred to as
ROH/ROL through R7H/R7L), a 16-bit program counter (PC) used as a control register, and an

8-bit condition code register (CCR).

CPU Internal Organization

General registers 7 07 0
ROH ROL
R1H R1L
R2H R2L
R3H R3L
R4H R4L
R5H R5L
R6H R6L
R7H  (SP) R7L SP: Stack pointer
Control register 15 0
PC | PC: Program counter
7 5 3210
CCR |[!|UJH[U|N|Z|V|C CCR: Condition code register
- Carry flag
L—— Overflow flag
L——— Zero flag
Negative flag

Half-carry flag

Interrupt mask bit

U: User bit
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General Registers

The sixteen 8-bit registers all have the same structure and can be used without distinguishing
data registers from address registers. They can also be used as eight 16-bit registers. When
used as data registers, the general registers can be used as either 8-bit registers, in which case
they are referred to as upper (H) and lower (L) byte registers, or as 16-bit registers. When used
as address registers, they are used as 16-bit registers. These usages differ depending on the
instruction.

In addition to its function as a general register, register R7 is also allocated for use as the stack
pointer (SP). It is used implicitly in subroutine calls and exception processing.

Control Registers

Program Counter (PC): The program counter is a 16-bit register that holds the address of the
next instruction to be executed by the H8/300L CPU.

Condition Code Register (CCR): This 8-bit register contains internal status information,
including the carry (C), overflow (V), zero (Z), negative (N), and half-carry (H) flags and the
interrupt mask bit (I). The CCR can be manipulated with the CCR manipulation instructions.

Bit7(I):  Interrupt mask bit
This bit masks interrupts when set to 1. It is set to 1 at the start of exception
handling.

Bit 6 (U): User bit
This bit can be read and written by user software using the LCD, STC, ANDC,
ORC, and XORC instructions.

Bit5 (H): Half-carry flag
This bit is set to 1 when an ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or
NEG.B causes a carry into or borrow from bit 3, and is cleared to 0 when the
execution of one of those instructions does not cause a carry or borrow. Similarly,
itis set to 1 when an ADD.W, SUB.W, or CMP.W instruction causes a carry into
or borrow from bit 11, and is cleared to 0 when the execution of one of those
instructions does not cause a carry or borrow. It is used implicitly by the DAA and
DAS instructions.
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Bit 4 (U):

Bit 3 (N):

Bit 2 (Z):

Bit 1 (V):

Bit 0 (C):

30 Hitachi

User bit
This bit can be read and written by user software using the LCD, STC, ANDC,
ORC, and XORC instructions.

Negative flag
This bit indicates the most significant bit (the sign bit) of the result of an
instruction.

Zero flag
This bit is set to 1 to indicate a zero result and cleared to O to indicate a non-zero
result.

Overflow flag
This bit is set to 1 when an arithmetic overflow occurs and cleared to O when no

overflow occurs during an arithmetic operation.

Carry flag

This bit is set to 1 when a carry occurs and cleared to 0 when no carry occurs.

A carry can occur due to a carry from an add instruction, a borrow from a subtract
instruction, or a shift or rotate instruction.

The carry flag also has a bit accumulator function that is used by bit operation and
bit transfer instructions.



CPU

3. Data Formats

The H8/300L CPU can process 1-bit data, 4-bit (BCD) data, 8-bit (byte) data, and 16-bit
(word) data. Essentially all instructions can process byte data. The bit manipulation
instructions process 1-bit data and certain data transfer and arithmetic instructions process
word data. The decimal adjust instructions process 4-bit BCD data.

The figures below show the formats in which data is stored in general registers and memory.

General Register Data Formats

Data Type Register No. Data Format

7 0
1-bit data AnH [7]6]5]a]3]2]1]0] Don't-care ]

7 0
1-bit data RnL ] Don't-care [7]e[s]4]a]2]1]0]
7 0
Byte data AnH T Don't-care |
r 0
Byte data RnL | Don’t-care |MSB' L ,LSBI
s 0
Word data Rn M s
7 43 o
4-bit BCD data RnH [ Upper digit | Lower digit | Don't-care |
7 43 0
4-bit BCD data RnL I Don’t-care I l.fppelr digit ’ L‘owe‘r diqit l
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Memory Data Formats

Data Type

1-bit data

Byte data

Word data

Byte data (CCR values) on the stack

Word data on the stack

Address

Address n

Address n

Even address
Odd address

Even address
Odd address

Even address
Odd address

Note: Word data must be stored at even addresses.

Data Format

/’_\_-—/
7 0
7]6]5'4]3[2J1r0

T T T T T T T
MSB i AL 1 1 | I A LSB
U T T T 1 T T

MSBI 1 Ll'pperl B b‘Its 1 1

1 T T T .I T L

TR hOWE[ 8 blits L 1 LsB

T T T T T T T
MSBI 1 1 Ccl:R [ 1 1 LSB

T T T T 1 T T
MSBl L 1 C?R 1 .| 1 LSB

T T T T .l T T
MSBI Il Ll'ppern 8 b\?s Il 1

T 1 1 T |l T T

. Llowell 8 b|té ., lsB
/-_\—/
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4. Addressing Modes

The H8/300L CPU supports the following eight addressing modes.

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 pre-decrement @-Rn
Register indirect with post-increment @Rn+
5 Immediate #xx:8/#xx:16
6 Absolute address @aa:8/@aa:16
7 PC-relative @(d:8, PC)
8 Memory indirect @@aa8
Note: Data transfer instructions can use modes 1 through 6.
Effective Address Calculation
No. A ing Mode, Format Effective Address Calculation EA
3 0 3 o0
Register direct Rn [regl | [Treg2 ]
1 15 87 43 0 F
| OP | reg2 | reg1 |
The operands are the contents of registers reg1
and reg2.
Register indirect @Rn 15 0
I - -
) 15 7 6[% 5 {  Register I (16 bits) | 415 ci
l orp ] reg | | i
Register indirect
with displacement
@(d:16,Rn) 15 °
3 —>|__Register contents (16 bits) |3 15 0
15 7 64 0 o ]
| op Treg | | [ d:16 ] %
d:16 S I

(Continued on following page.)
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No. Addressing Mode, Instruction Format Effective Address Calculation EA
Register indirect
with pre-decrement
@-Rn 15 0
| —»]  Register contents (16 bits)
15 764 0 A 15
CorF Two[ ] e O
4 Register indirect
with post-decrement
@Rn+ 15 0
t—»{  Register contents (16 bits) l—l—‘—-ﬂ‘ 5
15 7 6|4 0 4
[_or [rea ] 1] e ®
One is added when the
operand size is byte,
and 2 is added when
the operand size is word.
Immediate #xx:8
15 87 0 The operand is the single
| oP l MM I byte of immediate data.
5
Immediate #xx:16
15 o The operand is the two
| opP | bytes of immediate data.
| #IMM ]
Absolute address @aa:8 15 8 7
15 87 0 I HFF ] T
l oP | aa:8 ]
6
Absolute address @aa:16
15 0 ‘1 5
[ oP i ] L
l aa:16 }
15 0
[ PC contents H 15
PC-relative @(d:8,PC) —]
7 i ( ) D
15 87 0 | Sign extension | d:+8 |
| OP | d:8 I
Memory indirect @ @aa:8
15 8 7 0
[ or [ aas }
’ y
<Notation>
reg: General register aa: Absolute address

#MM: Immediate data
d: Displacement

OP: Op-code
PC: Program counter
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5. Instruction Set
The H8/300L CPU supports 55 basic instructions with the following features.

Features

* Concise instruction set geared to high-speed performance
— All instructions are 2 or 4 bytes long.
» High speed
— All frequently executed instructions execute in 2 to 4 states.
* General register architecture
* Powerful bit-manipulation instructions
* Standard H8/300 Series mnemonics

Assembly Language Format

The example below uses the MOV instruction. The letter B (byte) or W (word) designates the
operand size. Note that certain instructions only allow one of these sizes to be used.

MOV B EAs), Rd
L Size 1 Destination operand
Mnemonic Operand
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Main Instruction Formats

The figure below shows the main instruction formats supported by the H8/300L CPU.

* Arithmetic or logic operation on immediate data and
register contents

» Register-register arithmetic or logic operation

» Data transfer instruction [@ Rm< Rn]

* Data transfer instruction [@(d:16,Rm)«> Rn]

¢ Branch instruction [@(d:8,PC)]

¢ Branch instruction [@aa:16]

« Bit manipulation instruction (with direct specification
of bit position)

<Notation>

OP: Op-code
Rn,Rm: General register
#MM:  Immediate data

d: Displacement
aa: Absolute address
b’n: Bit number

15 87 0
for | R | amm |
15 87 0
[ op | Rm | Rn |
15 87 . 0
[ op i]|Rm| Rn |
15 87 0
op  !|Rm| Rn
d:16
15 87 0
| opr | d:8 |
15 87 0
oP
aa:16
15 87 0
| op {]lbnl| Rn |
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Instruction Set

Addressing Mode/
Instruction Length Condition Code
Mnemonic k] Operation |z [
(7] c lec o~ ®
K el |& 3 ]
8 B :-,-,ano_g,:luuzvcs
-3 glel2i2|I|8 1208 ¢
o £ c|®|®|®|®|[0|6|E 2
Data MOV.B Rs,Rd B | Rs8 - Rd8 2 —|—|t|t|o|—]2
transfer MOV.B #xx:8,Rd B | #xx:8 — Rd8 2 —(—|t|t]0|{—[2
instructions | MOV.B @Rs,Rd B | @Rs16 — Rd8 2 —|—{t{tlo|—|4
MOV.B @(d:16,Rs),Rd | B | @(d:16,Rs16)—» Rd8 4 —|—]t|/t]o|—]6
MOV.B @Rs+,Rd B | @Rs16 — Rd8 2 —|—lt[{t]0f{—]|6
Rs16+1 - Rs16
MOV.B @aa:8,Rd B | @aa:8 —» Rd8 2 —|—]t[{t]|0[—]|4
MOV.B @aa:16,Rd B | @aa:16 - Rd8 4 —|—lt[t]O|—]|6
MOV.B Rs,@Rd B | Rs8 - @Rd16 2 —|—=]t]t]o|—]4
MOV.B Rs,@(d:16,Rd) | B | Rs8 - @(d:16,Rd16) 4 —|—=|t[t]lo|—]6
MOV.B Rs,@-Rd B | Rd16~1 — Rd16 2 —|—|t[t]|0o[—]6
Rs8 —» @Rd16
MOV.B Rs, @aa:8 B | Rs8 —» @aa:8 2 —|—]tlt]oj—]4
MOV.B Rs, @aa:16 B | Rs8 - @aa:16 4 —|—]tlt]of—]6
MOV.W Rs,Rd W | Rs16 - Rd16 2 —|—ltjtlo]|—]2
MOV.W @Rs,Rd W | @Rs16 - Rd16 2 —|—|t[t]|o]|—]4
MOV.W @(d:16,Rs),Rd | W | @(d:16,Rs16) - Rd16 4 —|—=]t[t]of{—]6
MOV.W @Rs+,Rd W | @Rs16 — Rd16 2 —l—]3]t|o|—|6
Rs16+2 — Rs16
MOV.W @aa:16,Rd W | @aa:16 - Rd16 4 —ij—|tf{t]of—|6
MOV.W Rs,@Rd W | Rs16 - @Rd16 2 —|—jt]tjoj—]4
MOV.W Rs,@(d:16,Rd) | W | Rs16 — @(d:16,Rd16) 4 —|—]tjtlof—|6
MOV.W Rs,@-Rd W | Rd16-2 — Rd16 2 —[—|t]t]|o|—|6
Rs16 - @Rd16
MOV.W Rs, @aa:16 W | Rs16 —» @aa:16 4 —|=]t|t]o|—]6
MOV.W #xx:16,Rd W | #xx:16 - Rd 4 —|—=|tit|o]—]|4
POP Rd W | @sP+-Rd 2 —1—|t{tjo|—]6
PUSH Rs W [ Rs » @-SP 2 —|—]tf{t]of—]6
EEPMOV B | if R4L=0, Repeat @R5 — @R6 4| —|—==|=|—[—]| ¢
R5+1 — R5,R6+1 — R6
R4L-1 - R4L
Until R4L=0 else next
Arithmetic | ADD.B #xx:8,Rd B | Rd8+#xx:8 — Rd8 2 e I S B I
instructions | ADD.B Rs,Rd B | Rs8+Rd8 — Rd8 2 o 2 S N R Y
ADD.W Rs,Rd W | Rs16+Rd16 — Rd16 2 —l1ft[3]t]t]2
ADDX.B #xx:8,Rd B | Rd8+#xx:8 +C — Rd8 2 —{3lt]2]t]t]2
ADDX.B Rs,Rd B | Rd8+Rs8 +C — Rd8 2 —[3]tf{2]tft]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 —|—]tf{titl—]2
DAA.B Rd B | Rd8 10 decimal correction — Rd8 2 —ix|t]d]x|3]2
NEG.B Rd B | 0-Rd - Rd 2 el I I I O
SUB.B Rs,Rd B | Rd8-Rs8 — Rd8 2 ot S I S I O
SUB.W Rs,Rd W | Rd16-Rs16 — Rd16 2 —Jijtititjt]|2
SUBX.B #xx:8,Rd B | Rd8—#xx:8 -C — Rd8 2 —ltlsl2]t]t]2
SUBX.B Rs,Rd B | Rd8-Rs8 — Rd8 2 —idltj2|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 —|{—{3]? —|2
DAS.B Rd B | Rd8 10 decimal correction — Rd8 2 —tx ||t x|—]2

(Continued on following page.)
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Instruction Set (cont)

Addressing Mode/
Instruction Length Condition Code
Mnemonic K] Operation NF 2
2 gl 8 3
g . cggﬁggglnnzvcs
& HAEHHEHE E
Arithmetic | CMP.B #xx:8,Rd B | Rd8—#xx:8 2 et I I B I O
instructions | CMP.B Rs,Rd B | Rd8-Rs8 2 o N O B I B
CMPW Rs,Rd W | Rd16-Rs16 2 et I 0 B I R
MULXU.B Rs,Rd B | Rd8xRs8 — Rd16 2 —|—=|=|=]—=|—]14
DIVXU.B Rs,Rd B | Rd16+Rs8 — Rd16 2 —|—|s|6|—|—|14
(RdH: Remainder, RdL: Quotient)
Logic AND.B #xx:8,Rd B | Rd8A#xx:8 — Rd8 2 —|—]t]t]|o|—l2
instructions | AND.B Rs,Rd B | Rd8ARs8 — Rd8 2 —|—lt]tlof|—]2
OR.B #xx:8,Rd B [ Rd8vi#xx:8 —» Rd8 2 —|{—jtf{tiol—l2
OR.B Rs,Rd B | Rd8VRs8 —» Rd8 2 —|—=|t]t]o]—|2
XOR.B #xx:8,Rd B | Rd8&#xx:8 — Rd8 2 —|—]|t]tjo]—|2
XOR.B Rs,Rd B | Rd8®Rs8 — Rd8 2 —l—]1]t]0|—]2
NOT.B Rd B | Rd— Rd 2 —|—]{tltlo]—|2
Shift SHAL.B Rd B 2 —l—=]t{t{t]|t]2
instructions ........ 0
4__.—*__.
bz bo
SHAR.B Rd B 2 —l—={t]t|o]3]2
L] Fd]
_
bz bo
SHLL.B Rd B 2 —|—|t|t|o|t]|2
Clel [ [ [ []] o0
4—_——__
bz bo
SHLR.B Rd B 2 —|—{1|t]o]|t]|2
o [T
—_—
bz bo
ROTXL.B Rd B 2 —|—={t|t{o]tl2
Cle{ TTTTTTT]
bz bo
ROTXR.B Rd B 2 —|—]{t|t{o]|t]|2
LTI T T+l
by bo
ROTL.BRd B 2 —|—=]t]t]o|t}2
Cle{ [ T[T TT]
b7 bo
ROTR.B Rd B 2 —|—=|t|t{o]t]|2
LTI T el
bz - bo
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Instruction Set (cont)

Addressing Mode/
Instruction Length Condition Code

Mnemonic k] Operation |t [
(7] c | ey ®

H cle| & 4

8 Bl (2|88 [n|N]|Z|V|c|s

2 clE|8|T (8|2 |e|s M

o x({®®|o|e|o|o|E z

Bit manipu- | BSET #xx:3,Rd B | (#xx:3 of Rd8) « 1 2 —|—|—=]=]—=]—] 2
lation BSET #xx:3,@Rd B | (#xx:3 of @Rd16) « 1 4 —|—=|—|—=]|—]|—]8
instructions | BSET #xx:3, @aa:8 B | (#xx:3 of @aa:8) « 1 4 —|=]=|—|—]|—]| 8
BSET Rn,Rd B | (Rn8 of Rd8) « 1 2 —|—=|—=]={—]—] 2
BSET Rn,@Rd B | (Rn8 of @Rd16) « 1 4 —|=]|=|—=]—=]—]8
BSET Rn,@aa:8 B | (Rn8 of @aa:8) « 1 4 —|—=]—=|—=]—=|—] 8
BCLR #xx:3,Rd B | (#xx:3 of Rd8) <0 2 —|=f—]=]=]—]2
BCLR #xx:3, @Rd B | (#xx:3 of @Rd16) < 0 4 —|=|={—=]=|—18
BCLR #xx:3, @aa:8 B | (#xx:3 of @aa:8) « 0 4 —|—|—|—|—|—]8
BCLR Rn,Rd B | (Rn8 of Rd8) « 0 2 —|=|=]—=]=]—=] 2
BCLR Rn,@Rd B | (Rn8 of @Rd16) « 0 4 —|—=|=|=]—]—]8
BCLR Rn,@aa:8 B | (Rn8 of @aa:8) « 0 4 —|—=|—{—[—]|—1]8
BNOT #xx:3,Rd B | (#xx:3 of Rd8)«(#xx:3 of Rd8) 2 —|—=]=|=|=]—=]2
BNOT #xx:3,@Rd B | (#xc3 of @Rd16)«(#xx:3 of @Rd16) 4 —|=|=|=[—=]—]8
BNOT #xx:3,@aa:8 B | (#0c3 of @aa:8)(#xx:3 of @aa:8) 4 —|—=|=|—=|—]|—]8
BNOT Rn,Rd B | (Rn8 of Rd8) « (Rn8 of Rd8) 2 —|—={—=|=[—=]|—=] 2
BNOT Rn,@Rd B | (Rn8 of @Rd16)«(Rn8 of @RA16) 4 —|—=|=|=[—]|—]8
BNOT Rn,@aa:8 B | (Rn8 of @aa:8)« (Rn8 of @aa:8) 4 —|=|=|=[—[—] 8
BTST #xx:3,Rd B | (#Bxx:30ofRd8) » Z 2 —|—]|—|t]=l—]2
BTST #xx:3,@Rd B | (#xx:30of @Rd16) » 2 4 —|—=]=It]|—]=]86
BTST #xx:3, @aa:8 B | (Fxx3of @aa8) »Z 4 o o o I e S
BTST Rn,Rd B | (Rn8of Rd8) » Z 2 —|={=]t]|=]—]2
BTST Rn,@Rd B | (Rn8 of @Rd16) - Z 4 —|=|—=[t|{—|—]6
BTST Rn,@aa:8 B | (Rn8 of @aaB) —» Z 4 —|=]=]3|—]|—=]6
BLD #xx:3,Rd B | (#xx:3 of Rd8) - C 2 — ===t ]2
BLD #xx:3, @Rd B | (#xx:3 of @Rd16) » C 4 —=|—=]—=|—=I%]6
BLD #xx:3, @aa:8 B | (#xx:3 of @aa:8) » C 4 —|=|=]—=|—11]6
BILD #xx:3,Rd B | (#xx:30f RdB) —» C 2 —|=l—]—l=]2]2
BILD #xx:3,@Rd B | (#xx3of @Rd16) » C 4 —|=|=]=]—]|1l6
BILD #xx:3, @aa:8 B | (#xx3of @aa:8) » C 4 —|—{—]—|—|1l6
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 —» (#xc3 of Rd8) 2 —|—=]=]=|=]=] 2
BIST #xx:3, @Rd B | C— (#xx:3 of @Rd16) 4 —|—=|—]—=|—|—]| 8
BIST #xx:3,@aa:8 B | C - (#xx3 of @aa:8) 4 —|=|—=]—=|—|—]8
BAND #xx:3,Rd B | CA(#xx:3 of Rd8) -» C 2 —|—=|—={—=]—]1][2
BAND #xx:3,@Rd B | CA(#xx:3 of @Rd16) » C 4 —|—=[=|=|—]tl6
BAND #xx:3,@aa:8 B | CA(#xx:3 of @aa:8) » C 4 —|=]—]—]—]1]6
BIAND #xx:3,Rd B | CA(#xx:3 of Rd8) —» C 2 —|—f—|=]=]1]2
BIAND #xx:3, @Rd B | CA(#xx:3 of @Rd16) - C 4 —|—=|=[=|—]2t]6
BIAND #xx:3, @aa:8 B | CA(#xx:3 of @aa:8) » C 4 —[—=]—=[={=[31]6
BOR #xx:3,Rd B | Cwv(#xx:3 of Rd8) » C 2 —|—]—={—=]—13]2
BOR #xx:3, @Rd B | Cv(#xx:3 of @Rd16) —» C 4 —|=|=l=]—]%]6
BOR #xx:3, @aa:8 B | Cv(#xx:3 of @aa:8) » C 4 —|—=|=|—]|—]|t!6
BIOR #xx:3,Rd B | Cv(#x:3 of Rd8) -» C 2 —|—[=[=]-111]2

(Continued on following pa

)
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Instruction Set (cont)

Addressing Mode/
Instruction Length Condition Code

Mnemonic k] Operation |t [
4 cle| |5 B
2 Tl |2 @
H ele|.|s(g|B]i|u[n|z|v|c|s
g cEIRITI8|I2|e|E ¢
o cj®|®(e|o|e|oE z
Bit manipu- | BIOR #xx:3, @Rd B | Cv(#xx:3 of @Rd16) —» C 4 —|=|=|=]—]1t]6
lation BIOR #xx:3, @aa:8 B | Cv(#xx:3 of @aa:8) - C 4 —=|=]=]=l1]6
instructions | BXOR #xx:3,Rd B | Co(#xx:3 of Rd8) —» C 2 —|=f=|—=]—]1]2
BXOR #xx:3,@Rd B | Co(#xx:3 of @Rd16) - C 4 —|=|=l=[—=[21]6
BXOR #xx:3, @aa:8 B | Co(#xx:3 of @aa:8) » C 4 —|=|=|=l=l116
BIXOR #xx:3,Rd B | Co(#xx:3 of Rd8) —» C 2 —|—{—=]=l={11]2
BIXOR #xx:3, @Rd B | Co(#xx:3 of @Rd16) » C 4 e e e o e ER
BIXOR #xx:3, @aa:8 B | Co(#xx3 of @aa8) » C 4 —=|—]=]=1tle
Branch BRA(BT) — | PC « PC+d:8 2 —|—=|=|—=|=|—] 4
instructions { BRN(BF) — | PC « PC+2 2 —_) =] = —=]—] 4
BHI — CvzZ=0 2 —|—=|=|=|=]—] 4
BLS — Ccvz=1 2 —|—=l=]=]=]=] 4
BCC(BHS) et C=0 2 —|=l=|=[=1—]4
BCS(BLO) — C=1 2 —|—=]=]=]=|—] 4
BNE - Z=0 2 —_ =] —=—]—]|—] 4
BEQ — | If true then 2=1 2 — =] =] =]—] 4
BVC — | PC « PC+d:8 V=0 2 —_] =] =|—=]=| 4
BVS — | else next V=1 2 —_—|——]—]—] 4
BPL — N=0 2 —|=]=l={=]=[ 4
BMI — N=1 2 | —=[=]=]—=[=] 4
BGE o NeV=0 2 —_ ] =]=]=]—] 4
BLT — NeV=1 2 —==]=]=]=] 4
BGT - ZV(N®V)=0 2 —|=l=|=]=]—] 4
BLE — ZV(N®V)=1 2 —|—=|—=]=]=]—] 4
JMP @Rn. — | PC«Rn16 2 —|=|=]=|=1—] 4
JMP @aa:16 — | PC « aa:16 4 —_ || —|—]|—] &
JMP @ @aa:8 — | PC « @aa8 2 —_|—|—]—=|—]—] 8
BSR — | SP-2- 8P 2 —|—=[—|—=|—|—] 6

PC - @SP

PC « PC+d:8

JSR @Rn — | SP-2- 8P 2 —=f=]=]|—|—] &

PC - @SP

PC «Rn16
JSR @aa:16 — | SP-2- SP 4 ——=l=]=|—|—| 8

PC - @SP

PC «aa:16
JSR @ @aa:8 —| SP-2 - SP 2 —f—[—=]—|—|—] 8

PC - @SP

PC « @aa:8
RTS — | PC+ @SP 2| —|—|—|—|—]|—18

SP+2 - SP
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Instruction Set (cont)

Addressing Mode/
Instruction Length Condition Code
Mnemonic 8 Operation & 4
4 gl |g 8
K el |& 3 &
§ . c |3 E © g g 2 I|H{N|Z]|V|C s
S 2lels|o|e|c|o|e|E g
System RTE — | CCR « @SP P38 I B O A () R I [0
control SP+2 - SP
instructions PC « @SP
SP+2 - SP
SLEEP — | Switches to low power mode. 2 |—|—|—|—|—|—|2
LDC #xx:8,CCR B | #xx:8 » CCR 2 PR e
LDC Rs,CCR B | Rs8 - CCR 2 R
STC CCR,Rd B | CCR - Rd8 2 — == (=== 2
ANDC #xx:8,CCR B | CCRA#xx:8 —» CCR 2 AR AR
ORC #xx:8,CCR B | CCRv#xx:8 - CCR 2 B I I e e
XORC #xx:8,CCR B | CCReé#xx:8 —» CCR 2 R R R e
NOP — | No operation 2|—]—1—|—1—|—1 2

Notes: 1 Setto 1 when there is a carry to or borrow from bit 11; otherwise cleared to 0.

If the result is zero the previous value of the flag is retained; otherwise the flag is cleared to 0.
Set to 1 if decimal adj prod a carry; otherwise the previous value is retained.
The ber of states required for ion is 4n + 9, where n is the value of register R4L.

Set to 1 if the divisor is negative; otherwise cleared to 0.
Set to 1 if the divisor is zero; otherwise cleared to 0.

oV e wN
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Operating Notation

Symbol Meaning

PC Program counter

SP Stack pointer (R7)

CCR Condition code register

Z CCR zero flag

C CCR carry flag

Rs, Rd, Rn General registers (8-bit: ROH/ROL to R7H/R7L; 16-bit: RO to R7)
d:8, d:16 Displacement

#xx:3, #xx:8, #xx:16

3-bit, 8-bit, or 16-bit immediate data

- The operand on the left side of the operator is transferred to the operand
on the right.

+ Addition

- Subtraction

X Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- . Logical negation (one’s complement)

()and< > Contents of effective address

Condition Code Notation

Symbol Meaning

! The flag is updated according to the result of the operation.
* Indeterminate; the flag is left in an unpredictable state.

0 The flag is cleared to 0.

The flag is not changed.
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6. Basic Bus Timing

The H8/300L CPU clock is generated either by the system clock generator circuit or the
subclock generator circuit. The system clock generator circuit consists of the system clock
oscillator and the system clock divider. The subclock generator circuit consists of the subclock
oscillator and the system clock divider.

Clock Generator Circuits

OSC1—1™ systemclock |20SC | Systemclock | 050/ .
0OSC, <+ oscillator (fosc) | divider (1/2) I__» System

E System clock o clock %2
: divider (1/n)*1 E
H )
H ]
1 [} 2n 1
E System clock generator circuit osc :
g e :
H 1
; H
: '
H ow/2 R

Xy=—+"  Subcock ow | Subclock divider ow/4 »L 1 » Subclock

Xg<i—| oscllastor [ ()| (12, 174, 1/8) o8 T

27 W, ! 9suB

: i
) '
i '
E Subclock generator circuit !
.................................................................. -

Notes: 1. The divisor n differs for each product in the series.
2. Only 8osc/2 is provided by the H8/3614 Series, H8/3714 Series, H8/3724 Series,
and H8/3754 Series.
3. Only ow/8 is provided by the H8/3614 Series, H8/3714 Series, H8/3724 Series,
and H8/3754 Series.
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CPU Read/Write Cycle

The H8/300L CPU operates on either the system clock ¢ or the subclock ggyp, which are
generated by the clock generator circuits. A single period of either the ¢ or ggyp clock is
called a state. Accesses, which differ for the on-chip memory and the on-chip peripheral

modules, take place in basic bus cycles, which take either 2 or 3 states.

On-Chip Memory Access Timing (RAM and ROM): On-chip memory is accessed in two
states. The data bus can be used in either 8-bit or 16-bit widths for byte or word accesses.

Bus cycle
State T,

State T,

T o

{

S

I
T
1
1
1

@ or @gyp

L] 1
Internal address bus n)( Address K
i T i
! i
Internal read signal —E_\_L___y—
]
I \

[}
Internal data bus h
(read) Y

! i

Internal write signal i :\ :/

) ! |

) )

) )

Pl
(write) D_M—

On-Chip Peripheral Module Access Timing: On-chip peripheral modules are accessed in
two or three states. The data bus width in this case is 8 bits, so only byte access is possible.

L Bus cycle N L Bus cycle .
Il ] ha >
! StateT, _,_ StateT, _| | StateT, _,_ StateT, _,_ StateT; _|
i | i i i i i
I I [l I [ [} 1
@ Of Bsup v ! J @ or Ogus t \ '/ \ '/
1] 1 1 !
Internal address bus ux Address DC Internal address bus Address
T

] 1
' |
1
Internal read signal | \ 1 '/ Internal read signal
]
]

Internal data bus ) R ) Internal data bus
(ead) (ead)

— X
S
b_

Read data

1
Intemal data bus h Wi Internal data bus

[ | ] ]
i 1 1
Internal write signal t :\ 1/ Internal write signal :\ 1 /
' ] I N [l
¥
)

T

]

1

i
Write data D—

Two-State Access Three-State Access
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7. CPU Operating States
The H8/300L CPU operates in four states, namely, program execution state, program halt state,
exception handling state, and reset state. The figure below shows the transitions between these

states.

State Transition Diagram

Reset release
Reset state ). '( Exception handling state
Reset request

T

Interrupt Exception
request handling

Reset request '
Reset request completion

Interrupt request

| — ¥

Program halt state < Program execution state
SLEEP instruction execution

Reset State: The H8/300L CPU is reset in this state.

Program Execution State: In this state the H8/300L CPU executes instructions sequentially.
The program execution state has two modes: active mode and subactive mode. In active mode
the CPU operates on the system clock and in subactive mode the CPU operates according to
the subclock. (For further details see the section titled “Low Power Modes” later in this
document.)

Exception Handling State: This is a transient state that occurs when the H8/300L CPU
execution state flow is changed by a reset, interrupt, or exception. The program counter and

condition code register are saved on the stack using the stack pointer.

Program Halt State: The program halt state has three modes: sleep mode, standby mode, and
watch mode. (For further details see the “Low Power Modes” section later in this document.)
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8. Exception Handling

The H8/300L CPU supports two types of exceptions: resets and interrupts. When the H8/300L
CPU starts interrupt exception handling, it saves the PC and CCR on the stack by referencing
the SP. Then it sets the CCR I bit to 1 and fetches the starting address of the interrupt handling
routine from the vector table.

Note that reset is the highest priority exception, and that when multiple interrupts occur at the
same time they are processed according to their relative priorities. (See the description of the
interrupt vector table.)

Priority Exception Type Activation Factors

1 Reset Reset exception processing starts when the RES pin changes from
low to high.

2 Interrupt When an interrupt occurs, interrupt handling starts at the

completion of the current instruction execution.*

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

Interrupt Handling

Interrupt factors fall into two classes: external interrupts requested from external pins and
internal interrupts requested by on-chip peripheral modules. Both external and internal
interrupts are masked by the CCR 1 bit. That is, all interrupts are masked when the CCR I bit is
set to 1. A unique vector address is allocated to each interrupt.

Interrupts are controlled by the interrupt controller. When multiple interrupts are requested at
the same time, the interrupt controller selects the highest priority interrupt, and leaves the
lower priority interrupts pending. When an interrupt occurs, the H8/300L CPU stores the
program counter and CCR contents in the location indicated by the stack pointer, then fetches
the address of the interrupt handler from the vector table, and begins executing that interrupt
handler.
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Interrupt Controller Block Diagram

External or
internal interrupt

External or
internal interrupt
enable signal

CPU CCR register
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9. Memory Map

The H8/300L CPU supports two special memory areas, the 8-bit memory indirect addressing
area at addresses H'0000 to H'0OFF and the 8-bit absolute addressing area at locatiqns H'FFQ0
to HFFFE.

H'0000
Interrupt vector area 8-bit memory indirect addressing area
* This area can hold the effective
addresses for memory indirect
addressing.
H'OOFF [-----====-====-==mmm-r
HFFQQ [-------=-=-==-=-==-= 1
On-chip RAM area 8-bit memory direct addressing area
H'FF80 * This area can be accessed by
On-chip /O area 2-byte data transfer instructions.
H'FFFF

8-Bit Memory Indirect Addressing Area (Addresses H'0000 to H'00FF)

The H8/300L CPU uses the lowest locations in the ROM area as the interrupt vector table.
Since the details of the relationship between the interrupt vector table and the interrupts differ
for different products in the H8/300L Series, those details are described in the hardware
manual for each product. The H8/300L CPU supports the use of locations H'0000 to H'O0OFF,
which include the interrupt vector table, for indirect addressing with 8-bit addresses that are
included in the instruction code. This allows program sizes to be reduced by storing frequently
used branch addresses in this region.
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8-Bit Memory Direct Addressing Area (Addresses H'FF00 to H'FFFF)

The H8/300L CPU provides a short absolute addressing mode for the MOV instruction. This
allows the H8/300L CPU to access locations H'FF00 to H'FFFF rapidly and programs to be
implemented compactly using these short instructions. Since RAM is mapped to locations
H'FF00 to HFF7F and I/O registers are mapped to locations H'FF80 to H'FFFF, programs can
implement high speed data handling by making effective use of the short absolute addressing
mode.
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Low Power Modes

The H8/300L Series microcomputers support active (high speed) mode in which programs are
executed rapidly, and seven low power modes in which the IC power dissipation is
significantly reduced. There are two low power modes in which programs are executed at
relatively low speeds, namely, active (medium speed) mode and subactive mode. The five
modes in which CPU operation is stopped are sleep (high speed) mode, sleep (medium speed)
mode, sub-sleep mode, watch mode, and standby mode. Please refer to section 3, “Product
Series and Operating Modes” for operating mode details for individual products, since the low
power modes differ between products in the H8/300L Series.

1. Overview of Operating Mode Transitions

Active (High Speed) Mode

In active (high speed) mode the CPU operates at high speed based on a system clock with a
5 MHz operating frequency when the oscillator frequency is 10 MHz.

Active (Medium Speed) Mode

In active (medium speed) mode the CPU operates at a relatively lower speed based on a
system clock generated by dividing a 5 MHz clock operating frequency (when the oscillator
frequency is 10 MHz). The clock division ratio differs depending on the individual product.

Subactive Mode

In subactive mode the system clock oscillator used in active mode is stopped and the CPU
operates at low speed and low power based on a subclock (16384 Hz, 8192 Hz, or 4096 Hz)
generated by dividing a 32.768 kHz oscillator frequency.

Sleep (High Speed) Mode

In sleep (high speed) mode the on-chip peripheral modules operate based on a 5 MHz system
clock (when the oscillator frequency is 10 MHz).

Sleep (Medium Speed) Mode

In sleep (medium speed) mode the on-chip peripheral modules operate based on a system clock
generated by dividing a 5 MHz clock (when the oscillator frequency is 10 MHz). The clock
division ratio differs depending on the individual product. ‘
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Subsleep Mode

In subsleep mode the on-chip peripheral modules operate based on the subclock. Subsleep
mode differs from subactive mode in that the CPU is stopped in subsleep mode.

Watch Mode

In watch mode, a subset of the on-chip peripheral modules operate based on the subclock.

Standby Mode

In standby mode the CPU and all the on-chip peripheral modules are stopped. In this mode the
IC’s current drain is reduced to its lowest level, only a few pA. The contents of the on-chip
RAM can be maintained by applying the specified data retention voltage to the IC.
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The following figure provides an overview of the H8/300L Series operating modes and the
transitions between those operating modes. The transitions between modes are made by
interrupts and the execution of the SLEEP instruction.

H8/3927 Series Operating Modes and Transitions

Program execution states Program stopped states

1
1
1
Reset state ' SLEEP
H Active instruction
{ (high speed)
mode

Interrupt

N

SLEEP instruction

SLEEP instruction

Interrupt

Low power modes

Notes: 1. The IC switches to the reset state when the RES signal goes low, whatever ihe current state.
2. The particular interrupts that can clear a given low power mode differ for each mode.
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2. Operating Modes and Current Drain

The table below shows the relationship between the operating modes and the IC current drain.

The H8/300L Series microcomputers allow precise program control (using the SLEEP

instruction) of power dissipation to match the power saving conditions required by the

application. Thus these microcomputers can be extremely effective when used in portable

equipment requiring battery operation.

Sleep Active

Operating Mode Standby Watch Subactive (High Speed) (High Speed)
System clock Stopped Stopped Stopped Operating Operating
oscillator
CPU Stopped Stopped Operating Stopped Operating
On-chip peripheral  Stopped Stopped Operating Operating Operating
modules (except for

clock

functions)
Current dissipation 2 pA 3pA 10 pA 5mA 15 mA
reference value
(typical)
Power supply 27V 27V 27V 5V 5V

voltage (Vcc)

The IC current drain differ between products. Refer to the hardware manual published by

Hitachi for the corresponding products for details.
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3. Product Series and Supported Operating Modes

The following table lists the correspondence between the products in the H8/300L Series and

the operating modes supported. These operating modes differ slightly between products. Refer

to the hardware manual published by Hitachi for the corresponding product for details.

Operating
Mode

Product No.

Active
(High
Speed)

Active
(Medium
Speed)

Sleep
(High
Speed)

Sleep
(Medium
Speed)

Subactive

(ow/2)

Subactive

(ow/4)

Subactive|

(owi8)

Sub-
Sleep

Watch

Standby

H8/3612
H8/3613
H8/3614

H8/3712
H8/3713
H8/3714

H8/3723
H8/3724
H8/3725

H8/3726

H8/3753

H8/3754

H8/3812
H8/3813
H8/3814

H8/3834
H8/3836
H8/3837

H8/3875
H8/3876
H8/3877

H8/3924
H8/3925
H8/3926
H8/3927
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H8/3612, H8/3613, H8/3614

The H8/3614 Series microcomputers are
general purpose 8-bit microcomputers that
include an on-chip A/D converter in a
64-pin package.

The H8/3614 Series microcomputers
integrate, around an H8/300L CPU core, a
rich set of peripheral functions, including
16, 24, and 32 kbytes of ROM, 512, 1024,
and 1024 bytes of RAM, timers, two serial
communications interfaces, an A/D

converter, and I/O ports in a 64-pin

package. They provide an optimal structure for relatively small-scale systems.

Additionally, the H8/3614 Series includes a ZTAT™ (zero turn around time) version of the
HS8/3614 that allows users to freely write programs to the on-chip PROM.

Features

¢ 16, 24, and 32 kbytes of on-chip ROM

* 512, 1024, and 1024 bytes of on-chip RAM

¢ Five 8-bit multi-function timer channels

— Timer A: 8-bit interval timer or clock timer

— Timer B: 8-bit reload timer or event counter

— Timer C: 8-bit reload timer or event counter

— Timer D: 8-bit event counter

— Timer E: 8-bit reload timer

¢ Serial communications interface (two channels)

— SCI1: 8- or 16-bit clock synchronous transfers
— SCI2: 8-bit clock synchronous transfers (includes a 32-byte data buffer)

* 14-bit PWM (H8/3613 and H8/3614)

— Pulse divider technique used to reduce ripple

¢ A/D converter
— Resolution: 8 bits
— Eight analog voltage input channels

— Resistor ladder based successive approximations

— Sample-and-hold function
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I/O ports

— 1/O pins: 44 pins (of which six are PMOS open drain circuits)
— Input pins: 10 pins

Interrupts

— Internal interrupts: Nine interrupts

Low power states

— Sleep mode

— Standby mode

— Watch mode (when a 32 kHz subclock is used)

— Subactive mode (when a 32 kHz subclock is used)

Two independent on-chip clock oscillator systems

— System clock oscillator (oscillator frequency: 2 to 8.38 MHz)
— Subclock oscillator (oscillator frequency: 32.768 kHz)

Ordering Information

Product No. Package ROM
HD6433612P DP-64S Mask ROM
HD6433612H FP-64A

HD6433613P DP-64S Mask ROM
HD6433613H FP-64A

HD6433614P DP-64S Mask ROM
HD6433614H FP-64A

HD6473614P DP-64S PROM

HD6473614H FP-64A
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Block Diagram
- o —
OO | o) »
- DD L
<X 00 = |n: s
X
X = (_3 S
33 ° s cPU
8% o Ha/300L
@ o 20
@
P9o/PWM* <> RAM e+ P10/iRQo
P91/SCKy <> (512 or 1024 bytes) > P1/IRQy
POy/Sly <] T [ P14/iRQ
P9y/SO1 <+ o ROM ) S t+»> P15/IRQs/TMOE
POJSCKz <> § (either PROM or Timer A «— P1¢/EVENT
P95/SI,/CS < mask ROM) [«— P17
P9¢/SO2 <> (16, 24, or 32 kbytes) )
PO;/UD < Timer B > P8
> P84
P2y <> > P&
P2y <> Timer C ‘f:’ e P83
P2 < . & r—’ P84
P23 <> o Serial <> P8s
P2 S communications Timer D P8s
P24 a interface 1 P8
5 <+ <> P87
P2g <
P2; <> Timer E > PAo
Serial : > PA{
P4y <> communications > PA2
P4y <> interface 2 14-bit PWM* ‘é > PA3
P <> 2 S > PAs
P43 <+ O >  PAs5
P4; <> > PAg
Pds < A/D converter > PA7
Port 0
O~ a4 MO ¥ v O N
EEEEEEE 33
35883283 S
L o <<

Note: * The H8/3612 does not include an on-chip PWM.
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H8/3712, H8/3713, H8/3714

The H8/3714 Series microcomputers are
8-bit single chip microcomputers that can
directly drive vacuum fluorescent displays
(VFD).

The H8/3712, H8/3713, and H8/3714
microcomputers integrate, around an
HB8/300L CPU core, a rich set of peripheral
functions, including 16, 24, and 32 kbytes
of ROM, 384, 384, and 512 bytes of RAM,
a VFD (vacuum fluorescent display)

controller/driver, timers, two serial

communications interfaces, a 14-bit PWM, an A/D converter, and I/O ports. Since these
microcomputers include high breakdown voltage pins that can directly drive VFD panels,
they are particularly suited for use in applications that require VFD.

Additionally, the H8/3714 Series includes a ZTAT™ (zero turn around time) version of the
H8/3714 that allows users to freely write programs to the on-chip PROM.

Features

¢ 16,24, and 32 kbytes of on-chip ROM
* 384, 384, and 512 bytes of on-chip RAM
* VFD controller/driver
— Digit pins: 1 to 16 pins
— Segment pins: 1 to 24 pins (of which 8 also function as digit pins)
— Function supporting a variable number of display digits
— Eight level dimmer function '
* Five 8-bit multi-function timer channels
— Timer A: 8-bit interval timer or clock timer
— Timer B: 8-bit reload timer or event counter
— Timer C: 8-bit reload timer or event counter
— Timer D: 8-bit event counter
— Timer E: 8-bit reload timer
* Serial communications interface (two channels)
— SCI1: 8- or 16-bit clock synchronous transfers
— SCI2: 8-bit clock synchronous transfers (includes a 32-byte data buffer)
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H8/3712, H8/3713, H8/3714

14-bit PWM

— Pulse divider technique used to reduce ripple
A/D converter

— Resolution: 8 bits

— Eight analog voltage input channels

— Resistor ladder based successive approximations
— Sample-and-hold function

I/O ports

— High breakdown voltage I/O pins: 32 pins

— High breakdown voltage input pins: 1 pin

— Standard breakdown voltage I/O pins: 12 pins
— Standard breakdown voltage input pins: 9 pins
Interrupts

— External interrupts: Four interrupts (IRQg, IRQy, IRQ4, and IRQs)

— Internal interrupts: Ten interrupts

Low power states

— Sleep mode

— Standby mode

— Watch mode (when a 32 kHz subclock is used)

— Subactive mode (when a 32 kHz subclock is used)

Two independent on-chip clock oscillator systems

— System clock oscillator (oscillator frequency: 2 to 8.38 MHz)
— Subclock oscillator (oscillator frequency: 32.768 kHz)

Ordering Information

Product No. Package ROM
HD6433712P  DP-64S Mask ROM
HD6433712H  FP-64A

HD6433713P  DP-64S Mask ROM
HD6433713H  FP-64A

HD6433714P  DP-64S Mask ROM
HD6433714H  FP-64A

HD6473714P  DP-64S PROM
HD6473714H  FP-64A
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H8/3712, H8/3713, H8/3714

Block Diagram
QO DD o g
zx 883 ]
- 3
B ° f-
8% || °2 cPU
8% 5% Ha/300L
o o g o
w
P9o/PWM  <—» RAM (256, 384, or .
P91/SCKy <] 512 bytes) > P10/IRQo
P92/Sly <> > P14/IRQ4
P9y/SO1 <> @ ROM T [« P14IRQq
P94/SCK2 <+ S (either PROM or Timer A S [«> P15/IRQs/TMOE
P9/SI/ICS <> mask ROM) mer le—  P1¢/EVENT
P9s/SO2 <> (16, 24, or 32 kbytes) le— V 'Ei_;l\'/_;,_s'e'_'_’_,
P97/UD <> S | (et
o . Timer B <> | P6YFDOFSy!
|P50/F315' <> > | P61/FD1/FSe'
|P51/FS14' > :P62/FD2/F85:
.P52/FS13- - , ! © [¢* |P63/FDyFSy!
.P53/FS12' -« 2 Serial Timer C S |e> ! P64/FD4/FS3!
'P5JFS . S communications o 'P6 /FDs/FSy
' 1"y interface 1 >, 2,
.P55/FS10' <> , <> | P6/FDg/FS1 !
! P56/FSg | <> Timer D (> 'P?z’f?z/f_ss"
i P57/FSe'<-> -------
'_':.'_:'_'_ Serial > -P7o/FDs '
.P4o/FS1e' <> communications [ .P71/FD9 '
'P41/F317‘ <> interface 2 Timer E <> | P72/FD10'
-P42/FS18'<—> ol xP73/FD11'
.P43/FS19'<—> P & (> .P74/FD12'
-P44/F820'<—> £ (> -F’75/FD13'
{PA5/FSz1 ! <> VFD 14-bit PWM <> P7o/FDia;
lP46/FS22' > <> |P77/FDis!
-P47/F823' <>
A/D converter
Port 0
O ~ QAN M ¢ 0 © N~
£3%%%%%% Q0
SS333883 P
[« W « Wy o Wy o WY o WY s WY s W o 1R < <

" _-: High breakdown voltage pins
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H8/3723, H8/3724, H8/3725, H8/3726

The H8/3724 Series microcomputers are
8-bit single chip microcomputers that can
directly drive vacuum fluorescent displays
(VFD).

The H8/3723, H8/3724, H8/3725, and
H8/3726 microcomputers integrate, around
an H8/300L CPU core, a rich set of
peripheral functions, including 24, 32, 40,
and 48 kbytes of ROM, 384, 512, 640, and
1024 bytes of RAM, a VFD (vacuum

fluorescent display) controller/driver,

timers, two serial communications interfaces, a 14-bit PWM, an A/D converter, and I/O
ports. Since these microcomputers include high breakdown voltage pins that can directly
drive VFD panels, they are particularly suited for use in applications that require VFD.

Additionally, the H8/3724 Series includes ZTAT™ (zero turn around time) versions of the
H8/3724 and H8/3726 that allow users to freely write programs to the on-chip PROM.

Features

e 24,32, 40, and 48 kbytes of on-chip ROM
* 384, 512, 640, and 1024 bytes of on-chip RAM
* VFD controller/driver
— Digit pins: 1 to 16 pins
— Segment pins: 1 to 28 pins (of which 8 also function as digit pins)
— Function supporting a variable number of display digits
— Eight level dimmer function
* Five-8-bit multi-function timer channels
— Timer A: 8-bit interval timer or clock timer
— Timer B: 8-bit reload timer or event counter
— Timer C: 8-bit reload timer or event counter
— Timer D: 8-bit event counter
— Timer E: 8-bit reload timer
¢ Serial communications interface (two channels)
— SCI1: 8- or 16-bit clock synchronous transfers
— SCI2: 8-bit clock synchronous transfers (includes a 32-byte data buffer)
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H8/3723, H8/3724, H8/3725, H8/3726

14-bit PWM

— Pulse divider technique used to reduce ripple

A/D converter

— Resolution: 8 bits

— Eight analog voltage input channels

— Resistor ladder based successive approximations
— Sample-and-hold function

/0O ports

— High breakdown voltage 1/O pins: 36 pins

— High breakdown voltage input pins: 1 pin

— Standard breakdown voltage I/O pins: 24 pins

— Standard breakdown voltage input pins: 9 pins
Interrupts

— External interrupts: Six interrupts (IRQq to IRQs)
— Internal interrupts: Ten interrupts

Low power states

— Sleep mode

— Standby mode

— Watch mode (when a 32 kHz subclock is used)

— Subactive mode (when a 32 kHz subclock is used)
Two independent on-chip clock oscillator systems
— System clock oscillator (oscillator frequency: 2 to 8.38 MHz)
— Subclock oscillator (oscillator frequency: 32.768 kHz)

Ordering Information

Product No. Package ROM Product No. Package ROM
HD6433723H FP-80A Mask ROM HD6433726H FP-80A Mask ROM
HD6433723F FP-80B HD6433726F FP-80B

HD6433724H FP-80A Mask ROM HD6473724H FP-80A PROM
HD6433724F FP-80B HD6473724F FP-80B

HD6433725H FP-80A Mask ROM HD6473726H FP-80A PROM
HD6433725F FP-80B HD6473726F FP-80B
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H8/3723, H8/3724, H8/3725, H8/3726

Block Diagram
- o [
OO no o o
22 88 2 8 3
X
%5 35
$5 1|23 cry
POLPWM 23 s3 He/300L
° @ o > P1¢/IRQo
P91/SCKy < %) oW
> P14/IRQs -
P92/Sh <> <> P12/IRQ;
2
P:";’iﬁ‘ “* = RAM (384,512,640, || = l«> P15iRQs
o0 gl L > a or 1024 bytes) S le> P14iRQs
5/SI/CS <> e+ P15/IRQs/TMOE
P9s/SO2 < ROM le— P1g/EVENT
P97/UD <> (either PROM or Ti A PioNae
------- mask ROM) imer ' et -"_15‘3_-_--'
-:’:ojigw' > (24, 32, 40, or 48 kbytes) . .;{50,,;0;,,:37' .
1P51/FS14 ) <
|P52/FS131 <> : D |P61/FD'/FSG|
' P5yFS ! 0 Timer B > :P62/FD2/FS5:
:P54/FS:3'<—> g < | POIFDYFSa
$ [« !P64/FD4/FS3!
.P55/FS10' - o ! '
' P561F39'<—> Serial Timer C <> |P65/FDs/FSs
: P57/FSen - communications (> | P66/FDe/FS1 |
PRl interface 1 > 'f’?z/_F_Dz/_F So!
-P4o/FS1e'<—> -------
.P41/FS17: - Timer D > -:’;05::38 '
.P42/FS1a'<—> ; T o
! < Serial > ,p72/FD10.
.P43/FS19 - e communications ™~ e .P73/FD11-
-P44/F820'<—’ & interface 2 Timer E 5 leos
PAs/FSz1 | <> < {P74FDiz)
.P46/F8221 - > -P75/FD13'
.P47/F323' <> L. IEZG;:—:SM:
------------- oS,
|P30/F324| <> VFD 14-bit PWM
'P31/F325' <> ::go
1P3o/FSo6! < " Po.
® > P8
P3PSz | <> Q le> P8;
B AD € [ P
converter <> P85
e P8g
> P87
Port A Port 0
$F £8283%8% ,
SE5553%% 83
Sc0oo0ooo0co0o0oc ==
[ W o Wy o T s WY o WY « W a WY < TR < <

7\ High breakdown voltage pins
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H8/3753, H8/3754

The H8/3754 Series microcomputers are
8-bit single chip microcomputers that can
directly drive vacuum fluorescent displays
(VFD).

The H8/3753 and H8/3754 microcomputers
integrate, around an H8/300L CPU core, a
rich set of peripheral functions, including
24 and 32 kbytes of ROM, 1024 bytes of
RAM, a VFD (vacuum fluorescent display)
controller/driver, timers, two serial

communications interfaces, a 14-bit PWM,

an A/D converter, and I/O ports. Since these microcomputers include high breakdown
voltage pins that can directly drive VFD panels, they are particularly suited for use in
applications that require VFD.

Additionally, the H8/3754 Series includes ZTAT™ (zero turn around time) versions of the
H8/3726 that allow users to freely write programs to the on-chip PROM.

Features

* 24 and 32 kbytes of on-chip ROM
* 1024 bytes of on-chip RAM
* VFD controller/driver
— Digit pins: 1 to 16 pins
— Segment pins: 1 to 28 pins (of which 8 also function as digit pins)
— Function supporting a variable number of display digits
— Eight level dimmer function
¢ Five 8-bit multi-function timer channels
— Timer A: 8-bit interval timer or clock timer
— Timer B: 8-bit reload timer or event counter
— Timer C: 8-bit reload timer or event counter
— Timer D: 8-bit event counter
— Timer E: 8-bit reload timer
* Serial communications interface (two channels)
— SCI1: 8- or 16-bit clock synchronous transfers
— SCI2: 8-bit clock synchronous transfers (includes a 32-byte data buffer)
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H8/3753, H8/3754

* 14-bit PWM

— Pulse divider technique used to reduce ripple

* A/D converter
— Resolution: 8 bits
— Eight analog voltage input channels

— Resistor ladder based successive approximations

— Sample-and-hold function
¢ T1/O ports

— High breakdown voltage I/O pins: 36 pins

— High breakdown voltage input pins: 1 pin

— Standard breakdown voltage I/O pins: 24 pins

— Standard breakdown voltage input pins: 9 pins

¢ Interrupts

— External interrupts: Six interrupts (IRQg to IRQs)

— Internal interrupts: Ten interrupts

* Low power states

— Sleep mode
— Standby mode
— Watch mode (when a 32 kHz subclock is used)

— Subactive mode (when a 32 kHz subclock is used)

* Two independent on-chip clock oscillator systems

— System clock oscillator (oscillator frequency: 2 to 8.38 MHz)

— Subclock oscillator (oscillator frequency: 32.768 kHz)

Ordering Information

Product No. Package ROM
HD6433753H FP-80A Mask ROM
HD6433753F FP-80B

HD6433754H FP-80A Mask ROM
HD6433754F FP-80B

HD6473726H FP-80A PROM
HD6473726F FP-80B
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HS8/3753, H8/3754

Block Diagram
6 g ('I_) (2] I3 w
- DD
2 38 gl 8 3
]
4 \o- 2 —
$£s || 23 cPU
— £7% 5% H8/300L
oo 20 e P1¢/IRQo
P91/SCKy <] & IRQo
P92/Sly < > P14/IRQy
2 e P12/IRQ;
PoySOr <> ¢ = v PryRGS
P94/SCKy <> & RAM (1024 bytes) g s
K2 S le> P1JiRQs
P95/SI,/CS <] LS
P96/SOp <> ROM <> P15/IRQs/TMOE
. le— P16/EVENT
P97/UD <> (either PROM or Timer A PG T
—P-SI)/_F-S_- mask ROM) imer '---7- -dl—se——-l
1P || OA Ay LAy — T 2 e Emmsms i
PSFSIe] <o (24 or 32 kbytes) <> | PEO/FDOFS; !
-P52/FS13: > . > 'P61/FD1/F33-
-P53/FS12|<—> © Timer B > | P6/FD/FSs!
5 © le> !'P63/FDyFSs!
|P54/FS11 ' <> g 5 1
cP55/FS10'<—> o (¢ :P64/FD4/FS3:
. ]
' P55/FSg~<—> Serial Timer C <> ! P65/FDs/FSz!
' P57/FSa-<~> communications > | P66/FDe/FS1 !
'_ T '_ interface 1 > 'P_GZ/f_DZ/_F_Sg-
.P40/FS16' D 2n = [ [ SS— R I ma ISR alvttts 1
-P41/FS17' <> Timer D <> :P70/FDQ '
.P42/FS13 | <> : 'P71/F09 \
sl ¥ Serial <> | P72/FDio}
'P43/FS19' © communications ~ les .P73/FD1 1,
:P44/F320 e S interface 2 Timer E 5
.P45/F521'<—> g 'P74/FD12'
> P75/FD13'
1P4g/FSpp 1 <> '
oFSe, | P7g/FD14|
-P47/F523' <> 'P7-/FD !
_____________ 1P 77/FD1s)
|P30/F324 [ VFD 14-bit PWM P
'P31/F825 | > Pgo
:P32/FS26: > > P81
1P33/FSa71 <> D 2
\P3/FS2r 5 2l Pao
o [ P84
A/D converter «> P85
P87
Port A Port 0
g gzzPiziz g,
SSIS533%X 88
OC00O000O00 ==
ocoaoaoaocaoaoa <<

|-

i___ _\ High breakdown voltage pins
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HS8/3812, H8/3813, H8/3814

The H8/3814 Series microcomputers are
8-bit single chip microcomputers that can
directly drive liquid crystal display (LCD).

The H8/3812, H8/3813, and H8/3814
microcomputers integrate, around an
H8/300L CPU core, a rich set of peripheral
functions, including 16, 24, and 32 kbytes
of ROM, 512 bytes of RAM, an LCD
(liquid crystal display) controller/driver,

timers, two serial communications

interfaces, an A/D converter, and I/O ports.
These products are particularly suited for use as the embedded microprocessor in
applications that require LCD.

Additionally, the H8/3814 Series includes a ZTAT™ (zero turn around time) version of the
H8/3834 that allows users to freely write programs to the on-chip PROM.

Features

* 16, 24, and 32 kbytes of on-chip ROM
* 512 bytes of on-chip RAM
* LCD controller/driver
— Forty segment pins and four common pins built in
— Four duty ratios: Static, 1/2, 1/3 and 1/4
— External segment expansion (however, only with static and 1/2 duty)
— Segment pins: Can be switched to be used as general purpose port pins in 4-pin units
¢ Three 8- and 16-bit multi-function timer channels
— Timer A: 8-bit interval timer or clock timer
— Timer F: 16-bit output compare timer or event counter
— Timer G: 8-bit interval timer or input capture timer
¢ Serial communications interface (two channels)
— SCI1: 8- or 16-bit clock synchronous transfers
— SCI3: 8-bit clock synchronous/asynchronous transfers (includes a multi-processor
communications function)
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H8/3812, H8/3813, H8/3814

* A/D converter
— Resolution: 8 bits
— Twelve analog voltage input channels
— Resistor ladder based successive approximations
— Sample-and-hold function
* 1/0O ports
— VO pins: 71 pins
— Input pins: 13 pins
¢ Interrupts
— External interrupts: 13 interrupts (IRQq to IRQy, and WKP, to WKP7)
— Internal interrupts: 16 interrupts
* Low power modes
— Sleep mode
— Standby mode
— Watch mode
— Subsleep mode
— Subactive mode
— Active (medium speed) mode
¢ Two independent on-chip clock oscillator systems
— System clock oscillator (oscillator frequency: 1 to 10 MHz)
— Subclock oscillator (oscillator frequency: 32.768 kHz)

Ordering Information

Product No. Package ROM
HD6433812H FP-100B Mask ROM
HD6433812F FP-100A

HD6433813H FP-100B Mask ROM
HD6433813F FP-100A

HD6433814H FP-100B Mask ROM
HD6433814F FP-100A

HD6473834H FP-100B PROM

HD6473834F FP-100A
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HS8/3812, H8/3813, H8/3814

Block Diagram
- oo =
00 w0 Q0 [)] 8
38 g 5888 WES M
S >e— Vy
N R 8 R TR R N |- - DAV
P1o/TMOW <> 5 Q™ Vs
P11/TMOFL <> S5 55 cPU
P12/TMOFH <> e 5 S
o STMIG < ™ §5 8% H8/300L < PAg/COMa4
P1 5 2 o ? o £ [« PA2/COM3
P15/IH_Q: gl n £ [+ PA{/COM2
il e PA/COM1
P1¢/IRQz <>
i = B || ES R
P20/IRQ4/ADTRG <+ mask ROM
i (16, 24, or 32 kbytes) (512 bytes) <> P95/SEG38/DO
P2, 2 > P94/SEG37/M
P2; : & [*> P93/SEGazs
P24 n? <> P9>/SEG3s
P25 &> P91/SEG34
P26 [« P99 /SEGa33
Timer A
P27 <> LCD e P87/SEGa2
P30/SCK1 ] > P8g/SEG31
P34/l © > P85/SEG30
P3,/SO; € &> P84/SEG29
P33 ™ o [«> PB83/SEG2s
P3; <> S Serial > P82/SEG27
P35 < o Timer F communications :——: P81/SEG26
P3e interface 1 P80 /SEG 25
P37 < P77/SEG24
] > P75/SEG23
P4/SCKs <> <> P75/SEG22
P4URXD <> 3 Serial N > P74/SEGzi
P4/TXD <> g Timer G communications S le» P7s/SEG
s a 3 20
P43/IRQp —» interface 3 le—>  P72/SEG1g
P5o/WKPo/SEG1 <> P71/5EG 18
P51/WKPY/SEG2 <] FTo/SEGy
P52/WKP2/SEG3 <> P67/SEG1s
P53/WKP3/SEG4s <« lg A/D converter <> PBs/SEG1s
P54/ WKP4/SEGs <> 8 > P65/SEG14
P55/WKPs/SEGg < L [«> P64/SEG13
P5¢/WKPs/SEG7 < £ (> P63/SEG12
P57/ WKP7/SEGs <+ Port B Port C > P62/SEG11
T TR TIIT | RS e
88 £22%2%%2% £4%:2
z< 3TV IBDIRE oI
OO0 D SO SO
cooooaaa gEQ9
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H8/3834, H8/3836, H8/3837

The H8/3834 Series microcomputers are
8-bit single chip microcomputers that can
directly drive liquid crystal display (LCD).

The H8/3834, H8/3836, and H8/3837
microcomputers integrate, around an
H8/300L CPU core, arich set of peripheral
functions, including 32, 48, and 60 kbytes
of ROM, 1, 2, and 2 kbytes of RAM, an
LCD (liquid crystal display) controller/

driver, timers, three serial communications

interfaces, a 14-bit PWM, an A/D converter, and I/O ports.
These products are particularly suited for use as the embedded microprocessor in
applications that require LCD. '

Additionally, the H8/3834 Series includes ZTAT™ (zero turn around time) versions of the
H8/3834 and H8/3837 that allow users to freely write programs to the on-chip PROM.

Features

* 32,48, and 60 kbytes of on-chip ROM
¢ 1,2, and 2 kbytes of on-chip RAM
¢ LCD controller/driver
— Forty segment pins and four common pins built in
— Four duty ratios: Static, 1/2, 1/3 and 1/4
— External segment expansion
- — Segment pins: Can be switched to be used as general purpose port pins in 4-pin units.
* Five 8- and 16-bit multi-function timer channels
— Timer A: 8-bit interval timer or clock timer
— Timer B: 8-bit reload timer or event counter
— Timer C: 8-bit reload timer or event counter
— Timer F: 16-bit output compare timer or event counter
— Timer G: 8-bit interval timer or input capture timer
* Serial communications interface (three channels)
— SCI1: 8- or 16-bit clock synchronous transfers
— SCI2: 8-bit clock synchronous transfers (includes a 32-byte data buffer)
— SCI3: 8-bit clock synchronous/asynchronous transfers (includes a multi-processor
communications function)
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H8/3834, H8/3836, H8/3837

14-bit PWM

— Pulse divider technique used to reduce ripple.
A/D converter

— Resolution: 8 bits

— Twelve analog voltage input channels

— Resistor ladder based successive approximations
— Sample-and-hold function

I/0 ports

— I/O pins: 71 pins

— Input pins: 13 pins

Interrupts

— External interrupts: 13 interrupts (IRQq to IRQy4, and WKP to WKP7)
— Internal interrupts: 20 interrupts

Low power modes

— Sleep mode

— Standby mode
— Watch mode
— Subsleep mode

— Subactive mode

— Active (medium speed) mode

* Two independent on-chip clock oscillator systems

— System clock oscillator (oscillator frequency: 1 to 10 MHz)

— Subclock oscillator (oscillator frequency: 32.768 kHz)

Ordering Information

Product No. Package ROM Product No. Package ROM
HD6433834H FP-100B Mask ROM HD6473834H FP-100B PROM
HD6433834F FP-100A HD6473834F FP-100A
HD6433836H FP-100B Mask ROM HD6473837H FP-100B PROM
HD6433836F FP-100A HD6473837F FP-100A
HD6433837H FP-100B Mask ROM

HD6433837F FP-100A
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H8/3834, H8/3836, H8/3837

Block Diagram
- o '_.
0 Q an 0o |[¥n -
[/ 7] - w [a)
88 g2 3888 [gg 5
S > V,
bEout badd by (R
P1o/TMOW <> ¥ _ Qe Vs
P11/TMOFL <> e 38 cPU
<> £ S =
P12/TMOFH - Eg 8% H8/300L > PAy/COM4
PlyTMiG <> & || 32 | | 38 T le> PAyCOMs
:u/;ﬁ/g <«>a || @ € [« PA/COM2
P1s/IRQy > > PAYCOM1
P1¢/IRQ2/TMIC <>
P1IRGUTMIF <>|__| FOM P97/SEG40/CLs
P20/IRQ4/ADTRG <+ (PROM or mask ROM) - gg”f(b o5 zgegig”;gg
P2,/UD < (32, 48, or 64 kbytes) (1.2 y ® 5/SEGas,
P> = P94/SEG37/M
P2 ~ o P93/SEGa3e
3
P2, <> & P92/SEG3s
i
P2 <> Timer A LCD 0/SEA3d
P27 <> P87/SEGa2
P30/SCKy <> Serial P86/SEGa1
P31/Sli <> Timer B communications © P85/SEGso
P32/SO1 <> interface 1 £ P84/SEG29
P3y/SCKz <> © a P83/SEG28
P34/Slz <> & Serial P82/SEGz7
<> Timer C communications P81/SEG2s
P35/S0z interface 2
P3¢/STRB <> » P80 /SEG25
s <] o e
Timer F communications 6 23
P4o/SCKs < interface 3 [+ P7s/SEG2
':‘;/ﬁ;((g - T [« P74/SEGz:
/TXD < o o [«» P73/SEG2o
P4a/IRQo > Timer G 14-bit PWM > P72/SEG1g
p— le—> P7,/SEG
P50/WKRo/SEG| <>} P7:>/SEG11:
P51/WKP1/SEG2 <
P52/WKP2/SEG3 <> > P67/SEG16
P53/WKPy/SEGs <> 2 A/D converter <> P66/SEG1s
P54/WKP4/SEGs <> @ o [ PBs/SEG1s
P55/ WKP5/SEGs :: T [«*> PG64/SEG
>
P5¢/WKPs/SEG7 Port B Port C o P63/SEG 12
P57/ \WKP7/SEGs <+ > P62/SEG1
FETTTTTE 10| [ povssow
S48 22zz2zz2zz2 zZzzZ33
S LTI 2223
<= FEdRIBEE SO e
[ W s W s W T s W s W s T s Y (d)_ 8 &) &)
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HS8/3875, H8/3876, H8/3877

The H8/3877 Series microcomputers are
8-bit single chip microcomputers that can
output tones of arbitrary frequencies.

The H8/3875, H8/3876, and H8/3877
microcomputers integrate, around an
H8/300L CPU core, a rich set of peripheral
functions, including 40, 48, and 60 kbytes
of ROM, 2 kbytes of RAM, a DTMF (dual
tone multi-frequency) generator, a multi-

tone generator, an LCD (liquid crystal

display) controller/driver, timers, two serial

communications interfaces, an A/D converter, and I/O ports. These products are particularly
suited for use as the embedded microprocessor in applications that require LCD and tone
generation.

Additionally, the H8/3877 Series includes a ZTAT™ (zero turn around time) version of the
H8/3877 that allows users to freely write programs to the on-chip PROM.

Features

* 40, 48, and 60 kbytes of on-chip ROM
¢ 2 kbytes of on-chip RAM
* DTMF generator
— Tone dialing oscillator clock: 1.2 MHz to 10 MHz in 400 kHz increments
* Multi-tone generator
— Arbitrary frequency and arbitrary waveform output (40 Hz to 4 kHz when a 10 MHz clock
oscillator is used)
* LCD controller/driver
— Fifty two segment pins and four common pins built in
— Four duty ratios: Static, 1/2, 1/3 and 1/4
— External segment expansion (however, only with static and 1/2 duty)
— Segment pins: Can be switched to be used as general purpose port pins in 4-pin units.
* Three 8- and 16-bit multi-function timer channels
— Timer A: 8-bit interval timer or clock timer
— Timer F: 16-bit output compare timer or event counter
— Timer G: 8-bit interval timer or input capture timer

Hitachi 73



H8/3875, H8/3876, H8/3877

Serial communications interface (two channels)

— SCI1: 8- or 16-bit clock synchronous transfers

— SCI3: 8-bit clock synchronous/asynchronous transfers (includes a multi-processor
communications function)

A/D converter

— Resolution: 8 bits

— Eight analog voltage input channels

— Resistor ladder based successive approximations (AV ¢ pin is provided)

— Sample-and-hold function

1/0 ports

— I/O pins: 72 pins

— Input pins: 8 pins

Interrupts

— External interrupts: 14 interrupts (NMI, IRQg to IRQy, and WKP, to WKP-)

— Internal interrupts: 17 interrupts

Low power modes

— Sleep mode

— Standby mode

— Watch mode

— Subsleep mode

— Subactive mode

— Active (medium speed) mode

Two independent on-chip clock oscillator systems

— System clock oscillator (oscillator frequency: 1 to 10 MHz)

— Subclock oscillator (oscillator frequency: 32.768 kHz)

Ordering Information
Product No. Package ROM
HD6433875H FP-100B Mask ROM

HD6433876H FP-100B

HD6433877H FP-100B

HD6473877H FP-100B PROM
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HS8/3875, H8/3876, H8/3877

Block Diagram
b g3
w0 Q0 [
s DD -
98388 BEE 23 e
P1o/TMOW <>
P14{/TMOFL <> ¢ ‘ ‘ ¢ ‘ ¢ ‘ l T ‘ T -
P12/TMOFH <> ¥ 2 >le— vy
1/TMIG <> T $5 || 88 ||R8k—
i P1(f<—>§ chu e5 || g2 ‘§§+— ve
3 s 3
P1siRQ <> H8/300L 23 38|18
P1e/RQz < @ PAy/COM
P17//RQ3/TMIF <+ ¢
E [ PA2/COM3
P20/IRQ4/ADTRG <+ & <> PAYCOM:
P2ySCK; <> ROM RAM e PAy/COM1
P24Sl| <> (PROM or mask ROM) (2 kbytes) p—
P2/SO1 <> & || (40,48, 0r 60 kbytes) «—>  PE3/SEGs2/CLy
P24/SCKs <> S g > PE2/SEGs51/CL2
P25/RXD <« & [*+*> PE1/SEGso/DO
P26/TXD <> > PEo/SEG4s/M
P27/RQy <> ;"__ﬂ
&> PD7/SEG4s
P50/ WKP)/SEG1 <> Timer A LCD le—> PDg/SEG
P51/WKP1/SEG2 <> le—> oo -
P52/WKP2/SEGs <> o [oy Piecas
PSJ/WKPS/SEGy <l 5 les ey
P5J/WKPy/SEGs <> S i P Poa/SEGa
P55/WKP5/SEGs <> Sora L pouSEGus
P5¢/WKPs/SEG7 <> , plie > PDy/SEGL
P57/ WKPH/SEGs Timer F oorlrm;#:ggtzons PDo /SEG 41
> P97/SEG40
P60/SEGy < > P9s/SEG3g
P61/SEG10 <> > P95/SEGag
P62/SEG1; <> T |e> P94/SEGH
P63/SEG12 < e Serial & le> P93/SEGas
P64/SEG13 <> & Timer G communications > P9y/SEGas
PB5/SEG14 <] interface 3 > P93 /SEGa4
P66/SEG15 < &> P9 /SEG
P67/SEG1s <> ° ®
<> P87/SEG
P70/SEG17 <> DTMF - e PBZ/SEG:‘:
P71/SEG1s <> A/D converter generator le—> P85/SEGa0
P72/SEG1g < 2 le> P84/SEG
~ 5 4 2
P73/SEG20 < = ) ® |«> P8y/SEG
P7./SEG <] B Multi-tone o 3 28
4 21 a > PB82/SEG
Port B generator 2 27
P75/SEG22 < [« P81/SEG2¢
P76/SEG23 <> [
P77/SEG24 < T T T T T T T T l l PBo/S8Gzs
59 SZS832£25 o=
RSk S Wi
5§ S8ss8sss o3¢
OO0 @OMm®OMD (e}
aaooQnoaa [~
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H8/3924, H8/3925, H8/3926, H8/3927

The H8/3927 Series microcomputers are
8-bit single chip microcomputers that
provide an on-chip D/A converter.

The H8/3924, H8/3925, H8/3926, and
H8/3927 microcomputers integrate, around
an H8/300L CPU core, a rich set of
peripheral functions, including 32, 40, 48,
and 60 kbytes of ROM, 1 kbyte of RAM, a
D/A converter, timers, a 14-bit PWM, two
serial communications interfaces, an A/D

converter, and I/O ports. These products
are particularly suited for use as the embedded microprocessor in applications that require
the control of analog signals.

Additionally, the H8/3927 Series includes a ZTAT™ (zero turn around time) version of the
H8/3927 that allows users to freely write programs to the on-chip PROM.

Features

32,40, 48, and 60 kbytes of on-chip ROM
¢ 1 kbyte of on-chip RAM
¢ D/A converter
— Resolution: 8 bits
— Four analog voltage output channels
— 8-bit D/A conversion based on a R-2R technique
¢ Ten 8- and 16-bit multi-function timer channels
— Timer A: 8-bit interval timer or clock timer
— Timer B: 8-bit reload timer or event counter
— Timer B,: 8-bit reload timer
— Timer Bj: 8-bit reload timer
— Timer C: 8-bit reload timer or event counter
— Timer E: 8-bit reload timer
— Timer V: 8-bit timer or event counter
— Timer X: 16-bit timer or event counter
— Timer Y: 16-bit reload timer or event counter
— Watchdog timer: Generates a reset signal on the overflow of an 8-bit counter.
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H8/3924, H8/3925, H8/3926, H8/3927

Serial communications interface (two channels)

— SCI1: 8- or 16-bit clock synchronous transfers

— SCI2: 8-bit clock synchronous transfers (includes a 32-byte data buffer)
A/D converter

— Resolution: 8 bits

— Eight analog voltage input channels

— Resistor ladder based successive approximations

— Sample-and-hold function

I/0 ports

— /O pins: 56 pins (of which 8 are real time output ports)

— Input pins: 12 pins

Interrupts

— External interrupts: 13 interrupts (NMI, IRQ to IRQ3, and INT, to INT7)
— Internal interrupts: 23 interrupts

Low power modes

— Sleep mode (high speed)

— Sleep mode (medium speed)

— Standby mode

— Watch mode

— Subsleep mode

— Subactive mode

— Active (medium speed) mode

Two independent on-chip clock oscillator systems

— System clock oscillator (oscillator frequency: 1 to 10 MHz)
— Subclock oscillator (oscillator frequency: 32.768 kHz)

Ordering Information

Product No. Package ROM
HD6433924F FP-80B Mask ROM
HD6433925F FP-80B Mask ROM
HD6433926F FP-80B Mask ROM
HD6433927F FP-80B Mask ROM
HD6473927F FP-80B PROM
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H8/3924, H8/3925, H8/3926, H8/3927

Block Diagram
= XY S
29 |Blsl6q 23
RS I% |§ |E = 00 < R
3
o5 X ‘6
CPU °g || &=
H8/300L Es || 8%
IR K]
(%)
le—> P87
<> P8g/FTID
<+ P8s5/FTIC
ROM RAM ‘3 > P84/FTIB
P10/ TMOW <> (PROM or mask ROM) (1 kbyte) S [+ P8a/FTIA
P1{/TMOE <> (32, 40, 48, or 60 kbytes) <> P82/FTOB
P12/UD <> <> P81/FTOA
P13/TMIC < ; > P8 /FTCI
P14/PWM <> 9 Serial
P1s/IRQ; <> Timer A communications > P77
P1¢iR0s <> interface 1 > P7/TMOV
P17/IRQs/TRGY <+ Serial ~ <> P75/TMCIV
Timer B4 communications £ [** P74/TMRIV
P30/SCK1 <> interface 2 g +*> Pls
P31/Sl1 < > P72
P32/SO1 <> > P7
Timer B 1
P3ySCKe <> 2 Timer X N )
P34/Slz <> §
P35/SOz < . . P67/RP7
P3y/STRB Timer By Timer Y P66 /RPg
P37/CS < P6s/RPs
— : ‘g P64/RP4
P4y <> Timer C Timer V g P63/RP3
P41 <> P62/RP2
P42 <> P61/RP1
Pds <> I Timer E P6o/RPo
P44 <> 2 JE—
Pds <>l 14-bit PWM <> P5;/INT7/TMIY
‘P4g <> Watchdog timer <> PSs/INTe/TMIB
‘g > P54/INT4
| § [+ P5/iNTs
A/D converter D/A P62/INTz
| converter <> P5./INTy
[« P50/INTo
Port B PortC
O - NN M < 0 O N -
a = <
8 ZZzzzzz3z 383838
< 35itsfis 5608
chaacanan P99
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Peripheral Functions

1. Timers

The H8/300L Series microcomputers provide on-chip timers that are optimal for application

embedded microcontrollers. A wide variety of functions are supported by the H8/300L Series

timers, including reload, event counting, compare match, and capture functions.

Timer Functions

Clock

16-Bit
Reload

8-Bit
Reload

16-Bit
Event

8-Bit
Event

8-Bit
Up/Down

16-Bit
Compare

8-Bit
Compare

16-Bit
Capture

8-Bit
Capture

Watchdog

Timer A

Timer B

Timer C

Timer D

Timer E

Timer F

Timer G

Timer V

Timer X

Timer Y

Watchdog
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Peripheral Functions

Timer A

This version of timer A is included in the H8/3614 Series, the H8/3714 Series, the H8/3724
Series, and the H8/3754 Series microcomputers.

Function: Timer A is an 8-bit interval timer that can also be used as a clock time base.

Features: ¢ The timer A clock can be selected from eight internal clock frequencies
(9/8192, /4096, ¢/2048, 3/512, 8/256, ¢/128, ¢/32, and ¢/8).

* Four overflow periods (2, 1, 0.5, and 0.125 seconds when used at 32.768 kHz)

available when used as a clock time base.

¢ Generates a counter overflow interrupt.

Block Diagram

ow/8

ow (32 kHz) —» 1/8

System clock @ ———————————»

<Notation>
TMA:  Timer mode register A
TCA: Timer counter A

clock.

>

Prescaler W TMA
2]
3
el
S
BW/256 3
> TCA I » g
g
/8192, 3/4096, ol x| Bl b =
/2048, 0/512, /256, | 2| 3| S| &
/128, 2/32, 0/8 L IR I
A Y
Prescaler S
N
IRRTA

IRRTA: Timer A overflow interrupt request flag

2. This figure shows the Timer A circuit used in the H8/3724.

Notes: 1. * These can only be selected when the prescaler W output (2,,/256) is used as the TCA input

80 Hitachi




Peripheral Functions

Timer A

This version of timer is included in the H8/3814 Series, the H8/3834 Series, the H8/3877
Series, and the H8/3927 Series microcomputers.

Function: Timer A is an 8-bit interval timer that can also be used as a clock time base.

Features: e+ The timer A clock can be selected from eight internal clock frequencies
(9/8192, ¢/4096, /2048, @¢/512, /256, ¢/128, ¢/32, and ¢/8). v
* Four overflow periods (2, 1, 0.5, and 0.125 seconds when used at 32.768 kHz)
available when used as a clock time base.
* Generates a counter overflow interrupt.
* A clock with one of eight periods (¢/32, ¢/16, ¢/8, ¢/4, ¢w/32, dw/16, Bw/8,
and @gw/4) can be output from the TMOW pin.

Block Diagram
ow/4
oy (32 kHz)—>» 1/4 Prescaler W TMA

| 3
<aw/32, aw/a,> 2
. ow/16, ow/4 o256 3
lock output §
TMOW TCA | 3
0132, 08, 0/8192, 3/4096, ol % =

/16, 8/4 8/2048, 8/512, 6/256, | %H| S| N &

/128, 0/32, 0/8 R

\ B \ AR

System clock & Prescaler S Qﬁi’ NP
IRRTA

<Notation>

TMA: Timer mode register A

TCA: Timer counter A

IRRTA: Timer A overflow interrupt request flag

Notes: 1. * These can only be selected when the prescaler W output (2\/128) is used as the TCA input
clock.
2. This figure shows the Timer A circuit used in the H8/3834.
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Peripheral Functions

Timer B

Function: Timer B is an 8-bit up/down counter that supports two operating modes, namely

free-running mode and auto-reload mode.

Features: < The timer B clock can be selected from seven internal clock frequencies or an
external clock. (It can also be taken from external event input.)

Generates a counter overflow interrupt.

Block Diagram

Seven internal clock periods

)

[}
3
Q
8
System clock @ ——»{ Prescaler S °
[}
£
2
External event () T8 1 =
input N \/
<Notation>
TMB:  Timer mode register B IRRTB
TCB:  Timer counter B
TLB:  Timer load register B
IRRTB: Timer B overflow interrupt request flag
Timer B Internal Clock Periods
External
Product Series /8192 | 8/4096 | ©/2048 | ©/1024 |0/512|0/256 |0/128| 0/64 | /32 | 0/16 | ©/8 | o/4 | ©/2 Event
Input
H8/3614 Series
H8/3714 Series
B [ ] [ ] [ ] [ ] [ ] [ ] [ ] Supported
H8/3724 Series
H8/3754 Series
H8/3814 Series
H8/3834 Series | B [ ] [ ® [ ] [ ) [ ] [ ] Supported
H8/3877 Series
By [ [ [ ] Supported
H8/3927 Series | B, sup’;g}ted
Not
Bs b g supported

82 Hitachi




Peripheral Functions

Timer C

Function: Timer C is an 8-bit up/down counter that supports two operating modes, namely
free-running mode and auto-reload mode.

Features: ¢ Can be switched between functioning as an up counter and as a down counter.
¢ The timer C clock can be selected from one of seven internal clocks or an
external clock. (It can also function as an external event counter.)

¢ Generates a counter overflow interrupt.

Block Diagram

>

Systemclocke =~ ——»{ Prescaler S ™C

Seven internal clock periods

UD (up/down counter O
switch)

External event input

Seven internal clock periods

ow ——»| Prescaler W

_[_ < Internal data bus

<Notation> RRTC

TMC: Timer mode register C

TCC:  Timer counter C

TLC:  Timer load register C

IRRTC: Timer C overflow interrupt request flag

Timer C Internal Clock Periods

External

Product Series /8192 | 0/4096 | 2/2048 | /1024 | 0/512|0/256 | 0/128| 0/64 |2/32| 0/160/8| 0/4|a/2 | oW/4| Event
Input

H8/3614 Series
H8/3714 Series
[} [ [} [} [ ] [} [ J [ J Supported
H8/3724 Series )

H8/3754 Series

H8/3814 Series
H8/3834 Series
c| o ) ° ° ° ° @ | Supported
H8/3877 Series

H8/3927 Series
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Peripheral Functions

Timer D

Function: Timer D is an 8-bit event counter that is incremented by an external event signal.

Features: * Can be set to count either rising or falling edges of the external signal.

* Generates a counter overflow interrupt.

Block Diagram
[}
TMD a

S
']
©
E

External event input TCD 2

<Notation> —>IRRTD

TMD:  Timer mode register D

TCD: Timer counter D

IRRTD: Timer D overflow interrupt request flag
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Peripheral Functions

Timer E

Function: Timer E is an 8-bit timer that is incremented by an input clock and has two

operating modes, namely free running mode and auto-reload mode.

Features:

The timer E clock can be selected from eight internal clock frequencies

(9/8192, /4096, ¢/2048, 3/512, 3/256, ¢/128, ¢/32, and @/8).

* Generates a counter overflow interrupt.

« Supports output of a fixed frequency 50% duty signal using the prescaler

divisor.

When ¢ is 5 MHz: 2.45 kHz or 4.9 kHz
When ¢ is 2 MHz: 0.98 kHz or 1.95 kHz

* Supports output of a 50% duty arbitrary frequency square wave signal using
either the overflow signal or the prescaler S signal.

Block Diagram

TME

>

System clock @ —»| Prescaler S

<Notation>

TME: Timer mode register E
TCE: Timer counter E

TLE:  Timer load register E

IRRTE: Timer E overflow interrupt request flag

(%]
a
TCE ©
v ]
©
(=
5
v =
TLE
——— > IRRTE
TMO output
latch

Hitachi 85



Peripheral Functions

Timer E Overflow Based Output Waveform

Timer E value of HFF

TLE value
(The auto-reload function
is enabled)

TMOE output waveform

Timer E interrupt requests

/ Counter clear
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Peripheral Functions

Timer F

Function: Timer F is a 16-bit timer that, in addition to supporting external event counting,
also supports functions such as counter reset in response to a compare match
signal, interrupt requests, and toggle output. It can also function as two
independent 8-bit timers.

Features: + The timer F clock can be selected from four internal clock frequencies (g¢/32,
@/16, ¢/4, and ¢/2) and an external clock.
* The counter can be reset from a single compare match signal.
* Interrupts: One compare match interrupt and one overflow interrupt.
* Can be used as two independent 8-bit timers, timer FL and timer FH.

Block Diagram
System ——»{ Prescaler S > IRRTFL
clock @
N\
M le
] TCRF
External O ) TCFL
event input
Toggle
TMOFL O cirouit Comparator
(7]
" 3
Q
©
he
©
£
Q
TCFH e
Toggle N
TMOFH circuit Comparator » Match
OCRFH ‘ >
<Notation>
TCRF: Timer control register F
TCSRF: Timer control status register F | TCSRF E
TCFH:  8-bit timer counter FH A4
TCFL:  8-bit timer counter FL
L »
OCRFH: Output compare register FH IRRTFH
OCRFL: Output compare register FL
IRRTFH: Timer FH interrupt request flag
IRRTFL: Timer FL interrupt request flag
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Peripheral Functions

Timer G

Function: Timer G is an 8-bit timer that has dedicated input capture functions for both the
rising and falling edges of pulses input to the input capture pin.

Features: ¢ The timer G clock can be selected from four internal clock frequencies; @/64,
8/32, /2048, ¢/2, and gy/2.
* Provides dedicated input capture functions for both rising and falling edges.
* Two types of counter overflow are detected.
* A counter clear operation can be specified.
* Interrupts: One input capture interrupt and one overflow interrupt.
* Built-in noise exclusion circuit (5 g, or less)

Block Diagram
System __ | prescalerS
clock o
VAN
ow/2 §
[———bl ICRGF JI )
1 ) X}
Noise Edge ©
TMIGO exclusion detecg;ltion TCG ¥ €
circuit circuit EEI‘E il .‘:___-’-
NCS ICRGR >

C

<Notation> L »IRRTG
TMG: Timer mode register G

TCG: Timer counter G

ICRGF: Input capture register GF

ICRGR: Input capture register GR

IRRTG: Timer G interrupt request flag

NCS:  Noise canceler select
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Peripheral Functions

Timer V

Function: Timer V is an 8-bit timer that has, in addition to a timer counter, a timer constant
register, and can output an arbitrary duty pulse based on a compare match signal
generated when these registers match.

Features: ¢ The timer V clock can be selected from six internal clock frequencies (¢/128,
@/64, 9/32, ¢/16, /8, and @/4) and an external clock. (It can also be taken from
external event input.)

* A counter clear operation can be specified.
* Interrupts: two compare match interrupts and one overflow interrupt.
* Counter operation can be started according to an external trigger input.

Block Diagram
TRGV
w Rising edge Falling edge
Extemal clock Internal clocks g enable
TMCIV 0/4
—————— 2/8
——————— 2/16
—————— /32
0/64
l l__ 2/128 /\
I Clock selecti II Clock
Compare match A
TMOV O=— Overflow !:
1
Clear
1]
TMRIV O—| a
Compare match B §
Control -g’
logic ;::.’
KC
| CMIA N
CMIB > Interrupt requests
ovi
<Notation>
TCORA: Timer constant register A
TCORB: Timer constant register B
TCNTV: Timer counter V
TCSRV: Timer control/status registers VO and V1
TCRVO0 and TCRV1: Timer control registers VO and V1
TRGE: TRGV input enable
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Peripheral Functions

Timer X

Function: Timer X is a 16-bit timer that can output two independent waveforms based on a

" free-running counter.

Features: * The timer X clock can be selected from three internal clock frequencies (@/32,
¢/8, and ¢/2) and an external clock.
e Timer X can output two waveforms.
» Four independent input capture functions
* A counter clear operation can be specified.
* Interrupts: two compare match interrupts, four input capture interrupts, and one
overflow interrupt.
Block Diagram
External clock Internal clocks
FTC1 O /2
o/8
0/32
Gosksecior] — 0ok
Compare match A Comparator A
FTOA O+—
FTOB O+—— Overflow
Clear
FTIAQO— Compare match B
FTIB O—>
FricO——
FTID O——» q %
Control Capture PETYT N —
logic : — &
[T A N —
IcRCHL) [
ICRD (HIL)
K
I S—
C Y e
K
<Notation>
ICIA \/

OCRA and OCRB: Output compare registers

ICIB
ICIC

ICID Interrupt requests

OCIA
ociB
Fovi

A and B (16 bits)
FRC: Free-running counter (16 bits)
ICRA to ICRD: Input capture registers A to D (16 bits)
TCSRX: Timer control/status register X (8 bits)
TIER: Timer interrupt enable register (8 bits)
TCRX: Timer control register X (8 bits)
TOCR: Timer output compare control register (8 bits)
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Peripheral Functions

Timer Y

Function: Timer Y is a 16-bit timer that is incremented by the input clock and supports two
operating modes, namely interval mode and auto-reload mode.

Features: ¢ The timer V clock can be selected from seven internal clock frequencies
(8/8192, ¢/2048, ¢/512, 8/256, ¢/64, ¢/16, and ¢/4) and an external clock.
(It can also be taken from external event input.)

* Generates an interrupt on counter overflow.

Block Diagram
T™MY
| a
i a
g
System clock @ —»| Prescaler S > TCY 3
g
)
External event £
input O TLY
<Notation>
TMY:  Timer mode register Y (8 bits) IRRTY
TCY:  Timer counter Y (16 bits)
TLY:  Timer load register Y (16 bits)
IRRTY: Timer Y overflow interrupt enable flag
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Peripheral Functions

Watchdog Timer

Function: The watchdog timer is an 8-bit counter incremented by the input clock. It provides
a monitoring function that resets the IC internally when, due to system runaway or
other problem, the counter overflows before the counter value is rewritten.

Features: * The watchdog timer counter is incremented by an internal clock with a
frequency of /8192, and generates a reset signal (WRST) when the counter
overflows.

* The overflow period can be set to a value between 1 and 256 times 8192/g.

Block Diagram
TCSRW 2
S
©
]
<
System < s
Y’ ——» Prescaler S > TCW g
clock @ £
<Notation> Reset signal
TCSRW: Timer control/status register W WRST
TCW: Timer counter W
WRST: Reset signal
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Peripheral Functions

2. 14-Bit PWM

The H8/300L Series microcomputers provide a single channel pulse division type 14-bit PWM
(pulse width modulation) on-chip. It can be used as a 14-bit D/A converter when combined

with an external low pass filter.

Features: < Either a conversion period of 32768/ and a minimum conversion width of 2/g,
or a conversion period of 16384/¢ and a minimum conversion width of 1/g.

* A pulse division circuit is employed to reduce ripple.

Block Diagram
PWCR )
3
o
ol
[
PWDRL ©
[
£
2
PWDRU < £
i
/2 X
@ Ly PWM waveform
o/4 —— generator \/
PWM O
<Notation>
PWDRL: PWM data register L
PWDRU: PWM data register H
PWCR: PWM control register
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Peripheral Functions

14-Bit PWM Operation: The total time (Tp) of the 64 pulses generated in a single conversion
cycle corresponds to the data loaded into the PWM data registers L and H as described by the
formula below.

Ty = (data value + 64) X tg/2

Where: tg = 2/¢ when PWCRO is 0 and
tg = 4/p when PWCRO is 1

PWM Output Waveform

< 1 conversion period

l tH1 I | the I I tha i -------- | tHssI | tHe4|

Ty=tH +to +tygz +ceeeenenns tHea
=tp= tfa T N = tf64

The output will be a high level output (100%) when the data value is between H'3FCO and
H'3FFF. The minimum conversion width pulse is output when the data value is H'0000.
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Peripheral Functions

3. Serial Communication Interface (SCI)

The H8/300L Series microcomputers provide serial communications interfaces that are
optimal for application embedded microcontrollers. There are three serial communications
interfaces provided by the H8/300L Series, namely 8/16-bit synchronous serial, 8-bit
synchronous with 32-byte buffer, and 8-bit synchronous/asynchronous serial interfaces.

SC11

Function: The SCI1 supports 8- and 16-bit clock synchronous serial data transfers.

Features: + Data sizes of 8 and 16 bits can be selected.
* One of eight internal clocks (¢/1024, /256, ¢/64, /32, /16, ¢/8, ¢/4, and @/2)
or an external clock can be used as the clock source.
* Interrupts are generated on transfer completion and errors.

Block Diagram

System clock @ —{ Prescaler S

Octal/Hex
counter 1 » |[RRS1
(3 or 4 bits)

SPR1 :O SO 4

SDRL1

SDRU1

<Notation>

SMR1: Serial mode register 1 \/
SPR1: Serial port register 1

SDRL1: Serial data register L1

SDRU1: Serial data register U1

IRRS1: Serial communications interface 1 interrupt request flag

Note: This figure shows the SCI1 used in the H8/3724 series.

Internal data bus

O sl
»() SCK;
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Peripheral Functions

SCI2 (H8/3614 Series, H8/3714 Series, H8/3724 Series, and H8/3754 Series)

Function: The SCI2 has a 32-byte internal data buffer, and supports clock synchronous
transfers in units of 1 to 32 bytes.

Features: °* Automatic transfers of up to 32 bytes
» Either an internal clock (¢/8, ¢/4, or ¢/2) or an external clock can be used as the
clock source.
» Interrupts are generated on transfer completion and errors.

Block Diagram
AN
Shift clock o
System clock o —»| Prescaler S generation »O SCK;
circuit |
A
/N Bit counter
SCR2
Address decoder Byte counter
and R/W controller
U Comparator » |IRRS2
Serial data buffer
(32 bytes)
Shift register >0 50,
O > 81,/CS
Internal data bus
<Notation>

STAR: Start address register
EDAR: End address register
IRRS2: Serial communications interface 2 interrupt request flag
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SCI2 (H8/3834 Series and H8/3927 Series)

Function: The SCI2 has a 32-byte internal data buffer, and supports 32-byte clock
synchronous data transfers in a single operation.

Data blocks of 32 bytes can be automatically transferred.
* One of seven internal clocks (@/256, /64, ¢/32, ¢/16, /8, ¢/4, and @/2) or an
external clock can be used as the clock source.

Features:

* Interrupts are generated on transfer completion and errors.

* A transfer data interval can be left between each byte. The transfer interval can
be 56, 24, or 8 times the internal clock period.

» Transfer starts can be controlled from the chip select input.

* A strobe pulse can be output on each byte transfer.

Block Diagram

Prescaler S System clock @

SCKg@—l

!

STAR
STRB O+— N EDAR
Transmit/receive
control circuit
55 O——
3
SCSR2 F
(]
o
g
) £
3
'% Serial data buffer P
9 >
b (32 bytes)
=
77}
512 O———7 (
» IRRS2
<Notation>

STAR: Start address register
EDAR: End address register
IRRS2: Serial communications interface 2 interrupt request flag

Hitachi 97



Peripheral Functions

SC13

Function: The SCI3 supports synchronous and asynchronous serial data transfers. It also has
a multi-processor communications function that supports serial communications

between multiple processors.

Features: ¢ Serial data transfers in either synchronous or asynchronous mode

¢ Full duplex communication

¢ Double buffered data registers support continuous bidirectional
communication.

* Support for arbitrary bit rate selection using the built-in baud rate generator

» Either an internal or an external clock can be used as the transfer clock source.

* Generates six interrupts: transmission complete, transmission data empty,
receive data full, overrun error, framing error, and parity error.

Block Diagram
External clock
SCK3 Baudrate ¢ Internal clock (2/64, 2/16, /4, and )
nerator
ge N
BRC BRR
Clock
Transmit/receive
control circuit SCR3 ] .
3
— Fel
g
[0
©
©
€
2
£
TXD Oe— TSR TDR
N\
- Interrupt requests
(TEL, TXI, RXI,
<Notation> and ERI)

RSR: Receive shift register SCR83: Serial control register 3
RDR: Receive data register SSR: Serial status register
TSR:  Transmit shift register BRR: Bit rate register

TDR: Transmit data register BRC: Bit rate counter

SMR: Serial mode register
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4. A/D Converter

The H8/300L Series A/D converter is an on-chip resistor ladder successive approximations
A/D converter that allows the microcomputer to measure multiple analog input channel signals.

Features: <« Eight-bit resolution
e Multiple analog input channel pins
» Conversion time: A minimum of 31/¢ per channel (12.4 ps for an fosc of
10 MHz)
* Generates an interrupt at the completion of A/D conversion.
* Built-in sample and hold circuit

Block Diagram..

N\
Analog input pins
AN; O—] < PMRO
ANg O—»
ANg O—>
ANy O—> Multiplexer
ANy O—» P < AMR
AN, O—
ANy O—> §
AN C ADSR ©
3
©
+ y g
Analog system power ] 2
suppI}? vgltage P Comparator Control logic  |—— £
AVCCO'—’ -
Reference | '_AD!LF;_—I
voltage ] |
AVgg O—* \/
————— IRRAD
<Notation>

PMRO: Port mode register 0

AMR:  A/D mode register

ADSR: A/D start register

ADRR: A/D result register

IRRAD: A/D conversion complete interrupt request flag

Note: This figure shows the A/D converter circuit used in the H8/3724 Series.
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Number of Channels and Conversion Times

Number of External
Product Series Conversion Time Channels Trigger Viet Pin
H8/3614 Series
H8/3714 Series
31/e, 62/0 14.8 ys minimum | 8 channels Not supported Not provided
H8/3724 Series
H8/3754 Series
H8/3814 Series ’
: 31/e, 62/0 12.4 ys minimum | 12 channels | Supported Not provided
H8/3834 Series
H8/3877 Series | 31/v, 62/p, 124/2 | 12.4 us minimum | 8 channels Supported Provided
H8/3927 Series | 31/0, 62/o 12.4 ys minimum | 8 channels Supported Not provided
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5. D/A Converter

The H8/300L Series on-chip D/A converter uses an R-2R conversion circuit. It can provide up

to four analog voltage output channels.

Features:

Eight-bit resolution

Four analog voltage output channels
Conversion time: 3 ps minimum

Block Diagram

Analog output
DA0 <+— R-2R circuit

DA1 +——— R-2R circuit
DA2 +—] R-2R circuit

DA3 €+——] R-2R circuit

Analog system power
supply voltage

AVee O—
AVgs O—

8-bit D/A converter

DADRO

DADR1

A

DADR2

DADR3

DACRO

Internal data bus

<Notation>
DACRO:
DADRO:
DADRT1:
DADR2:
DADRS:

D/A control register 0
D/A data register 0
D/A data register 1
D/A data register 2
D/A data register 3

Control circuit

¢
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6. 1/0 Ports

 The H8/300L Series microcomputers provide I/O ports that are optimal for application
embedded microcontrollers. In addition to general purpose bidirectional (input and output)
ports, the H8/300L Series microcomputers also provide a set of specialized I/O ports that differ
between products and that include real time ports that allow immediate output control in
response to external events, high current ports that can drive LEDs, and high breakdown
voltage (40 V) ports with built-in pull-down MOS transistors.

Port Functions

General Purpose I/O Ports: General purpose I/O ports include a port data register (PDR) that
holds the data value to be output from the port and a port control register that determines the
direction of the port. Additionally, ports that are allocated to share functions with peripheral
module dedicated I/O signals also have a port mode register that switches the pin function.

N
sTBY
\%cc Vee
PDR 1 bitn
P1, *—0<} 9
PMR 1bitn |« o
8
<
©
FC 3
c
PCR 1bitn |« g
Vss =
L
P1y: IRQq
N4 P1,: IRQ,
. P1,: IRQ
<Notation> P1:: IRQ:
PDR 1: Port data register 1 P14 IRQ,

PMR 1: Port mode register 1
PCR 1: Port control register 1
n=0to4

Note: The figure shows the H8/3724 port 1.
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General Purpose I/0 Ports with Built-In Pull-Up MOS Transistors: The H8/300L Series
general purpose I/O ports are provided with pull-up MOS transistors. In some products, the
pull-up MOS transistors can be enabled as a mask option, and in other products, the pull-up
MOS transistors can be controlled by application programs.

Mask Option Products Program Control Products
H8/3614 Series H8/3814 Series
H8/3714 Series H8/3834 Series
H8/3724 Series H8/3877 Series
H8/3754 Series H8/3927 Series

Real Time Output Ports: The H8/300L Series microcomputers provide I/O ports with a real
time output function. This real-time output function allows a pin state to be switched
immediately upon the input of an external trigger input to a pin. The pin output state can be
specified to be an output data toggle operation or an input/output control switch operation.

N\ RTER write TRGV
‘ |
CK
RTER
PDR 6 write
CK CK
2 PDR 6 PDRS __[>__@
o
3 PDR 6 read
®
g [Sesior}e—
.ﬂc_’ circuit |«
PCR 6 write
- 1
CK CK
PCR6 = PCRS
N

<Notation>

PDR 6: Port data register 6

PCR 6: Port control register 6
PDRS: Port data register slave
PCRS: Port control register slave
RTER: Real time enable register

Note: This figure shows the H8/3927 port 6.
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High Current Ports: These are high current ports that can drive external LEDs. The port
functions are the same as general purpose I/O ports.

Item Symbol Condition Rating
Output low level voltage VoL Vec=4.0t05.5V \ 15V
'OL =10mA

Built-In Pull-Down MOS Transistors High Breakdown Voltage Ports: These ports are
provided in the H8/3714 Series and the H8/3724 Series, and are 40 V breakdown voltage ports
that can drive vacuum fluorescent displays. The table below lists their current drive

capabilities.

Item Symbol Condition Rating

Output high level voltage VoH —loy=15mA Vec—-3.0V
—lon=10mA Veg-20V
—loH=4mA Vec—-1.0V

Output low level voltage VoL 150 kQ pull-down resistor Vec-37V

Pull-down voltage
Vdisp =Vgc—-40V

The pull-down MOS transistors built into these ports can be enabled or disabled as a mask

option.
Vee STBY
- 0<} PDR
_' Mask option
i—' P Input control
Vdisp
) » Input data
<Notation> |

PDR: Port data register
Note: This figure shows the H8/3724 high breakdown voltage port.
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7. Vacuum Fluorescent Display (VFD) Controller/Driver

The H8/3714 Series, the H8/3724 Series and H8/3754 Series include a vacuum fluorescent
display (VFD) controller/driver and high breakdown voltage high current pins. These allow the
H8/3714 Series, the H8/3724 Series and H8/3754 Series to directly drive vacuum fluorescent
displays.

Features: ¢ Up to 28 segment pins and up to 16 digit pins (of which 8 are shared function

pins) built in.

» The VFD brightness can be adjusted over eight levels using the dimmer
function.

* The display digit can be changed automatically.

» The digit and segment pins can be switched to function as general purpose high
breakdown voltage pins.

* A key scan period can be enabled or disabled.

* Generates an interrupt at the start of the key scan period.

Block Diagram
< Internal data bus >
[y . ]
y
|  vrFDR | | DBR || VFSR |
4 y
Display timing < .
IRRKS <+— generator . VFD display RAM
Digit pins ' Segment pins
<Notation>
VFDR: VFD digit control register
DBR: Digit beginning register
VFSR: VFD segment control register
IRRKS: Key scan interrupt request flag
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8. Liquid Crystal Display (LCD) Controller/Driver

The H8/300L Series on-chip segment liquid crystal display (LCD) controller, LCD driver, and
power supply circuit allow these microcomputers to directly drive an LCD panel.

To support the implementation of LCD control appropriate for the application area, the
H8/300L Series provides three types of LCD controller/driver that differ in the particular
combination of number of segments and amount of display memory provided.

Liquid Crystal Display (LCD) Controller/Driver 1 (H8/3834 Series)

Features: < Display size

Duty Internal Drivers External Expansion Drivers
When only internal Static 40 segments 0
drivers are used 1/2 40 segments 0
1/3 40 segments 0
1/4 40 segments 0
When external Static 36 segments 476 segments
:’:gzggn drivers 1/2 36 segments 220 segments
1/3 36 segments 92 segments
1/4 36 segments 92 segments

Note: The HD66100 can be used for external expansion.

* LCD RAM capacity: 16 bits x 32 bytes (512 bits)

¢ The LCD RAM can be accessed in word units.

* The segment output pins can be used as ports in 4-pin units.

* Common output pins that are not used due to the duty chosen can be used as
either common buffers or ports as desired.

» Display is possible in all modes other than standby mode.

» Eleven frame frequencies are available.

« Power supply divider resistors are built in and used to provide the LCD drive
power.
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Block Diagram
@O Vee
I
+O Vs
LCD driver 30 V2
power supply TO Vs
LN 30 Vss
Y
9/2 to 8/256 ———» >
CL. Common [—— [0 COM,
ow —— data | || grivers | '
T +—»' latch > —>0 COM,
LPCR —» >0 SEG/CL,
cR ! 0O SEG3/CL2
! —:—PO SEG3s/DO
9 l N ——>0O SEGa7/M
ﬁ ¥ 1 _':_"O SlEGgs
!
g Display timing 40-bit ! ! !
o CL ! |Segment ! !
- erat 1 . g
g generalor shift i | drivers X |
8 l register | 1 i |
[ 1 I |
£ | i '
1 1 :
LCD RAM ' X :
64 bytes ' | i
N : L >0 SEG,
SEG,,DO l
<Notation>
LPCR: LCD port control register
LCR: LCD control register

Hitachi 107



Peripheral Functions

Liquid Crystal Display (LCD) Controller/Driver 2 (H8/3814 Series)

Features: * Display size

108 Hitachi

Duty Internal Drivers External Expansion Drivers
When only internal Static 40 segments 0
drivers are used 1/2 40 segments 0
1/3 40 segments 0
1/4 40 segments 0
When external Static 36 segments 124 segments
:’r‘g‘zgzig" drivers 172 36 segments 44 segments
1/3 36 segments —
1/4 36 segments —

Note: The HD66100 can be used for external expansion.

LCD RAM capacity: 16 bits x 10 bytes (160 bits)
The LCD RAM can be accessed in word units.

The segment output pins can be used as ports in 4-pin units.

Common output pins that are not used due to the duty chosen can be used as

either common buffers or ports as desired.

Display is possible in all modes other than standby mode.

Eleven frame frequencies are available.

Power supply divider resistors are built in and used to provide the LCD drive

power.
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Block Diagram

&
3]

+OV
LCD driver 30 V2
M power supply +0 V3
—» 3 O VSS
v
2/2 to 8/256 ClL, Common : ——O COM,
ow data . [Common| | '
— " S ' | drivers !
atch —>O COM,
2 | —_—
LPCR ; >0 SEG,0/CL4
i —r—»0O SEGag’CLg
LCR ! ——>O SEG3s/DO
I . ! >0 SEGs7/M
2 ¥ 1 >0 SEGgg
; Display timing 40-bit : : :
g cL shit | 1 |Segment| '
3 generator 1 A ! drivers ! X
-t register 1 ! !
c ! ' i
§ I ! ' |
£ ' | i
LCD RAM | ; !
20 bytes ! i |
: — >0 SEG;
\/ SEG,,DO 1
<Notation>

LPCR: LCD port control register
LCR: LCD control register
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Liquid Crystal Display (LCD) Controller/Driver 3 (H8/3877 Series)

Features: ¢ Display size

Duty Internal Drivers External Expansion Drivers
When only internal Static 52 segments 0
drivers are used 1/2 52 segments 0
1/3 52 segments 0
1/4 52 segments 0
When external Static 48 segments 208 segments
:’r(epi:s:g" drivers 1/2 48 segments 80 segments
1/3 48 segments —
1/4 48 segments —

Note: The HD66100 can be used for external expansion.

* LCD RAM capacity: 16 bits X 16 bytes (256 bits)

* The LCD RAM can be accessed in word units.

* The segment output pins can be used as ports in 4-pin units. _

* Common output pins that are not used due to the duty chosen can be used as
either common buffers or ports as desired.

* Display is possible in all modes other than standby mode.

* Eleven frame frequencies are available.

» Power supply divider resistors are built in and used to supply the LCD drive

power.
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Block Diagram

Vee
£9°
> +O V1
LCD driver *-O xz
$0Vs
M power supply 2
r» O Vss
Y
2/2 t0 8/256 ————» CL, Common ; Common —>0 CPM1
Oy ——> data | drivers | '
~ T »—> latch —»O COM,
< LPCR > L +0 SEGe/CL,
| —+—»0O SEGs1/CL2
LCR > : —‘I—>O SEGso/DO
i . >0 SEG/M
a ¥ ) —>O SFG43
] |
8 Display timing 52-bit ' ' .
£ generator CLy »  shift | |Segment| | :
° A ! drivers ! !
o] l ] register | ! !
€ ! ' |
8 ! ; i
£ ' ) |
LCD RAM | | |
32 bytes X | :
_— ——»0 SEG,
(N SEG,,D0 |
<Notation>

LPCR: LCD port control register

LCR:

LCD control register
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9. Dual Tone Multi Frequency (DTMF) Generator

The H8/3877 Series on-chip dual tone multi frequency (DTMF) generator allows applications
to output DTMF signals.

Features: DTMEF signals are used to access telephone exchange equipment and consist of
two sine waves expressed as a frequency matrix. The DTMF generator generates
frequency combinations corresponding to the numbers and symbols on a
telephone touch-pad.

R1 (697 Hz)
R2 (770 Hz)
R3 (852 Hz)

R4 (941 Hz)

» The DTMF frequencies are generated by dividing the oscillator clock (1.2 to
10 MHz in 400 kHz steps).

* Sine waves are output by a high-precision resistor ladder D/A converter,
allowing low distortion high stability waveforms to be acquired.

* Output of either row group/column group composite signals or independent
signals.
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Block Diagram
N
- » DTLR
(1.2 to 10 MHz
400kHz |  Clock in 400 kHz steps) O 0sC
counter
. Rowside .
o } Modiied DAsnewave | |
a "1 programmable divider counter !
f: E ' i
3 SR P Feedback _________ | . E
[
f=
2 > DTCR +——CO VTref +—0
£ TONED
I Column side
[ 2. AN |
R Modified D/A sine wave :
i | programmable divider counter
e Feedback .. ... ___ !
Ad
<Notation>
DTCR: DTMF control register
DTLR: DTMF load register
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10. Multi-Tone Generator

The H8/3877 Series on-chip multi-tone generator can output arbitrary waveforms at arbitrary
frequencies.

Features: + Generates a wide range of frequencies, from 40 Hz to 4000 Hz (when

OSC = 10 MHz).

Freqhency Range Step Size Precision
40 Hz to 1000 Hz 1Hz +0.05 Hz
1000 Hz to 3000 Hz 1Hz 0.5 Hz
3000 Hz to 4000 Hz 2Hz +1 Hz

The output frequency is generated by using a frame counter and a fine tuning
counter to divide the oscillator clock (fogc)-

* The output waveform is generated by a 5-bit resolution R-2R type D/A
converter at up to 128 divisions per cycle. This allows a stable low-distortion
waveform to be acquired. '

* An arbitrary waveform pattern can be formed by storing a bit pattern in MTG
RAM (up to 128 bits).
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Block Diagram
N N
< > MTCR EBLR < >
I
FRMR —{ Bitcounter — | 3
]
OSC 3
'] - @
2| | T |pesca}—»{ Frame counter 8
> [
3 (TR 4, 1) MTG RAM ,
e 16 bytes >
g - - (128 bits)
5 Pescaerl—»{  Fine tuning
< counter
(11, 112,1/4,1/8) 1
y NS
FTNR L—»  Shift register L—— IRRMT
y
Increment/
g ITLR "] decrement circuit
\/ l«—0 VTref
» D/A converter TONEM
<Notation>
MTCR: Multi-tone control register
EBLR: Effective bit-length register
FRMR: Frame register
FTNR: Fine tuning register
ITLR:  Initial level register
IRRMT: Multi-tone half-period interrupt request flag

Hitachi 115



Peripheral Functions

11. ROM

The H8/300L Series product lineup includes microcomputers with on-chip ROM capacities
from 16 kbytes to 60 kbytes. The H8/300L Series ROM is connected to the CPU over a 16-bit
data bus, and can be accessed in only 2 states in both byte and word access modes. Due to the
speed of this ROM, the H8/300L CPU has a minimum instruction execution time of 0.4 us
when the operating frequency is 5§ MHz.

Block Diagram

< Internal data bus (upper 8 bits) >
< Internal data bus (lower 8 bits)

H'0000 H'0000 H'0001

H'0002 H'0002 H'0003

x%

H7DFE H'7DFE H'7DFE

Even addresses Odd addresses

Note: This figure shows the H8/3724 32-kbyte ROM.

The lowest addresses in the H8/300L Series ROM area are used as the interrupt vector region.
The relationship between interrupts and the interrupt vector region differs for each product,
and is described in the individual product hardware manuals. The area from H'0000 to H'OOFF,
which includes the interrupt vector area, can be accessed using an indirect addressing mode
based on an 8-bit address included in the H8/300L Series CPU instruction code. Application
programs can be coded compactly by storing commonly used branch addresses in this area.
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12. RAM

The H8/300L Series product lineup includes microcomputers with on-chip RAM capacities
from 512 bytes to 2 kbytes. The H8/300L Series RAM is connected to the CPU over a 16-bit
data bus, and can be accessed in only 2 states in both byte and word access modes. Due to the
speed of this RAM, the H8/300L CPU can execute data handling instructions in only 0.4 ps.

Block Diagram

Q Internal data bus (upper 8 bits)

Al

Internal data bus (lower 8 bits)

U U O

H'FD80 H'FD80 H'FD81
H'FD82 H'FD82 H'FD83

7\

//—Xg

H'FF7E H'FF7E H'FF7F

Even addresses Odd addresses

Note: This figure shows the H8/3724 512-byte RAM.

A short absolute addressing mode is provided by the H8/300L Series CPU MOV instruction
for rapid access to locations from H'FF00 to HFFFF. Furthermore, programs can be coded
compactly due to the short instruction length. Since RAM locations H'FF0O0 to H'FF7F can be
accessed by this short absolute addressing mode, programs can use this mode to implement
high speed data handling.
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