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Quick Reference Guide 

HMCS400 Series Line up 

Dedicated 

ZTAT Microcomputer (PROM) Mask ROM 
1.--------~ r----1 
I HD407430B· l-'--1 ____ ..,I I 

__________ ,_., AID Converter H 0404302 I 

HD4074408, HD4074418 
1------------~ Fast, with timer and 

powerful interrupt function 

HD4074608 
DTM F Generator 
LCD Controller 

HD4074678. 

DTMF Receiver 

I 
I 

____ ..., HD404418 : 

I 
I 

HD404608 I 
I 
I 
I 

HD404678 I 

I 
I 

HD4074709 HD404708 I 
VFD Controller HD404709 I 
Clock function I '-------' I 

~------~I ----I 
HD4074808 ._1 ____ ~~ HD404808 I 

I HD407L4808 HD40L4808 I 
l__= _ ~~ ~n:o~r- _ ~ I 

EPROM on the package 
type Microcomputer 

____ I 

HD404918 I 
I HD404919 : 

L-----' 

HMCS400 
CPU Core 

Application Specific Microcomputer 
---------------

General Purpose Microcomputer 

HMCS412 

58 1/0 
~---~ 

HMCS402 

* : Under Development 

HMCS424 _____ _..,-l,HD40P42B1·1 

Powerful peripheral functions 

HMCS414 

HMCS404 

1------------ HD614P180 

HMCS408 

HD614POBOS 
/HD614P0160S 

I---"-----------.! HD404019 
Large memory 

~------_J HD4074008 1---------<~MI ~0407401;1 --1 Large memory . :J 
ZTAT Microcomputer High withstand voltage 

@HITACHI 
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Quick Reference Guide 

HMCS400 Series Application Specific Microcomputer 

4 

Specific Feature 

Part No. 

Supply voltage (V) 

Operating Temperature 
Range ('C) 

Package 

ROM (bits) 

RAM (bits) 

1/0 port 

external 
Interrupts 

internal 

Timer 

Serial Interface 

Others 

* : Under development 

A/D Converter Multi function Timer 

HD404302 HD4074308* HD404418 HD4074418 

5 5 5 5 

-20 to+75 -20 to+75 -20 to+75 -20 to+75 

DP-42 DP-42,DC-42 
DP-645,FP-64, DP-645,DC-645 
FP-64A FP-64.FP-64A 

2048 x 10 8192 x 10 8192 x 10 8192 x 10 

160 x 4 160 x 4 512 x 4 512 x 4 

33 33 58 58 

2 2 6 6 

3 3 6 6 

Bbit timer x 2 Bbit timer x 4 

[ auto-reload timer/event counter [auto-reload timer/event counter/PWM 
free running timer/watchdog timer free-running timer/watchdog timer 

A/D converter (Bbit x 4 channel) 
Tone Generater 

Bbit x 2 (clock synchronous) 

PWM output 
Watchdog timer 

HD4074408 

5 

-20 to+75 

DP-645,DC-645 
FP-64.FP-64A 

8192 x 10 

512 x 4 

58 

6 

6 

Watchdog Timer 
26 high voltage ports (40 V) 
Low power dissipation modes 

8 high voltage ports (+12 V) (HD4074408 onlyl 
Low power dissipation mode 

(stop mode/standby mode 
(stop mode/standby mode 

~HITACHI , 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



DTMF Generator 

HD404608 HD4074608 

5 5 

-20to +75 -20to +75 

FP-808,FP-80A FP-808,FP-80A 

8192 x 10 8192 x 10 

1184 x 4 1184x4 

30 30 

2 2 

4 4 

8 bit timer x 3 
free-running timer/time base 
auto-reload timer/event counter 

auto-reload timer/watchdog timer 

8-bit x 1 (clock synchronous) 

DTMF generator 

LCD controller/driver 
Watchdog timer 
Clock function (32 kHz crystal oscillator) 

Low power dissipation modes 
stop mode/standby mode 

watch mode/subactive mode 

Quick Reference Guide 

PRELIMINARY 

Phase Lock Loop 

HD404508* HD4074509* 

5 5 

-40to +70 -40to +70 

FP-808 FP-808 

8192x 10 16384x 10 

512x4 512x4 

29 29 

5 5 

6 6 

8 bit timer x 2 
20 bit timer x 1 

8-bit multiplexed w/reload, event, PWM 
8-bit multiplexed w/reload, event 

20-bit free running 

8-bit x 2 (clock synchronous) 

PLL with prescalar (max 160 MHz) 

LCD controller/driver 
AID converter (8-bit x 2 channel) 
IF counter (15 mHz max. input) 

$HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 5 



Quick Reference Guide 

Specific Feature DTM F Receiver VFD controller /driver 

Part No. HD404678 HD404708 HD404709 HD4074709 

Supply voltage (V) 5 5 5 5 

Operating Temperature 
-20 to+75 -20to+75 -20 to+75 -20to+75 

Range ('C) 

DP-64S 
DP-64S 

DP-64S, FP-64A * 
Package FP-64A FP-648* 

FP-648 
FP-64A * 

FP-648*, DC-64S 

ROM (bits) 8192 x 10 8192 x 10 16384 x 10 16384 x 10 

RAM (bits) 512 x 4 576 x 4 576 x 4 576 x 4 

1/0 port 52 56 56 56 

external 4 4 4 4 
Interrupts 

internal 7 5 5 5 

Sbit timer x 4 
Sbit timer x 3 [ ....... ""'"" ree-running timer/timer base 

Timer auto-reload timer 
auto-reload timer/event counter 

event counter 
auto-reload timer /watchdog timer 

timer-<iutput circuits 

Serial Interface Sbit x 2 (clock synchronous) Sbit x 1 (clock synchronous) 

VFD controller /driver 
DTMF receiver Clock function (32 kHz crystal oscillator) 

Others 
Reset voltage variable function Watchdog timer 
Low power dissipation modes Low power dissipation modes 
(standby mode/stop mode [stop mode/watch mode 

standby mode/subactive mode 

*: Under development 

~HITACHI 
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Quick Reference Guide 

LCD Controller/Driver 

HD404808 HD4074808 High Current Port 

HD40L4808 HD407L4808 HD404918 HD404919 

5 5 5 5 

-20 to+75 -20 to+75 -20 to+75 -20 to+75 

FP-808,FP-80A FP-808,FP-80A DP-42 DP-42 

8192x10 8192x10 8192x10 16384x10 

11 84 x 4 11 84 x 4 51 2 x 4 992 x 4 

30 30 35 35 

2 2 2 2 

4 4 

8bit timer x 3 

[
free-running timer /time base 
auto-reload timer/event counter 
auto-reload timer/watchdog timer 

8bit x 1 (clock synchronous) 

LCD contoroller/driver 
Cock function (32 kHz crystal oscillator) 
Watchdog timer 
Low power dissipation modes 

[
stop mode/watch mode 
standby mode/subactive mode 

8bit timer x 1 
(auto-reload timer/event counter 

2 7 high voltage ports ( + 12 V) 
8 high current port (25 mA) 
Low power dissipation modes 

(stop mode/standby mode 

$HITACHI 
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Quick Reference Guide 

HMCS400 Series General Purpose Microcomputer 

Part No. HMCS402AC/C/CL HMCS404AC/C/CL HMCS408AC/C/CL HMCS412AC/C/CL 

Clock Frequency (MHz) 6/4/2 6/4/2 4/4/2 4/4/2 

Supply voltage (V) 5/5/3 5/5/3 5/5/3 5/5/3 

Power operate 27/10/9 27/10/9 22.5/11.5/5.5 15/9/4 

1~"!)tion standby 9/6/3 9/6/3 8.5/6/2.5 7/5/2.5 

(mW) stop 0.06 0.06 0.05 0.05 

Operating Temperature -20 to+75 -20 to+76 -20 to+76 -20 to+75 Range ('C) 

Package DP-64S,FP-64 DP-64S, FP-64 DP-64S,FP-64 DP-42, DP-42S 
FP-64A FP-44A 

ROM 2048 x 10 4096 x 10 8192x10 2048x 10 
Memory 

RAM 160x4 256 x 4 512 x 4 160 x 4 

1/0 36 36 36 31 

110 input 6 6 6 

output 16 16 16 4 

external 2 2 2 2 

Interrupts timer/counter 2 2 2 

serial 

Timer Timer A Bbit free-running timer/counter 

limer B Sbit auto-reload timer/event counter 8bit auto-reload timer/event counter 

Serial Interface 8bit x 1 (clock synchronous) 

Instruction execution 1.33/2/4 1.33/2/4 1/2/4 1/2/4 time (µs) 

Low power dissipation modes Low power dissipation modes 
Others standby mode, stop mode standby mode/stop mode 

58 1/0 pins including 26 high voltage 36 1/0 pins including 24 high voltage 

HMCS400 Series EPROM on the Package Type 

Part No. HD614P080S HD614P016S HD614P180 HD40P4281' HD40P42161' HD40P4919 

Supply 5 5 5 5 5 5 voltage (V) 

Operating 
Temperature -20 to+75 -20 to+75 -20 to+75 -20 to+75 -20 to+75 -20 to+75 
Range ('C) 

Package DC-64SP DC-64SP DC-42P DC-42P DC-42P DC-42P 

Equivalent HMCS402C/AC HMCS408C/AC HMCS412C HMCS424C/AC HMCS424C/AC HD404918 
Device HMCS404C/AC HMCS414C HD404919 

Mountable HN482764 HN482764 HN482764 
HN27C64 HN27C256 HN27C64 HN27C64 HN27256 HN27C256 EPROM HN4827128 HN4827128 HN4827128 

* : Under development 

.HITACHI 
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Quick Reference Guide 

HMCS414AC/C/CL HMCS424AC/C/CL HD4074008 HD4074019 HD404019 

41412 4/4/2 8 4 4 

5/5/3 5/5/3 5 5 5 

15/9/4 16/10/3.5 22.5 T8D T8D 

7/5/2.5 8.5/6/2.5 8.5 TBD TBD 

0.05 0.05 0.05 T8D T8D 

-20to+75 -20 to+75 -20 to+75 -20 to+ 75 -20to+75 
-----------

DP-42, DP-42S DP-42,DP-42S DC-64S, DP-64S DC-64S, DP-64S DP-64S, FP-648*, 
FP-44A FP-44A FP-64, FP-64A FP-648 *, FP-64A * FP-64A * 

4096x 10 4096 x 10 8192 x 10 16384 x 10 16384 x 10 

160 x 4 256 x 4 512 x 4 992 x 4 992 x 4 

31 31 36 52 52 

6 6 6 

4 4 16 

2 2 2 2 2 

2 2 2 2 

Sbit free-running 
8bit free-running timer/counter timer/counter 

-·---------------·-
8bit auto-reload timer/event counter 

8bit x 1 (clock 8bit x 1 (clock synchronous) 
synchronous) 

1/2/4 1/2/4 

Low power dissipation modes 
standby mode/stop mode 

*: Under Development 

@HITACHI 
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Quick Reference Guide 

CMOS 4-Bit Single-Chip Microcomputer HMCS40 Series 

Family Name 
HMCS42CL 
(HD44708) 

(Type Name) HMCS42C 
(HD44700) 

Supply Voltage (V) 3/5 

Power Dissipation (typ.) (mW) 0.23/1.5 

Max. 1/0 Terminal Voltage (V) 10 

Operating Temperature Range ' 1 ("C) -20 to+75 

Package DP-28, DP-28S,. 

ROM (bits) 512 x 10 
Memory 32 x 10'2 

RAM (bits) 32 x 4 

Registers 4 

Stack Registers 2 

4-Bit Data Input 4 x 1 

4-Bit Data Output 4x2 

1/0 Ports Discrete Output 22 1 x 6 

4-Bit Data Input/Output 

Discrete Input/Output 1 x 4 

External 
Interrupts 

Timer/Counter 

Instructions 
Number of Instructions 52 

Cycle Time (µs) 20/10 

Built-in Clock Pulse Generator 

Power on Reset No/Yes 

Battery Back-up Halt 

Evaluation Chip HD44850E 
HD44857E 

* 1 Wide Temperature Range (-40 to+85"C) version 
is available. 

* 2 Pattern Memory 
* 3 LCD DRIVE FUNCTION 

Common 4 

LCD Segment 32 
Drive Duty Static, 1/2, 1/3, 1/4 

Bias 1 /2, 1 /3 

Display Capability 4 x 32 Matrix (1/4 Duty) 

Expandable using the LCD Driver HD44100H. 
* 4 As for low-voltage operation version, a shrink 

package isn't prepared. 

@HITACHI 

HMCS43CL 
(HD44758) 
HMCS43C 
(HD44750) 

3/5 

0.24/1.5 

10 

-20 to+75 

DP-42. DP-42S,. 

1,024x10 
64 x 10'2 

80 x 4 

6 

3 

4 x 1 

4x2 

32 1 x 12 

4 x 1 

1 x 4 

2 

87 

20/10 

Yes 

No/Yes 

RAM Hold 

HD44850E 
HD44857E 

HMCS44CL 
(HD44808) 
HMCS44C 
(HD44801) 

3/5 

0.32/2 

10 

-20 to+75 

DP-42, DP-42S'4 

2,048 x 10 
128 x 10'2 

160x 4 

8 

4 

32 -

4x4 

1x16 

2 

87 

20/10 

No/Yes 

Halt 

HD44850E 
HD44857E 

10 Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005· 1819 • (415) 589-8300 



Quick Ref ere nee Guide 

HMC545CL HMC546CL HMC547CL LCD-lll' 3 
(HD44828) (HD44848) (HD44868) (HD44795, LCD-IV'3 

HMC545C HMC546C HMC547C HD44790) (HD613901) 
(HD44820) (HD44840) (HD44860) 

"'" .J/.J 3/5 3/5 3/5 3/5 

0.3212 0.32/4 0.32/4 0.36/2.4 0.9/5.0 

10 10 10 10 Vee +0.3 

-20 to+75 -20to+75 -20to+75 -20to+75 -20to+75 
------

FP-54, DP-645 DP-42, DP-425' 4 FP-54, DP-645 FP-80 FP-80 
-----·-·----- -- -----· 

2,048 x 10 4,096 x 10 4,096 x 10 2,048 x 10 4,096 x 10 128x10'2 128 x 10'2 

160 x 4 256 x 4 256 x 4 160 x 4 256 x 4 

6 8 6 6 6 

4 4 4 4 4 
-·----------

4 x 1 4 x 1 
----- --------
4 x 1 4 x 1 4 x 1 4 x 1 
-------- --- ------ ---

44 - 32 - 44 - 32 - 32 -
-----

4x6 4x4 4x6 4x2 4x2 
---

1x16 1 x 16 1 x 16 1 x 16 1 x 16 
·----~------

2 2 2 2 2 

1 1 
--~·-

71 87 87 87 87 
--------· 

20/10 20/5 20/5 20/10 20/5 
·-·----------~--·--------

Yes 
--- ---------

No/Yes No/Yes No/Yes Yes No 

Halt Halt Halt Halt Halt 
-----------------··-------

HD44850E HD44857E HD44857E HD44797E HD44797E HD44857E 

@HITACHI 
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Introduction of Packages 

Hitachi microcomputer devices include vari
ous types of package which meet a lot of 
requirements such as ever smaller, thinner 
and more versatile electric appliances. When 
selecting a package suitable for the cus
tomers' use, please refer to the following for 
Hitachi microcomputer packages. 

Package 
Classification 

Pin Insertion 
Type 

Surface 
Mounting Type 

Standard 
Outline 

Shrink 
Outline 

Flat 
Package 

Chip 
Carrier 

1. Package Classification 

There are pin insertion types, surface mount
ing types and multi-function types, appli
cable to each kind of mounting method. Also 
plastic and ceramic materials are offered 
according to use. Figure 1 shows the package 
classification according to the mounting 
types on the Printed Circuit Board (PCB) and 
the materials. 

Plastic DIP 
DIP 

Ceramic DIP 

S-DIP Shrink Type Plastic DIP 

Skinny Type Plastic DIP 
SK-DIP 

Skinny Type Ceramic DIP 

PGA PGA (Ceramic) 

PGA (Plastic) 

DFP SOP (Plastic) 

OFP QFP (Plastic) 

FPG (Ceramic) 

cc PLCC (Plastic) 

LCC (Ceramic) 

Multi-function 
Type EPROM on the package Type 

DIP: Dual in line package 
S-DIP: Shrink Dual in line package 
SK-DIP: Skinny Dual in line package 
PGA: Pin Grid Array 
DFP: Dual Flat Package 

QFP: Quad Flat Package 
SOP: Small Outline Package 
FPG: Flat Package of Glass 
PLCC: Plastic Leaded Chip Carrier 
LCC: Leadless Chip Carrier 

Figure 1. Package Classification according to the Mounting Type on the Printed 
Circuit Board and the Materials 

@HITACHI 
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Introduction of Packages 

2. Type No. and Package Code Indication device is identified by code as follows, illus
trated in the data sheet of each device. 

Type No. of Hitachi 4-bit single-chip micro
computer device is followed by package 
material and outline specifications, as shown 
below. The package type used for each 

When ordering, please write the package 
code beside the type number. 

14 

J Type No. Indication 

HDXXXXXS 
I 

Note HDXXXPXXXX stands for 
Type No. of EPROM on the 
package type microcomputer 
device. 

Package classification 
HMCS 40 series 
No Indication; Plastic DIP 

S; Shrink Type Plastic DIP 
F; QFP 

HMCS 400 series 
F; QFP 
H; QFP 
P; Plastic DIP 
S; Shrink Type Plastic DIP 
C; Ceramic DIP 

J Package Code Indication J 

Outline 
D; DIP 
F; FLAT 

DP-64SA 
I._ ___ ~ Additional outline 2 J 

Number of pins 

Materials 
P; Plastic 
C; Ceramic 
G; Glass sealed Ceramic 

~HITACHI 

Additional outline 1 
S; Shrink Type 
P; EPROM on the package 
SP; EPROM on the shrink 

package 
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Introduction of Packages 

3. Package Dimensional Outline device employs the packages shown in Table 
1 according to the mounting method on the 
PCB. Hitachi 4-bit single-chip microcomputer 

Table 1. Package List 

Mounting method Package classification Package material 

Pin insertion type Standard Outline (DIP) Plastic 

Package code 

DP-28 
DP-42 

----------------------
Ceramic 0C-42 

·---·------ -----------------------
Shrink Outline (S-DIP) Plastic 

Ceramic 
--------------------------
Surface mounting type Flat package QFP Plastic 

FPG Ceramic 

Multi-function type EPROM on the package Ceramic 
type 

@HITACHI 

DP-28S 
DP-42S 
DP-64S 

DC-64S 

FP-44A FP-80 
FP-54 FP-808 
FP-64 FP-80A 
FP-648 FP-1 00 
FP-64A 

FG-80 

DC-64SP 
DC-42P 

Hitachi America Ltd. • Hitachi Plaza • 2?00 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 15 



Introduction of Packages 

Plastic DIP 

DP-28 

DP-42 

52.8(2.079) 

53.7max.(2.l 14max.) 

42 22 

I II ,, 
~ (0 047) 

21 

IS.24 

~HITACHI 

Unit: mm (inch) 
Scale : 1 /1 
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Introduction of Packages 

Shrink Type Plastic DIP 

DP-28S 

27.10( I 067) 

28 27.94max_ (1.IOOmax_) 15 

10.16 

fm+r.<~~~~--=*1H 
o.~~-~ ~-LL 
(0019•0004);';!;~0 15 

(O~ 

NS 

DP-42S 

DP-64S 

0 

~ ~ 19.05 

" ·~ "~ 1· (O 750) I 
. · c::i S, ui~ ~.~~· . 

11 I • 0·" ~7~±0.25 0.48 t 0.10 .~? Q.2':>-o.o\o•) 
(0010+ o.010) (0.019-1 o.ool-- ~~ oo-1s· lo.010"!.%002 

~~ 
,:; 
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Shrink Type Ceramic DIP 

DC-64S 

l:::~::::[Q]:::::::::l ~ 
I 11 0.9(0.035) JZ 

~HITACHI 

Unit : mm (inch) 
Scale : 1/1 
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Flat Plastic Package 

FPA4A 

172±03(0677±0012) 

14.0(0.551) """ I 2 0901 ;~ :::;ma. _3_3_ -~3 0 I 1111111111111111111111 
- (STAND DFF) 

ci - 34 

"" 
-H -
r:: ~ p=; 
~e 
M~ 

~ ~ 44 12 

I II ']_ 0.15±0.05 
o.Js+o._05 II IELW.Q:~ 

FP-64 

(0.014±0.002) 

256±0.4 
(1.008±0.016) 

~ 1.7~-----------~----- -;~;-r 

(0067±0 012) 

{0.006±0.002 

2 9ma~ 
(0.114max.} 

J___ 
o 1s±oos 

(000&±0 002) 
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FP-648 

FP-64A 

FP-80 

20 

17 2±0 3(0 677±0 012) 

14.0(0.551) = I 2.90(0.114)max 
~ ->---<'"-"'~~~~ 

.,r=:t1JiililllllllDllDillllilDllliliJ ,3 !2~~ 0.1 <o.o04) 
49 - (STANO OFF) 

" 
~~ 
~8 

~; 
~ 64 I I 

0 35+0.05 111 !§ 
<o. 014 ±o.oo2)+10.15(o.oo6l®I 

0.15±0.05 

(0.006 ± 0.002) 

0.10(0.004 

0 0.15(0.006 
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FP-80B 

24 

JL 035±~ L 
0.8(0.031) (0014±0004) o.1s 0·006 ;15 .. oos 

\0 006 • 0 002) 

~o·-10· 
12±0.2 L~--(0.0-41 ±o.oos)ol 0.1 s(o.oo&J I 

FP-80A 

I 7.2 ±0.3(0.677 ±0.012) 

-~-1.:l~~ r:~.~~~ ~ ,.-...... I ~ (STAND OFF) 

i: 0 

~ ij_ 
- O..lQ+Cf.05 II ~~ ~15_!~.os 

(o oi2±~-°E~~~ (0006±0.002) 

1.60(0.063) I 

J (lllllUJlllllllnllllllmmon~nn01J4. o· - s· 
§r~10-.-,o-(-o.-0~042}1 (O~ (o~O~i) 

FP-100 

25 6 + 0 4 
(I 008 t 0 016) 2.9max 

20(0 787) (0 114max) 

" 

IOO 31 

JO --___ ,_-_n_ o~ JL__ 
0.65(0.026} (0.0Z • 0.004) O 15 ±0 05 
~ (Q006±000Z) 

~------- -,o·-1s· 

1.1!03 
(Q067 + Q_O\Z) 

@HITACHI 

Introduction of Packages 

Hitachi America Ltd. •Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 21 



Introduction of Packages 

Flat Ceramic Package 

FG-80 

0.8±0.15 
(0.031 ±0.006) 

JL l 0.35±0.1 
(0.014±0.004) 

3.lmax. 

{0. I 22max.) 

(0.006~~:~~) 

~---~o·-15· 
--r 

l.7±0.3 1.1(0.043) 
(0.067±0.012) 

2.8(0.1 i_O)__ 
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EPROM on the package J 
DC-64SP 

57 3 r:-------------(2256) ________ ---:1 

-

__ C) __ ·_·_·_·_r_·_·_·_·_·_-_J _·_·_·_:_J_~~~.N ... l.i 2.54 ~!.:::, 
. 10 1001 11 

--·····~-0 
31 

DC-42P 

D 

1.0 
w~ -
~f!fl=----= 00=-f!f!'ii'ff--H ~ 
I I ~~ ~ nru'lf'lf'lf'lf'lf'lfmrn'lf~~ I I 154±0.25 II 048±0 I ;I 

(0.100±0.010) (0.019±0.004)"' 
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Reliability and Quality Assurance 

1. Views on Quality and Reliability 

Basic views on quality in Hitachi are to meet 
individual user's purchase purpose and qual
ity required, and to be at the satisfied quality 
level considering general marketability. 
Quality required by users is specifically clear 
if the contract specification is provided. If not, 
quality required is not always definite. In 
both cases, efforts are made to assure the 
reliability so that semiconductor devices 
delivered can perform their ability in actual 
operating circumstances. To realize such 
quality in manufacturing process, the key 
points should be to establish quality control 
system in the process and to enhance morale 
for quality. 

In addition, quality required by users on 
semiconductor devices is going toward 
higher level as perfomance of electronic sys
tem in the market is going toward higher one 
and is expanding size and application fields. 
To cover the situation, actual bases Hitachi is 
performing is as follows; 
(1) Build the reliability in design at the stage 

of new product development. 
(2) Build the quality at the sources of manu

facturing process. 
(3) Execute the harder inspection and reli

ability confirmation of final products. 
(4) Make quality level higher with field data 

feed back. 
(5) Cooperate with research laboratories for 

higher quality and reliability. 
With the views and methods mentioned 
above, utmost efforts are made for users' 
requirements. 

2. Reliability Design of Semicon
ductor Devices 

2.1 Reliability Targets 

Reliability target is the important factor in 
manufacture and sales as well as perfor
mance and price. It is not practical to rate 
reliability target with failure rate at the cer
tain common test condition. The reliability 
target is determined corresponding to char
acter of equipments taking design, manufac
ture, inner process quality control, screening 
and test method, etc. into cosideration, and 
considering operating circumstances of 
equipments the semiconductor device used 
in, reliability target of system, derating 
applied in design, operating condition, main
tenance, etc. 

2.2 Reliability Design 

To achieve the reliability required based on 
reliability targets, timely sude and execution 
of design standardization, device design (in
cluding process design, structure design), 
design review, reliability test are essential. 

(1) Design Standardization 

Establishment of design rule, and standardi
zation of parts, material and process are nec
essary. As for design rule, critical items on 
quality and reliability are always studied at 
circuit design, device design, layout design, 
etc. Therefore, as long as standardized proc
ess, material, etc. are used, reliability risk is 
extremely small even in new development 
devices, only except for in the case special 
requirements in function needed. 

(2) Device Design 

It is important for device design to consider 
total balance of process design, structure 
design, circuit and layout design. Especially 
in the case new process and new material are 
employed, technical study is deeply executed 
prior to device development. 

(3) Reliability Evaluation by Test Vehicle 

Test vehicle is sometimes called Test Pattern. 
It is useful method for design and process 
reliability evaluation of IC and LSI which 
have complicated functions. 
1. Purposes of Test Vehicle are as follows: 

• Making clear about fundamental failure 
mode 

• Analysis of relation between failure 
mode and manufacturing process con
dition 

• Search for failure mechanism analysis 
• Establishment of QC point in manufac

turing 
2. Effectiveness of evaluation by Test Vehicle 
are as follows; 

• Common fundamental failure mode and 
failure mechanism in devices can be 
evaluated. 

• Factors dominating failure mode can be 
picked up, and comparison can be made 
with process having been experienced 
in field. 

• Able to analyze relation between fail
ure causes and manufacturing factors. 
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• Easy to run tests. 
etc. 

2.3 Design Review 

Design review is organized method to con
firm that design satisfies the performance 
required including users' and design work 
follows the specified ways, and whether or 
not technical improved items accumulated in 
test data of individual major fields and field 
data are effectively built in. In addition, from 
the standpoint of enhancement of competi
tive power of products, the major purpose of 
design review is to ensure quality and reli
ability of the products. In Hitachi, design 
review is performed from the planning stage 
for new products and even for design chan
ged products. Items discussed and deter
mined at design review are as follows; 
(1) Description of the products based on 

specified design documents. 
(2) From the standpoint of specialty of indi

vidual participants, design documents are 
studied, and if unclear matter is found, 
sub-program of calculation, experiments, 
investigation, etc. will be carried out. 

(3) Determine contents of reliability and 
methods, etc. based on design document 
and drawing. 

(4) Check process ability of manufacturing 
line to achieve design goal. 

(5) Discussion about preparation for produc
tion. 

(6) Planning and execution of sub-programs 
for design change proposed by individual 
specialist, and for tests, experiments and 
calculation to confirm the design change. 

(7) Reference of past failure experiences 
with similar devices, confirmation of 
method to prevent them, and planning 
and execution of test program for con
firmation of them. These studies and 
decisions are made using check lists 
made individually depending on the 
objects. 

3. Quality Assurance System of 
Semiconductor Devices 

3.1 Activity of Quality Assurance 

General views of overall quality assurance in 
Hitachi are as follows; 
(1) Problems in individual process should be 

solved in the process. Therefore, at final 
product stage, the potential failure fac
tors have been already removed. 

(2) Feedback of information should be made 
to ensure satisfied level of process ability. 

(3) To assure reliability required as an result 
of the things mentioned above is the 

purpose of quality assurance. 
The followings are regarding device 
design, quality approval at mass produc
tion, inner process quality control, prod
uct inspection and reliability tests. 

3.2 Quality Approval 

To ensure quality and reliability required, 
quality approval is carried out at trial pro
duction stage of device design and mass 
production stage based on reliability design 
described at section 2. 

The views on quality approval are as follows; 
(1) The third party performs approval objec

tively from the standpoint of customers. 
(2) Fully consider past failure experiences 

and information from field. 
(3) Approval is needed for design change 

and work change. 
(4) Intensive approval is executed on parts 

material and process. 
(5) Study process ability and fluctuation fac

tor, and set up control points at mass 
production stage. 

Considering the views mentioned above, 
quality approval shown in Fig. 1 is per
formed. 

3.3 Quality and Reliability Control at 
Mass Production 

For quality assurance of products in mass 
production, quality control is executed with 
organic division of functions in manufactur
ing department, quality assurance depart
ment, which are major, and other depart
ments related. The total function flow is 
shown in Fig. 2. The main points are de
scribed below. 

3.3.1 Quality Control of Parts and Mate
rial 

As the performance and the reliability of 
semiconductor devices are getting higher, 
importance is increasing in quality control of 
material and parts, which are crystal, lead 
frame, fine wire for wire bonding, package, to 
build products, and materials needed in 
manufacturing process, which are mask pat
tern and chemicals. Besides quality approval 
on parts and materials stated in section 3.2, 
the incoming inspection is, also, Key in qual
ity control of parts and materials. The incom
ing inspection is performed based on incom
ing inspection specification following pur
chase specification and drawing, and sam
pling inspection is executed based on MIL
STD-105D mainly. 
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The other activities of quality assurance are 
as follows: 
(1) Outside Vendor Technical Information 

Meeting 
(2) Approval on outside vendors, and guid-

ance of outside vendors 
(3) Physical chemical analysis and test 
The typical check points of parts and mate
rials are shown in Table 1. 

3.3.2 Inner Process Quality Control 

Inner process quality control is performing 
very important function in quality assurance 
of semiconductor devices. The following is 
description about control of semi-final prod
ucts, final products, manufacturing facilities, 
measuring equipments, circumstances and 
sub-materials. The quality control in the 
manufacturing process is shown in Fig. 3 
corresponding to the manufacturing process. 
(1) Quality Control of Semi-final Products 

and Final Products 

Potential failure factors of semiconductor 

devices should be removed preventively in 
manufacturing process. To achieve it, check 
points are set-up in each process, and prod
ucts which have potential failure factor are 
not transfer to the next process. Especially, 
for high reliability semiconductor devices, 
manufacturing line is rigidly selected, and the 
quality control in the manufacturing process 
is tightly executed - rigid check in each 
process and each lot, 100% inspection in 
appropriate ways to remove failure factor 
caused by manufacturing fluctuation, and 
execution of screening needed, such as high 
temperature aging and temperature cycling. 
Contents of inner process quality control are 
as follows; 

• Condition control on individual equip
ments and workers, and sampling 
check of semifinal products. 

• Proposal and carrying-out improvement 
of work 

• Education of workers 

• • 
Maintenance and improvement of yield 
Picking-up of quality problems, and 
execution of countermeasures 

Step Contents Purpose 

26 

lTarget J 
Specification 

j_ 
lDesign 
Trial 
Production 

jLCharacteristics Approval 

![Quality Approval ( 1) 

ILQualitY Approval (2) 

I 
[Mass J Production 

l Design Review 

Characteristics of Material and 
Materials, Part;'ll_ Parts 
Approval ...JI Appearance 

Dimension 
Heat Resistance 
Mechanical 
Electrical 
Others 

Electrical 
Characteristics 

Function 
Voltage 
Current 
Temperature 
Others 

Appearance, Dimension 

Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 

Reliability Test 
Process Check same as 
Quality Approval ( 1) 

Figure 1. Flow Chart of Quality Approval 
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Confirmation of 
Characteristics and 
Reliability of Materials 
and Parts 

Confirmation of Target 
Spec, Mainly about 
Electrical Characteristics 

Confirmation of OUality 
and Reliability in Design 

1 Confirmation of Quality 
and Reliability in Mass 
Production 
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• Transmission of information about 
quality 

manufacturing equipments are promoted to 
improve manufacturing fluctuation, and con
trols are made to maintain proper operation 
of high performance equipments and perform 
the proper function. As for maintenance 
inspection for quality control, there are daily 
inspection which is performed daily based on 
specification related, and periodical inspec
tion which is performed periodically. At the 
inspection, inspection points listed in the 
specification are checked one by one not to 
make any omission. As for adjustment and 

(2) Quality Control of Manufacturing Facil
ities and Measuring Equipment 

Equipments for manufacturing semiconduc
tor devices have been developing extraordi
narily with necessary high performance 
devices and improvement of production, and 
are important factors to determine quality 
and reliability. In Hitachi, automatization of 

Process Quality Control 

Material, Parts 

Material, 
Parts 

Inspection on Material and 
Parts for Semiconductor 
Devices 

----, 
I Manufacturing Equipment, 
1--- Environment, Sub-material, 
I Worker Control 
I 
I 
I 
I Inner Process 
r--- Quality Control 
I 
I 
I 
I 100% Inspection on 
L--- Appearance and Electrical 
I Characteristics 

____ J 

Products 
Sampling Inspection on 
Appearance and Electrical 
Characteristics 

L---- Reliability Test 

Receiving 

r- ----------------, 
: Quality Information 1 

1 Claim : 
I Field Experience 

Customer : General Quality 
I Information I 
L--- --------- -- - --.J 

Method 

_____ _, 
Lot Sampling, 
Confirmation of 
Quality level 

Confirmation of 
Quality level 

-- -- - Lot Sampling, 
Confirmation of 
Qua I ity Level 

-- __ __, 

Testing, 
Inspection 

lot Sampling 

Confirmation of 
Quality Level, Lot 
Sampling 

Feedback of 
Information 

Figure 2. Flow Chart of Quality Control in Manufacturing Process 
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maintenance of measuring equipments, 
maintenance number, specification are 
checked one by one to maintain and improve 
quality. 

(3) Quality Control of Manufacturing Cir
cumstances and Submaterials. 

turing circumstances - temperature, humid
ity, dust - and the control of submaterials -
gas, pure water - used in manufacturing 
process are intensively executed. Dust con
trol is described in more detail below. 

Quality and reliability of semiconductor 
device is highly affected by manufacturing 
process. Therefore, the controls of manufac-

Dust control is essential to realize higher 
integration and higher reliability of devices. 
In Hitachi, maintenance and improvement of 
cleanness in manufacturing site are executed 
with paying intensive attention on buildings, 

28 

Process Control Point Purpose of Control 
Purchase of Material 

Wafer I Wafer Characteristics, Appearance Scratch, Removal of Crystal 
Defect Wafer 

Frame 

Package 

~ Surface Oxidation 
Inspection on Surface 
Oxidation 
Photo Resist 

Inspection on Photo Resist 
o PQC Level Check 

Diffusion 

Inspection on Diffusion 
o PQC Level Check 

Evaporation 

Inspection on Evaporation 
o PQC Level Check 

Wafer Inspection 

Inspection on Chip 
Electrical Characteristics 
Chip Scribe 
Jnspection on Chip 
Appearance 

o PQC Lot Judgement 

Assembling 

O PQC Level Check 

Inspection after 
Assembling 

O PQC Lot Judgement 

Sealing 

O PQC Level Check 
Final Electrical Inspection 

O Failure Analysis 

Appearance Inspection 
Sampling Inspection on 
Products 
Receiving 

Shipment 

Oxidation 

Photo 
Resist 

Diffusion 

Evapora
tion 

Wafer 

Chip 

Appearance, Thickness of 
Oxide Film 

Dimension, Appearance 

Diffusion Depth, Sheet 
Resistance 
Gate Width 
Characteristics of Oxide Film 
Breakdown Voltage 

Thickness of Vapor Film, 
Scratch, Contamination 

Thickness, VTH Characteris
tics 
Electrical Characteristics 

Appearance of Chip 

Assembling Appearance after Chip 
Bonding 

Sealing 

Marking 

Appearance after Wire 
Bonding 
Pull Strength, Compression 
Width, Shear Strength 
Appearance after Assembling 

Appearance after Sealing 
Outline, Dimension 
Marking Strength 

Analysis of Failures, Failure 
Mode, Meehan ism 

Assurance of Resistance 
Pinhole, Scratch 

Dimension Level 
Check of Photo Resist 
Diffusion Status 

Control of Basic Parameters 
(VTH, etc.) Cleanness of surface, 
Prior Check of V 1 H 
Breakdown Voltage Check 
Assurance of Standard 
Thickness 

Prevention of Crack, 
Quality Assurance of Scribe 

Quality Check of Chip 
Bonding 
Quality Check of Wire 
Bonding 
Prevention of Open and 
Short 

Guarantee of Appearance 
and Dimension 

Feedback of Analysis I nfor
mation 

Figure 3. Example of Inner Process Quality Control 
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facilities, airconditioning systems, materials 
delivered-in, clothes, work, etc., and period
ical inspection on floating dust in room, fall
ing dusts and dirtiness of floor. 

3.3.3 Final Product Inspection and Reli
ability Assurance 

(1) Final Product Inspection 

Lot inspection is done by quality assurance 
department for products which were judged 
as good products in 100% test, which is final 
process in manufacturing department. 
Though 100% of good products is expected, 
sampling inspection is executed to prevent 
mixture of failed products by mistake of work, 
etc. The inspection is executed not only to 
confirm that the products meet users' 
requirement, but to consider potential fac
tors. Lot inspection is executed based on MIL
STD-105D. 

(2) Reliability Assurance Tests 

To assure reliability of semiconductor 
devices, periodical reliability tests and reli
ability tests on individual manufacturing lot 
required by user are performed. 

Table 1. 

Material, 
Parts 

Wafer 

Mask 

Fine 
Wire for 
Wire 
Bonding 

Frame 

Quality Control Check Points 
of Material and Parts (Exam
ple) 

Important 
Control Items Point for Check 

Apperance Damage and Contam-
ination on Surface 

Dimension Flatness 
Sheet Resistance Resistance 
Defect Density Defect Numbers 
Crystal Axis 

Appearance 

Dimension 
Resistoration 
Gradation 

Apperance 

Dimension 

Defect Numbers, 
Scratch 
Dimension Level 

Uniformity of Gra
dation. 

Contamination, 
Scratch, Bend, 
Twist 

Purity Purity Level 
Elongation Ratio Mechanical 

Appearance 

Dimension 
Processing 
Accuracy 
Plating 

Mounting 
Characteristics 

Strength 

Contamination, 
Scratch 
Dimension Level 

Bondability, 
Solderability 
Heat Resistance 

---------------
Ceramic 
Package 

Plastic 
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Appearance 

Dimension 
Leak Resistance 
Plating 

Mounting 
Characteristics 
Electrical 
Characteristics 
Mechanical 

Strength 

Composition 

Electrial 
Characteristics 
Thermal 
Characteristics 
Molding 

Performance 
Mounting 
Characteristics 

Contamination, 
Scratch 
Dimension Level 
Airtightness 
Bondability, Sol
derability 
Heat Resistance 

Mechanical 
Strength 

Characteristics of 
Plastic Material 

Molding Perfor
mance 

Mounting Charac
teristics 
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Customer 

Claim 
(Failures, Information) 

Sales Dept. 
Sales Engineering Dept. 

,------------ ---------------------, 
I -----'----~ I 

Failure Analysis I Quality Assurance Dept. I 
I I 
I I 
I I 
I Countermeasure J 

I Manufacturing Dept. Design Dept. Execution of 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Report 

Quality Assurance Dept. 

Report 

Countermeasure 

Follow-up and Confirmation 
of Countermeasure Execution 

L------------ --------------------~ 

Sales Engineering Dept. 

Reply 

Customer 

Figure 4. Process Flow Chart of Field Failure 
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1. Introduction 

Microcomputer is required to provide higher 
reliability and quality with increasing func
tion, enlarging scale and widening applica
tion. To meet this demand, Hitachi is improv
ing th<;> quality by evaluating reliability, 
building up quality in process, strengthening 
inspection and analyzing field data etc .. 

This chapter describes reliability and quality 
assurance data for Hitachi 4-bit single-chip 
microcomputer based on test and failure 
analysis results. More detail data and new 
information will be reported in another reli
ability data sheet. 

2. Package and Chip Structure 

2.1 Package 

The reliability of plastic molded type has 
been greatly improved, recently their appli-

Table 1. Package Material and Properties 

Item Plastic DIP 

Package Epoxy 

Lead Solder dipping Alloy 42 

Die bond Au-Si or Ag paste 
----· 

Wire bond Thermo compression 

Wire Au 

111 Plastic DIP 

Bonding wire 

cations have been expanded to automobiles 
measuring and control systems, and com
puter terminal equipment operated under 
relatively severe conditions and production 
output and application of plastic molded type 
will continue to increase. 

To meet such requirements, Hitachi has con
siderably improved moisture resistance, 
operation stability, and chip and plastic 
manufacturing process. 

Plastic package type structure is shown in 
Figure 1 and Table 1. 

2.2 Chip Structure 

Hitachi 4-bit single-chip microcomputer are 
produced in PMOS E/D technology or low 
power CMOS technology. Si-gate process is 
used in both types because of high reliability 

Plastic Flat Package 

Epoxy 

Solder plating Alloy 42 

Au-Si or Ag paste 

Thermo compression 

Au 

{2) Plastic Flat Package 

Bonding wire 
Chip 

Plastic 

Figure 1. Package Structure 
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32 

and high density. 

Si-Gate P-channel 

P-channel 
EMOS 

P-channel 
EMOS 

Chip structure and basic circuit are shown in 
Figure 2. 

Si-Gate CMOS 

Si02 Source Drain 

FET2 

FET1 

FET2 

P-<:hannel 
EMOS 

N-<:hannel 
EMOS 

Figure 2. Chip Structure and Basic Circuit 
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3. Quality Qualification and Eval
uation 

3.1 Reliability Test Methods 

Reliability test methods shown m Table 2 are 
used to qualify and evaluate the new prod
ucts and new process. 

Table 2. Reliability Test Methods 

Test Items 

Operating Life Test 

High Temp, Storage 
Low Temp, Storage 
Steady State Humidity 
Steady State Humidity Biased 

Temperature Cycling 
Temperature Cycling 
Thermal Shock 
Soldering Heat 
Mechanical Shock 
Vibration Fatigue 
Variable Frequency 
Constant Acceleration 
Lead Integrity (DIP) 
Lead Integrity (QFP) 

Test Condition 

125'C, 1 OOOhr 

Tstg max, 1 OOOhr 
Tstg min, 1 OOOhr 
65'C 95%RH, 1 OOOhr 
85'C 85%RH, 1 OOOhr 

-55·c~15o·c, 1 o cycles 
-2o·c~125·c, 200 cycles 
o·c~10o·c, 100 cycles 
260'C, 1 0 sec 
1500G 0.5 msec, 3 times/X, Y, Z 
60Hz20G, 32hrn/X, Y,Z 
20~2000Hz 20G, 4min/X, Y, Z 
20000G, 1 min/X, Y, Z 
225gr, 90' 3 times 
225gr, 90' 1 time 
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MIL-STD-883 B Method No. 

1005,2 

1008, 1 

1010,4 

1011 ,3 

2002,2 
2005, 1 
2007, 1 
2001 ,2 
2004,3 
2004 

Hitachi America Lid. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 33 



Reliability Test Data of Microcomputer 

3.2 Reliability Test Results 

Reliability Test Result of 4-bit single-chip 
mici:ocomputer device is shown in Table 3 to 

Table 14, There is little difference according 
to device series, as the design and production 
process, etc. are standardized. 

3.2.1 HMCS40 Series (HMC540 Series) 

Table 3. Dynamic Life Test 

(1) PMOS 
(Condition; -Voo = 11 V, -Vdisp = 50V, Ta= 125'C) 

Device Type Package Sample Size Component Hours Failure 

HMCS47A DP-645 45 45000 0 
FP-54 45 45000 0 

HMCS45A DP-645 90 90000 0 
FP-54 405 405000 2* 

HMCS44A DP-42 313 313000 1 * * 
DP-425 45 45000 0 

HMCS43 DP-42 116 116000 0 
DP-425 45 45000 0 

HMCS42 DP-28 106 106000 0 

Total 1210 1210000 3 

Surface contamination 
** Aluminum metallization open 

(2) CMOS 
(Condition; Vcc=5.5V, Ta =125'C) 

Device Type Package Sample Size Component Hours Failure 

HMCS47C DP-645 90 90000 0 
FP-54 90 90000 0 

HMCS46C DP-42 90 90000 0 
DP-425 45 45000 0 

HMCS45C DP-645 45 45000 0 
FP-54 120 120000 1 * 

HMCS44C DP-42 162 162000 1** 
DP-425 45 45000 0 

HMCS43C DP-42 120 120000 0 
FP-54 90 90000 0 

HMCS42C DP-28 60 60000 0 
DP-285 45 45000 0 

LCD-111 FP-80 90 90000 0 

LCD-IV FP-80 90 90000 0 

Total 1182 1182000 2 

Surface contamination 
* * Aluminum metallization open 
Estimated Failure Rate=0.018%/1000 hrs at Ta= 75'C for PMOS 

0.014%/1000 hrs at Ta=75'C for CMOS 
(Activation Energy 0. 7 eV, Confidence Level 60%) 
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Table 4. Moisture Resistance 

Plastic Package Type 
~---------

DIP QFP 

Test Item Condition Sample Failure Sample Failure 

High Temp_ 
High Humidity 
Storage 

High Temp_ 
High Humidity Bias 

65 C 95%RH, 

85'C 95%RH, 

85 C 85%RH, 

1 OOOhrs 870 

1 OOOhrs 220 

1 OOOhrs 205 

Pressure 1 21 ·c 2 atm, 96hrs 55 
Cooker Test 

Failure mode : Aluminum corrosion 6 pcs_ 

DIP__ __600mil 
QFP-H-54_ 54,60 pin 

0 

~ 1041----1-----'lc-l"<-------+----t---ll-------l 
,s 
~ 
i" 
~ 
2 
~ 
~ -., 
"' :; 
E 
:::i 
'-' 

DIP 

* 1031----t------+------T-+-T----t----l------t 

8 
Q) 

E 
i= 

:C 
cc 

* "' m 
u 

102 b 
~ 

" Q; 
u:: 

102 

I 
cc 

* I[) 

m 
u 
in 
00 

103 

Absolute humidity (mm Hg) 

I 

~~ 
~o 
NO 

Moisture resistance of plastic package LSI 
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545 

165 

--------· 
185 

55 

Estimated Failure Rate 
in Field 

0 

(30'C 95%RH) 
0_0125%/1000 hrs for DIP 

0,025%/1000 hrs for QFP-H-54 

QFP-H-54 d=2_9mm max_ 
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Table 5. Mechanical and Environmental Test Results 

DIP Type O.FPType 

Test Item Test Condition Sample Failure Sample Failure 

High Temperature Storage Ta=150"C, 1000hrs 43 0 53 0 
low Temperatuer Storage Ta= -55"C, 1000hrs 50 0 40 0 
Temperature - 55·c~25·c~ 1 5o·c 1637 0 1514 0 
Cycling 10 cycles 
Thermal Shock o·c~10o·c 1 o cycles 150 0 100 0 
Soldering Heat 25o·c. 1 o sec 140 0 160 0 
Solderability 23o·c. 5 sec 34 0 34 0 
Mechanical 1500G, 0. 5 msec 45 0 45 0 
Shock 3 times/X, Y. Z 
Vibration 60 Hz, 20G 120 0 45 0 
Fatigue 32 hrs/X, Y, Z 

3.2.2 HMCS400 Series 

Table 6. Dynamic Life Test (HMCS400 Series) 

(Condition: Vcc=6.0V, Ta=125°C) 

Device Type Package Sample Size Component Hours Failure 

HMCS404 DIP 55 55,000 0 

QFP 77 77,000 0 

HMCS408 DIP 78 78,000 0 

QFP 55 55,000 0 

HMCS412 DIP 55 55,000 0 

OFP 32 16,000 0 

HMCS414 DIP 55 55,000 0 

OFP 32 32,000 0 

HMCS424 DIP 55 55,000 0 
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Table 7. Moisture Resistance (HMCS400 Series) 

(1 I High Temp. High Humidity Storage 

Device Type Package Candition 168 lus. 500 hrs. ·JOOO hrs. 

HMCS404 DIP 65"C 95%RH 0/176 0/176 0/176 

QFP 55·c 95%RH 0/176 0/176 0/176 * 

HMCS408 DIP 65"C 95%RH 0/45 0/45 0/45 
~----

DIP 85 C 95%RH 0/45 0/45 0/45 

QFP 65"C 95%RH 0/116 0/116 0/116 

QFP 85"C 95%RH 0/70 0/70 0/70 

HMCS412 QFP 65C 95%RH 0/50 0/50 0/50 
---

QFP 85 C 95%RH 0/50 0/50 0/50 

* Aluminum Corrosion 

(2) Pressure Cooker Test 
(Condition: 121 C, 2 atm.) 

Device Type Package 40 hrs. 60 hrs. 100 hrs. 

HMCS404 DIP 0/45 0/45 0/45 

QFP 0/45 0/45 0/45 

HMCS408 DIP 0/22 0/22 0/22 

QFP 0/45 0/45 0/45 

HMCS412 QFP 0/45 0/45 0/45 

(3) High Temp. High Humidity Bias 
(Condition: 85"C, 85%RH, Vcc=5.5V) 

Device Type Package 168 hrs. 500 hrs. 1000 hrs. 

HMCS404 DIP 0/32 0/32 0/32 

QFP 0/22 0/22 0/22 

HMCS414 DIP 0/22 0/22 0/22 

QFP 0/22 0/22 0/22 
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Table 8. Temperature Cycling (HMCS400 Series) 

Device Type Package 10 cycles 100 cycles 200 cycles 

HMCS404 DIP 0/295 0/90 0/90 

QFP 0/210 0/45 0/45 

HMCS408 DIP 0/90 0/45 0/45 

QFP 0/45 0/45 0/45 

HMCS412 DIP 0/287 0/77 0/77 

QFP 0/45 0/45 0/45 

HMCS414 DIP 0/77 0/77 0/77 

QFP 0/45 0/45 0/45 

HMCS424 DIP 0/45 0/45 0/45 

Table 9. High Temp. Low Temp. Storage (HMCS400 Series) 

(1) High Temp. Storage (Condition : 150°C) 

Device Type Package 168 hrs. 500 hrs. 1000 hrs. 

HMCS404 DIP 0/22 0/22 0/22 

QFP 0/22 0/22 0/22 

HMCS408 DIP 0/22 0/22 0/22 

QFP 0/22 0/22 0/22 

HMCS414 DIP 0/22 0/22 0/22 

(2) Low Temp. Storage (Condition : - 55"C) 

Device Type Package 168 hrs. 500 hrs. 1000 hrs. 

HMCS404 QFP 0/22 0/22 0/22 

HMCS408 DIP 0/22 0/22 0/22 

QFP 0/22 0/22 0/22 

HMCS414 DIP 0/22 0/22 0/22 
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3.2.3 4-bit ZTAT 

Table 10. Dynamic Life Test (ZT AT) 

(Condition: Vcc=6.0V, Ta=125°C) 

Device Type Package Sample Size Component Hours Failures 

HD4074008 DIP (ceramic) 55 55,000 0 

DIP 55 55,000 0 

HD4074408 DIP (ceramic) 55 55,000 0 

DIP 100 100,000 0 

QEP 32 32,000 0 

Table 11. Moisture Resistance (ZTAT) 

(1) High Temp. High Humidity Storage 

Device Type Package Condition 168 hrs. 500 hrs. 1000 hrs. 

HD4074008 DIP 65°C 95%RH 0/77 0/77 0/77 

QFP 65°C 95%RH 0/55 0/55 0/55 

85°C 95%RH 0/49 0/49 0/49 

HD4074408 DIP 65°C 95%RH 0/116 0/116 0/116 

QFP 65°C 95%RH 0/45 0/45 0/45 

85'C 95%RH 0/26 0/26 0/26 

(2) Pressure Cooker Test 
(Condition: 121'C, 2 atm.) 

Device Type Package 40 hrs. 60 hrs. 100 hrs. 

HD4074008 DIP 0/22 0/22 0/22 

QFP 0/22 0/22 0/22 

HD4074408 DIP 0/45 0/45 0/45 

QFP 0/22 0/22 0/22 

Table 12. Temperature Cycling (ZTAT) 

(Condition : - 55·c~ 1 50°C) 

Device Type Package 10 cycles 100 cycles 200 cycles 

HD4074008 DIP 0/150 0/45 0/45 

QFP 0/100 0/45 0/45 

HD4074408 DIP 0/120 0/45 0/45 

QFP 0/130 0/45 0/45 
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Table 13 .. High Temp. Low Temp. Storage (ZTAT) 

(1) High Temp. Storage 
(Condition : 1 50"C) 

Device Type Package 48 hrs. 168 hrs. 500 hrs. 1000 t.rs. 

HD4074008 DIP (ceramic) 0/221 0/35 0/35 0/35 

DIP 0/79 0/79 0/79 0/79 

QFP 0/189 0/45 0/45 0/45 

HD4074408 DIP (ceramic) 0/255 0/104 0/104 0/104 

DIP 0/260 0/44 0/44 0/44 

QFP 0/103 0/32 0/32 0/32 

(2) Low Temp. Storage 
(Condition : -55 C) 

Device Type Package 168 hrs. 500 hrs. 1000 hrs. 

HD4074008 DIP 0/22 0/22 0/22 

QFP 0/22 0/22 0/22 

HD4074408 DIP 0/22 0/22 0/22 

QFP 0/22 0/22 0/22 

Table 14. Mechanical and Environment Test Results (HMCS400 Series) 

DIP QFP 

Test Item Condition Samples Failures Samples Failures 

Thermal Shock 0 c~10o·c, 10 cycles 210 0 150 0 

Soldering Heat 260C, 10sec 246 0 86 0 

Solderability 230'C, 5 sec, Rosin flux 132 0 88 0 

Salt Water Spray 35'C, NaCl 5%, 24 hrs. 110 0 66 0 

Drop Test 75cm, maple board 3 times 44 0 40 0 

Lead Integrity Streching, 250g, 30 sec. 60 0 40 0 

Banding, 225g, 90 , 3 times 160 0 22 0 
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4. Precaution 

4.1 Storage 

It is preferable to store semiconductor 
devices in the following ways to prevent 
detrioration in their electrical characteristics, 
solderability, and appearance, or breakage. 
(1) Store in an ambient temperature of 5 to 

30"C, and in a relative humidity of 40 to 
60%. 

(2) Store in a clean air environment, free from 
dust and active gas. 

(3) Store in a container which does not 
induce static electricity. 

(4) Store without any physical load. 
(5) If semiconductor devices are stored for a 

long time, store them in the unfabricated 
form. If their lead wires are formed 
beforehand, bent parts may corrode dur
ing storage. 

(6) If the chips are unsealed, store them in a 
cool, dry, dark, and dustless place. 
Assemble them within 5 days after 
unpacking. Storage in nitrogen gas is 
desirable. They can be stored for 20 days 
or less in dry nitrogen gas with a dew 
point at - 30°C or lower. Unpacked 
devices must not be stored for over 3 
months. 

(7) Take care not to allow condensation dur
ing storage due to rapid temperature 
changes. 

4.2 Transportation 

As with storage methods, general precau
tions for other electronic component parts are 
applicable to the transportation of semicon
ductors, semicoductor-incorporating units 
and other similar systems. In addition, the 
following considerations must be given, too: 
(1) Use containers or jigs which will not 

induce static electricity as the result of 
vibration during transportation. It is 
desirable to use an electrically conductive 
container or aluminium foil. 

(2) In order to prevent device breakage from 
clothes-induced static electricity, workers 
should be properly grounded with a 
resistor while hadling devices. The resis
tor of about 1 M ohm must be provided 
near the worker to protect from electric 
shock. 

(3) When transporting the printed circuit 
boards on which semiconductor devices 
are mounted, suitable preventive mea
sures against static electricity induction 
must be taken; for example, voltage built
up is prevented by shorting terminal cir
cuit. When a belt conveyor is used, pre
vent the conveyor belt from being elec-

trically charged by applying some surface 
treatment. 

(4) When transporting semiconductor 
devices or printed circuit boards, mini
mize mechanical vibration and shock. 

4.3 Handing for Measurement 

Avoid static electricity, noise and surge-volt
age when semiconductor devices are mea
sured. It is possible to prevent breakage by 
shorting their terminal circuits to equalize 
electrical potential during transportation. 
However, when the devices are to be mea
sured or mounted, their terminals are left 
open to provide the possibility that they may 
be accidentally touched by a worker, 
measuring instrument, work bench, soldering 
iron, belt conveyor, etc. The device will fail if 
it touches something which leaks current or 
has a static charge. Take care not to allow 
curve tracers, synchroscopes, pulse genera
tors, D.C. stabilizing power supply units etc. 
to leak current through their terminals or 
housings. 

Especially, while the devices are being test
ed, take care not to apply surge voltage from 
the tester, to attach a clamping circuit to the 
tester, or not to apply any abonormal voltage 
through a bad contact from a current source. 

During measurement, avoid miswiring and 
short-circuiting. When inspecting a printed 
circuit board, make sure that no soldering 
bridge or foreign matter exists before turning 
on the power switch. 

Since these precautions depend upon the 
types of semiconductor devices, contact 
Hitachi for further details. 

4.4 Soldering 

4.4.1 Methods and Standard Conditions for 
Soldering 

Table 15 lists the major methods for soldering surface 
mount packages. The methods can be grouped into 
two broad categories: partial heat application meth
ods whereby the outer leads are heated, and overall 
heat application methods by which the PCB assem
bly including the packages, are heated. 

The standard conditions with brief descriptions of 
each method are given in 4.4.1.1 and 4.4.1.2. When 
selecting the best method, consider all advantages 
and disadvantages. Refer to the recommended 
method in 4.4.2 for each particular package type. 
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Table 15. Methods for Soldering Surface Mount Packages 

Method Name Setup Refer· 
ence 

Partial 
Heat Lldering iron 
Appli- 4.2.1 
cation Manual soldering 

Methods 

Pulse heater solder oo==:'""' '"~' soldering Heater 

Hot air soldering 
~Hot air blower 

' ---

Laser soldering ~Laser beam 
.,.=..;_ 

Overall 
Heat Infrared reflow soldering ~Infrared ray heater 4.2.2 Appli- '"" 
cation ~-
Methods 

Vapor phase ~oolingoil 
Saturated vapor 

reflow soldering Inert fluid 
- Heater 

i@§' ,',-... .. -=--=.:.. .. , 

Dip soldering 
~ : ....-'?\.\ 

'if t Wave solder - (solder vessel for surface mounting) 

J L 
_,c:]-,__ -

Furnace soldering ~Heater 
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4.4.1.1 Partial Heat Application Methods 

Manual Soldermg A package is fixed to the predeter
mined position with flux or adhesive. With the pack
age held m place, the leads are soldered. A pointed tip 
iron ::it 350°C is u~ed with solder m narrow wire form 

typically 0.5 Mm or less in diameter. Soldering time 
should be three seconds or less per pin. Table 16 
shows tvpicci I processes for soldering a;1 OFP. 

Table 16. Typical Processes for OFP Soldering 

Process Procedure 
Presoldering 1. Solder-sip the footprint on the board. 

2. Remove all bridges developed in dipping. 

~ 

1 
~ ~ ~ ;+Solder 

-- Board 

Positioning and temporary fixing 1. Align the index markings. 

2. Place a package on the footprint. 

3. Check that the leads on four sides have been e-r ,,,., placed accurately on the footprint. 

4. Fix four corners of the package by soldering. I 
Any bridges between leads may be left as 

Index / I I they are. 

Fix by soldering. 

Flux application 1. Using a brush, apply flux (rosin-based) to the 
leads and pattern. 

-~ 
2. Put a small quantity of flux into a container for 

use in each short session of flux application 
(approx. 4 hours). 

3. At the end of each applying session, discard 
all the flux left in the container. Do not mix 
residual with replenished flux. 

Brush 

Soldering 1. Move the soldering iron across leads while 
melting the solder. 

~ 

~LS~ So'°" 01 ~ Soldering LSI rm{1111 
Iron 

Board 
Solder Iron tip 

Move soldering iron this way. 
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Pulse Heater Soldering: (source: Tuxtbook for In
ternepcon JAPAN Seminar No 10, Jan. 26, 1985). A 
pulse current is allowed to flow in a heater chip (col
let). As Joule heat develops and flows in the chip, a 
prepared solder piece is melted instantaneously and 
pressed onto the required position by the chip. This 
method is noted for a minimum rise in temperature of 

the entire package, but may not be suitable for mass 
production. It is suited for packages with their leads 
extending outward (gull-wing type), but not for those 
with leads bent inward (J-bend leads). Figure 13 
shows typically structures of heater chips, and Table 
17 lists representative conditions for pulse heater sol
dering. 

TC ~-~ ~ 
~@ lftTC 

Figure 3. Typical Heater Chip Structures 

Table 17. Typical Conditions for 
Pulse Heater Soldering 

Item Condition 
Heating temperature 100-260°C 

Heating Time 5-10 sec. 

Cooling Time 5-10 sec. 

Soldering Pressure 8-28 kg* 

Stroke 50mm 

*:From a compressed-air source of 4 kg/cm2 
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Hot Air Soldering: Air or nitrogen gas is heated, and 
hot blasts are applied through a nozzle to melt-solder 
devices in place. This method requires gas at high 
flow rates because gas as a heat medium has low 

Air or nitrogen 

LSI 

thermal conductivity and heat capacity. It is difficult 
to apply hot air under stabilized conditions. Figure 4 
sketches a hot air soldering setup, and table 18 lists 
typical conditions for hot air soldering. 

Footprint 

Figure 4. Setup for Hot Air Soldering 

Table 18. Typical Conditions for Hot 
Air Soldering 

Item Condition 
Hot Air temperature 230-260°C 

Air Flow Rate 25-30 f/min. 

Soldering Time• 3-10 s 

Cooling Time 5-10s 

*: Duration of hot air application 
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Laser Soldering: (source: Tuxtbook for Internepcon 
JAPAN Seminar No. 10, Jan. 26, 1985) A laser beam is 
applied to the target position to melt solder. Laser 
sources include a ruby type, YAG (yttrium aluminum 
garnet) type, glass-fixed laser, and C02 (carbon diox
ide gas) laser. Currently, C02 and YAG lasers are used. 
Table 19 compares th.e characteristics of the two laser 
types. The YAG laser may be more suitable than the 

C02 type since is provides higher heat exchange ef
fectiveness over the metal surface to be soldered and 
a lower absorption factor for the board than the C02 
laser. 
Figure 5 illustrates a typical YAG laser soldering ar
rangement. The YAG laser output in continuous oscil
lation is from 50 W to 600 W depending on the lamp 
capacity and the volume of YAG crystal. 

Table 19. Comparing the C02 Laser and YAG Laser Characteristics 

C0 2 Laser 
(10.6µm) 

YAG Laser 
(1.06µml 

46 

Polyimide Substrate Tin·lead Solder Initial Investment Laser Efficiency 
2 % in reflection factor 74% in reflection factor 1 20-25% 
(98% in absorption factor) (26% in absorption factor) 

27% in reflection factor 21 % in reflection factor 2 1% 
(73% in absorption factor) (79% in absorption factor) 

Camera 

~*-0( ·) 
· 1 Cross hairs 

b Relay lens 

~Dichroic mirror 
Light source 

Beam expander Reflecting mirror 
fl for adjusting 

Condenser lens 

~~~~·:ZTa~rget material 
11 

optical axis 

Laser beam 

Figure 5. Typical YAG Laser Soldering Arrangement 
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4.4.1.2 Overall Heat Application 
Methods 

Infrared Reflow Soldering The infrared ray from a hal
ogen lamp is condensed by a reflecting mirror into a 
hot beam for soldermg. Because both pomt and line 
ray sources can be used, this method allows a large 
number of packages to be soldered at the same time 
It is therefore suitable for mass production. 

Infrared rays are divided into three groups: far infrared 
radiation (y ~ 5.6-1000 µm}, intermediate infrared 
radiation (y ~ 1.5-5.6 µm} and near infrared radiation 
( y 0. 7-1. 5 µm). In many infrared ray re flow soldering 
setups, the preliminary heater emits far infrared (or 
intermediate) rays infrared and the main heater re
leases near infrared (or immediate) rays. 

Reflow conditions vary with the package shape, 
board configuration and soldering equipment. Figure 
6 shows an example of infrared ray reflow soldering 
conditions for IC/LSI packages. The temperature 
measurement point in infrared reflow soldermg varies 
depending on the package type and application chrp. 
At Hitachi, the criteria for determining the position 
are set forth as follows: 

OJ 
H 
:l 

140-160"(; 

235°C 
max. 

~ 1"60 s 
OJ 

l-4°C/s 
~ l-5°C/s 
~ '------------------~ 
H Time --

(s) 

Figure 6. Typical Conditions for Infrared 
Reflow Soldering 

• For temperature measurement on the package sur
face, the measuring position is a MOS package 
that incorporates a relatively large chip. 

• For measurement on the board or lead surfaces, the 
measuring position is a bipolar package that incor
porates a relatively small chip. 

• Where MOS and bipolar packages coexist, the tem
perature is to be measured on MOS package sur
faces. 

Since plastic molded surface mount packages are 
black, the portron exposed to infrared rays readily ab
sorbs heat, boosting the temperature of that portron 
higher than that of the leads. This problem is by
passed by two measures: cooling the package during 
reflowing, or placing a white metal reflector on the 
surface of the package to subdue the energy absorp
tron and created a lower temperature insrde the pack
age. Figure 7 illustrates a typical temperature profile 
when a reflector is used. 

300 

~ 

u 
250 0 

OJ 
H 
:l 
'-' 200 
<1l 
H 
OJ 
~ s 
QJ 150 

H 

100 

50 

InfraredD 
rays Reflector 
~~!!!!!!!r (2 mm ip?zlfR< Jhthick) 

Ts T2 T1 
Without 
reflector 

1" -----......_ 
T2 -

Time (s) 

T, 

Figure 7. Typical Temperature Profile with 
Reflector Used 
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o I- 2 - s---l-15-_f 
( · > WCs> rn in . ______ 

Time 

Figure 8. Example of Temperature Profile 

Table 20. Typical Reflow Conditions 

Item 
CMPAK, MPAK, MPAK·4, 
FPAK,UPAK DPAK 

Soldering Temperature (board 
temperature) 

230-260°C (reference solder melting 
point + 50°Ci 

220°C max. 

Soldering Time 15-20 sec. 

Preheating Temperature 100-150°C 

Preheating Time 2-5 min. 

Vapor Phase Reflow Soldering: A special high boiling 
point solvent (for example fluorocarbon type) is 
heated to generate a vapor layer. As the entire board is 
passed through the layer, the latent heat of vaporation 
causes tlie solder to reflow. This method offers the 
following advantages: 

• The temperature can be kept constant. Since the 
solvent vapor is used, the reflow temperature is de
termined by the boiling point of the solvent to elimi
nate the likelihood of over heating. 

• Damage to components and boards can be avoided 
due to virtually uniform thermal conduction re
gardless of the configuration of the solderable as
semblies. 

40 s. max. 

160°C 

5 min. 

• Numerous components of different shapes can be 
subjected to simultaneous reflow soldering. The 
use of solvent vapor permits reflow soldering at 
multiple positions simultaneously that eliminate 
most constraints from different component shapes. 
This feature applies particularly to J-bend type de
vices whose leads are partially located under the 
package. 

• The inert reflow atmosphere prevents solder oxida
tion or flux baking. Any residual flux can be readily 
removed by conventional techniques. 

Figure 9 shows typical conditions for vapor phase 
re flow soldering. 
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~ 

u 
0 

30 s. max. 
215 "C"-..._i----J 

1"'6os. I \ 
l <v 5°C/s. 

Time (s) 

Figure 9. Typical Conditions for Vapor Phase Reflow Soldering 

Table 21. Properties of Solvents for Vapor Phase Reflow Soldering (source: 
manufacturers catalogs) 

Product Name FC-70 FC 5311 GALDEN LS230 GALDEN HS260 
Manufacturer 3M (U.S.A.) ISC Chemical (UK) Montefluos S.P.A. Montefluos S.P.A. 

(Italy) (Italy) 

Distributor Sumitomo 3M Sumitomo 3M Montedison Japan Montedison Japan 

Molecular Formula (C 5F11l3N CF3 
Tributylamine CFT(O-CF-CF 2 1n-(0-CF2 )m-OCF3 

Perfloralkyl-polyether 

Molecular Weight 820 624 800 900 

Boiling Point (°C) 215 215 220-235 250-265 

Specific Gravity 1.94 2.03 1.824 1.840 
(g/mf) 

Vapor Pressure <0.1 <0.1 5 x 10-3 5 x 10-4 
(mm Hg) 

Specific Heat 0.25 0.25 0.24 0.24 
(cal/°C.gl 

Thermal Conductivity 1.6 x 10-4 1.26 x 10-4 1.67 x 10-4 1.67 x 10-4 
(cal/g. °C.sl 

Surface Tension 18 19 18 18 
(dyne/cm) 

PFIB Generation Less than 5 ppm in < 1 ppb <0.5 ppb <0.5 ppb 
solvent, less than 
0.03 ppm at opening 
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Figure 10 sketches two types of vapor phase reflow 
soldering equipment (in-line and batch type), and ta
ble 9 lists the properties of solvents available for vapor 
phase reflow soldering. The in-line type is suited for 
mass production, and the batch type for low or me
dium production as well as for research and develop
ment purposes. Both types need adequate ventilation 
during operation. Consult the equipment manufac
turer, material vendor and appropriate occupational 
operating standards for ventilation requirements. 

Dip Soldering: A package is fixed temporarily on the 
board by adhesive. With the component side facing 

downward, the package is passed through molten 
solder. Figure 11 depicts the process flow for dip
soldering 18- and 28-pin MSPs. Compared with reflow 
methods, this method exerts extremely high thermal 
stress on semiconductor chips. Adverse effects from 
the stress should be avoided by providing a preheat
ing zone to soften thermal shock and minimizing the 
soldering time. Figure 12 shows a typical temperature 
profile for dip soldering. 

Elevator Housing 

""'""''~ 191_.,.,. '"" 

50 

Secondary \ G ~ 
cooling coil~ 
Primary 
cooling coil 

Filter 
Heat exchanger 

Cooling water 

Structure of Batch Type Equipment 

Preheating 

In-line System L Filtering 

Configuration (source: Catalog of Hitachi Technoengineering, Ltd.) 

Figure 10. Vapor Phase Reflow System 
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Adhesive 
agent applied 

MSP inserted ------

Adhesive 
agent cured 

Solder dipping 

Residual 
flux removed 

Assembly 
completed 

Adhesive agent 
I PCB 

DDLIDz:u:;{ I 
0 ~Electrode 

~ 
MSP 

/ '~::=--- ... ,' 
~/~-,rr~~-. I I \\ 

c=:> I }) . . I Direction 
of movement Wave solder 

Finished product 

(solder vessel for 
surface mounting) 

Figure 11. Flow of Process for Solder-Dipping 18- and 28-Pin MSPs 

Dipping 
Preheating-----,---j Cooling 

(for 1-3 min.) (for 2-4 sec.) 
T max.-26o"C) 

of solder 

or 
air cooling 

Time 

Figure 12. Temperature Profile of Solder-Dipped Soldering 
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Furnace Soldering: (source: t.echnical information 
from Senju Metal Co.) The PCB is placed on a thin 
heat resistant belt. As the PCB advances, the belt is 
heated from below by hot plates to reflow the solder. 
This method provides high processing capacity, and 
the equipment required is relatively inexpensive. This 

method, however, is not suitable for boards with low 
resistance to heat, poor thermal conductivity or com
plicated shapes. Figure 13 outlines a typical furnace 
soldering setup, and Figure 14 depicts a typical t.em
perature profile of this method. 

Cooling fan 

Preheater 
Main heater 

52 

~ 

u 
0 

Figure 13. Furnace Soldering Setup 

80 60 

215-235"C 

90 120 

Time (s) 

Figure 14. Typical Temperature Profile of Furnace Soldering 
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4.4.2 Recommended Mounting 
Methods for Each Package Type 

Table 22 lists the recommended mounting methods 
for each of the package types now on the market. 

When determining conditions for the mounting 
method selected, refer to the temperature profile ex
amples in 4.2 and the notes in 4.4. The symbols used 
in the table have the following meanings: 

0 (suitable): Use this method by considering the 
temperature profile inside the package, tempera
ture rise gradient, change in soldering conditions, 
and solderability. 

x (unsuitable): Do not use this method. 

The soldering methods are divided into the three 
groups above with emphasis placed on thermal stress 
on components and solderability. Productivity and 
the costs also be analyzed. 

Notice that methods are recommended for each pack
age type. Where different package types coexist, se
lect the soldering method suitable for the package 
type most vulnerable to thermal stress. 

Table22. Recommended Mounting Methods for Each Package 

IC/LSI Packages Discrete Packages 

QFP PLCCI QFP 
Mounting Melhods (plastlcJ SOP MSP SOJ (ceramic I LCC MPAK UPAK FPAK DPAK LLD SRP 

i -~ .g Manual Soldering 0 0 0 0 0 x 0 0 0 0 0 0 

~ .~ £' Pulse Heater Soldering 0 0 x 0 0 0 0 0 0 0 

'i '8: ~ Hot Air Soldering 0 0 0 0 0 0 0 0 0 0 0 0 

a.. < Laser Soldering 0 0 0 0 0 0 0 0 0 0 0 

Infrared Reflow 
'Iii c: Soldering 0 0 0 0 0 0 0 0 0 0 0 0 
~ 0 ~ 

::C "S ~ Vapor Phase Reflow 
~ ~ ~ Soldering 0 0 0 0 0 0 0 0 0 0 0 0 

b .( ~ Dip-soldering x Note 1 Note 2 x 0 0 0 x Note 3 0 0 

Furnace Soldering 0 0 0 0 0 0 0 0 0 0 0 0 

Notes: 1. Recommended for SOPs with 20 plns or less, but unsuitable for SOPs with 24 or 28 pins. 
2. Recommended, or possible for MSPs with 44 or more pins. 
3. Methods indicated as unsuitable may apply depending on the specific product. For more information, consult your Hitachi representative. 
4. (0 : Suitable; x : Unsuitable) 
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4.5 Removing Residual Flux 

To ensure the reliability of electronic systems, 
residual flux must be removed from circuit 
boards. Detergent or ultrasonic cleaning is 
usually applied. If chloric detergent is used 
for the plastic molded devices, package cor
rosion may occur. Since cleaning over 
extended periods or at high temperatures 
will cause swollen chip coating due to solvent 

permeation, select the type of detergent and 
cleaning condition carefully. Lotus Solvent 
and Dyfron Solvent are recommended as a 
detergent. Do not use any trichloroethylene 
solvent. For ultrasonic cleaning, the following 
conditions are advisable: 
• Frequency: 28 to 29 kHz (to avoid device 

resonation) 
• Ultrasonic output: 15W I£ 
• Keep the devices out of direct contact 

with the power generator. 
• Cleaning time: Less than 30 seconds 
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ZTAT MCU On-Chip PROM Characteris
tics and Precautions 

Principles of Programming/Erasing: The 
ZTAT micros' memory cells are the same as an 
EPROM's. Therefore they are programmed by 
applying high voltage to control gates and 
drains, which injects hot electrons into the 
floating gate. They are stable, surrounded by an 
energy varrier of Si02 film. Such a cell becomes 
a 0 bit due to the memory threshold voltage 
change. A cell with no condensed electrons at 
its floating gate appears as a 1 bit (figure 15). 

The electron charge in memory cells may 

~---~. / Control gate 
s,o, 1 r 
~ ====/ Floating gate 

Source \~ 

( ~. T l N1"'" 

decrease as time goes by. This can be caused 
by: 

· Ultraviolet light: discharged by photo
emitted electrons (erasure principle) 

· Heat: discharged by thermal emitted elec
trons 

· High voltage: discharged by a high electric 
field at the control gate or drain 

If the oxide film covering a floating gate is 
defective, the erasure rate is great. Normally, 
electron erasure does not occur, because such 
defective devices are found and removed 
during testing. 

Control gate 

Floating gate 

Programming (0) Erasing ( 1) 

Figure 15. Cross-section of EPROM Memory Cell 
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Programming Precautions: The EPROM 
memory cells should be programmed under 
specific voltage and timing conditions. The 
higher the program voltage and the longer 
the program pulse is applied, the more elec
trons will be injected into the floating gate. 
However, if an overvoltage is applied to Vpp, 

the p-n junction may be permanently 
damaged. Pay particular attention to PROM 
programmer overshoot. Negative voltage 
noise will cause a parasitic transistor effect, 
which may reduce break-down voltage. 

The ZTAT micros are connected electrically 
to the PROM programmer through a socket 
adapter. Therefore, pay attention to the fol
lowing: 

· Confirm that the socket adapter is firmly 
fixed on the PROM programmer. 

· Do not touch the socket adapter or the LSI 
during programming. 

· Misprogramming can be caused by poor 
contacts. 

On-Chip EPROM Reliability after Pro
gramming: Generally, semiconductors are reli
able except for initial failures. Parts can be 
screened to avoid failures. Exposure to high 
temperature is a kind of screening which re
moves PROM memory cells with data hold fail
ures in a short time. This is done to the ZTATs in 
the wafer stage, so ZTAT data hold characteris· 
tics are high. Exposing the LSI to 150°C after 
user programming can effectively upgrade 
these characteristics. Figure 16 shows the rec· 
ommended screening flow. 

Programming 

56 

Verification 

I 
Exposure in high temperature 
without applying any power 

150'C ± 1 o·c, 48Hr + 8Hr* 
- OHr 

l 
Confirmation of reading 
Vee= 4.5Vor5.5V 

* Exposure time is the time after the temperature 
in heater reaches 1 50°C. 

Note: If programming errors occur continuously during programming with one PROM programmer, stop pro
gramming and check the PROM programmer or socket adapter. 
If trouble occurs in verification after programming, or after exposure to high temperatures, please inform a 
Hitachi engineer. 

Figure 16. Recommended Screening Flow 
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Program Development Procedure and 
Support Systems 

1. General Description 

The cross assembler and the hardware emu
lator using various types of computers are 
prepared by Hitachi as supporting systems 
to develop the user's programs. User pro
grams are mask programmed into the ROM 
and shipped as LSI by Hitachi. Figure 1 

shows the typical program design procedure 
and Tuble 1 shows the system development 
support tools for HMCS 40 and HMCS 400 
series microcomputers which are used in 
these processes. 

Sample (J) 
evaluation 

Mass 
production 

No 

EP~ 

~, .. 

Flexible 
disk 

Start 

Allocation of 
RAM <Ind 

1/0 
CD 

•----I-'®"- Editor 

-----+-'®"'-Cross assembler 

No 

------>-'®~Emulator, 

No 

Piggy back 
microcomputer, 
and PROM on chip 
microcomputer 

Figure 1. Program Design Procedure 
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(Description) 

© When the user programs the system, pre
determined functions are assigned to the 
1/0 pins and the RAM area is estimated 
before actual programming. 

© A flowchart is designed to achieve the 
predetermined functions. 

@ The coded flowchart is written onto 
floppy disk using HMCS 400 series mne
monic code to make a source program. 

© The source program is assembled using 
host computer to generate the object pro
gram. Errors during the assembling are 
also detected. 

@ Hardware emulation is performed to 
check the program. Hitachi provides the 
emulator, which may be connected to 

Development Flowchart 

host computers such as an IBM PC, for 
debugging, as well as the piggyback mi
crocomputer and EPROM on chip micro
computers to verify the program. 

@ The completed program is sent to Hitachi 
in the form of EPROMs along with the 
appropriate "Ordering Specifications", 
"Marking Option'', and "Mask Option 
List" documents. 

(!) The ROM and mask options are masked 
by the company, LSI is tentatively pro
duced and the sample is handed to the 
user. After the user has evaluated the 
sample and confirmed that the program 
is correct, mass production can be 
started. 

Single chip microcomputer device is developed according to the following flowchart after 

program development. 
Device Development Flowchart 

Hitachi Customer Remarks 

1 ROM code •1 • 1 2 sets of EPROMS 

2 Mask Option List •2 

l 3 Ordering Specifications •2 Part specific 
•3 •3 Generic for Hitachi 

Microcomputers 
I [Computer processing ] 

I rOM code for confirmation t 
of ROM fabricating J •4 The same ROM code as 
specifications •4 submitted 

OK 

l 
4 Verification Listing •5 • 5 Send it back after 

approving 

I [Mask J 
l 

'[Sample J 
l 

[Working Sample (WS) •s •s 3 pcs. 
J_ 

l5 Confirmation of function, •7 Start the following 
characteristics •7, •a flowchart after 

approving 

•a Send back signed 
working sample approval 
form. 

OK •g 10 pcs. 
_[ 

[Engineering Sample (ES) •g 
J_ 

J Confirmation of function, 

l lcharacterlstlcs, quality 

L Commercial Sample (CS) J 
(EJD) 

Nole: Please send In 1 , 2 , and 3 al ROM ordering. and send back 4 , 5 aller approving. 
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HMCS402/404 HD4074408 
408141214241 H0404019 HD404302 HD404418 

Description Part No. HD4074408 HD4074019 HD4074308* HD4074418 

Emulatar H400CMIX2l11 • 
(HS408EML02H)l1l 

HS440EML01 ff Ill • 
HS40LEML01Hl11 

Emulator unit HS400EUA01Hl11 • • 
Target probe .. HS409ETA01Hl21 • 

*HS430ETA01Hl21 • 
*HS450ETA01Hl2J 

HS460ETA01 Hl21 

.. HS467ETA01Hl21 

HS470ETA01Hl21 

HS480ETA01 Hl21 

""HS491F.TA01Hl21 

User system HS400ECA8DH • 
interface cable 

•HS43DECD42H • 
*HS470ECS64H • 

Programming HS408ESS11Hl31 • 
Socket Adapter 

HS408ESF01Hl41 • 
HS408ESF03H!51 • 
HS409ESS11Hl3J 

*HS409ESF01Hl41 • 
*HS409ESH01Ht51 • 
*HS430ESD01H!31 • 

HS448ESS11Hl31 • 
HS440ESF01 ffl41 • 
HS440ESF03Hl51 • 

"HS450ESF01ffl41 

HS460ESF01 Hl41 

HS460ESH01 ff!51 

.. HS467ESH01H!51 

HS470ESS11Hl31 

HS470ESF01Hl41 

HS470ESH01 Hl5l 

Assembler AS400PUTl1Sfl61 • • • • 
llBMPC) AS40PUTl1SFl61 

Simulator S400SIMPCl61 • • • • 
llBMPCI 

* Un&!rdeve!opment 
Notes: !1) All emulators and emulator units include RS·232C port for connection to IBM PC. 

(2) Requires HS400EUA01 H emulator unit and applicable user system interface cable. 
{3) Fordualinlinepackage!OlP). 
{4) For rectangular outline quad flat package (Of Pl. 
(5) For square outline quad flat package (OFP). 
!6) Developed by one of Hitachi's overseas engineering subsidiaries. 

HD404808 
HD404708 HD4074808 LCDlll 

HD4045DB• HD404808 HD404878 HD404709 HD4Dl4808 H0404918 {H044790) LCDIV 
HD4074509" HD4074608 HD407467S- HD4074709 HD407l4808 HD404919 IHD447951 (80613901) 
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2. Emulator 

•Emulator for 4-bit Single-Chip 
General-Purpose Microcomputer: 

The emulator for 4-bit single-chip general
purpose microcomputers is an incircuit emu
lator to develop application systems incor
porating a 4-bit single-chip microcomputer. 
The emulator efficiently supports system 
development in both software and hardware, 
as well as software debugging. 

Features 

· Effective as a software development sys
tem, as well as helping hardware devel
opment with a user prototype system con
nected. 

· Efficient development enabled by various 
kinds of emulation commands. 

·Memory address corresponding to the mi
crocomputer internal ROM (Mask ROM), or 
EPROM, can be switched to the RAM on the 
emulator (described as "User RAM") or to 
EPROM for emulation. 

· Allows easy serial interface selection (set
ting interface levels, baud rate). 

· HMCS series mask option functions can be 
used by manual operation during emula
tion. 

Functions 

· Real-time execution 
Executes a user program from the address 
specified until 1 or 2 occurs. 
1. A breakpoint is detected. 
2. The RESET or ABORT switch is pressed. 

· Single-step execution 

Executes an instruction at the address 
specified, and displays contents of the 
MCU register, RAM, or I/O port. Sequential 
execution is possible. 

· Real-time trace 
Executes a user program in real-time while 
tracing the user program address, data, 
interrupt generation, and contents of 8-bit 
data detected by external probes. 

· Sets, displays, and cancels breakpoint 
Breakpoints can be set in the following 
modes. 
1. Address specified 
2. Pattern detected by external probes 
3. Opcode specified . 
4. Number of execution cycles after the 

above conditions are detected. 
Note. Combination of 1-3 can be set for 4 
points. 4 can be set for 1 point. 

·Coverage function (CO coverage) 

· Displays and modifies the object program 
and contents of the MCU register and RAM 

· Line assemble 
Writes an instruction to the address speci
fied in mnemonic using CRT 

· Line disassemble 
Disassembles and displays the object pro
gram in the address range specified 

4-bit Single-chip Microcomputer Supporting Systems 

Product to debug 

HMCS402, HMCS404, 
HMCS408 

HMCS412, HMCS414, 
HMCS424 
----------------~·-

HD4074008 

ZT AT Microcomputer 

Product to debug Package 

HD4074008 

FP-64 

Emulator only 

H400CMIX2 
(HS408EML02H) 

Maker 

DATA 1/0 

Socket adapter for 
ZTAT Microcomputers 

HS408ESS11H 

HS408ESF01H 
FP-64A~------- DATA 1/0 

HS408ESF03H 
-----------------------~ 
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Selected by a Host Computer 

Host Computer 
(manufacturer) 

IBM PC or Compatibles 

OS 
PC-DOS 

**Included with Cross Assembler 

Emulator Commands 

Category Command 

File management L 

v 
p 

Execution G 

s 
Setting break conditions TR 

Management of memory 
and registers 

Support of debugging 

BR1 

BR2 

BR3 

ID 

T 

c 
M 

MD 

R 

10 

u 
Q 

HE 

A 

DA 

0 

co 
F 

N 

Cross Assembler 

AS400PUTl1SF 

Function 

Host Interface 
Software Simulator 

SUTLIBMPC** 
S400SIMPC 

Loads object program and loads symbol information 

Verifies object program 

Saves object program 

Executes user program 

Traces user program in single step 

Sets, displays and cancels combination break conditions 

Displays and modifies program memory contents 

Dumps program memory contents 

Transfers object program 

Compares object progam 

Displays and modifies data memory contents 

Dumps data memory contents 

Displays and modifies register values 

Displays and modifies 1/0 port contents 

Sets and displays EPROM/user RAM 

Displays real-time trace results 

Displays all emulator commands 

Line assemble 

Disassemble 

Searches for bit pattern 

Displays and clears coverage data 

Sets and displays MCU clock mode 

Designates transfer rate 
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Specifications 

Item 

Support clock 

Emulation memory 

Break 

Real-time trace capacity 

Serial interface Interface level 

Baud rate 

User interface 
(Support package) 

Emulator dimension 

Prog.ramming 
Socket Adaptors 

Emulator product No. 

HS440EML01 H 

8 MHz External 
clock 

H400CMIX2 
(HS408EML02H) 

0.4, 0.8, 1 .14, 1 .6, 
2, 2.67, 4,6.01, 8 
MHz External clock 

16kW 8kW 

Combination break: 4 Combination break: 4 points 
points 
PC break: Entire pro
gram memory area 

2047 cycles 

RS-232C, TTL 

2048 cycles 

300, 1200, 4800, 9600, 19200 BPS 

DP-64S 

W: 440 mm 
L : 275 mm 

DP-64S 
DP-42 

W: 365 mm 
L : 275 mm 

HMCS400 Series General Purpose Microcomputer Development Tools 
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•Emulator for 4-bit Single-chip AS 
Microcomputer: 

The emulator for 4-bit single-chip AS (Appli
cation Specific) microcomputers powerfully 
supports system development in software 
and hardware. 

Features 

HS400EUA01H main features are as follows: 
· Efficient development enabled by various 

kinds of emulation commands 
· Adapts easily to different HMCS 400 se
ries microcomputers by exchanging the 
target probe and user system interface ca
bles. (Note that this cannot be used for 
developed emulator support products.) 

·Contains emulator RAM (called "Program 
Memory") which includes a memory area 
corresponding to the HMCS400 series mi
crocomputer internal ROM (Mask ROM) or 
EPROM 

· Allows easy serial interface selection (set
ting interface levels, baud rate) 

· Can evaluate the microcomputer mask op
tion 

Functions 

HS400EUA01H main functions are as follows: 
·Executes the user program in real-time 
· Sets breakpoints 
-Combination breakpoints: 4 points (Can 

be specified with program counter, 
address/data bus, data memory informa
tion, external probe signal, pass count, 
etc.) 

-PC breakpoints: Entire memory area (Can 
be specified with program counter) 

· Displays trace results in trace stop mode 
without halting program execution 

· Real-time trace 
Memorizes and displays bus information 
and external signals before/after trace is 
stopped by breakpoints to a maximum of 
2000 steps 

· Symbolic debugging 
Debugs by symbolic information (break, 
trace) 

· Execution time measurement 
Measures program execution time in mi
croseconds to a maximum of one hour 

· Line assemble 
Modifies memory contents in assembly 
languages 

· Disassemble 
· Single-step trace 

Traces a user program and displays con
tents of the MCU register and data memory 
at the address specified after each instruc
tion is executed. 

· Displays and modifies register contents 
· Displays and modifies contents of program 

memory and data memory 
·Coverage function (CO coverage) 
· Self-diagnostic function 
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AS Microcomputer Supporting Systems 

Product to debug Package 

HD404608, FP-808 
HD4074608 

HD404708, 
HD404709, 
HD4074709 

HD4074808, 
HD404808, 
HD407L4808, 
HD40L4808 

HD404302, 
HD4074308 

HD404678 
HD4074678 

HD404019, 
HD4074019 

HD404508, 
HD4074509 

HD404918, 
HD404919 

FP-80A 

DP-64S 

DC-64S 

FP-646 

FP-64A 

FP-806 

FP-80A 

DP-42 

FP-64A 

DP-64S 

DC-64S 

FP-646 

FP-64A 

FP-806 

DP-42 

Components 

Emulator unit for User System 
Socket adapter 
forZTAT 
Microcomputer HMCS 400 Series Target Probe interface Cable 

HS400EUA01H HS460ETA01H HS400ECA80H HS460ESF01 H 

HS460ES H01 H * 

HS470ECS64H* HS470ESS11H 
HS4 70ETA01 H HS400ECA80H HS4 70ESF01 H 

HS4 70ESH01 H 

HS480ETA01 H HS400ECA80H HS460ESF01 H 

HS460ESH01 H 

HS430ETA01 H HS430ECD42H * HS430ESD01 H * 

HS467ETA01H* HS400ECA80H HS467ESH01H* 

HS409ETA01H* HS470ECS64H* HS409ESS11H 

HS400ECA80H HS409ESF01 H * 
HS409ESH01 H * 

HS450ETA01 H * * HS400ECA80H HS450ESF01 H* * 

HS491ETA01H* HS430ECD42H* 

HD404418, 
HD4074408, 
HD4074418 

DP-64S HS440EML01 H HS448ESS 11 H 

HS440ESF01 H 

HS440ESF03H 

DC-64S 

FP-64 

FP-64A 

* Under development 
**Preliminary 

Selected by a host computer 
Host computer 
(manufacturer) 

16MPC 
or compatibles 

OS 
PC-DOS 

**Included with cross assembler 

Cross Assembler Host interface program Simulator 

AS400PUTI 1 SF SUTLl6MPC * * S400SIMPC 
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Program Development Procedure and Support Systems 

Emulator Commands 

Category Command Function 

File management L Loads object program and loads symbol information 
~~~~~~~- ~~~~~~~~-

v Verifies object program 
-· --------------· 

P Saves object program 
----

Execution G Executes user program 
~~~~~~~~~ 

S Traces user program in single step 

Setting break conditions BP Sets, displays and cancels program counter (PC) break 

Management of memory 
and registers 

Support of debugging 

TR 

BR1 

BR2 

BR3 

ID 

IMAP 

T 

c 
M 

MD 

MMAP 

DEF 

R 

10 

CONT 

Q 

HE 

A 

DA 

SYM 

0 

co 
F 

TIM 

N 

Sets, displays and cancels combination break conditions 

Displays and modifies program memory contents 

Dumps program memory contents 

Sets and displays the program memory area 

Transfers object program 

Compares object program 

Displays and modifies data memory contents 

Dumps data memory contents 

Sets and displays data memory area 

Sets address to display data memory contents during halt of user 
program execution 

Displays and modifies register values 

Displays and modifies 1/0 port contents 

Restarts real-time trace from subcommand wait 

Displays real-time trace results 

Displays all emulator commands 

Line assemble 

Disassemble 

Defines, clears and displays symbols, and selects the attribute of 
the symbols to be loaded 

Searches for bit pattern 

Displays and clears coverage data 

Sets and displays MCU clock mode 

Sets and displays MCU timer operation 

Designates transfer rate 
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Program Development Procedure and Support Systems 

Specifications 

Emulator product No. 

HS400EUA01 H HS400EUA01 H HS400EUA01 H 

Item +HS460ETA01H +HS470ETA01H +HS480ETA01H 

Support clock 800 kHz 4 MHz 800 kHz 
External External External 
clock clock clock 

Emulation memory 16 kW 

Break Combination break: 4 points 
PC break: entire program memory area 

Real-time trace capacity 204 7 cycles 

Seriahnterface Interface level RS-232C, TTL 

Baud rate 

User interface 
(Support package) 

300, 1200, 4800, 9600, 19200 BPS 

FP-80A/B DP-64S FP-80A/B 
FP-64A/B 

Dimension Emulator unit W : 440 mm, L : 275 mm 

Target probe W: 258 mm, L : 169 mm 

HS400EUA01 H HS400EUA01 H 

+HS430ETA01H +HS450ETA01H 

4 MHz 4.5 MHz 
External External 
clock clock 

DP-4 FP-80B 

HMCS400 Series Application Specific (AS) Microcomputer Development Tools 
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Data Sheets 

HMCS400 Series 
General Purpose 
Microcomputer 
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HMCS402C(HD614022)/
HMCS402CL(HD614025)/ 
H MCS402AC( H 0614028) 

DESCRIPTION 
The HMCS402C/CL/AC are CMOS 4-bit single-chip micro- HMCS402C, HMCS402CL, HMCS402AC 

computers with high performance and low power dissipation. 
They have efficient and powerful architecture same as 
HMCS400 series basically. 

These microcomputers provide variety of on-chip resources 
such as ROM, RAM, 1/0, two timer/counters and a serial inter· 
face to perform in wide user's applications. 1/0 pins of 
HMCS402C/CL/AC are able to drive fluorescent display tube 
directly. 

The HMCS402CL is able to operate in low voltage and has 
the characteristics of wide-range operation voltage. 

HMCS402AC is a high-speed version of HMCS402C. 

• HARDWARE FEATURES 
• 4-bit Architecture 
• 2048 Words x 10-bit ROM 
• 160 Digits x 4-bit RAM 
• 58 1/0 Pins, Including 26 High Voltage 1/0 Pins (40V Max) 
• Two Timer/Counters 

11-bit Prescaler 
8-bit Free Running Timer 
8-bit Auto-Reload Timer/Event Counter 

• Clock Synchronous B·bit Serial Interface 
• Five Interrupts 

External 2 
Timer/Counter 2 
Serial Interface 1 

• Subroutine Stack 
Up to 16 Levels Including Interrupt 

• Two Lovv Power Dissipation Modes 
Standby - Stops instruction execution while keeping 

clock oscillation and interrupt functions in 
operation 

Stop Stops instruction execution and clock oscil
lation while retaining RAM data 

• On-Chip Oscillator 
External Connection of Crystal, Ceramic Filter or Resistor 
(externally drivable) 
(Resistor Oscillator is available only to the HMCS402C) 

• SOFTWARE FEATURES 
• Instruction Set Similar to and More Powerful than HMCS40 

Series; 99 Instructions 
• High Programming Efficiency with 10-bit ROM/Word; 79 

instructions are single-word instructions 
• Direct Branch to All ROM Area 
• Direct or I ndireCl Addressing to All RAM Area 
• Subroutine Nesting Up to 16 Levels Including Interrupts 
• Binary and BCD Arithmetic Operation 
• Powerful Logical Arithmetic Operation 
• Pattern Generation - Table Look Up Capability -
• Bit Manipulation tor Both RAM and 1/0 

• PROGRAM DEVELOPMENT SUPPORT TOOLS 
• Cross assembler and simulator software for use with IBM 

PCs and compatibles 
• In circuit emulator for use with IBM PC 

(DP-64S) 

HMCS402C, HMCS402CL, HMCS402AC 

(FP-64) 

• EPROM On Package Microcomputer; HD614P080S 

[

Mask options cire fixed as follows: J 
• 1/0 pin : Open Drain 
• Oscillator : Crystal Oscillator or Ceramic Filter Oscillator 

(externally drivable) 
• Divider : Divided-by-8 

• HMCS402C/CL/AC CLASSIFICATIONS 

~ 
HMCS402C HMCS402CL HMCS402AC 

I (HD614022 (HD6140251 (HD614028) 

Vee (VI 4-6 2.7-6 4.5-6 

Minimum Instruction 
2 4 1.33 Execution Time (µs) 
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HMCS402C/HMCS402CL/HMCS402AC 

• PIN ARRANGEMENT 

8 ~ ; . 0 0 Q . . o .. D•o a: 0 0 0 0 0 0 0 0 0 

Q12· !), 

D•J De 
o .. D' Ro• 
D•• o. o, 
Roo o. R02 02 
R°' o. R., 
Roz o, o. 
R., 02 R,o Do 
R '° D• Rn GND 
R" Do 
Rn GND 

Rn OSC2 

R" OSC2 R,, osc, 
R 20 DSC• 'ffi'f 
R '' TEST 
R" RESET R" RESET 
Rn A9j R22 Rn 

R., 
R" R" R,, 

A'° A'° R.a R,. 
Rl• Ra.l 

Rn/INTo R., Roo 

R11/tNT1 R., R'° Ru 
R'° Rao R" R12 A•• R" 
R" R'2 R" 
A" Rn 
RIO R>o R '° 
R" R., R., R" R'e2 R•2/SO 
R" R41/S1 R" R" 
Vcc Roo/SCK 

~ ii iii ~ 
a: a: a: a: a: a: ' a: a: a: 

(Top View) J 

(Top View) 
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HMCS402C /HMCS402CL/HMCS402AC 

• BLOCK DIAGRAM 
R40/R41/R4;i/ 
SCI< Sl SO 

RESETTffiosc,osc, Tro--------
TIMER EXTERNAL 

INTERRUPT 

INTERRUPT CONTROL 

RAM 160 X4b1t 

SYSTEM CONTROL 

ROM 

2048X 10bil 

SP 

PC 

~--:~ High Voltage Pins 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to +7.0 v 

Terminal Voltage VT 
-0.3 to Vcc+0.3 v 3 

V cc -45 to V cc +0.3 v 4 

Total Allowance of Input Currents :!:lo 50 mA 5 

Total Allowance of Output Currents -:!:lo 150 mA 6 
. -

Maximum Input Current lo 15 mA 7.8 
---~----

4 mA 9. 10 

Maximum Output Current -lo 6 mA 9. 11 

30 mA 9, 12 
~ oc Operating Temperature Topr -20 to +75 

Storage Temperature Tstg -55 to +125 oc 
. '------- ---- ----· 

(Note 11 Permanent damage may occur if "Absolute Maximum Ratings" are exceeded. Normal operation should be under the conditions of 
"Electrical Characteristics". If these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 

!Note 2) 
!Note 31 
(Note 4) 
INote 5) 
1Note61 
!Note 71 
!Note Bl 
!Note 9) 
!Note 101 
INote 11) 
INote 12) 

All voltages are with respect to GND. 
Applied to standard pins. 
Applied to high voltage pins. 
Total allowance of input current is the total sum of input current which flow in from all 1/0 pins to GND simultaneously. 
Total allowance of output current is the total sum of the output current which flow out from Vee to all 1/0 pins simultaneously. 
Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
Applied to 0 0 ,_ o, and A3 ..... RB. 
Maximum output current is the maximum amount of output current from V CC to each 1/0 pin. 
Applied to 0 0 - D, and A3 .... RB. 
Applied to RO - R2. 
Applied too ...... Du. 
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HMCS402C/HMCS402CL/HMCS402AC 

• HMCS402C ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee = 4V to 6V, GND = OV, Vdisp =Vee -40V to Vee. Ta= -20 to +75°C, if not specified.) 

Value 
Unit Note Item Symbol Pin Name Test Conditions 

min typ max 

RESET~K. 0.7Vcc - Vcc+0.3 v 
Input "High" 

V1H 
INT0 , INT 1 

Voltage SI 0.7Vcc - Vcc+0.3 v 
osc, Vee- 0.5 - Vcc+0.3 'V 

RESET, SCK, 
-0.3 - 0.22Vcc v 

Input "Low" 
V1L 

INT0 , INT 1 

Voltage SI -0.3 - 0.22Vcc v 
osc, -0.3 - 0.5 v 

Output "High" 
SCK, SO 

-loH=1.0mA Vcc-1.0 - - v 
Voltage VoH 

-loH = 0.01 mA Vcc-0.3 - - v 
Output "Low" 

VoL SCK, SO loL = 1.6 mA - - 0.4 v Voltage 

Input/Output 
11,L I 

RESET~K. 
Vin =OVtoVcc 1 Leakage Current INT0 , INT,, - - 1 µA 

SI, SO, OSC 1 

Crystal or 
Ceramic Filter 

Current 
Oscillator - - 2.0 mA 2, 6 

Dissipation in Ice Vee Vcc=SV 
Option 
lose= 4MHz Active Mode ~;sistor 
Oscillator 
Option - - 2.4 mA 2. 6 
fos: = 4MHz 

Crystal or 
Ceramic Filter 

Maximum Oscillator - - 1.2 mA 3, 6 

lsav1 Vee 
Logic Option 
Operation lose= 4MHz 
Vee= 5V Resistor 

Oscillator - - 1.6 mA 3, 6 Option 
Current f0 sc = 4MHz 
Dissipation in 

Crystal or Standby Mode 
Ceramic Filter 
Oscillator - - 0.9 mA 4, 6 

Minimum Option 
lsav2 Vee Logic lose =4MHz 

Operation 
Vee= 5V Resistor 

Oscillator - - 1.3 mA 4, 6 Option 
fosc = 4MHz 

Current 
V;nlTEST) = Vee-0.3V to Vee Dissipation in luop Vee - - 10 µA 5 

Stop Mode V;n(RESET) = OV to 0.3V 

Stop Mode 
v.top Vee 2 - - v Retain Voltage 
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HMCS402C /HMCS402CL/HMCS402AC 

(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 

Test Conditions: MCU state; •Reset state in Operation Mode 
Pin state; •RESET, TEST ... Vee voltage 

•Do -ol, R3 ..... R9 ···Vee voltage 
• 04 -Dis, AO- R2, R Al)' RA1 ... Vdisp voltage 

(f\Jote 3! The timer/cou~ter opPrntP with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; •Standby Mode 

•Input/Output; Reset state 
•TIMER-A; +2 prescaler divide ratio 
• TIMER-B; +2 prescaler divide ratio 
•SERIAL Interface ; Stop 

Pin state; •RESET ... GND voltage 
•TEST ··· V cc voltage 
• Do-Dl, A3-R9 ···Vee voltage 
·o~-D1s. RO-R2,AAO· RA1 ... vdispVOltage 

(Note 4) The timer/counter operate with the slowest clock and inp\Jt/output current does not flow. 
Test Conditions· MCU state: •Standby Mode 

•Input/Output; Reset state 
•TIMER-A; +2048 prescaler divide ratio 
• TIMEA-B; +2048 prescater divide ratio 
•SERIAL Interface ; Stop 

Pin state; •RESET··· GND voltage 
•TEST ... Vee voltage 
• Do~D1, RJ~R9 ... Vee voltage 
• 04 ~Dis, RO~ R2, RAO• RA1 ··· V disp voltage 

(Note 5) Pull-down MOS current is excluded. 
(Note 6) When fosc"'X [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 

max. value (fosc"'X[MHz]) "'~X max. value (f05c"'4\MHz]) 

• INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vee = 4Vto 6V, GND = OV, Vdisp =Vee -40V to Vee. Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 

Input "High" 
V1H 

Do - DJ, 
Voltage R3 - RS, R9 

Input "Low" Do -DJ, 
Voltage VIL R3- R5, R9 
--------

Do - DJ, 
Output "High" 

VoH 
R3- RB -loH = 1.amA 

Voltage Do -DJ, -loH =a.al mA 
R3- RB 

Output "Low" Voe Do - DJ. loL = 1.6 mA Voltage R3- RB 

Input/Output 
il1LI 

Do - DJ, V;n =av to Vee 
Leakage Current R3- R9 

Pull-Up MOS 
-IP 

Do -DJ, Vee= 5V 
Current R3- R9 V;n =av 

(Note 1) Applied to 1/0 pins with "CMOS" Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to 1/0 pins with "with Pull-up MOS" selected by mask option. 

@HITACHI 

Value 

min typ 

a.7Vee -

-a.3 -

V ee-1.a -

Vee-a.3 -

- -

- -

3a sa 

Unit 
max 

Vee+a.3 v 

---
a.22Vcc v 

- v 
- v 

a.4 v 

1 µA 

12a µA 
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HMCS402C/HMCS402CL/HMCS402AC 

• INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vee = 4V to 6V, GND = OV, Vdisp =Vee -40V to Vee. Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 
min 

Input "High" 
V1H 

D• - Dis. Rl 
0.7Vcc Voltage R2, RAO· RA1 

Input "Low" 
V1L 

D•-DIS, R1 
Vcc-40 Voltage R2, RAO· RA1 

-loH=15mA, Vcc=5V±10% Vcc-3.0 
D• - DIS 

-loH=9 mA Output "High" 
VoH 

Vcc-2.0 
Voltage 

RO- R2 
-loH=3 mA, Vcc=5V±10% Vcc-3.0 
-loH=1.B mA Vcc-2.0 

D•-DIS 
Vo;sp = Vcc-40V RO-R2 -

Output "Low" 
Voltage 

VoL 
D4-D1s 
RO-R2 

150kn to Vcc-40V -

Input/Output 
ll1LI 

D4-DIS 
Leakage RO-R2 V;n = Vcc-40V to Vee -
Current RAO· RA1 

Pull Down MOS 
D4-DIS 

V o;sp = V cc-35V 
lo RO-R2 125 Current 

RAo. RA1 Vin =Vee 

(Note 1) Applied to 1/0 pins with "with Pull-down MOS" selected by mask option. 
(Note 2) Applied to 1/0 pins with "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 
(Note 4) Applied to 1/0 pins with "with Pull-down MOS" selected by mask option. 
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Value 

typ 

-

-

-
-
-
-

-

-

-

250 

Unit 
max 

Vcc+0.3 v 

0.22Vcc v 

- v 
- v 
- v 
- v 

Vcc-37 v 

Vcc-37 v 

20 µA 

500 µA 
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HMCS402C/HMCS402CL/HMCS402AC 

• AC CHARACTERISTICS (Vee = 4V to 6V, GND = OV, Vdisp =Vee -40V to Vee, Ta= -20 to +75°C. if not specified.I 

Item Symbol Pin Name 
Test 

Conditions min 

Value 
Unit Note 

typ max 

, S ~ Oscillation Frequency fooc OSC 1 , OSC, 0.4 4 4.5 MHz 
o~ 81------------f--f---+-- ----------+---_)._----+------!-----.._--~ 
£! -~ ~ Instruction Cycle Time !eve 1. 78 2 20 µs 
~m uf-------'--------+--="-=---+-------+-----+----+---+----+---'--f---~ 
u .~ 0 Oscillator Stabilization _ _ 20 
~ Time tRc OSC,. OSC, 

... 
u 
0 
u .. 
E 
" w 

Oscillation Frequency 

Instruction Cycle Time 

Oscillator Stabilization 
Time 

External Clock Frequency 

External Clock "High" 
Level Width 

External Clock "Low" 
Level Width 

External Clock Rise Time 

External Clock Fall Time 

osc,,osc, 

osc, 

osc, 

osc, 

osc, 
tcp1 osc, 

Rt=20k!1±2% 1.8 3.0 

Rt=20k!1±2% 1_9 2.66 

R1=20k!1±2% 

0.4 

100 

100 

Instruction Cycle Time teve 1.78 -

ms 

4.2 MHz 

4.44 µs 

0.5 ms 

4.5 MHz 2 

ns 2 

ns 2 

20 ns 2 

20 ns 2 

20 µs 2 

fNTii "High" Level Width t10H INTo 2 i - !eve 3 

-~l=N=T=o_'_'L_o-'w'--·-· _L_ev_e_l _W_id_t_h __ ---+_t_,1o,,,L"----f--I N_T_o ----+- ___ ·- f---~~=~ ---=~~-!-----~--f!------_t_"'""'-=---'-'e'-f---e---=_3--
INT 1 "High" Level Width t11H INT1 2 - - tcye ·3 

-==----------+----''----+-~=-----+----- ----f-- -·----+------f---=-'-"--+-----
-~IN~T=' -"_L_ow_'_' _Le_v_e_l_W_i_d_th ___ +-t_:.1_;_;1L'----f--1Ni~N_·, _____ f------- 2 - !eye 
__ R_ES_E_T_"_H_ig_h_"_L_e_v_e_I W_id_t_h _ __,__tR-'S~T_H--1 __ R_E_S_E_T ___ ,__ ___ __,_ __ 2_-_~_ ~~ _ i---=--- __ ~eve 

Input Capacitance C;n all pins f=lMHz - - 15 pF 
--------------+----t--------+-V~;n"---=-'O~V'--t-----fc-----+----+---+--

RESET Fall Time- 20 ms 

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches 4.0V at "Power-on". or after. RESET 
input level goes to "High" by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than tRC to obtain the necessary time for oscillator stabilization. When using 
crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 

Crystal oscillator 

GND 
Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) 

Rf: tMn t2% 

C1 : 22pFt20% 

C2 : 22pF ±20% 

(Note21 

osc, 

tcPr tCPf 

(Note4) 

RESET tRSTH 

Ceramic filter oscillator 

Ceramic filter: CSA4.00MG (Murata) 

Rf: 1M!l:!:2% 

C1 : 30pF±20% 

C2 : 30pFt20% 

(Note31 
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Resistor oscillator 

c Rf 

. 
Rf; 20k0±2% 

t10H, t11H 
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HMCS402C/HMCS402CL/HMCS402AC 

• SERIAL INTERFACE TIMING CHARACTERISTICS 
(Vee =4V to 6V, GND = OV, Vdisp =Vee -40V to Vee. Ta= -20 to +75°C, if not specified.) 

At Transfer Clock Output 

Test Value 
Item Symbol Pin Name Conditions min typ 

Transfer Clock Cycle Time tScyc SCK (Note 2) 1 -
Transfer Clock "High" 

tscKH SCK (Note 2) 0.5 -
Level Width 

Transfer Clock "Low" 
tscKL -scK (Note 2) 0.5 -

Level Width 

Transfer Clock Rise Time tscKr SCK (Note 2) 
-·+------- -

Transfer Clock Fall Time tscKt SCK (Note 2) - -

Serial Output Data 
toso so (Note 2) - -

Delay Time 

Serial Input Data Set·up Time tss1 SI 500 -
Serial Input Data Hold Time tHSI SI 150 -

• At Transfer Clock Input 

Test Value 
Item Symbol Pin Name Conditions min typ 

Transfer Clock Cycle Time tscvc SCK 1 -

Transfer Clock "High" 
tscKH SCK 0.5 -

Level Width 

Transfer Clock "Low" 
tscKL SCK 0.5 -

Level .Width 

Transfer Clock Rise Time tscKr SCK - -

Transfer Clock Fall Time tscKt SCK - -
Serial Output Data 

toso so (Note 2) - -Delay Time 

Serial Input Data Set·UP Time 1551 SI 500 -
Serial Input Data Hold Time tHSI SI 150 -

(Note 1) Timing Diagram of Serial Interface 

so 

SI 

(Note21 Timing Load Circuit 

*Vee - 2.0V and O.SV are the threshold voltage for transfer clock output. 
0.7 Vee and 0.22 Vee are the threshold voltage for transfer clock input. 
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Unit 
max 

- tcyc 

tscvc 

- tscvc 

100 ns 

100 ~s 

300 ns 

- ns 

- ns 

Unit 
max 

- tcyc 

- tscvc 

- tscyc 

100 ns 

100 ns 

300 ns 

~ ns 

- ns 
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HMCS402C /HMCS402CL/HMCS402AC 

e CHARACTERISTICS CURVE (REFERENCE DATA) 

<( 

E 

4 
Ta= -20- + 75°C 
Vcc=5V 

_,,...max 

v 
~ v 

0 2 3 4 5 

fosd MHz) 

Ice vs. foscCharacteristics 
(Crystal, Ceramic Filter Oscillator Option) 

4 Ta=-20-+75'C 
Vcc=5V 

0 3 

lose( MHz) 

4 

Ice vs. fosc Characteristics 
(Resistor Oscillator Option) 

2·0 Ta=-20-+75'C 
Vcc=5V 

5 

L6~--+----+---+-----r---T1 

lssv1 
max 

] 1.2 
lsav2 
max 

j 0.8~--+----+--"7"'-+--,,----r----+-i 

0 2 3 4 5 

lose( MHz) 

lssv vs. fosc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) 

4 
Ta=-20-+75°C 
fosc=4MHz 

3 
I Vax 

v 
0 2 3 4 5 6 

Vcc(V) 

Ice vs. Vee Characteristics 
(Crystal, Ceramic Filter Oscillator Option) 

4 Ta=-20- +75C 
losc=4MHz 

0 

2.0 

L6 

DA 

0 

2 3 4 5 

Vcc(V) 

Ice vs. Vee Characteristics 

(Resistor Oscillator Option) 

Ta--20-+75°C 
lose =4MHz 

6 

1:av1 
max 

~'"" v max 

.-1 
f-"' 

2 4 5 6 

Vcc(V) 

lsev vs. Vee Characteristics 
(Crystal, Ceramic Filter Oscillator Option) 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 77 



HMCS402C/HMCS402CL/HMCS402AC 

78 

2·0 Ta=-20-+75'C 
lsev1 
max. Vcc=5V 

1.6f-----l----+---+----..l'---+-l 

0 2 3 4 

fosc(MHz) 

lsev vs. fosc Characteristics 
(Resistor Oscillator Option) 

500 Ta~-do-~75'C 

lssv2 
max. 

5 

400f---+---l--+--+-t--+---lf---+---l---i 

<300+---+---t--t---+-+---+-----<+---t---t--t 

~ 
T 2QOf---+---1--+--+-t--+---1+---t---t--1 max. y.L_ 

1001--..+--+-+--+--+-~,,.+-<'-+-+--i v i---1---typ 

l-+-+-+-+-+-+:~:=ll--1-"ll-=---+.-~min. 

0 2 3 4 5 

Vcc(V) 
-Ip (Pull-up MOS Current) vs. 
V cc Characteristics 

6 

15~---~----~-~-~ 
Ta=-20-+75'C 

Z Vcc=6V 

t--t-~t--t----l~L'l-----1 

~10+----+----+-----<+---~~----J:::7"+--__..~vcc=5V 
..: L .d"'" 
~ L~ 
E r--+--+-.,..L.'-lTL"--+--:::>--~Vcc = 4 v 
2 &~ 

5r---+---.d'.l.,.,,.CZ:__,_~_____,+----t 

0 2 
Vo,(V) 

loL min. vs. Vol Characteristics 
(Standard Pin) 

3 

2 O~-------------ISBYl 
· Ta=-20-+75'C r-::;(lmax 
~=W~ ~:n . 

~ 1.6 wax 
';; 1.21---+--+--+----ivf--,,.Y---+--i 
j 
j 0.8 

0.4f---+---+---l--+---+---+--I 

0 2 3 

Vcc(V) 

4 5 

lssv vs. V cc Characteristics 
(Resistor Oscillator Option) 

6 

Ta=-20 ~ +i'5°C I 
500 t-+-+-+-+-~==+--F==t=='lmax. 

~ J 
4001---1-L(+-+--+---+---+---+--t---t---t----I 

< 300 1 
::. 2001--f1-1v---+V1----±....j..-+--+-+-=9=1tvpj 

100~ 
rf 

0 10 20 30 40 

Vcc-Vdisp(V) 
Id (Pull-down MOS Current) vs. 
(Vee - Vd; 50 ) Characteristics 

4 Ta= -20-+ 75'C 

c: 

~ 2r--+--+----:!,,..C.,,,..-f"'-
2 
I 

2 
Vcc-VoH(V) 

min. 

J 
50 

3 

-loH min vs. (Vee - VoHl Characteristics 
(Standard Pin "CMOS") 
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0 2 3 4 5 

Vcc-VoH(V) 

-loH min. vs. (Vee - VoHl Characteristics 
10. - 0 15 Pins) 

HMCS402C/HMCS402CL/HMCS402AC 

6~~~~~~~~~~~ 

Ta=-20-+75C: 
Vcc=flV 

<( 

E 
~ 31-+--+--+--+.£.+-__j..<'.4--,,,.l-"".J-----I v cc =4 v 
E 
I 

f' 2 f---+-h.+--b+--+--+---+---+---1 
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0 2 3 4 5 

Vcc-VoH(V) 

-loH min. vs. (Vee - VoHl Characteristics 
(RO - R2 Pins) 
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• HMCS402CL ELECTRICAL CHARACTERISTICS 
• DC CHARACTERISTICS (Vee=2.7V to 6V, GND = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

Value 
Item Symbol Pin Name Test Conditions Unit Note 

min typ max 

RESET,SCK, 
0.85Vcc - Vcc+0.3 v 

INTo, TNi1 Input "High" 
V1H Voltage SI 0.85Vcc - Vcc+0.3 v 

OSC1 Vcc-0.3 - Vcc+0.3 v 
RESET; SCK, -0.3 - 0.15Vcc v 

Input "Low" INTo, TNTI 

Voltage V1L SI -0.3 - 0.15Vcc v 
OSC1 -0.3 - 0.3 v 

Output "High" 
VoH SCK,SO -loH = 0.1 mA Vcc-0.5 - - v 

Voltage 

Output "Low" 
VoL SCK,SO loL = 0.4mA - - 0.4 v Voltage 

Input/Output RESET, SCK, 

Leakage Current ll1LI INTo, INT1, V;n =OVto Vee - - 1 µA 1 
Sl,SO,OSC1 

Current 
Vee= 3 v Dissipation in Ice Vee - - 0.6 mA 2,6 

Active Mode f05c = 2 MHz 

Maximum Logic Operation 
lsev1 Vee Vee= 3 V - - 0.5 mA 3, 6 

Current f05c = 2 MHz 
Dissipation in 

Minimum Logic Operation Standby Mode 
lsev2 Vee Vee= 3 v - - 0.4 mA 4,6 

fosc = 2MHz 

Current 
V;n (TEST)= Vcc-0.2V to Vee Dissipation in I stop Vee - - 10 µA 5 

Stop Mode V;n (RESET)= OV to 0.2 V 

Stop Mode vstoP Vee 2 - - v Retain Voltage 

$HITACHI 
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(Note 1) 
~Note 2) 

(Note 31 

(Note4) 

Pull-up MOS current and output buffer current are excluded. 
The MCU is in the reset state. The input/output current does not flow 
Test Conditions: MCU state; •Reset state in Operation Mode 

Pin state; •RESET, TEST ... Vee voltage 
•Do -01, R3-R9 ···Vee voltage 
• O, -Dis, RO- R2, A AD' AA1 ··· V disp voltage 

The timer/counter operate with the fastest clock and input/output current does not flow. 
TP~~ ~nnditinns· MCIJ state; •Standby Mode 

•Input/Output; Reset state 
•TIMER-A; +2 prescaler divide ratio 
• TIMER-B; +2 prescaler divide ratio 
•SERIAL Interface ; Stop 

Pin state; •RESET ... GNO voltage 
•TEST ··· V oc voltage 
•Do -Ol, R3- R9 ···Vee voltage 
•D ........ Dis. RO-R2, RAQ. RA1 ···Vdispvoltage 

The timer/counter operate with the slowest clock and input/output current does not flow 
Test Conditions: MCU state; •Standby Mode 

•Input/Output; Reset state 
• TIMER·A; +2048 prescaler divide ratio 
• TIMEA·B; +2048 prescaler divide ratio 
•SERIAL Interface ; Stop 

Pin state; •RESET··· GND voltage 
•TEST··· Vee voltage 
• 0 0 -0 3 , R3-R9 ... Vee voltage 
• 04 ~Dis, RO~ A2, RAO, AA1 ... Vdisp voltage 

{Note 5) Pull-down MOS current is excluded. 
(Note 6) When fosc"'X [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 

[When Divide·by-8 (0-8) option is selected.] max. value (fosc"'X[MHz]) =1 x max. value (fosc=2 [MHz]) 

• INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vee= 2.7V to GV, GND = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 

Input "High" 
V1H 

Do - D3, 
Voltage R3- R5, R9 

Input "Low" 
V1L 

Do - D3, 
Voltage R3- R5, R9 

Output "High" 
VoH 

Do - D3, 
-loH = 0.1 mA Voltage R3- RS 

Output "Low" 
Vol 

Do - D3, 
loL = 0.4 mA Voltage R3- RB 

Input/Output 
ll1LI 

Do - D3, 
V;n= OV to Vee Leakage Current R3-R9 

Do - D3, Vee= 3V 
Pull-Up MOS R3- R9 V;n= OV 
Current -Ip 

Do - D3, Vee= 5V 
R3- R9 V;n = OV 

(Note 1) Applied to 1/0 pins with "CMOS" output selected by mask option. 
{Note 2) Pull·up MOS current and output buffer current are excluded. 
(Note 3) Applied to 1/0 pins "with Pull-up MOS" selected by mask option. 

@HITACHI 

Value 

min typ 

0.85Vee -

-·0.3 -

Vee-0.5 -

- -

- -

3 15 

30 60 

Unit 
max 

Vee+0.3 v 

0.15 Vee v 

- v 

0.4 v 

1 µA 

40 µA 

120 µA 
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• INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
<Vee= 2.7V to 6V, GND = OV, Vdisp =Vee -40V to Vee. Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 
min 

Input "High" 
VIH 

04 -DIS, R1 
<1.85Vcc Voltage R2, RAO• RA1 

Input "Low" 
VIL 

D•-DIS, R1 
Vcc-40 Voltage R2, RAO· RA1 

-low15mA, Vcc=5V±10% Vcc-3.0 
D4 - DIS 

Output "High" 
VoH 

-loH=2.5mA Vcc-1.0 
Voltage 

RO- R2 -loH-3 mA, Vcc=5V±10% Vcc-3.0 
-low0.5mA Vcc-1.0 

D•-01s 
Vd•P = Vcc-40V RO-R2 

-
Output "Low" 

VoL 
Voltage D•-Dts 150kn to V cc-40V -

RO-R2 
Input/Output 

ll1LI 
D•-D1s 

Leakage RO-R2 V;n = Vcc-40V to Vee -
Current RAo. RA1 

Pull Down MOS 
D•-D1s 

Vdi"' = Vcc-35V Id RO-R2 125 Current 
RAo. RA1 V;n =Vee 

(Note 1) Applied to 1/0 pins "with Pull-down MOS" selected by mask option. 
(Note 2l Applied to 1/0 pins "without Pull-down MOS {PMOS Open Drain)" selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 
(Note 4) Applied to 1/0 pins "with Pull-down MOS" selected by mask option. 
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Value 

typ 

-

-
-

-
-

-

-

-

-

250 

Unit 
max 

Vcc+0.3 v 

0.15Vcc v 

- v 
- v 
- v 
- v 

Vcc-37 v 

Vcc-37 v 

20 µA 

500 µA 
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• AC CHARACTERISTICS (Vee=2.7V to 6V, GND = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

Value 
Item Symbol Pin Name Test Conditions Unit Note 

min typ max 

Oscillation Frequency fosc OSC1, OSC2 0.4 2 2.25 MHz 

Instruction Cycle Time tcyc 3.55 4 70 µs 

Oscillator Stabilization Time tRc OSC1, OSC2 - - 60 ms 1 

External Clock "High" 
tcPH OSC1 205 - - ns 2 Level Width 

External Clock "Low" 
tcPL OSC1 205 2 Level Width - - ns 

External Clock Rise Time tcpr OSC1 - - 20 ns 2 

External Clock Fall Time tcpf OSC1 - - 20 ns 2 

INTo "High" Level Width t10H INTo 2 - - tcyc 3 

INTo "Low" Level Width t10L INTo 2 - - tcyc 3 

INT1 "High" Level Width t11 H INT1 2 - - tcyc 3 

INT1 "Low" Level Width 111 L INTI 2 -
I - tcyc 3 

RESET "High" Level Width tRSTH RESET 2 - - tcyc 4 

Input Capacitance Cin all pins I= 1 MHz 
15 pF 

V;n = 0 V 
- -

RESET Fall Time tRSTf - - 15 ms 4 

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches 2.7V at "Power.on", or after RESET input level goes 
"High" by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input more than !RC 
to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. When using crystal or 
ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends 
on the circuit constant and stray capacity. 

Crystal oscillator 

GND 

Crystal: 2.097152MHz DS-MG0308 (Seiko Denshi} 

Rf = 2Mn ± 2%, Rd = 2.2kn ± 2% 

C1 = 10pF ± 20% 

C2 = 10pF ± 20% 

(Note 2) 

tcPr IC Pf 

(Note4) 

RESET tRSTH 

Ceramic filter oscillator 

Ceramic filter: CSA2.000MK (Murata} 
Rf= 1 Mn ± 2%, C1 =C2 = 30pF ± 20% 

(Note 3) 

~HITACHI 

t10H. t11H 
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• SERIAL INTERFACE TIMING CHARACTERISTICS 
(Vcc•2.7V to 6V, GNO • OV, Vdisp = Vcc-40V to Vee, Ta= -20 to +75°C, if not specified.) 

At Transfer Clock Output 

Test Value 
Item Symbol Pin Name Conditions min typ 

Transfer Clock C'f'.cle Time tScyc SCK (Note 2) 1 -
Transfer Clock "High" 

tscKH SCK (Note 2) 0.5 -
Level Width 

Transfer Clock "Low" 
tscKL SCK (Note 2) 0.5 -Level Width 

Transfer Clock Rise Time tscKr SCK (Note 2) - -
Transfer Clock Fall Time tscKf SCK (Note 2) - -
Serial Output Data 

toso so (Note 2) - -Delay Time 

Serial Input Data Set-up Time tss1 SI 1000 -
Serial Input Data Hold Time tHSI SI 500 -

• At Transfer Clock Input 

Test Value 
Item Symbol Pin Name Conditions min typ 

Transfer Clock Cycle Time tScyc SCK 1 -
Transfer Clock "High" 

tscKH SCK 0.5 -
Level Width 

Transfer Clock "Low" 
tscKL SCK 0.5 -

Level Width 

Transfer Clock Rise Time tscKr SCK - -
Transfer Clock Fall Time tscKf SCK - -
Serial Output Data 

to so so (Note 2) - -
Delay Time 

Serial Input Data Set-up Time tss1 SI 1000 -
Serial Input Data Hold Time tHSI SI 500 -

(Note 1) Timing Diagram of Serial Interface 

(Note2) Timing Load Circuit 

*Vcc-0.5V and 0.4V are the threshold voltage for transfer clock output. 
0.85Vcc and 0.1 SVcc are the threshold voltage for transfer clock input. 

.HITACHI 

Unit 
max 

- tcyc 

- tScyc 

- tScyc 

300 ns 

300 ns 

600 ns 

- ns 

- ns 

Unit 
max 

- tcyc 

- tscvc 

- tscvc 

300 ns 

300 ns 

600 ns 

- ns 

- ns 
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• CHARACTERISTICS CURVE (REFERENCE DATA) 

Ta=-20-+75°C 
fosc=2MHz 

1.0t---+--+---+---+--J.<--~ 

ti 11f1111 
0 2 3 4 5 

Vee VI 

Ice vs. Vee Characteristics 
(Crystal, Ceramic Filter Oscillator) 

6 

4001---+---+-+--l---+-+--+----lc----l----l 

<( 

_3300,t---+-i-+--+---+-+--+-t---+---f 

1 
2001---+--1-+--+---+-+--+-+--+-~ I/ max. 

J7 
100f---+-i-+--+---+-+r::;;;,,~~ .......... ~+-'-+---.,J 

~I ~typ. 

'-II 
0 

~~min. 

2 3 4 5 
Vee I VI 

-Ip (Pull-up MOS Current) vs. 
V cc Characteristics 

6 

15 Ta= -20,.,., +75°C 

10 
:;;: 
E 
c: 
E 
2 

Vcc=sv 

7 Vcc=5V 

ffe1 l--+Vh'7L...-f--l---t--vcc = 2.7V 

2 
VoL(V) 

loL min. vs. VoL Characteristics 
(Standard Pin) 

Ta= -20,.,,, +75°C l 
1 .0 l---fo_s+c=_2_M_H--lz --+---+---+----11 SBY1 

~ .~~~2 
r ~ ~ 0.51-----l---+---:o-----J...~"'-~---+--+--l 
~ y 

0 

500 

400 

;;o 300 
3 
~ 

200 

6 

Vee IV I 

lssv vs. Vee Characteristics 
(Crystal, Ceramic Filter Oscillator) 

Ta== -20 ..... +75°C 

_L"1 + 
max. 

i I 
--r--

l 
--

y typ. 

T v 
100 iv min.~ 

111 
10 20 30 40 

Vcc-Vdisp(V) 

id (Pull-down MOS Current) vs. 
(Vcc-Vdispl Characteristics 

Ta= -20 ...... +75°C 

I 

50 

1 3 i---+I ---+--+--+----+--c.CJ 
c Vcc=sv 
~ 2 r----t----t-----f,,,C..-:;;j.-"'=---J-----l 

2 
I 

&G--..b=='==::±=:::±===l=:=:j v cc=2.1v 
3 

Vcc-VoH IV) 

-loH min. vs. IVcc-VoH) Characteristics 
(Standard Pin "CMOS") 
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JO Ta= -20 - +75°C 

4 

Vce-VoH (VI 

-loH min. vs. (Vee ··VoHI Characteristics 
(04 - 015 Pins) 

~HITACHI 

6 Ta=-20-+75"C 

~ ~Vcc=2.1v 

~ 1---1 l-lljfi'V"-*"''+-+-+--l---+--t--t-1 

0 4 

Vcc-VoH (VI 

-loH min. vs. (Vee-VoHI Characteristics 
(RO - R2 Pins) 
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• HMCS402AC ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee= 4.5V to 6V, GND = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

Value 
Item Symbol Pin Name Test Conditions Unit Note 

min typ max 

RESET, SCK, 
0.7Vcc Vcc+0.3 v 

Input "High" INTo, INTI 

Voltage V1H SI 0.7Vce - Vce+0.3 v 
OSCI Vec-0.5 - Vcc+0.3 v 
RESET, SCK, -0.3 - 0.22Vcc v 
INTo, INTI 

Input "Low" 
V1L Voltage SI -0.3 - 0.22Vcc v 

OSCI -0.3 - 0.5 v 

Output "High" -loH = 1.0 mA Vcc-1.0 - - v 
Voltage VoH SCK, SO -loH = 0.01 mA Vcc-0.3 - - v 
Output "Low" 

VoL SCK, SO loL = 1.6 mA - - 0.4 v 
Voltage 

Input/Output 
RESET, SCR, 

Leakage Current ll1LI INTo, INTI V;n =OVtoVcc - - 1 µA 1 
SI, SO,OSCI 

Current 
Vee= 5 v 

Dissipation in Ice Vee - - 3.0 mA 2, 6 
Active Mode lose= 6 MHz 

Maximum Logic Operation 

lssv1 Vee Vee= 5 v - - 1.8 mA 3, 6 
Current lose= 6 MHz 
Dissipation in 
Standby Mode Minimum Logic Operation 

lssv2 Vee Vee= 5 v - - 1.35 mA 4,6 
lose= 6MHz 

Current V;n (TEST)= Vee -0.3V to Vee 
Dissipation in lstop Vee - - 10 µA 5 
Stop Mode 

V;n (RESET)= OV to 0.3 V 

Stop Mode 
Vstop Vee 2 - - v 

Retain Voltage 

@HITACHI 
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(Note 1) 
{Note 2) 

(Note 3) 

(Note 4) 

Pull-up MOS current and output buffer current are excluded. 
The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; •Reset state in Operation Mode 

Pin state; •RESET, TEST··· Vee voltage 
• 0 0 -D1, A3-R9 ···Vee voltage 
eD4 -Du, RO-A2, RAD' AA1 ... Vdispvoltage 

The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; •Standby Mode 

•Input/Output; Reset state 
•TIMER-A; +2 prescater divide ratio 
• TIMER-8; +2 prescaler divide ratio 
•SERIAL Interface ; Stop 

Pin state; • A ESET ... GN D voltage 
•TEST ... Vex; voltage 
• 0 0 '""01, R3-R9 ···Vee voltage 
• 04 "'0 1s, RO- R2, RAO, RA1 ··· V disp voltage 

The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; •Standby Mode 

•Input/Output; Reset state 
•TIMER-A; 72048 prescaler divide ratio 
• TIMER-8; 72048 prescater divide ratio 
•SERIAL Interface ; Stop 

Pin state; •RESET··· GND voltage 
•TEST ... Vee voltage 
• Dn ..... 03, R3 ..... R9 ... V •. ..-c: voltage 
• 04 '""Dis, RO ..... R2, RAO, RA1 ··· Vdisp voltage 

Pull-down MOS current is excluded. (Note 5) 
(Note 6) When f 0sc=X [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 

max. value (f05c=x[MHz]) "'~X max. value {f05c""6[MHz]) 

• INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vee= 4.5V to 6V,GND = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 

Input "High" 
V1H 

Do - D3, 
Voltage R3 - R5, R9 

Input "Low" 
V1L 

Do - D3, 
Voltage R3- R5, R9 

Do - D3, 
Output "High" VoH 

R3- RB -loH = 1.0mA 
Voltage Do - D3, -loH = 0.01 mA 

R3- RB 

Output "Low" VoL Do - D3. loL = 1.6 mA Voltage R3- RB 

Input/Output 
il1LI 

Do - D3, Vin= OV to Vee 
Leakage Current R3- R9 

Pull·Up MOS -Ip Do - D3, Vee - 5V 
Current R3- R9 V;n = OV 

(Note 1) Applied to I /O pins with ''CMOS" Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to 1/0 pins "with Pull-up MOS" selected by mask option. 

@HITACHI 

Value 

min typ 

0.7Vcc -

-0.3 -

Vcc-1.0 -

Vee-0.3 -

- -

- -

30 60 

Unit 
max 

Vcc+0.3 v 

0.22Vcc v 

- v 

- v 

0.4 v 

1 µA 

120 µA 
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• INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vee= 4.5V to 6V, GND = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 
min 

Input "High" 
VIH 

D• -Dis, Rl 
0.7Vcc Voltage R2, RAo. RA1 

!nput "Low" 
VIL 

04,....,Dis, n1 
Vee-40 Volta!l" R2, RAO· RA1 

-loH=15mA, Vce=5V ± 10% Vec-3.0 
D4,...., Dis 

-loH=9mA Output "High" 
VoH 

Vee-2.0 
Voltage 

RO- R2 
-loH=3mA, Vcc=5V ± 10% Vee-3.0 
-loH=l.8 mA Vee-2.0 

04"'-01s 
+----'"--

Output "Low" RO-R2 Vdop = Vcc-40V -

Voltage 
VoL 

D•-DIS 
RO-R2 

150kQ to Vcc-40V -

Input/Output 
li1LI 

Q4-Q15 

Leakage RO-R2 Vin = Vec-40V to Vee -
Current RAo. RA1 

Pull Down MOS 
04"-'Dts 

Vd,"' = Vcc-35V 
Id RO-R2 125 Current 

RAO· RA1 
Vm =Vee 

(Note 1) Applied to l/O pins "with Pull-down MOS" selected by mask option. 
(Note 2) Applied to 1/0 pins "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 
(Note 4) Applied to 1/0 pins "with Pull-down MOS" selected by mask option. 
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Value 

typ 

-

-

-

-
-
-

-

-

-

250 

Unit 
max 

Vcc+0.3 v 

0.22Vec v 
- v 
- v 
- v 
- v 

Vcc-37 v 

Vcc-37 v 

20 µA 

500 µA 
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• AC CHARACTERISTICS (Vcc=4.5V to 6V, GND = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

Value 
Item Symbol Pin Name Test Conditions Unit Note 

min typ max 

Oscillation Frequency fosc OSC1,0SC2 0.4 6 6.2 MHz 

Instruction Cycle Time tcyc 1.29 1.33 20 µs 

Oscillator Stabilization Time tRC OSC1, OSC2 - - 20 ms 1 

External Clock "High" 
lcPH OSC1 70 - - ns 2 Level Width 

External Clock "Low" 
tcPL OSC1 70 - - ns 2 Level Width I 

External Clock Rise Time tcPr OSC1 - - 20 ns 2 

External Clock Fall Time tcp1 OSC1 - - 20 ns 2 

INTo "High" Level Width t10H INTo 2 - - tcyc 3 

iNTo "Low" Level Width tmL INTo 2 - - tcyc 3 

INT 1 "High" Level Width t11H INT1 2 - - tcyc 3 

INT 1 "Low" Level Width t11 L INT1 2 - - tcyc 3 

RESET "High" Level Width tRSTH RESET 2 - - tcyc 4 

Input Capacitance Cin all pins f = 1 MHz - - 15 pF 
V;n = 0 V 

RESET Fall Time tRSTf - - 20 ms 4 

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches 4.5V at "Power-on", or after RESET input level goes 
"High" by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input more than 'tRC 
to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. When using crystal or 
ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends 
on the circuit constant and stray capacity. 

Crystal oscillator 

GNO 

Crystal: 6.0MHz NC-18C (Nihon Oenpa Kogyo) 
Rf : 1Mn ±2% 
C1 : 20pF ± 20% 
C2 : 20pF ± 20% 

!Note 21 

osc, 

tCPr lCPf 

(Note41 

RESET tASTH 

Ceramic filter oscillator 

Ceramic filter: CSA6.00MG (Murata) 
Rf : 1Mn ± 2% 
Ci : 30pF ± 20% 
C2 : 30pF ± 20% 

{Note 3) 
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• SERIAL INTERFACE TIMING CHARACTERISTICS 
(Vee=4.5V to 6V, GND = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

At Transfer Clock Output 

Test Value 
Item Symbol Pin Name Conditions min typ 

Transfer Clock Cycle Time tScyc SCK (Note 2) 1 -

Transfer Clock "High"' 
tscKH SCK (Note 2) 0.5 -

Level Width 

Transfer Clock "Low" 
tscKL scR (Note 2) 0.5 -

Level Width 
:;- ~--" 

Transfer Clock Rise Time tscKr SCK (Note 2) -

Transfer Clock Fall Time tscKf SCK (Note 2) - -

Serial Output Data 
toso so (Note 2) - -

Delay Time 

Serial Input Data Set-up Time tss1 SI 300 -

Serial Input Data Hold Time tHSI SI 150 -

• At Transfer Clock Input 

Test Value 
Item Symbol Pin Name Conditions min typ 

Transfer Clock Cycle Time tscvc SCK 1 -
Transfer Clock "High" 

tscKH sci< 0.5 -
Level Width 

Transfer Clock "Low" 
tscKL SCK 0.5 -

Level Width 

Transfer Clock Rise Time tscKr SCK - -

Transfer Clock Fall Time tscKt SCK - -
------

Serial Output Data 
toso so (Note 2) - -

Delay Time 

Serial Input Data Set-up Time tssi SI 300 -

Serial Input Data Hold Time !HSI SI 150 -

(Note 1) Timing Diagram of Serial Interface 

so 

SI 

"Vee - 2.0V and O.SV are the threshold voltage for transfer clock output. 
0.7 Vee and 0.22 Vee are the threshold voltage for transfer clock input. 

(Note 2) Timing Load Circuit 

Voe 

Re =2 Gk" 
Test 

Point 

1S2074'l-t 

30 or Ec:iwv. 

Unit 
max 

- tcyc 

- tscyc 

- tscvc 

100 ns 

100 ns 

250 ns 

- ns 

- ns 

Unit 
max 

- !eye 

- tscvc 

- tscvc 

100 ns 

100 ns 

250 ns 

- ns 

- ns 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 

Note 

1, 2 

1, 2 

1, 2 

1, 2 

1, 2 

1, 2 

1 

1 

Note 

1 

1 

1 

1 

1 

1, 2 

1 

1 

91 



HMCS402C/HMCS402CL/HMCS402AC 

• CHARACTERISTICS CURVE (REFERENCE DATA} 
2.4.---..----~-~-~--.~-~ 

Ta=-20-+75'C L'J lsev1 

92 

ma x. 
4 

Ta=-20-+75'C L losc=6MHz 
3 

<( 

E 
'02 
2 

0 

500 

400 

1 300 

c. 

I 200 

100 

/I 

2 3 4 5 6 
Vcc(V) 

Ice vs. Vee Characteristics 
(Crystal, Ceramic Filter Oscillator) 

Ta-:!:-Io-'.+-1~'C 

.L v ,/ 

v J..--
i--r-!--

max . 

typ. 

min. 

0 2 3 4 5 6 
Vcc(V) 

-Ip (Pull-up MOS Current) vs. 
V cc Characteristics 

-,20 + 75'C 

1---+------+---+---<--+----.1Vcc=6V z 

5·r------+--P,----->¥V-r--1---+-~1---

7 
IZ 

0 2 
Vo,(V) 

loL min. vs. VoL Characteristics 
(Standard Pin) 

3 

fosc=6MHz mJax. 
2.0 r----r----r---t---t----iv--r-r.--< 

lseY2 
/I J1max 

1.6 r----r---t---+---+__,LJ'-t-,LJ.'-l----J 

~ 1.2r---1---1~--1---1----.-L<-+V--+---1 
j 
;: 0.Br--+---+---+---+---l--f--1 
~ 

0.4r----r----r---r---i--i-----r--i 

0 2 3 
Vcc(V) 

4 5 

lsev vs. Vee Characteristics 
(Crystal, Ceramic Filter Oscillator) 

6 

Ta=-20 - +75°C .J 
soof-+-+-t-+--:::±:=-+-t-="1=9 max 

~ 
400f--t-llf-t-~-t--+--+--+--+--+--+--1 

~ 300r--1+t--+-+--t----li-----t---t--i------r--; 

2oof vV tyj 

100 f.l-v 
rl 

min. 

0 

c:: 

10 20 30 40 
Vcc-Vdisp(V) 

Id (Pull-down MOS Current) vs. 
(Vee - Vdispl Characteristics 

50 

~ 2 f--+-+--olo.L::'7'"i""::::P-t-~ 
0 

I 

2 3 
Vcc-VoH(V) 

-loH min vs. (Vee - VoHl Characteristics 
(Standard Pin "CMOS") 

~HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HMCS402C/HMCS402CL/HMCS402AC 

'--t-t--t--+-+-+~f--+-~l7'----1Vcc=6V 'Ta=-20-+75'C k'. 

-f rt-t-t-t-t-t-1-M+-.L-+V--...-IV cc =4.5V 

20 t--+-+--+-+-+--+V-.'+-.L--+,.£~ 

Z_L_ 

v 
0 2 3 4 5 

Vcc-VoH(V) 

-loH min. vs. (Vee - VoHI Characteristics 
(04 - 0 15 Pins) 

• DESCRIPTION OF PIN FUNCTIONS 
Input and output signals of MCU are described below. 

• GND, Vee. vdisp 
These are Power Supply Pin.s. Connect GND pin to Earth 

(OV) and apply Vee power supply voltage to Vee pin. V disp 
is an power supply for high voltage Input/Output pins with 
maximum voltage of Vee-40V. V disp pin can be also used as 
RA 1 pin by mask option. For details, see "INPUT/OUTPUT". 

• TEST 
TEST pin is not for user's application. TEST must be con

nected to V cc. 
• RESET 

RESET pin is used to reset MCU. For details, see "RESET". 

• osc,,osc. 
These are Input pins to the internal oscillator circuit. They 

can be connected to crystal resonator, ceramic filter reso
nator Rf oscillator (applicable only to the HMCS402C), or 
external oscillator circuit. Select the circuit of MCU by mask 
option corresponding to the oscillator type. For details, see 
"INTERNAL OSCILLATOR CIRCUIT." 

• D-port (D0 to D, s) 
D-port is a I-bit Input/Output common port. Do to 0 3 are 

standard type, 0 4 to 0 15 are for high voltage. Each pin has the 
mask option to select its circuit type. For details, See "INPUT I 
OUTPUT". 

• R-port (RO to RA) 
R-port is a 4-bit Input/Output port. (only RA is 2-bit con

struction.) RO and R6 to RB are output ports, R9 to RA are 
input ports, and RI to RS are Input/Output common ports. 
RO to R2 and RA are the high voltage ports, R3 to R9 are the 
standard ports. Each pin has the mask option to select its cir-

0 2 3 4 5 

Vcc-VoH(V) 

-loH min. vs. (Vee - VoH) Characteristics 
(RO - R2 Pins) 

cuit type. Rl2, Rll, R40, R•1 and R•2 are also available as 
INTo, INT1, SCK, SI and SO respectively. For details, see 

"INPUT /OUTPUT". 

• INTo, INT, 
These are the input pins to interrupt MCU operation exter

nally. INT 1 can be used as an external event input pin for 
TIMER-B. INT 0 and INT 1 are also available as R3 ,, and R33 

respectively. For details, See "INTERRUPT". 

• SCK,SI, SO 
These are Transfer clock 1/0 pin (SCK), serial data input pin 

(SI) and serial data output pin (SO) used for serial interface. 
SCK, SI, and SO are also available as R.o, R., and R.2 respec
tively. For details, see "SERIAL INTERFACE" . 

• ROM MEMORY MAP 
MCU includes 2048 words x I 0 bits ROM. ROM memory 

map is illustrated in Fig. I and described in the following 
paragraph. 

• Vector Address Area ..... $0000 to SOOOF 
When MCU is reset or an interrupt is serviced, the program is 

executed from the vector address. Program the JMPL instruc
tions branching to the starting addresses of reset routine or 
of interrupt routines. 

• Zero-Page Subroutine Area ..... $0000 to $003F 
CAL instruction allows to branch to the subroutines in 

$0000 to $003F. 

• Pattern Area..... $0000 to $07FF 
P instruction allows referring to the ROM data in $0000 to 

$07FF as a pattern. 

• Program Area ...... $0000 to $07FF 

$HITACHI 
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0 

15 
16 

63 
64 

2047 
2048 

16383 

Vector Address 

Zero.Page Subroutine 

(64Words) 

Program 
Pattern 

(2048 Words) 

Not Used 

$0000 0 JMPL Instruction _ 

1 (Jump to RESET Routine) 

$000F 2 JMPL Instruction -$0010 3 (Jump to INTo Routine) 

\ 4 JMPL Instruction 

5 (Jump to INT1 Routine) -

$ 003F 6 JMPL Instruction ·-\; I- (Jump to TIMER-A Routine) 
-; 

J MPL Instruction 

9 (Jump to TIMER-B Routine) -

10 

11 
$07FF 12 JMPL Instruction $0800 I-

(Jump to SERIAL Routine) -13 

14 

$3FFF 15 

Fig. 1 ROM Memory Map 

$0000 

$0001 

$0002 

$0003 
$0004 

$0005 

$0006 

$0007 

$0008 

$0009 

$000A 
$0008 

soooc 
$0000 

$ OOOE 
$000F 

• RAM MEMORY MAP and special registers are also mapped on the RAM memory 
space. RAM memory map is illustrated in Fig. 2 and described 
in the following paragraph. 

MCU includes 160 digits x 4 bits RAM as the data area and 
stack l\)'ea. In addition to these areas, interrupt control bits 

94 

0 

31 
32 

47 
48 

127 
128 

959 
960 

1023 

RAM-mapped Registers 

Memory Registers(MR) 

------------------

Data 

(96 Digits) 

Not Used 

Stack 
(64Digits) 

$000 0 

1 
Interrupt Control Bits 

$01F 2 
$ 020 

3 \ 
4 Po rt Mode Reg. (PMR) :w $02F 

$030 5 ~1al Mode Reg (SMR) •W 

6 Senal Data Reg Lower (SRL) !RtW 

7 Serial Data Reg. Upper (SRU) :RtW 

8 Timer Mode Reg. A (TMA) ! W 

9 Timer Mode Reg. B (TMB) [ W 

$ 07F 10t- TIMER-B' 
(TCBL/TLRL) /R/W 

$ 080 11 (TCBU/TLRU) I R/W 
12 

$ 3BF Not Used 
$ 3CO 

31 

$3FF 

* Two registers are mapped on same address. 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$ 007 

$008 

$009 

$00A 

$008 

$00C 

$ 01F 

R :Read Only 

W :Write Only 

R/W:Read/Write 

1 O Timer/Evenh~~uL)ter B Lower; A 

11 Timer/EvenhCco~~~er B Upper l R 

Timer Load Reg. Lower 
tTLRL) 

Timer Load Reg. Upper 
(TLRUJ 

I 
•W $00A 

:w $008 

Fig. 2 RAM Memory Map 
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bit 3 bit 2 bit 1 bit 0 

IMO IFO RSP l/E 

(IM of INT0 ) (IF of INT0 ) (Reset SP Bit) (Interrupt Enable Flag) 
0 $000 

IMTA IFTA IM1 IF1 

(IM of TIMER-A) (IF of TIMER-A) (IM of INT,) (IF of INT,) 
$001 

IMTB 
Not Used 

IFTB 
Not Used 

(IM of TIMER-Bl (IF of Tl MER -Bl 
2 $002 

Not Used Not Used 
IMS IFS 

(IM of SERIAL) (IF of SERIAL) 
3 $003 

IF Interrupt Request Flag 
IM Interrupt Mask 
l/E Interrupt Enable Flag 
SP Stack Pointer 

(Note) ~ach bi~ in lnte_rrupt Control Bits Area .is set by SEM/SEMD instruction, is reset by REM/REMO instruction and is tested by TM/TMD 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when "Not Used" bit is tested. 

Fig. 3 Configuration of Interrupt Control Bit Area 

• Interrupt Control Bit Area ..... $000 to $003 
This area is used for interrupt controls, and is illustrated in 

Fig.3. It is accessable only by RAM bit manipulation instruction. 
However, the interrupt request flag cannot be set by software. 

• Special Register Area ..... $004 to $00B 
Special Register is a mode or a data register for the external 

interrupt, the serial interface, and the timer/counter. These 
registers are classified into 3 types: Write-only, Read-only, and 
Read/Write as shown in Fig. 2. These registers cannot be 
accessed by RAM bit manipulation instruction. 

Memory Registers Stack Area 

MR(O) $ 
960 

020 Level 16 $ 3CO 

MR(1J $ 021 Level 15 

MRl21 $ 022 Level 14 

MRl3J $ 023 Level 13 

MRl4J $ 024 Level 12 

MRl51 $ 025 Level 11 

MRi6) $ 026 Level 10 

MRl7J $ 027 Level 9 

MR(8J $ 028 Level 8 

• Data Area ..... $020 to $07F 
16 digits of $020 to $02F are called memory register (MR) 

and accessable by LAMR and XMRA instructions. 

• Stack Area .... $3CO to $3FF 
Stack Area is used for LIFO stacks with the contents of the 

program counter (PC), status (ST) and carry (CA) when process
ing subroutine call and interrupt. As I level requires 4 digits, 
this stack area is nested to 16 level-stack max. The data pushed 
in the stack and LIFO stack state are provided in Fig. 4. The 
program counter is restored by RTN and RTNI instructions. 
Status and Carry are restored only by RTNI instruction. The 
area, not used for stacking, is available as a data area. 

b1t3 bit2 bit1 botO 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

MR(9) 

MR(10) 

MRi11\ 

MRl12) 

MR(13) 

MR(14J 

$ 

$ 

$ 

$ 

$ 

$ 

029 Level 

02A Level 

026 Level 

02C Level 

020 Level 

02E Level 
'V 6 1 
5 

4 
3 1 

2 
1 

PC:: PC 12 PC11 $ 3FC 

PC, Pc; PC, $ 3FD 

PC, PCs PC4 $ 3FE 

PC, PC, PC, $ 3FF 

20 ST 

021 PC 10 

022 CA 

023 PC, 
MR(15) $ 02F 1023 Level 

PC13 to PCo ; Program Counter 
ST; Status 
CA; Carry 

1 $ 3FF 

Fig. 4 Configuration of Memory Register, Stack Area and Stack Position 
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• REGISTER AND FLAG 
The MCU has nine registers and two flags for the CPU opera

tions. They are illustrated in Fig. 5 and described in the follow
ing paragraphs. 

• Accumulator (A), B Register (B) 
Accumulator and B Register are 4-bit registers used to hold 

the results of Arithmetic Logic Unit (ALU), and to transfer data 
to/from memories, 1/0 and other registers. 

• W Register (W), X Register (X), Y Register (Y) 
W Register is 2-bit, and X and Y Register are 4-bit registers 

used for indirect addressing of RAM. Y register is also used 
for D-port addressing. W Register is write only and cannot be 
read. 

• SPX Register (SPX), SPY Register (SPY) 
SPX and SPY Register are 4-bit registers used to assist X and 

Y Register respectively. 

• Carry (CA) 
Carry (CA) stores the overflow of ALU generated by the 

arithmetic operation. It is also affected by SEC, REC, ROTL and 
ROTR instructions. 

During interrupt servicing, Carry is pushed onto the stack 
and restored back from the stack by RTNI instruction. (It's not 
affected by RTN instruction.) 

• Status (ST) 
Statvs (ST) holds the ALU overflow, ALU non-zero and the 

results of bit test instruction for the arithmetic or compare in
struction. It is used for a branch condition of BR, BRL, CAL or 
CALL instructions. The value of the Status remains unchanged 
until the next arithmetic, compare or bit test instruction is ex
ecuted. Status becomes "l" after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its execution/ 
skip). During the interrupt servicing, Status is pushed onto the 

~--~! ... ".""" 
B, .. " 

~~I ·~I ·~I __ ~I";:: ... 
Fig. 5 Register and Flags 

stack and restored back from the stack by RTNI instruction. 
(It's not affected by RTN instruction.) 

• Program Counter (PC) 
Program Counter is a 14-bit binary counter for ROM address

ing. 

• Stack Pointer (SP) 
Stack Pointer is used to point the address of the next stack

ing area up to 16 levels. 
The Stack Pointer is initialized to locate $3FF on the RAM 

address, and is decremented by 4 as data pushed into the stack, 
and incremented by 4 as data restored back from the stack. 

• INTERRUPT 
The MCU can be interrupted by five different sources: the 

external signals (INT0 , INT;), timer/counter (TIMER-A, 
TIMER-B), and serial interface (SERIAL). In each sources, 
the Interrupt Request Flag, Interrupt Mask and interrupt vector 
address will be used to control and maintain the interrupt re
quest. The Interrupt Enable Flag is also used to control the 
total interrupt operations. 

• Interrupt Control Bit and Interrupt Service 
The interrupt control bit is mapped on $000 to $003 of the 

RAM address and accessable by RAM bit manipulation instruc
tion. (The Interrupt Request Flag (IF) cannot be set by soft
ware.) The Interrupt Enable Flag (I/E) and Interrupt Request 
Flag (IF) are set to "O", and the Interrupt Mask (JM) is set to 
"I" at the initialization by MCU reset. 

Fig. 6 shows the interrupt block diagram. Table I shows the 
interrupt priority and vector addresses, and Table 2 shows the 
conditions that the interrupt service is executed by any one of 
the five interrupt sources. 

The interrupt request is generated when the Interrupt Re
quest Flag is set to "l" and the Interrupt Mask is "O". If the 
Interrupt Enable Flag is "l ",then the interrupt will be activated 
and vector addresses will be generated from the priority PLA 
correspondi11g to the five interrupt sources. 

Fig. 7 shows the interrupt services sequence, and Fig. 8 
shows the interrupt flowchart. If the interrupt is requested, the 
instruction finishes its execution in the first cycle. The Inter
rupt Enable Flag is reset in the second cycle. In the second and 
third cycles, the Carry, Status and Program Counter are pushed 
onto the stack. In the third cycle, the instruction is executed 
again after jumping to the vector address. 

In each vector address, program JMPL instruction to branch 
to a starting address of the interrupt routine. The Interrupt 
Request Flag which caused the interrupt service has to be reset 
by software in the interrupt routine. 
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1000.0 

"1-~~~~~~~~~~-r---.. 
S.Q,,..nce Control 

Push PC CA ST 

1000.2 

soou 

SOOJO 

•RltMl If 

· Jump 111 Vector 
Addreu 

Priority Control 
PLA 

Fig. 6 Interrupt Circuit Block Diagram 

Table 1. Vector Addresses and Interrupt Priority 

Reset . Interrupt Priority Vector addresses 

RESET - $0000 

INTo 1 $0002 

INT1 2 $0004 

TIMER-A 3 $0006 

TIMER-B 4 $0008 

SERIAL 5 $000C 

Table 2. Conditions of Interrupt Service 

l~ce INTo INT, TIMER-A TIMER-B 

l/E 1 1 1 1 

IFO·IMO 1 0 0 0 

IF1 • IM1 * 1 0 0 

IFTA • IMTA * * 1 0 

IFT-B • IMTB * * * 1 

IFS· IMS * * * * 

.HITACHI 

SERIAL 

1 

0 

0 

0 

0 

1 

•Don't care 
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Instruction 

Cycles 

Instruction 
execution 

Interrupt 
accepted 

2 

Stacking, 
Reset of 1/E 

3 

Stacking, 
Vector address 
is generated 

4 5 

JMPL instruction execution on the 
vector address 

6 

Fig. 7 Interrupt Servicing Sequence 

Instruction 
Execution at 
starting address 
of the interrupt 
routine 

• Interrupt Enable Flag (l/E: $000,0) 
The Interrupt Enable Flag controls enable/disable of all inter

rupt requests as shown in Table 3. The Interrupt Enable Flag is 
reset by. the interrupt servicing and set by RTNI instruction. 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag Interrupt Enable/Disable 

0 Disable 

Enable 

• External Interrupt (INf~. INTil 
To use external interrupt, select R32 /INT0 , R33 /INT, port 

for INT 0 , INT 1 mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO, !FI) are set at 
the falling edge of INT o, INT 1 inpµts. 

INT 1 input can be used as a clock signal input of TIMER-B. 
Then, TIMER-B counts up at each falling edge of input. When 
using INT 1 as TIMER-B external event, an External Interrupt 
Mask (IMI) has to be set so that the interrupt request by INT1 
will not be accepted. 

• External Interrupt Request Flag (IFO: $000,2, IF1: $001,0I 
The External Interrupt Request Flags (IFO, IF!) are set at 

the falling edges of INT0 , INT 1 inputs respectively. 

• External Interrupt Mask (IMO: $000,3, IM1: $001,1) 
The External Interrupt Mask is used to mask the external 

interrupt requests. 

Table 4. External Interrupt Request Flag 

External Interrupt Request Flags Interrupt Requests 

0 No 

Yes 

Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 

Disable (masks) 

• Port Mode Register (PMR: $0041 
The Port Mode Register is a 4-bit write-only register which 

controls the R32 /INT 0 pin, R33 /iNT-;- pin, R41 /SI pin and 
R.2 /SO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MCU reset, so that all these pins are set 
to a port mode. 

Table 6. Port Mode Register 

PMR 
R"/INT-;- pin 

bit 3 

0 Used as R33 port input/output pin 

Used as I NT 1 input pin 

PMR 
R,2/lNTo pin 

bit 2 

0 Used as RJ2 port input/output pin 

Used as INT0 input pin 

PMR 
R41 /SI pin 

bit 1 

0 Used as R41 port input/output pin 

Used as SI input pin 

PMR 

bit 0 
R•2/SO pin 

0 Used as R42 port input/output pin 

Used as SO output pin 
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Yes 

IA) 

Reset 
MCU 

HMCS402C/HMCS402CL/HMCS402AC 

No 

(B) 

Execute 
Instruction 

PC•-(PC)+ 1 

PC-$ 0002 

PC-$0004 

PC-$ 0006 

PC-$ 0008 

PC-$000C 

Yes 

Fig. 8 Interrupt Servicing Flowchart 

~HITACHI 

No 

l'E-"O" 

Stack-( PC) 
Stack-(CA) 
Stack-(ST) 

(SERIAL Interrupt) 
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• SERIAL INTERFACE 
The serial interface is used to transmit/receive 8-bit data 

serially. This consists of the Serial Data Register, the Serial 
Mode Register, the Octal Counter and the multiplexer, as illus
trated in Fig. 9. Pin R.o /SCK and the transfer clock signal are 
controlled by the Serial Mode Register. Contents of the Serial 
Data Register can be written into or read out by the software. 
The data in the Serial Data Register can be shifted synchronous-

N 
·I· 

INTERNAL BUS LINE 

ly with the transfer clock signal. 
The serial interface operation is initiated with STS instruc

tion. The Octal Counter is reset to $0 by STS instruction. It 
starts to count at the falling edge of the transfer clock (SCK) 
signal and increments by one at the rising edge of the SCK. 
When the Octal Counter is reset to $0 after eight transfer clock 
signals, or discontinued transmit/receive operation by resetting 
the Octal Counter, the SERIAL Interrupt Request Flag will be 
set. 

OC(3bit) 
OCTAL 

COUNTER 

INTERNAL BUS LINE (S1) 

4 4 

SR (8bit) 
SERIAL OATA REGISTER 

4 4 
INTERNAL BUS LINE (S2) 

Fig. 9 Serial Interface Block Diagram 

• Serial Mode Register (SMR: $0051 
The Serial Mode Register is a 4-bit write-only register. This 

register controls the R.0 /SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The .Write Signal to the Serial Mode Register controls the 
operating state of serial interface. 

The Write Signal to the Serial Mode Register stops the 
transfer clock applied to the Serial Data Register and the Octal 
Counter. And it also reset the Octal Counter to $0 simul
taneously. 

When the Serial Interface is in the "Transfer State", the Write 
Signal to the Serial Mode Register causes to quit the data 
transfer and to set the SERIAL Interrupt Request Flag. 

Contents of the Serial Mode Register will be changed on the 
second instruction cycle after writing into the Serial Mode 
Register. Therefore, it will be necessary to execute the STS 
instruction after the data in the Serial Mode Register has been 
changed completely. The Serial Mode Register will be reset to 
$0 by MCU reset. 

• Serial Data Register (SRL: $006, SRU: $007) 
The Serial Data Register is an 8-bit read/write register. It 

consists of a low-order digit (SRL:$006) and a high-order digit 
(SRU: $007). 

The data in the Serial Data Register will be output from the 
LSB side at SO pin synchronously with the falling edge of the 
transfer clock signal. At the same time, external data will be 
input from the LSB side at SI pin to the Serial Data Register 
synchronously with the rising edge of the transfer clock. Fig. 
10 shows the I/O timing chart for the transfer clock signal and 
the data. 

The writing into/reading from the Serial Data Register during 
its shifting causes the validity of the data. 

Therefore complete data transmit/receive before writing 
into/reading from the serial data register. 
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Table 7. Serial Mode Register 

SMR 

Bit 3 

0 Used as R40 port input/output pin 

Used as SCK input/output pin 

SMR Transfer Clock 

Prescaler System Clock 
Bit2 Bit 1 BitO R•o/SCK Port Clock Source Divide Divide 

Ratio Ratio 

0 0 0 SCK Prescaler +204B + 4096 Output 

0 0 1 SCK Prescaler 512 + 1024 Output 

0 1 0 SCK 
Prescaler 128 256 Output 

0 1 1 SCK 
Prescaler 32 64 Output 

1 0 0 SCK Prescaler 8 16 Output 
--- ---- -~ ·--t---

SCK 1 0 1 Output Prescaler 2 4 

1 1 0 SCK System 
1 Output Clock -

1 1 1 SCK External 
Input Clock - -

Trans fer Clock 

Serial Output Data 

Serial Input Data 
Latch Timing I I I I I I I I 

Fig. 10 Serial Interface 1/0 Timing Chart 

• SERIAL ln111rrupt Request Flag (IFS: $003, 0) 
The SERIAL Interrupt Request Flag will be set after the 

eight transfer clock signals or transmit/receive discontinued 
operation by resetting the Octal Counter. 

• SERIAL ln111rrupt Mask (IMS: $003, 1) 
The SERIAL Interrupt Mask masks the interrupt request. 

Table 8. SERIAL Interrupt Request Flag 

SERIAL Interrupt Request Flag Interrupt Request 

0 No 

Yes 

Table 9. SERIAL Interrupt Mask 

SERIAL Interrupt Mask Interrupt Request 

0 Enable 

Disable (mask) 

• Selection of the Operation Mode 
Table 10 shows the operation mode of the serial interface. 

Select a combination of the value in the Port Mode Register and 
the Serial Mode Register according to Table I 0. 

Initialize the serial interface by the Write Signal to the 
Serial Mode Register, when the Operation Mode is changed. 
• Operating State of Serial Interface 

The serial interface has 3 operating states as shown in Fig. 11. 
The serial interface gets into "STS waiting state" by 2 ways: 

one way is to change the operation mode by changing the data 
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in the Port Mode Register, the other is to write data into the 
Serial Mode Register. In this state, the serial interface does not 
operate although the transfer clock is applied. If STS instruc
tion is executed, the serial interface changes its state to "SCK 
waiting state". 

In the "SCK waiting state", the falling edge of first transfer 
clock affects the serial interface to get into "transfer state", 
while the Octal Counter counts-up and the Serial Data Register 
shifts simultaneously. As an exception, if the clock continuous 
output mode is selected, the serial interface stays in "SCK wait
ing state" while the transfer clock outputs continuously. 

The Octal Counter becomes "000" again by 8 transfer 
clocks or execution of STS instruction, so that the serial inter
face gets back into the "SCK waiting state", and SERIAL 
Interrupt Request Flag is set simultaneously. 

When the internal transfer clock is selected, the transfer 
clock output are triggered by the execution of STS instruction, 
and it stops after 8 clocks. 

• Example of Transfer Clock Error Detection 
The serial interface functions abnormally when the transfer 

clock was disturbed by external noises. In this case, the transfer 

clock error can be detected in the procedure shown in Fig. 12. 
If more than 9 transfer clocks are applied by the external 

noises in the "SCK waiting state", the state of the serial inter
face shifts as the following sequence: first "transfer state" 
(while l to 7 transfer clocks), second "SCK waiting state" (at 
8th transfer clock) and third "transfer state" again. Then reset 
the SERIAL Interrupt Request Flag, and make "STS waiting 
state" by writing to the Serial Mode Register. SERIAL Inter
rupt Request Flag is set again in this procedure, and it shows 
that the transfer clock was invalid and that the transmit/receive 
data were also invalid. 

Table 10. Serial Interface Operation Mode 

SMR PMR 
Serial Interface Operating Mode 

Bit 3 Bit 1 BitO 

1 0 0 Clock Continuous Output Mode 

1 0 1 Transmit Mode 

1 1 0 Receive Mode 

1 1 1 Transmit/Receive Mode 

* "Change PMR" means the change of 
operation mode as below: STS Waiting State 

Clock Continuous 
Output Mode 

• Transmit Mode 
• Receive Mode 

·• Transmit/Receive 
Mode 

SCK Waiting State 
(Octal Counter = "000") 

Yes 

Normal End 

( Octal Counter = "000" ) 
Transfer Clock Disable 

Change PMA* 

Transfer Clock 

8 Transfer Clocks, 
STS Instruction 

(IFS +-"1") 

n 
Transfer State 

(Octal Counter • "000") 

Fig. 11 Serial Interface Operation State 

Transfer Clock 
Error Processing 

• TIMER 
The MCU contains a prescaler and two timer/counters 

(TIMER-A, TIMER-8), Fig. 13 shows the block diagram. The 
prescaler is an 11-bit binary counter. TIMER-A is an 8-bit 
free-running timer. TIMER-B is an 8-bit auto-reload timer/ 
event counter. 

• Prescaler 
The input to the prescaler is a system clock signal. The 

prescaler is initialized to $000 by MCU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logic "O". The pre scaler keeps counting up except 
MCU reset and stop mode. The prescaler provides clock signals 
to TIMER-A, TIMER-B and serial interface. The prescaler de
vide ratio of the clock signals are selected according to the 
content of the mode registers such as - Timer Mode. Register A 
(TMA), Timer Mode Register B (TMB), Serial Mode Register 
(SMR). 

Fig. 12 Example of Transfer Clock Error Detection 
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INTERNAL BUS LINE (S1) 

TIMER MOOE REGISTER B 
4 

TMB(4bit) 
4 

4 

INTERNAL BUS LINE 1s21 

TIMER-A MPX ,_C_P_T_A _ __, TCA(Bbit) 
TIMER COUNTER A 

3 

TMA(3bit) 

TIMER MOOE REGISTER A 

Fig. 13 Timer/Counter Block Diagram 

• TIMER-A Operation 
After TIMER-A is initialized to $00 by MCU reset, it counts 

up at every clock input signal. When the next clock signal is 
applied after TIMER-A is counted up to $FF, TIMER-A is set 
to $00 again, and generating overflow output. This leads to 
setting TIMER-A Interrupt Request Flag (IFTA": $001, 2) to 
"l ". Therefore, this timer can function as an interval timer 
periodically generating overflow output at every 256th clock 
signal input. 

The clock input signals to TIMER-A are selected by the 
Timer Mode Register A (TMA: $008). 

• TIMER-B Operation 
Timer Mode Register B (TMB: $009) is used to select the 

auto-reload function and the prescaler divide ratio of TIMER-B 
as the input clock source. When the external event input is 
used as an input clock signal to TIMER-B, select the R33 /INT1 

as INT 1 and set the External Interrupt Mask (IM 1) to "I" to 
prevent the external interrupt request from occurring. 

TIMER-B is initialized according to the value written into the 
Timer Load Register by software. TIMER-B counts up at every 
clock input signal. When the next clock signal is applied to 
TIMER·B after TIMER-Bis set to $FF, TIMER-B will be initi· 
alized again and generate overflow output. In this case if the 
auto-reload function is selec"ted. TIMER-B is initialized accord
ing to the value of the Timer Load Register. Else if the auto
reload function is not selected, TIMER-B goes to $00. TIMER
B Interrupt Request Flag (IFTB: $002,0) will be set at this 
overflow output. 

• Timer Mode Regiiter A ITMA: $008) 
The Timer Mode Register A is a 3-bit write-only register. 

The TMA controls the prescaler divide ratio of TIMER-A clock 
input, as shown in Table 11. 

The Timer Mode Register A is initialized to $0 by MCU reset. 

• Timer Mode Register B ITMB: $009) 
The Timer Mode Register Bis a 4-bit write-only register. The 

Timer Mode Register B controls the selection for the auto
reload function of TIMER-B and the prescaler divide ratio, 
and the source of the clock input signal, as shown in Table 12. 

The Timer Mode Register Bis initialized to $0 by MCU reset. 
The operation mode of TIMER·B is changed at the second 

instruction cycle after writing into the Timer Mode Register B. 
Therefore, it is necessary to program the write instruction 

to TLRU after the content ofTMB is changed. 

Table 11. Timer Mode Register A 

TMA 

Bit 2 Bit 1 BitO 
Prescaler Divide Ratio 

0 0 0 +2048 

0 0 1 +1024 
0 1 0 + 512 
0 1 1 .,. 128 
1 0 0 .,. 32 
1 0 1 .,. 8 
1 1 0 .,. 4 
1 1 1 2 
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Table 12. Timer Mode Register B 

TMB 

Bit3 
Auto-reload Function 

0 No 

Yes 

TMB Prescaler Divide Ratio, 
Bit2 Bit 1 Bit 0 Clock Input Source 

0 0 0 +2048 

0 0 1 512 

0 1 0 128 

0 1 1 32 

1 0 0 8 

1 0 1 4 

1 1 0 2 

1 1 1 INT, (External Event Input) 

• TIMER-B (TCBL: $00A, TCBU: $008) 
TLRL: $00A, TLRU: $008 

TIMER-B consists of an 8-bit write-only Timer Load Regis
ter, and an 8-bit read-only Timer/Event Counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: $00A) and a high
order digit (TCBU: $00B, TLRU: $00B). 

The Timer/Event Counter can be initialized by writing data 
into the Timer Load Register. In this case, write the low-order 
digit first, and then the high-order digit. The Timer/Event 
Counter is initialized at the time when the high-order digit is 
written. The Timer Load Register will be initialized to $00 by 
the MCU reset. 

The counter value of TIMER-B can be obtained by reading 

PMR:$004 

PMR3 PMR2 PMR1 PMRO 

the Timer/Event Counter. In this case, read the high-order digit 
first, and then the low-order digit. The count value of low-order 
digit is latched at the time when the high-order digit is read. 

• TIMER-A Interrupt Request Flag (IFTA: $001, 21 
The TIMER-A Interrupt Request Flag is set by the overflow 

output of TIMER-A. 

• TIMER-A Interrupt Mask (IMTA: $001, 31 
TIMER-A Interrupt Mask prevents an interrupt request 

generated by TIMER-A Interrupt Request Flag. 

Table 13. TIMER-A Interrupt Request Flag 

TIMER-A Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 14. TIMER-A Interrupt Mask 

TIMER-A Interrupt 
Mask 

0 

Interrupt Request 

Enable 

Disable (Maski 

• TIMER·B Interrupt Request Flag (IFTB: $002, 01 
The TIMER-B Interrupt Request Flag is set by the overflow 

output of TIMER-B. 

• TIMER·B Interrupt Mask (IMTB: $002, 11 
TIMER-B Interrupt Mask prevents an interrupt request 

generated by TIMER-B Interrupt Request Flag. 

SMR:$005 

SMR3 SMR2 SMR1 SMRO 

~ 
.L- Transfer clock selection 

R40 /SCK pin mode selection 

----- R42 /SO pin mode selection 

~------- R41 /SI pin mode selection 

~--------- R 32 /INT0 pin mode selection 

~------------ R33 /INT1 pin mode selection 

104 

TMA:$008 TMB:$009 

l><ITMA2,TMA1,TMAOI TMB3 TMB2 TMB1 TMBO 

l ~MER-8 input clock selection 

-------- Auto-reload function selection 

TIMER-A input clock selection 

Fig. 14 Mode Register Configuration and Function 
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Table 15. TIMER-B Interrupt Request Flag 

TIMER-B Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 16. TIMER-B Interrupt Mask 

TIMER-B Interrupt 
Mask 

0 

• INPUT/OUTPUT 

Interrupt Request 

Enable 

Disable (Mask) 

The MCU provides 58 Input/Output pins, and they are con
sist of 32 standard pins and 26 high voltage pins. Each standard 
pin may have one of three mask options: (A) "Without pull
up MOS (NMOS open drain)", (B) "With pull-up MOS", or 
(C) "CMOS". And also each high voltage pin may have one 
of two mask options: (D) "Without pull-down MOS (PMOS 

open drain)", or (E) "With pull-down MOS". As pull-down 
MOS is connected to internal Vdisp line, select RA 1/Vdisp pin 
as V <lisp with mask option when at least one high voltage pin is 
selected as "With pull-down MOS" option. 

When any Input/Output common pin is used as input pin, it 
is necessary to select the mask option and output data as shown 
in Table 18. 

• Output Circuit Operation of Standard Pins with 'With pull
- up MOS" Option 

Fig. 15 shows the circuit used in the standard pins with 
"with pull-up MOS"option. 

By execution of the output instruction, the write pulse will 
be generated, and be applied to the addressed port. This pulse 
will turn "ON" the PMOS (B) to make the transient time 
shorten to obtain "High level", if the output data is changed 
from "O" to "l". In this case, the "write pulse" allows the 
PMOS (B) to turn "ON" as long as 1/8 instruction cycle. While 
"write pulse" is "O", pull-up MOS (C) may retain the output 
in high level. 

The HLT signal becomes "O" in stop mode, so that MOS (A) 
(B) (C) turn "OFF". 
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106 

Pull up MOS IC) 

M, 

~ s 
r 

M1 

M, 

M, 

Write pulse 

PMOS(B) 
Write pulse 
(Output 

..--+------- instruction) 

ON Resistance Value 
HMCS402C, HMCS402AC HMCS402CL 

approx. 250!1 approx. 1kl1 

approx. 1 kl1 approx. 5k!1 

approx. 40kQ approx. 75kl1 to 1Ml1(Vee=3V), 
to 160kl1 (Vee= 5VI approx. 40kl1to160kl1 (Vee = 5V) 

l Instruction cycle 

Output instruction execution 

Fig. 15 Output Circuit Operation of Standard Pins with "with Pull-up MOS" Option 
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Table 17 1/0 Pin Circuit Type 

c -o_ 

~ 
-0 

:ii 
cil 

1/0 
common 
pins 

Output 
pins 

Input 
pins 

1/0 
common 
pins 

Output 
pins 

Input 
pins 

Without pull-up MOS 
With pull-up MOS (NMOS open drain) CMOS (C) 

(Al (B) 

input 
data data data 

e 

~ 
~'"""' ~'"'" ~~; ~RH Hl T 

HLT 

~utput output output 
data data data 

Vee ''"@""" ~ ""'" lfLT c1~"" °1KLRrr output output 
~~;~ut data data 

Vee 

~ H~ input 
HLT input 

data data 

Without pull-down MOS 
(PMOS open drain) (D) 

Vee 

~~~~put 
data 

Ve~HLT 
l"\.__j.....- output 

data 

input 
data 

~ HLT~input 
v------i,_.r data 

0 

With pull-down MOS (El 

Vee 

e 

1 ,.rr---HCT 
~output 

data 

Vdisp 

input 
data 

- Input 

data 

c 

Vdisp 

Applied 
pins 

Do -D,, 
R3o ,..._,R33, 

R4o -..R4J, 
Rso ,.._,RsJ 

R6o.....,R63· 
R7o"'R73, 
Rso-Rs3 

R9o""'R93 

Applied pins 

D.-D,,, 
R10-..R13, 

R20,......,R23 

(Note) 1 In the stop mode, H LT signal is "O" and 1/0 pins are in high impedance state. (to be continued) 
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1/0 
common 
pins 

Output 
pins 

Input 
pins 

Without pull-up MOS (NMOS open drain) 
or CMOS (A or C) 

"""---SCK 

o---e-- input 
data 

HLT 

With pull-up MOS (8) 

)>---SCK 

Vcc~cc HLT 
HLT+n)ode sel~ 

internal SCK 

C>-£- input 
data 

HLT 

(Note 1). In the stop mode, HCT signal is "O", HLT signal is "1" and 1/0 pins are in high impedance state. 

(Note 2) If the MCU is interrupted by serial interface in the external clock input riiode, the SCK terminal becomes input only. 

Table 18 Data Input from Input/Output Common Pins 

1/0 pin circuit type 
Possibility Available pin condition 
of Input for input 

CMOS No -
Standard Without pull-up 
pins MOS Yes .. , .. 

(NMOS open drain) 

With pull-up MOS Yes "1" 
Without pull-down 

High MOS Yes "O" 
voltage (PMOS open drain) 
pins With pull-down 

MOS Yes "O" 

.HITACHI 

Applied pins 

SCK (Note21 
(Output mode) 

so 

INTo, 
Tiii'fl. 
SI, 
SCK (Note21 

(Input mode) 
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• 0-porl 
D-port is I-bit I/O port, and it has 16 Input/Output common 

pins. It can be set/resei by the SED/RED and SEDD/REDD 
instructions, and can be tested by the TD and TDD instructions. 
Table I 7 shows the classification of standard pins, high voltage 
pins and the Input/Output pins circuit types. 

• R-port 
R-port is 4-bit I/O port. It provides 20 input/output com

mon pins, I 6 output-only pins, and 6 input-only pins. Data 
input is processed using the LAR and LBR instructions and data 
output is processed using the LRA and LRB instructions. The 
MCU will not be affected by writing into the input-only and/or 
non-existing ports, invalid data will be read by reading from the 

output-only and/or non-existing ports. 
The RJ~J3, R•o, R•t and R., pins are also used as the INTo, 
INT1, SCK, SI and SO pins respectively. Table I 7 shows the 
classification of standard pins, high voltage pins and Input/ 
Output pins circuit types. 

• RESET 
The MCU is reset by setting RESET pin to "I". At power 

ON or recovering from stop mode, apply RESET input more 
than tRc to obtain the necessary time for oscillator stabiliza
tion. In other cases, the MCU reset requires at least two instruc
tions cycle time of RESET input. 

Table 19 shows initialized items by MCU reset and each 
status after reset. 

Table 19 Initial Value by MCU Reset 

Items 
Initial value by Contents MCU reset 

Program counter (PC) $0000 Execute program from the top of ROM address. 

Status (ST) "1" Enable to branch with conditional branch instructions. 

Stack pointer (SP) $3FF Stack level is 0. 

(A) Without pull-
"1" Enable to input. up MOS 

Standard pin 18) With pull-up 
"1" Enable to input 

MOS 

(C) CMOS "1" -
1/0 pin 

(D) Without pull-output register "O" Enable to input. 
High voltage down MOS 
pin IE) With pull-

"O" Enable to input. down MOS 

Interrupt Enable Flag (l/E) "O" Inhibit all interrupts. 

Interrupt flag Interrupt Request Flag II F) "O" No interrupt request. 

Interrupt Mask (IM) "1" Mask interrupt request. 

Port Mode Register (PMR) "0000" See Item "Port Mode Register". 

Mode register 
Serial Mode Register (SMR) "0000" See Item "Serial Mode Register". 

Timer Mode Register A ITMA) "000" See Item "Timer Mode Register A". 

Timer Mode Register B (TMB) "0000" See Item "Timer Mode Register B". 

Prescaler $000 -

Timer/Counter A (TCA) $00 -
Timer/Counter, 

Timer/Event Counter B (TCB) $00 -Serial interface 
Timer Load Register ITLR) $00 -

Octal Counter "000" -

(Note) MCU reset affects to the rest of registers as follows: 

Item After recovering from STOP mode After MCU reset except for 
by MCU reset the left condition 

Carry (CA) 

Accumulator IAI 
The contents of the items before The contents of the items before 

B Register IBI MCU reset are not retained. MCU reset are not retained. 
W Register IWI It is necessary to intialize them It is necessary to initialize them 

X/SPX Registers IX/SPX) by software again. by software again. 

Y /SPY Registers (Y/SPY) 

Serial Data Register (SRI Same as above Same as above 

The contents of RAM before MCU 
RAM reset (just before STOP instruction) Same as above 

are retained. 
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• INTERNAL OSCILLATOR CIRCUIT 
Fig. 16 gives internal oscillator circuit. The oscillator type 

can be selected from the followings; crystal oscillator, ceramic 

filter oscillator, or resistor oscillator as shown in Table 20. In 
any cases, external clock operation is available. 

110 

osc, I> 

osc, <I 

Oscillator 

Divider 

Oscillator 
(Selectable 
with mask 
options) 

Divider 
circuit 
1/8 

Timing 
generator 
circuit 

Fig. 16 Internal Oscillator Circuit 

Internal Oscillator Circuit Mask Option 

HMCS402C HMCS402CL HMCS402AC 

Crystal 0 0 0 

Ceramic 0 0 0 

Resistor 0 - -
1/8 0 0 0 

~HITACHI 

System 
clock 
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• Oscillator Circuit 

External clock 
operation 

Resistor 
oscillator 

Ceramic filter 
oscillator 

Crystal 
oscillator 

Table 20 Examples of Qscillator Circuit 

Circuit configuration 

c Rt 

' 

cc C"'m'1 OSC, 
filter 1 

OSCi c, 
GNO 

GNO 

AT cut parall~I resonance cry<tal 

~.~ 
os~~c. 

Co 

GNO 

GTcutparallelnnonencecrv1tal 

~.~-
o~~c .. 

c. 

HMCS402C 

Rf~ 20kl1±2% 

Ceramic filter 
CSA4.00MG 
(Murata) 
Rf: 1Ml1±2% 
C1 : 30pF±20% 
C2 : 30pF±20% 

Rf: 1Ml1±2% 
C 1 : 10-22p F ±20% 
C2 : 1 0-22p F ±20% 
Crystal: equivalent 
circuit to the left 
C0 : 7pF max. 
Rs : 60!1 max. 
f : 2.0-4.5MHz 

Circuit constants 

HMCS402CL 

Ceramic filter 
CSA2.000MK 
(Murata) 
Rf: 1Ml1±2% 
C1 : 30pF±20% 
C2 : 30pF±20% 

Rf: 2Ml1±2% 
C1 : 10-22pF±20% 
C2 : 10-22pF±20% 
Crystal: equivalent 
circuit to the left 
Co : 7pF max. 
Rs : 100!1 max. 
f : 2.0-2.25MHz 

HMCS402AC 

Ceramic filter 
CSA6.00MG 
(Murata) 
Rf: 1Ml1±2% 
c I : 30p F±20% 
C2 : 30pF±20% 

Rf : 1Ml1±2% 
C1 : 10-22pF±20% 
C2 : 10-22pF±20% 
Crystal: equivalent 
circuit to the left 
C0 : 7pF max. 
Rs : 100!1 max. 
f : 2.0-6.2MHz 

(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters are the one recommended by crystal or ceramic filter 
maker. The circuit parameters are changed by crystal, ceramic filter resonator and the floated capacitance in designing the board. 
In employing the resonator, please consult with the engineers of crystal or ceramic filter maker to determine the circuit parameter. 

(Note 2) Wiring among OSC 1, OSC2 and elements should be as short as possible, and never cross the other wirings. Refer to the recommend
able layout of crystal and ceramic filter. 
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Fig. 17 Recommendable Layout of Crystal and Ceramic Filter 

• LOW POWER DISSIPATION MODE 
The MCU provides two low power dissipation modes, that is, 

a Standby mode and a Stop mode. Table 21 shows the function 
of the low power dissipation mode, and Fig. 18 shows the 
diagram of the mode transition. 

Table 21 Low Power Dissipation Mode Function 

Condition 

Low Power 
Instruction Input/ Timer/ Recoverihg. 

Dissipation Mode Oscillator Instruction Register, Interrupt RAM Output Counter, method 
circuit execution Flag function Serial pin Interface 

Standby mode SBY .,, RESET Input, 
instruction Active Stop Retained Active Retained Retained Active 

Interrupt request 

Stop mode STOP Stop Stop RESET. 11 Stop Retained 
High·2> 

Stop RESET Input 
instruction impedance 

*1) As the MCU recovers from STOP mode by RESET input, the contents of the flags and registers are initialized according to Table 19. 
*2) A high voltage pin with a pull-down MOS option is pulled down to the Vdisp power supply by the pull-down MOS. As the MOS is ON, a pull

down MOS current flows when a voltage difference between the pin and the Vdisp voltage exists. This is the additional current to the current dis
sipation in Stop Mode Ostopl. 

"3) As a 1/0 circuit is active, a 1/0 current possibly flows according the state of 1/0 pin. This is the additional current to the current dissipation in 
Standby Mode Ossv1, lsev2L 

Fig. 18 MCU Operation Mode Transition 

• Standby Mode 
The SBY instruction puts the MCU into the Standby mode. 

In the Standby mode, the .oscillator circuit is active and timer/ 

counter and serial interface continue working. On the other 
hand, the CPU stops since the clock related to the instruction 
execution stops. Registers, RAM and Input/Output pins retain 
the state they had just before going into the Standby mode. 

The Standby mode is canceled by the MCU reset or interrupt 
request. When canceled by the interrupt request, the MCU 
becomes an active mode and executes the instruction next to 
the SBY instruction. At this time, if the Interrupt Enable Flag 
is "I", the interrupt is executed. If the Interrupt Enable Flag 
is "O", the interrupt request is held on and the normal instruc
tion execution continues. 

Fig. 19 shows the flowchart of the Standby Mode. 

• StopMode 
The STOP instruction brings the MCU into the Stop mode. 

In this mode the oscillator circuit and every function of the 
MCU stop. 

The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 20, apply the RESET input for more than tRc 
to get enough oscillator stabilization time. (Refer to the "AC 
CHARACTERISTICS".) After the Stop mode is canceled, 
RAM retains the state it had just before going into the Stop 
mode. The other hand, Accumulator, B Register, W Register, 
X/SPX Registers, Y/SPY Registers, Carry and Serial Data 
Register don't retain the contents. 
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Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

No 

Yes 

Restart 
Processor Clocks 

(A) 

Reset MCU 

Yes 

!Bl 

Execute 
Instruction 

Yes 

Yes 

Restart 
Processor Clocks 

No 

Interrupt 
Accept 

(C) 

Fig. 19 MCU Operating Flowchart 

1~ 
Stop mode 

Yes 

"TTT~""'lllll""'lllll""'lllll""'lllll""'lllll ,~_, _ ......... \D'~' 
Oscillator 

Internal clock 

RESET 

STOP instruction execution 

I• tres .. , 

(more than stabilization time: tAcl 

Fig. 20 Timing Chart of Recovering from Stop Mode 
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• RAM ADDRESSING MODE 
As shown in Fig. 21, the MCU provides three RAM address

ing modes; Register Indirect Addressing, Direct Addressing and 
Memory Register Addressing. 

• Register Indirect Addressing 
The combined 10-bit contents of W Register, X Register and 

Y Register is used as the RAM address in this mode. 

RAM Address 

• Direct Addressing 
The direct addressing instruction consists of two words and 

the second word (I 0 bits) following Op-code (the first word) is 
used as the RAM address. 

• Memory Register Addressing 
The Memory Register Addressing can access 16 digits 

(Memory Register: MR) from $020 to $02F by using the LAMR 
and XMRA instruction. 

AP9 AP8 AP7 AP6 AP, AP4 AP3 AP2 AP 1 AP0 

(a) Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

OP Code 

RAM Address AP9 AP8 AP7 AP6 AP, AP4 AP3 AP2 AP, AP0 

(b) Direct Addressing 

Instruction 

OP Code 

.. o·· .. o.. ..o·· ·o.. ··1 • .. o .. 

RAM Address 

(c) Memory Register Addressing 

Fig. 21 RAM Addressing Mode 
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• ROM ADDRESSING MODE AND P INSTRUCTION 
The MCU has four kinds of ROM addressing modes as shown 

in Fig. 22. 

• Direct Addressing Mode 
The program can branch to any addresses in the ROM 

memory space by using JMPL, BRL or CALL mstruction. 
These instruction replace 14-bit program counter (PC 13 to 
PC0 ) with 14-bit immediate data. 

• Current Page Addressing Mode 
ROM memory space is divided into 256 words in each page 

starting from $0000. The program branches to the address in 
the same page using BR instruction. This instruction replace the 
low-order eight bits of program counter (PC 7 to PC0 )with 8-bit 

(JMPL) 
(BAL) 
(CALL) 

Instruction 1st Word 

immediate data. The branch destination by BR instruction on 
the boundary between pages is given in Fig. 24. 

• Zero Page Addressing Mode 
The program branches to the zero page subroutine area, 

which is located on the address from $0000 to $003F, using 
CAL instruction. When CAL instruction is executed, 6-bit 
immediate data is placed in low-order six bits of program 
counter (PC, to PC0 ) and '.'O's" are placed in high-order eight 
bits (PC 13 to PC6 ). 

• Table Data Addressing 
The program branches to the address determined by the 

contents of the 4-bit immediate data, accumulator and B regis
ter, using TBR instruction. 

Instruction 2nd Word 

(a) Direct Addressing 

(TBA) 

Instruction 

Program Counter PC:; PC12 PC11 PC10 PC9 PCa 

(b) Current Page Addressing 

Instruction 

(CAL) OP Code 

"O" "O" "O" "O" "O" "O" "O" "O" 

I 

Program Counter PC13 PCu PC11 PC10 PC9 PCa PC, PC6 PCs PC4 PC3 

(c) Zero Page Addressing 

Instruction 

(d) Table Data Addressing 

Fig. 22 ROM Addressing Mode 
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(P) 

Instruction 

OP Code 

''O" "O" 
I 

Referred ROM Address RAnRAn RAuRA 10
1 RA, AAa 

(a) Address Designation 

Accumulator, B Register 

(b) Pattern Output 

Fig. 23 P Instruction 

B Register Accumulator 

: If R08 = 1 

: If R09 = 1 

• P Instruction ROM data are written into the accumulator and B Register. 
When bit 9 is "I", 8 bits of referred ROM data are written into 
the RI and R2 port output register. When both bit 8 and 9 are 
"l ", ROM data are written into the accumulator and B Register 
and also to the RI and R2 port output register at a same time. 

The P instruction refers ROM data addressed by Table Data 
Addressing. ROM data addressed also determine its destination. 
When bit 8 in referred ROM data is "l ", 8 bits of referred 

~---o .. =-AA-,---1~~:.n· 11+255 

BR AAA 259"+254 

rF--''"'' ... ,,,,__~~::;i .. ++2,~s 

Fig. 24 The Branch Destination by BR Instruction on 
the Boundary between Pages 

The P instruction has no effect on the program counter. 

• Description of the branch destination on page boundary 
When BR is on page boundary (256n + 255), BR instruction 

transfers the contents of PC to the next page with hardware 
architecture. Therefore, the program branches to the next page 
when using BR on page boundary. 

The HMCS400 series cross macro assembler has automatic 
paging facility for ROM page. 

• INSTRUCTION SET 
The HMCS402C/CL/ AC provide 99 instructions. These in-

structions are classified into I 0 groups as follows; 
(I) Immediate Instruction 
(2) Register-to-Register Instruction 
(3) RAM Address Instruction 
( 4) RAM Register Instruction 
(5) Arithmetic Instruction 
( 6) Compare Instruction 
(7) RAM Bit Manipulation Instruction 
(8) ROM Address Instruction 
(9) Input/Output Instruction 

(I 0) Control Instruction 
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Table 22. Immediate Instruction wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Load A from Immediate LAI i 100 0 1 1 i3 i2 i1 10 i-A 1/1 

load B from Immediate LBI i 1 OOOOOiJi2i1 io i--8 1/1 

CQ3(f'Memory from Immediate LMiO ·-.,a- 7.JTf.J-V.ci' ci' ci', ci0 
i----+M 2/2 

Load Memory from Immediate, Increment Y LMllY I 10100 1 i3 i2 i1 io i ·M.Y+ l~Y NZ 1/1 

Table 23. Register-to-Register Instruction 

wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Load A from B LAB 0 0 0 1 0 0 1 0 0 0 B-·A 1/1 

Load 8 from A LBA 0 0 1 1 0 0 1 0 0 0 A-·B 1/1 

Load A from Y LAY 0 0 1 0 1 0 1 1 1 1 Y~A 1/1 

Load A from SPX LAS PX 0 0 0 1 1 0 1 0 0 0 SPX~A 1/1 

Load A from SPY LAS PY 0 0 0 1 0 1 1 0 0 0 SPY~A 1/1 

Load A from MR LAMR m 1 0 0 1 1 1 m3m2m1mo MR(m)-·A 1/1 

Exchange MR and A XMRA m 1 0 1 1 1 1 m3mzm1mo MR(m)··A 1/1 

Table 24. RAM Address Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
WO~ 

-tYCLE 

Load W from Immediate LWI I 0 0 1 1 1 1 0 0 i 1 i 0 i----..W 1/1 

Load X from Immediate LXI j 1 0 0 0 1 0 i3 iz i1 io i"'-----x 1/1 

Load Y from Immediate LYI ; 100001 i3rzi1io i-Y 1/1 

Load X from A LXA 0011101000 A-X 1/1 

Load Y from A LYA 00 1101 100 0 A-Y 1/1 

Increment Y IY 000 101 1 100 Y+1~Y NZ 1/1 

Decrement Y DY 00 1101 1 111 Y-1 -•Y NB 1/1 

Add A to Y AYY 0001010100 Y+A~Y OVF 1/1 

Subtract A from Y SYY 0011010100 Y-A-·Y NB 1/1 

Exchange X and SPX XSPX 0000000001 x .. spx 1/1 

Exchange Y and SPY XSPY 0000000010 Y··SPY 1/1 

Exchange X and SPX,Y and SPY XSPXY 0000000011 X··SPX,Y· ·SPY 1/1 

Table 25. RAM Register Instruction 

WOAD 
OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS ZLE 

Load A from Memory LAM(XY) 00100100yx M~A. (~::~~~) 1/1 
~- - -

0110010000 Load A from Memory LAMD d dg ds d1 d6 ds d4 dJ di di do M~A 2/2 

Load B from Memory LBM(XY) 00010000yx M-'>B,(~'.~) 1/1 

Load Memory from A LMA(XY) 00100101yx A~M. IU~~) 1/1 

Load Memory from A LMAD d 0110010100 A-•M 2/2 
dsdsd1 d6ds d4dJd2 di do 

Load Memory from A, Increment Y LMAIY(X) 000101000x A--+M,Y+ 1 ..... y(X··SPXI NZ 1/1 

Load Memory fro~ A. Decrement Y LMADY(X) 001101000x A-M,Y-1-YtX··SPX) NB 1/1 

Exchange Memory and A XMA(XY) 00100000yx M-A. IU~~) 1/1 

Exchange Memory and A XMAD d 0110000000 M-A 2/2 
d9ded1d5d5d4d3d2d1 do 

Exchange Memory and B XMB(XY) 00110000yx M-B. (~:_:~~~) 1/1 
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Note) (XY) and bd have the meaning as follows: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XV) is given below.) 

MNEMONIC y x FUNCTION 

LAM 0 0 

LAMX 0 1 X..+SPX 

LAMY 1 : 0 Y++-SPY 

LAMXY 1 : 1 X <+SPX, Y <+SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each. (example of LMAIY (X) is given below.) 

MNEMONIC FUNCTION 

LMAIY 0 

LMAIYX X<+SPX 

Table 26. Arithmetic Instruction 

2 OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
CYCLE 

Add Immediate to A Al i 101 OOQi3i2i1 io A+ i--·A OVF 1/1 

Increment B IB 0001001100 B+ 1-·B NZ 1/1 

Decrement B DB 0 0 1 100 1 1 1 1 B-1 ~B NB 1/1 

Decimal Adjust for Addition DAA 0010100110 1/1 

Decimal Adjust for Subtraction DAS 0010101010 1/1 

Negate A NEGA 0001 1 00000 A+1-A 1/1 

Complement B COMB 0101000000 B-•B 1/1 

Rotate Right A with Carry ROTA 0010100000 1/1 

Rotate Left A with Carry ROTL 0010100001 1/1 

Set Carry SEC 0011101 1 1 1 1-CA 1/1 

Reset Carry REC 0011101100 o-cA 1/1 

Test Carry TC 0 0 0 1 101 1 1 1 CA 1/1 

Add A to Memory AM 0000001000 M+A-A OVF 1/1 

Add A to Memory AMO d U ~' ~. ~' ~.J, ~' ~' ~o M+A--·A OVF 2/2 

Add A to Memory with Carry AMC 000001 1 000 
M+A+CA-·A OVF 1/1 

OVF--->CA 

Add A to Memory with Carry AMCD d 0100011000 M+A+CA-·A 
OVF 2/2 d9 ds d1 d5 ds d4 d3 d2 d1 do OVF--->CA 

Subtract A from Memory with Carry SMC 0010011000 
M-A-CA-•A NB 1/1 

NB--->CA 

Subtract A from Memory with Carry SMCD d ~' ~' ~' ~. ~' ~. ~' ~' ~' ~o 
M-A-CA-•A NB 2/2 NB--->CA 

OR A and B OR 0101000100 A• _:B --•A 1/1 

AND Memory with A ANM 0010011100 Al1M-A NZ 1/1 

AND Memory with A ANMD d ~9Ja J1 ~6~5J4 JJJ2~1 ~o Ar'M-A NZ 2/2 

OR Memory with A I ORM 0000001 1 00 A,_JM-•A NZ 1/1 

OR Memory with A ORMD d ~,Jlfi~.J,Jj, ~o AuM-A NZ 2/2 

EOR Memory with A EORM 0000011100 AfM-A NZ 1/1 

EDA Memory with A EORMD d 0100011100 A+.M-•A NZ 2/2 Q.il d !!.9 d4Q,_d2d,do 
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Table 27. Compare Instruction 

2 OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YC~ 

Immediate Not Equal to Memory INEM i 0 0 0 0 1 0 iJ ii i1 io i /M NZ 1/1 

Immediate Not Equal to Memory INEMD i,d &_J ~ ~ J._~.~ n ~ i IM NZ 2/2 

A Not Equal to Memory ANEM 0000000100 A~M NZ 1/1 

A Not Equal to Memory ANEMD d 1J ~,l~.~.~,Jn AIM NZ 2/2 

B Not Equal to Memory BNEM 0001000100 BI M NZ 1/1 

Y Not Equal to Immediate YNEI I 0 0 0 1 1 1 13 i2 i1 lo Yri NZ 1/1 

Immediate Less or Equal to Memory ILEM I 0000 1 l 131211 io i ·_,M NB 1/1 

Immediate Less or Equal to Memory ILEMD i,d 1TV,rJ ci. ~ ~ ~\ ~ I · .. M NB 2/2 

A Less or Equal to Memory ALEM 0000010100 A'-M NB 1/1 

A less or Equal to Memory ALEMD d ~.~,~.&_J.~ J ~.~ A·. M NB 2/2 

B Less or Equal to Memory BLEM 0011000100 B· .. M NB 1/1 

A Less or Equal to Immediate ALEI I 10101 1 iJ ii i1 io A· I NB 1/1 

Table 28. RAM Bit Manipulation Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION z STATUS 
CYCLE 

Set Memory Bit SEM n 0 0 1 0 0 0 0 1 n1no 1-•M(n) 1/1 

Set Memory Bit SEMO n.d 01100001n1no 
d d d1:ci._d d.d,d d1.<li__ 1~M(n) 2/2 

Reset Memory Bit REM n 0 0 1 0 0 0 1 0 n,no 0-•M(n) 1/1 

Reset Memory Bit REMO n.d ~ ~8Jmd];~11 3ci o-M(nl 2/2 

Test Memory Bit TM n 00100011n1no M(n) 1/1 

Test Memory Bit TMD n.d g 1 1 0 0 0 1 1 n,no 
dgded1d6dsd4d3d2 d1 do M(n) 2/2 

Table 29. ROM Address Instruction 

~ OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
CYCLE 

Branch on Status 1 BR b 1 1 b7bobsb4b3b2b1bo 1 1/1 

Long Branch on Status 1 BAL u ~ k_~,~ ~ ~.~'~'~;: 1 2/2 

Long Jump Unconditionally JMPL u 0 1 0 1 0 1 PJP2p1po 
~d1 ds dt. d4 d3 d2 d1 do 2/2 

Subroutine Jump on Status 1 CAL a 0 1 1 1 a&a4a3a2a1ao 1 1/2 

Long Subroutine Jump on Status 1 CALL u ~s Js ~1 Js J& & g;g:g11~ 1 2/2 
------

Table Branch TBA p 0 0 1 0 1 1 PJP2P1Po 1/1 

Return from Subroutine RTN 0000010000 1/3 

Return from Interrupt RTNI 0000010001 1-•l/E 
ST 1/3 

CA RESTORE 

Table 30. Input/Output Instruction wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Set Discrete 1/0 Latch SEO 0 0 1 1 1 0 0 1 0 0 1-D(Y) 1/1 

Set Discrete 1/0 Latch Direct SEDD m 1 0 1 1 1 0 m3m2m1mo 1--D(m) 1/1 

Reset Discrete 1/0 Latch RED 0 0 0 1 1 0 0 1 0 0 0-D(Y) 1/1 

Reset Discrete 1/0 Latch Direct REDD m 1 0 0 1 1 0 m3m2m1mo o-D(m) 1/1 

Test Discrete 1/0 Latch TD 0 0 1 1 1 0 0 0 0 0 D(Y) 1/1 

Test Discrete 1/0 Latch Direct TDD m 1 0 1 0 1 0 m3m2m1mo D(m) 1/1 

Load A from A-Port Register LAA m 1 0 0 1 0 1 m3m2m1mo R(m)-A 1/1 

Load B from R-Port Register LBR m 1 0 0 1 0 0 m3m2m1mo R(m)~B 1/1 

Load R-Port Register from A LAA m 1 0 1 1 0 1 m3m2m1mo A~R(m) 1/1 

Load R-Port Register from B LRB m 1 0 1 1 0 0 m3m2m1mo B-R(m) 1/1 

Pattern Generation p p 0 1 1 0 1 1 p3p2p1po 1/2 
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Table 31. Control Instruction 

OPERATION MNEMONIC OPERATION COOE FUNCTION 2 STATUS 
CYCLE 

No Operation NOP 0000000000 1/1 

Start Serial STS 0101001000 1/1 

Stand-by Mode SBY 0101001100 1/1 

Stop Mode STOP 0101001101 1/1 

Table 32. Op-Code Map 

[:;J RS 0 1 

R9 £:-.\. 0I•I2I3 •I sis}1} sisI A}B} cio}E}F oJ 1I2I3I •IsiaI1IsJ sIAIB}cJoJEl• 

--- l'"i ----I""Dl ----=fc'"i ----

0 

1 

o ~XSPY_Mj_---- }AMl ---- jORMl----
1 R~TN~ llE"i_ ---- J:'•tl---- }m•( ---- --- !"i ---- l"'i ---- 1""'.L---
2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBMIXYI BNEM --- }LA"!. -- JIB I_ -- '""i. --- } oRJ: ---- }srS[ ---- }sevJSTtiP[::71 
s LMA1v1x~ AYYl---- M---- Jiv~ JMPL p(4) 

6 NEGAI_ ---- REDl ---- I~ - JTC 
CALL p(4) 

7 YNEI i(4) BRL p(4) 

s XMA(XY) SEM n(2) J REM n(2) J TM n(2) '"'l ---- J SEMO n(21 I REMO n(2) I TMD n(2) 

9 LAM(XY) LMA(XY) _jsMtL---- }NM~ ""'L---- ~MAil ---- ]"'1 ----:i'"l ----
A ~L ----- _lDAAL---- }DASl ----- }L•v 

LMIO i(4) 

B TBR p(4) p p(4) 

C XMBIXYI BLEM[ ---- }LBAI -- JOB 

0 LMADY!X)~ svY[ ----} LvAJ: -- JOY 
CAL a(6) 

E roL---- SEOl ---- }LXAL..------ JRE:.l:::::::JSEC 
F LWI i(2) 

0 LSI i(4) 

1 LYI i(4) 

2 LXI i(4} 

3 LAI i(4) 

4 LBR m(4) 12: 5 LAR m(4) 

6 REDD m(4) 

7 LAMR m(4) 
BR bi SI 

s Al i(4) 

9 LMllY i(4) 

A TOO m{4) 

s ALEI i{4) 

c LRS m(4) 

~ D LRA m(4) 

E SEDO m(4) 

F XMRA m(4) 

c::J··· 1-word/2-cycle 
Instruction 

CJ··· :~::~~~~0~ycle CJ··· ~:t~u~;:~t Address CJ··· ~~:~~~~~~ycle 
(2-word/2-cycle) 
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I HMCS402C/CUAC I 
MASK OPTION LIST 

5V~n 

High Speed Operation : D HM 

(1) 1/0 Option 

PIN INPUT/OUTPUT 

l! Input/Output 
-8 ~ 1-,"".~ .. ~t1"'0u""' •• ~.~,--+-+---+-
i ~ Input/Output 
~ 1-,~.= .. ~t1,,0u""'··=·7·--+-+---+

lnput/OutPUt 
Input/Output 
Input/Output 
lnputlOutput 
lnput/OutpUt 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
lnput/OutPut 
lnput/Ouq>ut 

Output 
Output 
Output 

~ 1-~,.-.~""~"'16='~'-'~-.-,-
t Input/Output 
c; lnpu Output 
> Input/Output 
~ Input/Output 

Input/Output 
Input/Output 
Input/Output 

Date of Order 
Customer 
Dept. 
Name 
ROM Code Name 
LSI Type Number 
(Hitachi's entry) 

• Please enter check marks in D (•, X, VJ. 

Note 11/0 options masked by l1iJ are not available.I 

Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 

Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Input 
Input 
Input 
Input 
Input 
Input 

• Please enter "0' in applicable item for 1/0 option selection. 
A; Without Pull-up MOS (NMOS Open Drain) 8; With Pull·up MOS 
C; CMOS (not be used as Input) 
O; Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS 

(3) Package 

Package 
D AA1: Without Pull-down MOS ID} O DP-&tS (shrink package) 

D FP-64 

.. Please enter check marks t•, X, v1 in applicable item. .. Please enter check marks (II, X,v'I in applicable item. 

Note) RA11Vdisp has to be selected as Vdisp pin except for the case that all High Pins are option 0. 

(4) Divider (DIV) (5) ROM Code Media 

• Divided-by-8 D EPROM: Emulator Type 

ROM Code Media I Clock Divide Ratio 

D EPROM: EPROM On-Package Microcomputer Type 

J Check List of Application I 
(Al Oscillator (CPG option) 

O 402C (5V Operation) 
D Resistor (Rf - 20kfl.t2%1 

CPG 0 Ceramic Filter 
Option OCrystal 

D External Clock 

.. Please enter check marks I•, X, v1 in applicable item. 

D 402CL (3V Operation) 

0 Cerll'Tlic Filter 
D Crystal 
O Extemal Clock 

@HITACHI 
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o Ceramic Filter 
DCrystal 
o Extemal Clock 
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DESCRIPTION 
The HMCS404C/CL/AC are CMOS 4-bit single-chip micro- HMCS404C, HMCS404CL, HMCS404AC 

computers which are members of the HMCS400 series. 
The HMCS404C/CL/ AC have efficient and powerful architec-

ture and its software is very similar to the HMCS40 series. 
These microcomputers provide variety of on-chip resources 

such as ROM, RAM, 1/0, two timer/counters and a serial 
interface to perform in wide users' applications. 1/0 pins of 
HMCS404C/CL/ AC are able to drive fluorescent display tube 
directly. 

The HMCS404CL is able to operate in low voltage and has 
the characteristics of wide-range operation voltage. 

The HMCS404AC is a high-speed version of HMCS404C. 

• HARDWARE FEATURES 
• 4-bit Architecture 
• 4,096 Words x 10-bit ROM 
• 256 Digits x 4-bit RAM 
• 58 1/0 Pins, Including 26 High Voltage 1/0 Pins (40V Max) 
• Two Timer/Counters 

11-bit Prescaler 
8-bit Free Running Timer 
8-bit Auto-Reload Timer/Event Counter 

• Clock Synchronous 8-bit Serial Interface 
• Five Interrupts 

External 2 
Timer/Counter 2 
Serial Interface 

• Subroutine Stack 
Up to 16 Levels Including Interrupt 

• Two Low Power Dissipation Modes 
Standby - Stops instruction execution while keeping 

clock oscillation and interrupt functions in 
operation 

Stop Stops instruction execution and clock osCil
lation while retaining RAM data 

• On-Chip Oscillator 
External Connection of Crystal, Ceramic Filter or Resistor 
(externally drivable) 
(Resistor oscillator is available only to the HMCS404C) 

• SOFTWARE FEATURES 
• Instruction Set Similar to and More Powerful than HMCS40 

Series; 99 Instructions 
• High Programming Efficiency with 10-bit ROM/Word; 79 

instructions are single-word instructions 
• Direct Branch to All ROM Area 
• Direct or Indirect Addressing to All RAM Area 
• Subroutine Nesting Up to 16 Levels Including Interrupts 
• Binary and BCD Arithmetic Operation 
• Powerful Logical Arithmetic Operation 
• Pattern Generation - Table Look Up Capability -
• Bit Manipulation for Both RAM and 1/0 

• PROGRAM DEVELOPMENT SUPPORT TOOLS 
• Cross assembler and simulator software for use with IBM 

PCs and compatibles 
• In circuit emulator for use with IBM PC 

(DP-645) 

HMCS404C, HMCS404CL, HMCS404AC 

(FP-64) 

• EPROM On Package Microcomputer; HD614P080S 

[

Mask options ire fixed as follows: J 
• 1/0 pin : Open Drain 
• Oscillator : Crystal Oscillator or Ceramic Filter Oscillator 

(externally drivable) 
• Divider : Divided-by-8 

• HMCS404C/CL/AC CLASSIFICATIONS 

~ 
HMCS404C HMCS404CL HMCS404AC 
(HD614042 IHD614045) (HD614048) I 

Vee IV 4-6 2.7-6 4.5-6 

Minimum Instruction 
2 4 1.33 Execution Time (µs) 

@HITACHI 
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• PIN ARRANGEMENT 

011 D•o 
0•2 ng 
D•l Oa 
Qu 01 
0 •!> De 
Roo O~ 

Ro1 D• 
Ro2 OJ 
Ro3 02 
Rio D, 
R,, Do 
R•2 GNO 
Rn OSC2 
Rro Q~, 

A 11 'fES'f 
Rn RESET 
RI) R9l 

R~o R~' 
A•1/Vd1sp A~• 

Aw Aw 
RH Rs1 

AJ1/INT0 R111 
R 11/iNf"i A111 

A~ A~ 

A!>• RIJ 
R!>1 R11 

A !ol A11 
R~ Am 
R11 ff41 

R•u A•1/SO 
Ru A4i/SI 

v" ~-----~ R4o/SCK 

(Top View) 

• BLOCK DIAGRAM 

HMCS404C/HMCS404CL/HMCS404AC 

TltllER . 

"" ... 

"" 
"" 

EJITEllNAL 
INTERRUPT 

•• i ;; •• 
a: a: a: a: a: a: 

(Top View) 

RESET TESl DSC, 05C, 

j j j 

I 

o, 
o, 
o. 
Do 
GNO 
OSC2 

OSC1 

Tlff 
RESET 

"" "" "" ... 
Rn 

"" 
"" ... 
"" 
"" 

---~-

I , ~·· I 
. ~ ~f-f-F-1--H-;;l-H~I I I I 
1R0 ,R.,A0 ,R00 10,,0,.0, 1 0,,D,,0,.0. 01 O, 0,0, O, 0 1 O, O, 0. 

-- - .J L - - - -- - - - - - - - - - - - - J 

~~~.] High Voltage Pins 
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HMCS404C/HMCS404CL/HMCS404AC 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to +7.0 v 

Terminal Voltage VT 
--0.3 to Vee +0.3 v 3 

V cc -45 to V cc +0.3 v 4 
Total Allowance of Input Currents l:lo 50 mA 5 

Total Allowance of Output Currents -l:lo 150 mA 6 
Maximum Input Current lo 15 mA 7,8 

4 mA 9, 10 

Maximum Output Current -lo 6 mA 9, 11 

30 mA 9, 12 

Operating Temperature Topr -20 to +75 oc 
Storage Temperature Tstg -55 to +125 "c 

(Note 1) Permanent damage may occur if ''Absolute Maximum Ratings" are exceeded. Normal operation should be under the conditions of 
"Electrical Characteristics". If these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 

(Note2) 
(Note 3) 
(Note4) 
(Note 5) 
(Note6) 
(Note 7) 
(Note Bl 
(Note9) 
(Note 10) 
(Note 11) 
(Note 12) 

124 

All voltages are with respect to GN D. 
Applied to standard pins. 
Applied to high voltage pins. 
Total allowance of input current is the total sum of input current which flow in from all 1/0 pins to GND simultaneously. 
Total allowance of output current is the total sum of the output current which flow out from Vee to all 1/0 pins simultaneously. 
Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
Applied to Do - 03 and R3 ,.,, RS. 
Maximum output current is the maximum amount of output current from Vee to each 1/0 pin. 
Applied to Do .... 0 3 and R3 .., RS. 
Applied to RO - R2. 
Applied too ..... Ou. 

$HITACHI 
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HMCS404C/HMCS404CL/HMCS404AC 

• HMCS404C ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee = 4V to 6V, GND = OV, Vdisp =Vee -40V to Vee, Ta= -20 to +75°C, if not specified.I 

Value 
Note Item Symbol Pin Name Test Conditions Unit 

min typ max 

RESET, SCK, 
0.7Vcc - Vcc+0.3 v 

Input "High" 
V1H 

mr.. iNT; 
Voltage SI 0.7Vcc - Vcc+0.3 v 

osc, Vee- 0,5 - Vcc+0.3 v 
RESET, SeK, -0.3 - 0.22Vcc v 

Input "Low" 
VIL 

INTo, INT 1 

Voltage SI -0.3 - 0.22Vcc v 
osc, -0.3 - 0.5 v 

Output "High" 
SCK, SO 

-loH = 1.0mA Vcc-1.0 - - v 
Voltage VoH 

-loH = 0.01 mA Vcc-0.3 - - v 
Output "Low" 

VoL SCK,SO loL = 1.6 mA - - 0.4 v Voltage 

Input/Output 
il1LI 

RESET~K, 
Vin = OV to Vee 1 Leakage Current INT0 , INT1 , - - µA 1 

SI, SO, OSC 1 

Crystal or 
Ceramic Filter 

Current 
Oscillator - - 2.0 mA 2, 6 

Dissipation in Ice Vee Vcc=SV 
Option 
fosc = 4MHz Active Mode ~;Sistar· 
Oscillator 
Option 
f0 s: = 4MHz 

- - 2.4 mA 2,6 

Crystal or 
Ceramic Filter 

Maximum Oscillator - - 1.2 mA 3, 6 

lsev1 Vee 
Logic Option 
Operation fosc = 4MHz 
Vee= 5V Resistor 

Oscillator - - 1.6 mA 3,6 Option Current f.., = 4MHz 
Dissipation in 

Crystal or Standby Mode 
Ceramic Filter 
Oscillator - - 0.9 mA 4,6 

Minimum Option 
lsev2 Vee Logic fosc =4MHz 

Operation 
Vee= SV Resistor 

Oscillator - - 1.3 mA 4,6 Option 
f""' = 4MHz 

Current 
V;n(TEST) = Vcc-0.3V to Vee Dissipation in luop Vee - - 10 µA 5 

Stop Mode V;n(RESET) = OV to 0.3V 

Stop Mode 
v.top Vee 2 - - v Retain Voltage 
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HMCS404C/HMCS404CL/HMCS404AC 

(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 

Test Conditions: MCU state; •Reset state in Operation Mode 
Pin state; •RESET, TEST ... Vee voltage 

• 0 0 -0 3 , R3- R9 ··· V cc voltage 
• 04-01s, RO-R2, ANJ, AA1 ••· Vdisp voltage 

(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; • Standby Mode 

•Input/Output; Reset state 
•TIMER-A; +2 prescaler divide ratio 
• TIMER-B; +2 prescaler divide ratio 
•SERIAL.Interface ;Stop 

Pin state; •RESET ..• GNO voltage 
•TEST ··· V cc voltage 
• Do-03, R3-R9 ···Vee voltage 
•04""'0u, RO-R2,RAO, RA1 ···VdispVOltage 

{Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; •Standby Mode 

•Input/Output; Reset state 
• TIMER·A; +2048 prescaler divide ratio 
• TIMER·B; +2048 prescaler divide ratio 
•SERIAL Interface.; Stop 

Pin state; •RESET··· GND voltage 
•TEST ... Vee voltage 
•00 -0 3 , R3-R9 ... Vee voltage 
• 0 4 -0 15 , RO-R2, RAO, RA1 ···Vdisp voltage 

(Note 5) Pull-down MOS current is excluded. 
(Note 6) When f 0 sc==x[MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows: 

max. value (f05c==x[MHz]) ::::fx max. value {f05c::::4[MHz]) 

• INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vee= 4Vto6V, GND = OV, Vd;sp =Vee -40V to Vee. Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 

Input "High" 
V1H 

Do - D3, 
Voltage R3 - R5, R9 

Input "Low" 
V1L 

Do - D3, 
Voltage R3- R5, R9 

Do - D3, 
Output "High" VoH 

R3-RB -loH = 1.0 mA 
Voltage Do - D3, -loH = 0.01 mA 

R3-R8 

Output "Low" VoL Do - D3, loL = 1.6 mA 
Voltage R3- RB 

Input/Output 
II 1cl 

Do - D3, Vin= OV to Vee 
Leakage Current R3- R9 

Pull-Up MOS 
-1. Do - D3, Vee - 5V 

Current R3-R9 V;n = OV 

(Note 1) Applied to 1/0 pins with "CMOS" Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to 1/0 pins with "with Pull·up MOS" selected by mask option. 

~HITACHI 

Value 

min typ_ 

0.7Vee -

-0.3 -

Vee-1.0 -

Vee-0.3 -

- -

- -

30 60 

Unit 
max 

Vee+0.3 v 

0.22Vcc v 

- v 

- v 

0.4 v 

1 µA 

120 µA 
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HMCS404C/HMCS404CL/HMCS404AC 

• INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vee= 4V to 6V, GND = OV, Vdisp =Vee -40V to Vee. Ta= -20 to +75°C, if not specified.) 

Item 

Input "High" 
Voltage 

Input ".Low" 
Voltage 

Symbol Pin Name 

D•-DIS,R1 
R2, RAO• RA1 
D•-D1s, Rl 
R2, RAO• RA1 

D• - Dis 

Value 
Test Conditions 

min typ 

0.7Vcc 

Vce-40 

-low15mA, Vee=5V±10% Vec-3.0 

Unit Note 
max 

Vcc+0.3 v 

0.22Vcc v 
v 

Output "High" 
Voltage 

RO- R2 

Vcc-·2.0 - - V 
vc;C:~:[() +·-- ----,·------- ----t-·-~v-~-,----

Vee-2.0 - - v 

Output "Low" 
Voltage 

Input/Output 
Leakage 
Current 

Pull Down MOS 
Current 

D•-D1s 
RO-R2 
RAO· RA1 

D•-D1s 
RO-R2 
RAo. RA1 

vdlSP = Vcc-40V 

150k!1 to Vcc-40V 

V;n = Vcc-40V to Vee 

V dlsp = V cc -35V 
Vin =Vee 

(Note 1) Applied to 1/0 pins with "with Pull-down MOS" selected by mask option. 

125 

(Note 2) Applied to 1/0 pins with "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 
{Note 4) Applied to 1/0 pins with "with Pu It-down MOS" selected by mask option. 
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Vcc-37 v 

Vcc-37 v 

20 µA 

250 500 µA 
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HMCS404C/HMCS404CL/HMCS404AC 

• AC CHARACTERISTICS (Vee =4Vto 6V, GND = OV, Vdisp =Vee -40V to Vee, Ta= -20 to +75°C, if not specified.I 

Value Test 
Unit Note Item Symbol Pin Name Conditions min typ max 

o~ ~ Oscillation Frequency t.,. OSC1, OSC2 0.4 4 4.5 MHz 

- ~ 1D Instruction Cycle Time t.vc 1.78 2 20 JJS t! 'E~ = ~ .. u 
Oscillator Stabilization uaO 
Time tRc osc,,osc, - - 20 ms 

Oscillation Frequency t ... osc,,osc, Rf=20k!l±2% 1.8 3.0 4.2 MHz 
~ 0 
o~ 

·~~ Instruction Cycle Time tcyc Rf=20k!l±2% 1.9 2.66 4.44 JJS 
"'u a:c) Oscillator Stabilization 

tRc osc,, osc, Rf=20k!l±2% - - 0.5 ms Time 

External Clock Frequency fcp osc, 0.4 - 4.5 MHz 

-" External Clock "High" 
tcPH osc, 100 - - ns u Level Width 0 

u External Clock "Low" 100 tcPL osc, - - ns ... Level Width c: 

~ External Clock Rise Time tcPr osc, - - 20 ns 
w External Clock Fall Time tcpf osc, 20 ns - -

Instruction Cy.cle Time tcyc 1.78 - 20 JJS 
iNTo "High" Level Width t10H INTo 2 - - ~· lNlo "Low" Level Width t10L INTo 2 - - tcyc 

INT.i "High" Level Width t11H INT1 2 - - tcyc 
TNTi "Low" Level Width t11L INTt 2 - - tcyc 
RESET "High" Level Width tRSTH RESET 2 - - tcyc 

Input Capacitance Cin all pins f=1MHz - - 15 pF V;n = OV 

RESET Fall Time tRSTf - - 20 ms 

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches 4.0V at "Power.on", or after RESET input 
level goes to "High" by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering from stop 
mode, apply RESET input more than tRC to obtain the necessary time for oscillator stabilization. When using crystal or ceramic 
filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on 
the circuit constant and stray capacity. 

Crystal oscillator 

GND 

Crystal: 4.194304MHz Ne-18CINihon Denpa Kogyo) 
Rf: 1Mn<2% 

e, : 22pFt20% 

C• : 22pFt20% 

1Note2) 

osc, 

tCPr tcPf 

(Note4) 

RESET tRSTH 

Ceramic filter oscillator 

Ceramic filter: CSA4.00MG (Murata) 

Rf: 1M'1<2% 

Co : 30pFt20% 

C• : 30pF <20% 

(Note3)· 

$HITACHI 

Resistor oscillator 

c Rt . 
Rf: 20k'1t2% 
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HMCS404C/HMCS404CL/HMCS404AC 

• SERIAL INTERFACE TIMING CHARACTERISTICS 
(Vee =4V to 6V, GND = OV, Vdisp =Vee -40V to Vee, Ta= -20 to +75°C, ii not specified.) 

At Transfer Clock Output 

I Test Value 
Item Symbol Pin Name Conditions min typ 

Transfer Clock Cycle lime tscvc SCK (Note 21 1 -
Transfer Clock "High" 

tscKH SCK (Note 2) 0.5 -
Level Width 

Transfer Clock "Low" 
tscKL SCK (Note 2) 0.5 -Level Width 

Transfer Clock Rise Time tscKr SCK (Note 2) - -

Transfer Clock Fall Time tscKf SCK (Note 2) - -

Serial Output Data 
toso so (Note 2) - -

Delay Time 

Serial Input Data Set-up Time tss1 SI 500 -

Serial Input Data Hold Time tHSI SI 150 -

• At Transfer Clock Input 

Test Value 
Item Symbol Pin Name Conditions min typ 

Transfer Clock Cycle Time tscyc SCK 1 -
Transfer Clock "High" 

tscKH SCK 0.5 -
Level Width 

Transfer Clock "Low" 
tscKL SCK 0.5 -

Level Width 

Transfer Clock Rise Time tscKr SCK - -

Transfer Clock Fall Time tscKf SCK - -
Serial Output Data 

toso so (Note 2) - -
Delay Time 

Serial Input Data Set-up Time tss1 SI 500 -
Serial Input Data Hold Time tHSI SI 150 -

(Note 1) Timing Diagram of Serial Interface 

so 

SI 

(Note 2) Timing Load Circuit 

•Vee - 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.7 Vee and 0.22 Vee are the threshold voltage for transfer clock input. 

~HITACHI 

Unit 
max 

- tcyc 

- tscyc 

- tscvc 

100 ns 

100 ns 

300 ns 

- ns 

- ns 

Unit 
max 

- tcyc 

- tscvc 

- tscvc 

100 ns 

100 ns 

300 ns 

- ns 

- ns 
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1, 2 
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1, 2 

1, 2 

1, 2 

1, 2 

1 

1 

Note 

1 

1 

1 

1 

1 

1, 2 

1 

1 

129 



HMCS404C/HMCS404CL/HMCS404AC 

• CHARACTERISTICS CURVE (REFERENCE DATA) 

4 
Ta=-20-+75°C 
Vcc=5V 

3 
< 
E 

"2 .:: 
_,,,max. 

~ ___,,,. 
v 

0 2 3 4 5 

fosd MHz) 

Ice vs. f05cCharacteristics 
(Crystal, Ceramic Filter Oscillator Option) 

4 Ta=-20-+75°C 
Vcc=5V 

0 2 3 

fosc(MHz) 

4 

Ice vs. fosc Characteristics 
(Resistor Oscillator Option) 

2·0 Ta=-20-+75°C 
Vcc=5V 

5 

< l .S~---ll---l---+---+--l-ss-vH1 
E max. 
] 1.2 lsev2 

max. _j 0.8~---11---1-~4--::::..+---~ 

0 2 3 4 5 

fosc( MHz) 
lssv vs. fosc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) 
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< 
E 

4 

3 

<>2 .:: 

0 

Ta=-20-+75°C 
fosc=4MHz 

2 3 

Vcc(V) 

Vax 
v 
4 5 6 

Ice vs. V cc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) 

4 Ta=-20-+75°C 
fosc=4MHz 

0 

2.0 

1.6 

0.4 

0 

2 3 4 5 

Vcc(V) 

I cc vs. V cc Characteristics 
(Resistor Oscillator Option) 

Ta--20-+75°C 
fosc=4MHz 

6 

1"i.v1 
max. 

~~; v 
./ 

..... 

2 3 4 5 6 

Vcc(V) 

ISBY vs. V cc Characteristics 
(Crystal, Ceramic Filter Oscillator Option) 
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HMCS404C/HMCS404CL/HMCS404AC 

2.0 Ta=-20-+75°C 
lssv1 
max. Vcc=5V 

1.61------il------i---+--...,f<---+-i 

0 2 3 4 

foscCMHz) 

lssv vs. fosc Characteristics 
(Resistor Oscillator Option) 

500 Ta2"-i"o-11~c 

iSBY2 

max. 

5 

4001---+-t---l---t--+--+-+--+-t--~ 

~ 3001--+-+---+---i--+--+-+--+-+---i 

" ~ 
1 2001---+-l---l---l--+--+-+--+-+-- max. 

ylL 
1001---+-+~+-+--+--1-::;;>+""-+-+1--:::l ..-t !--' .j.--r yp. 

0 

~min. 

2 3 4 5 

Vcc(V) 
-Ip (Pull-up MOS Current) vs. 
V cc Characteristics 

6 

15•~-~---,.----.---~--.----, 

0 

Ta= -20-+ 75°C 

>---+----<r---+---+---+-//,/-..,...vcc=6V 

L 

2 

Vo,(V) 
loL min. vs. Vol Characteristics 
(Standard Pin) 

3 

2 ·0 '"'T=-a----~2-=-o---+~7"'5'"'~~.---.----.-,-/,'1""1m158avx1 

<( 1.Bt-f-os_c_=-t4_M_H_z +--v--ir----i---,vll"]L___ ~~ s;~. . 

]'' ~ -

0.4 r---+---+---ir----i----r---t--t 

0 2 3 

Vee CV) 

4 5 

lssv vs. V cc Characteristics 
(Resistor Oscillator Option) 

6 

Ta=-20 - +75°C .! 
500!---+---l--t---l--::::!:=~-t-"'=T==Jmax 

~ 
4oor--lLt-_Lf-t--t---t--t---r---r---r---r--1 

~ 300>--]_-tt---jf---t---i--+--+-+---t--+---i 

2oof VV typj 

100!-fv 

rf 
0 10 20 30 40 

Vcc-Vdisp(V) 
Id tPull-down MOS Current) vs. 
(Vee - Vdispl Characteristics 

4 Ta=-20-+75°C 

c 
~ 2 t---t---+--::1,....c,,_,..-F--
.2 
I 

2 
Vcc-VoH(V) 

min. 

50 

3 

-loH min vs. (Vee - VoH) Characteristics 
(Standard Pin "CMOS") 
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HMCS404C/HMCS404CL/HMCS404AC 

t--i---+---+---+-+---+---+---+---+-7!V cc =6V 
Ta=-20-+75"C ~ 

t--f--l---l---l---+---+---1~.L'.1-1---!--""4 V cc =4.5V 

20t-+-+--+-+-t-+v.Llt--1,,,,..Ll+-P"-; < _L'1 t--' v cc =4 v 
s L V1 
C: r/ .E , 

s -f--JZIZ 
T 101--f--1---1rLJ-1-+--1--1--1--1-~ 

7~ 
. .If 

01.L_ 
2 3 4 5 

Vcc-VoH(V) 

-loH min. vs. (Vee - VoH) Characteristics 
(04 - 0 15 Pins) 
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< E 

s~~~~~~~~~~ 
Ta=-20-+75"C 

~ 31--l-1--1--1+-h~\-:aooll""-l---I 
E 

0 

Vcc-VoH(V) 

-loH min. vs. (Vee - VoH) Characteristics 
(RD - R2 Pins) 
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• HMCS404Cl ELECTRICAL CHARACTERISTICS 
• DC CHARACTERISTICS (Vee=2.7V to 6V, GND = OV, Vdisp = Vee-40V to Vee, Ta= -20 to +75°C, if not specified.) 

Value 
Item Symbol Pin Name Test Conditions Unit Note 

min typ max 

RESET, SCK, 
o.85Vee - Vee+0.3 v 

INTo, INT1 
Input "High" 

V1H Voltage SI 0.85Vee - Vee+0.3 v 
OSC1 Vee-0.3 - Vee+0.3 v 
RESET, SCK, -0.3 - 0.15Vee v 

Input "Low" I NT o, Ti\il1 

Voltage V1L SI -0.3 - 0.15Vee v 
OSC1 -0.3 - 0.3 v 

Output "High" 
VoH SCK,SO -loH = 0.1 mA Vee-0.5 - - v 

Voltage 

Output "Low" 
Vol SCK, SO loL = 0.4mA - - 0.4 v 

Voltage 

Input/Output 
RESET, SCK, 

il1LI INTo, Ti\ill, V;0 = O V to Vee - - 1 µA 1 
Leakage Current 

SI.SO, OSC1 

Current 
Vee= 3 v Dissipation in Ice Vee - - 0.6 mA 2, 6 

Active Mode fosc = 2 MHz 

Maximum Logic Operation 
lssv1 Vee Vee= 3 V - - 0.5 mA 3, 6 

Current fosc = 2 MHz 
Dissipation in 

Minimum Logic Operation Standby Mode 
lssv2 Vee Vee= 3 V - - 0.4 mA 4, 6 

fosc = 2MHz 

Current 
V;0 (TEST)= Vcc-0.2V to Vee Dissipation in I stop Vee - - 10 µA 5 

Stop Mode V;0 (RESET) = OV to 0.2 V 

Stop Mode 
vst:op Vee 2 - - v 

Retain Voltage 

~HITACHI 
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(Note 1) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 

Test Conditions: MCU state; •Reset state in Operation Mode 
Pin state; •RESET, TEST ... Vee voltage 

• 0 0 -03, R3-A9 ... Vee voltage 
• 04 -Dis, RO- R2, RAD, AA1 ··· Vdisp voltage 

(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; •Standby Mode 

•Input/Output; Reset state 
•TIMER-A; +-2 prescaler divide ratio 
• TIMER-B; +2 prescaler divide ratio 
•SERIAL Interface ; Stop 

Pin state; •RESET ... GND voltage 
•TEST··· V cc voltage 
• 0 0 -0 3 , R3-R9 ···Vee voltage 
• D .. -D1s. RO-A2, RAO. RA1 ··· Vdisp voltage 

(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; •Standby Mode 

•Input/Output; Reset state 
•TIMER-A; +2048 prescaler divide ratio 
• TIMER-B; +2048 prescaler divide ratio 
•SERIAL Interface ; Stop 

Pin state; •RESET ... GND voltage 
• TEST ... V cc voltage 
• Do""D3. R3-R9 ... Vee voltage 
• 04 ""Dis, RO"" R2, RAO, RA1 ... Vdisp voltage 

(Note 5) Pull-down MOS current is excluded. 
(Note 6) When fosc"'X[MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows: 

[When Divide-by-8 (D-8) option is selected.] max. value (f0 sc=X[MHz]) =1x max. value (f0 sc=2[MHz]) 

• INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vee= 2.7V to 6V, GND = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 

Input "High" 
V1H 

Do - D>. 
Voltage R3- R5, R9 

Input "Low" 
V1L 

Do - D>. 
Voltage R3- R5, R9 

Output "High" 
VoH 

Do - D>, 
-loH = 0.1 mA Voltage R3-R8 

Output "Low" 
VoL 

Do - D>. loL = 0.4 mA Voltage R3- RB 

Input/Output 
ll1LI 

Do - D>, 
V;n= OV to Vee Leakage Current R3- R9 

Do - D>, Vee= 3V 
Pull-Up MOS R3-R9 V;n= OV 
Current -Ip 

Do - D3, Vee= 5V 
R3-R9 V;n = OV 

(Note 1) Applied to 1/0 pins with "CMOS" output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to 1/0 pinS "with Pull-up MOS" selected by mask option. 

~HITACHI 

Value 

min typ 

0.85Vee -

-0.3 -

Vee-0.5 -

- -

- -

3 15 

30 60 

Unit 
max 

Vee+0.3 v 

0.15 Vee v 

- v 

0.4 v 

1 µA 

40 µA 

120 µA 
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• INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vee= 2.7V to 6V, GND = OV, Vd;sp =Vee -40V to Vee. Ta= -20 to +75°C, if not specified.) 

Item 

Input "High" 
Voltage 

Input "Low" 
Voltage 

Output "High" 
Voltage 

Output "Low" 
Voltaye 

Input/Output 
Leakage 
Current 

Pull Down MOS 
Current 

Symbol 

VoL 

Pin Name 

D4 -DIS, Rl 
R2, RAO• RA1 

Test Conditions 

---------~ ------ ------

D4-DIS, Rl 
R2, RAO· RA1 

RO- R2 

D4-DIS 
RO-R2 

D4-DIS 
RO-R2 
D4-DIS 
RO-R2 
RAo. RA1 

D4-DIS 
RO-R2 
RAo. RA1 

-loH=15mA, Vee=5V±10% 

150k!.1 to Vcc-40V 

V;n • Vce-40V to Vee 

Vd;"' = Vcc-35V 
Vin =Vee 

(Note 1) Applied to 1/0 pins "with Pull-down MOS" selected by mask option. 

min 

0-85Vee 

Vee-40 

Vee-3.0 

125 

(Note 2) Applied to 1/0 pins "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 
(Note 3) Pull-down MOS current and output buffer current are excluded. 
(Note 4) Applied to 1/0 pins "with Pull-down MOS" selected by mask option. 

@HITACHI 

Value 

typ 

250 

Unit 
max 

Vcc+0.3 v 

0.15Vce v 

v 

v 

Vcc-37 v 

Vcc-37 v 

20 µA 

500 µA 
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• AC CHARACTERISTICS (Vcc=2.7V to 6V, GND = OV, Vdisp = Vcc-40V to Vee. Ta= -20 to +75°C, if not specified.) 

Value 
Item Symbol Pin Name Test Conditions Unit 

min typ max 

Oscillation Frequency fosc OSC1, OSC2 0.4 2 2.25 MHz 

Instruction Cycle Time tcyc 3.55 4 20 µs 

Oscillator Stabilization Time tRc OSC1, OSC2 - - 60 ms 

External Clock "High" 
tcPH OSC1 205 - - ns Level Width 

External Clock "Low" 
tcPL OSC1 205 Level Width - - ns 

External Clock Rise Time tcpr OSC1 - - 20 ns 

External Clock Fall Time tcp1 OSC1 - - 20 ns 

INTo "High" Level Width t.IOH INTo 2 - - tcyc 

INTo "Low" Level Width t10L INTo 2 - - tcyc 

INT1 "High" Level Width t11H INT1 2 - - lcvc 

INT1 "low" level Width t11 L TNTt 2 - - tcyc 

RESET "High" level Width tRSTH RESET 2 - - tcyc 

Input Capacitance Cin all pins f = 1 MHz - 15 pF 
V;n = 0 V 

-

RESET Fall Time tRSTf - - 15 ms 

(Note 1) Osc1ltator stab1l1zat1on time is the time until the oscillator stabilizes after Vee reaches 2.7V at "Power-on", or after RESET input 
level goes "High" by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input 
more than tRC to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. 
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 

Crystal oscillator 

GND 

Crystal: 2.097152MHz DS-MG0308 (Seiko Denshi) 

Rf= 2Mn ± 2%, Rd = 2.2k.O. ± 2% 

C1 c 10pF ± 20% 

C1 = 10pF ± 20% 

(Note 21 

tCPr lCPf 

(Note4) 

RESET IRSTH 

Ceramic filter oscillator 

Ceramic filter: CSA2.000MK (Murata) 
Rf= 1 Mn± 2%, C1 =Ci= 30pF ± 20% 

(Note 3) 

@HITACHI 
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• SERIAL INTERFACE TIMING CHARACTERISTICS 
(Vee=2.7V to 6V, GND = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

At Transfer Clock Output 

Item 

Transfer Clock Cycle Time 

Transfer Clock "High" 
Level Width 

Transfer Clock "Low" 
Level Width 

Transfer Clock Rise Time 

Transfer Clock Fall Time 

Serial Output Data 
Delay Time 

Serial Input Data Set-up Time 

Serial Input Data Hold Time 

At Transfer Clock Input 

Item 

Transfer Clock Cycle Time 

Transfer Clock "High" 
Level Width 

Transfer Clock "Low" 
Level Width 

Transfer Clock Rise Time 

Transfer Clock Fall Time 

Serial Output Data 
Delay Time 

Serial Input Data Set-up Time 

Serial Input Data Hold Time 

Symbol 

tscKH 

tscKL 

tscKr 

tscKt 

toso 

Symbol 

tscvc 

tscKH 

tscKL 

tscKr 

tscKt 

toso 

tss1 

tHSI 

(Note 1) Timing Diagram of Serial Interface 

Pin Name 

SCK 

SCK 

SCK 

SCK 

so 
SI 

SI 

Pin Name 

SCK 

SCK 

SCK 

SCK 

SCK 

so 
SI 

SI 

Test 
Conditions 

(Note 21 

(Note 2) 

min 

0.5 

(Note 2) 0.5 

(Note 2)---1--

(Note 2) 

(Note 2) 

1000 

500 

Test 
Condition~ min 

1 

0.5 

0.5 

-

-

(Note 2) -

1000 

500 

Value 

typ 

Value 

typ 

-

-

-

-

-

-

-

-

*Vcc-0.5V and 0.4V are the threshold voltage for transfer clock output. 
0.85V cc and 0.15V CC are the threshold voltage for transfer clock input. 

(Note 2) Timing Load Circuit 

1S2074<Hl 

or Equiv. 

@HITACHI 

Unit 
max 

tscyc 

300 ns 

600 ns 

ns 

ns 

Unit 
max 

- tcyc 

- tscyc 

- tscvc 

300 ns 

300 ns 

600 ns 

- ns 

- ns 
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1 

1 
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1 
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• CHARACTERISTICS CURVE (REFERENCE DATA) 

138 

1.0 

0 

Ta=-20-+75"C L2j fosc=2MHz 

~ v 
~ 

2 3 4 5 

Vee VI 
Ice vs. V cc Characteristics 
(Crystal, Ceramic Filter Oscillator) 

Ta=-20- + 75"C 

6 

400>---+-->----+--+-+---+--+---+--+---< 

< 
~300 
I l---+----11---+--+-+--+-+--+--+--I 

200t----+---+-+--+--+-+--+---l--+---I 

100 

2 3 4 5 
VcclVI 

-Ip (Pull-up MOS Current) vs. 
V cc Characteristics 

15 Ta• -20 - +75°C 

10 

< 
E 
c ·e: 
.E 

5 

Vcc·SV 

L vcc·5~ 

~-+.~f7'7"~-t---t------J- Vee· 2.1v 

2 
Vo,(V} 

loL min. vs. VoL Characteristics 
(Standard Pin) 

6 

0 

500 

400 

~ 300 

:!2 

200 

2 4 

VcclVI 

lssv vs. Vee Characteristics 
(Crystal, Ceramic Filter Oscillator) 

6 

Ta= -20 .... +75°C 

L max. 

I-
1 r typ. 

I v 
f v 

min._, 

t'1 l 
100 

0 10 20 30 40 

Vcc-Vd;spNI 

Id (Pull-down MOS Current) vs. 
(Vcc-Vdispl Characteristics 

Ta• -20 - +75°C 

1 3 i-----r----r--1---+---+:-::::....i 

50 

0 Vcc·sv 

~ 2 i-----r----r---:P""'-::::-4---=--+----l 
0 
I 

Vcc-VoH (VI 

-loH min. vs. (Vcc-VoH) Characteristics 
(Standard Pin "CMOS") 
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30 

~ 20 
c( 
E 

10 

0 

Ta= -20 - +75°C 

Vcc=sv 

~ 

[Lvt~v 
0~ _L 

v.L V Ve~ 

lb-
k::: I I 

~ v 
.r.L Vcc=2.~ 

Y- .L. r--v 
~ 1::::: 

lt 
2 3 4 

Vcc-VoH IV) 

-loH min. vs. (Vcc-VoH) Characteristics 
(D• - Dts Pins) 

.HITACHI 

6 Ta=-20-+75'C 

0 2 3 4 5 

Vcc-VoH (VI 

-loH min. vs. (Vcc-VoH) Characteristics 
(RO - R2 Pins) 
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• HMCS404AC ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee= 4.5V to 6V, GND = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name 

RESET, SCK, 
INTo, INT1 

Test Conditions 
min 

0.7Vce 

Value 
Unit Note 

typ max 

Vcc+0.3 v 
Input "High" 
Voltage 

rSO_IS_C_1 ___ -+-----------------~~~~- Vcc+0._3-+-_VV--r---
Vcc-0.5 - Vec+0.3 

Input "Low" 
Voltage 

RESET,SCK, 
INTo, INT1 

SI 

OSC1 

-0.3 0.22Vcc v 

-0.3 - 0.22Vee V 

-0.3 - 0.5 v 
------+----+---·-----+------------ -----+----+---+-----+---+---

Output "High" 
Voltage 

Output "Low" 
Voltage 

VoH SCK,SO 

SCK, SO 

-loH = 1.0 mA Vee-1.0 - - V 

-loH = 0.01 mA Vee-0.3 - - v 

loL = 1.6 mA 0.4 v 
--------t------+----,=-+-------------·- ""~----------+-----+-----+------f------ !---

RESET, SCR, Input/Output 
Leakage Current INT0, INT1 V;n =OVtoVcc - - 1 µA 1 

Sl,SO,OSC1 _____ __, ___ _,_ 
Current 
Dissipation in Ice V cc 
Active Mode 
--------t-------t-------

Vee 

Vee= 5 V 
fosc = 6 MHz 

3.0 mA 2,6 

··---·-----·--------··- ---+---->---+---- -- t-----t----
Maximun:i Logic Operation 

Vee= 5 v 
fosc = 6 MHz 

1.8 mA 3, 6 
Current 
Dissipation in 
Standby Mode 

>-------'~------+-------- ---------·-----jr----+--+------+-·--+----

lsBY2 Vee 
Minimum Logic Operation 
Vee= 5 V 
fosc = 6MHz 

-C-ur-re-nt --·----+----·-+--------+----------· 
V;n (TEST)= Vee -0.3V to Vee 

Dissipation in lstop Vee V;n (RESET)= OV to 0.3 v 

1.35 mA 4,6 

10 µA 5 
Stop Mode 
~-+-------+-----+----- -+--- ------------·---------+···------t---··-1--- -·----.. ·-->----+------
Stop Mode 
Retain Voltage Vstop Vee 2 v 

@HITACHI 
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INote 11 
(Note 21 

INote 31 

1Note41 

Pull-up MOS current and output buffer current are excluded. 
The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; •Reset state in Operation Mode 

Pin state; •RESET, TEST ... Vee, voltage 
•Do-03, R3-A9 ···Vee voltage 
• 04 .... Du, RO-R2, RAO' RA1 ··· Vdisp voltage 

The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; •Standby Mode 

•Input/Output; Reset state 
•TIMER-A; +2 prescaler divide ratio 
• TIMER-B; +2 prescaler divide ratio 
•SERIAL Interface ; Stop 

Pin state; •RESET ... GNDvoltage 
•TEST ... Vee voltage 
• Do-03, R3-R9 ···Vee voltage 
•o.-Du. RO-A2, RAO, RA1 ···VdispVOltage 

The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; •Standby Mode 

•Input/Output; Reset state 
•TIMER-A; +2048 prescaler divide ratio 
• TIMER-8; +2048 prescaler divide ratio 
•SERIAL Interface ; Stop 

Pin state; •RESET, ... GND voltage 
• TEST ... V cc. voltage 
• 0 0 -DJ, R3 ..... R9 ... V cc voltage 
• 04-Dis, RO-R2, RAO, RA1 ···Vdisp voltage 

Pull-down MOS current is excluded. INote 51 
(Note 61 When f0 sc=x[MHz), the Current Dissipation in Operation mode and Standby mode are estimated as follows: 

max. value (f05c=x[MHz)) =~x max. value (fosc""6 [MHz]) 

• INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vee= 4.5V to 6V,GND = OV, Vdisp = Vee-40V to Vee, Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 

Input "High" 
V1H 

Do - D3, 
Voltage R3 - R5, R9 

Input "Low" 
V1L 

Do - D3, 
Voltage R3- R5, R9 

Do -D3, 
Output "High" R3-R8 -loH = 1.0mA 

VoH Voltage Do -D3, -loH = 0.01 mA 
R3-R8 

Output "Low" VoL Do -D3, loL = 1.6 mA Voltage R3-R8 

Input/Output 
li1LI 

Do - D3, V;n = OV to Vee 
Leakage Current R3-R9 

Pull-Up MOS 
-1. Do - D3, Vee= 5V 

Current R3-R9 V;n = OV 

(Note 1) Applied to 1/0 pins with "CMOS" Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 31 Applied to 1/0 pins "with Pull-up MOS" selected by mask option. 

~HITACHI 

Value 

min typ 

0.7Vcc -

-0.3 -

Vcc-1.0 -

Vcc-0.3 -

- -

- -

30 60 

Unit 
max 

Vcc+0.3 v 

0.22Vcc v 

- v 

- v 

0.4 v 

1 µA 

120 µA 
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• INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vee= 4.5V to 6V, GND = OV, Vdisp = Vee-40V to Vee, Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 
min 

Input "High" 
V1H 

D• - DIS, Rl 
0.7Vcc Voltage R2, RAo. RA1 

Input "Low" 
V1L 

D4-DIS , Rl 
Vee-40 Voltage R2, RAO• RA1 

-loH=15mA, Vcc=5V ± 10% Vcc-3.0 
D4 - DIS 

-loH=9mA Output "High" 
VoH 

Vcc-2.0 
Voltage ~=3mA, Vcc=5V ± 10% Vec-3.0 RO- R2 

Vcc-2.0 =1.BmA 
--

D•-Dts 
Vd;,p = Vcc-40V -

Output "Low" RO-R2 

Voltage 
VoL 

D•-Dts 
RO-R2 

150kl1 to Vcc-40V -

Input/Output 
ll1LI 

D•-Dts 
Leakage RO-R2 V;n • Vcc-40V to Vee -
Current RAo. RA1 

Pull Down MOS 
D•-Dts 

V diw = V cc-35V 
Id RO-R2 125 Current 

RAo. RA1 Vin= Vee 

(Note 1 l Applied to 1/0 pins "with Pull-down MOS" selected by mask option. 
(Note 2) Applied to 1/0 pins "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 
(Note 31 Pull-down MOS current and output buffer current are excluded. 
(Note 4) Applied to 1/0 pins "with Pull-down MOS" selected by mask option. 

@HITACHI 

Value 

typ 

-

-

-
-
-
-

-

-

-

250 

Unit 
max 

Vcc+0.3 v 

0.22Vec v 

- v 
- v 

+------ v ---- - v 

Vcc-37 v 

Vcc-37 v 

20 µA 

500 µA 
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• AC CHARACTERISTICS (Vee=4.5V to 6V, GNO = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

Value 
Item Symbol Pin Name Test Conditions Unit Note 

min 
-----------+-----!----------

Oscillation Frequency fosc OSC1, OSC2 0.4 6 6.2 MHz 

Instruction Cycle Time 

typ r:ax 

1.29 1.33- 20--+--µ-,----<---

-1--_:_-- 20 m-s----<---
Oscillator Stabilization Time 

External Clock "High" 
Level Width 

External Clock "Low" 
Level Width 

External Clock Rise Time 

External Clock Fall Time 

70 

70 

2 

2 

ns 2 

- ns 2 

-=T~+.~~ 2 

2 ------r-----
3 

==r:~~ 3 

3 

--+----+----

3 

2 

2 

2 -~~=~1~~:~ - 4 

15 pF 

RESET Fall Time 20 ms 4 

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches 4.5V at "Power-on", or after RESET input 
level goes "High" by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input 
more than tRC to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. 
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 

Crystal oscillator 

GND 

Crystal: 6.0MHz NC-18C (Nihon Denpa Ko.gyo) 
Rf : 1Mn ±2% 
C1 : 20pF ± 20% 
C2 : 20pF ± 20% 

(Note 2) 

osc 1 

tCPr tCPf 

(Note 4) 

RESET tRSTH 

Ceramic filter oscfllator 

Ceramic filter : CSA6.00MG (Murata) 
Rf : 1Mn ±2% 

C1 : 30pF ± 20% 

C2 : 30pF ± 20% 

I Note 3) 

~HITACHI 

t10H, ttlH 
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• SERIAL INTERFACE TIMING CHARACTERISTICS 
(Vee=4.5V to 6V, GND = OV, Vdisp = Vee-40V to Vee. Ta= -20 to +75°C, if not specified.) 

At Transfer Clock Output 

Test Value 
Item Symbol Pin Name Conditions min typ 

Transfer Clock Cycle Time tScyc SCK (Note 2) 1 -
Transfer Clock "High" 

tscKH SCK (Note 2) 0.5 -
Level Width 

Transfer Clock "Low"• 
tscKL SCK (Note 2) 0.5 -

Level Width 

Transfer Clock Rise Time tscKr SCK (Note 2) - -
Transfer Clock Fall Time tscKt SCK (Note 2) - -

Serial Output Data 
toso so (Note 2) - -

Delay Time 

Serial Input Data Set·up Time tss1 SI 300 -
Serial Input Data Hold Time tHSI SI 150 -

• At Transfer Clock Input 

Test Value 
Item Symbol Pin Name Conditions min typ 

Transfer Clock Cycle Time tscvc SCK 1 -
Transfer Clock "High" 

tscKH SCK 0.5 -
Level Width 

Transfer Clock "Low" 
tscKL SCK 0.5 -

Level Width 

Transfer Clock Rise Time tscKr SCK - -
Transfer Clock Fall Time tscKf SCK - -
Serial Output Data 

toso so (Note 2) - -
Delay Time 

Serial Input Data Set-up Time tss1 SI 300 -

Serial Input Data Hold Time tHSI SI 150 -
(Note 1 l Timing Diagram of Serial Interface 

so 

SI 

(Note 21 Timing Load Circuit 

*Vee - 2.0V and O.BV are the threshold voltage for transfer clock output. 
0.7 Vee and 0.22 Vee are the threshold voltage for transfer clock input. 
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Unit 
max 

- tcyc 

- tscvc 

- tscvc 

100 ns 

100 ns 

250 ns 

- ns 

- ns 

Unit 
max 

- tcyc 

- tscvc 

- tscvc 

100 ns 

100 ns 

250 ns 

- ns 

- ns 
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• CHARACTERISTICS CURVE (REFERENCE DATA) 
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• DESCRIPTION OF PIN FUNCTIONS 
Input and output signals of MCU are described below. 

• GND, Vee. Vdisp 
These are Power Supply Pins. Connect GND pin to Earth 

(OV) and apply Vee power supply voltage to Vee pin. Vdisp 
is an power supply for high voltage Input/Output pins with 
maximum voltage of Vcc-40V. V disp pin can be also used as 
RAJ pin by mask option. For details, see "INPUT/OUTPUT". 

• TEST 
TEST pin is not for user's application. TEST must be con

nected to V cc. 
• RESET 

RESET pin is used to reset MCU. For details, see "RESET". 

• OSC1,0SC2 
These are Input pins to the internal oscillator circuit. They 

can be connected to crystal resonator, ceramic filter reso
nator, Rf oscillator (applicable only to the HMCS404C), or 
external oscillator circuit. Select the circuit of MCU by mask 
option corresponding to the oscillator type. For details, see 
"INTERNAL OSCILLATOR CIRCUIT." 

• D-port (D0 to D, s) 
D-port is a I-bit Input/Output common port. D0 to D3 are 

standard type, D4 to D15 are for high voltage. Each pin has the 
mask option to select its circuit type. For details, See "INPUT/ 
OUTPUT". 

• R-port (RO to RA) 
R-port is a 4-bit Input/Output port. (only RA is 2-bit con

struction.) RO and R6 to R8 are output ports, R9 to RA are 
input ports, and RI to RS are Input/Output common ports. 
RO to R2 and RA are the high voltage ports, R3 to R9 are the 
standard ports. Each pin has the mask option to select its cir-

2 3 4 

Vcc-VoH(V) 

-loH min. vs. (Vee - VoH) Characteristics 
(RO - R2 Pins) 

cuit type. R'" R33, R40, R•1 and R•2 are also available as 
INTo, INT1, SCK, SI and SO respectively. For details, see 
"INPUT/OUTPUT". 

• INTo, INT1 
These are the input pins to interrupt MCU operation exter

nally. INT 1 can be used as an external event input pin for 
TIMER-B. INT 0 and INT 1 are also available as R32 , and R33 

respectively. For details, See "INTERRUPT". 

• SCK, SI, SO 
These are Transfer clock 1/0 pin (SCK), serial data input pin 

(SI) and serial data output pin (SO) used for serial interface. 
SCK, SI, and SO are also available as R.o, R41 and R,2 respec
tively. For details, see "SERIAL INTERFACE". 

• ROM MEMORY MAP 
MCU includes 4096 words x I 0 bits ROM. ROM memory 

map is illustrated in Fig. I and described in the following 
paragraph. 

• Vector Address Area ..... $0000 to $000F 
When MCU is reset or an interrupt is serviced, the program is 

executed from the vector address. Program the JMPL instruc
tions branching to the starting addresses of reset routine or 
of interrupt routines. 

• Zero-Page Subroutine Area ..... $0000 to $003F 
CAL instruction allows to branch to the subroutines in 

$0000 to $003F. 

• Pattern Area ..... $0000 to $OFF F 
P instruction allows referring to the ROM data in $0000 to 

$0FFF as a pattern. 

• Program Area ...... $0000 to $OFF F 
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0 

15 
16 

63 
64 

4095 
4096 

16383 

1 
Vector Address 

Zero-Page Subroutine 

(64Words) 

Program 
Pattern 

(4096Words) 

Not Used 

• RAM MEMORY MAP 
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$0000 
0 I- J MPL Instruction . _ 

1 (Jump to RESET Routme) 

$ OOOF 21- J MPL lnstructio: _ 
$0010 3 (Jump to INTo Routine) 

\ 4 JMPL Instruction 

5 (Jump to INT1- Routine) -

J MPL Instruction . _ $ 003F 6 
$ 0040 7 (Jump to TIMER-A Routme) 

\" 
JMPL Instruction . _ 

9 (Jump to TIMER-B Routine) 

10 

11 
$0FFF ll J MPL Instruction . _ $1000 

13 (Jump to SERIAL Routine) 

14 
\ 

$3FFF 15 

Fig. 1 ROM Memory Map 

$ 0000 

$0001 

$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

$ 0008 

$0009 

$000A 

$0006 

$000C 

$0000 

$ OOOE 

$ OOOF 

MCU includes 256 digits x 4 bits RAM as the data area and 
stack area. In addition to these areas, interrupt control bits 

and special registers are also mapped on the RAM memory 
space. RAM memory map is illustrated in Fig. 2 and described 
in the following paragraph. 

0 

31 
32 

RAM-mapped Registers 

Memory Registers(MR) 

$000 

$ 01F 
$ 020 

\ 

0 

1 
Interrupt Control Bits 

2 

3 

4 Port Mode Reg. (PMR) ' w 47 
48 

------------------ $ 02F 

$ 000 

$001 

$ 002 

$ 003 

$004 

$ 005 

$ 006 

$ 007 

$ 008 

$009 

$00A 

$008 

$00C 

223 
224 

959 
960 

1023 

Data 

(1g2Digits) 

Not Used 

Stack 

(64Digits) 

R :Read Only 

W :Write Only 

R/W:Read/Write 

$ 030 5 Serial Mode Reg. (SMR) : w 
6 Serial Data Reg. Lower (SRL) JR!W 

7 Serial Data Reg. Upper ISRU) \R/W 

8 Timer Mode Reg A (TMA) i W 

9 Timer Mode Reg. B (TMB) i W 

$0DF 101-- TIMER-B' 
(TCBL/TLRL) iR/W 

$ OEO 11 ITCBU/TLRUH R/W 

12 

$ 3BF Not Used 
$ 3CO 

31 $01F 

$3FF 

* Two registers are mapped on same address. 

I 
1 O Timer/Even{T~~uL)ter B Lower: A 

1 1 Timer/Evenh~o~C~er B Upper 1 A 

Timer Load Reg. Lower 
(TLRL) •W $00A 

Fig. 2 RAM Memory Map 
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Timer Load Reg. Upper 
(TLRU) :w $008 
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bit 3 bit 2 bit 1 bit 0 

IMO IFO RSP l/E 
(IM of INTo I (IF of INT0) (Reset SP Bit) (Interrupt Enable Flag) 

0 $000 

IMTA IFTA IM1 IF1 
(IM of TIMER-A) (IF of TIMER-A) (IM of INT,) (IF of INT,) 

$001 

Not Used Not Used 
IMTB IFTB 

(IM of TIMER-Bi (IF of TIMER-Bl 
$002 

Not Used Not Used 
IMS IFS 

(IM of SERIAL) (IF of SERIAL) 
3 $003 

IF Interrupt Request Flag 
IM Interrupt Mask 
l/E Interrupt Enable Flag 
SP Stack Pointer 
(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMO instruction and is tested by TM/TMD 

instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when "Not Used" bit is tested. 

Fig. 3 Configuration of Interrupt Control Bit Area 

• Interrupt Control Bit Area ..... $000 to $003 
This area is used for interrupt controls, and is illustrated in 

Fig.3. lt is accessable only by RAM bit manipulation instruction. 
However, the interrupt request flag cannot be set by software. 

• Special Register Area ....• $004 to $00B 
Special Register is a mode or a data register for the external 

interrupt, the serial interface, and the timer/counter. These 
registers are classified into 3 types: Write-only, Read-only, and 
Read/Write as shown in Fig. 2. These registers cannot be 
accessed by RAM bit manipulation instruction. 

Memory Registers Stack Area 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

MR(O) $ 020 
960 Level 

MR(1) $ 021 Level 

MR(2) $ 022 Level 

MR(3) $ 023 Level 

MR(4) $ 024 Level 

MR(5) $ 025 Level 

MR(6) $ 026 Level 

MR(7) $ 027 Level 

MAIS) $ 028 Level 

MR(9) $ 029 Level 

MR(10) $ 02A Level 

MR(11) $ 028 Level 

MR(12) $ 02C Level 

MR(13) $ 020 t,_evel 

MR(14) $ 02E Level 

MR(15) $ 02F 1023 Level 

PC13 to PCo ; Program Counter 
ST; Status 
CA; Carry 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

$ 3CO 

$ 3FF 

• Data Area ..... $020 to $0DF 
16 digits of $020 to $02F are called memory register (MR) 

and accessable by LAMR and XMRA instructions. 

• Stack Area .... $3CO to $3FF 
Stack Area is used for LIFO stacks with the contents of the 

program counter (PC), status (ST) and carry (CA) when process
ing subroutine call and interrupt. As I level requires 4 digits, 
this stack area is nested to 16 level-stack max. The data pushed 
in the stack and UFO stack state are provided in Fig. 4. The 
program counter is restored by RTN and RTNI instructions. 
Status and Carry are restored only by RTNI instruction. The 
area, not used for stacking, is available as a data area. 

bit3 bit2 bit1 bitO 

10 20 ST ~ PC:-; PC;;' $ 3FC 

10 21 PC 10 pc; PC, Pc; $3FD 

1 022 CA PC; PC, PC4 $ 3FE 

1 023 PC,. PC, PC, PC;;" $ 3FF 

Fig. 4 Configuration of Memory Register, Stack Area and S!ack Position 
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• REGISTER AND FLAG 
The MCU has nine registers and two flags for the CPU opera

tions. They are illustrated in Fig. 5 and described in the follow
ing paragraphs. 

• Accumulator (A), B Register (Bl 
Accumulator and B Register are 4-bit registers used to hold 

the results of Arithmetic Logic Unit (ALU), and to transfer data 
to/from memories, 1/0 and other registers. 

• W Register (W), K-Register (X), Y Register (Y) 
W Register is 2-bit, and X and Y Register are 4-bit registers 

used for indirect addressing of RAM. Y register is also used 
for D-port addressing. 

• SPX Register (SPX), SPY Register (SPY) 
SPX and SPY Register are 4-bit registers used to assist X and 

Y Register respectively. 

• Carry (CAI 
Carry (CA) stores the overflow of ALU generated by the 

arithmetic operation. It is also affected by SEC, REC, ROTL and 
llOTR instructions. 

During interrupt servicing, Carry is pushed onto the stack 
and restored back from the stack by RTNI instruction. (It's not 
affected by RTN instruction.) 

• Status (ST) 
Status (ST) holds the ALU overflow, ALU non-zero and the 

results of bit test instruction for the arithmetic or compare in
struction. It is used for a branch condition of BR, BRL, CAL or 
CALL instructions. The value of the Status remains unchanged 
until the next arithmetic, compare or bit test instruction is ex
ecuted. Status becomes "I" after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its execution/ 
skip). During the interrupt servicing, Status is pushed onto the 

~---~' '"""""°' 

~---------------~ 
Proi;:., 

Fig. 5 Register and Flags 

stack and restored back from the stack by RTNI instruction. 
(It's not affected by RTN instruction.) 

• Program Counter (PC) 
Program Counter is a 14-bit binary counter for ROM address

ing. 

• Stack Pointer (SP) 
Stack Pointer is used to point the address of the next stack

ing area up to 16 levels. 
The Stack Pointer is initialized to locate $3FF on the RAM 

address, and is decremented by 4 as data pushed into the stack, 
and incremented by 4 as data restored back from the stack. 

• INTERRUPT 
The MCU can be interrupted by five different sources: the 

external signals (INT 0, INT;), timer/counter (TIMER-A, 
TIMER-B), and serial interface (SERIAL). In each sources, 
the Interrupt Request Flag, Interrupt Mask and interrupt vector 
address will be used to control and maintain the interrupt re
quest. The Interrupt Enable Flag is also used to control the 
total interrupt operations. 

• Interrupt Control Bit and Interrupt Service 
The interrupt control bit is mapped on $000 to $003 of the 

RAM address and accessable by RAM bit manipulation instruc
tion. (The Interrupt Request Flag (IF) cannot be set by soft
ware.) The Interrupt Enable Flag (I/E) and Interrupt Request 
Flag (IF) are set to "O", and the Interrupt Mask (IM) is set to 
"l" at the initialization by MCU reset. 

Fig. 6 shows the interrupt block diagram. Table 1 shows the 
interrupt priority and vector addresses, and Table 2 shows the 
conditions that the interrupt service is executed by any one of 
the five interrupt sources. 

The interrupt request is generated when the Interrupt Re
quest Flag is set to "l" and the Interrupt Mask is "O". If the 
Interrupt Enable Flag is "l ",then the interrupt will be activated 
and vector addresses will be generated from the priority PLA 
corresponding to the five interrupt sources. 

Fig. 7 shows the interrupt services sequence, and Fig. 8 
shows the interrupt flowchart. If the interrupt is requested, the 
instruction finishes its execution in the first cycle. The Inter
rupt Enable Flag is reset in the second cycle. In the second and 
third cycles, the Carry, Status and Program Counter are pushed 
onto the stack. In the third cycle, the instruction is executed 
again after jumping to the vector address. 

In each vector address, program JMPL instruction to branch 
to a starting address of the interrupt routine. The Interrupt 
Request Flag which caused the interrupt service has to be reset 
by software in the interrupt routine. 
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$000.0 
Sequence Control 

,,, 1------------r-., · Pu.ti PC/CA/ST 
·Re•tl/E 
·JumptoVeclOI' 

$000.2 

$003.0 

....... 

Priority Control 
PLA 

Fig. 6 Interrupt Circuit Block Diagram 

Table 1. Vector Addresses and Interrupt Priority 

Reset. Interrupt Priority Vector addresses 

RESET - $0000 

INTo 1 $0002 

INT, 2 $0004 

TIMER-A 3 $0006 

TIMER-B 4 $0008 

SERIAL 5 $000C 

Table 2. Conditions of Interrupt Service 

ln~e INTo INT1 TIMER-A TIMER-B 

l/E 1 1 1 1 

IFO·IMO 1 0 0 0 

IFl -IMl * 1 0 0 

IFTA • IMTA * * 1 0 

IFT-13 • IMTB * * * 1 

IFS· IMS * * * * 

.HITACHI 

SERIAL 

1 

0 

0 

0 

0 

1 

*Don't care 
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Instruction 

Cycles 

Instruction· 
execution 

Interrupt 
accepted 

2 

Stacking, 
Reset of l/E 

3 

Stacking, 
Vector address 
is generated 

4 5 

JMPL instruction execution on the 
vector address 

6 

Fig. 7 Interrupt Servicing Sequence 

Instruction 
Execution at 
starting address 
of the interrupt 
routine 

• Interrupt Enable Flag 11/E: $000,0) 
The Interrupt Enable Flag controls enable/disable of all inter'. 

rupt requests as shown in Table 3. The Interrupt Enable Flag is 
reset by the interrupt servicing and set by RTNI instruction. 

Table 3. Interrupt Enable Flag 
-·~--·------....----------

Interrupt Enable Flag Interrupt Enable/Disable 
0 ·~-+~~~-'--D~isa_b_l_e'--~~~-

Enable 

• External Interrupt (INT 0, INT 1) 
To use external interrupt, select R32 /INT0 , R33 /INT1 port 

for INT 0 , INT 1 mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO, IF I) are set at 
the falling edge of!NT 0 , INT 1 inputs. 

INT 1 input can be used as a clock signal input of TIMER-B. 
Then, TIMER-B counts up at each falling edge of input. When 
using INT 1 as TIMER·B external event, an External Interrupt 
Mask (!Ml) has to be set so that the interrupt request by INT1 
will not be accepted. 

• External Interrupt Request Flag (IFO: $000,2, IF1: $001,0) 
The External Interrupt Request Flags (IFO, !Fl) are set at 

the falling edges of INT 0, INT; inputs respectively. 

• External Interrupt Mask (IMO: $000,3, IM1: $001, 1) 
The External Interrupt Mask is used to mask the external 

interrupt requests. 

Table 4. External Interrupt Request Flag 

External Interrupt Request Flags Interrupt Requests 

0 No 

Yes 

Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 
Disable (masks) 

• Port Mode Register (PMR: $004) 
The Port Mode ~ster is a 4-bit write-only register which 

controls the R32 /INT 0 pin, R33 /INT 1 pin, R, 1 /SI pin and 
R.2 /SO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MCU reset, so that all these pins are set 
to a port mode. 

Table 6. Port Mode Register 

PMR 
R33/INT 1 pin 

bit3 

0 Used as R33 port input/output pin 

Used as INT 1 input pin 

PMR 

bit 2 
R32/INT0 pin 

0 Used as R>2 port input/output pin 

Used as I NT 0 input pin 

PMR 

bit 1 
R41/SI pin 

0 Used as R41 port input/output pin 

Used as SI input pin 

PMR 

bit 0 
R•2/SO pin 

0 Used as R42 port input/output pin 

Used as SO output pin 
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No 

Yes 

(A) 

Reset 
MCU 

(B) 

Execute 
Instruction 

PC~(PC)+1 

PC~$0002 

PC~$0004 

PC-$0006 

PC-$0008 

PC-$000C 

Yes 

Fig. 8 Interrupt Servicing Flowchart 

~HITACHI 

No 

Yes 

l/E-•o• 
Stack-( PC) 
Stack-( CA) 
Stack-( ST) 

Yes 

Yes 

Yes 

(SERIAL Interrupt) 
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• SERIAL INTERFACE 
The serial interface is used to transmit/receive 8-bit data 

serially. This consists of the Serial Data Register, the Serial 
Mode Register, the Octal Counter and the multiplexer, as illus
trated in Fig. 9. Pin R,0 /SCK and the transfer clock signal are 
controlled by the Serial Mode Register. Contents of the Serial 
Data Register can be written into or read out by the software. 
The data in the Serial Data Register can be shifted synchronous-

SMR(4bit) 
SERIAL MODE 

REG 

INTERNAL BUS LINE 

ly with the transfer clock signal. 
The serial interface operation is initiated with STS instruc

tion. The Octal Counter is reset to $0 by STS instruction. It 
starts to count at the falling edge of the transfer clock (SCK) 
signal and increments by one at the rising edge of the SCK. 
When the Octal Counter is reset to $0 after eight transfer clock 
signais, or discontinued transmit/receive operation by resetting 
the Octal Counter, the SERIAL Interrupt Request Flag will be 
set. 

OC(3bit) 
OCTAL 

COUNTER 

INTERNAL BUS LINE 

4 4 

SR (8bitl 
SERIAL DATA REGISTER 

4 4 

INTERNAL BUS LINE (S2) 

Fig. 9 Serial Interface Block Diagram 

• Serial Mode Register (SMR: $005) 
The Serial Mode Register is a 4-bit write-only register. This 

register controls the R,0 /SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The Write Signal to the Serial Mode Register controls the 
operating state of serial interface. 

The Write Signal to the Serial Mode Register stops the 
transfer clock applied to the Serial Data Register and the Octal 
Counter. And it also reset the Octal Counter to $0 simul
taneously. 

When the Serial Interface is in the "Transfer State" the Write 
Signal to the Serial Mode Register causes to quit the data 
transfer and to set the SERIAL Interrupt Request Flag. 

Contents of the Serial Mode Register will be changed on the 
second instruction cycle after writing into the Serial Mode 
Register. Therefore, it will be necessary to execute the STS 
instruction after the data in the Serial Mode Register has been 
changed completely. The Serial Mode Register will be reset to 
$0 by MCU reset. 

• Serial Data Register (SRL: $006, SRU: $007) 
The Serial Data Register is an 8-bit read/write register. It 

consists of a low-order digit (SRl.:$006) and a high-order digit 
(SRU: $007). 

The data in the Serial Data Register will be output from the 
I.SB side at SO pin synchronously with the falling edge of the 
transfer clock signal. At the same time, external data will be 
input from the I.SB side at SI pin to the Serial Data Register 
synchronously with the rising edge of the transfer clock. Fig. 
I 0 shows the 1/0 timing chart for the transfer clock signal and 
the data. 

The writing into/reading from the Serial Data Register during 
its shifting causes the validity of the data. 

Therefore complete data transmit/receive before writing 
into/reading from the serial data register. 
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Bit2 

0 

0 

0 

0 

1 

1 

1 

1 

SMR 

Bit 1 

0 

0 

1 

1 

0 

0 

1 

1 

Trans fer Clock 

Serial Output Data 

Serial Input Data 

Latch Timing 

Bit 0 

0 

1 

0 

1 

0 

1 

0 

1 

Table 7. Serial Mode Register 

SMR 

Bit 3 

0 Used as R40 port input/output pin 

Used as SCK input/output pin 

Transfer Clock 

Prescaler System Clock 
R•o/SCK Port Clock Source Divide Divide 

Ratio Ratio 

SCK Prescaler +2048 + 4096 Output 

SCK Prescaler 512 + 1024 Output 

SCK Prescaler 128 256 Output 

SCK 
Prescaler 32 64 Output 

SCK Prescaler 8 16 Output 

SCK Prescaler 2 4 Output 

SCK System - 1 Output Clock 

SCK External -Input Clock -

I I I I I I I I 
Fig. 10 Serial Interface 1/0 Timing Chart 

• SERIAL Interrupt Request Flag (IFS: $003, 0) Table 9. SERIAL Interrupt Mask 
The SERIAL Interrupt Request Flag will be set after the 

eight transfer clock signals or transmit/receive discontinued 
operation by resetting the Octal Counter. 

• SERIAL Interrupt Mask (IMS: $003, 1 I 
The SERIAL Interrupt Mask masks the interrupt request. 

Table 8. SERIAL Interrupt Request Flag 

SERIAL Interrupt Request Flag Interrupt Request 

0 No 

Yes 

SERIAL Interrupt Mask Interrupt Request 

0 Enable 

Disable (mask) 

• Selection of the Operation Mode 
Table 10 shows the operation mode of the serial interface. 

Select a combination of the value in the Port Mode Register and 
the Serial Mode Register according to Table 10. 

Initialize the serial interface by the Write Signal to the 
Serial Mode Register, when the Operation Mode is changed. 
• Operating State of Serial Interface 

The serial interface has 3 operating states as shown in Fig.' 11. 
The serial interface gets into "STS waiting state" by 2 ways: 

one way is to change the operation mode by changing the data 
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in the Port Mode Register, the other is to write data into the 
Serial Mode Register. In this state, the serial interface does not 
operate although the transfer clock is applied. If STS instruc
tion is executed, the serial interface changes its state to "SCK 
waiting state". 

In the "SCK waiting state", the falling edge of first transfer 
clock affects the serial interface to get into "transfer state", 
while the Octal Counter counts-up and the Serial Data Register 
shifts simultaneously. As an exception, if the clock continuous 
output mode is selected, the serial interface stays in "SCK wait
ing state" while the transfer clock outputs continuously. 

The Octal Counter becomes "000" again by 8 transfer 
clocks or execution of STS instruction) so that the serial inter
face gets back into the "SCK waiting state", and SERIAL 
Interrupt Request Flag is set simultaneously. 

When the internal transfer clock is selected, the transfer 
clock output are triggered by the execution of STS instruction, 
and it stops after 8 clocks. 

• Example of Transfer Clock Error Detection 
The serial interface functions abnormally when the transfer 

clock was disturbed by external noises. In this case, the transfer 

.. "Change PMR" means the change of 
operation mode as below· 

clock error can be detected in the procedure shown in Fig. I 2. 
If more than 9 transfer clocks are applied by the external 

noises in the "SCK waiting state", the state of the serial inter
face shifts as the following sequence: first "transfer state" 
(while 1 to 7 transfer clocks), second "SCK waiting state" (at 
8th transfer clock) and third "transfer state" again. Then reset 
the SERIAL Interrupt Request Flag, and make "STS waiting 
state" by writing to the Serial Mode Register. SERIAL Inter
rupt Request Flag is set again in this procedure, and it shows 
that the transfer clock was invalid and that the transmit/receive 
data were also invalid. 

Table 10. Serial Interface Operation Mode 

SMR PMR 

Bit 3 Bit 1 Bit O 
Serial Interface Operating Mode 

0 0 Clock Continuous Output Mode 

1 0 1 Transmit Mode 
~~---j~------i-----~-r-~~~~~~~~~~~~~ 

1 1 0 Receive Mode 
~~---+---~---t~~--+~~~~~~~~~~~~~ 

1 1 1 Transmit/Receive Mode 

Clock Continuous 
Output Mode 

· Transmit Mode 
• Receive Mode 

( Octal Counter = "000" ) 
Transfer Clock Disable 

Change PMR* 
• Transmit/Receive 

Mode 

SCK Waiting State 
(Octal Counter"" "000") 

Yes 

Normal End 

Transfer Clock 

8 Transfer Clocks, 
STS Instruction 

(IFS +-"1 ") 

n 
Transfer State 

(Octal Counter* "000") 

Fig. 11 Serial Interface Operation State 

Transfer Clock 
Error Processing 

• TIMER 
The MCU contains a prescaler and two timer/counters 

(TIMER-A, TIMER-B), Fig. 13 shows the block diagram. The 
prescaler is an I I-bit binary counter. TIMER-A is an 8-bit 
free-running timer. TIMER-B is an 8-bit auto-reload timer/ 
event counter. 

• Prescaler 
The input to the prescaler is a system clock signal. The 

prescaler is initialized to $000 by MCU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logic "O". The prescaler keeps counting up except 
MCU reset and stop mode. The prescaler provides clock signals 
to TIMER-A, TIMER-B and serial interface. The prescaler de
vide ratio of the clock signals are selected according to the 
content of the mode registers such as - Timer Mode Register A 
(TMA), Timer Mode Register B (TMB), Serial Mode Register 
(SMR). 

Fig. 12 Example of Transfer Clock Error Detection 
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INTERNAL BUS LINE (S1) 

TIMER MODE REGISTER B 
4 

TIMER-A MPX t'C=P~T~A--.i ~:;:~~b~iUNTER A 

3 

TMA(3bit) 

TIMER MODE REGISTER A 

INTERRUPT 
REQUEST FLAG 
OF TIMER-A 

Fig. 13 Timer/Counter Block Diagram 

• TIMER-A Operation 
After TIMER-A is initialized to $00 by MCU reset, it counts 

up at every clock input signal. When the next clock signal is 
applied after TIMER-A is counted up to $FF, TIMER-A is set 
to $00 again, and generating overflow output. This leads to 
setting TIMER-A Interrupt Request Flag (IFTA:: $001, 2) to 
"I". Therefore, this timer can function as an interval timer 
periodically generating overflow output at every 256th clock 
signal input. 

The clock input signals to TIMER-A are selected by the 
Timer Mode Register A (TMA: $008). 

• TIMER-8 Operation 
Timer Mode Register B (TMB: $009) is used to select the 

auto-reload function and the prescaler divide ratio of TIMER-B 
as the input clock source. When the external event input is. 
used as an input clock signal to TIMER-B, select the R33 /INT 1 

as INT 1 and set the External Interrupt Mask (IM I) to "I" to 
prevent the external interrupt request from occurring. 

TIMER-B is initialized according to the value written into the 
Timer Load Register by software. TIMER-B counts up at every 
clock input signal. When the next clock signal is applied to 
TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi
alized again and generate overflow output. In this case if the 
auto-reload function is selected. TIMER-B is initialized accord
ing to the value of the Timer Load Register. Else if the auto
reload function is not selected, TIMER-B goes to $00. TIMER
B Interrupt Request Flag (IFTB: $002,0) will be set at this 
overflow output. 

• Timer Mode Register A (TMA: $008) 
The Timer Mode Register A is a 3-bit write-only register. 

The TMA controls the prescaler divide ratio of TIMER-A clock 
input, as shown in Table 11. 

The Timer Mode Register A is initialized to $0 by MCU reset. 

• Timer Mode Register B (TMB: $0091 
The Timer Mode Register B is a 4-bit write-only register. The 

Timer Mode Register B controls the selection for the auto
reload function of TIMER-B and the prescaler divide ratio, 
and the source of the clock input signal, as shown in Table 12. 

The Timer Mode Register B is initialized to $0 by MCU reset. 
The operation mode of TIMER-B is changed at the second 

instruction cycle after writing into the Timer Mode Register B. 
Therefore, it is necessary to program the write instruction 

to TLRU after the content of TMB is changed. 

Table 11. Timer Mode Register A 

TMA 
Bit2 Bit 1 BitO 

Prescaler Divide Ratio 

0 0 0 +2048 
0 0 1 +1024 
0 1 0 512 
0 1 1 128 
1 0 0 T 32 
1 0 1 8 
1 1 0 T 4 
1 1 1 2 
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Table 12. Timer Mode Register B 

TMB 

Bit 3 
Auto-reload Function 

0 No 

Yes 

TMB Prescaler Divide Ratio, 
Bit 2 Bit 1 Bit 0 Clock Input Source 

0 0 0 72048 

0 0 1 512 

0 1 0 128 

0 1 1 32 

1 0 0 8 

1 0 1 4 

1 1 0 2 

1 1 1 INT 1 (External Event Input) 

• TIME R-B (TCBL: $00A, TCBU : $008) 
TLRL: $00A, TLRU: $008 

TIMER·B consists of an 8-bit write-only Timer Load Regis
ter, and an 8-bit read-only Timer/Event Counter. Each of them 
has :1 !0w-0!d~r digit (TCBL: $00A, TLRL: $GOA) iiiid a high.
order digit (TCBU: $00B, TLRU: $00B). 

The Timer/Event Counter can be initialized by writing data 
into the Timer Load Register. In this case, write the low-order 
digit first, and then the high-order digit. The Timer/Event 
Counter is initialized at the time when the high-order digit is 
written. The Timer Load Register will be initialized to $00 by 
the MCU reset. 

The counter value of TIMER-B can be obtained by reading 

PMR:$004 

PMR3 PMR2 PMR1 PMRO 

the Timer/Event Counter. In thiscase, read the high-order digit 
first, and then the low-order digit. The count value of low-order 
digit is latched at the time when the high-order digit is read. 

• TIMER-A Interrupt Request Flag (IFTA: $001,2) 
The TIMER-A Interrupt Request Flag is set by the overflow 

output of TIMER-A. 

• TIMER-A Interrupt Mask (IMTA: $001, 3) 
TIMER-A Interrupt Mask prevents an interrupt request 

generated by TIMER-A Interrupt Request Flag. 

Table 13. TIMER·A Interrupt Request Flag 

TIMER·A Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 14. TIMER-A Interrupt Mask 

TIMER-A Interrupt 
Mask 

0 

Interrupt Request 

Enable 

Disable (Mask) 

• TIMER·B Interrupt Request Flag (IFT8: $002, 0) 
The TIMER-B Interrupt Request Flag is set by the overflow 

output of TIMER-B. 

• TIMER-8 Interrupt Mask (IMT8: $002, 1) 
TIMER-B Interrupt Mask prevents an interrupt request 

generated by TIMER-B Interrupt Request Flag. 

SMR:$005 

SMR3 SMR2 SMRl SMRO 

1 
'--r--' 

L__ Transfer clock selection 

R40 /SCK pin mode selection 

~----- R42 /SO pin mode selection 

~------- R41 /SI pin mode selection 

~---------- A 32 /INTu pin mode selection 

~------------ R 33 /INT1 pin mode selection 

TMA:$008 TMB:$009 

[)<JTMA2,TMA 1ITMAOI TMB3 TMB2 TM Bl TMBO 

~ 

l__ TIMER-8 input clock selection 

-------- Auto-reload function selection 

TIM EA-A input clock selection 

Fig. 14 Mode Register Configuration and Function 
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Table 15. TIMER-B Interrupt Request Flag 

TIMER-B Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 16. TIMER-B Interrupt Mask 

TIMER-B Interrupt 
Mask 

0 

• INPUT/OUTPUT 

Interrupt Request 

Enable 

Disable (Mask) 

The MCU provides 58 Input/Output pins, and they are con
sist of 32 standard pins and 26 high voltage pins. Each standard 
pin may have one of three mask options: (A) "Without pull
up MOS (NMOS open drain)", (B) "With pull-up MOS", or 
(C) "CMOS". And also each high voltage pin may have one 
of two mask options: (D) "Without pull-down MOS (PMOS 

open drain)", or (E) "With pull-down MOS". As pull-down 
MOS is connected to internal V disp line, select RA! /V disp pin 
as V disp with mask option when at least one high voltage pin is 
selected as "With pull-down MOS" option. 

When any Input/Output common pin is used as input pin, it 
is necessary to select the mask option and output data as shown 
in Table 18. 

• Output Circuit Operation of Standard Pins with "With pull
- up MOS" Option 

Fig. 15 shows the circuit used in the standard pins with 
"with pull-up MOS"option. 

By execution of the output instruction, the write pulse will 
be generated, and be applied to the addressed port. This pulse 
will turn "ON" the PMOS (B) to make the transient time 
shorten to obtain "High level", if the output data is changed 
from "O" to "l ". In this case, the "write pulse" allows the 
PMOS (B) to turn "ON" as long as 1/8 instruction cycle. While 
"write pulse" is "O'', pull-up MOS (C) may retain the output 
in high level. 

The HLT signal becomes "O" in stop mode, so that MOS (A) 
(B) (C) tum "OFF". 
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Pull up MOS IC) 

M, ~' 

~ s 
r 

M1 

lvi2 

M, 

Write pulse 

PMOS(B) 
Write pulse 
(Output 

~-+-------instruction) 

ON Resistance Value 

HMCS404C, HMCS404AC HMCS404Cl 

approx. 250rl approx. 1krl 

approx. I KU approx. 5krl 

approx. 40krl approx. 75krl to 1Mrl (Vee= 3V), 
to 160krl (Vee = 5V) approx. 40krl to 160krl (Vee = 5V) 

1 Instruction cycle 

Output instruction execution 

Fig. 15 Output Circuit Operation of Standard Pins with "with Pull-up MOS" Option 
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Table 17 1/0 Pin Circuit Type 

w 
c: ·a 

"E .. .., 
c: 
l!! 
(/) 

1/0 
common 
pins 

Output 
pins 

Input 
pins 

1/0 
common 
pins 

Output 
pins 

Input 
pins 

"Y._•~!1_out pull-up MOS With pull-up MOS (NMOS open drain) CMOS (C) 
(A) (B) 

~- ~·- jfi'-data 

~·· 
data 

ulse e 

~HLT HLT 

~HLT 
output output output 
data data data 

Vee 

~ ... pulse 

'1~"" HLT 

°1~HLT 
OUtPUt output output 
data data data 

Vee 

~ H~ input HLT input 

data data 

Without pull-down MOS 
(PMOS open drain) (D) 

Vee 

L.rr-HLT 
~output 

data 

Vee 

~HLT 
r"'\J- output 

data 

input 
data 

,....... HL T -r-n-. input 
~data 

0 

With pull-down MOS (E) 

Vee 

Ve~..,r-}-HLT 
r--\.,._j- output 

data 

e 

Vdisp 

input 
data 

- input 
data 

e 

Vdisp 

Applied 
pins 

Do -DJ, 
RJO -R33, 
R40 -R••, 
Rso -RsJ 

R60-R63 , 
R70-R73 , 
R80-R83 

R90-R93 

Applied pins 

0.-015, 
R10-R 13 , 

R20-R23 

(Note) In the stop mode, ii'LT<!signat is "O" and 1/0 pins are in high impedance state. (to be continued) 
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Without pull-up MOS (NMOS open drain) 
With pull-up MOS (B) Applied pins 

or CMOS IA or C) 

SCK ~SCK ~T 
!/O c 

~ common J{ <cnmo>"'« -
oJ · HL T+roode select SCK (Note 2) 

pins (Output Mode) ~internal SCK internal SC K 

c Vee 

J~::· 
·c. 

o-1:~6C ~ Output so -c pins 
c 
"' cil 

Input INTo, 

pins INT1. 

o-e-input 
o-e-input SI. 

data 
data SCK !Note 2) 

HLT HLT (Input Mode) 

(Note 1) In the stop mode, HL T signal is ''O'', HL T signal is "1'' and 1/0 pins are in high impedance state. 
(Note 2) If the MCU is inter.rupted by serial interface in the external clock input mode, the SCK terminal becomes input only. 

Table 1B Data Input from Input/Output Common Pins 

1/0 pin circuit type 
Possibility Available pin condition 
of Input for input 

CMOS No -

Standard Without pull-up 
pins MOS Yes "1" 

INMOS open drain) 

With pull-up MOS Yes "1" 

Without pull-down 
High MOS Yes "O" 
voltage (PMOS open drain) 
pins With pull-down 

MOS 
Yes "O" 
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• 0-port 
D·port is I ·bit 1/0 poft, and it has 16 Input/Output conunon 

pins. It can be set/reset by the &ED/RED and SEDD/REDD 
instructions, and can be tested by the TD and TDD instructions. 
Table 17 shows the classification of standard pins, high voltage 
pins and the Input/Output pins circuit types. 

e R·port 
R·port is 4-bit 1/0 port. It provides 20 input/output com· 

mon pins, 16 output.only pins, and 6 input-only pins. Data 
input is processed using the LAR and LBR instructions and data 
output is processed using the LRA and LRB instructions. The 
MCU will not be affected by writing into the input·only and/or 
non-existing ports, invalid data will be read by reading from the 

output-only and/or non-existing ports . 
The R3~33, R40, R•t and R42 pins are also used as the INTo, 
INT1, SCK, SI and SO pins respectively. Table 17 shows the 
classification of standard pins, high voltage pins and Input/ 
Output pins circuit types. 

• RESET 
The MCU is reset by setting RESET pin to "I". At power 

ON or recovering from stop mode, apply RESET input more 
than !Re to obtain the necessary time for oscillator stabiliza· 
tion. In other cases, the MCU reset requires at least two instruc· 
lions cycle time of RESET input. 

Table 19 shows initialized items by MCU reset and each 
status after reset. 

Table 19 Initial Value by MCU Reset 

Items Initial value by Contents MCU reset 

Program counter (PC) $0000 Execute program from the top of ROM address. 

Status (ST) "1" Enable to branch with conditional branch instructions. 

Stack pointer (SP) $3FF Stack level is 0. 

(A) Without pull· "1" Enable to input. 
up MOS 

Standard pin (B) With pull-up "1" Enable to input 
MOS 

1/0 pin 
(C) CMOS "1" -

output register (D) Without pull· "O" Enable to input. 
High voltage down MOS 
pin (E) With pu II· "O" Enable to input. down MOS 

Interrupt Enable Flag (l/E) "O" Inhibit all interrupts. 
Interrupt flag Interrupt Request Flag (IF) "O" No interrupt request. 

Interrupt Mask (IM) "1" Mask interrupt request. 

Port Mode Register (PM R) "0000" See Item "Port Mode Register". 

Mode register 
Serial Mode Register (SM R) "0000" See Item "Serial Mode Register". 

Timer Mode Register A (TMA) "000" See Item "Timer Mode Register A". 

Timer Mode Registe!_B (TMB) "0000" See Item "Timer Mode Register B". 

Prescaler $000 -

Timer/Counter A (TCA) $00 -
Timer/Counter, Timer/Event Counter B (TCB) $00 Serial interface -

Timer Load Register (TLR) $00 -
Octal Counter "000" -

(Note) MCU reset affects to the rest of registers as follows: 

Item 
After recovering from STOP mode After MCU reset except for 

by MCU reset the left condition 

-~·~rry (CAI 

Accumulator (Al 
~---- The contents of the items before The contents of the items before 

B Register IB) MCU reset are not retained. MCU reset are not retained. 
W Register (W) It is necessary to intialize them It is necessary to initialize them 

X/SPX Registers (X/SPX) by software again. by software again. 

Y /SPY Registers (Y/SPYI 

Serial Data Register ISRI Same as above Same as above 

The contents of RAM before MCU 
RAM reset (just before STOP instruction) Same as above 

are retained. 
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• INTERNAL OSCILLATOR CIRCUIT 
Fig. 16 gives internal oscillator circuit. The oscillator type 

can be selected from the followings; crystal oscillator, ceramic 

filter oscillator, or resistor oscillator as shown in Table 20. In 
any cases:, external clock operation is available. 

osc, [:> 

osc, <J 

Oscillator 
(Selectable 
with mask 
options I 

Divider 
circuit 
1/8 

Timing 
generator 
circuit 

Fig. 16 Internal Oscillator Circuit 

Internal Oscillator Circuit Mask Option 

HMCS404C HMCS404CL HMCS404AC 

Crystal 0 0 0 

Oscillator Ceramic 0 0 0 

Resistor 0 - -
Oivider 1/8 0 0 0 

@HITACHI 
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• Oscillator Circuit 

Table 20 Examples of Oscillator Circuit 

External clock 
operation 

Resistor 
oscillator 

Ceramic filter 
oscillator 

Crystal 
oscillator 

Circuit configuration 

Oscillelor 

cc c.,~;1 osc, 
filter 

OSC2 c, 
GND 

GND 

ATcu1p1r1Hel resonancecryllal 

~.~ 
o~~sc. 

Co 

GND 

GT cul ~rallel rnonance crviuil 

~~ 
o~~c. 

Co 

HMCS404C 

Rf= 20k0±2% 

Ceramic filter 
CSA4.00MG 
(Murata) 
Rf: 1M0±2% 
C1 : 30pF±20% 
C2 : 30pF±20% 

Rt: 1M0±2% 
C1 : 10-22pF±20% 
C2 : 10-22pF±20% 
Crysta I : equivalent 
circuit to the left 
Co : 7pF max. 
Rs : 600 max. 
f : 2.0-4.5MHz 

Circuit constants 

HMCS404CL 

Ceramic filter 
CSA2.000MK 
(Murata) 
Rt: 1M0±2% 
C1 : 30pF±20% 
C2 : 30pF±20% 

Rf: 2M0±2% 
C1 : 10-22pF±20% 
C2 : 10-22pF±20% 
Crystal: equivalent 
circuit to the left 
Co : 7pF max. 
Rs : 1000 max. 
f : 2.0-2.25MHz 

HMCS404AC 

Ceramic filter 
CSA6.00MG 
(Murata) 
Rf: 1M0±2% 
C1 : 30pF±20% 
C2 : 30pF±20% 

Rf: 1M0±2% 
C1 : 10-22pF±20% 
C2 : 10-22pF±20% 
Crystal: equivalent 
circuit to the left 
C0 : 7pF max. 
Rs : 1000 max. 
f : 2.0-6.2MHz 

(Note 11 On the crystal and ceramic filter resonator, the upper circuit parameters are the one recommended by crystal or ceramic filter 
maker. The circuit parameters are changed by crystal, ceramic filter resonator and the floated capacitance in designing the board. 
In employing the resonator, please consult with the engineers of crystal or ceramic filter maker to determine the circuit parameter. 

(Note 2i Wiring among OSC 1. OSC2 and elements should be as short as possible, and never cross the other wirings. Refer to the recommend· 
able layout of crystal and ceramic filter. 
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Fig. 17 Recommendable Layout of Crystal and Ceramic Filter 

• LOW POWER DISSIPATION MODE 
The MCU provides two low power dissipation modes, that is, 

a Standby mode and a Stop mode. Table 21 shows the function 
of the low power dissipation mode, and Fig. 18 shows the 
diagram of the mode transition. 

Table 21 Low Power Dissipation Mode Function 

Condition 

Low Power 
Instruction Input/ Timer! Recovering 

Dissipation Mode Oscillator Instruction Register, Interrupt RAM Output Counter, method 
circuit execution Flag function 

pin Serial 
Interface 

Standby mode SBY Active Retained 
.,, 

RESET Input, 
instruction Stop Retained Active Retained Active 

Interrupt request 

Stop mode STOP Stop Stop RESET. 11 Stop Retained 
High•21 

Stop RESET Input 
instruction impedance 

*1) As the MCU recovers from STOP mode by RESET input, the contents of the flags and registers ~re initialized according to Table 19-. 
*2) A high voltage pin with a pull+down MOS option is pulled down to the Vdisp power supply by the pull-down MOS. As the MOS is ON, a pull

down MOS current flows when a voltage difference between the pin and the Vdisp voltage exists. This is the additional current to the current dis
sipation in Stop Mode Ostopl. 

"JJ As a 1iO circuit IS active, a iiU current possibiy iiows accoramg tile state of iiO pm. Tilis i:o tiie aciciitionai currem to rile currem ciissiparion m 
Standby Mode Ossv 1, lsevz). 

Fig. 18 MCU Operation Mode Transition 

• Standby Mode 
The SBY instruction puts the MCU into the Standby mode. 

In the Standby mode, the oscillator circuit is active and timer/ 

counter and serial interface continue working. On the other 
hand, the CPU stops since the clock related to the instruction 
execution stops. Registers, RAM and Input/Output pins retain 
the state they had just before going into the Standby mode. 

The Standby mode is canceled by the MCU reset or interrupt 
request. When canceled by the interrupt request, the MCU 
becomes an active mode and executes the instruction next to 
the SBY instruction. At this time, if the Interrupt Enable Flag 
is "l ", the interrupt is executed. If the Interrupt Enable Flag 
is "O", the interrupt request is held on and the normal instruc
tion execution continues. 

Fig. 19 shows the flowchart of the Standby Mode. 

• Stop Mode 
The STOP instruction brings the MCU into the Stop mode. 

In this mode the oscillator circuit and every function of the 
MCU stop. 

The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 20, apply the RESET input for more than tRc 
to get enough oscillator stabilization time. (Refer to the "AC 
CHARACTERISTICS".) After the Stop mode is canceled, 
RAM retains the state it had just before going into the Stop 
mode. The other hand, Accumulator, B Register, W Register, 
X/SPX Registers, Y /SPY Registers, Carry and Serial Data 
Register don't retain the contents. 
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Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

No 

Restart 
Processor Clocks 

(A) 

Reset MCU 

Yes 

(8) 

Execute 
Instruction 

Yes 

Yes 

Restart 
Processor Clocks 

No 

Interrupt 
Accept 

(Ci 

Fig. 19 MCU Operating Flowchart 

1
.. Stop mode •I 

Yes 

Oscillator ,,.,,1111-11111"'"11111TTTT111111TTTT111111=1111 )) Al111111111111111111111111111111111111111111111111111111111111111111111111 

lnternalclock~:~F~ 
RESET l J,__r- -----i__ 

j,. tres •I 
STOP instruction execution (more than stabilization time: tRc) 

Fig. 20 Timing Chart of Recovering from Stop Mode 
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• RAM ADDRESSING MODE 
As shown in Fig. 21, the MCU provides three RAM address

ing modes; Register Indirect Addressing, Direct Addressing and 
Memory Register Addressing. 

• Register Indirect Addressing 
The combined IO-bit contents of W Register, X Register and 

Y Register is used as the RAM address in this mode. 

RAM Address 

• Direct Addressing 
The direct addressing instruction consists of two words and 

·the second word (I 0 bits) following Op-code (the first word) is 
used as the RAM address. 

• Memory Register Addressing 
The Memory Register Addressing can access 16 digits 

(Memory Register: MR) from $020 to $02F by using the LAMR 
and XMRA instruction. 

W·Register 
,.----------,,-----------.,--------., 

X·Register Y-Register 

AP9 AP8 AP 7 AP• AP, AP• AP, AP2 AP 1 AP0 

la) Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

OP Code 

(b) Direct Addressing 

Instruction 

OP Code 

.. 0.. ..0.. ..0 .... 0.. .. , .. ..0 .. 

RAM Address 

(c) Memory Register Addressing 

Fig. 21 RAM Addressing Mode 
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• ROM ADDRESSING MODE AND P INSTRUCTION 
The MCU has four kinds of ROM addressing modes as shown 

in Fig. 22. 

• Direct Addressing Mode 
The program can branch to any addresses in the ROM 

memory space by using JMPL, BRL or CALL instruction. 
These instruction replace 14-bit program counter (PC 13 to 
PC0 ) with 14-bit immediate data. 

• Current Page Addressing Mode 
ROM memory space is divided into 256 words in each page 

starting from $0000. The program branches to the address in 
the same page using BR instruction. This instruction replace 
the low-order eight bits of program counter (PC 7 to PC0 ) with 

(JMPLJ 
(BRLJ 
(CALL) 

Instruction 1st Word 

OP Code 

Program Counter 

8·bit immediate data. The branch destination by BR instruction 
on the boundary between pages is given in Fig. 24. 

• Zero Page Addressing Mode 
The program branches to the zero page subroutine area, 

which is located on the address from $0000 to $003F, using 
CAL instruction. When CAL instruction is executed, 6-bit 
immediate data is placed in low-order six bits of program 
counter (PC 5 to PC0 ) and "O's" are placed in high-order eight 
bits (PC 13 to PC6 ). 

• Table Data Addressing 
The program branches to the address determined by the 

contents of the 4-bit immediate data, accumulator and B regis
ter, using TBR instruction. 

Instruction 2nd Word 

(a) Direct Addressing 

168 

(TBR) 

Instruction 

(BAJ OP Code b, b, b, b, b, b, b, 

Program Counter PC1~· PC12 PC11 PC10 I PC11 PCs 

(b) Current Page Addressing 

Instruction 

[CAL) OP Code 

··o-· "O" "O" "O" "O" "O" "O" 

' Program Counter PC13!PC12 PC 11 PC10 PC9 PCs PC 7 PC 6 PC 5 PC 4 PC 3 

(c) Zero Page Addressing 

Instruction 

I P< P> P• Po 

' 
8 Register Accumulator 

"O" .... 

(d) Table Data Addressing 

Fig. 22 ROM Addressing Mode 
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Instruction 

(P) OP Code 
B Register Accumulator 

"O" "O" 

Referred ROM Address RA 13,RA 12 RAuRA 10
1 AA9 RAa 

(a) Address Designation 

ROM Data 

Accumulator, B Register 

I 
ROM Data RO, RO, RO, RO, 

: If ROs = 1 

: If R0 9 = 1 

{b) P~ttArn Output 

Fig. 23 P Instruction 

• P Instruction 
The P instruction refers ROM data addressed by Table Data 

Addressing. ROM data addressed also determine its destination. 
When bit 8 in referred ROM data is "I", 8 bits of referred 

c--==---j~::~n-1)+255 

BR AAA 256n+254 

1-'--.::'":.:'="'----1~::~:21~5 

Fig. 24 The Branch Destination by BR Instruction on 
the Boundary between Pages 

ROM data are written into the accumulator and B Register. 
When bit 9 is "I", 8 bits of referred ROM data are written into 
the RI and R2 port output register. When both bit 8 and 9 are 
"1 ", ROM data are written into the accumulator and B Register 
and also to the RI and R2 port output register at a same time. 

The P instruction has no effect on the program counter. 

• Description of the branch destination on page boundary 
When BR is on page boundary (256n + 255), BR instruction 

transfers the contents of PC to the next page with hardware 
architecture. Therefore, the program branches to the next page 
when using BR on page boundary. 

The HMCS400 series cross macro assembler has automatic 
paging facility for ROM page. 

• INSTRUCTION SET 
The HMCS404C/CL/ AC provide 99 instructions. These in-

structions are classified into IO groups as follows; 
{I) Immediate Instruction 
(2) Register-to-Register Instruction 
(3) RAM Address Instruction 
( 4) RAM Register Instruction 
(5) Arithmetic Instruction 
(6) Compare Instruction 
(7) RAM Bit Manipulation Instruction 
(8) ROM Address Instruction 
{9) Input/Output Instruction 

(IO) Control Instruction 
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Table 22. Immediate Instruction 

z OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Load A from Immediate LAI i 1 0 0 0 1 1 b '2 i1 io i-------..A 1/1 

Load B from Immediate LBI i 1 0 0 0 0 0 iJ ii i1 io i--B 1/1 

Load Memory from Immediate LMID i,d VJ J;IJ!~' ~ci'. ci0 
.._____._M 2/2 

Load Memory from Immediate, Increment Y LMllY i 10100 1 is ii h io i~M.Y+1~Y NZ 1/1 

Table 23. Register-to-Register Instruction 

wz-OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 

~ 
Load A from B LAB 0 0 0 1 0 0 1 0 0 0 B~A 1/1 

Load 8 from A LBA 0 0 1 1 0 0 1 0 0 0 A~B 1/1 

Load A from Y LAY 0 0 1 0 1 0 1 1 1 1 Y-A 1/1 

Load A from SPX LAS PX 0 0 0 1 1 0 1 0 0 0 SPX~A 1 • 1 

Load A from SPY LAS PY 0 0 0 1 0 1 1 0 0 0 SPY~A 1/1 

Load A from MR LAMR m 1 0 0 1 1 1 m3m2m1mo MR(m)~A 1.- 1 

Exchange MR and A XMRA m 1 0 1 1 1 1 m3m2m1mo MR(m)•·•A 1 1 
·----------' ----·------ ~ 

Table 24. RAM Address Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
w:zRo __ _ 

-------------+------+-----------+--------+-----t-~YCLE 
Load W from Immediate LWI i 0 0 1 1 1 1O0 i 1 i0 i--W ----~ 

Load X from Immediate LXI i 1 0 0 0 1 0 i3 ii i1 i0 i---..X 1/1 
-------------+------+--
Load Y from Immediate l YI i 1 0 0 0 0 1 i3 i2 i1 io i--Y 1 /1 

Load X from A LXA 0 0 1 1 1 0 1 0 0 0 1/1 
---------4-------4---------+----~· 

Load Y from A LYA 0011011000 A~Y 1/1 

Increment Y 
------+--IY---+--o-0_0_1_0_1_1 __ 1oo+---Y-+_1,-~-Y---+---N-Z--+--1-./-1-

Decrement Y DY 0011011111 Y-1~Y NB 1/1 
----+----+---

Add A to Y AYY 0001010100 Y+A-~Y OVF 1/1 

Subtract A from Y SYY 0 0 1 1 0 1 0 1 0 0 Y -A~ Y NB 1/1 
------------+------+--------~--+----------4---·-+---~ 
Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 1 X-SPX 1 /1 
------------+------+----------+-------------{-----+---
Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 1 0 Y-SPY 1/1 
------------+------+--~ 
Exchange X and SPX,Y and SPY XSPXY 0 0 0 0 0 0 0 0 1 1 X-SPX,Y .. SPY 1/1 

Table 25. RAM Register Instruction 

OPERATION MNEMONIC OPERATION CODE 

Load A from Memory LAM(XY) 0 0 1 0 0 1 0 0 y x 

Load B from Memory LBM(XY) 0 0 0 1 0 0 0 0 y x 
------------+-------+--· 
_Lo_a_d_M_e_m_o_r_y_fr_o_m_A ___ +--L_M_A_(X_Y __ ) __ ~~ 100 101 y x 

I r.AAf"'I A Q 1 1 Q Q 1Q1 Q Q 
._,.,,_...... ... d9dsd1d5dsd4d3d2d1 do 

FUNCTION 

M~B. (~:~~~) 

A~M. (~:~~~) 

Load Memory from A, Increment Y LMAIY(X) 0 0 0 1 0 1 0 0 0 x A~M.Y + 1 ~Y1x.-SPXI 

~ 

WORD 
STATUS ZLE 

1/1 

2/2 

1/1 

1/1 

2/2 

NZ 1/1 

Load Memory from A, Decrement Y LMADY(X) 0 0 1 1 0 1 0 0 0 x A~M.Y-1 ~Y1x0 -SPXI NB 1 /1 

Exchange Memory and A XMA(XY) O O 1 O O O O O y x M~A. (~::~m --+---+--1/_1_ 

Exchange Memory and A XMAD d 0 1 1 0 0 0 0 0 0 0 M-A 2/2 
-----------+------+-d"~-d~s_d1_d~•d~s_d_•d~3_d1~d_,_do-+----~~~-+----+---
Exchange Memory and 8 XMB(XY) 0 0 1 100 0 0 y x M .. B. (~:~ 1/1 

----~----~---------'----------~--~----
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Note) (XY) and (X) have the meaning as follows: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XV) is given below.) 

MNEMONIC y x FUNCTION 

LAM 0 0 

LAMX 0 1 XttSPX 

LAMY 1 0 ytt5py 
---

LAMXY 1 1 X ttSPX, Y tt5py 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each. (example of LMAIY (XJ is given below.) 

MNEMONIC FUNCTION 

LMAIY 

LMAIYX X ++SPX 

Table 26. Arithmetic Instruction 

Add A to Memory AM 0000001000 M+A-•A OVF 1. 
-----~----------+-------+-~~~~~-~~-+ 

_Ad_d_A_"'.__M_e_m_o_rv __________ A_M_D__~_ ~' ds ~7 ~6 ~5 ~,~J~, ~~'~~'-2~0 r--o~-~~~T-------t 
0000011000 

----
M+A-A OVF 2 2 

M+A+CA-+A OVF 
OVF~A 

Add A to Memory with Carry AMC 

M+A+CA-+A OVF 2 -2 
OVF---X:A 

M-A-l:A-+A NB NB--+-CA 
M-A:::_'CA-+A NB 2 2 

N.!!::t~8--
N)B--+A 

@HITACHI 
Hitachi America Ltd_. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 171 



HMCS404C/HMCS404CL/HMCS404AC 

172 

OPERATION ZRD 
FUNCTION STATUS 

YCLE 
MNEMONIC OPERATION CODE 

Immediate Not Equal to Memory INEM i 0 0 0 0 1 0 ia i2 i1 io i;<M NZ 1/1 

Immediate Not Equal to Memory 

A Not Equal to Memory 

A Not Equal to Memory 

B Not Equal to Memory 

INEMD i,d 

ANEM 

o 1 o O 1 O i3 i2 i1 io 
d .!!._d1 d d d d d' d!.9g_ 
0000000100 

ANEMD d l:_J g~6~5 ~J,JJJ 
BNEM 0 0 0 1 0 0 0 1 0 0 

Ai'M 

B;"M 

Y Not Equal to Immediate YNEI i 0 0 0 1 1 1 ia i2 h io Y =!= i 

NZ 2/2 

NZ 

NZ 2/2 

NZ 1/1 

NZ 1/1 

Immediate Less or Equal to Memory ILEM i 0 0 0 0 1 1 ;, i2 ii io i ,;; M NB 1/1 

Immediate Less or Equal to Memory -+-l_LE_M_D_i_,_d-+= C/d~~=-= 9!!z..!-~~=LcJ.J=~=~~~~~'-+----i-:>_M _ _,__N_B __ _.._2_/_2 
ALessorEqualtoMemory ALEM 0000010100 A~M NB 1/1 

A Less or Equal to Memory ALEMD d las~L~ ~a~ d ~ ~o A:>M NB 2 «2 

B Less or Equal to Memory BLEM 0 0 1 1 0 0 0 1 0 0 B,;; M NB 1/1 
---------------+------+--------t------t------+------
A Less or Equal to Immediate ALEI i 1 0 1 0 1 1 ;, i2;, io A:> i NB 1 1 
------------~-----+--------~---~------'----

Table 28. RAM Bit Manipulation Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION z STATUS 
CYCLE 

Set Memory Bit SEM n 00100001n1no 1~M(n) 1/1 

Set Memory Bit SEMO n,d ~.1._1~ ~ ~ ~_,1 ~~'!fo 1~M(n) 2/2 

Reset Memory Bit REM n 0 0 1 0 0 0 1 0 n1no o~M(n) 1/1 

Reset Memory Bit REMO n,d ~ la,~.~.~.ng,·gg o~M(n) 2/2 

Test Memory Bit TM n 00100011n1no M(n) 1/1 

Test Memory Bit TMD n,d <r.U~ ~.U~,~:~~ M(n) 2/12 

Table 29. ROM Address Instruction wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
CYCL 

Branch on Status 1 BR b 1 1 b1bobsb,b,b2b1bo 1 1/1 

long Branch on Status 1 BRL u ru,~ l~ ~"d~~ 1 2/2 

Long Jump Unconditionally JMPL u ~.~ u~.~~~.·~~ 2/2 

Subroutine Jump on Status 1 CAL a 0 1 1 1 858483828180 1 1/2 

long Subroutine Jump on Status 1 CALL u u~,lJ &~~~.'~ 1 2/2 

Table Branch TBR p 0 0 1 0 1 1 p3p2p1po 1/1 

Return from Subroutine RTN 0000010000 1/3 

Return from Interrupt RTNI 0000010001 1~1/E 1/3 CA RESTORE 

Table 30. Input/Output Instruction 

OPERATION MNEMONIC OPERATION CODE 'Z FUNCTION STATUS 
YCLE 

Set Discrete 1/0 Latch SEO 0 0 1 1 1 0 0 1 0 0 1~D(Y) 1/1 

Set Discrete 1/0 Latch Direct SEDD m 1 0 1 1 1 0 m3m2m1mo 1~D(m) 1/1 

Reset Discrete 1/0 Latc;h RED 0 0 0 1 1 0 0 1 0 0 O-D(Y) 1/1 

Reset Discrete 1/0 Latch Direct REDD m 1 0 0 1 1 0 m3m2m1mo o~D(m) 1/1 
---

Test Discrete 1/0 Latch TD 0 0 1 1 1 0 0 0 0 0 D(Y) 1/1 

Test Discrete 1/0 Latch Direct TDD m 1 0 1 0 1 0 m3m2m1mo D(m) 1/1 

Load A from A-Port Register LAR m 1 0 0 1 0 1 m3m2m1mo R(mJ~A 1/1 

Load B from1 A-Port Register LBR m 1 0 0 1 0 0 m3m2m1mo R(m)~B 1/1 

Load R-Port Register from A LRA m 1 0 1 1 0 1 m3m2m1mo A-R(m) 1/1 

Load R-Port Register from B LRB m 1 0 1 1 0 0 m3m2m1mo B-R(m) 1/1 

Pattern Generation p p 0 1 1 0 1 1 p3p2p1po 1/2 
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Table 31. Control Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION 

No Operation NOP 0000000000 

Start Serial STS 0101001000 
···- -----

Stand-by Mode SBY 0 101001 1 00 

Stop Mode STOP 0 10100 1 101 

Table 32. Op-Code Map 

BR 

_____ __':_"."".____ __ ~•1•1 ---~-
TDD m(4) 

--~-~---------------

ALEI 1(4) 

LAB m(4) 

r_:-.,··· 1-word/3-cycle 
Instruction 

r_:·· J··· RAM Di_rect Address 
- - Instruction 

(2-word /2-cycle) 

@HITACHI 

wz STATUS 
CYCLE 

1/1 

1/1 

1/1 

1/1 

blBI 

[ __ ._}·· 2-word/2-cycle 
I nstruct1on 
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H MCS404C/C L/ AC 

MASK OPTION LIST 

SV Operation : D HMCS404C 
JV Operation : D HMCS404CL 
High Speed Operation : D HMCS404AC 

(1) 1/0 Option 

PIN INPUT/OUTPUT 

".- " ~'~"P~U~t/_O_u~tp_u_t -+--+--+
" c ,_~ln~pu_t~/0,u~tp_u_t-+--+--+-

~ a: r-'~,~~:~-C:O"O;~-~~:-~~:-+-+--+-

c 
ii: 
I!, 
~ 
0 
> 
-§, 
i 

lnput/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
lnput/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 

Output 
Output 
Output 
Output 

Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 

Date of Order 
Customer 
Dept. 
Name 
ROM Code Name 
LSI Type Number 
(Hitachi's entry) 

.. Please enter check marks in O (•, X, y'). 

Note (1/0 options masked by i::a are not available.) 

INPUT/OUTPUT 
A 

Input/Output 
l~put/Output 

Input/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 
lnput/Output 
Input/Output 
Input/Output 
Input/Output 
Input/Output 

c Output 0: 

" Output 

" 
Output 

c Output .ii Output 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Input 
Input 
Input 
Input 
Input 
Input 

* Please enter "0' in applicable item for 1/0 option selection. 
A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS 
C; CMOS (not be used as Input) 
D; Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS 

(2) RA1IVdisp (3) Package 

RA1IVdi•p ,---------,p:-,-,.-,-.. -----------, 

D RA1: Without Pull-down MOS (DJ f-o_o_P_-6_4_S_cf•_hc_in_k~p-"_k_•ge~l -----------4 
D Vctisp ~o_F_P_-6_4 _______________ ~ 

• Please enter check marks(•, X, v1 in applicable item. " Please enter check marks(•, X,V) in applicable item. 

Note) RA 1/Vdisp has to be selected as Vdisp pin except for the case that all High Pins are option D. 

(4) Divider (DIV) {5) ROM Code Media 

• Divided-by-8 D EPROM: Emulator Type 

I Clock Divide Ratio ROM Code Media 

0 EPROM: EPROM On-Packaae Microcomoutf>r TYfl*' 

J Check List of Application 

(A) Oscillator (CPG option) 

o 404C !5V Operation) D 404CL~3V Operation) o 404AC (High Speed Operation) 
D Resistor (Rf - 20knt.2%) 

CPG D Ceramic Filter D Ceramic Filter D Ceramic Filter 
Option D Crystal D Crystal D Crystal 

D External Clock O External Clock D External Clock 

Please enter check marks(•, X, v'l in applicable item. 
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HMCS408C/HMCS408CL/
HMCS408AC 
( H 0614080/H 0614085/H 0614088) 
Description 
The HMCS408C/CL/ AC are CMOS 4-bit 
single-chip microcomputers in the HMCS400 
series. Each device incorporates ROM, RAM, 
1/0, Serial Interface and 2 timer/counter and 
contain high-voltage I/O pins including high
current output pins to drive fluorescent dis
play tude directly. 

Features 

• 4-bit architecture 
• 8192 words of 10-bit ROM 
• 512 digits of 4-bit RA!v! 
• 58 I/0 pins, including 26 high-voltage I/O 

pins (40 V max) 
• 2 Timer/counter 

-11-bit prescaler 
-8-bit free running timer/counter 
-8-bit auto-reload timer/event counter 

• Clock synchronous 8-bit serial interface 
• Five interrupt sources 

-External: 2 
-Timer/counter: 2 
-Serial interface: 1 

• Subroutine stack 
-Up to 16 levels including interrupts 

• Minimum instruction execution time 
--0.89 µs: HMCS408AC 
-1.78 µs: HMCS408C 
-3.55 µs: HMCS408CL 

• Low power dissipation modes 
-Standby: Stops instruction execution 

while allowing clock oscillation and 
interrupt functions to operate. 

-Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data. 

• On-chip oscillator 
-Crystal or ceramic filter 

(externally drivable) 
• Package 

64-pin shrink dual in-line plastic package 
64-pin flat plastic package 

• Instruction set compatible with HMCS 
404; 101 instructions 
word ROM: 79 single-word instructions 

• Direct branch to all RAM areas 
• Direct or indirect addressing of all RAM 

areas 
• Subroutine nesting up to 16 levels includ

ing interrupts 

• Binary and BCD arithmetic operations 
• Powerful logical arithmetic operations 
• Pattern generation-table lookup capabil

ity 
• Bit manipulation for both RAM and 1/0 

Program Development Support Tools 
• Cross assembler and simulator software for 

use with IBM PCs and compatibles 
• In circuit emulator for use with IBM PC 

HD614P080S/HD614P0160S with the fol
lowing fixed options: 
-I/O pin: open drain 
-Oscillator: crystal or ceramic filter oscil-

lator 
(externally drivable) 
Di-vider: Divid~d by 8 

-Package: 
64-pin shrink dual in-line plastic pack
age 
64-pin flat plastic package 

• Programming socket adapter for program
ming the EPROM-on-chip device 

Type of Products 

Item HMCS408C HMCS408CL HMCS408AC 

Power Supply 3. 5 to 6 
(V) 

Typical 
instruction 
Cycle Time (µs) 

2 

2.5 to 6 4.5 to 6 

4 
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Pin Arrangement 

o,, 
o,, 
o., 
o,. 

R2, 

(DP-645, DC-645) 

ROa 
R1o 
R11 
Rl, 
R1a 
R2o 
R2 1 

R22 
R2a 
RAo 

RA1Ndiso 
R3o 
R31 

r"'l"I 1iiriT""' 
n"21m110 

R3a/INT1 
R5o 

(FP-64A) 

(Top View) 

R01 

Rl, 

Rl, 

R21 

.HITACHI 

(FP-64) 

D2 
o, 
Do 
GND 
osc, 
osc, 

E 
RESET 
R9a 
R92 
R91 
R9o 
RB a 
R82 
R81 
R8o 
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Block Diagram 

R9, 
R9, 
R9, 

R90 

RB, 
RB, 
RB, 
RB, 

R7, 
R7, 
R7, 
R70 

A4o/R4 1/R42/ 
SCK SI SO 

HMCS408C/HMCS408CL/HMCS408AC 

RESET TEST osc, osc, vrrrD------~ 
TIMER TIMER EXTERNAL SYSTEM CONTROL 

INTERRUPT 

ROM 
INTERRUPT CONTROL 

8l92X 1Qbit 

RAM 512X4bit SP 

·- , ,.. I I I ti I 

R4,R4i/R4 1/,R4o1 R3,/,R32/R3,R3o:R21R2,A2,R2o R1,R1,R1,R1o~ :RO,R02RO,R00 : lo1sO.• Ou O,,O,,Dio 09 Da 0 1 0 0 0 5 o,:o3 D, o, Do 
so SI 5CK iNT,l"'iii'fo ------------------~ 1--------:J 1 •. -----------------------' 
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Pin Description 

GND, Vee, Vd1sp (Power) 

These are the power supply pins for the MCU. 
Connect the GND to the ground (0 V) and 
apply the Vee power supply voltage to the 
Vee pin. The Vdisp pin (multiplexed with RA1) 
is a power supply for high-voltage I/0 pins 
with maximum voltage of 40 V (Vcc-40 V). 
For details, see Input/Output section. 

TEST (Test) 

TEST is for test purposes only. Connect it to 
Vee. 

RESET (Reset) 

RESET resets the MCU. For details, see Reset 
section. 

OSC1, OSC2 (Oscillator Connections) 

OSC1 and OSC2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 

Do-D15 (D Port) 

The D port is an input/output port addressed 
by the bit. These 16 pins are all input/output 
pins. Do to DJ are standard and D4 to Dis are 
high-voltage pins. The circuit type for each 

Functional Description 

ROM Memory Map 

The MCU includes 8,192 words x 10 bits of 
ROM. ROM is described in the following par
agraphs and the ROM memory map (figure 1). 

Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 

Pattern Area ($0000 to SOFFF): Locations 

pin can be selected using a mask option. For 
details, see Input/Output section. 

ROo-ROJ, R10-Rl3, R2o-R23, R3o-R33, R4o-R43, 
R5o-R53, R60-R63, R7o-R73, R80-R83, R9o
R93, RAo, RAt (R Ports) 

RO to R9 are 4-bit I/O ports. RA is a 2-bit port. 
RO, R6, R7 and RS are an output port, R9 and 
RA are an input port, and Rl to R5 I/0 ports. 
RO, Rl, R2, and RA are high-voltage ports, and 
R3 to R9 are standard ports. Each pin has a 
mask option which selects its circuit type. 
The pins R32, R33, R4o, R41 and R42 are multi
plexed with INTo, INT1, SCK, SI and SO 
respectively. For details, see Input/ Output 
section. 

INTo, INT1 (Interrupts) 

INTo and INT1 are external interrupts for the 
MCU. INT1 can be used as an external event 
input pin for timer B. INTo and INT1 are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 

SCK, SI, SO 

The transfer clock I/O pin (SCK), serial data 
input pin (SI) and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with R4o, R41 and R42 
respectively. For details, see Serial interface. 

$0000 through $0FFF are reserved for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 

Program Area ($0000 to $1FFF): Locations 
from $0000 to $1FFF can be used for program 
code. 

RAM Memory Map 

The MCU includes 512 digits of 4-bits RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are also mapped on the RAM 
memory space. RAM memory map (figure 2) 
is described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
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only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($004 to 
$00B): The special function registers are the 

0 

15 
16 

63 
64 

4095 
4096 

Vector Address 

Zero-Page Subroutine 
(64Words) 

Pattern 

(4096 Words) 

$0000 

$000F 
$0010 

\ 
$003F 
$0040 

~ff~ $1000 

mode or data registers for the external inter
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
cannot be accessed by RAM bit manipulation 
instructions. 

0 JMPL Instruction 

1 (Jump to RESET Routine) 

2 JMPL Instruction 

3 (Jump to INT0 Routine) 

4 JMPL Instruction 

5 (Jump to~ Routine) 

6 JMPL Instruction 
7 (Jump to TIMER A Routine) 

8 JMPL Instruction 

9 (Jump to TIMER 8 Routine) 

10 
11 

} Program ~2 13 
(81 92 Words) 

JMPL ln~lruction 
(Jump to SERIAL Routine) 

$0000 
$0001 

$0002 
$0003 

$0004 
$0005 
$0006 
$0007 

$0008 
$0009 

$000A 
$0008 

$000C 
$000D 

$000E 
$000F 8191 

8192 

16383 

14 

$1 FFF 15 
$2000 

Not Used 

$3FFF 

Figure 1. ROM Memory Map 

$000 0 0 $000 

1 3 
32 

47 
48 

479 
480 

959 
960 

1023 

RAM-mapped Registers 

Memory Registers (MR) 

1---------------

Data 
(448 Digits) 

Not Used 

Stack 
(64 Digits) 

R : Read Only 10 
w : Write Only 

R/W: Read/Write 
11 

$01F 
$020 
\ 
$02F 
$030 

$1DF 
$ lEO 

$3BF 
$3CO 

$3FF 

1 

2 
Interrupt Control Bits 

3 

4 Port Mode Reg. (PMR)• W 

5 Serial Mode Reg. (SMR): w 
6 Serial Data Reg. Lower (SRL)•R/W 

7 Serial Data Reg. Upper (SRU)•R/W 

8 Timer Mode Reg. A (TMA): W 

9 Timer Mode Reg. 8 (TM8): W 

10 (TC8L/TLRL)•R/W 
11~ TIMER B" 

(TC8U/TLRU)iR/W 
12 

Not Used 

31 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$00A 

$008 
$00C 

$01F 

•Two registers are mapped on same address. 

•R 
I 

Timer oa eg. Lower 
TLRL 

1W $ODA 

•R Timer L°l'T~~ur· Upper :w $008 

' 
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Data Area ($020 to SlDF): 16 digits of $020 
through $02F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su-

bit 3 

IMO 
0 

(IM of INTo) 

IMTA 

(IM of TIMER A) 

2 Not Used 

3 Not Used 

IF: Interrupt Request Flag 
IM: Interrupt Mask 

l/E: Interrupt Enable Flag 
SP: Stack Pointer 

bit 2 

IFO 

(IF of INTo) 

IFTA 

(IF of TIMER A) 

Not Used 

Not Used 

broutine call (CAL-instruction, CALL
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 

bit 1 bit 0 

RSP l/E 

(Reset SP Bit) (Interrupt Enable Flag) 
$000 

IM1 IF1 

(IM of INT1) (IF of INT,) 
$001 

IMTB IFTB 

(IM of TIMER B) (IF of TIMER B) 
$002 

IMS IFS 

(IM of SERIAL) (IF of SERIAL) 
$003 

Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMO instruction, and 
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 
affected by the SEM/SEM D instruction. 
The content of status becomes invalid when "Not Used" bit and RSP bit are tested by a TM or TMD instruction. 

Figure 3. Configuration of Interrupt Control Bit Area 

Memory Registers Stack Area 

32 MR(O) $020 960 Level 16 $3CO 

33 MR(1) $021 Level 15 PC13 to PCo: Program Counter 
34 MR(2) $022 Level 14 ST: Status 
35 MR(3) $023 Level 13 CA: Carry 

36 MR(4) $024 Level 12 

37 MR(5) $025 Level 11 Note: As the HMCS408C/CL/AC have Sk 

38 MR(6) $026 Level 10 
ROM, PCi 3 is net used. 

39 MR(7) $027 Level g bit 3 bit2 bit 1 bit 0 

40 MR(8) $028 Level 

;v= 
-r I 

MR(9) $029 Level ST PCi3 pc,;- PC11 $3FC 
41 ...L + 42 MR(10) $02A Level I I 

PCiO PCs PCs pc; $3FD 
43 MR(11) $028 Level 

...L + 44 MR(12) $02C Level 
3 1022 CA Pee PCs i5C4 $3FE 

45 MR(13) $020 Level 
...L + 46 MR(14) $02E Level 2 

$3FF 
1 $3FF 1023 PC3 PC2 pc, PCo 

47 MR(15) $02F 1023 Level ..I. ...1 _l 

Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 

The MCU has nine registers and two flags for 
the CPU operations (figure 5). 

Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/0, and other regis
ters. 

W Register (W), X Register (X), Y Regis
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. The W regis
ter is a write-only register. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist the X and Y registers respectively. 

Carry (CA): The carry (CA) stores the over-
fln'IA,. f,.._'"" AT TT ,....,........,~ ....... +,..~ \... ............ ....... .;+\..-,...+.:-. 
............. ..... ...,, ............. _._. ::tQ.a..1. ........ a." ......... AJY Lt..r..1. 11;1..1,..a.".1.".1..1..a.g"'.a."" 

operation. It is also affected by SEC, REC, 
ROTL and ROTR instructions. 

During interrupt servicing, carry is pushed 
onto the stack. It is restored by · a RTNI 

13 

I PC 

i 1I1I1I1 f 

3 

I 
3 

I 

3 

I 
3 

I 
3 

I 
3 

I 

instruction, but not by a RTN instruction. 

Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after the BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic
ing, status is pushed onto the stack and res
tored back from the stack by a RTNI instruc
tion, but not by a RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter which con
trols the sequence in which the instructions 
stored in ROM are executed. 

Stack Pointer (SP): The stack pointer (SP) is 
used to point the address of the next stacking 
area (up tu 16 levels) . 

The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in
cremented by 4 when data is restored from it. 

A r Accumulator 

0 

B I B Register 

~w Register 

0 x Ix Register 

y Jy Register 

0 
SPX I SPX Register 

0 
SPY I SPY Register 

~Carry Flag 

§] Status Flag 

r Program Counter 

SP J Stack Pointer 
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The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 

The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 

Interrupt 

Five interrupt sources are available on the 
MCU: external requests (INTo, INT1), timer/ 
counter (timer A, timer B), and serial interface 
(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM) and interrupt 
vector addresses are provided to control and 
maintain the interrupt request. The interrupt 
enable flag (IE) is also used to control an 
interrupt operations. 

$000,0 
l/E 

$000,2 

$003,0 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 

Sequence Control 
• Push PC/CA/ST 
• Reset l/E 
·Jump to Vector 

Address 

Priority Control PLA 
Vector Address 

Figure 6. Interrupt Control Circuit Block Diagram 
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vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 

Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 
address. 

In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 

Interrupt Enable Flag (l/E: $000 bit 0): 
The interrupt enable flag enablP.s/disab!es 
interrupt requests as shown in table 3. It is 

Table 1. Vector Addresses and Inter-
rupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET $0000 

INTo $0002 

INT1 2 $0004 

Timer A 3 $0006 

Timer B 4 $0008 

SERIAL 5 $000C 

Table 2. Conditions of Interrupt Service 

Interrupt Control Bit INTo INT1 

l/E 

IFO ·IMO 0 

IF1 • JM1 * 
IFTA • IMTA * * 
IFTB • IMTB * * 
IFS· IMS * * 

reset by interrupt servicing and set by the 
RTNI instruction. 

External Interrupts (INTo, INT1): ~e 
external interrupt request inputs (INTo, INT1) 

can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INT1 pin and R32/INT0 pin to be 
used as INT1 pin and INTo pin respectively. 

The external interrupt request ~s (IFO, IF1) 
are set at the falling edge of INTo and INT1 
inputs. (Refer to table 4.) 

The INT1 input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT1 input. When 
using INT1 as timer B external event input, 
external interrupt mask (IM1) has to be set so 
that the interrupt request by INT1 will not be 
accepted. (Refer to table 5.) 

External Interrupt Request Flags (IFO: 
$0!!0 hit 2, IF1: SUOi Dii 0): The external 
interrupt request flags (IFO, !Fl) are set at the 

Timer A Timer B Serial 

0 0 0 

0 0 0 

0 0 

* 0 

* * 
* Don't care 
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falling edge of the INTo, and INT1 inputs 
respectively. 

External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag lntenupt Enable/Disable 

0 Disable 

Enable 

Table 4. External Interrupt Request 
Flag 

External Interrupt Request Flags lntenupt Requests 

0 No 

Yes 

Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 
------------ --~·-·----~-

Disable (masks) 

Instruction 1 2 3 
Cycles 

I T + 

Instruction 

execution 

Interrupt Stacking, 
Stacking, 

accepted Reset of l/E 
Vector address 
is generated 

Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only ~ister 
which controls the R32/INT0 pin, R33/INT1 pin, 
R4i/SI pin, and R42/SO pin as shown in table 
6. The port mode register will be initialized to 
$0 by MCU reset. These pins are therefore 
initially used as ports. 

Table 6. Port Mode Register 

PMR3 R33/INT1 Pin 

0 Used as R33 port input/output pin 

Used as INT1 input pin 

PMR2 R32/INT0 Pin 

0 Used as R32 port input/output pin 

Used as INTo input pin 

PMR1 R41/SI Pin 

0 Used as R41 port input/output pin 

Used as SI input pin 

PMRO R4:i!fSO Pin 

0 Used as R42 port input/output pin 

Used as SO output pin 

4 5 6 

+ T + J 

JMPL instruction execution on the 

vector address 

Instruction 
execution at 
starting address 
of the interrupt 
routine 

Figure 7. Interrupt Servicing Sequence 
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Power 
ON 

Yes 

Reset 
MCU 
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No 

(A) (8) 

Execute 
Instruction 

PC+-(PC)+ 1 

PC+-$ 0002 

PC+-$0004 

P.C+-$ 0006 

PC+-$0008 

PC+-$000C 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Interrupt 
Accept 

1/E+- 0 

Stack+-(PC) 
Stack+-(CA) 
Stack+-(ST) 

No 

(Serial Interrupt) 

Figure 8. Interrupt Servicing Flowchart 
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Serial Interface 

The serial interface is used to transmit/ 
receive 8- bit data serially. This consists of the 
serial data register, the serial mode register, 
the octal counter and the multiplexer as 
illustrated in figure 9. Pin R4o/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The contents of the 
serial data register can be written into or 
read out by software. The data in the serial 
data register can be shifted synchronously 
with the transfer clock signal. 
STS instruction is used to initiate serial inter
face operations and to reset the octal counter 
to $0. The counter starts to count at the fall
ing edge of the transfer clock (SCK) signal 
and increments by one at the rising edge of 
the SCK. When the octal counter is reset to $0 
after eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter
rupt request flag will be set. 

Serial Mode Register (SMR: $005): The 4-
bit write-only serial mode register controls 
the R4o/SCK, prescaler divide ratio, and 
transfer clock source as shown in table 7. 
The write signal to the serial mode register 
controls the operating state of the serial 

System 
Clock 

Prescaler ( 11 bit) 

OJ "' 
"' al "' "' u; <') 

+ + + + + 

Serial MPX 

3 
SMR (4bit) 

Serial Mode 
REG. 

Internal Bus Line (S2) 

OJ 

""" 0 

"' + 

PMR (4bit) 
Port Mode 

REG. 

2 

R4o/SCK 
Port 

SCK 1 

interface. 
The write signal to the serial mode register 
stops the serial data register and octal 
counter from applying transfer clock, and it 
also resets the octal counter to $0 simultane
ously. Therefore, when the serial interface is 
in the transfer state, the write signal causes 
the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 
Contents of the serial mode register will be 
changed on the second instruction cycle after 
writing into the serial mode register. There
fore, it will be necessary to execute the STS 
instruction after the data in the serial mode 
register has been changed completely. The 
serial mode register will be reset to $0 by 
MCU reset. 

Serial Data Register (SDR: $006, SRU: 
$007): The 8-bit read/write serial data regis
ter consists of a low-order digit (SRL: $006) 
and a high-order digit (SRU: $007). 
The data in the serial data register will be 
output from the SO pin, from LSB to MSB, 
synchronously with the falling edge of the 
transfer clock signal. At the same time, 
external data will be input from the SI pin to 
the serial data register, to MSB first, 
synchronously with the rising edge of the 

oc (3 bit) 
Octal 

Counter 

SROF 

Interrupt 
Request Flag 
of Serial Inter
face 

Internal Bus Line (S 1) 

4 4 
SR (8 bit) 

Serial Data Register 

4 4 

init:n-1e:ii Ou:s iim~ {S2i 

Figure 9. Serial Interface Block Diagram 
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transfer clock. Figure 10 shows the I/O timing 
chart for the transfer clock signal and the 
data. 
The read/write operations of the serial data 
register should be performed after the com
pletion of data transmit/receive. Otherwise 
the data may not be guaranteed. 

Serial Interrupt Request Flag (IFS: $003 
bit 0): The serial Interrupt request flag will 
be set when the octal counter counts eight 
transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter. 
Refer to table 8. 

Table 7. Serial Mode Register 

SMR3 R4o/SCK 

0 Used as R4o port input/ output pin 

Used as SCK input/output pin 

SMR2 SMR1 SMRO R4o/SCK Port 

0 0 0 
SCK 
Output 

0 0 
SCK 
Output 

0 0 
SCK 
Output 

0 
SCK 
Output 

0 0 SCK 
Output 

0 
SCK 
Output 

0 SCK 
Output 

SCK 
Input 

Serial Interrupt Mask (IMS: $003 bit 1): 
The serial Interrupt mask masks the interrupt 
request. Refer to table 9. 

Selection and Change of the Operation 
Mode: Table 10 shows the serial interface 
operation modes which are determined by a 
combination of the value in the port mode 
register and that in the serial mode register. 
Initialize the serial interface by t)1e write 
signal to the serial mode register, when the 
operation mode is changed. 

Transfer Clock 

Prescaler System Clock 
Clock Source Divide Ratio Divide Ratio 

Prescaler 2048 4096 

Prescaler .. 512 1024 

Prescaler 128 .. 256 

Prescaler 32 64 

Prescaler 8 16 

Prescaler .. 2 .. 4 

System 
Clock 

External 
Clock 
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Table 8. Serial Interrupt Request Flag Table 10. Serial Interface Operation 
Mode 

Serial Interrupt Request Flag Interrupt Request 
Serial Interface 

0 No SMR3 PMR1 PMRO Operating MQde 

Yes 0 0 Clock Continuous 
Output Mode 

Table 9. Serial Interrupt Mask 0 Transmit Mode 

Serial Interrupt Mask Interrupt Request 
0 Receive Mode 

0 

Transfer 
Clock 

Serial 
Output 
Data 

Enable 

Disable (Mask) 

Transmit/Receive 
Mode 

Serial Input I I I I I I I I ~t~h Timing _ ___...____...____.._____.___.....__.....__.....__.....___ 

Figure 10. Serial Interface 1/0 Timing Chart 

Change PMR means the change of 
operation mode .as below: 

Clock ·Transmit Mode 
Continuous 
Output Mode 

·Receive Mode 
·Transmit/Receive 

Mode 

SCK Waiting State 

(Octal Counter=OOO) 

STS Waiting State 

(Octal Counter =000 ) 
Transfer Clock Disable 

Transfer Clock 

8 Transfer Clocks, 
STS Instruction 

(IFS<-1) 

Change PMR* 

'.~n '_;"\_ ' / 
Transfer State 

(Octal CounterotOOO) 

Figure 11. Serial Interface Operation State 
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Operating State of Serial Interface: The 
serial interface has three operating states, 
the STS waiting state, SCK waiting state, and 
transfer state, as shown in figure 11. 
The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface enters this state in one of two 
ways: either by changing the operation mode 
through a change in the data in the port 
mode register, or by writing data into the 
serial mode register. In this state, the serial 
interface does not operate even if the transfer 
clock is applied. If an STS instruction is 
executed, the serial interface shifts to SCK 
waiting state. 
In this state the falling edge of the first trans
fer clock causes the serial interface shift to 
transfer state, while the Octal Counter 
counts-up and the serial data register shifts 
simultaneously. As an exception, if the clock 
continuous output mode is selected, the serial 
interface stays in SCK waiting state while the 
transfer clock outputs continuously. 
The octal counter becomes 000 again by 8 
transfer c!cck~ C!" by c~Gcution vf STS 
instruction, so that the serial interface returns 
to SCK waiting state, and the serial interrupt 
request flag is set simultaneously. 
When the internal transfer clock is selected, 
the transfer clock output is triggered by the 
execution of an STS instruction, and stops 
after 8 clocks. 

Transmit/Receive 
(IFS~1) 

Interrupt 
Disable 

IFS~O 

Write to 
SMR 

Normal End 

Yes 

Example of Transfer Clock Error Detec
tion: The serial interface functions abnor
mally when the transfer clock is disturbed by 
external noises. In this case, transfer clock 
error can be detected by the procedure 
shown in figure 12. 
If more than 8 transfer clocks are applied in 
the SCK waiting state, the state of the serial 
interface shifts as the following sequence: 
first, transfer state, second, SCK waiting state 
and third, transfer state again. The serial 
Interrupt flag should be reset before entering 
into the STS state by writing data to SMR. 
This procudure causes the serial Interface 
Request Flag to be set again. 

Timer 

The MCU contains a prescaler and a timer/ 
counter (timer A, timer B, figure 13) whose 
functions are the same as HMCS404C's. The 
prescaler is an 11-bit binary counter, timer A 
an 8-bit free-running timer/counter and timer 
Bis an 8-bit auto-reload timer/event counter. 

Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig
nals to timer A, timer B, and the serial inter-

Transfer Clock 
Error Processing 

Figure 12. Example of Transfer Clock Error Detection 
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face. The prescaler divide ratio is selected by 
the timer mode register A (TMA), timer mode 
register B (TMB), and serial mode register 
(SMR). 

Timer A Operation: After timer A is initial
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A is counted up 
to $FF, timer A is set to $00 again, and 
generating overflow output. This leads to 
setting timer A interruput request flag (IFT A: 
$001, bit 2) to 1. Therefore, this timer can 
function as an interval timer periodically 
generating overflow output at every 256th 
clock signal input. 
The clock input signals to timer A are 
selected by the timer mode register A (TMA: 
$008). 

Timer B Operation: The timer mode regis
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/ll\rT1 as INT\ and 
set the external interrupt mask (IM1) to pre
vent an external interrupt request from oc-

System 
Clock 

Timer Mode Register B 

TMB (4bit) 

3 

Timer B MAX 

CX> "' 

"'"' N .:::t" 00 M I!) 

++++++ 

Prescaler I 11 bit) 

tj" 

"' "' "' l!i 0 

"' tj" CX> "' + + + ·I· + + 

Timer A MPX 

3 

TMA (3bit) 

Timer Mode Register A 

CPTB 

CX> 
tj" 
0 

"' + 
CPTA 

curring. 

Timer B is initialized according to the data 
written into the timer load register by soft
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto
reload function is selected timer B is initial
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 

Timer Mode Register A (TMA: $008): The 
timer mode register A is a 3-bit write-only 
register. The TMA controls the prescaler 
divide ratio of timer A clock input, as shown 
in Table 11. 
The timer mode register A is initialized to $0 
by MCU reset. 

Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 12. The timer mode register B is initial-

Internal Bus Line 

4 

TL (4bit) 
Timer Latch 
REG. 

TCB (Bbit) 
Timer/Event Counter B 

TLR (Bbit) 
Timer Load Register 

4 

Internal !:Sus Line 

TCA (Bbit) 
Timer Counter A 

4 

4 

(51) 

TBOF 

iS2i 

TAOF 

IFTB 

Interrupt 
Request Flag 
of Timer B 

IFTA 

Interrupt 
Request FIAg 
of Timer A 

Figure 13. Timer Block Diagram 
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ized to $0 by MCU reset. 

The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Initialization of timer 
B by writing data into the timer load register 
should be performed after the contents of 
TMB are changed. Configuration and function 
of timer mode register Bis shown in figure 14. 

Timer B (TCBL: $00A, TCBU: $00B, TLRL: 
$00A, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 

The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the !ow-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is vvritten. The tiw.6r lua.d i-egister i::, 

initialized to $00 by the MCU reset. 

Table 11. Timer Mode Register A 

TMA2 TMA1 TMAO Prescaler Divide Ratio 

0 0 0 • 2048 

0 0 1024 

0 0 512 

0 128 

0 0 32 

0 8 

0 4 

2 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 

Timer A Interrupt Request Flag (IFT A: 
$001 bit 2): The timer A interrupt request 
flag is set by the overflow output to time A 
(table 13). 

Timer A Interrupt Mask (IMTA: $001 bit 
3): Timer A interrupt mask prevents an 
interrupt request generated by timer A 
Interrupt request flag (table 14). 

Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 15). 

Timer B Interrupt Mask (IMTB: $002 bit 
lj: The timer B Interrupt mask prevents an 
interrupt request from being generated by 
timer B Interrupt request flag (table 16). 

Table 12. Timer Mode Register B 

TMB3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 

0 0 0 2048 
------------ ----------·~-----

0 0 512 

0 0 128 

0 32 
--------·- ·----··------------

0 0 8 

0 4 

0 2 
----------------

INT1 (External Event Input) 
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Table 13. Timer A Interrupt Request 
Flag 

Table 15. Timer B Interrupt Request 
Flag 

Timer A Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Timer B Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 14. Timer A Interrupt Mask Table 16. Timer B Interrupt Mask 

Timer A lnterrpt Mask lnterrrupt Request Timer B Interrupt Mask Interrupt Request 

0 Enable 0 Enable 

Disable (Mask) Disable (Mask) 

PMR: $004 SMR: $005 

PMR3 PMRO 

L_ Transfer clock selection 

R40/SCK pin mode selection 

"'"------ R42/SO pin mode selection 

~------- R41/SI pin mode selection 

'------------ R32/INT0 pin mode selection 

'-------------- R33/INT1 pin mode selection 

TMA: $008 TMB: $009 

~ TMA2 I TMA,, TMAO I 
t ___ Timer 6 input ciock seiection 

~------- Auto-reload function selection 

'--------- Timer A input clock selection 

Figure 14. Mode Register Configuration and Function 
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Input/Output 

The MCU has 58 1/0 pins, 32 standard and 26 
high voltage. One of three circuit types can 
be selected by mask option for each standard 
pin: CMOS, with pull-up MOS, and without 
pull-up MOS (NMOS open drain): and one of 
two circuit types can be selected for each 
high-voltage pin: with pull-down MOS and 
without pull-down MOS (PMOS open drain). 
Since the pull-down MOS is connected to the 
internal vdisp line, vdisp must be selected for 
the RA1/Vrusp pin via mask option when at 
least one high-voltage pin is selected as with 
pull-down MOS option. See table 17 as for 1/0 
pin circuit types. 

When every input/ output pin is used as an 
input pin, the mask option and output data 
must be selected in the manner specified in 
table 18. 

Output Circuit Operation With Pull-Up 
MOS St~nd@~d P!!!s: !n the standG.rd pin 
option with pull-up MOS, the circuit shown in 
figure 15 is used to shorten rise time of out
put. 

When the MCU executes an output instruc
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps PMOS in the on 
state for one-eighth of the instruction cycle 
time. While the write pulse is 0 , a high output 
level is maintained by the pull-up MOS (C). 

When the HL T signal becomes 0 in stop 
mode, MOS (A) (B) (C) turn off. 

D Port: The D port is an I/O port which has 16 
discrete 1/0 pins, each of which can be ad
dressed independently. It can be set/reset 
through SED/RED and SEDD/REDD instruc
tions, and can be tested through TD and TDD 
instructions. See table 17 as for the classifica-

tion of standard pin, high-voltage pin, and the 
1/0 pin circuit types. 

R Ports: The eleven R ports in the HMCS408 
are composed of 20 1/0 pins, 16 output-only 
pins, and 6 input-only pins. Data is input 
through LAR and LBR instructions and out
put through LRA and LRB instructions. The 
MCU will not be affected by writing into the 
input-only and/or non-existing ports, while 
invalid data will be read by reading from the 
output-only and/or non-existing ports. 

The R32, R33, R4o, R41, and R42 pins are multi
plexed with the INTa, INT1, SCK, SI, and SO 
pins respectively. See table 17 as for the clas
sification of standard pins, high-voltage pins 
and selectable circuit types of these 1/0 pins. 

Unused 1/0 Pins: If unused 1/0 pins are left 
floating, the LSI may malfunction because of 
noise. The 1/0 pins should be fixed as follows 
to prevent the malfunction. 

Hiyh-voitage pins: select without pull-down 
MOS (PMOS open drain) via mask option and 
connect to Vee on the printed circuit board. 

Standard pins: Select without pull-up MOS 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 

R4a/SCK and R42/SO should be used as R4o 
and R42 by serial mode register and port 
mode register respectively. 

Reset 

Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy tRc for the oscillator to 
stabilize. In all other cases, at least two 
instructions cycles are required for the MCU 
to be reset. 

Table 19 shows the parts initialized by MCU 
reset, and the status of each. 
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Table 17. 1/0 Pin Circuit Types 

!ll 

1/0 
Common 

Pins 

f Output 

'E pins 
~ c a 

Input 

pins 

Without pull-up MOS 

(NMOS open drain) (A) 

_r<><}- HLT 

~Output 
data 

r<><J-HLT 

~output 
data 

With pull-up MOS 

(B) 
CMOS (C) 

HLT Input opLT Input data data 
Ve~ecc Write Vee 

pulse HLT 
HLT 

Output ~utput 
data data 

Vee 

,,..... HLT ~- HLT{>c>i~-
~ input QHLTL:)>input 

data deta 

@HITACHI 

Applicable 

pins 

Do -D3 

R3o -R33 

R40 -R43 

R5o -R53 

R6o R63 

R7o -R73 

R80 -R83 
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1/0 
Common 

Pins 

HMCS408C/HMCS408CL/HMCS408AC 

Without pull-down MOS 

(PMOS open drain) (D) 

Vee 

~HLT 
f""\....J--Output 

data 

HLT-1""\.. Input 
'--------l...J"""";__...1 data 

With pull-down MOS (El 

Vee 

~~~~~put 
V'I t data 

VeJiJ 
Vdisp HL"f-r---._ Input 

-L__Y--data 

Applicable 

pins 

D4-D15 

R1 0 -R13 

R2o -R23 

1-----+-----------"---"----"----"-+-------------~----+--------j 

. ____ ... 

...... u .. 

Pins 

Input 

Pins 

r-. HL f --f""""h- input 
~data 

r"'\ HLT ~- Input 
~data 

~i~put 
- .5iJ UiHa 

Vee r' 
vdisp 

.HITACHI 

RA0 

RA1 
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~ 
i: 

1/0 
Common 
Pins 

l 1! Output 

! pins 

1.nput 

Pins 

W'lthout pull-up MOS (NMOS open drain) 

or CMOS IA or Cl 

Vee 

With pull-up MOS (B) 
Applicable 

pins 

(Output mode 

so 

INT0 

INT1 

SI 

SCK 
(Input mode) 

Notes: 1. In the stop mode, HLT signal is 0, HLT signal is 1 and 1/0 pins are in high impedance state. 
2. If the MCU is interrupted by serial interface in the external clock input mode, the SCK 

terminal becomes input only. 
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Table 18. Data Input from Input/ Output Common Pins 

1/0 Pin Circuit Type 

Standard Pins 

High Voltage Pins 

CMOS 

Without pull-up MOS 

(NMOS open drain) 

With pull-up MOS 

Without pull-down MOS 

(PMOS open drain) 

With pull-down MOS 

Input Possible Input Pin State 

No 

Yes 

Yes 

Yes 0 

Yes 0 

~ I 
_J\__ Write pulse 

Pull-up MOS (C) ~ ~~MOS (B) l (Output _ . instruction) 

~+--~~~-+-~-HLT 

~jlj 
Data 

On Resistance Value 
MOS 
Buffer HMCS408C, HMCS408AC HMCS408CL 

A approx. 250 n approx. 1 kn 

B approx. 1 kn approx. 1. 7 kn 

c approx. 30 kn to 160 kn approx. 60 kn to 1 Mn (Vee = 3 V) 

(Vee= 5 V) approx. 30 kn to 160 kn (Vee = 5 V) 

1 Instruction cycle 

Output instruction execution 

Write pulse 
___ _____.n...____ 

Figure 15. Output Circuit Operation of Standard Pins With Pull-Up MOS Option 
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Table 19. Initial Value After MCU Reset 

Items 

Program Counter (PC) 

Status (ST) 

Stack Pointer (SP) 

1/0 Pin Standard Pin (A) Without Pull-Up 

Output Register MOS 

(B) With Pull-Up 

MOS 

(C) CMOS 

Initial Value by 

MCU Reset 

$0000 

$3FF 

High Voltage (D) Without Pull- 0 

Pin Down MOS 

(E) With Pull- 0 
Down MOS 

Interrupt Flag Interrupt Enable Flag (l/E) 0 

Interrupt Request Flag (IF) 0 

Interrupt Mask (IM) 

Mode Register Port Mode Register (PMR) 0000 

Serial Mode Register (SMR) 0000 

Timer Mode Register A (TMA) 000 

Timer Mode Register B (TMB) 0000 

Timer/Counter Prescaler $000 

Timer/Counter A (TCA) $00 

Timer/Event Counter B (TCB) $00 

Timer Load Register (TLR) $00 

Octal Counter 000 

Note: ~v1CU ieset affects the iest ·of registers an follows: 

.HITACHI 

Contents 

Execute program from the top of ROM 

address 

Enabli: to branch with conditionaV branch 

instructions 

Stack level is 0 

Enable to input 

Enable to input 

Enable to input 

Enable to input 

Inhibit all interrupts 

No interrupt request 

Mask interrupt request 

See port mode register 

See serial mode register 

See timer mode register A 

See timer mode register B 
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Item 

Carry (CA) 

Accumulator (A) 

B Register (B) 

W Register (W) 

X/SPX Registers (X/SPX) 

Y /SPY Registers (Y/SPY) 

Serial Data Register (SR) 

RAM 

HMCS408C/HMCS408CL/HMCS408AC 

After recovering from STOP 
mode by MCU reset 

The contents of the items before 

MCU reset are not retained. 

It is necessary to initialize them by 

software. 

The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 

@HITACHI 

After MCU reset except for 
the left condition 

The contents of the items before 

MCU reset are not retained. 

It is necessary to initialize them by 

software. 

Same as above 
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Internal Osclllator Circuit 

Figure 16 outlines the internal oscillator cir
cuit. Through mask option, either crystal os
cillator or ceramic filter oscillator can be 
selected as the oscillator type. Refer to table 

Oscillator Divider 
(Selectable circuit 

21 for selection of the type. In addition, see 
figure 17 for the layout of the crystal or 
ceramic filter. In all cases, external clock 
operation is available. Three divide ratios, 1/ 
16, 1/8, and 1/4, are selectable via mask option 
(table 20). 

Timing 
System 

generator 
with mask (Mask Option circuit 

clock 

options) Selectable) 

Figure 16. Internal Oscillator Circuit 

Table 20. Internal Oscillation Circuit 
Mask Option 

HMCS HMCS HMCS GND 
408C 408CL 408AC 

Divider 1/16 0 

1/8 0 0 0 

1/4 0 0 

Oscillator Crystal 0 0 0 

Ceramic 0 0 0 
Figure 17. Layout of Crystal and 

Ceramic Filter 
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Table 21. Examples of Oscillator Circuits 

Circuit Constants 

Circuit Configuration HMCS408C HMCS408CL HMCS408AC 

External Oscillator 
Clock 
Operation OSC, 

Ceramic 
Filter 
Oscillator 

CryKtal 
Oscillator 

Open OSC2 

c, 

'-·~ filter 

c, 
GND 

c, 

c,.,,,,,r 
p, 

GND 
AT cut parallel 
resonance crystal 

osc,-GJ~sc, 
Co 

c,., ... r~' 
j;1, 

GND 
GT cut parallel 
resonance crystal 

Ceramic filter Ceramic filter Ceramic filter 
CSA 4.00MG CSA 4.00MG CSA 8.00MT 
CSA 2.000MK CSA 2.000MK CSA 4.00MG 
(Murata) (Murata) (Murata) 
R1: 1 MO± 20% R1: 1 MO ± 20% R1: 1 MO± 20% 
C1: 30 pF ± 20% C1: 30 pF ± 20% C1: 30 pF ± 20% 
C2: 30 pF ± 20% C2: 30 pF ± 20% C2: 30 pF ± 20% 

Rr: 1 ~.~n ± 20~i RT: 1 ~:.n ± 20~{, Rt: i ivii1 ::!: 20'10 
C1: 10-22 pF ± 20% C1: 10-22 pF ± 20% C1: 10-22 pF ± 20% 
C2: 10-22 pF ± 20% C2: 10-22 pF ± 20% C2: 10-22 pF ± 20% 
Crystal: equivalent to 
circuit shown 
Co: 7 pF max. 
Rs: 100 0 max. 
f: 1.0-4.5 MHz 

Crystal: equivalent to 
circuit shown 
Co: 7 pF max. 
Rs: 100 O max. 
f: 1 .0-4.5 MHz 

R1: 2 MO± 20% 
C1: 10-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to 
circuit shown 
Co: 7 pF max. 
Rs: 100 O max. 
f : 1 .0-2.25 MHz 

Crystal: equivalent to 
circuit shown 
Co: 7 pF max. 
Rs: 1000max. 
f: 1.0-4.5 MHz 
f: 1.0-9.0 MHz 

Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended 
by the crystal or ceramic filter maker. The circuit parameters are changed by crystal, ceramic 
filter resonator, and the floating capacitance in designing the board. In employing the 
resonator, please consult with the engineers of the crystal or ceramic filter maker to 
determine the circuit parameter. 

2. Wiring between OSC1, OSC2, and elements should be as short as possible, and never cross 
the other wires. Refer to the layout of crystal and ceramic filter (figure 1 7). 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
22). Figure 18 is a mode transition diagram for 
these modes. 

Standby Mode: Executing an SBY instruc
tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 
into standby mode. 

Table 22. Low Power Dissipation Mode Function 

Low Power 
Dissipation 

Mode 

Standby mode 

Stop mode 

Instruction 

SBY 

instruction 

STOP 

instruction 

Oscillator 
Circuit 

Active 

Stop 

Condition 

lnstruc:lion Register, Interrupt 
Execution Flag Function 

Stop Retained Active 

Stop RESET 1 Stop 

Timar/ 
Input/ Counter, 
OutpUt Serial Recovary 

RAM Pin Interface Method 

Retained Retained 3 Active RESET 

input, 

interrupt 

request 

Retained High Stop RESET 

impedance2 input 

Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to table 19 for the contents of 
the flags and registers. 

2. A high-voltage pin with a pull-down MOS is tied to the Vdisp power supply through the pull
down MOS. As the pull-down MOS stays on, a pull-down current flows when a difference 
between the pin voltage and the Vdisp voltage exists. This is the additional current to the 
current dissipation in stop mode Ostop). 

3. As an 1/0 circuit is active, an 1/0 current may flow, depending on the state of 1/0 pin in 
standby mode. This is the additional current to the current dissipation in standby mode. 

Figure 18. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 

Figuer 19 shows the flowchart of the standby 

Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

No 

Yes 

Restart 
Processor Clocks 

(A) 

Reset MCU 

Yes 

(8) 

Execute 
Instruction 

Yes 

mode. 

Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 16, reset 
input must be applied at least to tRc for oscil
lation to stabilize. (Refer to AC Characteris
tics table.) After stop mode is cancelled, RAM 

Yes 

Restart 
Processor Clocks 

No 

Interrupt 
Accept 

(C) 

Yes 

r 

Figure 19. MCU Operating Flowchart in Standby Mode 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 203 



HMCS408C/HMCS408CL/HMCS408AC 

retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y /SPY registers, and car
ry may not retain their contents. 

RAM Addressing Mode 

As shown in Figure 21, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: The W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four ROM addressing modes, as 
shown in figure 22. 

Direct addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC1a to PCo) with 14-bit 
immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. 

I• Stop mode •I 

This instruction replaces the low-order eight 
bits of the program counter (PC1 to PCo) with 
the 8-bit immediate data. 

When BR is on page boundary (256n + 255) 
(figure 23), executing a BR instruction trans
fers the PC contents to the next page accord
ing to the hardware architecture. Conse
quently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low-order six bits of the 
program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PC1a to 
PCs). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 24)·. When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the Rl and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B Register and also 
to the Rl and R2 port output register at the 
same time. 

The P instruction has no effect on the pro
gram counter. 

Oscillator -rmllllrTTTTlllllrmTllllllTT1Tlllll"'"'llllllTITITlllll \I Afffflfllllllllll llll Ill I llllllllllllllllll II I lllll I lllll Ill I I I I I I I Ill II I II I 

lnterna:::::_~---.----<1-l----'f ~ 
l (I 1. t~ .. , 

STOP instruction execution (more than stabilization time: !Re) 

Figure 20. Timing Chart of Recovering from Stop Mode 
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W Register,-._X_R_eg_i_st_e_r --... ,,....--Y_R_e_gi_st_e_r ---... 

W1 Wo X3 X2 X1 Xo V3 Y2 Y1 Yo 

RAM Address APo APa AP1 APs APs AP• AP:i AP2 AP1 APo 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 
,-----------------~~ 

Opcode do de d1 ds ds d• dJ dz d 1 do 

RAM Address AP9 APs AP7 AP6 AP5 AP• AP3 AP2 AP1 APo 

Direct Addressing 

Instruction 

Memory Register Addressing 

Figure 21. RAM Addressing Mode 
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(JMPL) 
(BRL) 
(CALL) 

(TBR) 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC7 PC6 PCo PC• PC3 PC2 

Direct Addressing 

Instruction 

(BR) Opcode b1 b6 bs b4 b3 b2 b1 bo 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC• PC3 PC2 PC1 PCo 

Current Page Addressing 

(CAL) Opcode a. a3 a2 a, ao 

00000000 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC4 PCJ PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

I 

Opcode P3 p2 p1 po B Register Accumulator 

0 0 

Program Counter PC13PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC• PC3 PC2 PC1 PCo 

Table Data Addressing 

Figure 22. ROM Addressing Mode 
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N 
J-,---------i256(n-1 )+255 

r- BR AAA 256n 

)- AAA NOP 

'- BR AAA 256n+254 

[
l=-~B~R._B~B~B'e_---l 2 56n + 2 55 

2561n+ 1 I 

BBB NOP 

Figure 23. The Branch Destination by BR Instruction on the Boundary between Pages 

Instruction 

(P) Opcode pa p2 p1 
B Register Accumulator 

Referred ROM Address RAa RA1 RA6 RAs RA• RAa RA2 RA1 RAo 

Address Designation 

If ROa= 1 

ROM Data R09 

If R0g=1 

Pattern 

Figure 24. P Instruction 
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Instruction Set 5. Arithmetic instruction 
6. Compare instruction 

The HMCS408C/CL/ AC provide 99 instruc
tions which are classified into 10 groups as 
follows; 

7. RAM bit manipulation instruction 
8. ROM address instruction 
9. Input/output instruction 

1. Immediate instruction 10. Control instruction 
2. Register-to-register instruction 
3. RAM address instruction 
4. RAM register instruction 

Tables 23-32 list their functions, and table 33 
is an opcode map. 

Table 23. Immediate Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 0 0 0 i3 i2 ii io i ·•A 1/1 

Load B from Immediate LBI i 0 0 0 0 0 i3 i2 ii io ·• B 1/1 

Load Memory from LMID i,d 0 0 0 i3 i2 ii io i .• M 2/2 
Immediate dg ds d1 de ds d4 d3 d2 di do 

Load Memory from LMllY i 1 0 1 0 0 1 i3 i2 i1 io i •M, Y+1 ~Y NZ 1/1 
Immediate, Increment Y 

Table 24. Register-to-Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B-A 1/1 

Load B from A LBA 0 0 0 0 0 0 0 A-B 1/1 

Load A fromW LAW 0 1 0 0 0 0 0 0 0 0 W-A 2/2 
0 0 0 0 0 0 0 0 0 0 (Note) 

Load A from Y LAY 0 0 0 0 Y-A 1/1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX -A 1/1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY-A 1/1 

Load A from MR LAMR m 0 0 lnJ m:z ,,,, II'> MR(m) -A 1/1 

Exchange MR and A XMRAm 0 lnJ m:z ,,,, II'> MR(m) -A 1/1 

Note: An operand is provided for the second word of LAW and LWA instruction by assembler automat
ically. 
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Table 25. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWI i 0 0 0 0 i1 io i-W 1/1 

Load X from Immediate LXI i 0 0 0 1 0 i3 i2 i1 io i - x 1/1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 i1 io i ·~ y 1/1 

Load W from A LWA 0 1 0 0 0 1 0 0 0 0 A-•W 2/2 
0 0 0 0 0 0 0 0 0 0 (Note) 

Load X from A LXA 0 0 0 0 0 0 A-X 1/1 

Load Y from A LYA 0 0 0 0 0 0 A-Y 1/1 

Increment Y IV 0 0 0 0 0 0 Y+1 -v NZ 1/1 

Decrement Y DY 0 0 0 1 1 1 1 Y-1 -· y NB 1/1 

AddAtoY AYY 0 0 0 1 0 0 1 0 0 Y+A-Y OVF 1/1 

Subtract A from Y SYY 0 0 0 1 0 0 0 Y-A -Y NB 1/1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1/1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y- SPY 1/1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 X-SPX, Y-SPY 1/1 
and SPY 

Note: An operand is provided for the second word of LAW and LWA instruction by the assembler \. 

automatically. 
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Table 26. RAM Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Memory LAM(XY) 0 0 1 0 0 1 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Load A from Memory LAMD d 0 1 1 0 0 1 0 0 0 0 M-A 2/2 
da da d1 de ds d4 d3 d2 di do 

Load B from Memory LBM(XY) 0 0 0 0 0 0 0 y x M-B, (X-SPX, Y-SPY) 1/1 

Load Memory from A LMA(XY) 0 0 1 0 0 1 0 1 y x A-M, (X-SPX, Y··SPY) 1/1 

Load Memory from A LMAD d 0 0 0 0 0 0 A-• M 2/2 
da da d1 de ds d4 d3 d2 di do 

Load Memory from A, LMAIY(X) 0 0 0 0 0 0 0 x A-•M. Y+1-Y(X-SPX) NZ 1/1 
Increment Y 

Load Memory from A, LMADY(X) 0 0 0 0 0 0 x A-M. Y-1 ·•Y (X-SPX) NB 1/1 
Decrement Y 

Exchange Memory and A XMA(XY) 0 0 0 0 0 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Exchange Memory and A XMADd 0 0 0 0 0 0 0 0 M-A 2/2 
da da d7 de ds d4 d3 d2 d, do 

Exchange Memory and B XMB(XY) 0 0 1 1 0 0 0 0 y x M-B, (X .. SPX, Y-·SPY) 1/1 

Note: (XV) and (X) have the following meaning: 
(1) The instructions with (XV) have 4 mnemonics and 4 object codes for each (example of 

LAM (XV) is given, below). 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X- SPX 

LAMY 0 Y - SPY 

LAMXY X-SPX, Y-SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 

Mnemonic x Function 

LMAIY 0 

LMAIYX X ~SPX 
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Table 27. Arithmetic Instructions 

Oparati«:>n Mnemonic Operation Coda Function 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMO d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n : Logical AND 
u : Logical OR 
EB : Exclusive OR 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

0 0 0 0 i~ i7 i1 in A+i ·A 

0 0 0 0 0 0 0 B+1 · B 

0 0 0 0 B-1 · B 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 A+ 1 ·A 

0 0 000000 B·B 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 

0 0 0 0 0 0 ·CA 

0 0 0 0 

0 0 0 0 0 0 0 0 0 M+A ·•A 

0 0.0 0 0 OOOM+A··A 

0 0 0 0 0 1 1 0 0 0 M+A+CA - A 
OVF -·CA 

0 1 0 0 0 1 1 0 0 0 M +A+CA ·A 
dg ds d1 de d5 d4 dJ d2 d, do OVF •CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA •A 
NB-CA 

0 1 1 0 0 1 1 0 0 0 M-A-CA-A 
ds ds d1 ds d5 d4 dJ d2 d, do NB •CA 

0 0 0 0 0 0 0 AU B ·A 

0 0 0 0 0 0 AnM-A 

0 0 0 0 0 An M-A 

0 0 0 0 0 0 OOAUM-A 

0 0 0 0 0 0 0 AU M·•A 

0 0 0 0 0 0 0 A<f) M-·A 

0 0 0 0 0 0 A® M-A 

.HITACHI 

Words/ 

Status Cycles 

OVF 1 /1 

NZ 1/1 

NB 1 /1 

1 /1 

1 /1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

CA 1/1 

OVF 1/1 

OVF 2/2 

OVF 1/1 

OVF 2/2 

NB 1/1 

NB 2/2 

1/1 

NZ 1/1 

NZ 2/2 

NZ 1/1 

NZ 2/2 

NZ 1/1 

NZ 2/2 
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Table 28. Compare Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 i3 i2 i1 io i * M NZ 1/1 
to Memory 

Immediate Not Equal INEMD i,d 0 1 0 0 1 0 i3 i2 i, io i * M NZ 2/2 
to Memory ds ds d1 d5 d5 d4 dJ d2 d, do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 0 0 A*M NZ 1/1 

A Not Equal to Memory AMEMD d 0 0 0 0 0 0 0 0 A*M NZ 2/2 
ds ds d1 d5 d5 d4 d3 d2 d, do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B*M NZ 1 /1 

Y Not Equal to Immediate YNEI i 0 0 0 iJ i2 i1 io y * i NZ 1 /1 

Immediate Less or Equal ILEM i 0 0 0 0 i3 i2 i, io i;;;; M NB 1 /1 
to Memory 

Immediate Less or Equal ILEMD i,d 0 1 0 0 1 1 i3 i2 i1 io i ~ M NB 2/2 
to Memory ds ds d1 d5 d5 d4 d3 d2 d, do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A ;:£ M NB 1 /1 

A Less or Equal to Memory ALEMD d 0 0 0 0 0 0 0 A;:£ M NB 2/2 
ds ds d1 d5 d5 d4 d3 d2 d, do 

·-·-------·-------
B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B ;:£ M NB 1 /1 

A Less or Equal to Immediate ALEI i 0 0 i3 i2 i, io A;;;;; i NB 1 /1 

Table 29. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n, no ··• M(n) 1/1 

Set Memory Bit SEMD n,d 0 0 0 0 0 n, no • M(n) 2/2 
ds ds d1 d5 d5 d4 dJ d2 d, do 

-------·-

Reset Memory Bit REM n 0 0 0 0 0 0 n, no 0 ,M(n) 1/1 
------~-~--

Reset Memory Bit REMD n,d 0 0 0 0 0 n, no 0 ·• M(n) 2/2 
de ds d7 de d5 d4 d3 d2 d1 do 

- -----------~-----

Test Memory Bit TM n 0 0 0 0 0 n, no M(n) 1 /1 
--------~-~-----

Test Memory Bit TMD n,d 0 0 0 0 n1 no Min) 2/2 
de ds d7 de d5 d4 d3 d2 d1 do 
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Table 30. ROM Address Instructions 

Operation Mnemonic Operation Code 

Branch on Status 1 BR b 

Long Branch on Status 1 BRL u 0 0 1 1 1 P3 P2 P 1 Po 

---------------~--------

Long Jump Unconditionally JMPL u 

Subroutine Jump on Status 1 CAL a 

Long Subroutine Jump on CALL u 
Status 1 

Table Branch TBR p 

Return from Subroutine RTN 

Return from Interrupt RTNI 

0 1 0 1 0 1 P3 P2 P 1 PO 
dg da d1 dG ds d4 d3 d1 d, do 

0 1 0 1 1 0 P3 P2 P1 PO 
dg da d1 dG ds d4 dJ d2 d, do 

0 0 1 0 1 1 P3 P2 P1 PO 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

Table 31. Input/Output Instructions 

Operation Mnemonic Operation Code 

Set Discrete 1/0 Latch SEO 0 0 0 0 1 0 0 

Set Discrete 1/0 Latch Direc SEDD m 0 Om3m2m1mo 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 

Reset Discrete 1/0 Latch Direct REDD m 0 0 Om3m2m1mo 

Words/ 

Function Status Cycles 

1 /1 

2/2 

2/2 

1/2 

2/2 

1 /1 

1/3 

1 •l/E ST 1/3 
CA Restore 

Words/ 

Function Status Cycles 

- D(Y) 1 /1 

• D(m) 1 /1 

0 • DIY) 1 /1 

0 ·Dim) 1 /1 
·----------·--

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 DIY) 1 /1 

Test Discrete 1/0 Latch Direct TDD m 0 0 Om3m2m1mo Dim) 1 /1 

Load A from R Port Register LAR m 0 0 0 1 m3 m2 m1 mo Rim) - A 1 /1 
----------

Load B from R Port Register LBR m 0 0 0 Om3rnim1mo Rim) ·B 1 /1 

Load R Port Register from A LRA m 0 0 1 mJ m2 m1 mo A ·Rim) 1 /1 
-----------------------------~ 

Load R Port Register from B LAB m 0 0 Om3m2m1mo B •Rimi 1 /1 
-------~----------------------

Pattern Generation pp 0 0 1 1 P3 P2 P1 Po 1/2 

Table 32. Control Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 1 /1 

Start Serial STS 0 0 0 0 0 0 0 1 /1 

Standby Mode SBY 0 0 0 0 0 0 1 /1 

Stop Mode STOP 0 0 1 0 0 1 0 1 /1 
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Table 33. Opcode Map 

RS 0 1 

R9 H L 0 1 21 3 4 51617 8 91 Al B C D l E F 0111213 4 51617 8 91 Al B C D l El F 

2 INEM 

3 ILEM i(4) ILEMD i(4) 

4 LBM(XY) ~ ~ LAB~ 18 ~ COM~~loR ~JsTs ~ SBY T~ 
5 LMAIY(X)0AYY ~ fA'l'Y ~ IY ~ JMPL p(4) 

6 f'IEG ~ RED ~ ~ ------- lTC CALL p(4) 

0 7 YNEI i(4) BRL p(4) 

8 XMA(XY) SEM n(2) REM n(2) TM n(2) M~ SEMO n(2) REMO n(2) TMD n(2) 

9 LAM(XY) LMA(XY) MC~~~R~~~ ANMo z 
~A-~f<~_J_OT_i....,:---------::__ __ }LoA~~~~:___~f_A1~----------~--__LLA_Y+-------L-M_ID ___ i(_4) ________ • 

B TBR p(4) p p(4) 
r--c-t_X_M_B_(_X_Y_)-,-B-LE'M-~--c;;>rLB-A,-~-------,=,.,--0-B-1"---------------------

D LMADY(Xl[L SYY ~ LYA ---- DY 

E TD ~SEO ~ LXA ~ REC L SEC 

F LWI i(2) 

0 LBI i(4) 

LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

5 LAR m(4) 

6 REDD m(4) 

1 7 LAMR m(4) 

8 Al i(4) 

9 LMllY i(4) 

A TDD m(4) 

B ALEI i(4) 

c LRB m(4) 

D LRA m(4) 

E SEDD m(4) 

F XMRA m(4) 

CAL a(6) 

BR b(8) 

c=J· ·1-word/2-cycle c::::::J· ·1-word/3-cycle c:::J· ·RAM Direct Address c=J· ·2-word/2-cycle 

Instruction Instruction Instruction Instruction 

(2-word/2-cycle) 
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Absolute Maximum Ratings 

Item Symbol Vallie Unit Note 

Supply Voltage Vee - 0.3 to+ 7.0 v 

Terminal Voltage VT - 0.3 to Vee + 0.3 v 3 

Vee - 45 to Vee + 0.3 v 4 

Total Allowance of Input Current ~ lo 50 mA 5 

Maximum Input Current lo 15 mA 7, 8 

Maximum Output Current - lo 4 mA 9, 10 

6 mA 9, 11 

30 mA 9, 12 

Total Allowance of Output Current - ~ lo 150 mA 6 

Operating Temperature Tapr - 20 to+ 75 ·c 

Storage Temperature Tstg - 55to + 125 ·c 

Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera
tion should be under the conditions of Electrical Characteristics. If these conditions are 
exceeded, it may cause a malfunction or affect the reliability of LSI. 

2. All voltages are with respect to GND. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input current which flows in from all 1/0 

pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out 

from Vee to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
8. Do-03andR3-R8. 
9. Maximum output current is the maximum amount of output current from Vee to each 1/0 

pin. 
10. Oo-03 and R3-R8. 
11. RO-R2. 
12. 04-015. 
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Electrical Characteristics 

DC Characteristics 

(GND = 0 V, Vctisp = Vee - 40 V to Vee, Ta = -20°C to + 75°C, 
HMCS408C.: Vee = 3.5 V to 6 V, 
HMCS408CL: Vee = 2.5 V to 6 V, 
HMCS408AC: Vee = 4.5 V to 6 V) 

Item Symbol Pin Min Typ Max Unit Test Condition Note 

Input High V1H RESET, SCK 0.8 Vee Vee + 0.3 v 
Voltage R32/INT0, 

R33/INT1 

SI 0. 7 Vee Vee + 0.3 v 

OSC1 Vee - 0.5 Vee + 0.3 v H MCS408C/ AC 

Vee - 0.3 Vee+ 0.3 v HMCS408CL 

Input Low V1L RESET, SCK - 0.3 0.2 Vee v 
Voltage R32/INT0, 

R33/INT1 

SI - 0.3 0.3 Vee v 

osc, - 0.3 0.5 v HMCS408C/ AC 

- 0.3 0.3 v HMCS408CL 

Output High VoH SCK, Vee - 1 .0 v HMCS408C/AC; 
Voltage so - loH = 1.0 mA 

Vee - 0.5 v HMCS408C/AC; 
- loH = 0.5 mA 
HMCS408CL; 
- loH = 0.3 mA 

Output Low VOL SCK, 0.4 v HMCS408C/AC; 
Voltage so loL = 1.6 mA 

HMCS408CL; 
loL = 0.4 mA 

Input/Output 11 1J RESET,SCK µA V;n = 0 V to Vee 
Leakage R32/INT0, 
Current R33/INT1, 

SI, SO, 
OSC1 

Current Ice Vee 2.3 mA HMCS408C; Vee = 5 V; 2,5 
Dissipation in fosc = 4 MHz, + 8, or 
Active Mode fosc = 2 MHz, + 4 

1.1 mA HMCS408CL; Vee = 3 V; 2,5 

fosc = 4 MHz, + 16, or 
f0 sc = 2 MHz, + 8 

4.5 mA HMCS408AC; Vee = 5 V; 2,5 

f 0 sc = 4 MHz, + 4 
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Item 

Current 
Dissipation in 
Standby Mode 

Current 
Dissipation in 
Stop Mode 

Symbol Pin 

lsev Vee 

I stop Vee 

Stop Mode V8100 Vee 
Retain Voltage 

Min 

2 

Typ Max Unit 

1.2 mA 

0.5 mA 

1.7 mA 

10 µA 

v 

Notes: 1 . Excluding pull-up MOS current and output buffer current. 

Test Condition 

HMCS408C; Vee = 5 V; 
fosc = 4 MHz, + 8, or 
fosc = 2 MHz, + 4 

HMCS408CL; Vee = 3 V; 
fosc = 4 MHz, + 16, or 
fosc = 2 MHz, + 8 

HMCS408AC; Vee = 5 V; 
fosc = 4 MHz, + 4 

HMCS408C/AC; 
V;n(TEST) = Vee - 0.3 V to 
Vee; Vee. Vin(RESET) = 
0Vto0.3V 
HMCS408CL; 
V;n(TEST) = Vee - 0.2 V to 
Vee: Vee. Vin(RESET) = 
0Vto0.2V 

2. The MCU is in the reset state. Input/output current does not flow. 
• MCU in reset state, operation mode 
·RESET, TEST: Vee 
• Oo-03, R3-R9: Vee 
• 04-015, RO-R2, RAo, RA1: Vdisp 

N-

3,5 

3,5 

3,5 

4 

3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
• Serial interface: Stop 
·RESET: GNO 
·TEST: Vee 
• Oo-Oa, R3-R9: Vee 
• 04-015, RO-R2, RAo. RA1: Vdisp 

4. Excluding pull-down MOS current. 
5. When fosc = x MHz, estimate the current dissipation as follows: 

HMCS408C/AC; Max value@ x MHz = x/4 x (max value@ 4 MHz) 
HMCS408CL; Max value@ x MHz = x/2 x (max value@ 2 MHz) 
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Input/Output Characteristics for Standard Pin 

(GND = 0 V, Vctisp =Vee - 40 V to Vee, Ta = - 2o·c to + 75·c, 
HMCS408C: Vee = 3.5 V to 6 V, 
HMCS408CL: Vee = 2.5 V to 6 V, 
HMCS408AC: Vee = 4.5 V to 6 V) 

Item Symbol Pin Min Typ Max Unit Test Conditions Note 

Input High V1H Do-D3, o. 7 Vee Vee + 0.3 v 
Voltage R3-R5, 

R9 

Input Low V1L Do-D3, - 0.3 0.3Vee v 
Voltage R3-R5, 

R9 

Output High VoH Do-D3, Vee - 1.0 v HM CS408C/ AC; 
Voltage R3-R8 - loH = 1.0 mA 

Do-D3, Vee - 0.5 v HMCS408C/AC; 
R3-R8 - loH = 0.5 mA 

HMCS408CL; - loH = 0.3 mA 

Output Low Vol Do-D3, 0.4 v HMCS408C/AC; loL = 1.6 mA 
Voltage R3-R8 HMCS408CL; loH = 0.4 mA 

Input/Output I 11J Do-D3, µA V;n = 0 V to Vee 2 
Leakage Current R3-R9 

Pull-Up MOS -Ip Do-D3, 30 60 150 µA Vee = 5 V, V;n = 0 V 3 
Current R3-R9 

Do-D3, 3 15 50 µA HMCS408C.L only; 3 
R3-R9 Vee = 3 V. V;n = 0 V 

Notes: 1 . Applied to 1/0 pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. Applied to 1/0 pins with pull-up MOS selected by mask option. 
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HMCS408C/HMCS408CL/HMCS408AC 

Input/Output Characteristics for High Voltage Pin 

(GND = 0 V, Vdisp =Vee - 40 V to Vee, Ta = - 2o·c to + 75"C, 
HMCS408C: Vee = 3.5 V to 6 V, 
HMCS408CL: Vee = 2.5 V to 6 V, 
HMCS408AC: Vee = 4.5 V to 6 V) 

Item Symbol Pin Min Typ Max Unit Test Conditions 

Input High 
Voltage 

Input Low 
Voltage 

Output High 
Voltage 

Output Low 
Voltage 

Input/Output 
Leakage 
Current 

Pull-Down MOS 
Current 

VoH 

Vol 

04-D15. 0.7Vee 
R1, R2, 
RAo. RA1 

D4-D15. Vee - 40 
R1, R2, 
RAo, RA1 

RO-R2 

04-D15, 
RO-R2, 
RAo. RA1 

Vee - 3.0 

Vee - 2.0 

Vee - 1.0 

Vee - 3.0 

Vee - 2.0 

Vee - 1.0 

04-015. 125 
RO-R2, 
RAo, RA1 

Vee+ 0.3 V 

0.3 Vee V 

v 

v 

v 

v 

v 

v 

Vee - 37 v 

Vee - 37 v 

20 µA 

250 600 µA 

- loH=15 mA,Vee = 5V ± 20% 

- loH= 10 mA,Vee = 5 V ± 20% 

HMCS408C/AC; 
- loH= 4 mA 
HMCS408CL; 
- loH = 2.5 mA 

- loH = 3 mA, Vee = 5 V ± 20% 

- loH = 2 mA, Vee = 5 V ± 20% 

HMCS408C/AC; 
- loH = 0.8 mA 
HMCS408CL; 
- loH = 0.5 mA 

Vdisp = Vee - 40 V 

1 50kn to Vee - 40V 

Vin = Vee - 40 V to Vee 

Vdisp = Vee - 35 V, 
Vin =Vee 

Notes: 1. Applied to 1/0 pins with pull-down MOS selected by mask option. 

Note 

2 

3 

4 

2. Applied to 1/0 pins without pull-down MOS (PMOS open drain) selected by mask option. 
3. Pull-down MOS current and output buffer current are excluded. 
4. Applied to 1/0 pins with pull-down MOS selected by mask option. 
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HMCS408C/HMCS408CL/HMCS408AC 

AC Characteristics 

(GND = 0 V, Vctisp =Vee - 40 V to Vee, Ta = - 20°C to + 75°C, 
HMCS408C: Vee = 3.5 V to 6 V, 
HMCS408CL: Vee = 2.5 V to 6 V, 
HMCS408AC: Vee = 4.5 V to 6 V) 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

Oscillation Frequency fosc OSC1, OSC2 0.4 4 4.5 MHz HMCS408C; 
divide by 8 

0.2 2 2.25 MHz HMCS408C; 
divide by 4 

0.8 4 4.5 MHz HMCS408CL; 
divide by 16 

0.4 2 2.25 MHz HMCS408CL; 
divide by 8 

0.4 4 4.5 MHz HMCS408AC; 
divide by 4 

04 8 9 MHz HMCS408AC; 
divide by 8 

Instruction Cycle tcyc 1.78 2 20 µs HMCS408C 
Time 

3.55 4 20 µS HMCS408CL 

0.89 20 µs HMCS408AC 

Oscillator Stabiliza- tRc OSC1, OSC2 20 ms HMCS408C/AC 
tion Time 

60 ms HMCS408CL 

External Clock tcpH, osc, 92 ns HMCS408C; 2 
High, Low tcPL divide by 8 
Level Width HMCS408CL; 

divide by 16 
HMCS408AC; 
divide by 4 

203 ns HMCS408C; 2 
divide by 4 
HMCS408CL; 
divide by 8 

41 ns HMCS408AC; 
divide by 8 

(continued) 
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HMCS408C /HMCS408CL/HMCS408AC 

AC Characteristics (Cont) 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

External Clock Rise tcPr OSC1 20 ns 2 
Time 

-----~--·--·-------·----- -··-----·--------- ---------
External Clock Fall tep1 OSC1 20 ns 2 
Time 

INTo High Level t10H INTo 2 tcyc 3 

Width 

INTo Low Level t10L INTo 2 tcyc 3 

Width 

INT 1 High Level t11 H INT1 2 tcyc 3 

Width 

INT 1 Low Level t11L INT1 2 tcyc 3 

Width 

RESET High Level tRSTH RESET 2 tr.yr 4 
Width 

Input Capacitance Cin All pins 15 pF f = 1 MHz, 

Vin= 0 V 

RESET Fall Time tRSTf 20 ms HMCS408C/ AC 4 
---· 

15 ms HMCS408CL 4 

Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches its 
minimum allowable voltage (HMCS408C:3.5 V, HMCS408CL; 2.5V, HMCS408AC; 4.5 
V) after power-on, or after RESET goes high. At power-on or STOP mode release, RESET 
must be kept high for at least tRe. Since tRe depends on the crystal or ceramic filter's circuit 
constant and stray capacitance, please get the manufacturer's advice when designing the 
RESET circuit. 

2. See figure 25. 
3. See figure 26. 
4. Seefigure27. 
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HMCS408C/HMCS408CL/HMCS408AC 

Serial Interface Timing Characteristics 

AT Transfer Clock Output 

(GND = O V, Vdiap =Vee - 40 V to Vee, Ta= -2o·c to+ 75"C, 
HMCS408C: Vee = 3.5 V to 6 V, 
HMCS408CL: Vee = 2.5 V to 6 V, 
HMCS408AC: Vee= 4.5 V to 6 V) 

Item Symbol Pin Min Typ Max 

Transfer Clock Cycle Time tscyc SCK 

Transfer Clock High, tscKH SCK 0.5 
Low Level Width tscKL 

Transfer Clock Rise. Fall Time 
tscKr 

SCK 100 

tscKt 300 

Serial Output Data Delay time to so so 300 

600 

250 

Serial Input Data Set-up Time tssi SI 500 

1000 

300 

Serial Input Data Hold Time tHSI SI 150 

500 

.HITACHI 

Unit Test Condition 

!eye 

tscyc 

ns HMCS408C/AC 

ns HMCS408CL 

ns HMCS408C 

ns HMCS408CL 

ns HMCS408AC 

ns HMCS408C 

ns HMCS408CL 

ns HMCS408AC 

ns HMCS408C/AC 

ns ·HMCS408CL 
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HMCS408C/HMCS408CL/HMCS408AC 

AT Transfer Clock Input 

Item Symbol Pin Min Typ Max Unit Test Condition Note 

Transfer Clock Cycle Time tscyc SCK tcyc 

Transfer Clock High, tsCKH SCK 0.5 t,,cyc 
Low Level Width tscKL 

Transfer Clock Rise, Fall Time tscKr SCK 100 ns HMCS408C/AC 

tscKt 300 ns HMCS408CL 

Serial Output Data Delay Time toso so 300 ns HMCS408C 1.2 

600 ns HMCS408CL 1.2 

250 ns HMCS408AC 1.2 

Serial Input Data Set-up Time tss1 SI 500 ns HMCS408C 

1000 ns HMCS408CL 

300 ns HMCS408AC 

Serial Input Data Hold Time tHSI SI 150 ns HMCS408C/AC 

500 ns HMCS408CL 

Notes: 1. See figure 28. 
2. See figure 29. 
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HMCS408C/HMCS408CL/HMC:S408AC 

HMCS408C/AC 

tcPr tcPI 

HMCS408CL 

tcPr tcPI 

Figure 25. Oscillator Timing 

Figure 26. Interrupt Timing 

RESET 

tRSTI 

Figure 27. Reset Timing 
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so 

SI 

HMCS408C/HMCS408CL/HMCS408AC 

tscKr 

Vcc-2.0V (0.8Vccl • 

0.8V (0.2Vecl • l'---"I 
tscKH 

Vee-2.0V 

o.sv 

• Vee-2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8Vee and 0.2Vee are the threshold voltage for transfer clock input. 

Figure 28. Timing Diagram of Serial Interface 

Vee 

Figure 29. Timing Load Circuit 
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HMCS408C/HMCS408CL/HMCS408AC 

226 

HMCS4(>8C/AC/CL 
MASK OPTION LIST 

SV Oparation 

3V Oparatlon 

High Spaed Oparation 

: 0 HMCS408C 

: 0 HMCS408CL 

: 0 HMCS408AC 

*Please enter check marks in D 
l•.x. v'). 

(1) 1/0 Option 

Please enter O in applicabte item for 1/0 option selection. 

Date of Order 

Customer 

Dept. 

Name 

ROM Code Name 

LSI Type Number 
(Hitachi's entry} 

A; \"llthct.:t !>:.:!!-:.:;::~ ... ~OS ~NMOS Open Ore!n) B; With P!.!!!-!.!p ~.'!OS 
C; CMOS (not be used as Input) 
O; Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS 

Note (1/0 options masked by r..a are not avaih1ble. I 

Pin 

Do 

o, 

02 

03 

Os 

Da 

o, 

De 

09 

010 

o,, 

012 

013 

o,. 
o,. 

RO 

R1 

R2 

ROo 

R01 

RO, 

R03 

R1 0 

R1 3 

R20 

R21 

R22 

R23 

Input/Output 
A 8 

Input/Output 
~f--------1-+--+-l'»i 
;;: Input/Output 
"E1------+-+--+j Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 
~ f-------!ff7. 
;;: Input/Output 

f Input/Output 

~ 
~ Input/Output 

:c Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/output 

Output 

Output 

Output 

Output 

~ Input/Output 
;;: 
& Input/Output 

~ 
r 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Pin 

R3o 

R31 

R32 

R5o 

R51 

R52 

R6o ~ 

1/0 Option 
Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Output 

R61 
~ 1-0-u_t_p-ut---+-t-t--{i; 

) R62 Output 

R63 Output 

R70 Output 

R7 1 Output 

R81 

R82 

R83 

R9o 

R91 

R92 

R93 

Output 

Output 

Output 

Output 

Output 

Output 

Input 

Input 

Input 

Input 

RAo f ~l_n_pu_t ___ _ 

RA, lf Input 
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HMCS408C /HMCS408CL/HMCS408AC 

(2) RA1/Vctisp 

RA1/Vctisp 

0 RA1: Without Pull-down MOS ID) 

* Please enter check marks(•. X, v) in applicable 
item. 

(3) Package 

Package 

D DP-645 (shrink package) 

D FP-64 

[] FP-64A 

* Please enter check marks(•. X, v) in applicable 
item. 

Note) RA1 /Vdisp has to be selected as Vdisp pin exept the case that all high pins are option 0. 

(4) Divider (DIV) (5) ROM Code Media 

Products 
HMCS408C HMCS408CL HMCS408AC 

divider ROM Code Media 

16 D EPROM: Emulator Type 

0 ~ - D v L.J 

4 D D 

D EPROM: EPROM On-Package Microcom-

puter Type 

Check List of Application 

(A) Oscillator (CPG option) 

D HMCS408C D HMCS408CL D HMCS408AC 

(5V Operation) (3V Operation) (High Speed Operation) 
CPG 

D Ceramic Filter 
option 

D Ceramic Filter D Ceramic Filter 

D Crystal D Crystal D Crystal 

D External Clock D External Clock D External Clock 

* Please enter check marks(•. X, v) in applicable item. 
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HD4074008------
Description 
The HD4074008 is a ZTAT microcomputer in
corporating 8 kwords of programmable ROM 
and 512 digits of RAM. It is a CMOS 4-bit single
chip HMCS400-series microcomputer provid
ing the high programming productivity, high
speed operation, and low power dissipation. 

Features 

• 8,192 words x 10 bits programmable ROM 
(Programming spec is compatible with 
the 27256 type) 

e 512 digits x 4 bits RAM 
• 58 I/O lines including 12 high current pins 

(15-mA), I/O pin circuit type; open drain 
• Two on-chip timer/counters 
• Clock synchronous 8-bit serial interface 
• Five interrupt sources 

-External 2 
-Internal 3 

• Subroutine stack: Up to 16 levels includ
ing interrupts 

• Two low power dissipation mode 
-Standby mode 
-Stop mode 

• On-chip oscillator: Crystal or ceramic fil
ter (Externally drivable) 

• Minimum instruction cycle time 0.89 µs 
• Operation modes 

-MCUmode 
-PROM mode 

• Package 
~4-pin shrink type plastic DIP 
~4-pin shrink type ceramic DIP with 

window 
~4-pin flat plastic package 

Program Development Support Tools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 

• Programming socket adapter for program
ming the EPROM-on-chip device 

Ordering Information 

Part No. Clock Freq. (MHz) P_.ge 

HD40740085 

HD4074008C 

HD4074008F 

HD4074008H 

8 DP-645 

DC-645 

FP-64 

FP-64A 
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Pin Arrangement 

R03 9 
A1Q 10 
Rl, 
R1, 
R1, 
R2o 
R2, 
R2, 
R23 11 

AAo ta 
RA, 

R3o 
RJ, 

A32/INT0 
R33/INT1 

R50 
R5, 
R5, 
R5, 
R6o 
R6, 
R6, 
R61 .11 

vccB~'-' ------'" 
(DP-64S,DC-64S) 

R03 
R1o 
R1 1 

R12 
R13 
R2o 
R2 1 

R22 
R23 
RAo 
RA 1 

R3o 
R31 

R32/INT0 
R33/INT1 

R5o 

RO, 

RA, 

R3o 
RJ, 

R32/INT0 
R33/INT1 

R5o 
R5, 

(FP-64A) 

(Top View) 

@HITACHI 

(FP-64) 

D2 
D, 
Do 
GND 
OSC2 
osc, 
TEST 
RESET 
R93 
R92 
R9 1 

R9o 
R83 
R82 
R8 1 

RSo 

HD4074008 

o, 
o, 

OSC2 
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"" "' 0 

I 
PROM Mode MCU Mode 

+ + I 
I 

s= 
"' 2: 
)> 

3 
"' M1 R9, ::::!. 

"' "" r 
Mo 

?:l: Ag 

• v •• 
I s-· 

R83 n 
2: 
-0 R82 

~ R81 

• 
"" 

RBo 
0 
0 
0 R73 

~· R72 

OJ :c OE R7 1 
"8 - CE R7o 
3: ~ 
-0 0 
~ :c R63 . R62 
CD R6, i3S· 
c- R6o 
~ 
~ 
C"> 

I 
RS3 )> 

<O RS2 ... 
0 RS1 0 
'f' RSo o> 

'° • 
£: 
SJ 
01 

"' <p 

"' "' 0 
0 

R4o/R41/R42/ 

SCK SI SO 

0;· Oe Os 04 

Timer 

A 

Timer 

B 

Interrupt Control 

RAM S12X4bit 

R33/ R32/ 
INT 1 INTo 

External 

Interrupt 

RESET Tffi OSC1 OSC2 VrG(D.-----------. 
System Control 

SP Instruction 
Decoder 

PROM 

8192X 'Obit 

PC 

~MCU Mode 

A14A,13 A12A11A1oAo Aa A1 As As A4 A3 A2 A, 03 02 01 Oo ~PROM Mode 

1:1:1 -g 
II;" 

0 ... 
I» 

CQ ... 
I» a 

:r: 
tJ 
ii:::. 
0 
-....] 
ii:::. 
0 
0 
(X) 



Pin Description 

Pin No. MCU Mode PROM Mode 

DC-645, 
DP-645 FP-64 FP-64A Symbol 1/0 Symbol 1/0 

59 57 D11 1/0 Vee 

2 60 58 D12 1/0 

3 61 59 013 1/0 
--------~ 

4 62 60 014 1/0 

5 63 61 D15 1/0 

6 64 62 ROo 0 Al 
-----------------

7 1 63 R01 0 Az 

8 2 64 R02 0 A3 

1 0 4 2 R 1 o 1/0 A5 

11 5 3 R 11 1/0 A5 

1 2 6 4 R 1 2 1/0 A1 

13 7 5 R 1 3 1/0 As 
-------

14 8 6 R2o 1/0 Ao 

15 9 7 R21 1/0 A10 

16 10 8 R22 1/0 A11 
-----
17 11 9 R23 1/0 A12 

18 12 10 RAo 

1 9 1 3 11 RA1 I 
----~---·---------

20 14 12 R3o 1/0 A13 

21 15 13 R31 1/0 A14 

22 1 6 1 4 R32/INT 0 1/0 

23 1 7 1 5 R33/INT1 1/0 

24 1 8 1 6 R5o 1/0 

25 19 1 7 R51 1/0 

26 20 1 8 R52 1/0 

27 21 1 9 R53 1/0 

28 22 20 R6o 0 

29 23 21 R61 0 
-----------------

30 24 22 R62 0 

31 25 23 R63 0 

32 26 24 Vee 

(Note) 1/0 : Input/Output Pins 
I : Input Pins 

0 : Output Pins 

Vee 

HD4074008 

Pin No. MCU Mode PROM Mode 
--------~ -----
DC-645, 
DP-645 FP-64 FP-64A Symbol 1/0 Symbol 1/0 

33 27 25 R4o/SCK 1/0 04 1/0 

34 28 26 R41/SI 1/0 05 1/0 

35 29 27 R42/SO 1/0 05 1/0 
·---- -------

36 30 28 R43 f/0 01 1/0 

37 31 29 R7 0 0 CE 
------
38 32 30 R71 0 OE 

·--------------
39 33 31 R72 0 

40 34 32 R73 0 

41 35 33 R8o 0 

42 36 34 R81 
-----
43 37 35 R82 

44 38 36 R83 

45 39 37 R9o 

46 40 38 R91 

47 41 39 R92 

48 42 40 R93 

49 43 41 RESET 

50 44 42 TEST 

0 

0 

0 

51 45 43 OSC1 I 

Vpp 

As 

Mo 

RESET 

TEST 

-------
52 46 44 OSC2 0 

53 47 45 GND GND 

54 48 46 Do 1/0 Oo 1/0 

55 49 47 D1 1/0 01 1/0 
------ ------------
56 50 48 D2 1/0 02 1/0 

57 _5_1 __ 4_9 ___ o_c3 ___ ,_;o __ o_3 __ 1;0 

58 52 50 04 1/0 

59 53 51 05 1/0 

60 54 52 05 1/0 

61 55 53 07 1/0 

62 56 54 Da 1/0 

63 57 55 Ds 1/0 

64 58 56 D10 1/0 Vee 
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HD4074008 

Pin Function 

GND, Vee (Power) 

GND and Vee are the power supply pins for 
the MCU. Connect GND to the ground (0 V) 
and apply the Vee power supply voltage to 
the Vee pin. 

TEST (Test) 

TEST is for test purposes only. Connect it to 
Vee. 

RESET (Reset) 

RESET resets the MCU. For details, see Reset 
section. 

OSCi. OSC2 (Oscillator Connections) 

OSC1 and OSC2 are the connected pins for the 
internal oscillator circuit. They can be con
nected to a crystal resonator, ceramic filter 
resonator, or external oscillator circuits. 

Do·D1s (D Port) 

The D port is an input/output port addressed 
by one bit. These 16 pins are all input Do to 03 
are standard and 04 to 015 are large current 
standard pins. The circuit type for each pin 
can be selected using a mask option. For 
details, see Input/Output section. 

RO-RA (R Port) 

RO-R9 are 4-bit I/O ports. RA is a 2-bit I/0 
port. RO, R6, R7, and RS are output ports, R9 
and RA are input ports, and Rl to R5 are I/O 
ports. All pins of port RO-RA are standard 
pins. The circuit type of 04·015 and RO·R2 is 
PMOS open drain, and that of Do-03 and R3· 
RS is NMOS open drain. R32, R33 and R4o, R41, 
R42 are multiplexed with INTo, INT1, SCK, SI, 
and SO respectively. The RA1 pin should be 
used as RA1 since it is PMOS open drain (MOS 
without pull-down). For details, see Input/ 
Output section 

INTo, INT1 (Interrupts) 

INTo and INT1 are external interrupts for the 
MCU. INT1 can be used as an external event 
input pin for timer B. INTo and INT1 are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 

SCK, SI, SO (Serial Interface) 

Tne transier clock I/O pin (SCKj, serial data 
input pin (SI), and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with R4o, R41, and R42 
respectively. For details, see Serial Interface 
section. 

Vpp (Program Voltage) 

Vpp is the input for the program voltage (12.5 
V±0.3 V) for programming the PROM. 

CE (Chip Enable) 

CE is the input for programming and verify
ing internal PROM. 

OE (Output Enable) 

OE is the input of data output control signal 
for verify. 

Ao·A14 (Address Bus) 

Ao·A14 are address input pins for internal 
PROM. 

Oo·01 (PROM Data Bus) 

These are data bus for internal PROM. 

Mo, Ma (Mode) 

Mo and Ml, set PROM mode. PROM mode is 
set when Mo, Ml, and TEST pins are low level 
and RESET pin high level. 
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Functional Description 

ROM Memory Map 

The MCU includes 8,192 words x 10 bits of 
PROM. It is described in the following para
graphs and the PROM memory map (figure 1). 

Vector Address Area ($0000 to $000F): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 

0 1111 
15 
16 

63 
64 

4095 
4096 

8191 
8192 

16383 

Vector Address 

Zero-Page Subroutine 

(64Words) 

Pattern 

(4096 Words) 

Program 

(8192 Words) 

Not Used 

1soooo 
SOOOF 

\" 
$003F 
$0040 

$0FFF 
$1000 

$1FFF 
$2000 

S 3FFF 

HD4074008 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 

Pattern Area ($0000 to $0FFF): Locations 
$0000 through $0FFF are reserved for PROM 
data. P instructions can refer to the PROM 
data as a pattern. 

Program Area ($0000 to $1FFF): Locations 
from $0000 to $1FFF can be used for program 
code. 

o( JMPL Instruction 

1 (Jump to RESET Routine) 

2t- JMPL Instruction -
3 (Jump to INTo Routine) 

4 JMPL Instruction 
st- (Jump to INT1 Routine) -

Jsoooo 
$0001 

$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

$0008 

$0009 

SOOOA 

$0008 

soooc 
$0000 

SOOOE 
SOOOF 

6 JMPL Instruction 
7~ (Jump to TIMER A Routine) -

B J MPL Instruction 

9r (Jump to TIMER B Routine) -

0 

1 

2 JMPL Instruction 
3t- (Jump to SERIAL Routine) -

~ 

Figure 1. PROM Memory Map 
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HD4074008 

RAM Memory Map 

The MCU includes 512 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are also mapped on the RAM 
memory space. The RAM memory map (figure 
2) is described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
nnlu 'hu .Q 1:) A 1\A' n; ... TnAnh·"'linlaf";nn ;T"IC!f"T111""'t'inn _ ........ , -, - ----·- _ ........ ·---r--.... -........... - ..... -------· 

0 

31 
32 

47 
48 

479 
480 

959 
960 

1023 

RAM-mapped Registers 

Memory Registers(MR) 

~-------------------

Data 

(448 Digits) 

Not Used 

Stack 
(64Digits) 

$000 

$01F 
$020 
\ 
$02F 
$030 

$1DF 
$1EO 

$3BF 
$3CO 

$3FF 

0 

1 

2 

3 
4 

5 

6 

7 

8 

9 

However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
cannot be accessed by RAM bit manipulation 
ir~tru.cticns. 

Interrupt Control Bits 

Port Mode Reg. (PMR): W 

Serial Mode Reg. (SMR) 1 W 

Serial Data Reg. Lower (SRL) :R/W 
Serial Data Reg. Upper (SRU) •R/W 

Timer Mode Reg. A (TMAI! W 

Timer Mode Reg. B (TMB) i W 

10t- TIMER B* 
(TCBL/TLRLI :R;W 

(TCBU/TLRU):R/W 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$00A 

$008 

sooc 
11 
12 

Not Used 

31 $01F 

*Two registers are mapped on same address. 

R: Read Only 

W: Write Only 

R/W: Read/Write 

Timer/Event Counter B Lower! 
lO (TCBL) R 

11 Timer/Evtm(~~~C\t" B Uµµer! R l 
Timer Load Reg. Lower 

(TLRL) 
w 

Tirnet Load Reg. Upper : 
(TLRU) : W 

Figure 2. RAM Memory Map 
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Data Area ($020 to $1DF): 16 digits of $020 
through $02F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC}, status (ST}, and carry (CA) when su-

broutine calls (CAL instruction, CALL 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
the RTNI instruction. This area, when not 
used for a stack, is available as a data area. 

bit 3 bit 2 bit 1 bit 0 

IMO IFO RSP l/E 
(IM of INTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 

$000 0 

IMTA IFTA IM1 IF1 

(IM of TIMER A) (IF of TIMER A) (IM of INT1) (IF of INT1) 
$001 

IMTB IFTB 
Iii.I~.._ I 1--.J 11.1-.a. I 1-- -l 
1,.vl vo;,c;u l'llVL V:::tt::U 

(IF of TIMER B) 
2 $002 

(IM of TIMER B) 
·-------~ 

IMS IFS 
Not Used Not Used 

(IM of SERIAL) (IF of SERIAL) 
3 $003 

IF: Interrupt Request Flag 
IM: Interrupt Mask 
l/E: Interrupt Enable Flag 
SP: Stack Pointer 

Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMO instruction, and 
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 
affected by the SEM/SEMD instruction. 
The contents of status becomes invalid when a "Not Used" bit is tested. 

Figure 3. Configuration of Interrupt Control Bit Area 

Memory Registers Stack Area 

32 MR(O) $020 

33 MR(l) $021 

34 MR(2) $022 

35 MR(3) $023 

36 MR(4) $024 

37 MR(51 $025 

38 MR(6) $026 

39 MR(7) $027 

40 

41 

42 

43 

44 

45 

46 

47 

MR(81 $028 

MR(9) $029 

MR(10) $02A 

MR(l 1) $028 

MR(12) $02C 

MR(13) $020 

MR(14) $02E 

MR(15) $02F 

960 Level 1 6 $3CO 

Level 1 5 PC13 to PC0 : Program Counter 
ST: Status 

1023 

Level 14 

Level 13 

Level 12 

Level 11 

Level 10 

Level 9 

CA: Carry 

Note: As the HD407400B is an 8 k PROM version, 
PC13 is not used. 

bit 3 bit 2 bit 1 bit 0 

Level 8 -~ I I 

1--~-~-~-~-:2:_5 .... I 1:: 1---p-:-,o-~TI---:-:-:'-~+--:-:-:-, __,~!---:-:-:-, --i::: 
~ v 1 

I 
1023 pc, PC2 PC1 PCo $3FF 

Level 1 $3FF _l _L _L 

Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 

The MCU has nine registers and two flags for 
the CPU operations (figure 5). 

Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results 
from the arithmetic logic unit (ALU), and 
transfer data to/from memories, I/O, and 
other registers. 

W Register (W), X Register (X), Y Regis-
•-· IV\• T'l-..ei. ?_h;+ 'tl\T ... ..,.,,......;'"'"'+"""'..- .,,. ..... ...t +h .... A_'h.T+ V __ .. \ .. , ................ _ .............. ~ ................. , .............................. _ ....... . 
and Y registers indirectly address RAM. The Y 
register is also used for D port addressing. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist X and Y registers respectively. 

Carry (CA): The carry (CA) stores the over
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL, and ROTR instructions. 

During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 

13 

PC 

9 

Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value for 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after a BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic
ing, status is pushed onto the stack. It is 
restored back from the stack by a RTNI 
T...-.ro+..-.... .-.+;,.,,....,, h .. ,+ ..... ,...+ h•'I' ""' 'D'rl\T ;...,,o:.o+r1'lr+;,...,... ...... ................................... , _ ..................... -:1 ..... ................................. - ................. . 

Program Counter (PC): The program 
counter is a 14-bit binary counter which con
trols the sequence in which the instructions 
stored in ROM are executed. 

Stack Pointer (SP): The stack pointer (SP) is 
used to point to the address of the next stack 
area (up to 16 levels). 

The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 

0 

A I Accumulator 

3 0 

8 I B Register 

1 0 

~ WRegister 

0 

x I X Register 

0 

y I Y Register 

0 

SPX I SPX Register 

0 

SPY I SPY Register 

§] Carry 

EJ Status 

0 
Program 

Counter 

0 

SP I s;-~~ter 
Figure 5. Registers and Flags 
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deep because the high four bits of the stack 
pointer are fixed at 1111. 

The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit, reset by a 
REM/REMD instruction. 

Interrupt 

Five interrupt sources are available on the 
MCU: external requests (INTo, INT1), timer/ 
counter (timer A, timer B), and serial port 
(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM), and interrupt 
vector addresses control and maintain the 
interrupt request. The interrupt enable flag 
(IE) also controls interrupt operations. 

HD4074008 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessable by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared 0, and the interrupt mask (IM) is set to 
1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

1000.0 

~1-~~~~~~~~~~~--r---
I Sequence Control I 

· Push PC CA ST 

$001.0 

S001.2 

1003,0 

·Reset l/E 

· Jump to Vector 
Address 

Priority Control PLA 

Vector 

Address 

Figure 6. Interrupt Control Circuit Block Diagram 
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An interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 

Figure 7 shows the interrupt service 

Table 1. Vector Addresses and Inter-
rupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET $0000 

INTo $0002 

INT1 2 $0004 

Timer A 3 $0006 

Timer B 4 $0008 

SERIAL 5 $000C 

Table 2. Conditions of Interrupt Service 

Interrupt Control Bit INTo 

l/E 

IFO·IMO 

IF1 ·IM1 * 
IFTA·IMTA * 
IFTB·IMTB * 
IFS·IMS * 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag Interrupt Enable/Disable 

0 Disable 

Enable 

Table 4. External Interrupt Request 
Flag 

External Interrupt Request Flags Interrupt Requests 

0 No 

Yes 

INT1 

0 

* 
* 
* 

sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 

Timer A TimerB SERIAL 

0 0 0 

0 0 0 

0 0 

* 0 

* * 
* Don't care 

Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 

Disable (masks) 
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address. 

In each vector address, program JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 

Interrupt Enable Flag (l/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 

External Interrupts (INTo, INT1): The 
external interrupt request inputs (INTo, INT1) 
can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 

PMR3 R33/INT1 Pin 

0 Used as R33 port input/output pin 

Used as INT1 input pin 

PMR2 

0 Used as R32 port input/output pin 

Used as INTo input pin 

Instruction 

Cycles 

Instruction 

execution 

Interrupt 
accepted 

Stacking, 
Reset of l/E 

Stacktng, 
Vector address 
is generated 

HD4074008 

causes R33/INT1 pin and R32/INT0 pin to be 
used as INT1 pin and INTo pin respectively. 

The external interrupt request flags (IFO, !Fl) 
are set at the falling edge of INTo and INT1 
inputs. (Refer to table 4.) 

The INT1 input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT1 input. When 
using INT1 as timer B external event input, 
external interrupt mask (!Ml) has to be set so 
that the interrupt request by INT1 will not be 
accepted. (Refer to table 5.) 

External Interrupt Request Flags (IFO: 
$000 bit 2, IFl: $001 bit 0): The external 
interrupt request flags (IFO, !Fl) are set at the 
falling edge of the INTo, and INT1 inputs 

PMR1 R41/SI Pin 

0 Used as R41 port input/output pin 

Used as SI input pin 

PMRO 

0 Used as R42 port input/output pin 

Used as SO output pin 

JMPL instruction execut10n on the 

vector address 

Instruction 
execution at 
starting address 
of the interrupt 
routine 

Figure 7. Interrupt Servicing Sequence 
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Power 
ON 

Yes 

Reset 
MCU 

No 

(A) (B) 

Execute 
Instruction 

PC-(PC)+1 

PC-$ 0002 

PC-$0004 

PC-$0006 

PC-$0008 

PC-$000C 

Yes 

No 

Yes 

Interrupt 
Accept 

l/E- 0 

Stack-( PC) 
Stack-( CA) 
Stack-( ST) 

Yes 

Yes 

Yes 

No 

(SERIAL Interrupt) 

Figure 8. Interrupt Servicing Flowchart 
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respectively. 

External Interrupt Masks (IMO: $000 bit 
3, IMl: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 

Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only ~ister 
which controls the R32/INT0 pin, R33/INT1 pin, 
R41/SI pin, and R42/SO pin as shown in table 
6. The port mode register will be initialized to 
$0 by MCU reset. These pins are therefore 
initially used as ports. 

Serial Interface 

The serial interface is used to transmit/ 
receive 8-bit data serially. It consists of the 
serial data register, the serial mode register, 
the octal counter, and the multiplexer as 
illustrated in figure 9. Pin R4o/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The contents of the 
eerial data regi~ter (:~!1. be vviitt6u. intv or 
read out by software. The data in the serial 
data register can be shifted synchronously 
with the transfer clock signal. 

STS instruction is used to initiate serial inter
face operations and to reset the octal counter 
to $0. The counter starts to count at the fall
ing edge of the transfer clock (SCK) signal 
and increments by one at the rising edge of 
SCK. When the octal counter is reset to $0 
after eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter
rupt request flag will be set. 

Serial Mode Register (SMR: $005): The 4-
bit write-only serial mode register controls 
the R4o/SCK, prescaler divide ratio, and 
transfer clock source as shown in table 7. 

The write signal to the serial mode register 
controls the operating state of the serial 
interface. 

The write signal to the serial mode register 
stops the serial data register and octal 
counter from accepting transfer clock, and it 
also resets the octal counter to $0 simultane
ously. Therefore, when the serial interface is 
in the transfer state, the write signal causes 

HD4074008 

the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 

Contents of the serial mode register will be 
changed on the second instruction cycle after 
the serial mode register has been written to. 
Therefore, it will be necessary to execute the 
STS instruction after the data in the serial 
mode register has been changed completely. 
The serial mode register will be reset to $0 by 
MCU reset. 

Serial Data Register (SRL: $006, SRU: 
$007): The 8-bit read/write serial data regis
ter consists of a low-order digit (SRL: $006) 
and a high-order digit (SRU: $007). 

The data in the serial data register will be 
output from the SO pin, from LSB to MSB, 
synchronously with the falling edge of the 
transfer clock signal. At the same time, 
external data will be input from the SI pin to 
u1e sena1 data regisier, MSB first, 
synchronously with the rising edge of the 
transfer clock. Figure 10 shows the I/O timing 
chart for the transfer clock signal and the 
data. 

The read/write operations of the serial data 
register should be performed after the com
pletion of data transmit/receive. Otherwise 
the data may not be guaranteed. 

Serial Interrupt Request Flag (IFS: $003 
bit 0): The serial interrupt request flag will 
be set when the octal counter counts eight 
transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter. 
Refer to table 8. 

Serial Interrupt Mask (IMS : $003 bit 1): 
The serial interrupt masks the interrupt 
request. Refer to table 9. 

Selection and Change of the Operation 
Mode: Table 10 shows the serial interface 
operation modes which are determined by a 
combination of the value in the port mode 
register and that in the serial mode register. 

Initialize the serial interface by a write signal 
to the serial mode register, when the opera
tion mode is changed. 
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Table 7. Serial Mode Register 

SMR3 

0 

SMR 2 

0 

0 

0 

0 

System 
Clock 

R4o/SCK 

Used as R4o port input/output pin 

Used as SCK input/output pin 

SMR1 SMRO R4o/SCK Port 

0 0 SCK Output 

0 SCK Output 

0 SCK Output 

SCK Output 

0 0 SCK Output 

0 SCK Output 

0 SCK Output 

SCK Input 

Prescaler ( 11 bit) 

CXl 
CXl 

"' """ "' CXl "' "' Ui 0 
M "' + + + + + + 

Transfer Clock 

Clock Source 

Prescaler 

Prescaler 

Prescaler 

Prescaler 

Prescaler 

Prescaler 

System Clock 

External Clock 

Prescaler 
Divide Ratio 

+ 2048 

512 

128 

32 

. 8 

. 2 

oc (3 bit) 
Octal 

Counter 

SROF 

System Clock 
Divide Ratio 

+ 4096 

+ 1024 

. 

. 
256 

64 

16 

4 

IFS 

Interrupt 
Request Flag 
of Serial Inter
face 

Internal Bus Line (S 1) 
Serial MPX 

3 
SMR (4 bit) 
Serial Mode 

REG. 

Internal Bus Line (S2) 

PMR (4 bit) 
Port Mode 

REG. 

2 

R4o/SCK 
Port 

SCK 1 

SCK 

4 4 
SR (8 bit) 

Serial Data Register 

4 4 

Internal Bus line 

Figure 9. Serial Interface Block Diagram 

@HITACHI 

(S2) 

242 Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



Operating State of Serial Interface: The 
serial interface has three operating states, 
the STS waiting state, SCK waiting state, and 
transfer state, as shown in figure 11. 

The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface enters this state in one of two 
ways : either by changing the operation 
mode through a change in the data in the 
port mode register, or by writing data into 
the serial mode register. In this state, the 
serial interface does not operate even if the 
transfer clock is applied. If an STS instruction 
is executed, the serial interface shifts to SCK 
waiting state. 

In this state the falling edge of the first trans-

Table 8. Serial Interrupt Request Flag 

Serial Interrupt Request Flag Interrupt Request 

0 No 

Yes 

Table 9. Serial Interrupt Mask 

Serial Interrupt Mask Interrupt Request 

0 Enable 

Disable (mask) 

Transfer Clock 

Serial Output Data 

HD4074008 

fer clock causes the serial interface shift to 
transfer state. While the octal counter counts
up and the serial data register shifts Simul
taneously. As an exception, if the clock con
tinuous output mode is selected, the serial 
interface stays in SCK waiting state while the 
transfer clock outputs continuously. 

The octal counter becomes 000 again after 8 
transfer clocks or by execution of an STS 
instruction, so that serial interface returns to 
SCK waiting state, and the serial interrupt 
request flag is set simultaneously. 

When the internal transfer clock is selected, 
the transfer clock output triggered by the 
execution of an STS instruction, and it stops 
after 8 clocks. 

Table 10. Serial Intarfac!'> Op!=>ratinn 
Mode 

SMR3 PMR1 PMR2 Serial Interface Operating Mode 

0 0 Clock Continuous Output Mode 

0 Transmit Mode 

0 Receive Mode 

Transmit/Receive Mode 

Serial Input Data 
Latch Timing I I I I I I I I 

Figure 10. Serial Interface 1/0 Timing Chart 
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Example of Transfer Clock Errors 
Detection: The serial interface functions 
abnormally when the transfer clock is dis
turbed by external noises. In this case, trans
fer clock error can be detected by the proce
dure shown in figure 12. 

SCK waiting state, the state of the serial 
interface shifts as follows : first, transfer 
state, second, SCK waiting state and third, 
transfer state again. The serial interrupt flag 
should be reset before entering into the STS 
state by writing data to SMR. This procudure 
causes the serial IRF to be set again. 

If more than 8 transfer clocks occur in the 

•Change PMR means the change of 
operation mode as below: 

Clock ·Transmit Mode 
Continuous ~ • Receive Mode 
Output Mode ·Transmit/Receive 

Mode 

SCK Waiting State 

(Octal Counter=OOO) 

STS Waiting State 

(Octal Counter =000 ) 
Transfer Clock Disable 

Transfer Clock 

8 Transfer Clocks, 
STS Instruction 

(IFS~1) 

Change PMR' 

Transfer State 

(Octal Counterol'OOO) 

Figure 11. Serial Interface Operation State 

Transmit/Receive 
(IFS~1) 

Interrupt 
Disable 

IFS~O 

Write to 
SMR 

Normal End 

Yes Transfer Clock 
Error Processing 

Figure 12. Example of Transfer Clock Error Detection 
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Timer 

The MCU contains a prescaler and two timer/ 
counters : (timer A, timer B). A block diagram 
is shown in figure 13. The prescaler is an 11-bit 
binary counter, timer A an 8-bit free-running 
timer/counter, and timer B an 8-bit auto-re
load timer/event counter. 

Prescaler: The input to the prescaler is the 
system clock signal. The prescaler is initial
ized to $0000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig
nals to timer A, timer B, and the serial inter
face. The prescaler divide ratio is selected by 
the timer mode register A (TMA), timer mode 
register B (TMB), serial mode register (SMR). 

Timer A Operation: After timer A is initial
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A becomes $FF, it 
will generate an overflow and become $00. 
This overflow causes the timer A interrupt 
request flag (IFTA: $001 bit 2) to go to 1. This 

Timer Mode Register B 

TM8(4bit) 

3 

TimerB MPX 

... ID ... ID ... ... ID .., ... ;;; ~ + + + + ... + + + 

Prescaler ( 11 bit) 

... ID ... ... ID ... ... ID N ~ .. ... 0 + + + + ... ... + + + ·I· 
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timer can function as an interval timer 
periodically generating overflow output at 
every 256th clock signal input. 

The clock input signals to timer A are 
selected by the timer mode register A (TMA: 
$008). 

Timer B Operation: The timer mode regis
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres
caler divide ratio of timer B. When the exter
nal event input is used as an input clock 
signal to timer B, select R33/INT1 as INT1 and 
set the external interrupt mask (!Ml) to pre
vent an external interrupt request from oc
curring. 

Timer B is initialized according to the data 
written into the timer load register by soft
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF. it will generate 
an overflow output. In this case, if the auto
reload function is selected timer B is initial
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 

Internal Bus Line (S 1) 

4 

TL(4bit) 
Timer Latch 
Reg. 

TC8(8bit) 
Timer/Event Counter B 

TLRIBbit) 
Timer Load Register 

4 

4 

TBOF 

Internal Bus Line 152) 

IFTB 

Interrupt 
Request Flag 
of Timer B 

TimerA MPX ,_C_P_TA _ __, .. TCAIBbit) 
Timer Counter A 

3 

TMA(3bit) 

Timer Mode Register A 

Figure 13. Timer/counter Block Diagram 
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$002 bit 0) will be set at this overflow output. 

Time, Mode Register A (TMA: SOOS): The 
timer mode register A is a 3-bit write-only 
register. The TMA controls the prescaler 
divide ratio of timer A clock input, as shown 
in' table 11. The timer mode register A is 
initialized to $0 by MCU reset. 

Timer Mode Register D (TMD: S009): The 
timer mode register B (TMB) is a 4-bit write
only register which selection the auto-reload 
function, the prescaier divide ratio, and the 
source of the clock input signal, as shown in 
table 12. The timer mode register Bis initial
ized to $0 by MCU reset. 

The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Initialization of timer 
B by writing data into the timer load register 
should be performed after the contents of 

PMR:$004 

PMR3PMR2PMR1 PMRO 

TMB are changed. Configuration and function 
of timer mode register B is shown in figure 14. 

Timer D (TCDL: SOOA, TCDU: SOOD, TLRL: 
SOOA, TLRU: SOOD): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 

The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 

SMR:$005 

Transfer clock selection 

R4o/SCK pin mode selection 

.__ _____ R42/SO pin mode selection 

'--------- R4 1/SI pin mode selection 

'------------ R32/INT0 pin mode selection 

------------- R33/INT1 pin mode selection 

iMA:S 008 TMB:$ 009 

l><JTMA21TMA +MAol ITMB31TMe2ITMB1 l™eol 
I L__ Timer B input clock selection 

Auto-reload function selection 

Timer A input clock selection 

Fiure 14. Mode Register Configuration and Function 
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the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 

Timer A Interrupt Request Flag (IFTA : 
$001 bit 2): The timer A interrupt request 
flag is set by the overflow output of timer A 
(table 13). 

Table 11. Timer Mode Register A 

TMA2 TMA1 TMAO Prescaler Divide Ratio 

0 0 0 2048 

0 0 1024 

0 0 512 

0 128 

0 0 32 

0 8 

0 4 

2 

Table 12. Timer Mode Register B 

TMB3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 

0 0 0 2048 

0 0 512 

0 0 128 

0 32 

0 0 8 

0 .,.. 4 

0 2 

INT1 (External Event Input) 

HD4074008 

Timer A Interrupt Mask (IMT A: $001 
bit 3): The timer A interrupt mask prevents 
an interrupt request from being generated by 
the timer A interrupt request flag (table 14). 

Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 15). 

Table 13. Timer A Interrupt Request 
Flag 

Timer A Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 14. Timer A Interrupt Mask 

Timer A Interrupt Mask Interrupt Request 

0 Enab~ 

Disable (Mask) 

Table 15. Timer B Interrupt Request 
Flag 

Timer B Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 16. Timer B Interrupt Mask 

Timer B Interrupt Mask Interrupt Request 

0 Enable 

Disable (Mask) 
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Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B Interrupt request flag (table 16). 

Input/Output 

The MCU has 58 I/O pins including 12 high 
current standard pins (15 mA). If I/O pin is 
used as input pin, output data should be in 
the state shown in table 18. 

D Port: The D port is an I/O port which has 16 
discrete I/0 pins, each of which can be ad
dressed independently. It can be set/reset 
through SED/RED and SEDD/REDD instruc
tions, and can be tested through TD and TDD 
instructions. See table 17 for I/O pin circuit 
types. 

R Ports: The eleven R ports in the 
HD4074008 are composed of 20 I/O pins, 16 
output-only pins, and 6 input-only pins. Data 
is input through LAR and LBR instructions 
and output through LRA and LRB instruc-

Table 17. I/0 Pin Circuit Types 

MOS Without Pull-Up 
J.NMOS Open Draini 

~lo~dom 
1/0 
Pins ~HLT 

Output data 

~ 

Ill c 

°1~HCT ii: Output 
"C Pins .. Output data ca 
"C ,,,. 
c ca .. en 

Input 

~ Pins Input data 

tions. The MCU will not be affected by writ
ing into the input-only and/or non-existing 
ports, while invalid data will be read by read
ing from the output-only and/or non-existing 
ports. 

The R32, R33, R4o, R41 and R42 pins are multi
plexed with the INTo, INT1, SCK, SI and SO 
pins respectively. See table 17 for I/0 pin 
circuit types. 

How to Deal with Um.!sed. I/0 Pins: If the 
I/O pins not used in the user system are in 
floating state, the LSI may malfunction 
because of noise. Electric potential of the I/O 
pins should be fixed as follows to prevent the 
malfunction. 

For PMOS open drain output pins, connect 
the pin to the V cc on the printed circuit of the 
user system. 

For NMOS open drain output pins, connect 
the pin to GND on the printed circuit of the 
user system. Input pins should be connected 

Pins ~OS Without Pull-a:r 
N MOS O~en Drain Pins 

SCK 

Do-D3 Vee -

R3o-R33 
Hl T +Mode select SCK(Note 2) 

dlnternal SCK 

Output 
R4o-R43 0-- mode 
R5o-R53 

Vee 

~;-;s:JHLT R60-R63 
R7o-R73 so 
R8o-R8~ 

~~so 

INTo 
INT1 

R9o-R93 ~lnputdata SI 
-
SCK(Note 21 

HLT Input 
mode 

Notes : 1. In stop mode HLT is 0 and HLT is 1 . Then 1/0 Pin is in high-impedance state. 
2. In serial interface interrupt, SCK pin is input pin if external clock input mode is selected. 
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to V cc on the printed circuit of the user sys
tem. 

R4o/SCK and R42/SO should be set to R4o and 
R42 by serial mode register and port mode 
register, respectively. 

MOS Without Pull-Down 
_iPMOS Open Drai'!l 

Vee 

o;kQ=HLT Output data 

1/0 Pins 

~lnpuldata 
~ 

Ill Vee c 
a: Output o--9~HIT ,, 

Pins Output data .. 
II ,, 
c 
! 
U) 

Input ~Input data Pins 

HD4074008 

Reset 

Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy tRc for the oscillator to 
stabilize. In all other cases, at least two 
instructions cycles are required for the MCU 
to be reset. 

Table 19 shows the parts to be initialized by 
MCU reset, and the status of each. 

Pins 

D4-D15 
R1o-R13 
R2o-R23 

R00-R03 

RAo, RA1 

Note: In stop mode, HLT is 0. Then 1/0 pins are in high-impedance state. 

Table 18. Data Input from Input/Output Common Pins 

1/0 Pin Circuit Type 

Standard Pins ( I ) 

Standard Pins ( II ) 

CMOS 

MOS without pull-up 

(NMOS open drain) 

MOS without pull-down 

(PMOS open drain) 

Input Possible 

No 

Yes 

Yes 

.HITACHI 

Input Pin State 

0 

Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 249 



HD4074008 

Table 19. Initial Value at MCU Reset 
Initial Value at 

Items MCU Reset Contents 

Program Counter (PC) $0000 Execute program from the top of ROM 

address 

Status (ST) Enable to branch with conditional branch 

instructions 

Stack Pointer (SP) $3FF St11ck level ii; 0 

1/0 Pin Standard Pin NMOS Open Drain Enable input 

Output Register (I) [ MOS Without l 
Pull-Up 

Standard Pin PMOS Open Drain 0 Enable input 

(II) [ MOS Without l 
Pull-Down 

Interrupt Flag Interrupt Enable Flag (l/E) 0 Inhibit all interrupts 

Interrupt Request Flag (IF) 0 No interrupt request 

Interrupt Mask (IM) Mask interrupt request 

Mode Register Port Mode Register (PMR) 0000 See port mode register. 

Serial Mode Register (SMR) 0000 See serial mode register. 

Timer Mode Register A (TMA) 000 See timer mode register A. 

Timer Mode Register B (TMB) 0000 See timer mode register B. 

Timer/Counter, Prescaler $000 

Serial interface Timer/Counter A (TCA) $00 

Timer/Event Counter B (TCB) $00 

Timer Load Register (TLR) $00 

Octal Counter 000 

Note: MCU reset affects the rest of registers as follows: 

Item 

Carry 

Accumulator 

B Register 

W Register 

X/SPX Registers 

Y /SPY Registers 

Serial Data Register 

RAM 

(CA) 

(A) 

(B) 

(W) 

(X/SPX) 

(Y/SPY) 

(SR) 

After recovering from STOP 
mode by MCU reset 

The contents of the items before 

MCU reset are not retained. 

It is necessary to initialize them by 

software again. 

The contents of RAM before 
MCU reset ijust before STOP 
instruction) are retained. 

@HITACHI 

After MCU reset except for 
the left condition 

The contents of the items before 

MCU reset are not retained. 

It is necessary to initialize them by 

software again. 

Same as above 
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Internal Oscillator Circuit 

Figure 15 outlines the internal oscillator cir
cuit. Crystal oscillator or ceramic filter oscil-

lator can be selected as the oscillator type. 
Refer to table 20 to select the type. In addi
tion, see figure 16 for layout of the crystal or 
ceramic filter. 

Oscillator 
Divider 
circuit 
1/8 

Timing 
generator 
circuit 

Figure 15. Internal Oscillator Circuit 

Figure 16. Layout of Crystal and Ceramic Filter 

.HITACHI 

System 

clock 
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Table 20. Examples of Osclllator Circuits 

External Clock 
Operation 

Ceramic Filter 
Oscillator 

Crystal Oscillator 

Circuit Configuration 

Oscillator 

Open OSC2 

CeramH:~c, 
filter 

c, 
GND 

Circuit Constants 

Ceramic filter 
CSA8.00MT 
(Murata) 
R1: 1 MO± 20% 
C1: 30 pF ± 20% 
C2: 30 pF ± 20% 

R1: 1 MO± 20% 
C1: 10-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to circuit shown 
Co: 7 pF max. 
Rs: 100 o max. 
f: 1.0-9 MHz 

Notes : 1 . Since the circuit constant changes according to the crystal and ceramic filter resonator and 
stray capacitance of the board, please consult with the engineers of crystal or ceramic filter 
maker to determine the circuit parameter. 

2. Wiring among OSC1, OSC2, and elements should be as short as possible, and never cross 
other wiring. Refer to figure 16. 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
21). Figure 17 is a mode transition diagram for 
these modes. 

Standby Mode: Executing an SBY instruc
tion puts the MCU into standby mode. In 

HD4074008 

standby mode, the oscillator circuit is active 
and interrupts, timer/counter and serial 
interface working. On the other hand, the 
CPU stops since the clock related to the 
instruction execution stops. Registers, RAM, 
and I/O pins retain the states they were in 
just before the MCU went into standby mode. 

Table 21. Low Power Dissipation Mode Function 

Condition 

Low Power 

Dissipation Oscillator Instruction Register, Interrupt 
Mode Instruction Circuit Execution Flag Function 

Standby mode SBY Active Stop Retained Active 

instruction 

Stop mode STOP Stop Stop RESET' Stop 

instruction 

Input/ 
Output 

RAM Pin 

Retained Retained2 

Retained High 

impedance 

Timar/ 
Counter, 

Serial Recovery 

Interface Method 

Active RESET 

Stop 

input, 

interrupt 

request 

RESET 

input 

Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to table 19 for the contents of 
the flags and registers. 

2. As an 1/0 circuit is active, an 1/0 current may flow, depending on the state of 1/0 pin in 
standby mode. This is the additional current to the current dissipation in standby mode. 

Figure 17. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 when an interrupt 
request asserted, the interrupt is executed, 
while if it is 0, the interrupt request is put on 
hold and normal instruction execution con
tinues. In the later case, the MCU becomes 
active and executes the next instruction fol
lowing the SBY instruction. 

Figure 18 shovvs the flovvchart of the standby 
mode. 

Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

No 

Yes 

Restart 
Processor Clocks 

(A) 

Reset MCU 

Yes 

(8) 

Execute 
Instruction 

Yes 

Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 19, reset 
input must be applied for at least tRc for 
oscillation to stabilize. (Refer to AC Charac
teristics table.) After stop mode is cancelled, 
RAM retains the state it was in just before the 
11.lrr"TT ................ + ~ .................................. .,._,.....,.:a....,. 'L-.. ... + +\... ..................... ..._ ... 
.1.V.&.\JV vvg.i.1.t.. .u . .1.1,ov o"V}.I .1..1..1.vuo, JJU." \o.L.LV avvu..u . .a.u.-

lator, B register, W register, X/SPX registers,_ 

Yes 

Restart 
Processor Clocks 

No 

Interrupt 
Accept 

(C) 

Yes 

Figure 18. MCU Operating Flowchart in Standby Mode 
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Y /SPY registers, carry, and serial data register 
may not retain their contents. 

Stop mode 

HD4074008 

·I 
Oscillator ~11111~111111~11111~1111111~111111 II 411If11Il lllJ I II I I II I I I I I I lllllllll 111111111111111111111111111111111111111111 

STOP instruction execution (more than stabilization time: tRc) 

Figure 19. Timing Chart of Recovering from Stop Mode 
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Programmable ROM Operation 

The HD4074008's on-chip PROM is pro
grammed in PROM mode (figures 20, 21 and 
22). PROM mode is set by bringing TEST, Mo, 
and Mt low, and RESET high as shown in 
figure 21. In PROM mode, the MCU does not 
operate. It can be programmed like a stan
dard 27256 EPROM using a standard PROM 
programmer and a 64-to-28-pin socket 
adapter. Table 23 lists recommended PROM 
programmers and socket adapters. 

Since an instruction of the HMCS400 series 
consists of 10 bits, the HMCS400 series 
microcomputer incorporate conversion circuit 
to use a general perpose PROM programmer. 
By this circuit, an instruction is read or pro
grammed using 2 addresses, lower 5 bits and 
upper 5 bits as shown in figure 22. For 
example, if 8 kwords of on-chip PROM are 
programmed by a general purpose PROM 
programmer, 16 kbytes of addresses ($0000-
$3FFF) should be specified. 

Programming And Verification 

The HD4074008 can be high-speed pro
grammed without causing voltage stress or 
affecting data reliability. 

Table 22 shows how programming and 
verification modes are selected. 

Figure 23 is a programming flowchart, and 
figure 33 is a timing chart. For precautions on 
PROM programming, refer to ZTAT MCU On
Chip PROM Characteristics and Precautions 
for Applications. 

Table 22. PROM Mode Selection 

Pin 

Mode CE OE Vpp 

Programming low High Vpp Data input 

Verify High Low Vpp Data output 

Programming High High Vpp High 
inhi ited impedance 

Erasing 

The PROMs in ceramic window packages can 
be erased by ultraviolet light. All erased bits 
become ls. 

Erasing conditions are : ultraviolet (UV) light 
with wavelength 2537 A with a minimum 
irradiation of 15W ·sec/cm2• These conditions 
are satisfied by exposing the LSI to a i2,000 
µW/cm2 UV source for 15-20 minutes, at a 
distance of 1 inch. 

Precautions 

1. Addresses $0000 to $3FFF should be 
specfied if the PROM is programmed by a 
PROM programmer. If addresses of $4000 
or higher are accessed, the PROM may 
not be programmed or verified. Note that 
the plastic package type cannot be 
erased and reprogrammed. Data in un
used addresses should be set to $FF. 
(Ceramic window packages can be 
erased and reprogrammed by ultraviolet 
light.) 

2. Be careful that the PROM programmer, 
socket adapter and LSI match. Using the 
wrong programmer of socket adapter 
may cause an overvoltage and damage 
the LSI. Make sure that the LSI is firmly 
fixed in the socket adapter, and that the 
socket adapter is firmly fixed in the pro
grammer. 

3. The PROM should be programmed with 
Vpp=12.5 V. Other PROMs use 21V.If21 V 
is applied to the HD4074008, the LSI may 
be permanently damaged. 12.5 V is Intel's 
27256 Vpp. 
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Table 23. PROM Programmers and Socket Adapters 

PROM Programmer Socket Adapter 

Maker Type Name Maker Type Name Package 

DATA 1/0 22B Hitachi HS408ESS11H DP-64S 
29B DC-64S 

HS408ESF01H FP-64 

HS408ESF03H FP-64A 

AVAL Corp PKW-1000 Hitachi HS408ESS21H DP-64S 
PKW-7000 DC-64S 

HS408ESF01H FP-64 

HS408ESF03H FP-64A 
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Vee 

A1 
A, 
A, 

A• 
As 
As 
A1 
As 
Ao 
A10 
A11 
A12 

A13 
A1• 

Vee 

1 0 Vee 
2 
3 
4 
5 
6 
7 
8 o, 
9 02 
10 01 
11 Oo 
12 GND 
13 52 
14 HD407400851 
15 50 
16 49 RESET 
17 48 M, 
18 Mo 
19 Ag 

Vee 

5E 
37 CE 
36 o, 
35 Os 
34 Os 
33 o. 

(DP-64S, DC-64S) 

A• 
As 
Aa 
A, 
Aa 
Ao 

A10 
A,, 
A12 

u u 
u u 
>> 

A, 
AJ 
A• 
As 
As 
A, 
As 

Ao 

A11 
A12 

A13 

A14 

HD4074008 

~ 

u . .q- '°co r-..lwlw 
.;;10 0 0 0 u 0 

(FP-64A) 
(Top View) 

~~ 

03 
02 
01 

Oo 
GND 

TEST 

RESET 

M1 
Mo 
Ag 

Vep 

~00001~1~ 

(FP-64) 

02 
o, 
Oo 
GND 

TEST 
RESET 
M, 
Mo 

~~~e:p 
36 

35 

G: GND (Vss level) 
Nomark: open 

Figure 20. PROM Mode Pin Arrangement 
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Vee 

Vee 

f 
RESET 

Vee 

TEST 

Mo 

Mi 

Vpp 
Oa-07 

c:::==:::> Data 
Oo-01 

R9o/Vpp Address 
Ao-A,. 

Ao-A1• 

OE 

CE 

GND 

Figure 21. PROM Mode Function Diagram 

$0000 bit4 bit3 bit2 bit1 b1tO 
~:: ~ ~: } $0000 

JMPL Instruction 

$0001 bit9 bit8 bit7 bit6 bit5 (Jump to RESET Routine) 

Vector Address 
JMPL Instruction 
(Jump to INT o Routine) 

$001F $000F JMPL Instruction 

$0020 

~ 
$0010 

(Jump to INT1 Routme) 

Zero" Page Subroutine JMPL Instruction 
(64 Words) (Jump to TIMER A Routine) 

JMPL Instruction 

$007F $003F (Jump to TIMER B Routine) 

$0080 $0040 

Pattern 

~ 
(4096 Words) JMPL lnstruct+on 

(Jump to SERIAL Routine) 

$1FFF 
$2000 $1000 

Program 
(8198 Words) 

$3FFF 
$1FFF 

$2000 

Not Used 

(Note) 

$7FFF t::=:'.::::::=::::="j---'--~-~--~--' 
$3FFF 

Three bits are not used. 
(Set to 111) 

Note: When reading this address space, $FF is output. 

Figure 22. PROM Mode Memory Map 
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$0000 

$0001 

$0002 

$0003 
$0004 

$0005 

$0006 

$0007 

$0008 
$0009 

$000A 

$0008 

$000C 

$0000 

$000E 

$000F 
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FAIL 
NOGO 

START 

SET PROG.NERIFY MODE 
Vpp=12.5±0.3V, Vcc=6.0±0.25V 

NOGO 

NO 

SET READ MODE 
Vcc=5.0±0.5V, Vpp=Vcc±0.6V 

Address+ 1 .... Address 

Figure 23. High Speed Programming Flowchart 
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Addressing Modes 

RAM Addressing Mode 

As shown in figure 24, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: The W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four kinds of ROM addressing 
modes, as shown in figure 25. 

Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PCo) with the 
14-bit immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an addres13 in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC13 to PC0) 

with the 8-bit immediate data. 

HD4074008 

When BR is on page boundary (256n + 255) 
(figure 26), executing a BR instruction trans
fers the PC contents to the next page accord
ing to the hardware architecture. Conse
quently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low-order six bits of the 
program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PC13 to 
PCs). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 27). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the R1 and R2 port output register at the 
same time. 

The P instruction has no effect on the pro
gram counter. 
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W Register X Register Y Register 
,.....~~~~~~ .... 

W1 Wo X3 X2 X1 Xo V3 Y2 Y1 Yo 

RAM Address I AP• I APe I AP1 I APs I APs I AP• I AP:i I AP2 I AP1 I APo I 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Direct Addressing 

Instruction 

Opcode 

0 0 0 0 1 0 

+ + + + ~ +_ 

Memory Register Addressing 

Figure 24. RAM Addressing Mode 
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(JMPL) 
(BAL) 

(CALL) 

HD4074008 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCB PCB PC• PC3 PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) I Op~ode I b1 >< b5 >< b< b< b, bo 

I I I I I 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCB PCB PC• PC3 PC2 PC1 

Current Page Addressing 

Instruction 

(CAL) Opcode a5 a. a3 a2 a1 ao 

0 0 0 0 0 0 0 0 

Pro!]ram Counter PC13PC12PC11 PC10 PCs PCs PC1 PCB PC5 PC• PC3 PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

(TBA) Opcode P3 P2 P• B Register Accumulator 
L---L~l..-...J....__JL--...J....~L,.--L~J.......,.-1-....,-1,---=....:..:.::.::'..:.:..::.::..:_~..--~~~~-----

0 0 

Program Counter PC13PC12 PC11 PC10 PCs PCs PC1 PCB PCB PC• PC3 PC2 PC1 PCo 

Table Data Addressing 

Figure 25. ROM Addressing Mode 
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256(n-1 )+255 
1---B-R-AAA---1256n 

AAA NOP 

BR AAA 256n+254 
l--'B'"'-R'"-'B""B""B::.._--1256n + 255 

256(n+1) 

BBB NOP 

Figure 26. The Branch Destination by BR Instruction on the Boundary between Pages 

Instruction 

(P) Opcode 
B Register 

Referred ROM Address RA13 RA12 RA11RA10RAe RAs RA1 

ROM Data 

Address Designation 

I 

ROe ROs R01 ROe ROs R04 

Pattern 

Figure 27. P Instruction 

@HITACHI 

Accumulator 

If ROs= 1 

If ROe=1 
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Instruction Set 

The HD4074008 provides 101 instructions 
which are classified into 10 groups as follows; 

1. Immediate instruction 
2. Register-to-register instruction 
3. RAM address instruction 
4. RAM register instruction 
5. Arithmetic instruction 
6. Compare instruction 

Table 24. Immediate Instructions 

HD4074008 

7. RAM bit manipulation instruction 
8. ROM address instruction 
9. Input/output instruction 

10. Control instruction 

Tables 24-33 list their functions, and table 34 
is an opcode map. 

Words/ 

Operation Mnemonic Operation Code f1H1ction Status Cycles 

Load A from Immediate LAI i 0 0 0 i3 ii i, io i~A 1/1 

Load B from Immediate LBI i 0 0 0 0 0 i3 ii i, io i - B 1/1 

Load Memory from LMIDi,d 0 0 1 0 i3 ii i, io i -• M 212 
Immediate ds de d1 de ds d4 d3 d2 d, do 

Load Memory from LMllVi 1 0 1 0 0 1 i3 ii i, io i-•M, V+1 -v NZ 1/1 
Immediate, Increment Y 

Table 26. Register-to-Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B-A 1/1 

Load B from A LBA 0 0 0 0 0 0 0 A-B 1 /1 

Load A from W LAW 0 1 0 0 0 0 0 0 0 0 W-~A 2/2 
0 0 0 0 0 0 0 0 0 0 (Note) 

Load A from Y LAY 0 0 0 0 V-A 1/1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX -A 1/1 

Load A from SPY LAS PY 0 0 0 1 0 1 1 0 0 0 SPY -A 1/1 

Load A from MR LAMR m 0 0 "'3 "'2 "'1 rib MR(m) -A 1/1 

Exchange MR and A XMRAm 0 "'3 "'2 "'1 rib MR(m) - A 1/1 

Note: An operand is provided for the second word of LAW and LW A instruction by assembler automat-
ically. 
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Table 26. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWI i 0 0 0 0 i1 io i-W 1/1 

Load X from Immediate LXI i 0 0 0 0 i3 i2 i1 io i -x 1/1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 i1 io i -v 1/1 

LoadW from A LWA 0 0 0 0 0 0 0 0 A-W 2/2 
n n n n n n n n n n 1111.1-•-' 
v v v v v v v v v v \1,.VLi:;;, 

Load X from A LXA 0 0 0 1 0 0 0 A-X 1/1 

Load Y from A LYA 0 0 0 0 0 0 A-Y 1/1 

Increment Y IV 0 0 0 0 0 0 Y+1 -v NZ 1/1 

Decrement Y DY 0 0 0 1 1 1 Y-1 -v NB 1/1 

AddAtoY AYY 0 0 0 0 0 0 0 Y+A - Y OVF 1/1 

Subtract A from Y SYY 0 0 0 0 0 0 Y-A - Y NB 1/1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X- SPX 1/1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y- SPY 1/1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 X-SPX, Y-SPY 1/1 
and SPY 

Note: An operand is provi~ed for the second word of LAW and LWA instruction by the assembler 
automatically. 
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Table 27. RAM Register Instructions 

Operation 

Load A from Memory 

Load A from Memory 

Load B from Memory 

Load Memory from A 

Load Memory from A 

Load Memory from A, 
Increment Y 

Load Memory from A, 
Decrement Y 

Exchange Memory and A 

t:xcnange Memory and A 

Exchange Memory and B 

Mnemonic 

LAM(XY) 

LAMD d 

LBM(XY) 

LMA(XY) 

LMAD d 

LMAIY(X) 

LMADY(X) 

XMA(XY) 

XMAD d 

XMB(XY) 

Operation Code 

0 0 0 0 0 0 y x 

0 0 0 0 0 0 0 
dg da d1 ds ds d4 dJ d2 d, do 

0 0 0 0 0 0 0 y x 

0 0 1 0 0 0 y x 

0 0 0 0 0 0 
dg da d1 ds ds d4 dJ d2 d, do 

0 0 0 1 0 1 0 0 0 x 

0 0 1 1 0 1 0 0 0 x 

0 0 1 0 0 0 0 0 y x 

0 l 1 0 0 0 0 0 0 0 
dg da d1 ds ds d4 dJ d2 d 1 do 

0 0 1 1 0 0 0 0 y x 

Note: (XY) and (X) have the following meaning: 

HD4074008 

Words/ 

Function Status Cycles 

M -A, (X-SPX, Y-·SPY) 1/1 

M -·A 2/2 

M •B, (X·-SPX, Y-SPY) 1 /1 

A-•M, (X-SPX, Y-SPY) 1 /1 

A-· M 2/2 

A •M, Y+ 1 ·Y (X-·SPX) NZ 1 /1 

A ·M, Y-1 ·Y (X· ·SPX) NB 1 /1 

M-A, (X-SPX, Y-SPY) 1 /1 

M-A 2/2 

M-8, (X-SPX, Y·-·SPY) 1/1 

( 1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 
LAM (XY) is given below). 
The op-code X or Y is assembled as follows. 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X - SPX 

LAMY 0 Y - SPY 

LAMXY X-SPX, Y-SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 
The op-code Xis assembled as follows. 

Mnemonic x Function 

LMAIY 0 

LMAIYX X - SPX 
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Table 28. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMO d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n : Logical AND 
u : Logical OR 
83 : Exclusive OR 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORiviD d 

EORM 

EORMD d 

0 0 0 0 iJ i2 ii io A+i - A 

0 0 0 0 0 00 B+1-B 

0 0 0 0 B-1 - B 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 A+ 1 •A 

0 0 000000 B-•B 

0 0 0 0 0 0 0 0 

0 0 1 0 0 0 0 0 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

1 - CA 

0 0 0-CA 

1 1 

0 0 0 M+A - A 

0 0 0 M+A - A 

0 0 0 M+A+CA ~A 
OVF-CA 

0 0 0 0 0 0 0 M+A+CA--·A 
dg da d7 ds d5 d4 dJ d2 d1 do OVF-·CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA-·A 
NB-CA 

0 1 1 0 0 1 1 0 0 0 M-A-CA-·A 
dg da d7 ds ds d4 dJ d2 d1 do NB-•CA 

0 0 0 0 0 0 0 AU B-A 

0 0 0 0 0 0 An M-A 

0 0 0 0 0 An M ~A 

0 0 0 0 0 0 1 1 0 0 AU M-A 

0 i 0 0 0 0 i 1 0 0 AU M--A 

0 0 0 0 0 1 1 1 0 0 A® M-A 

0 1 0 0 0 1 1 1 0 0 A® M-A 
da da d1 ds ds d4 d3 d2 d1 do 

.HITACHI 

Words/ 

Status Cycles 

OVF 

NZ 

NB 

CA 

OVF 

OVF 

OVF 

OVF 

NB 

NB 

NZ 

NZ 

NZ 

··~ .... 
NZ 

NZ 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

2/2 

1/1 

2/2 

1/1 

2/2 

1/1 

1/1 

2/2 

1/1 

2/2 

1/1 

2/2 
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Table 29. Compare Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 iJ i2 i, io i * M NZ 1 /1 
to Memory 

Immediate Not Equal INEMD i,d 0 1 0 0 1 0 i3 i2 i, io i * M NZ 2/2 
to Memory dg da d1 d5 d5 d4 dJ d2 d, do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 0 0 A,oM NZ 1 /1 

A Not Equal to Memory AMEMD d 0 0 0 0 0 0 0 0 A,oM NZ 2/2 
dg da d1 d5 d5 d4 d3 d2 d, do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B,oM NZ 1 /1 

Y Not Equal to Immediate YNEI i 0 0 0 i3 i2 i, io y * i NZ 1/1 
--------

Immediate Less or Equal ILEM i 0 0 0 0 i3 i2 i, io i ~ M NB 1 /1 
to Memory 

Immediate Less or Eaual ILEMD i.d 0 1 0 0 1 1 i3 iz i~ io i .::5 1\11 !\!8 2/2 
to Memory dg da d1 d5 d5 d4 d3 d2 d, do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A 2 M NB 1 /1 

A Less or Equal to Memory ALEMD d 0 0 0 0 0 0 0 A 2 M NB 2/2 
dg da d1 d5 d5 d4 d3 d2 d 1 do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B 2 M NB 1/1 

A Less or Equal to Immediate ALEI i 0 0 i3 i2 i, io A ;a i NB 1/1 

Table 30. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n, no - M(n) 1/1 

Set Memory Bit SEMD n,d 0 0 0 0 0 n, no -· M(n) 2/2 
dg da d1 d5 d5 d4 dJ d2 d, do 

Reset Memory Bit REM n 0 0 0 0 0 0 n, no 0 ·M(n) 1/1 

Reset Memory Bit REMD n,d 0 0 0 0 0 n, no 0 ~ M(n) 2/2 
dg da d1 d5 d5 d4 d3 d2 d1 do 

Test Memory Bit TM n 0 0 0 0 0 n, no M(n) 1 /1 

Test Memory Bit TMD n,d 0 0 0 0 n, no M(n) 2/2 
dg da d1 d5 d5 d4 d3 d2 d, do 
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Table 31. ROM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Branch on Status 1 BR b b1 bs bs b4 b3 b2 b1 bo 1/1 

Long Branch on Status 1 BRL u 0 0 1 1 1 P3 P2 Pl Po 2/2 
ds ds d1 ds ds d4 d3 d2 d1 do 

Long Jump Unconditionally JMPL u 0 1 0 1 0 1 P3 P2 Pl PO 2/2 
ds ds d1 ds ds d4 d3 d2 d1 do 

Subroutine Jump on Status 1 CAL a 0 as a4 a3 a2 a 1 ao 1/2 

Long Subroutine Jump on CALL u 0 0 1 0 P3 P2 Pl PO 2/2 
Status 1 dg ds d1 de ds d4 dJ d2 d1 do 

Table Branch TBR p 0 0 0 P3 P2 Pl Po 1/1 

Return from Subroutine RTN 0 0 0 0 0 0 0 0 0 1/3 

Return from Interrupt RTNI 0 0 0 0 0 0 0 0 1 -1/E ST 1/3 
CA Restore 

Table 32. Input/Output Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Discrete 1/0 Latch SEO 0 0 0 0 1 0 0 - D(Y) 1/1 

Set Discrete 1/0 Latch Direct SEDD m 0 0 ~f112m1 "1) - D(m) 1 /1 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 0 - D(Y) 1/1 

Reset Discrete 1/0 Latch Direct REDD m 0 0 0 m3 fTl2 m1 "1) 0 -· D(m) 1/1 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 D(Y) 1/1 

Test Discrete 1/0 Latch Direct TDD m 0 0 0 ~f112m1 "1) D(m) 1/1 

Load A from R Port Register LAR m 0 0 0 1 ~f112m1 "1:l R(m) - A 1/1 

Load B from R Port Register LBR m 0 0 0 0 ~fll2m1 "1:l R(m) - B 1/1 

Load R Port Register from A LRA m 0 0 1 ~f112m1 "1) A - R(m) 1/1 

Load R Port Register from B LRB m 0 0 0 ~f112m1 "1) B -· R(m) 1/1 

Pattern Generation Pp 0 0 1 P3 P2 Pl Po 1/2 
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Table 33. Control Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 1 /1 

Start Serial STS 0 1 0 1 0 0 0 0 0 1/1 

Standby Mode SBY 0 0 0 0 1 0 0 1 /1 

Stop Mode STOP 0 0 0 0 1 0 1 1/1 
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Table 34. Opcode Map 

IS R8 0 1 

2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBM(XY) ~ ~ LAB~ IB ~ COMB ----------lOR ~ STS ~ SBY T~ 
5 LMAIYIXIL AYY ~ ~ ~ IY L-::::::::: JMPL p(4) 

0 7 YNEI i(4) BRL p(4) 

8 XMA(XY) SEM n(2) REM n(2) TM n(2) ~ l SEMO n(2) REMO n(2) TMD n(2) 

9 LAM(XY) LMA(XY) Mc~}~~~~~~~~ ANMO~ 
A ~~T ------- }A1 ~A1 LAY LMID i(4) 

B TBR p(4) P p(4) 

C XMB(XY) ~LE~ ~ LBA ~ DB 

D LMADYIXIL SYY ~ LYA ------- DY 

E TD ~ SED ~ LXA ~ RECL SEC 

F LWI i(2) 

0 LBI i(4) 

1 LYI i(4) 

2 LXI i(4) 
f----t----·-----------------1 

3 LAI i(4) 

4 LBR m(4) 

5 LAR m(4) 

6 REDD m(4) 

1 7 LAMR m(4) 

8 ~ i~) 

9 LMllY i(4) 

A TDD m(4) 

B ALEI i(4) 

C LRB m(4) 

LKA 

SEDD 

XMRA 

m(41 

m(4) 

m(4) 
=4 

I 

CAL a(6) 

BR b(8) 

~-··1-word/2-cycle C:::J··1-word/3-cycle c::::J· ·RAM Direct Address c::::J· ·2-word/2-cycle 
Instruction Instruction Instruction Instruction 

(2-word/2-cycle) 
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Absolute Maximum Ratings 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to + 7.0 v 

Programming Voltage Vpp -0.3 to + 14 v 3 

Terminal Voltage VT -0.3 to Vee + 0.3 v 4 

Total Allowance of Input Current ~ lo 50 mA 5 

Maximum Input Current lo 15 mA 7, 8 

Maximum Output Current -lo 4 mA 9, 10 

6 mA 9, 11 

30 mA 9, 12 

Total Allowance of Output Current -~lo 150 mA 6 

Operating Temperature Topr -20 to + 75 ·c 

Storage Temperature T519 -55 to + 125 °C 

Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera
tion should be under the conditions of Electrical Characteristics. If these conditions are 
exceeded, it may cause a malfunction or affect the reliability of LSI. 

2. All voltages are with respect to G N 0. 
3. Applied to R9o (Vpp) 
4. Standard pins. 
5. Total allowance of input current is the total sum of input current which flows in from all 1/0 

pins to GNO simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out 

from Vee to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GNO. 
8. Oo-03andR3-R8. 
9. Maximum output current is the maximum amount of output current from Vee to each 1/0 

pin. 
10. Oo-03 and R3-R8. 
11. RO-R2. 
12. 04-015. 
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Electrical Characteristics 

DC Characteristics 
(Vee= 5 V ± 10%, GND = O V, T. = -20'C to+ 75'C, unless otherwise notes.) 

Item Symbol Pin Min 

Input High 
Voltage 

Input Low 
Voltage 

Output High 
Voltage 

Output Low 
Voltage 

VoH 

Vol 

Input/Output 1 liLI 
Leakage 
Current 

Current 
Dissipation in 
Active Mode 

Ice 

Current lssv 
Dissipation in 
Standby Mode 

Current I stop 
Dissipation in 
Stop Mode 

Stop Mode Vstop 
Retain Voltage 

RESET, SCK, 0.8 Vee 
INTo. INT1 

OSC1 

SI 

RESET, SCK, 
INTo. INT1 

osc, 

SI 

SCK, 
so 

SCK, 
so 

RESET, SCK, 
INTo. INT1. 
OSC1. SI, SO 

Vee 

Vee 

Vee 

Vee 

Vee - 0.5 

0.7Vcc 

- 0.3 

- 0.3 

- 0.3 

Vcc-1.0 

Vcc-0.5 

2 

Typ Max Unit Taat Condition 

Vee+ 0.3 v 

Vee+ 0.3 V 

Vee + 0.3 v 

0.2 Vee v 

0.5 v 

0.3 Vee v 

v 

v 

0.4 v 

µA 

4.5 mA 

1.7 mA 

10 µA 

v 

-loH=1.0mA 

-loH=0.5mA 

loL=1.6mA 

V;n = 0 V to Vee 

Vee= 5 v 

Maximum logic 
operation 
Vcc=5V 

V.n(TEST) =Vee - 0.3Vto 
Vee. V.n(RESET) = 0 V 
to 0.3 V 

Notes: 1. Excluding pull-up MOS current and output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 

• MCU in reset state, operation mode 
·RESET, TEST: Vee 
!' Do-D3, R3-R9: Vee 
• 04-015, RO-R2, RAo, RA1 :GNO 

Note 

2,5 

3,5 

4 

3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
·Serial interface: Stop 
·RESET: GNO 
·TEST: Vee 
• Oo-03, R3-R9: Vee 
• 04-015, RO-R2, RAo, RA1 : GNO 

4. Excluding pull-down MOS current. 
5. When fosc = x MHz, estimate the current dissipation as follows: 

Max value @ x MHz = x/8 x (max value @ 8 MHz) 
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Input/Output Characteristics for Standard Pin (I): NMOS Open Drain 
(Vee = 5 V ± 10%, GND = 0 V, T. = - 20'C to + 75'C, unless otherwise noted.) 

Item Symbol Pin Min Typ Max Unit Test Conditions Note 

Input High V1H Do-D3, O. 7 Vee Vee + 0.3 v 
Voltage R3-R5 

R9 

Input Low V1L Do-D3, - 0.3 0.3Vcc v 
Voltage R3-R5 

R9 

Output Low VOL Do-D3, 04 v loL = 1.6 mA 

Voltage R3-R8 

Input/Output I l1L I Oo-03, µA V;n = 0 V to Vee 
Leakage Current R3-R9 

Note: 1 . Pull-up MOS current and output buffer current are excluded. 

Input/Output Characteristics for Standard Pin (II) : PMOS Open Drain 
(Vee = 5 V ± 10%, GND = 0 V, T. = - 2Q°C to + 75"C, unless otherwise noted.) 

Item Symbol Pin Min Typ Max Unit Test Conditions Note 

Input High V1H 04-015. O. 7 Vee Vee + 0.3 v 
Voltage R1, R2, 

RAo. RA1 

Input Low V1L 04-015, - 0.3 0.3 Vee v 
Voltage R1, R2, 

RAo. RA1 

Output High VoH 04-015 Vee - 3.0 v - loH = 15 mA, Vee = 5 V 
Voltage 

Vee - 2.0 v - loH = 10 mA, Vee = 5 V 

Vee - 1 .o v - loH = 4 mA. Vee = 5 V 

RO-R2 Vee - 3.0 v - loH = 3 mA, Vee = 5 V 

Vee - 2.0 v - loH = 2 mA. Vee = 5 V 

Vee - 1 .o v - loH = 0.8 mA, Vee = 5 V 

Input/Output I l1LI 04-015. µA V;n = 0 to Vee 
Leakage RO-R2, 
Current RAo. RA1 

Note: 1. Pull-down MOS current and output buffer current are excluded. 
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AC Characteristics 
(Vee = 5 V ± 10%, GND = 0 V, Ta = - 20°C to + 75°C, unless otherwise noted.) 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

Oscillation Frequency fosc OSC1, OSC2 0.4 8 9 MHz divide by 8 

Instruction Cycle tcyc 0.89 20 µS 

Time 

Oscillator Stabiliza- tRe OSC1, OSC2 20 ms 
tion Time 

External Clock tepH, osc, 41 ns divide by 8 2 
High, Low tePL 
Level Width 

External Clock Rise tep, osc, 15 ns 2 
Time 

External Clock Fall tep1 osc, 15 ns 2 
Time 

INTo High Level tioH INTo 2 tcyc 3 
Width 

INTo Low Level t10L INTo 2 tcyc 3 
Width 

INT 1 High Level t11H INT1 2 tcyc 3 
Width 

INT 1 Low Level t11 L INT1 2 tcyc 3 
Width 

RESET High Level tRSTH RESET 2 tcyc 4 
Width 

Input Capacitance Cin All pins 15 pF f =1 MHz, 
V;n = 0 V 

RESET Fall Time tRSTf 20 ms 4 

Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches its 
minimum allowable voltage after power-on, or after RESET goes high. At power-on or STOP 
mode release, RESET must be kept high for at least tRe. Since tRe depends on the crystal or 
ceramic filter's circuit constant and stray capacitance, please get the manufacturer's advice 
when designing the RESET circuit. 

2. See figure 28. 
3. See ~igure 29. 
4. See figure 30. 
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Serial Interface Timing Characteristics 

AT Transfer Clock Output 

HD4074008 

(Vee= 5 V ± 10%, GND = 0 V, Ta= - 20'C to+ 75'C, unless otherwise noted.) 

Item Symbol Pin Min Typ Max Unit Test Condition Note ------
Transfer Clock tscvc SCK tcyc 1.2 
Cycle Time 

Transfer Clock tscKH SCK 0.5 tscyc 1 .2 
High, Low tscKL 
Level Width 

Transfer Clock tscKr SCK 100 ns 1.2 
Rise, Fall Time tscKt 

Serial Output Data to so so 250 ns 1.2 
Delay Time 

Serial Input Data tss1 SI 300 ns 
Set-up Time 

Serial Input Data tHSI SI 150 ns 
Hold Time 

AT Transfer Clock Input 
(Vee= 5 V ± 10%, GND = 0 V, Ta= - 20'C to + 75'C, unless otherwise noted.) 
Item Symbol Pin Min Typ Max Unit Test Condition Note 

Transfer Clock tscyc SCK tcyc 
Cycle Time 

Transfer Clock tscKH SCK 0.5 tscyc 
High, Low tscKL 
Level Width 

Transfer Clock tscKr SCK 100 ns 
Rise. Fall Time tscKt 

Serial Output Data to so so 250 ns .2 
Delay Time 

Serial Input Data tss1 SI 300 ns 
Set-up Time 

Serial Input Data tHSI SI 150 ns 
Hold Time 

Notes: 1 . See figure 31 
2. See figure 32 
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tcPr tCPf 

Figure 28. Oscillator Timing 

Figure 29. Interrupt Timing 

RESET 

tRSTf 

Figura 30. Rssst Timing 
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SCK Vee-2.0V (0.8Vecl • 

so 

SI 

Vee-2.0V 

O.BV 

• Vee-2.0V and O.BV are the threshold voltage for transfer clock output. 
0.8Vee and 0.2Vee are the threshold voltage for transfer clock input. 

Figure 31. Timing Diagram of Serial Interface 

Vee 

R,=2.6kQ 

1 S207418l 

or Equiv. 

Figure 32. Timing Load Circuit 
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Programming Electrical Characteristics 
Write and Verify Mode 

DC Characteristics 
(Vcc=6 V ± 0.25 V, VPP=12.5 V ± 0.3 V, Vss=O V, Ta=25 ·c ± 5 C, unless otherwise 
notes.) 

Item Symbol Min Typ Max Unit Test Condition 

Input high voltage Oo-01, Ao-A14, OE, CE V1H 2.2 Vcc+0.3 v 
Input low voltage Oo-01, Ao-A14, OE, CE V1L -0.3 0.8 v 
Output high voltage Oo-01 VoH 2.4 v loH=-200µA 

Output low voltage Oo-01 Vol 0.4 v loL=1.6mA 

Input leakage current Oo-01, Ao-A14, OE, CE llul 2 µA V;n=5.25V/0.5V 

Vee current Ice 30 mA 

Vpp current lpp 40 mA 

AC Characteristics 
(Vcc=6 V ± 0.25 V, VPP=12.5 V ± 0.3 V, Ta=25 ·c ± 5 ·c, unless otherwise noted.) 

Item Symbol Min Typ Max Unit Test Condition 
Address set-up time tAs 2 µS Fig. 33* 

OE set-up time toes 2 µS 

Data set-up time tos 2 µS 

Address hold time !AH 0 µS 

Data hold time toH 2 µS 

Output disable delay time toF 130 ns 

Vpp set-up time tvps 2 µS 

Program pulse width !PW 0.95 1.0 1 .05 ms 

CE pulse width when overprogramming to PW 2.85 78.75 ms 

Vee set-up time tvcs 2 µS 

Data output delay time toe 0 500 ns 

Note : *Input Pulse level o.s~2.2v 
Input rising/falling time;020ns 

Timing reference level I input : 1.0V, 2.0V 
\output : 0.8V, 2.0V 
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rogram Ve ify ' 
Address 

~ X_ _,. 
(AS _J c 

Data Data In Stable Data Out Valid 

tos !DH (DF 

I--
v,, 

Vee 
Vee tvPs 

Vee 
Vee 

GND tvcs 

cr 
r-----1 

~ 
tOES (OE 

5E 
tOPW 

1------1 

Figure 33. PROM Programming/Verify Timing 
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Read Mode 

DC Characteristics 
(Vss = 5 V ± 10%, Vpp =Vee± 0.6 V, Ta= 25'C ± 5'C, unless otherwise notes.) 

Item Symbol Min Typ Max Unit Test Condition 
Input Leakage Current IL1 µA Vee = 5.5 V, Vin = GND to Vee 

Output Leakage Current Ito 1 µA Vee = 5.5 V, Vout = GND to Vee 

Progmam Current lpp 100 µA Vpp = Vee + 0.6 V 

Current Dissipation Ice 30 mA 
Active Mode 
Input Voltage V1L -0.3 0.8 v 

V1H 2.2 Vcc+0.3 V 

Output Voltage VoL 0.40 v loL = 1.6 mA 

VoH 2.4 v loH = -200 µA 

AC Characteristics 
(Vee = 5 V ± 10%, VPP = Vee ± 0.6 V, Ta = 25'C ± 5'C, unless otherwise notes.) 
Item Symbol Min Max Unit Test Condition Note 

Access Time tAcc 500 ns CE= OE= V1L 

CE Output Delay Time tee 500 ns OE= V1L 

OE Output Delay Time toe 10 150 ns CE= V1L 

Output Disable Delay Time toF 0 105 ns CE= V1L 

Data Output Hold Time toH 0 ns CE= OE= V1L 

Note: 1. ToF is defined when output becomes open because output level can not be refered . 
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Switching characteristics 
Input Pulse Level 0.8 to 2.2 V 
Input Rise/Fall Time ;;:;; 20 ns 

Address 

Data Out 

HD4074008 

Output Load 1 TTL Gate + 1 00 pF 
Input/Output Timing Reference Level Output; 1 V, 2 V 

Input; 0.8 V, 2 V 

Figure 34. PROM Read Timing 
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H 0404019/H 04074019--
Description 
The HD404019, HD4074019 are CMOS 4-bit 
single-chip microcomputers in the HMCS400 
series. Each device incorporates ROM, RAM, 
I/O, serial interface, and 2 timer/counters and 
contains high-voltage 1/0 pins, including 
high-current output pins to drive fluorescent 
displays directly. 

Features 

• 4-bit architecture 
• 16384 words of 10-bit ROM 

-Mask ROM: HD404019 
-PROM: HD4074019 

e 992 digits of 4-bit RAM 
• 58 I/O pins, including 26high-voltage1/0 

pins (40 V max) 
• 2 timer/counters 

-11-bit prescaler 
-8-bit free running timer/counter 
-8-bit auto-reload timer/event counter 

• Clock synchronous 8-bit serial interface 
• Five interrupt sources 

-External: 2 
-Timer/counter: 2 
-Serial interface: 1 

• Subroutine stack 
-Up to 16 levels including interrupts 

• Minimum instruction execution time 
-0.89 µS 

• Low power dissipation modes 

-Preliminary-

• Packages 
-64-pin shrink type plastic DIP 
-64-pin flat plastic package 
-64-pin shrink type ceramic DIP with 

window 
• Instruction set compatible with 

HMCS408: 101 instructions 
• High programming efficiency with 10-bit/ 

word ROM: 79 single-word instructions 
• Direct branch to all RAM areas 
• Direct or indirect addressing of all RAM 

areas 
• Subroutine nesting up to 16 levels includ-

ing interrupts 
• Binary and BCD arithmetic operations 
• Powerful logical arithmetic operations 
• Pattern generation-table lookup capabil

ity 
• Bit manipulation for both RAM and I/O 

Program Development Support Tools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with ll3M PC 

• Programming socket adapter for program
ming the EPROM-on-chip device 

Ordering Information 
Part No. Package 

Mask ROM HD404019S DP-64S -Standby: Stops instruction execution 
while allowing clock oscillation and 
interrupt functions to operate 

type HD404019F FP-640 

-Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 

• On-chip oscillator 
-Crystal or ceramic filter 
-External clock 

FP-64A 

ZTATtype 

$HITACHI 

HD404019H FP-64A 

HD4074019S DP-64S 

HD4074019F FP-640 

HD4074019C DC-64S 

HD4074019H FD-64A 
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Pin Arrangement 

R1, 
A1; 
R1 3 13 

R2c 
R2, 

R2, 
R2, 

RA,/V""" 19 

R3o 
R3, 

R3,/INT, 

(DP-645, DC-645) 

Block Diagram 

R9; 
R9, 
R9, 

R9c 

R8, 
R8, 
R8, 

R7, 
R7, 
R7, 
R7c 

R6, 
R6, 
R6, 
R6c 

R5, 
R5, 
R5, 
R5c 

L ___ J High Voltage 1/0 

A4o/R41/R44/ 
SCK SI SO 

RO, 
RO, 
RO, 

R1c 

R1, 

R1, 

R1, 

R2c 

R2, 

R2, 

R2., 
RAc 

RAi/Va .. p 

R3c 

R3, 

R321'1Nf;;" 

R33/~ 

R50 

R5, 

(Top View) 

Timer External 

Interrupt 

Interrupt Control 

RAM 992 x 4bit 
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(FP-648) 

RESET TESTOSC, osc, TrrD------~ 

SP 

System Control 

Instruction 
Decoder 

ROM 

1 6384 x 1 Obit 

Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. •Brisbane, CA 94005-1819 • (415) 589-8300 285 



l:;l 
a> 

I 

~ 
=<: 
)> 

3 
~ c;· 

"' a 
I 

~ 
~ 

" ~ 
"' . 
"' 0 
0 
0 

~@ 
~ l: 
0 -::;· ~ 
~ )i 
[ C') 
"" l: . 
OJ 
~-
0" 

"' ::> 
~ 
C".> 
)> 

'£ g 
'{' 

~ 
"' 

""§: 
~ 

"' 00 
'P 
00 

"' 0 
0 

Differences between PROM in Package, EPROM on Package and Mask ROM Types 

PROM in Package ZTAT 

I tam HD4074019 HD4074008 

Typical instruc- 1 µs 1 µs 
tion execution 

time 
--
Power supply 4.5-5.5 4.5-5.5 
voltage (V) 

EPROM on Packaga 

HD614P080S 
HD614P0160S 

1.33 µS 

4.5-5.5 

HD404019 

1 µs 

3.5-6 

Mask ROM 

HMCS408AC/C/CL HMCS404AC/C/CL HMCS402AC/C/CL 

1 µS 2 µS 4 µS 1 µs 2 µS 4 µS 1 µS 2 µS 4 µS 

4.5-6 3.5-6 2.5-6 4.5-6 4-6 2.7-6 4.5-6 4-6 2.7-6 

ROM 16,384 words 8, 192 words HN27C64: 4,096 16,384 words 8, 192 words 
x 10 bit 

4,096 words 
x 10 bit 

2,048 words 
x 10 bit x 10 bit x 10 bit x 1 0 bit x 1 0 bit 

RAM 992 x 4 bit 

1/0 pin Standard NMOS open dain 
circuit 

High PMOS open drain 
voltage 

Clock Crystal o 

generation Ceramic o 

Resistance 

512 x 4 bit 

NMOS open drain 

PMOS open drain 
(Typical 5 V use) 

0 

0 

Pakage Type DC-645 DP-64$ FP-648 DC-645 DP-64$ FP-64 
{Window) FP-64A {Window) FP-64A 

Occupied 18.8x 17x58 18.8x 18.8x 17x58 19.6x 
area 57.3 24.8 57.3 25.6 
(mm') 17.2X17.2 

---
Height 5.6 5.1 2 .9 5.6 5.1 2.9 

from (Max) (Max) (\/lax) (Max) (Max) (Max) 

stand 2.9 
off (mm) (Max) 

HN4827128: 8,192 
x 10 bit 
HN27C256: 16,384 
x 10 bit 

576 x 4 bit 

NMOS open drain 

PMOS open drain 

0 

0 

DC-64SP 

23X 
57.3 

7.5 
(Maxi 

Notes: DC-64S: 
DP-64S: 

64-pin shrink type ceramic DIP with window 
64-pin shrink type DIP 

FP-64: 
FP-64A: 
FP-648: 

64-pin flat plastic package (rectangular shape) 
64-pin flat plastic package (square shape) 
64-pin flat plastic package (rectangular shape) 

992 x 4 bit 512 x 4 bit 256 x 4 bit 

Each pin can be without pull-up MOS (NMOS open drain), 
with pull-up MOS, or CMOS 

Each pin can be without pull-down MOS (PMOS open drain) 
or with pull-down MOS 

0 0 0 

0 0 0 

HMCS404C 

DP-645 FP-648 DP-645 FP-64 DP-645 FP-64 
FP-64A 

17X58 18.8x 17X58 19.6x 17X 58 19.6x 
24.8 25.6 25.6 

5.1 2.9 5.1 2.9 5.1 2.9 
(Max) (Max) (Max) (Max) (Max) (Max) 

DC-64SP: 64-pin shrink type ceramic piggy back 
o : Available 

Not available 

160 x 4 bit 

0 

0 

HMCS402C 

DP-645 FP-64 

17X58 19.6X 
25.6 

5.1 2.9 
(Max) (Max) 

::r: 
t1 
~ 
0 
~ 
0 
....... 
co .....____ 

::r: 
t1 
~ 
0 
-....] 
~ 
0 
....... 
co 



Pin Description 

GND, Vee, Vdtap (Power) 

GND, Vee, and Vctisp are the power supply pins 
for the MCU. 
Connect GND to the ground (0 V) and apply 
the Vee power supply voltage to the Vee pin. 
The Vctisp pin (multiplexed with RA1) is a 
power supply for high-voltage I/O pins with 
maximum voltage of 40 V (Vee - 40 V). For 
details, see Input/Output section. 

TEST (Test) 

TEST is for test purposes only. Connect it to 
Vee. 

RESET (Reset) 

RESET resets the MCU. For details, see Reset 
section. 

OSC1, OSC2 (Oscillator Connections) 

OSC1 and OSC2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 

Do-Dis (D Port) 

The D port is an input/output port addressed 
by the bit. These 16 pins are all input/output 
pins. Do to DJ are standard and D4 to D15 are 

HD404019 /HD4074019 

high-voltage pins. The circuit type for each 
pin can be seleeted using a mask option. For 
details, see Input/Output section. 

R00-R03, Rlo-Rl3, R2o-R23, R3o-R33, 
R4o-R43, R5o-R53, R60-R63, R7o-R73, 
R80-R83, R9o-R93, RAo, RA.i. (R Ports) 

RO to R9 are 4-bit I/O ports. RA is a 2-bit port. 
R9 and RA are input ports, and RO to RS I/0 
ports. RO, Rl, R2, and RA are high-voltage 
ports, and R3 to R9 are standard ports. Each 
pin has a mask option which selects its circuit 
type. The pins R32, R33, R4o, R41, and R42 are 
multiplexed with INTo, INT1, SCK, SI, and SO 
respectively. For details, see Input/Output 
section. 

INTo, INT1 (Interrupts) 

INTo and INT1 are external interrupts for the 
MCU. INT1 can be used as an external event 
input pin for timer B. INTo and iN'I't are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 

SCK, SI, SO 

The transfer clock I/O pin (SCK), serial data 
input pin (SI), and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with R4o, R41, and R42 
respectively. For details, see Serial Interface 
Section. 
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Functional Description 

ROM Memory Map 

The MCU includes 16384 words x 10 bits of 
ROM (mask ROM or PROM). It is described in 
the following paragraphs and the ROM 
memory map (figure 1). 

Vector Address Area ($0000 to $000F): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 

0 

15 
16 

63 
64 

4095 
4096 

16383 

Vector Address 

Zero-Page Subroutine 

(64Words) 

Pattern 

(4096 Words) 

Program 

( 1 6384 Worbs) 

$0000 

SOOOF 
$0010 

\ 
$003F 
$0040 

$0FFF 
$1000 

$ 3FFF 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 

Pattern Area ($0000 to $0FFF): Locations 
$0000 through $0FFF are reserved for ROM 
data. P instructions can refer to the ROM data 
as a pattern. 

Program Area ($0000 to $3FFF): Loca
tions from $0000 to $1FFF can be used for 
program code. 

0 ... JMPL Instruction 

1 (Jump to RESET Routine) _, 

2 ... JMPL Instruction 

3 (Jump to INTo Routine) 
..., 

4 JMPL Instruction _ 
s ... (Jump to INT1 Routine) 

6 JMPL Instruction 

7 ... (Jump to TIMER A Routine) -

8 ... JMPL Instruction 

9 (Jump to TIMER B Routine) -

10 

11 

121- JMPL Instruction 

13 (Jump to SERIAL Routine) -

14 

15 

$0000 

$0001 

$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

S0008 

$0009 

$000A 

$0008 

soooc 
$0000 

SOOOE 

SOOOF 

Figure 1. ROM Memory Map 
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RAM Memory Map 

The MCU includes 992 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are also mapped on the RAM 
memory space. The RAM memory map (figure 
2) is described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
only by a RAM bit manipulation instruction. 

0 

31 
32 

47 
48 

959 
960 

1023 

RAM-mapped Registers 

Memory Registers (MRI 

1---------------------1 

Data 

(928 Digits) 

Stack 
(64 Digits) 

$000 

S OlF 
$020 
\ 
$02F 
$030 

$3BF 
$3CO 

$3FF 

HD404019 /HD4074019 

However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($004 to 
$00B): The special function registers are the 
mode or data registers for the external inter
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
cannot be accessed by RAM bit manipulation 
instructions. 

0 

1 

2 

3 
4 

5 

6 

7 

8 

9 

101-
11 
12 

31 

Interrupt Control Bits 

Port Mode Reg. (PMRI :w 
Serial Mode Reg. (SMR) •W 

Serial Data Reg. Lower (SRLI !RIW 

Serial Data Reg. Upper (SRU) :R/W 

Timer Mode Reg. A (TMAll W 

Timer Mode Reg. B ITMB) I W 

Timer B 
(TCBL/TLRL) iR/W 

(TCBU /TLRUI I R/W 

Not Used 

$000 

$001 

$002 

$004 

$005 

$006 

$007 

$008 

$009 

$00A 

$008 

$00C 

$ 01F 

Note: Two registers are mapped on same address. 

R: Read Only 

W: Write Only 

R/W: Read/Write 

10 

11 

Timer/Event Counter 8 Lower: 
R 

Timer Load Reg. Lower 
(TCBL) (TLRL) 

Timer/Event Counter B Upper! R 
Timer Load Reg. Upper 

(TCBU) (TLRU) 

Figure 2. RAM Memory Map 
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HD404019 /HD4074019 

Data Area ($020 to $3BF): 16 digits, $020 
through $02F, of the data area are called 
memory registers (MR) and are accessible by 
LAMR and XMRA instructions (figure 4). 

broutine calls (CAL instruction, CALL 
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
the RTNI instruction. This area, when not 
used for a stack, is available as a data area. 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST), and carry (CA) when su-

bit 3 bit 2 bit 1 bit 0 

IMO IFO RSP l/E 
- -

(Reset SP Bit) (Interrupt Enable Flag) (IM of INTo) (IF of INTo) 
0 $000 

IMTA IFTA IM1 IF1 

(IM of TIMER A) (IF of TIMER A) 
- -

(IM of INT1) (IF of INT1) 
$001 

IMTB IFTB 
Not Used Not Used 

(!M of TIMER B) (IF of TIMER B) 
2 $002 

IMS IFS 
Not Used Not Used 

(IM of SERIAL) (IF of SERIAL) 
3 $003 

IF: Interrupt Request Flag IM: Interrupt Mask l/E: Interrupt Enable Flag SP: Stack Pointer 
Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMO instruction, and 

is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not affected by the SEM/SEMD instruction. 

290 

The contents of status becomes invalid when a "Not Used" bit is tested. 

Figure 3. Interrupt Control Bit Area Configuration 

Memory Registers 

32 MR(O) $020 

33 MR(l) $021 

34 MR(2) $022 

35 MR(3) $023 

36 MR(4) $024 

37 MR(5) $025 

38 IVln\U/ $023 

39 

40 

41 

42 

43 

44 
45 

46 

47 

MR(7) $027 

MR(B) $028 

MR(9) $029 

MR(lO) $02A 

MR(ll) $02B 

MR(12) $02C 

MR(13) $02D 

MR(14) $02E 

MR(15) $02F 

Stack Area 

960 Level 16 $3CO 

Level 1 5 PC 13 to PC0 : Program Counter 
ST: Status Level 14 

Level 13 CA: Carry 
Level 12 

Level 11 

Level 9 bit 3 bit 2 bit 1 bit 0 
Level •s /l _ 

...... _~:_:_::~_4:~v~:::f--_P_s:_,o~~Tt---:_:_:~++--p-P:_~_,~+t---:_:_:_,-1:::: 
~ + + 
Level 3 1022 CA PC6 PC, PC4 $3FE 

1--~~----< J. J_ 
Level 2 T 

1 $3 FF 1023 PC, PC2 PC 1 PCo $3FF 

l J. J. 1023 Level 

Figure 4. Configuration of Memory Register, Stack Area, and Stack Position 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



Registers and Flags 

The MCU has nine registers and two flags for 
the CPU operations (figure 5). 

Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results 
from the arithmetic logic unit (ALU), and 
transfer data to/from memories, I/O, and 
other registers. 

W Register (W), X Register (X), Y Regis
ter (Y): The 2-bit W register, and the 4-bit X 
and Y registers indirectly address RAM. The Y 
register is also used for D port addressing. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY assist X and 
Y registers respectively. 

Carry (CA): The carry (CA) stores the over
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
'D/""\TT -:::iT'\rl 'D/""\"T''D ; ..... r.+._..~,..+~ ........... .... 
..,.,.._,,..,.._., .......... _ ..... ....,, ........ .1..1..1.0.,.1. ...... ...,., ... ..., ...... 0. 

During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 

Status (ST): The status (ST) holds the ALU 

13 

PC 

HD404019 /HD407 4019 

overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value for 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after a BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic
ing, status is pushed onto the stack. It is 
restored back from the stack by a RTNI 
instruction, but not by a RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter which con
trols the sequence in which the instructions 
stored in ROM are executed. 

Stack Pointer (SP): The stack pointer (SP) 
points to the address of the next stack area 
(up to 16 levels). 

The stack pointer is initialized to RAM 
a.<ldr~ss $3FF. It i::s dec..;rernented by 4 when 
data is pushed onto the stack, and in
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the high four bits of the stack 
pointer are fixed at 1111. 

0 

A I Accumulator 

0 

._ ___ __,I B Register 

1 0 

0 WReg1ster 

0 

X I X Register 

._ __ Y _ __.I Y Registec 

0 

SP 

SPX 
SPX Register 

0 

SPY I SPY Registec 

r,::i 
L:::J Carry 

~ 
L::.J Status 

0 

0 

Program 
Counter 

I Stack 
Pointer 

Figure 5. Registers and Flags 
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The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit, reset by a 
REM/REMD instruction. 

Interrupt 

Five interrupt sources are available on the 
MCU: external requests (INTo, INT1), timer/ 
counter (timer A, timer B), and serial port 
(serial}. For each source, an interrupt request 
flag (IF), interrupt mask (IM), and interrupt 
vector addresses control and maintain the 
interrupt request. The interrupt enable flag 
(IE) also controls interrupt operations. 

sooo.o 
I 'E 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE} and IF are 
cleared 0, and the interrupt mask (IM) is set to 
1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

t--~~~~~~~~~~~~~....---.. 

Sequence Control 
, Push PC CA ST 

, Reset l!E 

S000,2 

1001.0 

S002,0 

~ 
~ 
SOOJ,O 

· Jl#T'lp to Vector 
Address 

Priority Control PLA 

Figure 6. Interrupt Control Circuit Block Diagram 
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An interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 

Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 

Table 1. Vector Addresses and Inter-
rupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET $0000 

11\lTc $0002 

INT1 2 $0004 

Timer A 3 $0006 

Timer B 4 $0008 

SERIAL 5 $000C 

Table 2. Conditions of Interrupt Service 

Interrupt Control Bit 

l/E 

IFO·IMO 

IF1 ·IM1 * 
IFTA·IMTA * 
IFTB·IMTB * 
IFS·IMS * 
Note: * Don't care 

INT1 

0 

* 
* 
* 

HD404019 /HD4074019 

In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 
address. 

In each vector address, program JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 

Timer A TimerB SERIAL 

0 0 0 

0 0 0 

0 0 

* 0 

* * 
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Interrupt Enable Flag (I/E: $000 Bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 

External Interrupts (INTo, I~: _'.!'!!e 
external interrupt request inputs (INTo, INT1) 
can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INT1 pin and R32/INT0 pin to be 
used as INT1 pin and INTo pin respectively. 

The external interrupt request flags (IFO.~ 
are set at the falling edge of INTo and INT1 
inputs. (Refer to table 4.) 

The INT1 input can be used as a clock signal 
input to timer B. Then timer B counts up at 
each falling edge of the INT1 input. When INT1 
is used as timer B external event input, 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag Interrupt Enable/Disable 

0 Disable 

Enable 

Table 4. External Interrupt Request 
Flag 

External Interrupt Request Flags Interrupt Requests 

0 No 

Yes 

Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 

Disable (mask) 

external interrupt mask (IMl) has to be set so 
that the interrupt request by INT1 will not be 
accepted. (Refer to table 5.) 

External Interrupt Request Flags (IFO: 
$000 Bit 2, IF1: $001 Bit 0): The external 
interrupt request flagsj![O, IFl) are set at the 
falling edge of the INTo, and INT1 inputs 
respectively. 

External Interrupt Masks (IMO: $000 Bit 
3, IMl: $001 Bit 1): The external interrupt 
masks mask the external interrupt requests. 

Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only ~ister 
which controls the R32/INT0 pin, R33/INT1 pin, 
R4t/SI pin, and R42/SO pin as shown in table 
6. The port mode register will be initialized to 
$0 by MCU reset. These pins are therefore 
initially used as ports. 

Table 6. Port Mode Register 

PMR3 R33/INT1 Pin 

0 Used as R33 port input/output pin 

Used as INT1 input pin 

PMR2 

0 Used as R32 port input/ output pin 

Used as INTo input pin 

PMR1 R41/SI Pin 

0 Used as R41 port input/output pin 

Used as SI input pin 

PMRO R4:z/SO Pin 

0 Used as R42 port input/ output pin 

Used as SO output pin 
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lnstruction
0 
-----1----1-----+-----+---~~ 

Cycles ~ ----1 I 
Instruction 

execution 

Interrupt 
accepted 

Stackmg, 

Reset of l/E 

Stacking, 

Vector address 
is generated 

JM PL instruction e)(ecution on the 

vector address 

Figure 7. Interrupt Servicing Sequence 
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Power 
ON 

Yes 

Reset MCU 

No 

(A) 

Execute 
Instruction 

(B) 

PC.._(PC)+ 1 

PC+-$ 0002 

PC+-$ 0004 

PC+-$ 0006 

PC+-$000B 

PC+-$000C 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Figure 8. Interrupt Servicing Flowchart 
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Serial Interface 

The serial interface is used to transmit/ 
receive 8-bit data serially. It consists of the 
serial data register, the serial mode register, 
the octal counter, and the multi.plex8r as 
illustrated in figure 9. Pin R4o/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The contents of the 
serial data register can be written into or 
read out by software. The data in the serial 
data register can be shifted synchronously 
with the transfer clock signal. 

STS instruction initiates serial interface 
operations and resets the octal counter to $0. 
The counter starts to count at the falling edge 
of the transfer clock (SCK) signal and incre
ments by one at the rising edge of SCK. When 
the octal counter is reset to $0 after eight 
transfer clock signals, or when a transmit/ 
receive operation is discontinued when the 
octal counter is reset, the serial interrupt 
request flag will be set. 

Serial Mode Register (SMR: $005): The 4-
bit write-only serial mode register controls 
the R40/SCK, prescaler divide ratio, and 
transfer clock source as shown in table 7. 

The write signal to the serial mode register 
controls the operating state of the serial 
interface. 

The write signal to the serial mode register 
stops the serial data register and octal 
counter from accepting transfer clock, and it 
also resets the octal counter to $0 simultane
ously. Therefore, when the serial interface is 
in the transfer state, the write signal causes 
the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 

Contents of the serial mode register will be 
changed on the second instruction cycle after 
the serial mode register has been written to. 

HD404019/HD4074019 

Therefore, the STS instruction must be 
executed after the data in the serial mode 
register has been changed completely. The 
serial mode register will be reset to $0 by 
MCU reset. 

Serial Data Register (SRL: $006, SRU: 
$007): The 8-bit read/write serial data regis
ter consists of a low-order digit (SRL: $006) 
and a high-order digit (SRU: $007). 

The data in the serial data register is output 
from the SO pin, from LSB to MSB, 
synchronously with the falling edge of the 
transfer clock signal. At the same time, 
external data is input from the SI pin to the 
serial data register, MSB first, synchronously 
with the rising edge of the transfer clock. 
Figure 10 shows the I/O timing chart for the 
transfer clock signal and the data. 

The read/write operations of the serial data 
reqister should be performed after the com
pletion of data transmit/receive. Otherwise 
the data can not be guaranteed. 

Serial Interrupt Request Flag (IFS: $003 
Bit 0): The serial interrupt request flag will 
be set when the octal counter counts eight 
transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter. 
Refer to table 8. 

Serial Interrupt Mask (IMS: $003 Bit 1): 
The serial interrupt masks the interrupt 
request. Refer to table 9. 

Selection and Change of the Operation 
Mode: Table 10 shows the serial interface 
operation modes which are determined by a 
combination of the value in the port mode 
register and that in the serial mode register. 

Initialize the serial interface by a write signal 
to the serial mode register when the opera
tion mode is changed. 
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Table 7. Serial Mode Register 

SMR3 

0 

SMR2 

0 

0 

0 

0 

System 
Clock 

R4o/SCK 

Used as R4o port input/output pin 

Used as SCK input/output pin 

SMR 1 SMRO R4o/SCK Port 

0 

0 

0 

0 

0 

0 

0 

0 

Prescaler ( 11 bit) 

Serial MPX 

3 
SMR (4bit) 
Serial Mode 
Re ister 

SCK Output 

SCK Output 

SCK Output 

SCK Output 

SCK Output 

SCK Output 

SCK Output 

SCK Input 

PMR (4bit) 
Port Mode 
Re ister 

SCK 1 
Internal Bus Line (S2) 2 

R4o/SCK 
Port 

SCK 

Transfer Clock 

Clock Source 

Prescaler 

Prescaler 

Prescaler 

Prescaler 

Prescaler 

Prescaler 

System Clock 

External Clock 

Prescaler 
Divide Ratio 

+ 2048 

512 

128 

32 

8 

2 

oc (3 bit) 
Octal 

Counter 

System Clock 
Divide Ratio 

+ 4096 

+ 1024 

SROF 

256 

64 

16 

4 

Serial Interface 
Interrupt 
Request Flag 

Internal Bus Line (S 1 ) 

4 4 

SR (8 bit) 

Serial Data Register 

4 4 

Internal Bus line (S2) 

Figure 9. Serial Interface Block Diagram 
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Operating State of Serial Interface: The 
serial interface has three operating states, 
the STS waiting state, SCK waiting state, and 
transfer state, as shown in figure 11. 

The STS waiting state is the mitialization 
state of the serial interface internal state. The 
serial interface enters this state in one of two 
ways: either by the operation mode changing 
through a change in the data in the port 
mode register, or by data being written into 
the serial mode register. In this state, the 
serial interface does not operate even if the 
transfer clock is applied. If an STS instruction 
is executed, the serial interface shifts to SCK 
waiting state. 

In this state the falling edge of the first trans-

Tai>ie 8. 5eriai intenupi. Request Flag 

Serial Interrupt Request Flag 

0 

Interrupt 
Request 

No 

Yes 

Table 9. Serial Interrupt Mask 

Serial Interrupt Mask 

0 

Transfer Clock 

Serial Output Data 

Interrupt 
Request 

Enable 

Disable (mask) 
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fer clock causes the serial interface shift to 
transfer state. While the octal counter counts 
up and the serial data register shifts simul
taneously. As an exception, if the clock con
tinuous output mode is selected, the serial 
interface stays in SCK waiting state while the 
transfer clock outputs continuously. 

The octal counter becomes 000 again after 8 
transfer clocks or execution of an STS 
instruction, so the serial interface returns to 
SCK waiting state and the serial interrupt 
request flag is set simultaneously. 

When the internal transfer clock is selected, 
the transfer clock output triggered by the 
execution of an STS instruction, and it stops 
after 8 clocks. 

SMR3 PMR1 PMRO Serial Interface Operating Mode 

0 0 Clock continuous output mode 

0 Transmit mode 

0 Receive mode 

Transmit/receive mode 

Serial Input Data 
Latch Timing I I I I I I I I 

Figure 10. Serial Interface 1/0 Timing Chart 
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Transfer Clock Errors Detection Exam
ple: The serial interface functions abnormally 
when the transfer clock is disturbed by 
external noises. Transfer clock errors can be 
detected by the procedure shown in figure 
12. 

H more than 8 transfer clocks occur in the 

Note: Change PMR means the operation 
mode changes as below: 

Clock ·Transmit Mode 

SCK waiting state, the state of the serial 
interface shifts as follows: first, transfer state, 
second, SCK waiting state and third, transfer 
state again. The serial interrupt flag should 
be reset before entering into the STS state by 
writing data to SMR. This procedure sets the 
serial IRF again. 

Continuous ltt •Receive Mode STS Waiting State 

Output Mode ·Transmit/Receive 
Mode (Octal Counter= 000 ) 

Transfer Clock Disable Change PMR (Note) 

Transfer Clock 

SCK Waiting State 

(Octal Counter=OOO) 
8 Transfer Clocks, 

STS Instruction 

Transfer State 

(Octal Counter*OOO) 

Figure 11. Serial Interface Operation State 

Transmit/Receive 
(IFS+-1) 

Interrupt 
Disable 

!FS+-0 

Write to 
SMR 

Normal End 

Yes Transfer Clock 
Error Processing 

Figure 12. Transfer Clock Error Detection Example 
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Timer 

The MCU contains a prescaler and two timer/ 
counters (timer A, timer B). See figure 13. The 
prescaler is an 11-bit binary counter, timer A 
an 8-bit free-running timer/counter, and 
timer B an 8-bit auto-reload timer/event 
counter. 

Prescaler: The input to the prescaler is the 
system clock signal. The prescaler is initial
ized to $0000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig
nals to timer A, timer B, and the serial inter
face. The prescaler divide ratio is selected by 
timer mode register A (TMA), timer mode 
register B (TMB), or the serial mode register 
(SMR). 

Timer A Operation: After timer A is initial
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A becomes $FF, it 
generates an overflow and becomes $00. This 
overflow causes the timer A interrupt request 

Timer Mode Register B 

TMB (4bit) 

3 

Timer B MPX 

... ... ... ... .. ~ ., .. 
+ + + .. + + 

Prescaler ( 11 bit) 

.. ... .. ... ... .. ... ... .. ~ ., .. ;;; 0 + + + + .. 
+ + + + 
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flag (IFTA: $001 bit 2) to go to 1. This timer 
can function as an interval timer periodically 
generating overflow output at every 256th 
clock signal input. 

The clock input signals to timer A are 
selected by timer mode register A (TMA: 
$008). 

Timer B Operation: Timer mode register B 
(TMB: $009) selects the auto-reload function, 
input clock source, and the prescaler divide 
ratio of timer B. When the external event 
input is used as an input clock signal to timer 
B, select R33/INT1 as INT1 and set the external 
interrupt mask (!Ml) to prevent an external 
interrupt request from occurring. 

Timer B is initialized according to the data 
written into the timer load register by soft
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto
reload function is selected timer B is initial
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 

Internal Bus Line (511 

4 

TLl4bitl 
Timer Latch 
Reg. 

TCB (8 bit) 
Timer/Event Counter B 

TLR (8 bit) 
Timer Load Register 

4 

4 

Internal Bus Line ($2) 

TimerA MPX t-C_P_T_A_--i TCA (8 bit) 
Timer Counter A 

3 

TMA(3bit) 

Timer Mode Register A 

Figure 13. Timer/Counter Block Diagram 
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$002 bit 0) will be set at this overflow output. 

Timer Mode Register A (TMA: $008): 
Timer mode register A is a 3-bit write-only 
register. The TMA controls the prescaler 
divide ratio of timer A clock input, as shown 
in table 11. The timer mode register A is 
initialized to $0 by MCU reset. 

Timer Mode Register B (TMB: $009): 
Timer mode register B (TMB) is a 4-bit write
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 12. The timer mode register B is initial
ized to $0 by MCU reset. 

The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Timer B should be 
initialized by writing data into the timer load 
register after the contents of TMB are chan
ged. Configuration and function of timer 
mode register B is shown in figure 14. 

PMR:$004 

Timer B (TCBL: SOOA, TCBU: $00B, TLRL: 
SOOA, TI.RU: SOOB): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 

The timer/event counter can be initialized by 
writing data into the timer load register. 
Write the low-order digit first, and then the 
high-order digit. The timer/event counter is 
initialized when the high-order digit is writ
ten. The timer load register is initialized to 
$00 by the MCU reset. 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 

SMR:$005 

PMR3 PMR2 PMR1 PMRO SMR3 SMR2 SMR1 SMRO 

Transfer clock selection 

R40/SCK pin mode selection 

~----- R42/SO pin mode selection 

'--------- R4 1/SI pin mode selection 

~---------- R32/INTo pin mode selection 

~------------ R33/INT1 pin mode selection 

TMA:$008 TMB:$009 

l><JTMA2,TMA ,,TMAOI ITMB3,TMB2,TMB1 '™BO' 

I l L__ TI~' B ;"'"' dook """'00 
~ Auto-reload function selection 

Timer A input clock selection 

Figure 14. Mode Register Configuration and Function 
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Timer A Interrupt Request Flag (IFTA: 
$001 Bit 2): The timer A interrupt request 
flag is set by the overflow output of timer A 
(table 13). 

Timer A Interrupt Mask (IMT A: $001 Bit 
3): The timer A interrupt mask prevents an 
interrupt request from being generated by 
the timer A interrupt request flag (table 14). 

Table 11. Timer Mode Register A 

TMA2 TMA1 TMAO Prescaler Divide Ratio 

0 0 0 . 2048 

0 0 1024 

0 0 . 512 

0 . 128 

0 0 . 32 

0 8 

0 4 

2 

Table 12. Timer Mode Register B 

TMB3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 

0 0 0 . 2048 

0 0 512 

0 0 . 128 

0 32 

0 0 . 8 

0 4 

0 2 

I NT1 (External Event Input) 
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Timer B Interrupt Request Flag (IFTB: 
$002 Bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 15). 

Timer B Interrupt Mask (IMTB: $002 Bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B Interrupt request flag (table 16). 

Table 13. Timer A Interrupt Request 
Flag 

Timer A Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 14. Timer A Interrupt Mask 

Timer A Interrupt Mask Interrupt Request 

0 Enable 

Disable (Mask) 

Table 15. Timer B Interrupt Request 
Flag 

Timer B Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 16. Timer B Interrupt Mask 

Timer B Interrupt Mask Interrupt Request 

0 Enable 

Disable (Mask) 
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Input/Output 

The MCU has 58 1/0 pins, 32 standard and 26 
high voltage. One of three circuit types can 
be selected by mask option for each standard 
pin: CMOS, with pull-up MOS, and without 
pull-up MOS (NMOS open drain); and one of 
two circuit types can be selected for each 
high-voltage pin: with pull-down MOS and 
without pull-down MOS (PMOS open drain). 
Since the pull-down MOS is connected to the 
internal Vctisp line, Vctisp must be selected for 
the RA1/Vctisp pin via mask option when with 
pull-down MOS option is selected for at least 
one high-voltage pin. See table 17 for 1/0 pin 
circuit types. 

When every input/output pin is used as an 
input pin, the mask option and output data 
must be selected in the manner specified in 
table 18. 

Output Circuit Operation of Standard 
Pins With Pull-Up MOS: In the standard 
pin option with pull-up MOS, the circuit 
shown in figure 15 is used to shorten rise time 
of output. 

When the MCU executes an output instruc
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps the PMOS in the 
on state for one-eighth of the instruction 
cycle time. While the write pulse is 0, a high 
output level is maintained by the pull-up 
MOS (C). 

When the HL T signal becomes 0 in stop 
mode, MOS (A) (B) (C) tum off. 

D Port: 1/0 port D has 16 discrete 1/0 pins, 

each of which can be addressed indepen
dently. It can be set/reset through SED/RED 
and SEDD/REDD instructions, and can be 
tested through TD and TDD instructions. See 
tables 17 and 18 for the classification of stan
dard pin, high-voltage pin, and the 1/0 pin 
circuit types. 

R Ports: The eleven R ports in the 
HD404019/HD4074019 are composed of 36 
1/0 pins, and 6 input-only pins. Data is input 
through LAR and LBR instructions and out
put through LRA and LRB instructions. The 
MCU will not be affected by writing into the 
input-only and/or non-existing ports, while 
invalid data will be read when the output
only and/or non-existing ports are read. 

The R32, R33, R4o, R41, and R~E_ns are multi
plexed with the INTo, INT1, SCK, SI, and SO 
pins respectively. See tables 17 and 18 for the 
classification of standard pins, high-voltage 
pins and selectable circuit types of these 1/0 
pins. 

Unused I/0 Pins: If unused 1/0 pins are left 
floating, the LSI may malfunction because of 
noise. The 1/0 pins should be fixed as follows 
to prevent the malfunction. 

High-voltage pins: select without pull-down 
MOS (PMOS open drain) via mask option and 
connect to Vee on the printed circuit board. 

Standard pins: Select without pull-up MOS 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 

R4o/SCK and R42/SO should be used as R4o 
and R42 by serial mode register and port 
mode register respectively. 
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Table 17. 1/0 Pin Circuit Types 

Without Pull-Up MOS 

(NMOS Open Drain) (A) 

_r><J-HLT 

~Output 
data 

With Pull-Up MOS 

!Bl 

HLT Input 
data 

Vcc~cc Write pulse 
HLT 

Output 
data 

Table 17. 1/0 Pin Circuit Types (cont) 

HD404019 /HD4074019 

CMOS (C) 
Applicable 

Pins 

Do-D3 

R3o-R33 

R4o-R43 

R5o-R53 

R60-R63 

R7o- R73 

R80-R83 

Without Pull-Down MOS 

(PMOS Open Drain) (D) 
With Pull-Down MOS (E) 

Applicable 

Pins 

"' c 

1/0 

Common 

Pins 

Vee 

L..Jr-HLT 
~Output 

data 

Vee 

D4-D15 

R00-R03 

R1o-R13 

R2o-R23 

a: 
g,1--~~~+-~~~~--~~~~~~~~~-+~~~~~~~~~~~~~~~1--~~~--i 

Input 
data 

Input 
data 

j! 
0 > Input 

~Pins 
::c 

Input 

Pins 

f'.. HLT ---f"h- input 
~data 

,..-.... HLT ---r"'n____ Input 
~data 
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Table 17. I/0 Pin Circuit Types (cont) 

Ill c 
it ,, 

1/0 
Common 

Pins 

lii Output ,, 
j Pins 
II) 

Input 

Pins 

Without Pull-Up MOS (NMOS Open Drain) 
or CMOS (A or C) 

Vee 
HLT+mode select 

........... _ .... :±;L,"' 

With Pull-Up MOS (B) 
Applicable 

Pins 

so 

INTo 

INT1 

SI 

SCK 

(Input mode) 

Notes: 1. In the stop mode, HLT signal is 0, HLT signal is 1 and 1/0 pins are in high impedance state. 
2. If the MCU is interrupted by serial interface in the external clock input mode, the SCK 

terminal becomes input only. 
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Table 18. Data Input from lnputiOutput Common Pins 

1/0 Pin Circuit Type 

Standard Pins 

High Voltage Pins 

Write pulse 

CMOS 

Without pull-up MOS 

(NMOS open drain) 

With pull-up MOS 

Without pull-down MOS 

(PMOS open drain) 

With pull-down MOS 

Input Possible Input Pin State 

No 

Yes 

Yes 

Yes 0 

Yes 0 

__[L_ Write pulse 
(Output 

~-+-------- instruction) 

1-----1------"l.._~HLT 

NMOS IA) 

MOS On Resistance Value 
Buffer 

A approx. 2500 

B approx. 1 kO 

c approx. 30 kO to 1 60 kO 

IVcc = 5 V) 

1 Instruction cycle 

Output instruction execution 

___ ___.n~-
Figure 15. Output Circuit Operation of Standard Pins With Pull-Up MOS Option 
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Reset instructions cycles are required for the MCU 
to be reset. 

Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy tRc for the oscillator to 
stabilize. In all other cases, at least two 

Table 19 shows the parts initialized by MCU 
reset, and the status of each. 

Table 19. Initial Value After MCU Reset 

Items 

Program Counter (PC) 

Status (ST) 

Stack Pointer (SP) 

1/0 Pin Standard Pin (A) Wi1hout Pull-Up 
Output Register MOS 

(B) With Pull-Up 

MOS 

(C) CMOS 

High-Voltage (D) Without Pull-

Pin Down MOS 

(E) With Pull-

Down MOS 

Interrupt Flag Interrupt Enable Flag (l/E) 

Interrupt Request Flag (IF) 

Interrupt Mask (JM) 

Mode Register Port Mode Register (PMR) 

Serial Mode Register (SMR) 

Timer Mode Register A (TMA) 

Timer Mode Register B (TMB) 

Timer/Counter Prescaler 

Timer/Counter A (TCA) 

Timer/Event Counter B (TCB) 

Timer Load Register (TLR) 

Octal Counter 

Initial Value by 

MCU Reset Contents 

$0000 Execute program from the top of ROM 

address 

$3FF 

0 

0 

0 

0 

0000 

0000 

000 

0000 

$000 

$00 

$00 

$00 

000 

@HITACHI 

Enable to branch with conditional branch 

instructions 

Stack level is 0 

Enable to input 

Enable to input 

Enable to input 

Enable to input 

Inhibit all interrupts 

No interrupt request 

Mask interrupt request 

See port mode register 

See serial mode register 

See timer mode register A 

See timer mode register B 
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Table 19. Initial Value After MCU Reset (cont) 

Item 

Carry (CA) 

Accumulator (A) 

B Register (B) 

W Register (W) 

X/SPX Registers (X/SPX) 

Y /SPY Registers (Y/SPY) 

Serial Data Register (SR) 

RAM 

After recovering from STOP After MCU reset except for 
mode by MCU reset the left condition 

The contents of the items before The contents of the items before 

MCU reset are not retained. MCU reset are not retained. 

It is necessary to initialize them by It is necessary to initialize them by 

software. 

The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 

$HITACHI 

software. 
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Internal Oscillator Circuit 

Figure 16 outlines the internal oscillator cir
cuit. Crystal oscillator or ceramic filter oscil-

Oscillator 
Divider 
circuit 
1/4 

lator can be selected as the oscillator type. 
Refer to table 20 to select the type. In addi
tion, see figure 17 for layout of the crystal or 
ceramic filter. 

Timing 
generator 
circuit 

System 
clock 

Figure 16. Internal Oscillator Circuit 

Figure 17. Layout of Crystal and Ceramic Filter 
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Table 20. Examples of Oscillator Circuits 

External Clock 
Operation 

Ceramic Filter 
Oscillator 

Circuit Configuration 

Oscillator 

Open 

c"""' tc~osc. Cl "' 
osc, 

c, 
GND 

AT cl.It parallel 
resonance crystal 

osc,-Q:!J--osc. 
Co 

HD404019 /HD4074019 

Circuit Constants 

Ceramic filter 
CSA4.00MG 
(Murata) 
R1: 1 Mn± 20% 
C1: 30 pF ± 20% 
C2: 30 pF ± 20% 

ci_. ,. ll.lln ...._ l'\l"\O/ 
Ill• I IVlolll....;... LV/U 

C1: 10-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to circuit shown 
Co: 7 pF max. 
Rs: 100 n max. 

f: 1.0-4.5 MHz 

Notes : 1 . Since the circuit constants change according to the crystal and ceramic filter resonator and 
stray capacitance of the board, please consult with the engineers of crystal or ceramic filter 
maker to determine the circuit parameter. 

2. Wiring between OSC1, OSC2, and elements should be as short as possible, and never cross 
other wiring. Refer to figure 17 . 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
mo~es, standby mode and stop mode (table 
21). Figure 18 is a mode transition diagram for 
these modes. 

Standby Mode: Executing an SBY instruc-

Table 21. Low Power Dissipation Mode 

Condition Standby Mode 

Instruction SBY instruction 

Oscillator circuit Active 

Instruction execution Stopped 

Register, flag Retained 

Interrupt function Active 

RAM Retained 

Input/output pins Retained (note 2) 

Timer I counter, serial Active 
interface 

tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts, timer/counter and serial 
interface working. On the other hand, the 
CPU stops since the clock related to the 
instruction execution stops. Registers, RAM, 
and I/O pins retain the states they were in 
just before the MCU went into standby mode. 

Stop Mode 

STOP instruction 

Stopped 

Stopped 

Reset (note 1) 

Stopped 

Retained 

High impedance 

Stopped 

Recovery method RESET input, interrupt request RESET input 

Notes: 1. The MCU recovers from stop mode by RESET input. Refer to table 19 for the contents of 
flags and registers. 

2. As 1/0 circuits are active, an 1/0 current may flow in standby mode, depending on the 
state of the 1/0 pins. This is an additional current added to the standby mode current 
dissipation. 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 when an interrupt 
request asserted, the interrupt is executed, 
while if it is 0, the interrupt request is put on 
hold and normal instruction execution con
tinues. In the latter case, the MCU becomes 
active and executes the next instruction fol
lowing the SBY instruction. 

Figure 19 shows the flowchart of the standby 
mode. 

Stop Mode: Executing a STOP instruction 

HD404019 /HD4074019 

brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 20, 
reset input must be applied for at least tRc for 
oscillation to stabilize. (Refer to AC Charac
teristics table.) After stop mode is cancelled, 
RAM retains the state it was in just before the 
MCU went into stop mode, but the accumu
lator, B register, W register, X/SPX registers, 
Y /SPY registers, carry, and serial data register 
may not retain their contents. 

Figure 18. MCU Operation Mode Transition 
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Oscmator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

No 

Yes 

Restart 
Processor Clocks 

(A) 

Reset MCU 

Yes 

(8) 

Execute 
Instruction 

Yes 

Yes 

Restart 
Processor Clocks 

No 

Interrupt 
Accept 

(C) 

Yes 

Figure 19. MCU Operating Flowchart in Standby Mode 

j• Stop mode .. , 

'~ _ _n___n__r---<.,...,1111-"""llll-lrnmllll-lrnmlll-llmmlll-11"""1111-I ----<~r:r.-_ _;.......i(IDDIJ~ 
t 1. IMO ·I 

STOP instruction execution (more than stabilization time: tRc) 

Figure 20. Timing Chart of Recovering from Stop Mode 
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PROM Mode Pin Description 

Table 22 and figure 21 describe the pin func-
tions in PROM mode 

Table 22. PROM Mode Signals 

Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode 

DC-94S, FP-648 S mbol 1/0 Symbol 1/0 
DC-64S, 

1/0 Symbol 1/0 DP-64S y DP-64S FP-648 Symbol 

1 59 011 1/0 Vee 33 27 R4o/SCK 1/0 04 1/0 
2 60 012 1/0 34 28 R41/SI 1/0 Os 1/0 
3 61 013 1/0 35 29 R42/SO 1/0 Os 1/0 
4 62 014 1/0 36 30 R43 1/0 01 1/0 
5 63 01s 1/0 37 31 R7o 1/0 CE 
6 64 ROo 1/0 Ai 38 32 R71 1/0 OE 
7 1 R01 1/0 A2 39 33 R72 1/0 
8 2 R02 1/0 A3 40 34 R73 1/0 
9 3 R03 1/0 A4 41 35 R8o 1/0 
10 4 R1o 1/0 As 42 36 R81 1/0 
11 5 R11 1/0 As 43 37 R82 1/0 
12 6 R12 1/0 A1 44 38 R83 1/0 
13 7 R13 1/0 As 45 39 R9o VPP 

14 8 R2o 1/0 Ao 46 40 R91 Ag 
15 9 R21 1/0 A10 47 41 R92 Mo 
16 10 R22 1/0 A,, 48 42 R93 Mi 
17 11 R23 1/0 Ai2 49 43 RESET RESET 
18 12 RAo Vee 50 44 TEST TEST 

19 13 RA1 I 51 45 osc, 
20 14 R3o 1/0 Ai3 52 46 OSC2 0 

21 15 R31 1/0 Ai4 53 47 GND GND 

22 16 R32/INT0 1/0 54 48 Do 1/0 Oo 1/0 

23 17 R33/INT1 1/0 55 49 D1 1/0 01 1/0 

24 18 R5o 1/0 56 50 D2 1/0 02 1/0 

25 19 R51 1/0 57 51 03 1/0 03 1/0 

26 20 R52 1/0 58 52 04 1/0 

27 21 R53 1/0 59 53 Ds 1/0 

28 22 R6o 1/0 60 54 Ds 1/0 

29 23 R61 1/0 61 55 D1 1/0 

30 24 R62 1/0 62 56 Ds 1/0 

31 25 R63 1/0 63 57 Dg 1/0 

32 26 Vee Vee 64 58 D10 1/0 Vee 

Note: 1/0: Input/Output Pins 
I: Input Pins 

0: Output Pins 
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VPP (Program Voltage): Vpp is the input for 
the program voltage (12.5 V ± 0.3 V) for 
programming the PROM. 

CE (Chip Enable): CE input programs and 
verifies internal PROM. 

OE (Output Enable): OE is the data output 
control signal for verify input. 

Ao-A14 (Address Bus): Ao-A14 are address 
input pins for internal PROM. 

Oo-01 (PROM Data Bus): Oo-01 are the 
data bus for internal PROM. 

Mo, Mt (Mode): Mo and ML!let~ROM mode. 
PROM mode is set when Mo. Mi, and TEST 
pins are low level and RESET pin is high level. 

(FP·64B) 
(Top View) 

G: GND (Vss level) 
No mark: Open 

Figure 21. PROM Mode Pin Arrangement 
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Programmable ROM Operation 

The HD4074019's on-chip PROM is pro
grammed in PROM mode (figures 22-24). 
PROM mode is set by bringing TEST, Mo, and 
M1 low, and RESET high as shown in figure 
22. In PROM mode, the MCU does not oper
ate. It can be programmed like a standard 
27256 EPROM using a standard PROM pro
grammer and a 64-to-28-pin socket adapter. 
Table 24 lists recommended PROM pro
grammers and socket adapters. 

Since an instruction of the HMCS400 series 
consists of 10 bits, the HMCS400 series 
microcomputer incorporate conversion circuit 
to use a general perpose PROM programmer. 
By this circuit, an instruction is read or pro
grammed using 2 addresses, lower 5 bits and 
upper 5 bits as shown in figure 23. For 
example, if 8 kwords of on-chip PROM are 
programmed by a general purpose PROM 
programmer, 16 kbytes of addresses ($0000-
$3FFF) should be specified. 

Programming And Verification 

The HD4074019 can be high-speed pro
grammed without causing voltage stress or 
affecting data reliability. 

Table 23 shows how programming and veri
fication modes are selected. 

Figure 24 is a programming flowchart, and 
figure 42 is a timing chart. For precautions on 
PROM programming, refer to Precautions and 
On-Chip EPROM reliability after programing. 

Erasing 

PROMs in ceramic window packages can be 
erased by ultraviolet light. All erased bits 
become ls. 

Erasing conditions are: ultraviolet (UV) light 
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with wavelength 2537 A with a minimum 
irradiation of 15W•s/cm'. These conditions 
are satisfied by exposing the LSI to a 12,000 
µW/cm' UV source for 15-20 minutes, at a 
distance of 1 inch. 

Precautions 

1. Addresses $0000 to $7FFF should be speci
fied if the PROM is programmable by a 
PROM programmer. Note that the plastic 
package type cannot be erased and repro
grammed. (Ceramic window packages can 
be erased and reprogrammed by ultraviolet 
light.) Data in address space beyond $8000 
must be set to $FF. 

2. Be careful that the PROM programmer, 
socket adapter and LSI match. Using the 
wrong programmer of socket adapter may 
cause an overvoltage and damage the LSI. 
Make sure that the LSI is firmly fixed in 
the socket adapter, and that the socket 
adapter is firmly fixed in the programmer. 

3. The PROM should be programmed with 
Vpp=12.5 V. Other PROMs use 21V.If21 V 
is applied to the HD4074019, the LSI may 
be permanently damaged. 12.5 V is Intel's 
27256 Vpp. 

On-Chip EPROM Reliability after Pro
gramming 

Generally, semiconductors are reliable except 
for initial failures. Parts can be screened to 
avoid failures. Exposure to high temperature 
is a kind of screening which removes PROM 
memory cells with data hold failures in a 
short time. This is done to the ZT A Ts in the 
wafer stage, so ZT AT data hold charcteristics 
are high. Exposing the LSI to 150"C after user 
programming can effectively upgrade these 
characteristics. Figure 25 shows the recom
meded screening flow. 
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$0000 

$0001 

$001F 
$0020 

$007F 
$0080 

$1FFF 
$2000 

Vee 
Vee 

Vee 

Vpp 

'"--------1 R9o/Vpp 

GND 

c===> Data 
0-0 0 7 Oo-01 

Address 
Ao-A14 

----OE 

r----CE 

Figure 22. PROM Mode Function Diagram 

blt4 b1t3 bit2 b1t1 bttO 

~:r ~ :: } $0000 
JMPL Instruction 

b1t9 brt8 bit7 b1t6 b1t5 (Jump to RESET Routine) 

Vector Address JMPL Instruction 
(Jump to INTo Routine) 

$000F JMPL Instruction 

~ 
$0010 (Jump to INT1 Routine) 

Zero-Page Subroutme JMPL Instruction 
(64 Wordsi (Jump to TIMER A Routme) 

JMPllnstruct1on 
$003F (Jump to TIMER B Routine) 

$0040 
Pattern 

~ 
!4096 Words) JMPL Instruction 

(Jump to SERIAL Routme) 

$1000 
Program 
(16384 Words) 

(Note) 

$7FFF :'.::::=::'.::::;:::'.::=7-~-~-~-~-~ $3FFF 

Three bits are not used. 
lSetto 111) 

Note: When this address space is read. $FF is output. 

Figure 23. PROM Mode Memory Map 
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$0000 

$0001 

$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

$0008 

$0009 

$000A 

$0008 

$000C 

$0000 

$000E 

SOOOF 
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Table 23. 

Mode 

Programming 

Verify 

Pmramming 
inhi ited 
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PROM Mode Selection Table 24. PROM Programmers and 
Socket Adapters 

Pin 

CE OE Vpp Oo-07 PROM Programmer Socket Adapter 

Low High Vpp Data input Maker Type name Maker Type name 

High Low Vpp Data output 
DATA 1/0 228 Hitachi T8D 

298 

High High Vpp High 
impedance AVAL Corp PKW-1000 Hitachi T8D 

PKW-7000 

Start 

Set Prog./Verify Mode 
Vpp = 12.5±0.3 V, V = 6.0±0.25 V 

Nogo 
Address + 1 - Address 

No No 

Set Read Mode 
Vee = 5.0±0.5 v. Vpp = Vee ±0.6 v 

Fail 
Nogo 

Figure 24. PROM Programming 
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Note: 

Programming 
Verification 

Exposure in high temperature 
without applying any power 

150'C ± 1 o·c, 48 Hr + 8 Hr' 
- 0 Hr 

Confirmation of reading 
Vee = 4.5 V or 5.5 V 

* Exposure time is the time after the tempera
ture in heater 1 50'C. 

If programming erros occur continuously during programming with one PROM 
programmer, stop programming . and check the PROM programmer or socket 
adapter. 
If trouble occurs in verification after programming, or after exposure to high tempera
tures, please inform a Hitachi engineer. 

Figure 25. Recommended Screening Flow 
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Addressing Mode 

RAM Addressing Mode 

As shown in figure 26, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: The W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instructions 

The MCU has four kinds of ROM addressing 
modes, as shown in figure 27. 

Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PCo) with the 
14-bit immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 
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When BR is on a page boundary (256n + 255) 
(figure 28), executing a BR instruction trans
fers the PC contents to the next page, due to 
the hardware architecture. Consequently, 
the program branches to the next page when 
the BR is used on a page boundary. The 
HMCS400 series cross macro assembler has 
an automatic paging facility for ROM pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low- order six bits of 
the program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PC13 to PC5). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determ.iTied by the corrtents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 29). When bit 8 in the 
referenced ROM data is 1, 8 bits of ROM data 
are written into the accumulator and B regis
ter. When bit 9 is 1, 8 bits of ROM data are 
written into the Rl and R2 port output regis
ter. When both bits 8 and 9 are 1, ROM data 
are written into the accumulator and B regis
ter and also to the Rl and R2 port output 
register at the same time. 

The P instruction has no effect on the pro
gram counter. 
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W Register X Register Y Register 

W1 Wo X3 X2 X1 Xo Y3 Y2 Y1 Yo 

RAM Address AP9 APa AP1 APe APs AP4 AP:i AP2 AP1 APo 

Register Indirect Addressing 

Instruction 1 st Word Instruction 2nd Word 

Opcode d9 da d1 de ds d4 d3 d2 d1 do 

RAM Address APg APa AP1 AP6 APs AP• AP3 AP2 AP1 APo 

Direct Addressing 

Instruction 

Memory Register Addressing 

Figure 26. RAM Addressing Modes 
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(JMPL) 
(BRL) 
(CALL) 
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Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC10 PC9 PCs PC1 PCs PC5 PC4 PCJ PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 bs b5 b4 bJ b2 b, bo 

Program Counter PC13 PC12 PC11 PC10 PC9 PCs PC1 PCs PC5 PC. PCJ PC2 PC1 PCo 

Current Page Addressing 

Instruction 

(CAL) Opcode 

0 0 0 0 0 0 0 0 

Program Counter PC1J PC12 PC11 PC10 PC9 PCs PC1 PCs PC5 PC4 PCJ PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

(TBR) Opcode PJ p2 P• B Register Accumulator 
L--1...~L.--1-__J'---1-----'L...,.-1.....,-L...,.-L.....,..JI,.....---=...:.:..:.:::.:..:~--...,.....-~~~~----

0 0 

Program Counter PC13PC12 PC11 PC10 PC9 PCs PC1 PCs PC5 PC4 PCJ PC2 PC1 PCo 

Table Data Addressing 

Figure 27. ROM Addressing Modes 
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__i.,.--------t256(n -1) + 255 
BR AAA 256n 

AAA NOP 

Figure 28. BR Instruction Branch Destination on Pages Boundary 

(P) Opcode 

Referred ROM Address 

Instruction 

B RcgistGi 

Address Designation 

Pattern 

Figure 29. P Instruction 
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Accumu!atcr 

If ROs= 1 

If ROs=1 
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Instruction Set 

6. Compare instructions The HD404019, HD4074019 provides 101 
instructions which are classified into 10 
groups as follows: 

7. RAM bit manipulation instructions 

1. Immediate instructions 
2. Register-to-register instructions 

8. ROM address instructions 
9. Input/output instructions 
10. Control instructions 

3. RAM address instructions 
4. RAM register instructions 

Tables 25-34 list their functions, and table 35 
is an opcode map. 

5. Arithmetic instructions 

Table 25. Immediate Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 0 0 0 iJ i2 i, io i -A 1 /1 

Load B from Immediate LBI i 0 0 0 0 0 iJ i2 i, io i - B 1 /1 

Load Memory from LMID i,d 0 0 0 13 12 11 •o i - M 2./2 
Immediate dg de d7 d5 d5 d4 d3 d2 d, do 

Load Memory from LMllY i 1 0 1 0 0 1 i3 i2 i1 io i·•M,Y+1-Y NZ 1/1 
Immediate, Increment Y 

Table 26. Register-to-Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B-A 1/1 

Load B from A LBA 0 0 0 0 0 0 0 A-8 1 /1 

Load A from W LAW 0 1 0 0 0 0 0 0 0 0 W-A 
2/2 

0 0 0 0 0 0 0 0 0 0 !Note) 

Load A from Y LAY 0 0 0 0 Y-A 1/1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX·~ A 1 /1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY - A 1/1 

Load A from MR LAMR m 0 0 m:i "12 m1 rl'Q MRlm) - A 1 /1 

Exchange MR and A XMRA m 0 m:i "12 m1 rl'Q MRlm) - A 1 /1 

Note: An operand is provided for the second word of LAW and LW A instruction by assembler 
automatically. 
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Table 27. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWli 0 0 0 0 i, io i-W 1/1 

Load X from Immediate LXI i 0 0 0 0 iJ i2 i, io i - x 1/1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 i, io i -v 1/1 

LoadW from A LWA 0 1 0 0 0 1 0 0 0 0 A-W 
2/2 

0 0 0 0 0 0 0 0 0 0 !Note) 

Load X from A LXA 0 0 0 0 0 0 A-X 1/1 

Load Y from A LYA 0 0 0 0 0 0 A-Y 1/1 

Increment Y IV 0 0 0 0 0 0 Y+1 -Y NZ 1/1 

Decrement Y DY 0 0 0 Y-1 -v NB 1/1 

AddAtoY AYY 0 0 0 0 0 1 0 0 Y+A -Y OVF 1/1 

Subtract A from Y SYY 0 0 1 (j 0 0 0 Y-A -Y NB 1/1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1/1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 1 0 Y - SPY 1/1 

Exchange X and SPX,Y XSPXY 0 0 0 0 0 0 0 0 1 X-SPX, Y-SPY 1/1 
and SPY 

Note: An operand is provided for the second word of LAW and LWA instruction by the assembler 
automatically. 
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Table 28. RAM Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Memory LAM(XY) 0 0 0 0 0 0 y x M •A, (X··SPX, 1/1 
Y-SPY) 

Load A from Memory LAMD d 0 1 1 0 0 0 0 0 0 M -•A 2/2 
ds da d1 ds ds d4 d3 d2 di do 

Load B from Memory LBM(XY) 0 0 0 0 0 0 0 y x M-·B, (X-SPX, 1/1 
Y-SPY) 

Load Memory from A LMA(XY) 0 0 0 0 1 0 y x A-M, (X-SPX, 1/1 
Y-SPY) 

Load Memory from A LMAD d 0 1 0 0 0 0 0 A-• M 2/2 
ds de d1 de ds d4 d3 d2 di do 

Load Memory from A, LMAIY(X) 0 0 0 0 1 0 0 0 x A-•M, Y+l-•Y NZ 1/1 
Increment Y (X-SPX) 

Load Memory from A, LMADY(X) 0 0 1 0 0 0 0 x A-M, Y-1-Y NB 1/1 
Decrement Y (X-SPX) 

Exchange Memory and A XMA(XY) 0 0 0 0 0 0 0 y x M-A, (X-SPX, 1/1 
Y-SPY) 

Exchange Memory and A XMAD d 0 0 0 0 0 0 0 0 M -A 2/2 
dg de d1 de ds d4 d3 d2 di do 

Exchange Memory and B XMB(XY) 0 0 1 1 0 0 0 0 y x M-B. (X-SPX, 1/1 
Y-SPY) 

Note: (XY) and (X) have the following meaning: 
1 . The instructions with (XV) have 4 mnemonics and 4 object codes for each (example of 

LAM (XY) is given below). 
The op-code X or Y is assembled as follows. 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X- SPX 

LAMY 0 y .. SPY 

LAMXY X-SPX, Y-SPY 

2. The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 
The op-code X is assembled as follows. 

Mnemonic x Function 

LMAIY 0 

LMAIYX X- SPX 
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Table 29. Arithmetic Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Add Immediate to A Ali 0 0 0 0 i3 i2 ii io A+i - A OVF 1/1 

Increment B IB 0 0 0 0 0 1 0 0 B+1 - B NZ 1/1 

Decrement B DB 0 0 0 0 1 1 B-1 - B NB 1/1 

Decimal Adjust for Addition DAA 0 0 0 0 0 0 1/1 

Decimal Adjust for Subtraction DAS 0 0 0 0 0 0 1/1 

Negate A NEGA 0 0 0 0 0 0 0 0 A+1 -A 1/1 

Complement B COMB 0 0 0 0 0 0 0 0 B-B 1/1 

Rotate Right A with Carry ROTR 0 0 1 0 0 0 0 0 0 1 /1 

Rotate Left A with Carry ROTL 0 0 0 1 0 0 0 0 1 1/1 

Set Carry SEC 0 0 0 1 1 1 -CA 1 /1 

Reset Carry REC 0 0 1 1 0 1 0 0 0-CA 1/1 

Test Carry TC 0 0 0 1 0 1 1 CA 1 /1 

Add A to Memory AM 0 0 0 0 0 0 1 0 0 0 M+A -A OVF 1 /1 

Add A to Memory AMDd 0 0 0 0 0 0 0 0 M+A-A OVF 2/2 
ds de d1 de ds d4 d3 d2 di do 

Add A to Memory with Carry AMC 0 0 0 0 0 0 0 0 M+A+CA-A OVF 1/1 
OVF-CA 

Add A to Memory with Carry AMCD d 0 1 0 0 0 0 0 0 M+A+CA-A OVF 2/2 
ds de d1 de ds d4 d3 d2 di do OVF-CA 

Subtract A from Memory SMC 0 0 1 0 0 1 1 0 0 0 M-A-CA-A NB 1/1 
with Carry NB-CA 

Subtract A from Memory SMCD d 0 1 1 0 0 1 1 0 0 0 M-A-CA-A NB 2/2 
with Carry ds ds d1 de ds d4 d3 d2 di do NB-CA 

OR A and B OR 0 0 0 0 0 0 0 AUB-A 1/1 

AND Memory with A ANM 0 0 0 0 1 1 0 0 AnM-A NZ 1/1 

AND Memory with A ANMDd 0 1 0 0 1 1 1 0 0 AnM-A NZ 2/2 
ds ds d1 de ds d4 d3 d2 di do 

OR Memory with A ORM 0 0 0 0 0 0 1 1 0 0 AUM-A NZ 1/1 

OR Memory with A ORMDd 0 1 0 0 0 0 1 1 0 0 AUM-A NZ 2/2 
dg ds d1 de ds d4 d3 d2 di do 

EOR Memory with A EORM 0 0 0 0 0 1 1 1 0 0 A®M-A NZ 1/1 

EOR Memory with A EORMD d 0 1 0 0 0 1 1 1 0 0 A®M-A NZ 2/2 
de ds d1 de ds d4 d3 d2 di do 

Note: n : Logical AND 
U : Logical OR 
© : Exclusive OR 
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Table 30. Compare Instructions 
Words/ 

Operation Mnemonic Operation Coda Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 i3 i2 i1 io i * M NZ 1 /1 
to Memory 

Immediate Not Equal INEMO i,d 0 1 0 0 1 0 i3 i2 i1 io i * M NZ 2/2 
to Memory dg da d1 ds ds d4 d3 d2 d1 do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 0 0 A*M NZ 1 /1 

A Not Equal to Memory AMEMO d 0 0 0 0 0 0 0 0 A*M NZ 2/2 
dg da d1 ds ds d4 d3 d2 d, do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B*M NZ 1/1 

Y Not Equal to Immediate YNEI i 0 0 0 i3 i2 i1 io y * i NZ 1/1 

Immediate Less or Equal ILEM i 0 0 0 0 i3 i2 i1 io i;,; M NB 1/1 
to Memory 

Immediate Less or Equal ILEMO i,d 0 1 0 0 1 1 i3 i2 i1 io i;:;;; M NB 2/2 
to Memory dg da d1 ds ds d4 d3 d2 d1 do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A;,; M NB 1 /1 

A Less or Equal to Memory ALEMO d 0 0 0 0 0 0 0 A;,; M NB 2/2 
ds da d1 ds ds d4 d3 d2 d1 do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B;,; M NB 1 /1 

A Less or Equal to Immediate ALEI i 0 0 i3 i2 i1 io A;,; i NB 1/1 

Table 31. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Coda Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n, no - M(n) 1/1 

Set Memory Bit SEMO n,d 0 0 0 0 0 n1 no - M(n) 2/2 
dg da d1 d6 ds d4 d3 d2 di do 

Reset Memory Bit REM n 0 0 0 0 0 0 n, no 0 -M(n) 1/1 

Reset Memory Bit REMO n,d 0 0 0 0 on, no 0 - M(n) 2/2 
dg da d1 d6 ds d4 d3 d2 di do 

Test Memory Bit TM n 0 0 0 0 0 n, no M(n) 1/1 

Test Memory Bit TMO n,d 0 0 0 0 n, no M(n) 2/2 
dg da d1 d6 ds d4 dJ d2 di do 
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Table 32. ROM Address Instructions 
Wonts/ 

Operation Mnemonic Operation Code Function Status Cycles 

Branch on ·status 1 BR b 1 1 b1 ba bs b4 b3 b2 bi bo 1/1 

Long Branch on Status 1 BRL u 0 1 0 1 1 1 P3 P2 P1 PO 2/2 
de ds d1 ds d5 d4 d3 d2 di do 

Long Jump Unconditionally JMPL u 0 1 0 1 0 1 P3 P2 P1 Po 2/2 
de ds d1 ds d5 d4 d3 d2 di do 

Subroutine Jump on Status 1 CAL a 0 1 1 1 a5 a4 a3 a2 a1 ao 1/2 

Long Subroutine Jump on CALL u 0 1 0 1 1 0 P3 P2 P1 Po ·1 2/2 
Status 1 dg ds d1 da d5 d4 d3 d2 di do 

Table Branch TBR p 0 0 0 P3 P2 P1 Po 1/1 

Return from Subroutine RTN 0 0 0 0 0 0 0 0 0 1/3 

Return from Interrupt RTNI 0 0 0 0 0 0 0 0 1 -1/E ST 1/3 
CA Restore 

Table 33. Input/Output Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Discrete 1/0 Latch SEO 0 0 0 0 1 0 0 1 - D(Y) 1/1 

Set Discrete 1/0 Latch Direct SEDD m 0 0 "'3 "'2 mi"'> 1 -D(m) 1/1 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 0 - D(Y) 1/1 

Reset Discrete 1/0 Latch Direct REDD m 0 0 0 "'3 "'2 mi"'> 0 -• D(m) 1/1 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 D(Y) 1/1 

Test Discrete 1/0 Latch Direct TDD m 0 0 0 "'3 "'2 mi"'> D(m) 1 /1 

Load A from R Port Register LAR m 0 0 0 1 Jl13"'2m1 "'> R(m) -A 1/1 

Load B from R Port Register LBR m 0 0 0 0 "'3 "'2 m1 "'> R(m)- B 1/1 

Load R Port Register from A LRA m 0 0 1 Jl13"'2m1 "'> A- R(m) 1/1 

Load R Port Register from B LRB m 0 0 0 "'3 "'2 m1 "'> B - R(m) 1/1 

Pattern Generation Pp 0 0 1 P3 P2 P1 PO 1/2 

Table 34. Control Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 1/1 

Start Serial STS 0 0 0 0 0 0 0 1/1 

Standby Mode SBY 0 0 0 0 0 0 1/1 

Stop Mode STOP 0 0 0 0 0 1/1 
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Table 35. Opcode Map 

RB 0 1 ~ 
R9 ~ o 1J2J3 4 sJsJ1 a 9JAJa c oJE F 0 1J2J314 sJsl7 8 91AlB c olElF 

NOP~S~s3x;;~~ ~AM ~ORM~ I.AW ~}EM ~ Y.Mq ~ OAMO ~ 0 

1 RTN RT~~lfM ~--- ~MC~~ "™ ~/ lWA ~~ llfMC ~- >MCO ~ EOAMO ~ 

2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBM(XY) ~ ~ LAB ~ IB~ COMB ~lOR ~ STS ~ SBYT~ 
5 LMAIY(;v AYY ~ ~ ~IV~ JMPL p(4) 

6~~~ RED ~ ~ ~ TC CALL p(4) 

0 7 YNEI i(4) BRL p(4) 

8 XMA(XY) SEM n(2) REM n(2) TM n(2) -M ~ SEMD n(2) REMD n(2) TMD n(2) 

9 LAM(XY) LMA(XY) ~~NM~ R~~~ ... ,~ 
A ~O~~ ----------}oA{~A~ ---------- LAY 

LMID i(4) 

B TBR p(4) p p(4) 

c XMB(XY) ~lf~ ~ LBA 

----------
DB 

D i...MAiJ-y(;.::~ 5-yy- ~~ LYA -------- DY 

TD~ ~ ~REC[/ 
CAL a(6) 

E SEO LXA SEC 

F LWI i(2) 

0 LBI i(4) 

1 LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) t 5 LAR m(4) 

6 REDD m(4) 

1 7 LAMR m(4) BR b(8) 

8 Al i(4) 

9 LMllY i(4) 

A TDD m(4) 

B ALEI i(4) 

c LRB m(4) 

¥1 D LRA m(4) 

E SEDD m(4) 

F XMRA m(4) 

c::::::J--1-word/2-cycle c:::::::J- .. 1-word/3-cycle c=J-- RAM Direct Address c:=J- -2-word/2-cycle 

Instruction Instruction Instruction Instruction 

(2-word/2-cycle) 
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Absolute Maximum Ratings 

Item Symbol Value Unit Note 

Supply Voltage Vee - 0.3 to+ 7.0 v 

Programming Voltage Vpp - 0.3to + 14 v 13 

Terminal Voltage VT - 0.3 to Vee + 0.3 v 3 

Vee - 42 to Vee + 0.3 v 4 

Total Allowance of Input Current ~ lo 50 mA 5 

Maximum Input Current lo 15 mA 7, 8 

Maximum Output Current - lo 4 mA 9, 10 

6 mA 9, 11 

30 mA 9, 12 

Total Allowance of Output Current - ~ lo 1 )50 mA 6 

Operating Temperature Topr - 20 to+ 75 ·c 

Storage Temperature Tstg - 55to + 125 ·c 

Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal 
operation should be under the conditions of Electrical Characteristics. If these conditions 
are exceeded, it may cause a malfunction or affect the reliability of LSI. 

2. All voltages are with respect to GNO. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input current which flows in from all I/ 

0 pins to GNO simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out 

from Vee to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to 

GNO. 
8. Oo-03 and R3-R8. 
9. Maximum output current is the maximum amount of output current from Vee to each 1/0 

pin. 
10.0o-03 and R3-R8. 
11.RO-R2. 
12.04-015. 
13.Applied to H04074019. 
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HD4074019 Electrical Characteristics 

DC Characteristics 
(Vee = 5 V ± 10%, GND = 0 V, Vdtsp = Vee - 40 V to Vee, Ta = -20°C to + 75°C, unless 
otherwise noted.) 

Item Symbol Pin Min Max Unit Test Condition Note 

Input High V1H RESET, SCK, 0.8 Vee Vee + 0.3 v 
Voltage INTo, INT1 

osc, Vee - 0.5 Vee + 0.3 v 

SI 0. 7Vcc Vee + 0.3 v 

Input Low V1L RESET, SCK, -0.3 0.2Vcc v 
Voltage INTo, INT1 

osc, -0.3 0.5 v 

SI -0.3 0.3Vcc v 

Output High VoH SCK, Vee - 1.0 v -loH= 1.0 mA 
Voltage so 

Vee - 0.5 v -loH=0.5 mA 

Output Low VOL SCK, 0.4 v IQL=1.6 mA 
Voltage so 

Input/Output I l1LI RESET, SCK, µA V;n = 0 V to Vee 
Leakage INTo, INT1, 
Current OSC1, SI, SO 

Current Ice Vee TBD mA Vee = 5 v 2,5 
Dissipation in 
Active Mode 

Current lsev Vee TBD mA Maximum logic 3,5 
Dissipation in operation 
Standby Mode Vee= 5 v 

----··"-~·-- -~--~ 

Current I stop Vee TBD µA \1n(TEST) = Ver - 0. 3 V to 4 
Dissipation in Vee, V;n(RESET) = 0 V 
Stop Mode to 0.3 V 

Stop Mode Vstop Vee 2 v 
Retain Voltage 

Notes: 1 . Excluding pull-up MOS current and output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 

• MCU in reset state, operation mode 
·RESET, TEST: Vee 
• Oo-03, R3-R9: Vee 
• 04-015, RO-R2, RAo, RA1: Vdisp 

3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
• Serial interface: Stop 
·RESET: GNO 
·TEST: Vee 
• Oo-03, R3-R9: Vee 
• 04-015, RO-R2, RAo, RA1 Vdisp 
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4. Excluding pull-down MOS current. 
5.; When fosc = x MHz, estimate the current dissipation as follows: 

Max value@ x MHz = x/4 x (max value@ 4 MHz) 

Input/Output Characteristics for Standard Pin 
(Vee = 5 V ± 10%, GND = 0 V, Vdisp = Vee - 40 V to Vee, Ta = -20°C to+ 75°C, unless 
otherwise noted.) 

Item Symbol Pin Min Max Unit Test Conditions Note 

Input High V1H Do-D3, 0.7Vee Vee + 0.3 v 
Voltage R3-R5 

R9 

Input Low Vil Do-D3, -0.3 0.3Vee v 
Voltage R3-R5 

R9 

Output Low Vol Do-D3, 0.4 v lol = 1.6 mA 

Voltage R3-R8 

Input/Output I 11ll Do-D3, µA V;n = 0 V to Vee 
Leakage Current R3-R8, R91-R93 

R9o 20 µA 

Note: 1. Pull-up MOS current and output buffer current are excluded. 

Input/Output Characteristics for High Voltage Pin 
(Vee = 5 V ± 10%, GND = 0 V, Vdisp = Vee - 40 V to Vee, Ta = 
otherwise noted.) 

-20°C to + 75°C, unless 

Item Symbol Pin Min Max Unit Test Conditions Note 

Input High V1H D4-D15, 0. 7 Vee Vee + 0.3 v 
Voltage RO, R1, R2, 

RAo, RA1 

Input Low Vil D4-D15, Vee - 40 0.3 Vee v 
Voltage RO, R1, R2, 

RAo, RA1 

Output High VoH D4-D15 Vee - 3.0 v - loH = 15 mA. Vee = 5 V 
Voltage 

Vee - 2.0 v - loH = 10 mA, Vee = 5 V 

Vee - 1.0 v - loH = 4 mA, Vee = 5 V 

RO-R2 Vee - 3.0 v - loH = 3 mA, Vee = 5 V 

Vee - 2.0 v - loH = 2 mA, Vee = .5 V 

Vee - 1.0 v - loH = 0.8 mA, Vee = 5 v 

Output Low Vol D4-D15, Vee - 34 v 150kOtoVee-40 
Voltage RO-R2 

Input/Output I 11ll D4-D15, 20 µA "1n = Vee - 40 V, Vee 
Leakage RO-R2, 
Current RAQ, RA1 

Note: 1 . Pull-down MOS current and output buffer current are excluded. 
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AC Characteristics 
(Vee = 5 V ± 10%, GND = 0 V, Vd1.., = Vee - 40 V to Vee, Ta = -20°C to + 75°C, unless 
otherwise noted.) 

Item Symbol Pin 

Oscillation Frequency fosc 

Instruction Cycle 
Time 

tcvc 

Oscillator Stabiliza- tRe 
tion Time 

External Clock 

High. Low tePL 
Level Width 

External Clock Rise tePr 
Time 

External Clock Fall tepf 
Time 

INT o High Level t10H 
Width 

INT o Low Level t10L 
Width 

INT 1 High Level 111 H 
Width 

INT , Low Level 111 L 

Width 

RESET High Level IRSTH 
Width 

Input Capacitance C;n 

RESET Fall Time IRSTf 

OSC1. OSC2 

osc, 

osc, 

osc, 

INTo 

INTo 

INT1 

RESET 

All pins exept R9o 

R9o 

Min Typ Max 

0.2 4 4.5 

0.89 20 

20 

92 

20 

20 

2 

2 

2 

2 

2 

30 

180 

20 

Unit 

MHz 

µS 

ms 

ns 

ns 

ns 

lcyc 

tcyc 

tcyc 

tcyc 

pF 

pF 

ms 

Teat 
Conditions 

divide by 4 

divide by 4 

divide by 4 

f=1 MHz, 
V;n = 0 V 

Note 

2 

2 

2 

3 

3 

3 

3 

4 

4 

Notes: 1 . Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches its 
minimum allowable voltage after power-on, or after RESET goes high. At power-on or 
STOP mode release, RESET must be kept high for at least tRe. Since tRe depends on the 
crystal or ceramic filter's circuit constant and stray capacitance, please get the 
manufacturer's advice when designing the RESET circuit. (See figure 30) 

2. See figure 31. 
3. See figure 32. 
4. See figure 33. 
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Serial InteTface Timing Characteristics 

(Vee = 5 V ± 10%, GND = 0 V, Vc11sp = Vee - 40 V to Vee, Ta = -2o·c to + 75·c, unless 
otherwise noted.) 

Item Symbol Pin Min Max Unit Test Condition Note 
Transfer Clock tscvc SCK 1 !eye 1. 2 
Cycle Time (Output) 

Transfer Clock tscKH SCK· 0.4 tcyc 1. 2 
High, Low tscKL (Output) 
Level Width 

Transfer Clock tsci<r SCK 40 ns 1. 2 
Rise, Fall Time tscK1 (Output) 

Transfer Clock tscyc SCK tcyc 
Cycle Time (Input) 

Transfer Clock tscKH SCK 0.4 tcyc 
High, Low tscKL (Input) 
Level Width 

Transfer Clock tscKHO SCK tcyc 
END Detect (Input) 
High Level 
Width 

Transfer Clock tscKr SCK 40 ns 
Rise, Fall Time tscK1 (Input) 

Serial Output Data to so so 300 ns 1. 2 
Delay Time 

Serial Input Data tss1 SI 100 ns 
Set-up Time 

Serial Input Data tHSI SI 200 ns 
Hold Time 

Note: 1 . See figure 34 
2. See figure 35 
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Crystal oscillator Ceramic filter oscillator 

c...,,,;lc, 
fiher 

c, 
GND 

Crystal: 4.194304 MHz NC-18C (Nihon Denpa Kogyo) 
R,: 1 MQ±20% 

Ceramic filter: CSA 4.00 MG (Murata) 
R,: 1MO±20% 

c,: 22 pf± 20% c,: 30pf ± 20% 
C2: 22 pf± 20% C2: 30pf ± 20% 

Figure 30. Oscillator Circuit 

Figure 31. Oscillator Timing 

Figure 32. Interrupt Timing 

RESET 

tRSTf 

Figure 33. Reset Tlmlng 
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338 

so 

SI 

Vcc-2.0V (0.8Vcd 

(Note 1)0.8V(0.2Vcc) 

14----tscyc----+I 

tscKH 

Vcc-2.0V 

0.8V 

Notes: 1. Vcc-2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8Vcc and 0.2Vcc are the threshold voltage for transfer clock input. 

2. After 8 clocks are transferred through SCK, at least tscKHD must pass before 
the next serial interface transfer clock comes into SCK. If the next transfer clock 
comes into SCK within tscKHD· the serial interface request flag can"t be set. 

Figure 34. Timing Diagram of Serial Interface 

Vee 

1S2074(8) 
or Equiv. 

Figure 35. Timing Load Circuit 
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HD404019 Electrical Characteristics 

DC Characteristics 
(Vee = 3.5 V to 6 V, GND = 0 V, Vdtsp = Vee - 40 V to Vee, Ta = -20°C to + 75°C) 

Item Symbol Pin Min Max Unit T-t Condition Note 

Input High V1H RESET~CK O.SVcc Vee+ 0.3 v 
Voltage INTo. INT1 

SI 0.7Vcc Vee+ 0.3 v 

osc, Vee - 0.5 Vee+ 0.3 v 

Input Low V1L RESET~CK -0.3 0.2Vcc v 
Voltage INTo. INT1 

SI -0.3 0.3Vcc v 
osc, -0.3 0.5 v 

Output High VoH SCK, Vee - 1.0 v - loH = 1.0 mA 
Voltage so 

Vee ~ c v - !on-=:: 0.5 mA ·- v.v 

Output Low Vol SCK, 0.4 v loL = 1.6 mA 
Voltage so 

Input/Output 11 IL I RESET~CK µA V;n = 0 V to Vee 
Leakage INT0. INT1. 
Current SI, SO, 

osc, 

Current Ice Vee TBD mA Vee= 5 V; 2. 5 
Dissipation in fosc = 4 MHz, + 4 
Active Mode 
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Item Symbol Pin Min Max· Unit Test Condition Note 

Current· lssv Vee TBD mA Vee= 5 V; 3, 5 
Dissipation in fosc = 4 MHz, + 4 
Standby Mode_ 

Current I stop Vee TBD µA Vin(TEST) =Vee - 0.3 V to ~ 
Dissipation in Vee; Vin!RESET) = 0 V to 
Stop Mode 0.3 v 

Stop Mode Vstop Vee 2 v 
Retain Voltage 

Notes: 1 . Excluding pull-up MOS current and output buffer current. 
2. The MCU is iri the reset state. Input/output current does not flow. 

• MCU in reset state, operation mode · 
·RESET, TEST: Vee 
• Oo-03, R3-R9: Vee 
• 04-015, RO-R2, RAo, RA1: Vdisp 

3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
·Serial interface: Stop 
·RESET: GNO 
·TEST: Vee 
• Oo-03, R3:_R9: Vee 
• 04-015, RO-R2, RAo, RA1: Vdisp 

4. Excluding pull-down MOS current. 
5. When fosc = x MHz, esti.inatethe current dissipation as follows: 

Max value @ x MHz = x/4 x (max value @ 4 MHz) 
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Input/Output Characteristics for Standard Pins 
(Vee= 3.5 V to 6 V, GND = 0 V, V<11ap =Vee - 40 V to Vee, T. = -20'C to+ 75'C) 

Item Symbol Pin Min Typ Max Unit Test Conditions Note 

Input High V1H Oo-03, 0.7Vcc Vee+ 0.3 v 
Voltage R3-R5, 

R9 

Input Low V1L Oo-03, -0.3 0.3Vee v 
Voltage R3-R5, 

R9 

Output High VoH Oo-03, Vee - 1.0 v -loH = 1.0mA 
Voltage R3-R8 

Oo-03, Vee - 0.5 v -loH = 0.5 mA 
R3-R8 

Output Low VoL Oo-03, 0.4 v loL = 1.6 mA 
Voltage R3-R8 

Input/Output I 11L I Oo-03, µA V;n = 0 V to Vee 2 
Leakage Current R3-R9 

Pull-Up MOS -Ip Oo-03, TBO TBO TBO µA Vee = 5 V. V;n = 0 V 3 
Current R3-R9 

Notes: 1 . Applied to 1/0 pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. Applied to 1/0 pins with pull-up MOS selected by mask option. 
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Input/Output Characteristics for High Voltage Pins 
(Vee = 3.5 V to 6 V, GND = 0 V, Vdtsp =Vee - 40 V to Vee, Ta = -20'C to + 75'C) 

Item 

Input High 
Voltage 

Input Low 
Voltage 

Output High 
Voltage 

Output Low 
Voltage 

Input/Output 
Leakage 
Current 

Pull-Down MOS 
Current 

Symbol Pin Min 

Vol 

D4-D15, 0.7Vcc 
RO, R1, R2, 
RAo, RA1 

D4-D15, Vee - 40 
RO, R1, R2, 

RAo, RA1 

RO-R2 

D4-D15, 
RO-R2, 

RAo, RA1 

Vee - 3.0 

Vee - 2.0 

Vee - 1.0 

Vee - 3.0 

Vee - 2.0 

Vee - 1.0 

D4-o15, TBD 

RO-R2, 

RAo, RA1 

Typ Max Unit Test Conditions 

Vee + 0.3 V 

0.3 Vee V 

v 

v 

v 

v 

v 

v 

Vee - 37 v 

Vee - 37 v 

20 µA 

TBD TBD µA 

- loH=15 mA,Vee = 5 V ± 20% 

- loH=10 mA,Vee = 5 V ± 20% 

- loH = 3 mA. Vee = 5 V ± 20% 

- loH = 2 mA, Vee = 5 V ± 20% 

- loH = 0.8 mA 

Vdisp = Vee - 40 V 

1 50 kn to Vee - 40 V 

V;n = Vee - 40 V to Vee 

Vdisp = Vee - 35 V, 
V; 0 = Vee 

Notes: 1. Applied to 1/0 pins with pull-down MOS selected by mask option. 

Note 

2 

3 

4 

2. Applied to 1/0 pins without pull-down MOS (PMOS open drain) selected by mask option. 
3. Pull-down MOS current and output buffer current are excluded. 
4. Applied to 1/0 pins with pull-down MOS selected by mask option. 
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AC Cbaracteristics 
(Vee= 3.5 V to 6 V, GND = 0 V, Vt11ap =Vee - 40 V to Vee, Ta= -20"C to+ 75"C) 

Item Symbol Pin 

Oscillation 
Frequency 

Instruction Cycle 
Time 

tcvc 

Oscillator Stabilize- tRe 
tion Time 

External Clock 
High. Low tePL 
Level Width 

External Clock Rise tePr 
Time 

External Clock Fall tcPf 
Time 

INT o High Level t10H 
Width 

iiiiT o l,.ow Level t10L 
Width 

INT 1 High Level t11H 
Width 

INT 1 Low Level t11L 
Width 

RESET High Level tRSTH 
Width 

Input Capacitance C;n 

RESET Fall Time 

OSC1. OSC2 

OSC1. OSC2 

osc, 

osc, 

OSC1 

INTo 

INTo 

RESET 

All pins 

Min 

0.2 

0.89 

92 

2 

2 

2 

2 

2 

Typ Max Unit 

4 4.5 MHz 

20 µS 

20 ms 

ns 

20 ns 

20 ns 

tcvc 

30 pf 

20 ms 

Teat 
Conditions 

divide by 4 

divide by 4 

f =1 MHz, 
V.n=OV 

Nota 

2 

2 

2 

3 

3 

3 

3 

4 

4 

Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches its 
minimum allowable voltage (3.5 V) after power-on, or after RESET goes high. At power
on or stop mode release, RESET must be kept high for at least tRe. Since tRe depends on 
the crystal or ceramic filter's circuit constant and stray capacitance, please get the 
manufacturer's advice when designing the RESET circuit. (See figure 36) 

2. See figure 37. 
3. See figure 38. 
4. See figure 39. 

.HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 343 



HD404019 /HD4074019 

Serial Interface Timing Characteristics 

(Vee = 3.5 V to 6 V, GND = 0 V, Vdlsp = Vee - 40 V to Vee, T. = -20°C to+ 75°C) 

Item Symbol Pin Min Max Unit Test Condition Note 

Transfer Clock Cycle Time tscvc SCK tcvc 1. 2 
(Output) 

Transfer Clock High, tsCKH SCK 0.4 tcyc 1. 2 
Low Level Width tscKL (Output) 

Transfer Clock Rise, Fall Time tscKr SCK 40 ns 1. 2 

tsCKf (Output) 

Transfer Clock Cycle Time tscvc SCK tcyc 
(Input) 

Transfer Clock High, tscKH SCK 0.4 tcvc 
Low Level Width tsCKL (Input) 

Transfer Clock END Detect tsCKHD SCK tcyc 
High Level Width (Input) 

Transfer Clock Rise, Fall Time tscKr SCK 40 ns 

tscK1 (Input) 

Serial Output Data Delay Time to so so 300 ns 1. 2 

Serial Input Data Set-up Time tss1 SI 100 ns 

Serial Input Data Hold Time tHSI SI 200 ns 

Notes: 1 . See figure 40. 

2. See figure 4 1 . 
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Crystal oscillator Ceramic filter oscillator 

Crystal: 4.194304 MHz NC-18C (Nihon Denpa Kogyo) 
R,: 1MQ±20% 

Ceramic filter: CSA 4.00 MG (Murata) 
R,: 1MQ±20% 
C1 :30pF±20% C1 : 22 pF ± 20% 

C2: 22 pF ± 20 % C2: 30pF ± 20% 

Figure 36. Oscillator Circuit 

l:==_~lfcp "-! 
Vcc-0.5V~ . 11=--~\ 

QSC•. Q.~ ./$ tCPLJI \_ 

tcPr tcPt 

Figure 37. Oscillator Timing 

Figure 38. Interrupt Timing 

RESET 

tRSTf 

Figure 39. Reset Timing 
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so 

SI 

Vcc-2.0V (0.7 Vcd 
(Note) 0.8 V (0.22 Vcd 

(Note) 

Vcc-2.0V 

0.8V 

Notes: 1. Vcc-2.0 V and 0.8 V are the threshold voltages for transfer clock output. 
0. 7Vcc and 0.22Vcc are the threshold voltages for transfer clock input. 

2. After 8 clocks are transferred through SCK, at least tseKHD must pass before the 
next serial interface transfer clock comes into SCK. If the next transfer clock 
comes into SCK within tseKHD• the serial interface request flag can't be set. 

Figure 40. Timing Diagram of Serial Interface 

Vee 

1S2074® 
or Equiv. 

Figure 41. Timing Load Circuit 
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Programming Electrical Characteristics for HD4074019 
Write and Verify Mode 

DC Characteristics 
(Vee = 6 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V, Vss = 0 V, Ta = 25°C ± 5°C, unless otherwise 
noted) 

Item Symbol Min Typ Max Unit Test Condition 

Input high voltage Oo-01. Ao-A14, OE, CE V1H 2.2 Vcc+0.3 v 
Input low voltage Oo-01, Ao-A14, OE, CE V1L -0.3 0.8 v 
Output high voltage Oo-01 VoH 2.4 v loH=-200 µA 

Output low voltage Oo-01 VoL 0.4 v loL=1.6 mA 

Input leakage current Oo-01. Ao-A14, OE, CE llul 2 µA \l;n =5.25 V/0.5 V 

Vee current Ice 30 mA 

Vpp current lpp 40 mA 

AC Characteristics 
(Vee = 6 V ± 0.25 V, VPP = 12.5 V ± 0.3 V, Ta = 25°C ± 5°C, unless otherwise noted) 

Item Symbol Min Typ Max Unit Test Condition 

Address set-up time tAs 2 µS Fig. 42 
Input Pulse level: 

OE set-up time to ES 2 µS 0.8-2.2 v 
Input rise/fall 

Data set-up time tos 2 µS time;;;;; 20 ns 
Timing reference 

Address hold time tAH 0 µS level 

Data hold time toH 2 µS 
{input: 1.0 V, 2.0 V 

ou1pUt: 0.8 v. 2.0 v 

Output disable delay time toF 130 ns 

Vpp set-up time tvps 2 µS 

Program pulse width tPW 0.95 1.0 1.05 ms 

CE pulse width when overprogramming to PW 2.85 78.75 ms 

Vee set-up time tvcs 2 µs 

Data output delay time toE 0 500 ns 
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Program 

Addross -- l 
tAs .J c 

Data Data In Stable Data Out Valid 

tos tDH tDF 

r t--
v •• 

Vpp - tvPS 

lot:c 
lot:c 

GND tvcs 

er 
~ 
~ 

toES IOE 

~ 

Figure 42. PROM Programming/Verify Timing 
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Read Mode 

DC Characteristics 
(Vee = 5 V ± 10%, VPP = Vee ± 0.6 V, Ta = 25°C ± 5°C, unless otherwise noted) 

Item Symbol Min Typ Max Unit Test Condition 

Input Leakage Current lu µA Vee = 5.5 V, V;n = GND to Vee 

Output Leakage Current lw µA Vee = 5.5 V, Vaut = GND to Vee 

Program Current lpp 100 µA Vpp = Vee + 0. 6 V 

Current Dissipation Ice 30 mA 
Active Mode 

Input Voltage V1L -0.3 0.8 v 
V1H 2.2 Vcc+0.3 V 

Output Voltage Vm 0.40 v Im= 1 .6 mA 

VoH 2.4 v loH = -200 µA 

AC Characteristics 
(Vee = 5 V ± 10%, VPP = Vee ± 0.6 V, Ta = 25°C ± 5°C, unless otherwise noted) 

Item Symbol Min Max Unit Test Condition Note 

Access Time tAcc 500 ns CE= OE= V1L 

CE Output Delay Time tcE 500 ns OE= V1L 

OE Output Delay Time toE 10 150 ns CE= V1L 

Output Disable Delay Time toF 0 105 ns CE = V1L 

Data Output Hold Time toH 0 ns CE = OE= V1L 

Note: 1 . toF is defined when output becomes open because output level cannot be defined. 
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Switching characteristics 
Input Pulse Level 0.8 to 2.2 V 
Input Rise/Fall Time ;;; 20 ns 

Address 

Data Out 

Output Load 1 TTL Gate + 100 pF 
Input/Output Timing Reference Level Output: 1 V, 2 V 

Input: 0.8 V, 2 V 

Figure 44. PROM Read Timing 
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HD404019 

MASK OPTION LIST 

Please enter check marks in LJ 
(•, x, v'). 

Date of Order 

Customer 

Dept. 

Name 

ROM Code Name 
!-----···-··-·-+-------

LSI Type Number 

(Hitachi's entry) 

111 1/0 Option Note (1/0 options masked by 12'1 are not available.) 

1/0 OPTION 1/0 OPTION 
PIN INPUT/OUTPUT PIN INPUT/OUTPUT 

A c D A B c D 

Do 00 Input/Output R3o Input/Output 
c a: 

D1 'E Input/Output R31 Input/Output 

D2 ~ Input/Output s Input/Output R32 

"' -----
D3 Input/Output R33 I Input/Output 

D4 Input/Output R4o Input/Output 

Ds Input/Output R41 Input/Output 

D5 Input/Output Input/Output 

D, Input/Output Input/Output 
00 
c ---~·---

Da a: Input/Output 

Ds ~ Input/Output 
0 

Input/Output 

Input/Output 

> 
Dio .c Input/Output 

.2' 
Input/Output 

D,, Input/Output Input/Output 
----·· 

00 

D,, Input/Output c Input/Output a: 
'C 

~ Input/Output 
c a Input/Output 

015 Input/output [§~_"'~".:. 
t/Output 

r~~t/Outpu-;-
ROo Input/Output Input/Output 

R01 Input/Output Input/Output 
RO 

R02 Input/Output 1 Input/Output R8o 

R03 Input/Output RS, Input/Output 

Rlo 00 Input/Output c Input/Output 
a: 

Rl 1 v Input/Output "' Input/Output RB, 
Rl s 

Rl 2 g Input/Output Input R9o 
.c 

"' Rl 3 :i' Input/Output R91 Input 

R2o Input/Output Input 

R21 Input/Output R93 Input 
R2 

R22 Input/Output RAo .c. 8, Input 
f~£ ---- ,;.-,.ZVL(.'.;Uz.LL....L_..j 

R23 Input/Output RA1 > Input 

* Please enter "O" in applicable item for 1/0 option selection. 
A; Withoul Pull·up MOS (NMOS Open Drain) B; With Pull·up MOS 
C; CMOS (not be used as Input) 
D; Withoul Pull·down MOS (PMOS Open Drain) E; With Pull·down MOS 
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tJ RA1: Without Pull·down MOS 101 

D v""" 
• Please enter check marks (8, X, vl 

in applicable item. 

131 Package 

Package 

tJ DP·84S (&hMk P<1ck8gel 
!-~~~~~~·-·-~~-~--~---~ 

[J FP·848 

• Please enter check marka t•. X. vi 
in applicable Item. 

Note) RA,;v..,. has to be selected as v ... pin even if one high voltage pin la specified as ·e·. 

(4) Divider (OIVI 

Clock divide ratio 

• Divided-by-4 

Check List of Application 

(Al Oscillator (CPG optionl 

CPG D Ceramic Filter 
option 

0 Crystal 

D External Clock 

• Please enter check marks t•. X, v I 
in applicable item. 

(5) ROM Code Media 

ROM Code Media 

[] EPROM: Emulator Type 

D EPROM: EPROM On-Package Microcom

puter Type 
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H D614P080S/H D614P0160S 
DESCRIPTION 

The HD614P080S and HD614POJ60S are 4-bit single chip 
microcomputers which have mounted a standard EPROM 
2764/27128/27256 for program memory. 

The HD614P080S and HD614POl60S are pin-compatible 
with the mask ROM type HMCS402/404/408, but have some 
differences with them as shown in Table 33. By modifying the 
program in the EPROM, they can be used for the evaluation of 
the HMCS402/404/408, or for small-scale production. 

• HARDWARE FEATURES 
• 4-bit Architecture 
• Application to 4k, Bk or 16k words x 10 bits of EPROM 

4096 words x 10 bits . . . HN482764, "HN27C64 
8192 words x 10 bits ..... HN4827128 
16384 words x 10 bits .... HN27C256 

• Data Memory (RAM) Capacity ....... 576 digits x 4 bits 
• 58 1/0 Pins - 26 1/0 pins are high voltage up to 40V (max). 
• 2 Timer/Counters 

11-bit Prescaler 
8-bit Free Running Counter 
8-bit Auto-reload Timer/Event Counter 

• Clocked Synchronous 8-bit Serial Interface 
• 5 Interrupts 

External 2 
Timer/Counter 2 
Serial Interface 1 

• Subroutine Stack 
Up to 16 levels including interrupts 

• Minimum Instruction Execution Time; 1.33 µs 
• 2 Low Power Modes 

Standby - Stops instruction execution while keeping 
clock generator and interrupt functions in
cluded Timer/Counter and Serial Interface in 
operation 

Stop Stops instruction execution and clock genera
tion while retaining RAM data 

• PIN ARRANGEMENT 

HD614POBOS 

R~ 

Rn 

Rn 

R,, 

R,, Rn 

Rn 

Ru Rn 

... R., 

R., R•2/SO 

R.1/St 

R"°~ 

HD614P0160S 

o .. 1 

o., 
Du 3 

o .. 
o .. .... 
... 7 .... ..,, . •.. 
R11 11 

"" ... 
·~ 
fb1 1 ... 

Rn/lNfo 

R~ ... ... 
"" .. , ... ... 
"" "" v" 

1 

0 

<I:Vcc Vcc8 

(l'>Au ... •• fl 

:ll•· Au8 

(j) .. ..@ 

<3>•· .. @ 

i;;,.\,. AnO 

<JOA. GND@ 

<ll A, A1of! 

(j) •• as .... 01 (i) 

@o. 0." 

Olo. 0. @J 

'1 D> 0. <jj 

9GND o,@ 

o •• 
o. 
o. 

IQ, 

o. 
o. 

"" ... ... 
·~ .., 
... /SO 
... /SI 

... JSCK 
• Clock Generator 

--. ..... ___ ...... ~ 
External Connection of Crystal Resonator or Ceramic 
Filter Resonator (externally drivable) 

• Power Voltage Range; 5V ± 10% 
• 1/0 Pin Circuit Form 

All standard pins are "without pull-up MOS". 
All high voltage pins are "without pull-down MOS". 

• Shrink Type 64 Pin EPROM On-package 

• SOFTWARE FEATURES 
• Software Compatible with HMCS402/404/408 
• Instruction Set Similar to and More Powerful than HMCS40 

Series; 99 Instructions 
• High Programming Efficiency with 10-bit ROM/Word; 79 

instructions are single word instructions. 
• Direct Branch to All ROM Area 
• Direct or Indirect Addressing to All RAM Area 
• Subroutine Nesting Up to 16 Levels Including Interrupts 

• Binary and BCD Arithmetic Operation 
• Powerful Logic Arithmetic Operation 
• Pattern Generation - Table Look Up Capability -
• Bit Manipulation for Both RAM and 1/0 

• PROGRAM DEVELOPMENT SUPPORT TOOLS 
• Cross assembler and simulator software for use with IBM 

PCs and compatibles 
• In circuit emulator for use with IBM PC 

(Top View) (Top View) 

• RECOMMENDED APPLICABLE EPROM 
TyJ>ONo foc(MHz) EPROM Tvps No 

HN27C&4·30 
HN482764-J 

HN27C84-25 
HN482764 

HN27C256·25 
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SCKSI SO 

TIMER 
B 
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INT1 INTo 

EXTERNAL 
INTERRUPT 

INTERRUPT CONTROL 

RAM 576X4bit 

RESET TEST OSC1 OSC2 VccGND 

l lr ----~~~8:k_~----:-l 
.-'---''--....._~..., ! I I: 
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HD614P080S/HD614P0160S 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to +7.0 v 

V cc -45 to V cc +0.3 v 4 
-0.3 to Vee +o.3 v 3 

Pin Voltage 

mA 5 
--~-- ~-----~--+------+-------

-Lio 150 mA 6 

Total Allowance of Input Currents Lio 
---------------~-- -- . --- ----· 

Total Allowance of Output Currents 

50 

Maximum Input Current 

Maximum Output Current -lo 6 mA 9, 11 

Operating Temperature 

Storage Temperature 
Topr 

Tstg 

30 mA 9,12 

-20 to +75 °C 

-55to+125 °C 
------------------~------~----~----------~----~-----
(Note1) 

(Note 2) 
(Note 3) 
(Note4) 
(Note 5) 
(Note 6) 

(Note 7) 
(Note B) 
(Note 9) 
(Note 10) 
(Note 11) 
(Note 12) 

Permanent damage may occur if "Absolute Maximum Hatings"of the LSI or the EPROM are exceeded. Normal operation should be 
under the conditions of "Electrical Characteristics". If these conditff)ns are exceeded, it may cause the mat function and affect the 
reliability of LSI. 
All voltages are with respect to GND. 
Applied to standard pins. 
Applied to high voltage 1/0 pins. 
Total allowance of input current is the total sum of input current which flow in from all 1/0 pins to GND simultaneously. 
Total allowance of output current is the total sum of the output current which flow out from Vee to all 1/0 pins simultaneously. 
Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
Applied to Do ~ D 3 and R3 ..., RB. 
Maximum output current is the maximum amount of output current from Vee to each 1/0 pin. 
Applied to Do ,..... D 3 and R3 ...... AB. 
Applied to RO ...... R2. 
Applied to 0 4 ..., Dis. 
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• ELECTRICAL CHARACTERISTICS 
• DC CHARACTERISTICS (Vee• 4.5V to 5.6V, GND" OV, Ta• -20 to +7!i"C, if not specified.) 

Item Symbol Pin Name Test Conditions 

~~Wi· 
Input "High" 

V1H Voltage SI 

osc, 
RESEWi, 
TlilTo, Tt Input "Low" 

V1L Voltage SI 

OSC1 

Output "High" -loH = 1.0mA 
Voltage VoH SCK, SO 

- loH = 0.01 mA 

Output "Low" 
VoL SCK,SO loL = 1.6 mA Voltage 

Input/Output RESET,SCK, 
ll1L I INTo, INT1, V;n = OV to Vee Leakage Current Sl,SO,OSC1 

Crystal or 
Current Ceramic 
Dissipation in Ice Vee Vee= 5V Filter 
Operation Mode Respnator 

f 0 sc = 4MHz 

Maximum 
Crystal or 

Logic Ceramic 
lssv1 Vee Filter Operation Resonator 

Current Vee= 5V f 0 sc = 4MHz 
Dissipation in 

Crystal or Standby Mode Minimum 
Logic Ceramic 

lssv2 Vee Operation Filter 

Vee= 5V 
Resonator 
f 0 sc = 4MHz 

Current V;n (TEST)= Vee 
Dissipation in I stop Vee - Vee-0.3V 
Stop Mode V;n (RESET)= 0 - 0.3V 
Stop Mode 

Vstop Vee Retain Voltage 

!Note 11 
(Note 21 

Output buffer current are excluded. 
The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; •Reset state in Operation Mode 

Pin state; •RESET, TEST - Vee voltage 
• 0 0 -0 3 • R3- R9 - V cc voltage 

min 

0.7Vcc 

0.7Vcc 

Vcc-0.6 

-0.3 

-0.3 

-0.3 

Vee-1.0 

Vcc-0.3 

-

-

-

-

-

-

2.0 

(Note 31 
• 04-015. RO-R2, RAO, RA1 -Vee ...... Vcc-40V 

The timer/counter with the fastest clock and input/output current does not flow. 

(Note4) 

Test Conditions: MCU state; •Standby Mode 
•Input/Output; Reset state 
•TIMER-A; +2 prescaler divide ratio 
• TIMER-8; +2 prescaler divide ratio 
•SERIAL; Stop 

Pin state; •RESET - GND voltage 
•TEST - Vex:: voltage 
• Do-03, R3-R9 - Vee voltage 
•D,-D,.,RO-R2,RAQ.RA1- Vec-Vee-40V 

The timer/counter with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; \•Standby Mode 

•Input/Output; Reset state 
•TIMER-A; +2048 prescaler divide ratio 
• TIMER-B; +2048 prescaler divide ratio 
•SERIAL; Stop 

@HITACHI 

Value 

typ 

-
-
-
-
-
-
-
-
-

-

-

-

-

-

-

Unit 
max 

Vcc+0.3 v 

Vcc+0.3 v 
Vcc+0.3 v 

0.22Vee v 

0.22Vce v 
0.5 v 
- v 
- v 

0.4 v 

1 µA 

2.0 mA 

1.2 mA 

0.9 mA 

10 µA 

- v 
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Pin state; •RESET - GND voltage 
• ffii - V cc voltage 
• Do-D1, R3 ...... R9 - Vee voltage 
• o~-ol5' RO-R2, RAO, RA1 - Vee - Vcc-40V 

(Note 6) The com1umptlon of current In operation and standby mode is proportional to fosc· When fosc "'x [MHz], 
the value of each current is calculated as follows. 

max. value (f0 sc.,... x) "" i- x max. valua Hose .. 4 {MHz]). 

• INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vee = 4.5V to 5.5V, GND = OV, Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 

Input "High" 
V1H 

Do - D3, 
Voltage R3 - R5, R9 

lnplJt "Low" 
V1L 

Do - D3, 
Voltage R3- R5, R9 

Output "Low" 
VoL 

DLJ "'03, 
'oL = 1.6 mA Voltage R3- RB 

Input/Output 
I l1LI 

Do -D3, 
V;0 = OV-Vcc Leakage Current R3- R9 

(Note 1) Output buffer current are excluded. 

•'INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vee= 4.5V to 5.5V, GND = OV, Ta= -20 to +75°C, if not specified.I 

Item Symbol Pin Name Test Conditions 

Input "High" 
V1H 

D4-DIS,R1 
Voltage R2, RAo. RA1 

Input "Low" 
V1L 

D4 -DIS, R1 
Voltage R2,RAo. RA1 

D• - DIS 
-loH = 15mA 

Output "High" IOH 9mA 

Voltage VoH -loH =3mA RO-R2 
-IOH = 1.8 mA 

Output "Low" 
VoL 

D4 -DIS 
150k!1 to Vcc-40V Voltage RO- R2 

Input/Output D4 -Dis 
Leakage ll1LI RO-R2 V;n = Vee-40V to Vee 
Current RAO RA1 

(Note 1) Output buffer current are excluded. 

$HITACHI 

Value 

min typ 

0.7Vcc -

-0.3 -

- -

- -

Value 

min typ 

0.7Vcc -

Vcc-40 -

Vcc-3.0 -
Vcc-2.0, 
Vcc-3.0' -
Vcc-2.0. 

- -

- -

Unit 
max 

Vcc+0.3 v 

0.22Vcc v 

0.4 v 

1 µA 

Unit 
max 

Vcc+0.3 v 

0.22Vcc v 

- v 

- v 

Vcc-37 v 

20 µA 
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• AC CHARACTERISTICS (Vee = 4.5V to 5.5V, GND = OV, Ta= -20 to +75°C, if not specified.) 

"" u 
0 
u 

Item 

Oscillation Frequency 

Instruction Cycle Time 

Oscillator Stabilization 
Time 

Oscillation Frequency 

Instruction Cycle Time 

Oscillator Stabilization 
Time 

External Clock Frequency 

External Clock "High" 
Level Width 

External Clock "Low" 
Level Width 

External Clock Rise Time 

External Clock F al I Ti me 

Symbol 

tcPH 

tcPr 

tcpf 

Pin Name 

osc, .osc, 

osc,' osc, 

osc,' osc, 

osc,, osc, 

Test 
Conditions 

Value 

min typ 

0.4 

1.29 

0.4 

1.29 

Unit Note 
max 

6.2 MHz 

20 µs 

20 ms 

6.2 MHz 

20 µs 

20 ms 

6.·2 MHz o~, - 2 0.4 
----~1-------1-----+----l-----+-----+---~ 

OSC, 70 - - ns 2 

70 ns 2 

osc, 20 ns 2 

osc, 20 ns 2 

Instruction Cycle Time tcyc 1.29 - 20 µs 2 

INTo "High" Level Width t10H I TNTo 2 - - lcyc I 3 
----~~--------1-~~--t-""""';=-----t------t--~--+----l------l---'"-"---+--=----
, __ l_N_T_o_" L m1v_·:_L_e_v_e l_'N_ i_d_t h ___ .,__t 1~0~L--+ __ 1 N_T=o----+------+--2--+------1------+--l-cy:_c:_1-_3 __ 

INT1 "High" Level Width t11H INT1 2 - - lcyc 3 
--IN-. T-1 -.. -L-o-w-,-, -L-ev_e_l_W_i_d-th---+----- - . INT ______ -----1--2----1--_----t-- --·::_-----+--"=--+-----·-

---R--E·S--E-T-.. H--ig_h_"_L_e_v_e_I -W-id_t_h--+-~-~-lsL_T--H-+~5~- 2 - _ ::: ! 
-------------+----+----------- --- ----1--·--+--·---'·-----·+-..:.1"'--l-----

f=lMHz Input Capacitance 15 pF Cin all pins 
V;n = OV 

Reset Fall Time 20 ms 

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after V<X:, reaches its minimum allowable voltage Vee= 4.5V 
after power-on, or after RESET goes high. At power-on or STOP mode release, RESET must be kept high for at least tRC. Since 
tAC depends on the crystal or ceramic filter's circuit constant and stray capacitance, please get the manufacturer's advice when 
designing the RESET circuit. 

(Note 2) 

tcPr tcpf 

Crystal: 6.0 [MHz] (Note 3) 

NC-18C (Nihon Denpa Kogyo) 
Rt= 1[Mn]±2%, C, = C, = 20 [pF] ± 20% 

(Note4) 

RESET 

Ceramic filter: CSA6.00 MG (Murata) 
Rt= 1 [Mn) ± 2%, C, = C, = 30 [pf) ± 20% 

~HITACHI 
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• SERIAL INTERFACE TIMING CHARACTERISTICS 
(Vee "4.5V to 5.5V, GND = OV, Ta" -20 to +75°C, if not specified.) 

At Transfer Clock Output 

Item Symbol Pin Name 1 Test 
Conditions typ min max 

Unit Note 
Value 

Transfer Clock Cycle Time tscvc SCK !Note 21 1 - - tcyc 1, 2 
-·~~~+-~'-'-~l---~~~~~~l---~~~~l---~~--1~~~-1-~~~--l-~2.::~--!--~~~-

T ransfe r Clock "High" 1 ·scK !Note 21 0 5 - - t 1 2 
Level Width SCKH · Scvc ' 

Transfer Clock "Low" 
Level Width 

Transfer Clock Rise Time 

Transfer Clock Fall Time 

Serial Output Data 
Delay Time 

S2rial l!"lput Oats Set~op Time 

Serial Input Data Hold Time 

At Transfer Clock Input 

Item 

Transfer Clock Cycle Time 

Transfer Clock "High" 
Level Width 

Transfer Clock "Low" 
Level Width 

Transfer Clock Rise Time 

Transfer Clock Fall Time 

Serial Output Data 
Delay Time 

Serial Input Data Set-up Time 

Serial Input Data Hold Time 

tscKL sci< 
--+--t~;;-;-+-

SCK 

toso so 

tss: SI 

SI 

Symbol Pin Name 

tscvc SCK 

tscKH SCK 

tscKL SCK 

tscKr SCK 

tscKt SCK 

toso so 

t551 SI 

tHSI SI 

!Note 21 

!Note 21 

300 
150 

Test Value 
Conditions min typ 

1 -

0.5 -

0.5 -

- -

- -

!Note 2) - -

300 -

150 -
(Note 1) Timing Diagram of Serial Interface 

so 

SI 

{Note 21 Timing Load Circuit 

• Vcc-2.0V and O.SV are the threshold voltage for transfer clock output. 
0.7Vcc and 0.22 Vee are the threshold voltage for transfer clock input. 

@HITACHI 

100 ns 

250 ns 

ns 

iiS 

Unit 
max 

- tcyc 

- tscvc 

- tscvc 

100 ns 

100 ns 

250 ns 

- ns 

- ns 
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1 

1 

1 

1 

1, 2 
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• CHARACTERISTICS CURVE (REFERENCE DATA) 

4 Ta=-20-+75°C 
Vcc=5V 

-
0 2 3 4 

lose< MHz) 

I cc vs. f osc characteristic 
(crystal, ceramic resonator) 

5 6 

2.0 .-----"'=',.,,,-.---r--.---.--1 
Ta= -20- +75'C 
Vee= 5V 

1.61---+--+--+----ir---
<( 

E 
] 1.2 

j 0.81----1---+-:;,,..,,._'-+=-""-+--

0 

15 

10 

5 

0 

2 3 4 

lose< MHz) 

ISBY vs. f osc characteristics 
(crystal, ceramic resonator) 

Ta== -20....., +75°C 

5 

Vcc}L 

.x 
'2:c~=4.5V 

~ v 
~ v 

-;l: v 
~ 

~ 
VoLIV) 

loL min. vs. VoL characteristics 
(Standard Pin) 

__... 

~HITACHI 

4 Ta= -20- + 75°C 
losc=4MHz 

3 max_.-
<( 

E 
--;-; 2 
2 

]L_ 
···7 

0 2 3 4 

Vcc(V) 

I cc vs. V cc characteristic 
(crystal, ceramic resonator) 

2·0 Ta--20-+75C 
fosc=4MHz 

5 

l .6t----+---+---<---+----+159y 1 

<( I m;x. 
il.2 /v-

. t---+---+--l---+-__,,.L"ic,;ISBY2 jOB m~ 

0.4 l---+---+--11---+---+----l 

6 

0 2 3 4 5 6 

~ 
,; 
c ·e 
J: 
2 
I 

20 

10 

Vcc(V) 

I sev vs. V cc characteristics 
(crystal, ceramic resonator) 

Ta"' -20....., +75°C 

Vcc=s.svL 

IZ 
lL v 

A ,L1 v cc=4.5V 

v 
OIZ 

2 3 4 
Vcc-VoHIV) 

-loH min. vs. (Vcc-VoH) characteristics 
(D• - DIS pins) 
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c ·e 
J: 
0 
T 

OIZI 

JZ0cc·4.5V 

2 3 4 5 
Vee-VoHIVI 

-loH min. vs. (Vcc-VoHI characteristics 
(RO - R2 pins) 

• DESCRIPTION OF PIN FUNCTIONS 
Input and output signals ofMCU are described below. 

• GND, Vee. Vdisp 
These are power supply pins. Connect GND pin to Earth 

(OV) and apply Vee power supply voltage to Vee pin. RA1/ 
V.n.p pin is used for RAJ as all high voltage pins are "without 
pull-down MOS" (PMOS open drain). 

•TEST 
TEST pin is not for users application. Connect it to Vee. 

• RESET 
RESET pin is used to reset MCU. For details, see "RESET" 

• OSC1, OSC2 
These are input pins to the internal clock generator circuit. 

They can be connected to crystal resonator, ceramic ftlter reso
nator, or external oscillator circuit. For details, see "INTER
NAL OSCILLATOR CIRCUIT." 

• D-port (Do to Dis) 
D-port is a I-bit Input/Output common port. Do to 03 are 

HD614P080S/HD614P0160S 

standard type, D• to Dis are for high voltage. For details, see 
"INPUT /OUTPUT". 

• R·port (RO to RA) 
R-port is a 4-bit Input/Output port. (only RA is 2-bit con

struction.) RO and R6 to RS are output ports, R9 to RA are 
input ports, and RI to RS are Input/Output common ports. 
RO to R2 and RA are the high voltage ports, R3 to R9 are the 
standard ports. R32, R33, R•o, R41, and R•2 are also available 
as INTo, INT1, SCK, SI and SO respectively. For details, see 
"INPUT/OUTPUT". 

• INTo. INT1 
These are the input pins to interrupt MCU operation exter

nally. INT1 can be used as an external event input pin for 
TIMER-B. INTo and INT1 are also available as R32, and R33 
re.pectively. For details, see "INTERRUPT". 

• SCK,Sl,SO 
These are transfer clock 1/0 pin (SCK), serial data input pin 

(SI) and serial data output pin (SO) used for serial interface. 
SCK, SJ and SO are also available as R .. , R,1, and R•2 respec
tively. For details, see "SERIAL INTERFACE". 

• ROM MEMORY MAP 
ROM memory map is illustrated in Fig. I and described in 

the following paragraph. 

• Vector Address Area ..... $0000 to $000F 
When MCU reset or an interrupt is serviced, the program is 

executed from the vector address. Program the JMPL instruc
tions branching to the starting addresses of reset routine or 
of interrupt routines. 

• Zero-Page Subroutine Area ..... $0000 to $003F 
CAL instruction allows to branch to the subroutines in 

$0000 to $003F. 

• Pattern Area ..... $0000 to $0FFF 
P instruction allows referring to the ROM data in $0000 to 

$0FFF as a pattern. 

• Program Area ..... $0000 to $1FFF; HD614P080S 
$0000 to $3FFF; HD614P0160S 

.HITACHI 
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EPROM ADDRESS 

$0000 

$0001 

$001F 

$0020 

$007F 

$0080 

$1FFF 

$2000 

$3FFF 

0 0 0 b1t4 

0 0 0 bit9 

Vector Address 

Zero-Page Subroutine 
(64 Words) 

Pattern 
(4096 Words) 

Program 
(8192 Words) 

'-----v----' 
NOT USED 
(Set to "111") 

EPROM ADDRESS 

$0000 

$0001 

$001F 
$0020 

$007F 

$0080 

$1FFF 
$2000 

$7FFF 

0 0 0 b1t4 

0 0 0 blt9 

Vector Address 

Zero.Page Subroutme 

(64 Words) 

Pattern 

(4096 Wordsl 

Program 
(16384 Words) 

NOT USED 
(Setto"111") 

bit3 b1t2 

bitB b1t7 

b1t3 b1t2 

b1t8 b1t7 

MCU ROM ADDRESS 

bitl b1tO lower 5 bi.t} $OOOO r :J~:~ ~~s~~~~~n Routine) b1t6 b1t5 upper 5 bit 

r ~J~:~ 1t~s:~u~~io;outine) 
$000F I- JMPL Instruction 

~ 
$0010 (Jump to INT 1 Routine) 

I- :J~:~ 1t~s~~~~~A Routine) 

$003F I- ~J~:~ 1t~5~~~~~~B Routine) 

$0040 

~ r- tJ~:~ ~~s~~~~~~ Routine) 

$0FFF 

$1000 --! 

$1FFF 

HD614POBOS 

MCU ROM ADDRESS 

b1tl bttO lower 5 bi_t} 50000 JMPL Instruction 

bit6 bit5 upper 5 bit (Jump to RESET Routmef 

JMPL Instruction 

(Jump 10 INTo Rou1me) 

$000F JMPL lns1ruction 

I\ 
$0010 {Jump to INT 1 Roullne) 

JMPL l/lstruction 

(Jump to TIMER·A Routmel 

JMPL lnstruct1on 

$003F (Jump to TIMER·B Routine) 

$0040 

~ ~ :J~:~ ~~s~~~~~~ Routine) 

$0FFF 

$1000 

$3FFF 

HD614P0160S 

Fig. 1 ROM Memory Map 

@HITACHI 

$0000 

$0001 

$0002 

$0003 
$0004 

$0005 

$0006 

$0007 

$0008 

$0009 

$000A 

$0008 

$QOOC 

$0000 

$000E 

$000F 

$0000 

$0001 

$0002 

$0003 

$0004 
$0005 

$0006 

$0007 

$0008 

$0009 

SOOOA 

$0008 

soooc 
$0000 

SOOOE 

SOOOF 
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$000 

RAM-mapped Registers 

~~ !------------< S01F 
1'{020 

U l~H 
48 ------------------------ $030 

Memory Registers(MR) 

Data 
(512 Digits) 

543 
544 1------------l :~;~ 

Not Used 

959 
960 t------------l:~~~ 

Stack 
{64 D191ts) 

1023 ~-----------' $3FF 

HD614P080S/HD614P0160S 

Interrupt Control Bits 

$000 

$001 

$002 

>------------< $003 
4 Port Mode Reg. (PMRJ : W $004 

$005 

$006 

Serial Mode Reg (SMR) : W 

St1nal Data Reg. Lower (SRLJ : R/VV 

Serial Data Reg. Upper (SAU) : R/W $007 

Timer Mode Reg. A !TMA) : W $008 

9 Timer Mode Reg B {TMB): W $009 

10 TIMER·B (TCBL/TLALJ: R/W SOOA 
11 (TCBU/TLAU) : R/W $009 

12 sooc 

No1 Used 

311~---------~ $01F 

• Two registers are mapped on same address 

Read Only 
W ·Write Only 

AJW : Read/Write 
Timer/Event Counter B Lower ITCBU 

T1mer/Even1 Counter B Upper (TCBU) 

Fig. 2 RAM Memory Map 

Timer Load Reg. Lower tTLRLI W SODA 

Timer Load Reg Upper (TLRU) w $008 

• RAM MEMORY MAP and special registers are also mapped on the RAM memory 
space. RAM memory map is illustrated in Fig. 2 and described 
in the following paragraph. 

The MCU includes 576 digits x 4 bits RAM as the data area 
and stack area. In addition to these areas, interrupt control bits 

IF 
IM 
l/E 

0 

2 

3 

SP 
!Note) 

bit 3 

IMO 

(IM of INT0 I 

IMTA 
(IM of TIMER-A) 

Not Used 

Not Used 

Interrupt Request Flag 
Interrupt Mask 
Interrupt Enable Flag 
Stack Pointer 

bit 2 

IFO 

(IF of INTo) 

IFTA 
(IF of TIMER-A) 

Not Used 

Not Used 

bit 1 bit 0 

ASP l/E 

(Reset SP Bit) (Interrupt Enable Flag) 
$000 

IM1 IF1 
(IM of INT 1) (IF of INT 1) 

$001 

IMTB IFTB 

(IM of TIMER-Bl (IF of TIMER-Bl 
$002 

IMS IFS 

(IM of SERIAL) (IF of SERIAL) 
$003 

'-----

Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMO instruction and is tested by TM/TMO 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when "ASP" bit and "Not Used" bit is tested. 

Fig. 3 Configuration of Interrupt Control Bit Area 
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• Interrupt Control Bit Area ..... $000 to $003 
This area is used for interrupt controls, and is illustrated in 

Fig. 3. It is accessable only by RAM bit manipulation instruc
tion. However, the interrupt request flag cannot be set by soft
ware. The RSP bit is only used to reset the SP. 

• Special Register Area ..... $004 to $008 
Special Register is a mode or a data register for the external 

interrupt, the serial interface, and the timer/counter. These 
registers are classified into 3 types: Write-only, Read-only, and 
Read/Write as shown in Fig. 2. These registers cannot be 
accessed by RAM bit manipulation instruction. 

• Data Area ..... $020 to $21F 

Memory Registers Stack Area 

MR(O) $ 020 
960 Level 16 $ 3CO 

MR(1) $ 021 Level 15 

MR(2) $ 022 Level 14 

MR(3) $ 023 Level 13 

MR(4) $ 024 Level 12 

MR(5) $ 025 Level 11 

MR(6) $ 026 Level 10 

MR(7) $ 027 Level 9 

MR(B) $ 028 Level 8 

16 digits of $020 to $02F are called memory register (MR) 
and accessable by LAMR and XMRA instructions. 

• Stack Area .... $3CO to $3FF 
Stack Area is used for LIFO stacks with the contents of the 

program counter (PC), status (ST) and carry (CA) when process· 
ing subroutine call and interrupt. As I level requires 4 digits, 
this stack area is nested to 16 level-stack max. The data pushed 
in the stack and LIFO stack state are provided in Fig. 4. The 
program counter is restored by RTN and RTNI instructions. 
Status and Carry are restored only by RTNI instruction, and 
not affected by RTN instruction. The area, not used for stack
ing, is available as a data area. 

bit3 bit2 bit1 bitO 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

MR(9) 

MR(10) 

MR(11) 

MR(12) 

MR(13) 

MR(14) 

$ 029 

$ 02A 

$ 028 

$ 02C 

$ 020 

$ 02E 

Level 'V Level 6 1 
Level 5 . 

Level 4 

~evel 3 1 

Level 2 
1 

020 

021 

022 

023 

ST PC13 PC12 PC11 $ 3FC 

PC10 PCg PCs PC7 $ 3FD 

CA PC5 PC5 PC4 $ 3FE 

PC3 PC2 PC1 i>Co $ 3FF 
MR(15) $ 02F 1023 Level 

PC13 to PCo; Program Counter 
ST; Status 
CA; Carry 

1 $ 3FF 

Fig. 4 Configuration of Memory Register, Stack Area and Stack Position 

• REGISTER AND FLAG 
The MCU has nine registers and two flags for the CPU opera· 

tions. They are illustrated in Fig. 5 and described in the follow· 
ing paragraphs. 

• Accumulator (A), B Register (8) 
Accumulator and B Register are 4-bit registers used to hold 

the results of Arithmetic Logic Unit (ALU), and to transfer data 
to/from memories, 1/0 and other registers. 

• W Register (W), X Register (X). Y Regi1ter (Y) 
W Register is 2-bit, and X and Y Register are 4-bit registers 

used for indirect addressing of RAM. Y Register is also used 
for D-port addressing. W Register is write-only and cannot be 
read. 

• SPX Register (SPX), SPY Register (SPY) 
SPX and SPY Register are 4-bit registers used to assist X and 

Y Register respectively. 

• Carry (CA) 
Carry (CA) stores the overflow of ALU generated by the 

arithmetic operation. It is also affected by SEC, REC. ROTL and 
ROTR instructions. 

During interrupt servicing, Carry is pushed onto the stack 
and restored back from the stack by RTNI instruction. (It's not 
affected by RTN instruction.) 

o Status (ST) 
Status (ST) holds the ALU overflow, ALU non-zero and the 

results of bit test instruction for the arithmetic or compare in
struction. It is used for a branch condition of BR, BRL, CAL or 
CALL instructions. The value of the Status remains unchanged 
until the next arithmetic, compare or bit •• st instruction is ex
ecuted. Status becomes "I" after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its execution/ 
skip). During the interrupt servicing, Status is pushed onto the 
stack and restored back from the stack by R TN! instruction. 
(It's not affected by RTN instruction.) 
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I~--! ... ,,,""'"'"' 

['-_---JI , "'""'"' 
L~J .. ., ... 
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Fig. 5 Register and Flags 

• Program Counter (PC I 
Program Counter is a I 4·bit binary counter for ROM address· 

ing. 

• Stack Pointer (SP) 
Stack Pointer is used to point the address of the next stack

ing area up to 16 levels. 
The Stack Pointer is initialized to locate $3FF on the RAM 

address, and is decremented by 4 as data pushed into the stack, 

HD614P080S/HD614P0160S 

and incremented by 4 as data restored back from the stack. 

• INTERRUPT 
The MCU can be interrupted by five different sources: the 

external signals (INT~, INT,}, timer/counter (TIMER-A, 
TIMER-BJ, and serial interface (SERIAL). In each sources, 
the Interrupt Request Flag, Interrupt Mask and interrupt vector 
address will be used to control and maintain the interrupt re· 
quest. The Interrupt Enable Flag is also used to control the 
total interrupt operations. 

• Interrupt Control Bit and Interrupt Service 
The interrupt control bit is mapped on $000 to $003 of the 

RAM address and accessable by RAM bit manipulation instruc· 
tion. (The Interrupt Request Flag (IF) cannot be set by soft· 
ware.) The Interrupt Enable Flag (l/E) and Interrupt Request 
Flag (lF) are set ''' "O", and the Interrupt Mask (IM) is set to 
"I" at the initialization by MCU reset. 

Fig. 6 shows the interrupt block diagram. Table I shows the 
interrupt priority and vector addresses, and Table 2 shows the 
conditions that the interrupt service is executed by any one of 
the five interrupt sources. 

The interrupt request is generated when the Interrupt Re
quest Flag is set to "I" and the Interrupt Mask is "O". If the 
Interrupt Enable Flag is "I''. then the interrupt will be activated 
and vector addresses will be generated from the priority PLA 
corresponding tu the five interrupt sources. 

Fig. 7 shows the interrupt services sequence, and Fig. 8 
shows the interrupt flowchart. If the interrupt is requested, the 
instruction finishes its execution in the first cycle. The Inter
rupt Enable Flag is reset in the second cycle. In the second and 
third cycles, the Carry, Status and Program Counter are pushed 
onto the stack. In the third cycle, the instruction is executed 
again after jumping to the vector address. 

In each vector address, program JMPL instruction to branch 
to a starting address of the interrupt routine. The Interrupt 
Request Flag which caused the interrupt service has to be reset 
by software in the interrupt routine. 
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sooo.o 

S003.0 

Sequence Cor>lrol 

Push PCICAIST 

Reset l1f 

J..mp10 Vector 

Fig. 6 Interrupt Circuit Block Diagram 

Table 1. Vector Addresses and Interrupt Priority 

Reset, Interrupt Priority 

RESET 
~- -+-,---

INT, 2 
-TIMEfi":A--1 --3-

TIMER-B 

SERIAL 

4 

Vector addresses 

$0000 

$0002 

$0004 

$0006 

Table 2. Conditions of Interrupt Service 

--,-------- --- ----------

l~ce INTo TNT. TIMER-A TIMER-B 

l/E 1 1 
+----

1 1 

IFO·IMO 1 0 0 0 
---IF-1 ·:· IM1 

* 1 0 0 

IFTA • IMTA * * 1 0 

IFTB • IMTB * * * 1 

IFS· IMS * * * * 
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-----

SERIAL 

1 

0 

0 
-t---0--

0 
-·- - ---
1 

" Don't care 
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Cycles 

Instruction 
execution 

Interrupt 
accepted 

2 

Stacking, 
Reset of 1/E 

3 

Stacking, 
Vector address 
is generated 
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4 5 

JMPL instruction execution on the 
vector address 

6 

Instruction 
Execution at 
starting address 
of the interrupt 
routine 

Fig. 7 Interrupt Servicing Sequence 

• Interrupt Enable Flag (l/E: $000,0) 
The Interrupt Enable Flag controls enable/disable of all inter

rupt requests as shown in Table 3. The Interrupt Enable Flag is 
reset by the interrupt servicing and set by RTNI instruction. 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag Interrupt Enable/Disable 

0 Disable 

Enable 

• External Interrupt OlliT;;, 11\if, I 
To use external interrupt, select R32 /INT~, R,,/INT, port 

for INT;,, INT;" mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO, IFI) are set at 
the falling edge of INT;;, INT; inputs. 

INT, input can be used as a clock signal input ofTIMER-B. 
Then, TIMER-B counts up at each falling edge of input. When 
using INT, as TIMER-B external event, an External Interrupt 
Mask (IM I) has to be set so th al the interrupt request by INT1 
will nol be accepted. 

• External Interrupt Request Flag (IFO: $000,2, IF1: $001,0) 
The External Interrupt Request Flags (IFO, IF I) are set at 

the falling edges of INT 0 , INT 1 inputs respectively. 

• External Interrupt Mask (IMO: $000,3, IM1: $001,1) 
The External Interrupt Mask is used to mask the external 

interrupt requests. 

Table 4. External Interrupt Request Flag 

External Interrupt Request Flags Interrupt Requests 

0 No 

Yes 

Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 

Disable (masks) 

• Port Mode Register (PMR: $004) 
The Port Mode Register is a 4-bit write-only register which 

controls the R32 /INT0 pin, R33 /lNf; pin, R, 1/SI pin and 
R. 2/SO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MCU reset, so that all these pins are set 
to a port mode. 

Table 6. Port Mode Register 

PMR 
R33 /INT; pin 

bit 3 

0 Used as R33 port input/output pin 

Used as INT 1 input pin 

PMR 

bit 2 
R32 /INT 0 pin 

0 Used as R32 port input/output pin 

Used as INT 0 input pin 

PMR 

bit 1 
R41/SI pin 

0 Used as R41 port input/output pin 

Used as SI input pin 

R42/SO pin 

0 Used as R42 port input/output pin 

Used as SO output pin 
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No 

Yes 

Yes 

(A) 

Reset 
MCU 

PC•$ 0002 

PC•-$ 0004 

PC· $ 0006 

PC·$ 0008 

PC•$ OOOC 

Fig. 8 Interrupt Servicing Flowchart 
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Yes 

Yes 

Yes 

1.1E~"O" 

Stack•- (PC) 
Stack~(CA) 

Stack~IST) 

(SERIAL Interrupt) 
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• SERIAL INTERFACE 
The serial interface is used to transmit/receive 8-bit data 

serially. This consists of the Serial Data Register, the Serial 
Mode Register, the Octal Counter and the multiplexer, as illus
trated in Fig. 9. Pin R40 /SCK and the transfer clock signal are 
controlled by the Serial Mode Register. Contents of the Serial 
Data Register can be written into or read out hy th<" software. 
The data in the Serial Data Register can be shifted synchronous-

N 

·I· 

SMR(4bll) 
SERIAL MODE 

REG. 

INTERNAL BUS LINE 

HD614P080S/HD614P0160S 

ly with the transfer clock signal. 
The serial interface operation is initiated with STSJnstruc

tion. The Octal Counter is reset to $0 by STS instruction. It 
starts to count at the falling edge of the transfer clock (SCK) 
signal and increments by one at the rising edge of the SCK. 
When the Octal Counter is reset to $0 after eight transfer clock 
signals, or discontinued transmit/receive operation by resetting 
the Octal Counter. the SE.RIAL Interrupt Request Flag will be 
set. 

OC(3bit) 
OCTAL 

COUNTER 
INTERRUPT 
REQUEST FLAG 
of SERIAL INTER
FACE 

INTERNAL BUS LINE (S1 I ] 
-4 ,4 -----

SR 18 bit) 
SERIAL DATA REGISTER 

4 4 

INTERNAL BUS LINE (S21 

Fig. 9 Serial Interface Block Diagram 

• Serial Mode Register (SMR: $005) 
The Serial Mode Register is a 4-bit write-only register. This 

register controls the R40 /SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The Write Signal to the Serial Mode Register controls the 
operating state of serial interface. 

The Write Signal to the Serial Mode Register stops the 
transfer clock applied to the Serial Data Register and the Octal 
Counter. And it also reset the Octal Counter to $0 simul
taneously. 

When the Serial Interface is in the "Transfer State" the Write 
Signal to the Serial Mode Register causes to qui; the data 
transfer and to set the SERIAL Interrupt Request Flag. 

Contents of the Serial Mode Register will be changed on the 
second instruction cycle after writing into the Serial Mode 
Register. Therefore, it will be necessary to execute the STS 
instruction after the data in the Serial Mode Register has been 
changed completely. The Serial Mode Register will be reset to 

$0 by MCU reset. 

• Serial Data Register (SRL: $006, SRU: $007) 
The Serial Data Register is an 8-bit read/write register. It 

consists of a low-order digit (SRL:$006) and a high-order digit 
(SRU: $007). 

The data in the Serial Data Register will be output from the 
LSB side at SO pin synchronously with the falling edge of the 
transfer clock signal. At the same time, external data will be 
input from the LSB side at SI pin to the Serial Data Register 
synchronously with the rising edge of the transfer clock. Fig. 
I 0 shows the 1/0 timing chart for the transfer clock signal and 
the data. 

The writing into/reading from the Serial Data Register during 
its shifting causes the validity of the data. 

Therefore complete data transmit/receive before writing 
into/reading from the serial data register. 
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SMR 

Bit 2 Bit 1 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

(In the case of SMR Bit 3 = 1) 

Transfer Clock 

Serial Output Data 

Serial Input Data 

Latch Timing 

BitO 

0 

1 

0 

1 

0 

1 
.. 

0 
-~ 

1 

Table 7. Serial Mode Register 

SMR 

Bit 3 

0 Used as R•o port input/output pin 

Used as SCK input/output pin 

Transfer Clock 

Prescaler System Clock 
R•o /SCK Port Clock Source Divide Divide 

Ratio Ratio 

SCK Prescaler 7 2048 7 4096 Output 

SCK Prescaler 512 71024 Output 

SCK Prescaler 128 256 Output 

SCK Prescaler 32 64 Output 

set< Prescaler 8 16 Output 
·+--·--· ·-----

SCK Prescaler 2 4 Output 
--~·--- ------ ·-

SCK System - 1 Output Clock 

SCK External 
Input Clock - -

I I I I I I I I 
Fig. 10 Serial Interface 1/0 Timing Chart 

• SERIAL Interrupt Request Flag (IFS: $003, 0) Table 9. SERIAL Interrupt Mask 
The SERIAL Interrupt Request Flag will be set after the 

eight transfer clock signals or transmit/receive discontinued 
operation by resetting the Octal Counter. 

• SERIAL Interrupt Mask (IMS: $003, 1) 
The SERIAL Interrupt Mask masks the interrupt request. 

Table 8. SERIAL Interrupt Request Flag 

SERIAL Interrupt Request Flag Interrupt Request 

0 No 

Yes 

SERIAL Interrupt Mask Interrupt Request 
______ o ____ _ Enable 

Disable (masks) 

• Selection of the Operation Mode 
Table I 0 shows the operation mode of the serial interface. 

Select a combination of the value in the Port Mode Register and 
the Serial Mode Register according to Table I 0. 

Initialize the serial interface by the Write Signal to the 
Serial Mode Register, when the Operation Mode is changed. 
• Operating State of Serial Interface 

The serial interface has 3 operating states as shown in Fig. 11. 
The serial interface gets into "STS waiting state" by 2 ways: 

one way is to change the operation mode by changing the data 
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in the Port Mode Register, the other is to write data into the 
Serial Mode Register. Jn this state, the serial interface does not 
operate although the transfer clock is applied. If STS instruc
tion is executed, the serial interface changes its state to "SCK 
waiting state". 

In the "SCK waiting state", the falling edge of first transfer 
clock affects the serial interface to get into "transfer state". 
while the Octal Counter counts-up and the Serial Data Register 
shifts simultaneously. As an exception, if the clock continuous 
output mode is selected, the serial interface stays in "SCK wait
ing state" while the transfer clock outputs continuously. 

The Octal Counter becomes "000" again by 8 transfer 
clocks or execution of STS instruction, so that the serial inter
face gets back into the "S('K waiting st<Jte", and SERIAL 
Interrupt Request Flag is set simultaneously. 

When the internal transfer clock is selected, the transfer 
clock output are triggered by the execution of STS instruction, 
and it stops after 8 clocks. 

• Example of Transfer Clock Error Detection 
The serial interface functions abnormally when the transfer 

clock was disturbed by external noises. In this case, the transfer 
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clock error can be detected in the procedure shown in Fig. 12. 
If more than 9 transfer clocks are applied by the external 

noises in the "SCK waiting state", the state of the serial inter
face shifts as the following sequence: first "transfer state" 
(while I to 7 transfer clocks), second "SCK waiting state" (at 
8th transfer clock) and third "transfer state" again. Then reset 
the SERIAL Interrupt Request Fbg, and make "STS waiting 
state" by writing to the Serial Mode Register. SERIAL Inter
rupt Request Flag is set again in this procedure, and it shows 
that the transfer clock was invalid and that the transmit/receive 
data were also invalid. 

Table 10. Serial Interface Operation Mode 

Serial Interface Operating Mode 

1 0 0 Clock Continuous Output Mode 
-t----t---------------

1 0 1 Transm:t Mude 
--- - ----- - +---+---------------

1 1 0 Receive Mode --------+------- f-·-----+---------------
1 1 1 Transmit/Receive Mode 

• "Change PMR" means the change of 

operation mode as below· STS Waiting State 

Clock Continuous 
Output Mode 

•Transmit Mode 
• Receive Mode 
• Transmit/Receive 

Mode 

SC K Waiting State 
(Octal Counter = "000") 

Yes 

Normal End 

Octal Counter= "000" ) 
Transfer Clock Disable 

Transfer Clock 

8 Transfer Clocks, 
STS Instruction 

(IFS<- "1 "I 

Transfer State 
(Octal Counter* "000") 

Fig. 11 Serial Interface Operation State 

Transfer Clock 
Error Processing 

• TIMER 
The MCU contains a prescaler and two timer/counters 

(TIMER-A, TIMER-BJ. Fig. 13 shows the block diagram. The 
prescaler is an I I-bit binary counter. TIMER-A is an 8-bit 
free-run timer. TIMER-B is an 8-bit auto-reload timer/event 
counter. 

• Prescaler 

The input to the prescaler is a system clock signal. The 
prescaler is initialized to $000 by MCU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logic "O". The prescaler keeps counting up except 
MCU reset and stop mode. The prescaler provides clock signals 
to TIMER-A, TIMER-B and serial interface. The prescaler di
vide ratio of the clock signals are selected according to the 
content of the mode registers such as - Timer Mode Register A 
(TMA), Timer Mode Register B (TMB), Serial Mode Register 
(SMR). 

Fig. 12 Example of Transfer Clock Error Detection 
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INTERNAL BUS LI NE (S1) 

TIMER MODE REGISTER B 
4 

TMB(4bit) 
4 

CPTB 

4 

~:tf.~re:~~ 
+ + + + 

INTERNAL BUS LINE (S2i 

TIMER·A MPX ,_C_P_T_A _ __, TCA(8bit) 

TMA(3bit) 

TIMER MODE REGISTER A 

TIMER COUNTER A 

INTERRUPT 
REQUEST FLAG 
OF TIMER-A 

Fig. 13 Timer/Counter Block Diagram 

• TIMER·A Operation 
After TIMER-A is initialized to $00 by MCU reset, it counts 

up at every clock input signal. When the next clock signal is 
applied after TIMER-A is counted up to $FF, TIMER-A is set 
to $00 again, and generating overflow output. This leads to 
setting TIMER-A Interrupt Request Flag (IFTA: $001, 2) to 
"t ". Therefore, this timer can function as an interval timer 
periodically generating overflow output at every 256th clock 
signal input. 

The clock input signals to TIMER-A are selected by the 
Timer Mode Register A (TMA: $008). 

• TIMER·B Operation 
Timer Mode Register B (TMB: $009) is used to select the 

auto-reload function and the prescaler divide ratio of TIMER-B 
as the input clock source. When the external event input is 
used as an input clock signal to TIMER-8, select the R33 /INT 1 

as INT1 and set the External Interrupt Mask (IM!) to"!" to 
prevent the external interrupt request from occurring. 

TIMER-B is Initialized according to the value written into the 
Timer Load Register by software. TIMER·B counts up at every 
clock input signal. When the next clock signal is applied to 
TIMER-B after TIMER-B is set to $FF, TIMER-B will be initi
alized again and generate overflow output. In this case if the 
auto-reload function is selected, TIMER-Bis initialized accord
ing to the value of the Timer Load Register. Else if the auto
reload function is not selected, TIMER-B goes to $00. TIMER
B Interrupt Request Flag (IFTB: $002,0) will be set at this 
overflow output. 

• Timer Mode Register A (TMA: $008) 
The Timer Mode Register A is a 3-bit write-only register. 

The TMA controls the prescaler divide ratio of TIMER·A clock 
input, as shown in Table 11 . 

The Timer Mode Register A is initialized to $0 by MCU reset. 

• Timer Mode Register B (TMB: $009) 
The Timer Mode Register B is a 4-bit write-only register. The 

Timer Mode Register B controls the selection for the auto
reload function of TIMER·B and the prescaler divide ratio, 
and the source of the clock input signal, as shown in Table 12. 

The Timer Mode Register B is initialized to $00 by MCU 
reset. 

The operation mode of TIMER-B is changed at the second 
instruction cycle after writing into the Timer Mode Register B. 

Therefore, it is necessary to program the write instruction 
to TLRU after the content of TMB is changed. 

Table 11. Timer Mode Register A 

TMA 

Bit 2 Bit 1 Bit 0 
Prescaler Divide Ratio 

0 0 0 +2048 
0 0 1 +1024 
0 1 0 + 512 
0 1 1 128 --1 0 0 32 
1 0 1 8 
1 1 0 4 
1 1 1 ..,. 2 
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Table 12. Timer Mode Register B 

TMB 
Auto-reload Function 

Bit 3 

0 No 

Yes 

TMB Prescaler Divide Ratio, 

Bit 2 Bit 1 Bit 0 Clock Input Source 

0 0 0 ~2048 

0 0 1 512 

0 1 0 128 

0 1 1 32 

1 0 0 8 

1 0 1 4 
--

0 

I INT 1 (External :vent Input) 

• TIMER-B (TCBL: $DOA, TCBU: $00B) 
TLRL: $DOA, TLRU: $DOB 

TIMER-8 consists of an 8-bit write-only Timer Load Regis
ter, and an 8-bit read-only Timer/Event Counter. Each of them 
has a low-order digit (TC8L: $00A, TLRL: $00A) and a high
order digit (TC8U: $008, TLRU: $008). 

The Timer/Event Counter can be initialized by writing data 
into the Timer Load Register. In this case, write the low-order 
digit first, and then the high-order digit. The Timer/Event 
Counter is initialized at the time when the high-order digit is 
written. The Timer Load Register will be initialized to $00 by 
the MCU reset. 

The counter value of TIMER-8 can be obtained by reading 

PMR $004 

PMR3 PMR2 PMR1 PMRO 

HD614P080S/HD614P0160S 

the Timer/Event Counter. In this case, read the high-order digit 
first, and then the low-order digit. The count value of low-order 
digit is latched at the time when the high-order digit is read. 

• TIMER-A Interrupt Request Flag (IFTA: $001, 2) 
The TIMER-A Interrupt Request Flag is set by the overflow 

output of TIMER-A. 

• TIMER-A Interrupt Mask (IMTA: $001,3) 
TIMER-A Interrupt Mask prevents an interrupt request 

generated by TIMER-A Interrupt Request Flag. 

Table 13. TIMER-A Interrupt Request Flag 

TIMER-A Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 14. TIMER-A Interrupt Mask 

TIMER-A Interrupt 
Mask 

0 

Interrupt Request 

Enable 

Disable (Mask) 

• TIMER-B Interrupt Request Flag (IFTB: $002, 0) 
The TIMER-B Interrupt Request Flag is set by the overflow 

output of TIMER-B. 

• TIMER-B Interrupt Mask (IMTB: $002, 1) 
TIMER-B Interrupt Mask prevents an interrupt request 

generated by TIMER-B Interrupt Request Flag. 

SMR:$ 005 

SMR3 SMR2 SMR1 SMRO 

'-----v-----' 

L_ Transfer clock selection 

R40 /SCK pin mode selection 

~----- R47 /SO pin mode selection 

~------- R41 /SI pin mode selection 

~---------- A 32 /INT0 pin mode selection 

~------------ R 33 /1Nf-;- pin mode selection 

TMA$008 TMB$009 

[)<JTMA21TMA 1ITMAol TMB3 TMB2 TMB1 TMBO 

I 
'-----v------' 

r l L_ TIMER B mput clock selection 

~-T-IM_E_R_·_A_'_np_u_t_c_10_c_k se~e~~~::load function selection 

Fig. 14 Mode Register Configuration and Function 
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R uest Flag T IMER-B Interrupt eq Table 15. 

TIMER-B Interrupt 
Request Flag 

Interrupt Req.uest 

0 No 

Yes 

TI MER-B Interrupt Mask Table 16. 
-

Interrupt Request 
TIMER-B Interrupt 

Mask Enable 

- O=======--·-+--lo~·15~a~b;l;eCT(M~as~kI)====-1-- i 

-

T . nd they are con-• INPUT/OUTP~d s 58 Input/Output pms,~OS (NMOS open 
The MCU provi •. . of "Without pull-up 11-down MOS 

. f 32 standard pms . s of "Without pu s1st o .. high voltage pm . 

drain) and 26 . " . . sed as input pm, 
(PMOS open d:~;2tioutput common p~o:n~n Table 18. 

When any set the output data as it is necessary to 

Table 17 1/0 Pin Circuit Forms 

w 
c ·a 
~ 

1/0 
common 
pins 

1! Output !! 
"' pins 

Input 
pins 

Without pull-up MO)S 
(NMOS open drain 

,,....... HLT "'1"'n- input 
~data 

Applied 
pins 

Do -o,, 
R3o -R 33 ' 

R40 -R•', 
Rso -Rs> 

R6o-R63' 
R1o"'R73 · 
Rso-Rs3 

(Continued) 

~ 
c 
ii 

" ~ 
" c 
!! 

"' 

1/0 
common 
pins 

Input 
pins 

1/0 
common 
pins 

Output 
pins 

Input 
pins 

Without pull-do"".n MOS 
(PMOS open dram) 

Vee 

HLT 
~output 

data 

Vee HL T 

r<(J:' output 
data 

input 
data 

"" HIT---rn.- input 
~data 

Without pull-up MOS 
(NMOS open drain) 

o-t~bC 

o--p-- input 
data 

HLT 

Applied pins 

0.-015, 
A10--R13, 

R20-R23 

Applied pins 

SCK (Note 2) 

(Output Mode) 

so 

INTo, 
INT1, 
SI, 

ISCK (Note 2l 
(Input Mode) 

(Note 1) 

(Note 21 

I . "0" HL T signs IS de HL T signa is ' 

In the stop h7g~ i~pedance state., I interface in the external clock 

1. "1" and 1/0 

~i~~=·~~nu is interrupted b~a;·~~:omes input only. 
input mode, the SCK term1 
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Table 18 Data Input from Input/Output Common Pins 

1/0 circuit type 

For Standard pins 
"Without pull-up MOS 
(NMOS open drain)" 

For High voltage pins 
"Without pull-down MOS 
(PMOS open drain)" 

Available pin condition for input 

"1" 

"O" 

• 0-port 
D-port is I-bit 1/0 port, and it has 16 Input/Output common 

pins. It can be set/reset by the SED/RED and SEDD/REDD 
instructions, and can be tested by the TD and TDD instructions. 
Table 17 shows the classification of standard pins, high voltage 
pins and the Input/Output pins circuit types. 

output is processed using the LRA and LRB instructions. The 
MCU will not be affected by writing into the input-only and/or 
non-existing ports, invalid data will be read by reading from the 
output-only and/or non-existing ports. 

• R-port 

The R32, R33, R•o, R•1 and R•2 pins are also used as the 
INTo, INT1, SCK, SI and SO pins respectively. Table 17 shows 
the classification of standard pins, high voltage pins and Input/ 
Output pins circuit types. 

• RESET 
R-pv!"t i!> 4-blt i/O port. it provides 20 input/olitput com

mon pins, 16 output-only pins, and 6 input-only pins. Data 
input is processed using the LAR and LBR instructions and data The MCU is reset by setting RESET pin to "I". At power 

Table 19 MCU Initial Value by Reset 

Items Initial value by 
Contents MCU reset 

Program counter (PC) $0000 Execute program from the top of ROM address. 

Status (ST) "1" Enable to branch with conditional branch instructions. 

Stack pointer (SP) $3FF Stack level is 0. 

Standard pin Without pull-up 
"1" Enable to input. I /0 output MOS 

register High voltage Without pull-down 
pin MOS 

"O" Enable to input. 

Interrupt Enable Flag (1/E) "O" Inhibit all interrupts. 

Interrupt flag Interrupt Request Flag (I Fl "O" No interrupt request. 

Interrupt Mask (IM) "1" Mask interrupt request. 

Port Mode Register (PM RI "0000" See Item "Port Mode Register". 

Serial Mode Register (SM RI "0000" See Item "Serial Mode Register". 
Mode register 

Timer Mode Register A (TMA) "000" See Item "Timer Mode Register A". 

Timer Mode Register B (TMB) "0000" See Item "Timer Mode Register B". 

Prescaler $000 -

Timer/Counter A (TCA) $00 -
Timer/Counter, 

Timer/Event Counter B (TCB) $00 -
Serial Interface 

Timer Load Register (TLR) $00 -

Octal Counter "000" -

(Note) The values of registers and flags which are not described on above table will become 
as follows. 

Item After releasing stop mode 
by MCU Reset 

-'f~"'~~rvuLm-u'la~t-or--~(~~Ar').__~ ~~uv~~:ti~r:;:;i:~=~~~~~~e. 
B r:fili!ster =:Ifil 
~==~---_jle;W'""~,---; Initialization by the program 
~~""""'~""'t"':~imi='~;,-,-.r----!e(if'"'J~sp=x~)~ should be required. 
Y /SPY register (Y /SPY) 

Serial data register (SR) 

RAM 

-ditto-

The value immediately before 
MCU reset (the value 
immediately before executing 
stop instruction) is retained. 

After MCU Reset 
except the left 

The value immediately 
before MCU Reset is 
not guaranteed. 

Initialization by the 
program should be 
required. 

-ditto-

-ditto-
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ON or recovering from stop mode, apply RESET input more 
than !RC to obtain the necessary time for oscillator stabiliza
tion. In other cases, the MCU reset requires at least two instruc
tions cycle time of RESET input. 

Table 19 shows initialized items by MCU reset and each 
status after reset. 

osc, t> 

• INTERNAL OSCILLATOR CIRCUIT 
Fig. 15 gives internal oscillator circuit. The oscillator type 

can be selected from the followings; crystal resonator, or ceramic 
filter resonator as shown in Table 20. In any cases, external 
clock operation is available. 

Oscillator Divider 
circuit 
118 

Timing 
generator 
circuit 

System 
clock 

External clock 
operation 

Ceramic filter 
resonator 

Crystal 
resonator 

osc, <J 

Fig. 15 internal Oscillator Circuit 

Table 20 Oscillator Circuit Example 

Circuit configuration 

Oscillator 

osc, 

Open OSC, 

c, 

Ceramic1 
filter 

C2 

GND 

GND 

osc, 

OSC2 

A Tcut parallel resonance crystal 

..___p~c~ 
OSC1~~C2 

Co 

Remarks 

Ceramic filter: CSA 4.00MG (Murata) 
Rt: 1MU ±2% 
Ct: 33pF ± 20% 

C~: 33pF ± 20% 
Ceramic filter: CSA 6.00MG !(Murata) 

Rt: 1MU ±2% 
Ct: 30pF ±20% 
C,; 30pF ± 20% 

Crystal: 4.194304 (MHz) 
NC-18C (Nihon Denpa Kogyo) 
Rt: 1MU ± 2% 
Ct : 22pF ± 20% 
C, : 22pF ± 20% 

Crystal': 6.0 (MHz) 
NC-1 SC (Nihon Denpa Kogyo) 

Rt: 1MU ± 2% 
Ct : 20pF ±20% 
C2 : 20pF ± 20% 

Crystal: AT cut parallel resonance crystal 
C0 : 7 pF max. 

Rs : 1000 max. 

f : 2.0 - 6.2MHz 

(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters are the one recommended by crystal or ceramic filter maker. 
The circuit parameters are changed by crystal, ceramic filter resonator and the floated capacitance in designing the board. 
In employing the resonator, please consult with the engineers of crystal or ceramic filter maker to determine the circuit parameter. 

(Note 2) Wiring among OSC 1 , OSC2 and elements should be as short as possible, and never cross the other wirings. Refer to the layout 
of crystal and ceramic filter. 
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Do 

GND¢~~~~~ 
osc, 
osc, 
TEST 

RESET 

Fig. 16 Layout of Crystal and Ceramic Filter 
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• LOW POWER DISSIPATION MODE 
The MCU provides two low power dissipation modes, that is, 

a Standby mode and a Stop mode. Table 21 shows the function 
of the low power dissipation mode, and Fig. 17 shows the 
diagram of the mode transition. 

Table 21 Low Power Dissipation Mode Function 

Condition 

Low Power 
Instruction '""""l .~ Recovering 

Dissipation Mode Oscillator Instruction Register, Interrupt RAM Output Cou~ter, method 
circuit execution Flag function pi~ ln~=~~~1ca 

-------+-ssv •21 RESET Input, Standby mode 
instruction 

Active Stop Retained Active Retained Retained Active 
Interrupt request 

Stop mode STOP Stop Stop REsn· 1 1 Stop Retained 
High 

Stop RESET Input instruction impedance 

* 1) STOP mode is released only by MCU Reset. Refer to Table 19 as for the values of the registers and flags after releasing stop mode, 
*2) Current flows in J/O Circuit by 1/0 pin state at stand-by mode, because J/0 circuit is active. 

This current is an addition to stand-by mode power dissipation. 

Fig. 17 MCU Operation Mode Transition 

• Standby Mode 
The SBY instruction puts the MCU into the Standby mode. 

In the Standby mode, the oscillator circuit is active and timer/ 

counter and serial interface continue working. On the other 
hand, the CPU stops since the clock related to the instruction 
execution stops. Registers, RAM and Input/Output pins retain 
the state they had just before going into the Standby mode. 

The Standby mode is canceled by the MCU reset or interrupt 
request. When canceled by the interrupt request, the MCU 
becomes an active mode and executes the instruction next to 
the SBY instruction. At this time, if the Interrupt Enable Flag 
is "I", the interrupt is executed. If the Interrupt Enable Flag 
is "O", the interrupt request is held on and the normal instruc
tion execution continues. 

Fig. 18 shows the flowchart of the Standby Mode. 

• Stop Mode 
The STOP instruction brings the MCU into the Stop mode. 

In this mode the oscillator circuit and every function of the 
MCU stop. 

The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 19, apply the RESET input for more than !Re 
to get enough oscillator stabilization time. (Refer to the "AC 
CHARACTERISTICS".) After the Stop mode is canceled, 
RAM retains the state it had just before going into the Stop 
mode after releasing stop mode by MCU reset, the values of the 
B register, W register, X/SPX register, Y/SPY register, carry and 
serial data register are not guaranteed. 
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378 

Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

No 

Yes 

Restart 
Processor Clocks 

(A) 

Reset MCU 

(8) 

Execute 
Instruction 

Yes 

Restart 
Processor Clocks 

No 

Interrupt 
Accept 

(C) 

Fig. 18 MCU Operating Flowchart 
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1
.. Stop mode •I 

Oscillator 
"TTTjjj""'Jlll nll""'lllllmrrjjj nllrmT!llllmrrllll ,---! j: r::ll~ 

Internal clock _J L._J L_J .} ~ ~ 

t ~-- tees •I 
RESET 

STOP instruction execution {more than stabilization time: tRcl 

Fig. 19 Stop Mode Cancel Timing Chart 

• RAM ADDRESSING MODE • Direct Addressing 
As shown in Fig. 20, the MCU provides three RAM address

ing modes; Register Indirect Addressing, Direct Addressing and 
Memo:-y Register Addressing. 

The direct addressing instruction consists of two words and 
the second word (10 bits) following Op-code (the first word) is 
used :ls the RAM a<ldiess. 

• Register Indirect Addressing • Memory Register Addressing 
The combined 10-bit contents of W Register. X Register and 

Y Register is used as the RAM address in this mode. 
The Memory Register Addressing can access 16 digits 

(Memory Register: MR) from $020 to $02F by using the LAMR 
and XMRA instruction. 

RAM Address 

(a) Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 
~-----~ ----------., ~----

OP Code 

(b) Direct Addressing 

RAM Address 

(c) Memory Register Addressing 
Fig. 20 RAM Addressing Mode 
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• ROM ADDRESSING MODE AND P INSTRUCTION 
The MCU has four kinds of ROM addressing modes as shown 

in Fig. 21. 

• Direct Addressing Mode 
The program can branch to any addresses in the ROM 

memory space by using JMPL, BRL or CALL instruction. 
These instructions replace 14-bit program counter (PC 13 to 
PC0 ) with 14-bit immediate data. 

• Current Page Addressing Mode 
ROM memory space is divided into 256 words in each page 

starting from $0000. The program branches to the address in 
the same page using BR instruction. This instruction replace 
the low-order eight bits of program counter (PC, to PC0 ) with 
8-bit immediate data. 

(JMPL) 
(BRL) 
(CALL) 

Instruction 1st Word 

The branch destination by BR instruction on the boundary 
between pages is in the next page. Refer to Fig. 23. 

• Zero Page Addressing Mode 
The program branches to the zero page subroutine area, 

which is located on the address from $0000 to $003F, using 
CAL instruction. When CAL instruction is executed, 6-bit 
immediate data is placed in low-order six bits of program 
counter (PC 5 to PC0 ) and "O's" are placed in high-order eight 
bits (PC 13 to PC6 ). 

e Table Data Addressing 
The program branches to the address determined by the 

contents of the 4-bit immediate data, accumulator and B regis
ter, using TBR instruction. 

Instruction 2nd Word 

(a) Direct Addressing 

380 

(TBR) 

Instruction 

Program Counter PC13PC12PC11PC10PC9 PCs PC7 

(b) Current Page Addressing 

Instruction 

(CAL) OP Code 

"O" "O" ·o· "O" "O'' 

I 

Program Counter C13PC12PC11PC10PC9 PCg PC7 PCs PC5 PC4 PC3 PC2 

(c) Zero Page Addressing 

Instruction 

OP Code B Register Accumulator 

·o· 

Program Counter PC13PC12PC11PC10PC9 PCs PC7 PC5 PC5 PC4 PC3 PC2 PC1 PCo 

(d) Table Data Addressing 

Fig, 21 ROM Addressing Mode 
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Instruction 

(a) Address Designation 

Accumulator, B Register : If R08 = 1 

: If ROg= 1 

(bl Pattern Output 

Fig. 22 P Instruction 

• P Instruction (Pattern Instruction) 
By P instruction, the ROM data determined by Table Data 

addressing is referred. When bit 8 in referred ROM data is 
"l ", 8 bits of referred ROM data are written into the accumu-

Fig. 23 The Branch Destination by BR Instruction on 
the Boundary between Pages 

la tor and B Register. When bit 9 is "'l ", 8 bits of referred ROM 
data are written into the Rl and R2 port output register. When 
both bit 8 and 9 are "I'', ROM data are written into the acc
umulator and B register and also to the RI and R2 port output 
register at a same time. 

The P instruction has no effect on the program counter. 

• Description of the branch destination on page boundary 
When BR is on page boundary (256n + 255), BR instruction 

transfers the contents of PC to the next page with hardware 
architecture. Therefore, the program branches to the next page 
when using BR on page boundary. 

The HMCS400 series cross macro assembler has automatic 
paging facility for ROM page. 

• INSTRUCTION SET 
The HD614P080S and HD614POI60S provide 99 instruc-

tions. These instructions are classified into IO groups as follows; 
(I) Immediate Instruction 
(2) Register-to-Register Instruction 
(3) RAM Address Instruction 
( 4) RAM Register Instruction 
(5) Arithmetic Instruction 
(6) Compare Instruction 
(7) RAM Bit Manipulation Instruction 
(8) ROM Address Instruction 
(9) Input/Output Instruction 

(I 0) Control Instruction 
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Table 22. Immediate Instruction wz OPERATION MNEMONIC OPERATION COOE FUNCTION STATUS 
YCLE 

Load A from Immediate LAI i 1 0 0 0 1 1 i3 ii i 1 io i------+A 1/1 

Load B from Immediate LBI i 1 Q Q Q Q Q i3 i2 j I io i-B 1/1 

Load Memory from Immediate LMIO i,d 1lJ,YJI~ ci',~ ~M 2/2 

load Memory from Immediate, Increment Y LMllY i 1 0 1 0 0 1 iJ b i1 io i-M,Y+l--+Y NZ 1/1 

Table 23. Register·to·Register Instruction 

wz· OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Load A from B LAB 0 0 0 1 0 0 1 0 0 0 B~A 1/1 

Load B from A LBA 0 0 1 1 0 0 1 0 0 0 A-•B 1/1 

Load A from Y LAY 0 0 1 0 1 0 1 1 1 1 Y~A 1/1 

Load A from SPX LASPX 0 0 0 1 1 0 1 0 0 0 SPX--•A 1_- 1 

Load A from SPY LAS PY 0 0 0 1 0 1 1 0 0 0 SPY~A 1/1 

Load A from MR LAMA m 1 0 0 1 1 1 m3m2m1mo MR(m)-~A 1 -1 

Exchange MR and A XMRA m 1 0 1 1 1 1 m3m2m1mo MR(m)nA 
+---- r-,-;;,-

-------------

Table 24. RAM Address Instruction 
--------------·-~--- ------------,----·--------r--------rwoRo 

OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS z 
-------------t------ro_o_1_1_1_1_0_0_;_,;_

0
-t---i---w-------t------- 1~c~~ 

Load W from Immediate LWI i 
------+-------+-----+---

Load X from Immediate LXI l , o o o 1 o iJ i2 i1 io i-__..x 1/1 
------------+-----+---------+-------+----f-----

100001 iai2i1io i-------->Y 1/1 

0 0 1 1 1 0 1 0 0 0 A-X ~ 
Load Y from Immediate LYI i 

Load X from A LXA 
------------+-----+---------+-----------1 ----f---
Load Y from A LYA 0011011000 A-Y 1/1 

Increment Y IY 0001011100 Y+l~Y NZ 1/1 
------------+-----+----------+-------+--------- ----
Decrement Y DY 0o11o11111 Y-1--Y NB 1/1 
--------------+------+----------+------+-----f---
Add A to Y AYY 0001010100 Y+A~Y OVF 1/1 

Subtract A from Y SYY o o 1 1o1o1 o o Y-A-~Y~B___ 1/1-

Exchange X and SPX XSPX o o o o o o o o o 1 x .. spx 1/1 
------------+------+--------+-----------t-----+----
Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 1 0 Y•·SPY 1/1 

Exchange X and SPX. Y and SPY XSPXY 
--

0 0 0 0 0 0 0 0 1 1 x .. sPX.Y··SPY 
~---------_j___ _____ -~---~-----

1/1 

Table 25. RAM Register Instruction 
--,--- WORD 

OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS z 
~ 

Load A from Memory LAM(XY) 00100100yx M~A. (~::~~~) 1/1 

Load A from Memory LAMD d 0110010000 M~A 2/2 d9 de d1 ds d5 d4 d3 d2 di do 
Load B from Memory LBM(XY) 00010000yx M~B. (~::~m 1/1 

Load Memory from A LMA(XY) 00100101yx A-•M, (~::~m 1/1 

Load Memory from A LMAD d 0110010100 A-•M 2/2 
d9ded1 dsds d4d3d2 d1 do 

load Memory from A, Increment Y LMAIY(X) 000101000x A-->M,Y + 1---+YiX· ·SPX) NZ 1/1 

load Memory from A, Decrement Y LMADY(X) 001101000x A-~M.Y- 1-YIX··SPX) NB 1/1 

Exchange Memory and A XMA(XY) 00100000yx M"A, (~::~m 1/1 
---

Exchange Memory and A XMAD d 01 1 0000000 MHA 2/2 
d9 de d1 ds ds d4 d3 d2 d1 do 

Exchange Memory and B XMB(XY) 00110000yx M··B.~ 1/1 
l___ _ _J___ 
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Note) (XY) and (X) have the meaning as follows: 

(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each. (example of LAM (XY) is given below.! 

MNEMONIC y FUNCTION 

LAM 0 0 

LAMX X++SPX 

LAMY 0 Y++SPY 

LAMXY 1 ~ ,::~~~.! Y ++SPY 
--~----

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each. (example of LMAIY(X) is given below.) 

MNEMONIC FUNCTION 

LMAIY 0 

LMAIYX X ++SPX 

Table 26. Arithmetic Instruction 
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Table 27. Compare Instruction 

2 OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Immediate Not Equal to Memory INEM i 0 0 0 0 1 0 i3 b i1 io i IM NZ 1/1 

Immediate Not Equal to Memory INEMD i,d ~ ~7~ J ~.~~~.~ i IM NZ 2/2 

A Not Equal to Memory ANEM 0000000100 AIM NZ 1/1 
---

d ~,J.~,~.~.~.~,J,~]; A Not Equal to Memory ANEMD AIM NZ 2/2 

B Not Equal to Memory BNEM 0001000100 BIM NZ 1/1 

Y Not Equal to Immediate YNEI i 0 0 0 1 1 1 b i2 ii to Y-i-o i NZ 1/1 

Immediate Less or Equal to Memory ILEM i 0 0 0 0 1 1 iJ b il io i~M NB 1/1 

Immediate Less or Equal to Memory ILEMD i,d ~- J.&il~.:b:L~'& i~M NB 2/2 

A Less or Equal to Memory ALEM 0000010100 A~M NB 1/1 

A Less or Equal to Memory ALE MD d ~,J ~,~.~ J.~ J ~. & A,;M NB 2/2 

8 Less or Equal to Memory BLEM 0011000100 B,;M NB 1/1 

A Less or Equal to Immediate ALEI i 1_ 0 101 1 h i2 ii io A-;;, i NB 1/1 

Table 28. RAM Bit Manipulation Instruction 

z OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
CYCLE 

Set Memory Bit SEM n 0 0 1 0 0 0 0 1 nino l~M(n) 1/1 

Set Memory Bit SEMO n,d 01100001n,n0 
d d d1dsd d4d3d dido l~M(n) 2/2 

Reset Memory Bit REM n 0010001 On,no 0-•M(n) 1/1 

Reset Memory Bit REMO n,d ~9 ~8 d1 ~6 ~5 ~4 d3 ~2 g11 ~~ o~M(n) 2/2 

Test Memory Bit TM n 00100011n,no M(n) 1/1 

Test Memory Bit TMD n,d 1:~a~]:~s~J3~2~;~~ M(n) 2/2 

Table 29. ROM Address Instruction 

OPERATION 2 MNEMONIC OPERATION CODE FUNCTION STATUS 
CYCL 

Branch on Status 1 BR b 1 1 b1bsbsb4J3b2b1bo 1 1/1 

Long Branch on Status 1 BRL u 0 1 0 1 1 f p3p2p'ipo 1 2/2 ds !!i_d1 de ds d4 d3 d2 d1 do 
Long Jump Unconditionally JMPL u 0 1 0 1 0 1 p3p2p,po 

ds de d1 ds ds d4 d3 d2 d1 do 2/2 

Subroutine Jump on Status 1 CAL a 0 1 1 1 asa4a3a2a1ao 1 1/2 

Long Subroutine Jump on Status 1 CALL u ~9 Je~1 JsJs ~4~:~;~,,~g 1 2/2 

Table Branch TBR p 0 0 1 0 1 1 PJP2p,po 1/1 

Return from Subroutine RTN 0000010000 1/3 

Return from Interrupt RTNI 0000010001 1~1/E 1/3 CA RESTORE 

Table 30. Input/Output Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION 
WORD 

STATUS Zce 
Set Discrete 1/0 Latch SEO 0 0 1 1 1 0 0 1 0 0 1~D(Y) 1/1 

Set Discrete 1/0 Latch Direct SEDD m 1 0 1 1 1 0 m3m2m1mo l~D(m) 1/1 

Reset Discrete 1/0 Latch RED 0 0 0 1 1 0 0 1 0 0 O~D(Y) 1/1 

Reset Discrete 1/0 Latch Direct REDD m 1 0 0 1 1 0 m3m2m1mo o~D(m) 1/1 

Test Discrete 1/0 Latch TD 0 0 1 1 1 0 0 0 0 0 D(Y) 1/1 

Test Discrete 1/0 Latch Direct TDD m 1 0 1 0 1 0 m3m2m1mo D(m) 1/1 

Load A from R-Port Register LAR m 1 0 0 1 0 1 m3m2m1mo R(m)~A 1/1 
Load 8 from R-Port Register LBR m 1 0 0 1 0 0 m3m2m1mo R(m)-B 1/1 

Load R-Port Register from A LRA m 1 0 1 1 0 1 m3m2m1mo A~R(m) 1/1 
Load A-Port Register from 8 LRB m 1 0 1 1 0 0 m3m2m1mo B~R(m) 1/1 
Pattern Generation p p 0 1 1 0 1 1 PJP2P1Po 1/2 
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OPERATION 

No Operation 

Start Serial 

Stand-by Mode 

Stop Mode 

D 

HD614P080S/HD614P0160S 

Table 31. Control Instruction 

MNEMONIC OPERATION CODE FUNCTION STATUS 
WOAD 

ZE 
NOP 0000000000 1/1 

STS 0101001000 1/1 
- ---· ------·----------

SBY 0 101001 100 1/1 

STOP 0101001101 1/1 _ ____L_ ___ 

--"----·-· l_ __ 

Table 32. Op-Code Map 

LMID 1(4) 

p p{41 

CAL a~6) 

LAMA m(4) 
BR bjB) 

Al 1(4) 
·--------

LMllY 1(4) 
----------

TDD m(4) 

ALEI i(4) 
-----------

LRB m(4) 

LRA m(4) 

SEDO m(4) 
-----·---

XMRA m(4) 
------~---·-

~--· ~~t~u~ii~~t Address 

(2 word/2 cycle) 
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• PRECAUTION TO USE THE EPROM ON-PACKAGE 
4 BIT SINGLE CHIP MICROCOMPUTER 
Please pay attention to the followings, since this MCU has 

special structure with pin socket on the package. 
(!) Don't appiy high static voltage or surge voltage over MAX

IMUM RATINGS to the socket pins as well as the LSI 
pins. 
If not, that may cause permanent damage to the device. 

(2) When using this in production like mask ROM type single 
chip microcomputer, pay attention to the followings to 
keep the good contact between the EPROM pins and socket 
pins. 
(a) When soldering the LSI on a print circuit board, the 

recommended condition is 

Temperature: lower than 250°C 
Time : within 10 sec. 

Over time/temperature may cause the bonding solder 
of socket pin to melt and the socket pin may drop. 

(b) Note that the detergent or coating will not get in 
the socket during flux washing or board coating 
after soldering, because that may cause bad effect on 
socket contact. 

(c) Avoid permanent application of this under the con
dition of vibratory place and system. 

( d) The socket, inserted and pulled repeatedly loses its 
contactability. It is recommended to use new one when 
applied in production. 

Table 33 Differences among HD614POBOS/H D614P0160S and HMCS402/404/40B 

~ HD614POBOS HD614P0160S HMCS404AC HMCS404C HMCS404CL HMCS402AC HMCS402C HMCS402CL HMCS408C 
m 

Minimum instruction 1.33 µs 1.33 µs 1.33 µs 2 µs 4µs 1.33 µs 2 µs 4µs 2 µs execution time 

Power supply voltage 4.5 - 5.5V 4.5 - 5.5V 4.5 - 6V 4- 6V 2.7 - 6V 4.5- 6V 4- 6V 2.7 - 6V 4- 6V 

o 4096 words x 1 6384 words x 
10 bits 10 bits 8192 words 

ROM (using standard (using standard 4,096 words x 10 bits 2,048 words x 10 bits x 10 bits 
EPROM 2764) EPROM 272561 Mask ROM Mask ROM Mask ROM 

08192 words x 
10 bits (using 
standard 
EPROM 27128) 

RAM 576 digits x 4 bits 256 digits x 4 bits 160 digits x 4 bits 512_ digits 
x 4 bits 

Standard pins All pins are "without pull-up MOS Each pin selects "without pull-up MOS (NMOS open drain)", "with pull-up MOS", 
l/Opin (NMOS open drain)". or "CMOS". 
circuit 

High Voltage All pins are "without pull-down Each pin selects "without pull-down MOS (PMOS open drain)" or "with pull-down 
pins MOS (PMOS open drain)." MOS." 

Crystal Available Available Available Available Available Available Available Available Clock resonator 
generator 

Ceramic filter Available Available Available Available Available Available Available Available resonator 

Resistance - - Available - - Available - -oscillator 

Shrink type 64-pin EPROM on 
package IDC-64SPI. 
The base chip pins are compatible Shrink type 64-pin dual-in-line plastic package (DP-64S) or 64-pin 

Package with those of the HMCS404 flat plastic package (FP-64). 
AC/C/CL, HMCS402AC/C/CL and 
HMCS408C 

Type DC-64SP DP-64S FP-64 

Occupied 23 x 57.3 17 x 57.6 19.6 x 25.6 area (mm2 ) 

High from 7.5 (max.) stand-off EPROM on package 5.1 (max.) 2.9 (max.I 
(mm) 
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HMCS412C/HMCS412CL/
HMCS412AC 
(HD614120/HD614125/HD614128) 
Description 
The HMCS412C/CL/ AC are CMOS 4-bit single
chip microcomputers in the HMCS400 series. 
Each device incorporates ROM, RAM, 1/0, 
and timer/counter and contain high-voltage 
1/0 pins including high-current output pins to 
drive a fluorescent display directly. 

Features 

• 4-bit architecture 
• 2048 words of 10-bit ROM 
e 160 digits of 4-bit RAM 
• 361/0 pins, including 24 high-voltage 1/0 

pins (40 V max) 
• Timer/counter 

-11-bit prescaler 
-8-bit auto-reload timer/event counter 

(timer B) 
• Three interrupt sources 

-External: 2 
-Timer/counter: 1 

• Subroutine stack 
-Up to 16 levels including interrupts 

• Minimum instruction execution time 
--0.89 µs: HMCS412AC 
-1.78 µs: HMCS412C 
-3.55 µs: HMCS412CL 

• Low power dissipation modes 
-Standby: Stops instruction execution 

while allowing clock oscillation and 
interrupt functions to operate 

-Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 

• On-chip oscillator 
-Crystal or ceramic filter 
-External clock input 

• Package 
-Standard 42-pin dual in-line plastic 

package 
-42-pin shrink dual in-line plastic pack

age 
-44-pin flat plastic package 

• Instruction set compatible with 
HMCS404; 98 instructions 

• High programming efficiency with 10-bit/ 
word ROM: 78 single-word instructions 

• Direct branch to all RAM areas 
• Direct or indirect addressing of all RAM 

areas 
• Subroutine nesting up to 16 levels includ-

ing interrupts 
• Binary and BCD arithmetic cperations 
• Powerful logical arithmetic operations 
• Pattern generation-table lookup capabil· 

ity 
• Bit manipulation for both RAM and 1/0 

Program Development Support Tools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 
HD614P180 with the following fixed 
options: 
-1/0 pin: open drain 
-Oscillator: crystal or ceramic filter oscil-

lator 
(externally drivable) 

-Divider: Divide by 8 
-Package: standard 42-pin dual in-line 

ceramic package 

Ordering Information 

Item HMCS412C HMCS412CL HMCS412AC 

Product 
Name 

HD614120 HD614125 HD614128 

Power Supply 3. 5 to 6 
(V) 

Typical 
instruction 
Cycle Time (µs) 

2 

2.5 to 6 4.5 to 6 

4 
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Pin Arrangement 

012 42 011 l 
013 41 010 <: 
014 40 Da ~ 

., 
" " " " " c c 0 d "' RA1/Vd;s0 39 Os 

ROo D1 RO, NC 

R01 37 Os RO, o, 
R02 05 
R03 Q4 

RO, o. 

R1o 03 R1o o, 

R11 02 
R1, o, 

Rh 11 01 R1, o, 

Rh 12 31 Do R1, o, 

R2o 13 GND R2o GND 

R21 14 OSC2 R2, osc, 
R22 osc, R2, OSC1 

R23 TEST R2, NC 

R3o RESET 
R31 R43 

M 2 I~~ ~ i i_ i .; I;; ~ R32/INTo R42 "' tt: ~ 
R33/INT1 R41 ~ ~ 

"'"' Vee R4o NC: No Conection 

(DP-42, DP-42S) (FP-44A) 

(Top View) (Top View) 

Block Diagram 

R33/ R3z/ 
INT1 INTo RESET TEST OSC1 OSC;i Vee GND 

l ! 
Timer External System Control 

Interrupt 

ROM 
Interrupt Control 

2,048X 10-bit 
RAM Instruction 

SP 

160X4-bit Decoder 

i1- - -- -1 r 
l 11 11 Jt I 

R43R42R41R4o R33/R32/A31R3o :R23R22R21R2o: iAhR12R1 iR1ol :RQ3R02R01R00: I D14Q13D12D11D10 Qg Os 01 06 Ds 04[03 02 01 Do 
INT1INT0 L ______ ..J.!.... ______ ! !_ _______ 11 __________________ J 

,----1 
L ___ J High Voltage Pins 
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Pin Description 

GND, Vee, Vd1sp (Power) 

GND, Vee. and Vctisp are the power supply pins 
for the MCU. Connect GND to the ground (0 
V) and apply the Vee power supply voltage to 
the Vee pin. The Vctisp pin (multiplexed with 
RA1) is a power supply for high-voltage I/O 
pins with maximum voltage of 40 V (Vcc-40 
V). For details, see Input/Output section. 

TEST (Test) 

TEST is for test purposes only. Connect it to 
Vee. 

RESET (Reset) 

RESET resets the MCU. For details, see Reset 
section. 

OSC1, OSC2 (Oscillator Connections) 

OSC1 and OSC2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 

Functional Description 

ROM Memory Map 

The MCU includes 2,048 words x 10 bits of 
ROM. ROM is described in the following par
agraphs and the ROM memory map (figure 1). 

Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F can be used 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F can 
be used for subroutines. CAL instructions 
branch to subroutines. 

Pattern Area ($0000 to $07FF): Locations 
$0000 through $07FF can be used for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 

Program Area ($0000 to $07FF): Locations 
from $0000 to $07FF can be used for program 

Do-014 (D Port) 

The D port is an input/output port addressed 
by the bit. These 15 pins are all input/output 
pins. Do to DJ are standard and D4 to Di4 are 
high-voltage pins. The circuit type for each 
pin can be selected using a mask option. For 
details, see Input/Output section. 

R00-R03, Rlo-Rh. R2o-R23, R3o-R33, 
R4o-R43, RA1 (R Ports) 

RO to R4 are 4-bit ports. RA is a 1-bit port. RO 
is an output port, RA is an input port, and Rl 
to R4 are I/O ports. RO, Rl, R2, and RA are 
high-voltage ports, and R3 and R4 are stan
dard ports. Each pin has a mask option which 
selects its circuit type. The pins R32, and R33 
are multiplexed with INTo and INT1 respec
tively. For details, see Input/Output section. 

INTo, iNT1 (Interrupts) 

INTo and INT1 are external interrupts for the 
MCU. INT1 can be used as an external event 
input pin for timer B. INTo and INT1 are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 

code. 

RAM Memory Map 

The MCU includes 160 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are also mapped on the RAM 
memory space. The RAM memory map (figure 
2) is described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
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cannot be accessed by RAM bit manipulation 
instructions. 

0 

15 
16 

63 
64 

2047 
2048 

16383 

> 

Vector Address 

Zero-Page Subroutine 
(64 Words) 

Program 
Pattern 

(2,048 Words) 

Not Used 

$0000 

$000F 
$0010 

\ 
$003F 
$0040 

$07FF 
$0800 

$3FFF 

0 
1 

2 
3 

4 
5 

6 
7 

81-
9 

10 
11 

12 
13 

14 
15 

JMPL Instruction 
(Jump to RESET Routine) 

JMPL Instruction 
(Jump to INT o Routine) 

JMPL Instruction 
(Jump to INT1 Routine) 

JM PL Instruction 
(Jump to Timer 8 Routine) 

Figure 1. ROM Memory Map 

0 

31 
32 

47 
48 

RAM-Mapped Registers 

Memory Registers (MR) 

------------ -- - ---

Data 

(96 Digits) 

$000 

$01F 
$020 

\ 
$02F 
$030 

0 

1 
Interrupt Control Bits 

2 

3 

4 Port Mode Register (PMR) 

5 Not Used 

6 Not Used 

7 Not Used 

8 Not Used 

I 

9 Timer Mode Register B (TMB): 

-

..., 

-1 

$0000 
$0001 

$0002 
$0003 

$0004 
$0005 

$0006 
$0007 

$0008 
$0009 

$000A 
$0008 

$000C 
$000D 

$000E 
$000F 

w 

w 
127 
128 

$07F 101- Timer s• (TCBL/TLRL) ! R/W 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$DOA 

$006 

$DOC 

390 

959 
960 

1023 

R: Read Only 

Not Used 

Stack 

(64 Digits) 

W: Write Only 

R/W: Read/Write 

10 

11 

$080 
11 (TCBU/TLRU): R/W 

12 

$3BF Not Used 
$3CO 

31 

$3FF 

*Two registers are mapped on same address. 

Timer/Event Counter B Lower~ 
R 

Timer Load Reg. Lower : W 
(TC8L) (TLRL) 

Timer/Event Counter B Upper~ 
R 

Timer Load Reg. 
(TC8U) (TLRU) 

Figure 2. RAM Memory Map 
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Upper w 

$01F 

$00A 

$008 
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Data Area ($020 to $07F): 16 digits of $020 
through $02F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su-

bit 3 

IMO 
0 

(IM of INT0 ) 

Not Used 

2 Not Used 

3 Not Used 

IF: Interrupt Request Flag 
IM: Interrupt Mask 

l/E: Interrupt Enable Flag 
SP: Stack Pointer 

bit 2 

IFO 

(IF of INT0 ) 

Not Used 

Not Used 

Not Used 

broutine call (CAL-instruction, CALL
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 

bit 1 bit 0 

RSP 1/E 

(Reset SP Bit) (Interrupt Enable Flag) 
$000 

IM1 IF1 
-

(IF of fNT1) (IM of INT1 ) 
$001 

IMTB IFTB 

(IM of Timer B) (IF of Timer B) 
$002 

Not Used Not Used $003 

Note: Each bit in the interrupt control bits area is set by the SEM/SEMO instruction, is reset by the REM/REMO instruction~, and 

is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 

affected by the SEM/SEMD instruction. 
The content of status becomes invalid when "Not Used" bit and RSP bit are tested by a TM or TMD instruction. 

Figure 3. Configuration of Interrupt Control Bit Area 

Memory Registers Stack Area 

32 MRIOI $020 960 Level 16 $3CO 

33 MR(l) $021 Level 15 PC13 to PCa: Program Counter 
34 MR(2) $022 Level 14 ST: Status 

35 MR(3) $023 Level 13 CA: Carry 

36 MR(4) $024 Level 12 

37 MR(5) $025 Level 11 Note: As the HMCS412C/CL/AC have 2k 

38 MR(6) $026 Level 10 ROM, PC 11 , PC 12 and PC13 are not used. 

39 MR(7) $027 Level 9 bit 3 bit 2 bit 1 bit 0 

40 MR(8) $028 Level 8 -1 T 

MR(9) $029 Level 7 1020 ST PC,, PCi2 PC11 $3FC 
41 + + 42 MR(10) $02A Level 6 I 

Level 1021 pc,o PCs PCs PC1 $3FD 
43 MR(11) $028 5 + + 44 MR(12) $02C Level 4 

1022 CA PE"s PCs PC• $3FE 
45 MR(13) $020 Level 3 + + 46 MR(14) $02E Level 2 

1023 pc, PC2 PC1 PCo $3FF 
47 MR(15) $02F 1023 Level 1 $3FF J. _J_ _J_ 

Figure 4. Configuration of Memory Register, Stack Area, and Stack Position 
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Registers and Flags 

The MCU has nine registers and two flags for 
the CPU operations (figure 5). 

Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/O, and other regis
ters. 

W Register (W), X Register (X), Y Regis
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. The W regis
ter is write-only register. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist the X and Y registers respectively. 

Carry (CA): The carry (CA) stores the over
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL, and ROTR instructions. 

During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 

13 

I PC 

i, , , , , , , r 

3 

I 
3 

I 

3 

I 
3 

I 
3 

I 
t 

Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after a BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic
ing, status is pushed onto the stack and res
tored back from the stack by a RTNI instruc
tion, but not by a RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter which con
trols the sequence in which the instructions 
stored in ROM are executed. 

Stack Pointer (SP): The stack pointer (SP) is 
used to point the address of the next stacking 
area (up to 16 levels). 

The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 

A J Accumulator 

0 

B Is Register 

[dw Register 

0 

x Ix Register 

y Jv Register 

SPX ]sPX Register 

0 
SPY I SPY Register 

§] Carry Flag 

~ Status Flag 

J Program Counter 

SP J Stack Pointer 

Figure 5. Registers and Flags 
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The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 

Interrupt 

Three interrupt sources are available on the 
MCU: external requests (INTo, INT1), and 
timer/counter (timer B). For each source, an 
interrupt request flag (IF), interrupt mask 
(IM) and interrupt vector addresses are pro
vided to control and maintain the interrupt 
request. The interrupt enable flag (IE) is also 
used to control an interrupt operations. 

Table 1. Vector Addresses and Inter
rupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET $0000 

INTo $0002 

INT1 2 $0004 

Timer B 3 $0008 

$000.0 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.} 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

Table 2. Interrupt Service Conditions 

Interrupt Control Bit INTo INT1 Timer B 

l/E 

IFO·IMO 0 0 

IF1 ·IM1 * 0 

IFTB·IMTB * * 
* Don"t care 

l/E 1----------------1.-----.. 
Sequence 
Control 
·Push PC/CA/ST 
-Reset l/E 

$000,2 

·Jump to Vector 
Address. 

Priority Control PLA 
Vector Address 

Figure 6. Interrupt Control Circuit Block Diagram 
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The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 

Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 
address. 

In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 

Interrupt Enable Flag (l/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 

External Interrupts (INTo, Il'f!i): ~e 
external interrupt request inputs (INTo, INT1) 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag lntenupt Enable/Disable 

0 Disable 

Enable 

Table 4. External Interrupt Request 
Flag 

External lntenupt Request Flags lntenupt Requests 

0 No 

Yes 

Table 5. External Interrupt Mask 

External lntenupt Masks Interrupt Requests 

0 Enable 

Disable (masks) 

can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/lNT1 pin and R32/INT0 pin to be 
used as INT1 pin and INTo pin respectively. 

The external interrupt request ~s (IF0,1!!) 
are set at the falling edge of INTo and INT1 
inputs (table 4). 

The INT1 input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT1 input. When 
using INT1 as timer B external event input, 
the external interrupt mask (IM1) has to be 
set so that the INT1 interrupt request will not 
be accepted (table 5). 

External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags_i!!'.0, IF1) are !!_et at the 
falling edge of the INTo, and INT1 inputs 
respectively. 

External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 

Port Mode Register (PMR: $004): The 4-bit 
write-only port mode ~ister controls the 
R32/INT0 pin, and R33/INT1 pin as shown in 
table 6. The port mode register will be initial
ized to $0 by MCU reset. These pins are 
therefore initially used as ports. 

Table 6. Port Mode Register 

PMR3 

0 Used as R33 port input/output pin 

Used as INT1 input pin 

PMR2 

0 Used as R32 port input/output pin 

Used as INTo input pin 

@HITACHI 
394 Hitachi America Ltd.• Hitachi Plaza• 2000 Sierra Point Pkwy.• Brisbane, CA 94005-1819 • (415) 589-8300 



Instruction 

Cycles 

Instruction 

execution 

Interrupt 

accepted 
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2 

Stacking, 
Reset of l/E 

3 

Stacking, 

Vector address 

is generated 

4 

JM PL instruction execution on the 

vector address 

Figure 7. Interrupt Servicing Sequence 
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Power 
ON 

Yes 

Reset MCU 

No 

(A) 

No 

Execute 
Instruction 

PC,_ (PC)+ 1 

PC <-$0002 

PC<-$0004 

PC<--$0008 

Yes 

(B 

No 

Yes 

Yes 

Interrupt 
Accept 

l/E ,_ 0 
Stack<-- (PC) 
Stack,_ (CA) 
Stack ,_ (ST) 

No 

(Timer B Interrupt) 

Figure 8. Interrupt Servicing Flowchart 
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Timer 

The MCU contains a prescaler and a timer/ 
counter (timer B, figure 9) whose functions 
are the same as HMCS404C's. The prescaler is 
an 11-bit binary counter, and timer Bis an 8-
bit auto-reload timer/event counter. 

Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
the RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig
nals to timer B. The presc,,.!er divide r<it:io ;,. 
selected by the timer mode register B (TMB). 

Timer B Operation: The timer mode regis
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT1 as INT1 and 
set the external iri.terrupt mask (IM1) to pre
vent an external interrupt request from oc
curring. 

Timer B is initialized according to the data 
written into the timer load register by soft
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. Then case, if the auto
reload function is selected, timer B is initial
ized to the value of the timer load register. If 
it is not selected, timer B goes to $00. The 

Timer Mode Register B 

TMB 14 bit) 

3 

Timer B MPX 

N '<t 00 
+ + ·I· 

00 N 
N N 

"' "' + + ·I· 

Prescaler ( 11 bit) 

00 

" 0 
N 
+ 

CPTB 

timer B interrupt request flag (IFTB: $002 bit 
0) will be set at this overflow output. 

Timer Mode Register B (TMB: $009): The 
4-bit write-only timer mode register B (TMB) 
selects the auto-reload function, the prescaler 
divide ratio, and the source of the clock input 
signal, as shown in table 7. The timer mode 
register B is initialized to $0 by MCU reset. 

The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Timer B should be 
initialized by writing data into the timer load 
register after the contents of TMB are chan
aect ~onfiguration an_d function of timer 
mode register B is shown in figure 10. 

Timer B (TCBL: SOOA, TCBU: SOOB, TLRL: 
SOOA, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each has a 
low-order digit (TCBL: $00A, TLRL: $00A) and 
a high-order digit (TCBU: $00B, TLRU: $00B) 
(figure 2). 

The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 

Internal Bus Line (S 1) 

4 

TL 14bitl 
Timer Latch 

TCB 18 bit) 
Timer/Event Counter B 

TLR 18 bit) 
Timer Load Register 

4 

4 

4 

lnter!lal Bus Line (52) 

TBOF IFTB 

Interrupt 

Request Flag 

of Timer B 

Figure 9. Timer Block Diagram 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 397 



HMCS412C /HMCS412CL/HMCS412AC 

the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 

Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 

Table 7. Timer Mode Register B 

TMB3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 

0 0 0 2048 

0 0 . 512 

0 0 . 128 

0 32 

0 0 8 

0 . 4 

0 2 

INT1 (External Event Input) 

PMR: $004 

PMR3 PMR2 

(table 8). 

Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B Interrupt mask prevents an 
interrupt request from being generated by 
the timer B interrupt request flag (table 9). 

Table 8. Timer B Interrupt Request Flag 
Timer B Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 9. Timer B Interrupt Mask 

Timer B Interrupt Mask Interrupt Request 

0 Enable 

Disable (Mask) 

~----------- R32/INTo pin mode selection 

~-------------- R33/INT1 pin mode selection 

TMB: $009 

TMB3 TMB2 TMB1 TMBO 

---------Timer B input clock selection 

----------------Auto-reload function selection 

Figure 10. Mode Register Configuration and Function 

@HITACHI 
398 Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HMCS412C /HMCS412CL/HMCS412AC 

Input/Output 

The MCU has 36 I/O pins, 12 standard and 24 
high voltage. One of three circuit types can 
be selected by mask option for each standard 
pin: CMOS, with pull-up MOS, and without 
pull-up MOS (NMOS open drain). One of two 
circuit types can be selected for each high
voltage pin: with pull-down MOS and with
out pull-down MOS (PMOS open drain). Since 
the pull-down MOS is connected to the 
internal Vctisp line, Vctisp must be selected for 
the RAi!Vctisp pin via mask option when at 
least one high-voltage pin is selected as with 
pull-down MOS. See table 10 for I/O pin cir
cuit t~,:rpes. 

When every input/output pin is used as an 
input pin, the mask option and output data 
must be selected as specified in table 11. 

Output Circuit Operation With Pull-Up 
MOS Standard Pins: In the standard pin 
option with pull-up MOS, the circuit shown in 
Figure 11 is used to shorten rise time of out
put. 

When the MCU executes an output instruc
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps PMOS in the on 
state for one-eighth of the instruction cycle 
time. While the write pulse is 0 , a high output 
level is maintained by the pull-up MOS (C). 

When the HLT signal becomes 0 in stop 
mode, MOS (A) (B) (C) tum off. 

D Port: The D port I/O port has 15 discrete 
I/O pins, each of which can be addressed 
independently. It can be set/reset through 
SED/RED and SEDD/REDD instructions, and 
can be tested through TD and TDD instruc
tions. See table 10 as for the classification of 

standard pin, high-voltage pin, and the I/0 
pin circuit types. 

R Ports: The six R ports in the HMCS414 are 
composed of 16 I/O pins, 4 output-only pins, 
and 1 input-only pin. Data is input through 
LAR and LBR instructions and output 
through LRA and LRB instructions. The MCU 
will not be affected by writing into the input
only and/or non-existing ports, while invalid 
data will be read from the output-only and/or 
non-existing ports. 

The R32 and R33 pins are multiplexed with 
the INTo and INT1 pins respectively. See table 
1G as for the classificat:i.otl of sta.nddrd.. pins, 
high-voltage pins and selectable circuit types 
of these I/O pins. 

Unused 1/0 Pins: If unused I/O pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent the malfunction. 

High-voltage pins: select without pull-up 
MOS (PMOS open drain) via mask option and 
connect to Vee on the printed circuit board. 

Standard pins: Select without pull-up MOS 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 

Reset 

Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy tRc for the oscillator to 
stabilize. In all other cases, at least two 
instructions cycles are required for the MCU 
to be reset. 

Table 12 shows the parts initialized by MCU 
reset, and the status of each. Table 13 shows 
how registers recover from stop mode. 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 399 



HMCS412C /HMCS412CL/HMCS412AC 

Table 10. 1/0 Pin Circuit Types 

Ill 

if 
1/0 '2 -8 Common 

! Pins 
Ill 

Without pull-up MOS 

(NMOS open drain) (A) 

_r°<}-HLT 
~Output 

data 

With pull-up MOS 

(B) 
CMOS (C) 

HLT Input ~LT Input 
data . V cc data 

Vcc~cc Wnte pulse HLT 
HLT 

Output ~utput 
data data 

Table 10. 1/0 Pin Circuit Types (Cont) 

Ill 

1/0 

Common 

Pins 

c >-----+~-
ii: 
GI 

f o Output 

~Pins 
Cl :c 

Without pull-down MOS 

(PMOS open drain) (D) 

Vee 

t....rr-HLT 
""--1-0utput 

data 

Input 
data 

VccLJl--HLT 

r'\....J-Qutput 
data 

With pull-down MOS (El 

Vee 

Input 
data 

V cc L,,/'1-- H LT 

r'\....J-Output 
data 

c 

Vdisp 

Applicable 

pins 

Do -03 

R3o -R33 

R4o -R43 

Applicable 

pins 

04-014 

R1o -R13 

R20 -R23 

>------+------------------+--------------->-----·-

Input 

Pins 
,-... HLT~ Input 
~data 

Table 10. 1/0 Pin Circuit Types (Cont) 

Without pull-up MOS (NMOS open drain) 
With pull-up MOS (B) 

or CMOS (A or C) 

Ill 

if 
~ Input ~Input ~Input .. 

data data " ~ Pins HLT HLT c s 
Ill 

Note: In the stop mode, HLT signal is 0, HLT signal is 1 and 1/0 pins are in high impedance state. 

~HITACHI 

RA1 

Applicable 

pins 

-
INT0 
-
INT1 
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Table 11. Data Input from Input/Output Common Pins 

1/0 Pin Circuit Type 

Standard Pins 

High Voltage Pins 

Pull-up MOS (C) 

CMOS 

Without pull-up MOS 

(NMOS open drain) 

With pull-up MOS 

Without pull-down MOS 

(PMOS open drain) 

With pull-down MOS 

Input Possible Input Pin State 

No 

Yes 

Yes 

Yes 0 

Yes 0 

_JL_ Write pulse 
(Output 

~-1------- instruction) 

1----4-----+--~HLT 

o----- NMOS(A) 

On Resistance Value 
MOS 
Buffer HMCS412C, HMCS412AC HMCS412CL 

A approx. 250 0 approx. 1 kO 

B approx. 1 kO approx. 1. 7 kO 

c approx. 30 kO to 1 60 kO approx. 60 kO to 1 MO (Vee = 3 V) 

(Vee= 5 V) approx. 30 kO to 160 kO (Vee = 5 V) 

1 Instruction cycle 

Output instruction execution 

Write pulse 
___ ___.n.____ 

Figure 11. Output Circuit Operation of Standard Pins With Pull-Up MOS Option 
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Table 12. Initial Value After MCU Reset 
Initial Value by 

Items MCU Reset 

Program Counter (PC) $0000 

Status (ST) 

Stack Pointer (SP) $3FF 

1/0 Pin Standard Pin (A) Without Pull-

Output Register Up MOS 

(8) With Pull-Up 

MOS 

(C) CMOS 

High Voltage (D) Without Pull- 0 

Pin Down MOS 

(E) With Pull- 0 

Down MOS 

Interrupt Flag Interrupt Enable Flag (l/E) 0 

Interrupt Request Flag (IF) 0 

Interrupt Mask (IM) 

Mode Register Port Mode Register (PMR) 0000 

Timer Mode Register B (TMB) 0000 

Timer/Counter Prescaler $000 

Timer/Event Counter B (TCB) $00 

Timer Load Register (TLR) $00 

Table 13. Initial Value after Stop Reset 

Contents 

Execute program from the top of ROM 

address 

Enable to branch with conditional branch 

instructions 

Stack level is 0 

Enable input 

Enable input 

Enable input 

Enable input 

Inhibit all interrupts 

No interrupt request 

Mask interrupt request 

See port mode register 

See timer mode register B 

Item 
After Recovering from Stop 
Mode by MCU Reset 

After MCU Reset (Non-Stop 
Mode) 

Carry 

Accumulator 

B Register 

W Register 

X/SPX Registers 

Y /SPY Registers 

RAM 

(CA) 

(A) 

(B) 

(W) 

(X/SPX) 

(Y/SPY) 

The contents of the items before M CU reset are not retained. 

It is necessary to initialize them by software. 

The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 

@HITACHI 

The contents of the items before 
MCU reset are not retained. 
It is necessary to initialize them by 
software. 
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Internal Oscillator Circuit 

Figure 12 outlines the internal oscillator cir
cuit. Through mask option, either crystal os
cillator or ceramic filter oscillator can be 
selected as the oscillator type. Refer to table 

OSC, (f>J I O;oi:i""' j Dividdr 
circuit 

15 for selection of the type. In addition, see 
figure 13 for the layout of the crystal or 
ceramic filter. In all cases, external clock 
operation is available. Three divide ratios, 1/ 
16, 1/8, and 1/4, are selectable via mask option 
(table 14). 

n 
(Selectable 

with mask 

options) 

(Mask Option 

Selectable) 

Timing 

generator 

circuit 

System 

clock 

Figure 12. Internal Oscillator Circuit 

Table 14. Internal Oscillation Circuit 
Mask Option 

HMCS HMCS HMCS 
412C 412CL 412AC 

Divider 1/16 0 

1/8 () 0 

1/4 0 0 

Oscillator Crystal 0 0 0 

Ceramic 0 0 0 

Figure 

@HITACHI 

GND 

13. Layout of Crystal 
Ceramic Filter 

and 
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Table 15. Examples of Oscillator Circuits 

External 
Clock 
Operation 

Ceramic 
Filter 
Oscillator 

Crystal 
Oscillator 

Circuit Configuration HMCS412C 

Oscillator 

Open OSC2 

c. 

~·'~ filter 

c, 
GND 

AT cut parallel 
resonance crystal 

osc.--GJ~sc, 
Co 

C'V"•f~' 
p, 

GND 
GT cut parallel 
resonance crystal 

osc.--GJ~sc, 
Co 

Ceramic filter 
CSA 4.00MG 
CSA 2.000MK 
(Murata) 
R1: 1 MO± 20% 
C1: 30 pF ± 20% 
C2: 30 pF ± 20% 

R1: 1 MO± 20% 
c,: 1 0-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to 
circuit shown 
Co: 7 pF max. 
Rs: 100 fl max. 
f : 1.0-4.5 MHz 

Circuit Constants 

HMCS412CL 

Ceramic filter 
CSA 4.00MG 
CSA 2.000MK 
(Murata) 
R1: 1 MO± 20% 
C1: 30 pF ± 20% 
C2: 30 pF ± 20% 

R1: 1 MO± 20% 
C1: 10-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to 
circuit shown 
Co: 7 pF max. 
Rs: 1000max. 
f: 1 .0-4.5 MHz 

R1: 2 MO± 20% 
C1: 10-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to 
circuit shown 
Co: 7 pF max. 
Rs: 100 fl max. 
f : 1 .0-2.25 MHz 

HMCS412AC 

Ceramic filter 
CSA4.00MG 
(Murata) 
R1: 1 MO± 20% 
C1 : 30 pF ± 20% 
C2: 30 pF ± 20% 

R1: 1 MO± 20% 
C1: 10-22 pF ± 20% 
C2: 1 0-22 pF ± 20% 
Crystal: equivalent to 
circuit shown 
Co: 7 pF max. 
Rs: 1000max. 
f: 1.0-4.5 MHz 

Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended 
by the crystal or ceramic filter maker. The circuit parameters are changed by crystal, 
ceramic filter resonator, and the floating capacitance in designing the board. In employing 
the resonator, please consult with the engineers of the crystal or ceramic filter maker to 
determine the circuit parameter. 

2. Wiring between OSC1, OSC2, and elements should be as short as possible, and never cross 
the other wires. Refer to the layout of crystal and ceramic filter (figure 13). 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
16). Figure 14 is a mode transition diagram for 
these modes. 

Standby Mode: Executing an SBY instruc-

tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and 1/0 pins retain the 
states they were in just before the MCU went 
into standby mode. 

Table 16. Low Power Dissipation Mode Function 

Low Power Input/ 
Dissipation Oscillator ·- Register, Interrupt Output Timer/ Recovery 

Mode Instruction Circuit Execution Flag Function RAM Pin Counter Method 

Standby mode SBY Active Stop Retained Active Retained Retained Active RESET 

instruction (Note 3) input, 

interrupt 

request 

Stop mode STOP Stop Stop RESET Stop Retained High Stop RESET 

instruction (Note 1) impedance input 

(Note 2) 

Notes: 1 . The MCU recovers from STOP mode by RESET input. Refer to table 13 for the contents of 
the flags and registers. 

2. A high-voltage pin with a pull-down MOS is tied to the Vdisp power supply through the pull
down MOS. As the pull-down MOS stays on, a pull-down current flows when a difference 
between the pin voltage and the Vdisp voltage exists. This is in addition to the current 
dissipation in stop mode Oswp). 

3. As an 1/0 circuit is active, an 1/0 current may flow, depending on the state of 1/0 pin in 
standby mode. This is in addition to the current dissipation in standby mode. 

Figure 14. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 

Figure 15 shows the flowchart of the standby 
mode. 

SBY 

Oscillator active 
Peripheral clocks 

active 
All other clocks 

stop 

Yes 

Restart 
processor clocks 

Reset MCU 

No 

IA) 

Execute 
instruction 

Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 16, reset 
input must be applied at least to tRc for oscil
lation to stabilize. (Refer to AC Characteris
tics table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y /SPY registers, and car
ry may not retain their contents. 

No 

(Bl 

Yes 

Restart 

processor clocks 

Interrupt 

accept 

Figure 15. MCU Operating Flowchart in Standby Mode 
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RAM Addressing Mode 

As shown in figure 17, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: The W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four ROM addressing modes, as 
shown in figure 18. 

Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PCo) with 14-bit 
immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 

When BR is on a page boundary (256n + 255) 
(figure 19), executing a BR instruction trans
fers the PC contents to the next page accord
ing to the hardware architecture. Conse
quently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
iocated at $0000-$003F. When a CAL instruc
tion is executed, 6-bits of immediate data are 
placed in the low- order six bits of the pro
gram counter (PCs to PCo) and Os are placed 
in the high-order eight bits (PC13 to PCs). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction {figure 20). When bit 8 in the ROM 
data is 1, 8 bits of ROM data are written into 
the accumulator and B register. When bit 9 is 
1, 8 bits of ROM data are written into the Rl 
and R2 port output register. When both bits 8 
and 9 are 1, ROM data are written into the 
accumulator and B register and also to the Rl 
and R2 port output register at the same time. 

The P instruction has no effect on the pro
gram counter. 

1
,. Stop mode ... , 

'~=·=-~-lllll-lllll-lllll..--111111-1111---111-~----'~ll~ 
RESET J--

1.. 1.~ ·I 
STOP instruction execution (more than stabilization time: tRc) 

Figure 16. Timing Chart of Recovering from Stop Mode 
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W Register X Register Y Register 

W1 Wo X3 X2 X1 Xo V3 Y2 Y1 Yo 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

Opcode 

RAM Address APs APa AP1 APB AP5 AP• AP3 AP2 AP1 APo 

Direct Addressing 

Instruction 

Memory Register Addressing 

Figure 17. RAM Addressing Mode 
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(CALL) 

(TBR) 
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Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC10 PCg PCs PC7 PCs PC5 PC• PC3 PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 bs b5 b• bJ b2 b, bo 

Program Counter PC13 PC12 PC11 PC10 PCg PCs PC1 PCs PC5 PC• PC3 PC2 PC1 PCo 

Current Page Addressing 

Instruction 

(CAL) Opcode 

00000000 

Program Counter PC13PC12PC11 PC10 PC9 PCs PC1 PCs PC5 PC4 PC3 PC2 .PC1 PCo 

Zero Page Addressing 

Instruction 

Opcode B Register Accumulator 

0 0 

Program Counter PC13PC12 PC11 PC10 PC9 PCs PC1 PCs PC5 PC• PC3 PC2 PC1 PCo 

Table Data Addressing 

Figure 18. ROM Addressing Mode 
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256(n-1)+255 
i----B-R_A_A_A _ _, 2 56n 

AAA NOP 

BR AAA 256n+254 
l---"B"-R'-'B~B~B=----1256n + 255 

256(n+1) 

BBB NOP 

Figure 19. BR Instruction Branch Destination on Pages Boundary 

Instruction 

(P) Opcode pa p2 p1 
B Register Accumulator 

Referred ROM Address RA1a RA12 RA 11 RA10 RA9 RAs RA1 

Address Designation 

If R0s=1 

I 

ROM Data ROg ROs R01 ROs ROs RO• ROa R02 R01 ROo 

If R0g=1 

Pattern 

Figure 20. P Instruction 
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Instruction Set 

The HMCS412C/CL/AC provide 98 instruc
tions which are classified into 10 groups as 
follows: 

1. Immediate instruction 
2. Register-to-register instruction 
3. RAM address instruction 
4. RAM register instruction 
5. Arithmetic instruction 

Table 17. Immediate Instructions 

6. Compare instruction 
7. RAM bit manipulation instruction 
8. ROM address instruction 
9. Input/output instruction 

10. Control instruction 

Tables 17-26 list their functions, and table 27 
is an opcode map. 

Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 0 0 0 iJ i2 ii io i ~A 1/1 

Load B from Immediate LBI i 0 0 0 0 0 i3 i2 ii io i -• B 1 /1 

Load Memory from LMID i,d 0 0 0 i3 i2 ii io i ~ M 2/2 
Immediate ds de d1 d5 d5 d4 dJ dz di do 

Load Memory from LMllY i 1 0 1 0 0 1 i3 i2 ii io i-•M, Y+1·•Y NZ 1/1 
Immediate, Increment Y 

Table 18. Register-to-Register Instructions 

Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B ·A 1 /1 
··---------·----

Load B from A LBA 0 0 0 0 0 0 0 A •B 1 /1 
----------

Load A from Y LAY 0 0 0 0 y •A 1 /1 
----·----- -~·--·-

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX •A 1/1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY ·A 1/1 
-----~---------

Load A from MR LAMR m 0 0 1 1 1 "13 m:z m, rro MR(m) ·A 1 /1 
-------------

Exchange MR and A XMRA m 0 m:i mz m1 rro MR(m) ·-A 1 /1 
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Table 19. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWli 0 0 0 O i1 io i •W 1 /1 

Load X from Immediate LXI i 0 0 0 0 i3 i2 i1 io i ~ x 1 /1 

Load Y from Immediate LYI i 0 0 0 0 i3 iz i1 io i •Y 1 /1 

Load X from A LXA 0 0 0 0 0 0 A ·X 1 /1 

Load Y from A LYA 0 0 0 0 0 0 A •Y 1 /1 

Increment Y IY 0 0 0 0 0 0 Y+1 .y NZ 1 /1 

Decrement Y DY 0 0 0 Y-1 - y NB 1 /1 

Add A to Y AYY 0 0 0 0 0 0 0 Y+A • y OVF 1 /1 

Subtract A from Y SYY 0 0 0 0 0 0 Y-A .y NB 1 /1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1 /1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y - SPY 1/1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 1 1 X-SPX, Y-SPY 1 /1 
and SPY 
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Table 20. RAM Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Memory LAM(XY) 0 0 0 0 0 0 y x M -•A, IX-SPX, Y···SPY) 1 /1 
----

Load A from Memory LAMD d 0 0 0 0 0 0 0 M --·A 2/2 
d9 da d1 ds ds d4 dJ d2 d1 do 

Load B from Memory LBMIXY) 0 0 0 0 0 0 0 y x M~B. IX·-SPX, Y-SPY) 1/1 

Load Memory from A LMAIXY) 0 0 0 0 0 y x A--M, IX-SPX, Y-SPY) 1/1 

Load Memory from A LMAD d 0 0 0 0 0 0 A ·M 2/2 
d9 da d1 ds ds d4 dJ d2 d, do 

Load Memory from A, LMAIY(X) 0 0 0 1 0 1 0 0 0 " 
/1.-·M. Y-1-1 ·•\( (X-·~PX~ NZ 1/1 

Increment Y 

Load Memory from A, LMADY(X) 0 0 1 1 0 1 0 0 0 x A-M, Y-1 ·Y (X .. SPX) NB 1/1 
Decrement Y 

Exchange Memory and A XMAIXY) 0 0 1 0 0 0 0 0 y x M-A. IX-SPX, Y•-<SPY) 1/1 

Exchange Memory and A XMAD d 0 1 1 0 0 0 0 0 0 0 M-A 2/2 
d9 da d1 ds ds d4 dJ d2 d, do 

Exchange Memory and B XMBIXY) 0 0 1 1 0 0 0 0 y x M-8, IX-SPX, Y-SPY) 1 /1 

Note: (XY)and (X) have the following meaning: 
(1 )The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 

LAM (XY) is given, below). 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X - SPX 

LAMY 0 Y - SPY 

LAMXY X-SPX, Y-SPY 

(2)The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 

Mnemonic x Function 

LMAIY 0 

LMAIYX X - SPX 
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Table 21. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMD d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

Note: n : Logical AND 
u : Logical OR 
El : Exclusive OR 

0 0 0 0 iJ iz i1 io A+i - A 

0 0 0 0 0 00 B+1-B 

0 0 0 0 B-1 - B 

0 0 0 0 0 0 

0 0 0 0 1 0 0 

0 0 0 0 0 0 0 0 A+1 -A 

0 0 000000 B-B 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 1 -·CA 

0 0 0 0 0 0-CA 

0 0 0 0 

0 0 0 0 0 0 0 0 0 M+A - A 

0 0 0 0 0 0 0 0 M+A - A 

0 0 0 0 0 1 1 0 0 0 M+A+CA - A 
OVF-CA 

0 1 0 0 0 1 1 0 0 0 M+A+CA-~A 

ds da d1 d5 d5 d4 dJ dz d, do OVF-~CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA-A 
NB-CA 

0 1 1 0 0 1 1 0 0 0 M-A-CA-A 
ds da d1 d5 d5 d4 dJ dz d, do NB ~CA 

0 0 0 0 0 0 0 AU B-A 

0 0 0 0 0 0 AnM-A 

0 0 0 0 0 An M-A 

0 0 0 0 0 0 0 0 AU M-A 

0 0 0 0 0 0 0 AUM-A 

0 0 0 0 0 0 0 A® M-A 

0 0 0 0 0 0 A® M-A 

@HITACHI 

Words/ 

Status Cycles 

OVF 1/1 

NZ 1 /1 

NB 1 /1 

1 /1 

1/1 

1 /1 

1/1 

1 /1 

1/1 

1/1 

1/1 

CA 1 /1 

OVF 1 /1 

OVF 2/2 

OVF 1 /1 

OVF 2/2 

NB 1 /1 

NB 2/2 

1 /1 

NZ 1 /1 

NZ 2/2 

NZ 1 /1 

NZ 2/2 

NZ 1/1 

NZ 2/2 
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Table 22. Compare Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cyclaa 

Immediate Not Equal INEM i 0 0 0 0 1 0 iJ i2 i1 io i * M NZ 1/1 
to Memory 

Immediate Not Equal INEMO i,d 0 1 0 0 1 o iJ ii i, io i * M NZ 2/2 
to Memory ds da d1 ds ds d4 dJ di d, do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 1 0 0 A*M NZ 1/1 

A Not Equal to Memory AMEMO d 0 1 0 0 0 0 0 1 0 0 A*M NZ 2/2 
dg da d1 ds ds d4 dJ di d, do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B*M NZ 1/1 

Y Not Equal to Immediate YNEI i 0 0 0 iJ ii i, io y * i NZ 1/1 

Immediate Less or Equal ILEM i 0 0 0 0 iJ ii i, io i;:; M NB 1 /1 
to Memory 

Immediate Less or Equal ILEMO i,d 0 1 0 0 1 1 iJ i2 i, io i;:; M NB 2/2 
to Memory dg da d1 ds ds d4 dJ di d, do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A:;;M NB 1 /1 

A Less or Equal to Memory ALEMO d 0 0 0 0 0 0 0 A:;; M NB 2/2 
ds da d1 ds ds d4 dJ di d 1 do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B:;; M NB 1 /1 

A Less or Equal to Immediate ALEI i 0 0 i3 i2 i1 io A ;S i NB 1/1 

Table 23. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n1 no -· M(n) 1/1 

Set Memory Bit SEMO n,d 0 0 0 0 0 n1 no -- M(n) 2/2 
dg da d1 ds ds d4 dJ di d 1 do 

Reset Memory Bit REM n 0 0 0 0 0 o n1 no 0 -M(n) 1 /1 

Reset Memory Bit REMO n,d 0 0 0 0 o ni no 0 - M(n) 2/2 
dg da d1 ds ds d4 dJ di d, do 

Test Memory Bit TM n 0 0 0 0 0 n, no M(n) 1/1 

Test Memory Bit TMD n,d 0 0 0 0 n1 no M(n) 2/2 
dg da d1 ds ds d4 dJ di d 1 do 

@HITACHI 
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Table 24. ROM Address Instructions 

Operation Mnemonic Operation Code 

Branch on Status 1 BR b 

Long Branch on Status 1 BRL u 

Long Jump Unconditionally JMPL u 

Subroutine Jump on Status 1 CAL a 

Long Subroutine Jump on 
Status 1 

Table Branch 

Return from Subroutine 

Return from Interrupt 

CALL u 

TBR p 

RTN 

RTNI 

0 0 1 1 1 P3 P2 P1 PO 
ds ds d1 de ds d4 dJ d2 d, do 

0 1 0 1 0 1 p3 P2 P1 Po 
ds ds d1 de ds d4 d3 d2 d, do 

0 

0 0 1 0 P3 P2 P1 PO 
ds ds d1 de ds d4 d3 d2 di do 

0 0 0 P3 P2 P1 Po 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

Table 25. Input/Output Instructions 

Operation Mnemonic Operation Code 

Set Discrete 1/0 Latch SEO 0 0 0 0 1 0 0 

Set Discrete 1/0 Latch Direc SEDD m 0 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 

Reset Discrete 1/0 Latch Direct REDD m 0 0 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 

Test Discrete 1/0 Latch Direct TDD m 0 0 

Load A from R Port Register LAR m 0 0 

Load B from R Port Register LB R m 0 0 

Load R Port Register from A LRA m 0 

Load R Port Register from B LRB m 0 0 0 ffiJ mi m1 ~ 

Pattern Generation Pp 0 0 1 P3 P2 P1 Po 

Table 26. Control Instructions 

Operation Mnemonic Operation Code 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 

Standby Mode SBY 0 0 0 0 1 0 0 

Stop Mode STOP 0 0 0 0 0 

Function 

1 -1/E 
CA Restore 

Function 

- D(Y) 

-• D(m) 

O -4 D(Y) 

0 - D(m) 

R(m) -A 

R(m) - B 

A- R(m) 

B - R(m) 

Function 

. Words/ 

Status Cycles 

1 /1 

2/2 

2/2 

1/2 

2/2 

1/1 

1/3 

ST 1/3 

Words/ 

Status Cycles 

1 /1 

1/1 

1 /1 

1 /1 

D(Y) 1 /1 

D(m) 1/1 

1/1 

1/1 

1 /1 

1 /1 

1/2 

Words/ 

Status Cycles 

1 /1 

1 /1 

1 /1 

Note: HMCS412 has no serial interface, so STS (start serial) operates the same as NOP. 
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Table 27. Opcode Map 

~RB 0 1 

2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

5 LMAIY(X)[:/IAYY ~ ~ ~ IY ~ JMPL 

SBYT~ 
p(4) 

6 R~ RED ~ ~ ----- TC CALL p(4) +---- -- - --- ------- -------
0 7 YNEI i(4) BRL p(4) 

8 XMA(XY) SEM n(2) REM n(2) TM n(2) -M ~SEMO n(2) REMO n(2) TMD n(2) 

9 LAM(XY) LMA(XY) MC~NM~~~~~ANMD~ 
A ~O~OT -----------JoA4 ~A~ -------------- LAY LMID i(4) 

B TBR p(4) P p(4) 

C XMB(XY) ~LE~ ~ LBA ---------------- DB 

0 LMADY(X)~:::=JsYY ~ LYA ~ DY 

E TD ~ SED ~ LXA ~ RECVSEC 

F LWI i(2) 

0 LBI i(4) 

LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

5 LAR m(4) 

6 REDD m(4) 

1 7 LAMR m(4) 

8 Al i(4) 

9 LMllY i(4) 

A TDD m(4) 

B ALEI i(4) 

c LRB m(4) 

D LRA m(4) 

E SEDD m(4) 

F XMRA m(4) 

c=J· ·1-word/2-cycle c::J· ·1-word/3-cycle c:=::J·· RAM Direct Address 

Instruction Instruction Instruction 

(2-word/2-cycle) 

@HITACHI 

CAL a(6) 

BR b(8) 

c::::J· ·2-word/2-cycle 

Instruction 
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Absolute Maximum Ratings 

Item Symbol Value Unit Note 

Supply Voltage Vee - 0.3 to+ 7.0 v 

Terminal Voltage Vr - 0.3 to Vee + 0.3 v 3 

Vee - 45 to Vee + 0.3 v 4 

Total Allowance of Input Current ~ lo 25 mA 5 

Maximum Input Current lo 15 mA 7, 8 

Maximum Output Current - lo 4 (2) mA 9, 10, 13 

6 (3) mA 9,11,13 

30 (15) mA 9, 12, 13 

Total Allowance of Output Current - ~lo 85 (100) mA 6, 13 

Operating Temperature Tapr - 20 to+ 75 ·c 

Storage Temperature Tstg - 55to + 125 ·c 

Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera-
tion should be under the conditions of Electrical Characteristics. If these conditions are 
exceeded, it may cause a malfunction or affect the reliability of LSI. 

2. All voltages are with respect to GND. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input currents which flow in from all 

1/0 pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output currents which flow out 

from Vee to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
8. Do- D3, R3 and R4. 
9. Maximum output current is the maximum amount of output current from Vee to each 1/0 

pin. 
10. Do- D3, R3 and R4. 
11. RO-R2. 
12. D4-D15. 
13. - }; lo = 100 mA if -lois equal to or less than 2 mA, 3 mA, or 15 mA . 
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Electrical Characteristics 

DC Characteristics 

(GND = 0 V, Vd1sp = Vee - 40 V to Vee, Ta = - 20"C to + 75"C, 
HMCS412C: Vee = 3.5 V to 6 V, 
HMCS412CL: Vee= 2.5 V to 6 V, 
HMCS412AC: Vee = 4.5 V to 6 V) 

Item Symbol Pin Min Max Unit Test Condition Note 

Input High V1H RESET, 0.8 Vee Vee + 0.3 v 
Voltage R32/INT0, 

R33/INT1 

osr.~ Vee: - 0_5 Vee + 0.3 v HMCS4 i 2C/AC 

Vee - 0.3 Vee+ 0.3 v HMCS412CL 

Input Low V1L RESET, -0.3 0.2 Vee v 
Voltage R32/INT0, 

R33/INT1 

osc, -0.3 0.5 v HMCS412C/AC 

-0.3 0.3 v HMCS412CL 

Input/Output It 1J RESET, µA V;n = 0 V to Vee 
Leakage R32/INT0, 
Current R33/INT1, 

osc, 

Current Ice Vee 1.8 mA HMCS412C; Vee= 5 V; 2,5 
Dissipation in fosc = 4 MHz, 7 8, or 
Active Mode fosc = 2 MHz, 7 4 

0.8 mA HMCS412CL; Vee = 3 V; 2,5 

fosc = 4 MHz, 7 16, or 
fosc = 2 MHz, 7 8 

3.0 mA HMCS412AC; Vee= 5 V; 2,5 

fosc = 4 MHz, 7 4 

Current lssv Vee 1.0 mA HMCS412C; Vee= 5 V; 3,5 
Dissipation in fosc = 4 MHz, 7 8, or 
Standby Mode fosc = 2 MHz, 7 4 

0.5 mA HMCS412CL; Vee= 3 V; 3,5 

fosc = 4 MHz, 7 16, or 
f 0 sc = 2 MHz, 7 8 

1.4 mA HMCS412AC; Vee= 5 V; 3,5 

f 0 sc = 4 MHz, 7 4 

Current I stop Vee 10 µA \1nlTEST) = Vee - 0.3 V to 4 
Dissipation in Vee; Vee, V;n(RESET) = 
Stop Mode O V to 3 V 

Stop Mode Vstop Vee 2 v 
Retain Voltage 

Notes: 1. Excluding pull-up MOS current and output buffer current. 
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Notes: 2. The MCU is in the reset state. Input/output current does not flow. 
• MCU in reset state, operation mode 
•RESET, TEST: Vee 
•Do-DJ, R3, R4: Vee 
• D4-D14, RO-R2, RA1: Vd;sp 

3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
·RESET: GND 
•TEST: Vee 
• Do-D3, R3, R4: Vee 
• D4-D14, RO-R2, RA1: Vdisp 

4. Excluding pull-down MOS current. 
5. When fosc = x MHz, estimate the current dissipation as follows: 

HMCS412C/AC; Max value@ x MHz= x/4 x (max value@ 4 MHz) 
HMCS412CL; Max value@ x MHz= x/2 x (max value@ 2 MHz) 

Input/Output Characteristics for Standard Pins 

(GND = 0 V, Vd1sp =Vee - 40 V to Vee, Ta= -20"C to +75°C, 
HMCS412C: Vee = 3.5 V to 6 V, 
HMCS412CL: Vee= 2.5 V to 6 V, 
HMCS412AC: Vee = 4.5 V to 6 V) 

Item Symbol Pin Min Typ Max Unit Test Conditions 

Input High V1H Do-D3, 0.7 Vee Vee + 0.3 v 
Voltage R3o. R31, 

R4 

Input Low V1L Do-D3, -0.3 0.3Vee v 
Voltage R3o, R31, 

R4 

Output High VoH Do-D3, Vee - 1.0 v HMCS412C/AC; 
Voltage R3o, R31, - loH = 1.0 mA 

R4 

Do-D3, Vee - 0.5 v HMCS412C/AC; 
R3o, R31, - loH = 0.5 mA 
R4 HMCS412CL; - loH = 0.3 mA 

Output Low Vol Do-D3, 0.4 v HMCS412C/AC; loL = 1.6 mA 
Voltage R3o, R31, HMCS412CL; loH = 0.4 mA 

R4 

Input/Output I 11J Do-D3, µA V;n = 0 V to Vee 
Leakage Current R3o, R31, 

R4 

Pull-Up MOS -Ip Do-D3, 30 60 150 µA Vee = 5 V, V;n = 0 V 
Current R3o, R31, 

R4 

Do-D3, 3 15 50 µA HMCS412CL only; 
R3o, R31, Vee = 3 V, V;n = 0 V 
R4 

Notes: 1. 1/0 pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. 1/0 pins with pull-up MOS selected by mask option. 
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Input/Output Characteristics for High-Voltage Pins 

(GND = 0 V, Vdtsp =Vee - 40 V to Vee, Ta= -20"C to +75°C, 
HMCS412C: Vee = 3.5 V to 6 V, 
HMCS412CL: Vee= 2.5 V to 6 V, 
HMCS412AC: Vee = 4.5 V to 6 V) 

Item 

Input High 
Voltage 

Input Low 
Voltage 

Symbol Pin Min 

D4-D14. 0. 7 Vee 
R1, R2, 
RA1 

D4-D14, Vee - 40 
R1, R2, 
RA1 

Typ Max Unit Test Conditions 

Vee+ 0.3 V 

0.3 Vee V 

Note 

----------------------- -------- ---------~~- - ~ -
Outpui High 
Voltage 

Output Low 
Voltage 

Input/Output 
Leakage 
Current 

Pull-Down MOS 
Current 

RO-R2 

D4-D14, 
RO-R2, 
RA1 

Vee - 3.0 

Vee - 2.0 

Vee - 1.0 

Vee - 3.0 

Vee - 2.0 

Vee - 1.0 

D4-D 14, 125 
RO-R2, 
RA1 

v 

v 

v 

v 

v 

v 

Vee - 37 v 

Vee - 37 v 

20 µA 

250 600 µA 

Notes: 1. 1/0 pins with pull-down MOS selected by mask option. 

-loH=15mA, 
HMCS412C/CL; 
Vee= 5 V ± 20% 
HMCS412AC; 
Vee = 4.5 v to 6 v 

- loH=10 mA, 
HMCS412C/CL; 
Vee= 5 V ± 20% 
HMCS412AC; 
Vee = 4. 5 v to 6 v 
HMCS412C/AC; 
- loH= 4 mA 
HMCS412CL; 
- loH = 2.5 mA 

- loH = 3 mA, 
HMCS412C/CL; 
Vee= 5 V ± 20% 
HMCS412AC; 
Vee = 4. 5 V to 6 V 

- loH = 2 mA, 
HMCS412C/CL; 
Vee= 5 V ± 20% 
HMCS412AC; 
Vee = 4.5 V to 6 V 

HMCS412C/AC; 
- loH = 0.8 mA 
HMCS412CL; 
- loH = 0.5 mA 

Vdisp = Vee - 40 V 

1 50kn to Vee - 40V 

V;n = Vee - 40 V to Vee 

Vdisp =Vee - 35 V, 
V;n =Vee 

2. 1/0 pins without pull-down MOS (PMOS open drain) selected by mask option. 
3. Pull-down MOS current and output buffer current are excluded. 
4. 1/0 pins with pull-down MOS selected by mask option. 
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AC Characteristics 

(GND = 0 V, Vd1sp =Vee - 40 V to Vee, Ta = -2o·c to +75'C, 
HMCS412C: Vee= 3.5 V to 6 V, 
HMCS412CL: Vee= 2.5 V to 6 V, 
HMCS412AC: Vee = 4.5 V to 6 V) 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

Oscillation Frequency fosc OSC1, OSC2 0.4 4 4.5 MHz HMCS412C; 
divide by 8 

0.2 2 2.25 MHz HMCS412C; 
divide by 4 

0.8 4 4.5 MHz HMCS412CL; 
divide by 16 

0.4 2 2.25 MHz HMCS412CL; 
divide by 8 

0.2 4 4.5 MHz HMCS412AC; 
divide by 4 

Instruction Cycle tcyc 1.78 2 20 µS HMCS412C 
Time 

3.55 4 20 µS HMCS412CL 

0.89 20 µS HMCS412AC 

Oscillator Stabiliza- tRc OSC1, OSC2 20 ms HMCS412C/AC 
tion Time 

60 ms HMCS412CL 

External Clock tcPH. osc, 92 ns HMCS412C; 2 
High, Low tcPL divide by 8 
Level Width HMCS412CL; 

divide by 16 
HMCS412AC; 
divide by 4 

203 ns HMCS412C; 2 
divide by 4 
HMCS412CL; 
divide by 8 

(continued) 
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AC Characteristics (Cont) 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

External Clock Rise tepr osc, 20 ns 2 
Time 

External Clock Fall tep1 osc, 20 ns 2 
Time 

·-------

INTo High Level t10H INTo 2 tcyc 3 
Width 

INTo Low Level t10L INTo 2 tcyc 3 
Width 

INT1 High LevP.I 1! ~ !-' INT1 2 lcyc 3 
Width 

INT1 Low Level t11 L INT1 2 tcyc 3 
Width 

RESET High Level tRSTH RESET 2 tcyc 4 
Width 

Input Capacitance Cin All pins 15 pF f=1 MHz, 
V;n = 0 V 

RESET Fall Time tRsn 20 ms HMCS412C/ AC 4 

15 ms HMCS412CL 4 

Notes: 1 . Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches its 
minimum allowable voltage (HMCS412C; 3.5 V, HMCS412CL; 2.5 V, HMCS412AC; 
4.5 V) after power-on, or after RESET goes high. At power-on or stop mode release, 
RESET must be kept high for at least tRe. Since tRe depends on the crystal or ceramic filter's 
circuit constant and stray capacitance, please get the manufacturer's advice when design
ing the RESET c;rcuit. (See figure 21 . ) 

2. See figure 22. 
3. See figure 23. 
4. See figure 24. 
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GND 

Crystal: 4.194304M Hz 
NC-18C {Nihon Denpa Kogyo) 
Rt= 1 [MO] ± 20%, 
C1 = C, = 22 [pF] ± 20% 

GND 

Crystal: 2.097152MHz 
DS-MGQ 308 {Seiko) 
Rf= 1 MO ± 20%, Rd= 2.2k0 ± 20% 
C1 = C, = 1 OpF ± 20% 

HMCS412C/ AC 

HMCS412CL 

GND 

c, 
----osc, 
armic~ 

osc, 
c, ....... ~~~~ 

Ceramic filter: CSA4.00 MG {Murata) 
Rt = 1 [MO] ± 20%, 
C1 = C, = 30 [pF] ± 20% 

GND 

c, 
----osc, 
:rmi~ 

osc, 
c, ....... ~~~~ 

Ceramic filter: CSA 2.000MK {Murata) 
Rt = 1 [MO] ± 20%, 
C1 = C2 = 30 [pF] ± 20% 

Figure 21. Oscillation Circuit 

osc, 

HMCS412C/ AC 

Vcc-0.5V 

tcPr tcPf 

HMCS412CL 

tcPr tcPI 

Figure 22. Oscillator Timing 
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INTo, INT1 O.SVcc 

0.2Vcc 

Figure 23. Interrupt Timing 

RESET 

tRSTf 

Figure 24. Reset Timing 
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HMCS412C/CL/ AC 
Mask Option List 

• Please enter check marks in D 
(•, x, v'). 

5V Operation: 0 HMCS412C 

3V Operation: 0 HMCS412CL 

High Speed Operation: 0 HMCS412AC 

( 1) 1/0 Option 

Please enter 0 in applicable item to select 1/0 option. 

Date of Order 

Customer 

Dept. 

Name 

ROM Code Name 

LSI Type Number 
(Hitachi's entry) 

A: Without Pull-up MOS (NMOS Open Drain) B: With Pull-up MOS 
C: CMOS (cannot be used as input) 
D: Without Pull-down MOS (PMOS Open Drain) E: With Pull-down MOS 

Note: 1/0 options masked by IZI are not available. 

1/0 Option 1/0 Option 
Pin Input/Output Pin Input/Output 

A B c 0 E A B c 0 E 

Do 
"' 

Input/Output ROo Output 
c: 

o, a: Input/Output R01 Output 
"E .. RO 

D2 "O Input/Output R02 Output c: 
fl 

03 
If) 

Input/Output R03 Output 

Input/Output "' 04 R1o c: Input/Output a: 
Q) 

05 Input/Output R11 "' Input/Output 
fl 

R1 Ci 
Ds Input/Output R12 > 

.c: 
Input/Output 

"' D1 
"' 

Input/Output R13 J: Input/Output 
c: 

Da 
a: 

Input/Output R2o Input/Output Q) 

"' 
Og 

s 
Input/Output R21 Input/Output Ci 

> R2 .c: 
D10 "' Input/Output R22 Input/Output 

J: 
D11 Input/Output R23 Input/Output 

012 Input/Output R3o Input/Output 

013 Input/Output R31 Input/Output 
R3 

014 Input/Output R32 
"' 

Input/Output 
c: 

R33 
a: Input/Output 
"E .. 

R4o "O Input/Output c: s 
If) 

Input/Output R41 
R4 

R42 Input/Output 

R43 Input/Output 

~ Please Mark RA RA1 .. Input 
~J'. as RA1 /Vctisp 
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(2) RA1/Vdisp 

Please check (•. X, v) applicable item. 

RA1/Vdiso 

0 RA1: Without Pull-down MOS (D) 

Note: RA1/Vdisp has to be selected as Vdiso pin 
exept the case that all high pins are 
option D. 

(3) Divider !Div) 

Please check (•. X, v) applicable item. 

Divider 
HMCS412C HMCS412CL HMCS412AC 

16 

8 

4 

(4) ROM Code Media 

Please check(•. X, v) applicable item. 

ROM Code Media 

D EPROM: Emulator Type 

D EPROM: EPROM On-Package Microcom-

puter Type 

(5) Oscillator (CPG option) 

Please check (•. X, v) applicable item. 

CPG D HMCS 412C D HMCS412CL 

option (5V Operation) (3V Operation) 

D Ceramic Filter D Ceramic Filter 

D Crystal D Crystal 

D External Clock D External Clock 
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HMCS414AC 
( H 0614140/H 0614145/H 0614148) 
Description 
TheHMCS414C/CL/ACareCMOS4-bitsingle
chip microcomputers in the HMCS400 series. 
Each device incorporates ROM, RAM, 1/0, 
and timer/counter and contain high-voltage 
1/0 pins including high-current output pins to 
drive a fluorescent display directly. 

Features 

• 4-bit architecture 
• 4096 words of 10-bit ROM 
• 160 digits of 4-bit RAM 
• 36 1/0 pins, including 24 high-voltage 1/0 

pins (40 V max) 
• Timer/counter 

-11-bit prescaler 
-8-bit auto-reload timer/event counter 

(timer B) 
• Three interrupt sources 

-External: 2 
-Timer/counter: 1 

• Subroutine stack 
-Up to 16 levels including interrupts 

• Minimum instruction execution time 
-0.89 µs: HMCS414AC 
-1.78 µs: HMCS414C 
-3.55 µs: HMCS414CL 

• Low power dissipation modes 
-Standby: Stops instruction execution 

while allowing clock oscillation and 
interrupt functions to operate 

-Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 

• On-chip oscillator 
-Crystal or ceramic filter 
-External clock input 

• Package 
-Standard 42-pin dual in-line plastic 

package 
-42-pin shrink dual in-line plastic pack

age 
-44-pin flat plastic package 

• Instruction set compatible with 
HMCS412; 98 instructions 

• High programming efficiency with 10-bit/ 
word ROM: 78 single-word instructions 

• Direct branch to all RAM areas 
• Direct or indirect addressing of all RAM 

areas 
• Subroutine nesting up to 16 levels includ-

ing interrupts 
• Binary and BCD arithmetic operations 
• Powerful logical arithmetic operations 
• Pattern generation-table lookup capabil

ity 
• Bit manipulation for both RAM and 1/0 

Program Development Support Tools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 
HD614P180 with the following fixed 
options: 
-1/0 pin: open drain 
-Oscillator: crystal or ceramic filter oscil-

lator 
(externally drivable) 

-Divider: Divide by 8 
-Package: standard 42-pin dual in-line 

ceramic package 

Ordering Information 

Item HMCS414C HMCS414CL HMCS414AC 

Product 
Name 

H0614140 HD614145 HD614148 

Power Supply 3.5 to 6 
(V) 

Typical 
instruction 
Cycle Time (µs) 

2 

2.5 to 6 4.5 to 6 

4 
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Pin Arrangement 

012 
013 
014 

RAi/Vdiop 
ROo 
R01 
R02 
RQ3 
Rlo 
Rl 1 

Rh 
Rb 
R2o 
R21 
R22 
R23 
R3o 
R31 

R3,/INTo 
R33/INT1 

Vee 

42 011 
41 010 

'--~~~~~~--<• 

(DP-42, DP-425) 

(Top View) 

De 
Os 
D1 
06 
Os 
o. 
03 
02 
01 
Do 
GND 
OSC2 
OSC1 
mT 
RESET 
R43 
R42 
R4 1 

R4o 

RO, 

AO, 

AO, 

R1, 

Rt, 

R1, 

R1, 

R2o 

R2, 

:? 
t 

<: 
i 6 6 6 6 6 0 0 6 

(FP-44A) 

(Top View) 

0 

NC 

o, 
GNO 

OSC2 

NC: No Conection 

Block Diagram 

Interrupt Control 

RAM 

160X4-bit 

AJ_3/ R3i/ 
INT1 INTo 

External 

Interrupt 

RESET TEST OSC1 OSC2 Vee GND 

.---'---'---L-L-, j l 
System Control 

ROM 

4,096x10-btt 
Instruction 

SP 

Decoder 

- ii-
i 11 11 11 J 

A4JA42A41R4o R3a/R32/R31R3o lR2JR22R21R2o:IA13Al2AT 1RTd :ROaA02A01ROo: : D1401aD12D11D10 09 De 01 06 Q5 Q4: Da Di 01 Do 
INT1INT0 L------ ..J.!... __ ----! !.__ - --- __ t '------ __ ----- _____ J 

,----1 L ___ J High Voltage Pins 
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Pin Description 

GND, Vee, Vd1sp (Power) 

GND, Vee, and Vdisp are the power supply pins 
for the MCU. Connect GND to the ground (0 
V) and apply the Vee power supply voltage to 
the Vee pin. The Vdisp pin (multiplexed with 
RA1) is a power supply for high-voltage 1/0 
pins with maximum voltage of 40 V (Vcc-40 
V). For details, see Input/Output section. 

TEST (Test) 

TEST is for test purposes only. Connect it to 
Vee. 

RESET (Reset) 

RESET resets the MCU. For details, see Reset 
section. 

OSC1, OSC2 (Oscillator Connections) 

OSC1 and OSC2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 

Functional Description 

ROM Memory Map 

The MCU includes 4,096 words x 10 bits of 
ROM. ROM is described in the following par
agraphs and the ROM memory map (figure 1). 

Vector Address Area ($0000 to $000F): 
Locations' $0000 through $000F can be used 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F can 
be used for subroutines. CAL instructions 
branch to subroutines. 

Pattern Area ($0000 to $0FFF): Locations 
$0000 through $0FFF can be used for ROM 
data. P instructions allow referring' to the 
ROM data as a pattern. 

Program Area ($0000 to $0FFF): Loca
tions from $0000 to $0FFF can be used for 

Do-D14 (D Port) 

The D port is an input/output port addressed 
by the bit. These 15 pins are all input/output 
pins. Do to D3 are standard and D4 to D14 are 
high-voltage pins. The circuit type for each 
pin can be selected using a mask option. For 
details, see Input/Output ·section. 

~-R~~-R4~-R4R•-R• 
R4o-R431 RA1 (R Ports) 

RO to R4 are 4-bit ports. RA is a 1-bit port. RO 
is an output port, RA is an input port, and Rl 
to R4 are 1/0 ports. RO, Rl, R2, and RA are 
high-voltage ports, and R3 and R4 are stan
dard ports. Each pin has a mask option which 
selects its circuit type. The pins R32, and R33 
are multiplexed with INTo and INT1 respec
tively. For details, see Input/Output section. 

INTo, INT1 (Interrupts) 

INTo and INT1 are external interrupts for the 
MCU. INT1 can be used as an external event 
input pin for timer B. INTo and INT1 are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 

program code. 

RAM Memory Map 

The MCU includes 160 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are also mapped on the RAM 
memory space. The RAM memory map (figure 
2) is described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($004 to 
$00B): The special function registers are the 
mode or data registers for the external inter
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
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cannot be accessed by RAM bit manipulation 
instructions. 

0 

15 
16 

63 
64 

4095 l 

Vector Address 

Zero-Page Subroutine 
(64 Words) 

Program 

Pattern 

(4,096 Words) 

Not Used 

$0000 

$000F 
$0010 

\ 
$003F 
$0040 

$0FFF 
$1000 

0 JMPL Instruction 

1 (Jump to RESET Routine) 

2 JMPL Instruction 

3 (Jump to INTo Routine) 

4 JMPL Instruction 

5 (Jump to fNT, Routine) 

6 
7 

8 JMPL Instruction 

9 (Jump to Timer B Routine) 

10 
11 

12 

13 

14 

.., 

.., 

.., 

-

$0000 
$0001 

$0002 

$0003 

$0004 

$0005 

$0006 
$0007 

$0008 
$0009 

$000A 

$0008 

$000C 
$0000 

$000E 

$3FFF 15 16383 $000F 

Figure 1. ROM Memory Map 

$000 0 0 $000 

1 3 
32 

7 4 
48 

RAM-Mapped Registers 

Memory Registers (MRI 

------------------
Data 

(96 Digits) 

1 

$01F 2 
$020 

3 
\ 4 $02F 
$030 5 

6 

7 

8 

9 

$001 
Interrupt Control Bits 

Port Mode Register (PMR) I w 
Not Used 

Not Used 

Not Used 

Not Used 

Timer Mode Register B ITMBI! w 
127 
128 

$07F 10 
t- Ttmer a· (TC8L/TLRLI! R/W 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$00A 

$008 

$00C 

959 
960 

1023 

R: Read Only 

Not Used 

Stack 

164 Digits) 

W: Write Only 

R/W: Read/Write 

10 

11 

$080 
11 (TCBU/TLRUJ! R/W 

12 

$38F Not Used 
$3CO 

31 $01F 

$3FF 

*Two registers are mapped on same address. 

Timer /Event Counter B Lower 
R 

Timer Load Reg. Lower w 
(TCBL) (TLRL) 

$00A 
. 

1--~ 

Upper: W Timer /Event Counter 8 Upper 
R 

Timer Load Reg. 
(TCBU) (TLRU) 

$008 

Figure 2. RAM Memory Map 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 431 



HMCS414C /HMCS414CL/HMCS414AC 

Data Area ($020 to $07F): 16 digits of $020 
through $02F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 

broutine call (CAL-instruction, CALL
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su-

432 

bit 3 

IMO 
0 

(IM of INTo) 

Not Used 

2 Not Used 

3 Not Used 

IF: Interrupt Request Flag 

IM: Interrupt Mask 

l/E: Interrupt Enable Flag 

SP: Stack Pointer 

bit 2 

IFO 

(IF of INT0 ) 

Not Used 

Not Used 

Not Used 

bit 1 bit 0 

RSP l/E 

(Reset SP Bit) (Interrupt Enable Flag) 
$000 

IM1 IF1 

(IM of INT1 ) 
-

(IF of INT1 ) 
$001 

IMTB IFTB 

(IM of Timer B) (IF of Timer B) 
$002 

Not Used Not Used $003 

Note: Each bit in the interrupt control bits area is set by the SEM/SEMO instruction, is reset by the REM/REMD instruction, and 

is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 

affected by the SEM/SEMD instruction. 
The content of status becomes invalid when "Not Used" bit and RSP bit are tested by a TM or TMD instruction. 

Figure 3. Configuration of Interrupt Control Bit Area 

Memory Registers 

32 MR(O) $020 

33 MR(1) $021 

34 MR(2) $022 

35 MR(3) $023 

36 MR(4) $024 

37 MR(5) $025 

38 MR(6) $026 

39 

40 

41 

42 

43 

44 

45 

46 

47 

MR(7) $027 

MR(8) $028 

MR(9) $029 

MR(10) $02A 

MR(11) $02B 

MR(12) $02C 

MR(13) $020 

MR(14) $02E 

MR(15) $02F 

Stack Area 

960 Level 16 $3CO 

1023 

Level 1 5 

Level 14 

Level 13 

Level 12 

Level 11 

Level 10 

Level 9 

PC13 to PCo: Program Counter 

ST: Status 
CA: Carry 

Note: As the HMCS414C/CL/AC have 4k 
ROM, PC12 and PC13 are not used. 

bit 3 bit 2 bit 1 bit 0 

g: '4: v:::::l--_:_:_,o_T-1--:_:_~3_:..__:_:_~_' --i~..__:_:_: ,--1 :::: 

Level f I 

Level 3 1 0221--_c_A_--4--P-c_. _...L..__P_c_,_--lj_f---p-c_.--1 $3FE 

Level 2 I 
1 023 PC3 PC2 PC PCo $3F F 

Level 1 $3FF J_ _J_ 1 J_ 

Figure 4. Configuration of Memory Register, Stack Area, and Stack Position 
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Registers and Flags 

The MCU has nine registers and two flags for 
the CPU operations (figure 5). 

Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/O, and other regis
ters. 

W Register (W), X Register (X), Y Regis
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. The W regis
ter is '!'!rite-only register. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist the X and Y registers respectively. 

Carry (CA): The carry (CA) stores the over
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL, and ROTR instructions. 

During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 

13 

I ·pc 

j,,,,,,,f 

3 

I 
3 

I 

3 

I 
3 

I 
3 

I 
f 

Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after a BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic
ing, status is pushed onto the stack and res
tored back from the stack by a RTNI instruc
tion, but not by a RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter which con
trois the sequence in which the instructions 
stored in ROM are executed. 

Stack Pointer (SP): The stack pointer (SP) is 
used to point the address of the next stacking 
area (up to 16 levels). 

The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 

A 1 Accumulator 

0 

B I B Register 

~w Register 

0 

x Ix Register 

y JY Register 

SPX JsPX Register 

SPY ] SPY Register 

§] Carry Flag 

§] Status Flag 

J Program Counter 

SP J Stack Pointer 

Figure 5. Registers and Flags 
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The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 

Interrupt 

Three interrupt sources are available on the 
MCU: external requests (INTo, INT1), and 
timer/counter (timer B). For each source, an 
interrupt request flag (IF), interrupt mask 
(IM) and interrupt vector addresses are pro
vided to control and maintain the interrupt 
request. The interrupt enable flag (IE) is also 
used to control an interrupt operations. 

Table 1. Vector Addresses and Inter
rupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET $0000 

INTo $0002 

INT1 2 $0004 

Timer B 3 $0008 

$000.0 

l/E 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

Table 2. Interrupt Service Conditions 

Interrupt Control Bit INTo INT1 Timer B 

l/E 

IFO·IMO 0 0 

IF1·1M1 * 0 

IFTB·IMTB * * 
* Don't care 

Sequence 
Control 
·Push PC/CA/ST 
·Reset l/E 
·Jump to Vector 
Address 

Vector Address 
Priority Control PLA 

Figure 6. Interrupt Control Circuit Block Diagram 
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The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 

Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 
address. 

In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 

Interrupt Enable Flag (l/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 

External Interrupts (INTo, I~: ___'!'Qe 
external interrupt request inputs (INTo. INT1) 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag Interrupt Enable/Disable 

0 Disable 

Enable 

Table 4. External Interrupt Request 
Flag 

External Interrupt Request Flags lntenupt Requests 

0 No 

Yes 

Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 

Disable (masks) 

can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INT1 pin and R32/INT0 pin fo be 
used as INT1 pin and INTo pin respectively. 

The external interrupt request !!<!gs (IFO,ID) 
are set at the falling edge of INTo and INT1 
inputs (table 4). 

The INT1 input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT1 input. When 
using INT1 as timer B external event input, 
the external interrupt mask (IM1) has to be 
set so that the INT1 interrupt request will not 
be accepted (table 5). 

External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flagsj!E_O, IF1) are set at the 
falling edge of the INTo, and INT1 inputs 
respectively. 

External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 

Port Mode Register (PMR: $004): The 4-bit 
write-only port mode register controls the 
R32/INT0 pin, and R33/JNT1 pin as shown in 
table 6. The port mode register will be initial
ized to $0 by MCU reset. These pins are 
therefore initially used as ports. 

Table 6. Port Mode Register 

PMR3 

0 Used as R33 port input/output pin 

Used as INT1 input pin 

PMR2 R32/INT0 Pin 

0 Used as R32 port input/output pin 

Used as INTo input pin 
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Instruction 

Cycles 

Instruction 
execution 

Interrupt 
accepted 

Stacking, 
Reset of l/E 

3 

Stacking, 
Vector address 
is generated 

4 5 

JMPL instruction execution on the 
vector address 

Figure 7. Interrupt Servicing Sequence 

~HITACHI 

6 

Instruction 
execution at 
starting address 
of the interrupt 
routine 
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Power 

ON 

Yes 

Reset MCU 

No 

(A) 

HMCS414C/HMCS414CL/HMCS414AC 

No 

Execute 

Instruction 

PC+-(PC)+1 

PC+-$0002 

PC +-$0004 

PC +-$0008 

(B) 

No 

Yes 

Yes 

Interrupt 

Accept 

l/E +-0 
Stack.- (PC) 
Stack+- (CA) 
Stack+- (ST) 

No 

(Timer B Interrupt) 

Figure 8. Interrupt Servicing Flowchart 
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Timer 

The MCU contains a prescaler and a timer/ 
counter {timer B, figure 9) whose functions 
are the same as HMCS404C's. The prescaler is 
an 11-bit binary counter, and timer B is an 8-
bit auto-reload timer/event counter. 

Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
the RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig
nals to timer B. The prescaler divide ratio is 
selected by the timer mode register B {TMB). 

Timer B Operation: The timer mode regis
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT1 as INT1 and 
set the external interrupt mask {IM1) to pre
vent an external interrupt request from oc
curring. 

Timer B is initialized according to the data 
written into the timer load register by soft
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. Then case, if the auto
reload function is selected, timer B is initial
ized to the value of the timer load register. If 
it is not selected, timer B goes to $00. The 

Timer Mode Register B 

TMB 14 bit) 

3 

Timer B MPX 

00 N 

"' "' N '<:t" CO M l!l 
+ + + ·I· + + 

Prescaler { 11 bit) 

00 
g 
N 
·I· 

CPTB 

timer B interrupt request flag {IFTB: $002 bit 
0) will be set at this overflow output. 

Timer Mode Register B (TMB: $009): The 
4-bit write-only timer mode register B {TMB) 
selects the auto-reload function, the prescaler 
divide ratio, and the source of the clock input 
signal, as shown in table 7. The timer mode 
register B is initialized to $0 by MCU reset. 

The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Timer B should be 
initialized by writing data into the timer load 
register after the contents of TMB are chan
ged. Configuration and function of timer 
mode register Bis shown in figure 10. 

Timer B (TCBL: $00A, TCBU: $00B, TLRL: 
$00A, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each has a 
low-order digit {TCBL: $00A, TLRL: $00A) and 
a high-order digit (TCBU: $00B, TLRU: $00B) 
(figure 2). 

The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 

Internal Bus Line (S 1) 

4 

TL (4 bit) 
Timer Latch 

TCB (Bbit) 

Timer/Event Counter 8 

TLR (8 bit) 

Timer Load Register 

4 

4 

4 

Internal Bus Line {52) 

TBOF IFTB 

Interrupt 

Request Flag 

of Timer B 

Figure 9. Timer Block Diagram 
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the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 

Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 

Table 7. Timer Mode Register B 

TMB3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 

0 0 0 .. 2048 

0 0 .. 512 

0 0 128 

0 32 

0 0 .. 8 

0 .. 4 

0 2 

INT1 (External Event Input) 

PMR: $004 

PMR3 PMR2 

(table 8). 

Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B Interrupt mask prevents an 
interrupt request from being generated by 
the timer B interrupt request flag (table 9). 

Table 8. Timer B Interrupt Request Flag 
Timer B Interrupt 
Request Flag 

0 

Interrupt Request 

!\Jo 

Yes 

Table 9. Timer B Interrupt Mask 

Timer B Interrupt Mask Interrupt Request 

0 Enable 

Disable (Mask) 

.__ ___________ R32/INT0 pin mode selection 

'---------------- R33/JNT1 pin mode selection 

TMB: $009 

TMB3 TMB2 TMB1 TMBO 

---------Timer B input clock selection 

'----------------Auto-reload function selection 

Figure 10. Mode Register Configuration and Function 
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Input/Output 

The MCU has 36 I/O pins, 12 standard and 24 
high voltage. One of three circuit types can 
be selected by mask option for each standard 
pin: CMOS, with pull-up MOS, and without 
pull-up MOS (NMOS open drain). One of two 
circuit types can be selected for each high
voltage pin: with pull-down MOS and with
out pull-down MOS (PMOS open drain). Since 
the pull-down MOS is connected to the 
internal Vdisp line, Vrusp must be selected for 
the RA1/Vdisp pin via mask option when at 
least one high-voltage pin is selected as with 
pull-down MOS. See table 10 for I/O pin cir
cuit types. 

When every input/output pin is used as an 
input pin, the mask option and output data 
must be selected as specified in table 11. 

Output Circuit Operation With Pull-Up 
MOS Standard Pins: In the standard pin 
option with pull-up MOS, the circuit shown in 
Figure 11 is used to shorten rise time of out
put. 

When the MCU executes an output instruc
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps PMOS in the on 
state for one-eighth of the instruction cycle 
time. While the write pulse is 0 , a high output 
level is maintained by the pull-up MOS (C). 

When the HL T signal becomes 0 in stop 
mode, MOS (A) (B) (C) turn off. 

D Port: The D port I/O port has 15 discrete 
I/O pins, each of which can be addressed 
independently. It can be set/reset through 
SED/RED and SEDD/REDD instructions, and 
can be tested through TD and TDD instruc
tions. See table 10 as for the classification of 

standard pin, high-voltage pin, and the I/O 
pin circuit types. 

R Ports: The six R ports in the HMCS414 are 
composed of 16 I/0 pins, 4 output-only pins, 
and 1 input-only pin. Data is input through 
LAR and LBR instructions and output 
through LRA and LRB instructions. The MCU 
will not be affected by writing into the input
only and/or non-existing ports, while invalid 
data will be read from the output-only and/or 
non-existing ports. 

The R32 and R33 pins are multiplexed with 
the INTo and INT1 pins respectively. See table 
10 as for the classification of standard pins, 
high-voltage pins and selectable circuit types 
of these I/0 pins. 

Unused 1/0 Pins: If unused I/O pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent the malfunction. 

High-voltage pins: select without pull-up 
MOS (PMOS open drain) via mask option and 
connect to Vee on the printed circuit board. 

Standard pins: Select without pull-up MOS 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 

Reset 

Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy tRc for the oscillator to 
stabilize. In all other cases, at least two 
instructions cycles are required for the MCU 
to be reset. 

Table 12 shows the parts initialized by MCU 
reset, and the status of each. Table 13 shows 
how registers recover from stop mode. 
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Table 10. 1/0 Pin Circuit Types 

II) 
c 
ii: 
"E 1/0 
~Common 

i Pins 
~ 

Without pull-up MOS 

(NMOS open drain) (A) 

_!°<l- HLT 
~Output 

data 

With pull-up MOS 

(Bl 
CMOS (C) 

HLT Input ~LT Input 
data . V cc data 

Vcc~cc Wnte pulse HLT 
HLT 

Output ~utput 
data data 

Table 10. 1/0 Pin Circuit Types (Cont) 

II) 
c 
ii: 
GI 
Cl 

1/0 

Common 

Pins 

:i o Output 
> p· .c ms 
.e> 
:r 

Input 

Pins 

Without pull-down MOS 

(PMOS open drain) (DI 

Vee 

L,..f""J-- H LT 
""---1--0 utput 

data 

Vee 

Input 
data 

~HLT 
~Output 

data 

r-... H LT--;----.,.___ __ Input 
~data 

With pull-down MOS (E) 

Vee 

Input 
data 

VeeL.('1-HLT 

r"\._J- Output 
data 

. 

Vdisp 

Table 10. 1/0 Pin Circuit Types (Cont) 

Without pull-up MOS (NMOS open drain) 
With pull-up MOS (B) 

or CMOS (A or C) 

II) 
c 
ii: 
""Cl Input ~Input ~Input .. 
Ill data data 

""Cl Pins HLT HLT c 
:i 
Cl) 

-
Note: In the stop mode, HLT signal is 0, HLT signal is 1 and 1/0 pins are in high impedance state. 
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Applicable 

pins 

Do -D3 

R3o -R33 

R4o -R43 

Applicable 

pins 

D4-D14 

R1 0 -R1 3 

R2o -R23 

RA 1 

Applicable 

pins 

-

INT0 

-
INT1 
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Table 11. Data Input from Input/Output Common Pins 

1/0 Pin Circuit Type 

Standard Pins 

High Voltage Pins 

Pull-up MOS (C) 

MOS 
Buffer 

A 

B 

c 

Write pulse 

CMOS 

Without pull-up MOS 

(NMOS open drain) 

With pull-up MOS 

Without pull-down MOS 

(PMOS open drain) 

With pull-down MOS 

NMOS(A) 

Input Possible Input Pin State 

No 

Yes 

Yes 

Yes 0 

Yes 0 

~Write pulse 
(Output 

.---t------- instruction) 

On Resistance Value 

HMCS414C, HMCS414AC HMCS414CL 

approx. 250 O approx. 1 kO 

approx. 1 kO approx. 1. 7 kO 

approx. 30 kn to 160 kO approx. 60 kO to 1 MO (Vee = 3 V) 

(Vee= 5 V) approx. 30 kO to 160 kn (Vee = 5 V) 

1 Instruction cycle 

Output instruction execution 

___ ____.n.____ 
Figure 11. Output Circuit Operation of Standard Pins With Pull-Up MOS Option 
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Table 12. Initial Value After MCU Reset 
Initial Value by 

Items MCU Reset Contents 

Program Counter (PC) $0000 Execute program from the top of ROM 

address 

Status (ST) Enable to branch with conditional branch 

instructions 

Stack Pointer (SP) $3FF Stack level is 0 

1/0 Pin Standard Pin (A) Without Pull- Enable input 

Output Register Up MOS 

(B) With Pull-Up Enable input 

MOS 

IC) CMOS 

High Voltage (D) Without Pull- 0 Enable input 

Pin Down MOS 

(E) With Pull- 0 Enable input 

Down MOS 

Interrupt Flag Interrupt Enable Flag (l/E) 0 Inhibit all interrupts 

Interrupt Request Flag (IF) 0 No interrupt request 

Interrupt Mask (IM) Mask interrupt request 

Mode Register Port Mode Register (PMR) 0000 See port mode register 

Timer Mode Register B (TMB) 0000 See timer mode register B 

Timer/Counter Prescaler $000 

Timer/Event Counter B (TCB) $00 

Timer Load Register (TLR) $00 

Table 13. Initial Value after Stop Reset 

Item 
After Recovering from Stop 
Mode by MCU Reset 

After MCU Reset (Non-Stop 
Model 

Carry (CA) The contents of the items before MCU reset are not retained. 

Accumulator 

B Register 

W Register 

X/SPX Registers 

Y /SPY Registers 

RAM 

(A) 

(8) 

(W) 

(X/SPX) 

(Y/SPY) 

It is necessary to initialize them by software. 

The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 

@HITACHI 

The contents of the items before 
MCU reset are not retained. 
It is necessary to initialize them by 
software. 
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Internal Oscillator Circuit 

Figure 12 outlines the internal oscillator cir
cuit. Through mask option, either crystal os
cillator or ceramic filter oscillator can be 
selected as the oscillator type. Refer to table 

Oscillator Divider 

(Selectable circuit 

15 for selection of the type. In addition, see 
figure 13 for the layout of the crystal or 
ceramic filter. In all cases, external clock 
operation is available. Three divide ratios, 1/ 
16, 1/8, and 1/4, are selectable via mask option 
(table 14). 

Timing 
System 

with mask (Mask Option 
generator 
circuit 

clock 

options) Selectable) 

Figure 12. Internal Oscillator Circuit 

Table 14. Internal Oscillation Circuit 
Mask Option 

HMCS HMCS HMCS 
414C 414CL 414AC 

Divider 1 /16 0 

1/8 0 0 

1/4 0 0 

Oscillator Crystal 0 0 0 

Ceramic 0 0 0 

Figure 
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GND 

13. Layout of Crystal 
Ceramic Filter 
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Table 15. Examples of Oscillator Circuits 

External 
Clock 
Operation 

Ceramic 
Filter 
Oscillator 

Crystal 
Oscillator 

Circuit Constants 

Circuit Configuration HMCS414C HMCS414Cl 

Oscillator 

Open OSC2 

c. 

-~ filter 

c, 
GND 

c,.,,,,,r· 
p, 

GND 
AT cut parallel 
resonance crystal 

osc.-c:J~sc, 
Co 

c,., ... ,r· 
j;1, 

GND 
GT cut parallel 
resonance crystal 

osc.-c:J!J--osc,1 

Co 

Ceramic filter Ceramic fi!ter 
CSA 4.00MG CSA 4.00MG 
CSA 2.000MK CSA 2.000MK 
(Murata) (Murata) 

R1: 1 Mn± 20% R1: 1 Mn ± 20% 
c,: 30 pF ± 20% c,: 30 pF ± 20% 
Cz. 30 pF ± 20% C2: 30 pF ± 20% 

R1: 1 Mn ± 20% R1: 1 Mn ± 20% 
C1 . 10-22 pF ± 20% C1: 10-22 pF ± 20% 
C2: 10-22 pF ± 20% C2: 10-22 pF ± 20% 
Crystal: equivalent to Crystal: equivalent to 
circuit shown circuit shown 
C0 : 7 pF max. Ca: 7 pF max. 
Rs: 1 OO n max. Rs: 100 n max. 
f. 1.0-4.5 MHz f: 1.0-4.5 MHz 

R1 : 2 Mn ± 20% 
C1: 1 0-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to 
circuit shown 
Ca: 7 pF max. 
Rs : 1 00 n max. 

f: 1 .0-2.25 MHz 

HMCS414AC 

Ceramic filter 
CSA4.00MG 
(Murata) 
R1 : 1 Mn ± 20% 

c,: 30 pF ± 20% 
C2: 30 pF ± 20% 

R1 : 1 Mn ± 20% 
C1 : 1 0-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to 
circuit shown 
Ca: 7 pF max. 
Rs : 1 00 n max. 

f: 1.0-4.5 MHz 

Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended 
by the crystal or ceramic filter maker. The circuit parameters are changed by crystal, 
ceramic filter resonator, and the floating capacitance in designing the board. In employing 
the resonator, please consult with the engineers of the crystal or ceramic filter maker to 
determine the circuit parameter. 

2. Wiring between OSC1, OSC2, and elements should be as short as possible, and never cross 
the other wires. Refer to the layout of crystal and ceramic filter (figure 13). 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
16). Figure 14 is a mode transition diagram for 
these modes. 

Standby Mode: Executing an SBY instruc-

tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and 1/0 pins retain the 
states they were in just before the MCU went 
into standby mode. 

Table 16. Low Power Dissipation Mode Function 

Low Power Input/ 
Dissipation Oscillator Instruction Register, Interrupt Output Timer/ Recovery 

Mode Instruction Circuit Execution Flag Function RAM Pin Counter Method 

Standby mode SBY Active Stop Retained Active Retained Retained Active RESET 

instruction (Note 3) input, 

interrupt 

request 

Stop mode STOP Stop Stop RESET Stop Retained High Stop RESET 

instruction (Note 1) impedance input 

(Note 2) 

Notes: 1 . The MCU recovers from STOP mode by RESET input. Refer to table 13 for the contents of 
the flags and registers. 

2. A high-voltage pin with a pull-down MOS is tied to the Vdisp power supply through the pull
down MOS. As the pull-down MOS stays on, a pull-down current flows when a difference 
between the pin voltage and the Vdisp voltage exists. This is in addition to the current 
dissipation in stop mode (lstop). 

3. As an 1/0 circuit is active, an 1/0 current may flow, depending on the state of 1/0 pin in 
standby mode. This is in addition to the current dissipation in standby mode. 

Figure 14. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 

Figure 15 shows the flowchart of the standby 
mode. 

SBY 

Oscillator active 

Peripheral clocks 

active 

AH other clocks 

stop 

Yes 

Restart 

processor clocks 

Reset MCU 

No 

IAJ 

Execute 

instruction 

Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 16, reset 
input must be applied at least to tRc for oscil
lation to stabilize. (Refer to AC Characteris
tics table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y /SPY registers, and car
ry may not retain their contents. 

No 

IBJ 

Yes 

Restart 

processor clocks 

Interrupt 

accept 

ICJ 

Figure 15. MCU Operating Flowchart in Standby Mode 
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RAM Addressing Mode 

As shown in figure 17, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: The W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four ROM addressing modes, as 
shown in figure 18. 

Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PCo) with 14-bit 
immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 

J• Stop mode .. , 

When BR is on a page boundary (256n + 255) 
(figure 19), executing a BR instruction trans
fers the PC contents to the next page accord
ing to the hardware architecture. Conse
quently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL instruc
tion is executed, 6-bits of immediate data are 
placed in the low- order six bits of the pro
gram counter (PCs to PCo) and Os are placed 
in the high-order eight bits (PC13 to PC5). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 20). When bit 8 in the ROM 
data is 1, 8 bits of ROM data are written into 
the accumulator and B register. When bit 9 is 
1, 8 bits of ROM data are written into the R1 
and R2 port output register. When both bits 8 
and 9 are 1, ROM data are written into the 
accumulator and B register and also to the R1 
and R2 port output register at the same time. 

The P instruction has no effect on the pro
gram counter. 

Oscillator 11111111111111111111111111111 \\ &ITI11lllllll 111111111111111111111111111111111111111111111111111111111111111 

lnterna~:l:::_~-~1 ----{(iSr--I ---'~ ~ 
STOP instruction execution (more than stabilization time: tRc) 

Figure 16. Timing Chart of Recovering from Stop Mode 
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X Register Y Register 

W1 Wo XJ X2 X1 Xo YJ Y2 Y1 

I I 
RAM Address I AP9 I A Pa! AP1 i AP a I APs I AP• I APJ I AP2 I AP1 I A Po I 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

Opcode 

RAM Address AP9 APa AP7 AP6 AP5 AP• APJ AP2 AP1 APo 

Direct Addressing 

Instruction 

Memory Register Addressing 

Figure 17. RAM Addressing Mode 
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(JMPL) 
(BRL) 
(CALL) 

(TBR) 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PCi2 PC11 PCio PCa PCs PC1 PCs PCs PC4 PC3 PC2 PCi PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 be bs b4 b3 b2 bi bo 

Program Counter PCi3 PCi2 PC11 PCio PCa PCs PC1 PCs PCs PC4 PC3 PC2 PCi PCo 

Current Page Addressing 

(CAL) Opcode 

00000000 

Program Counter PCi3 PCi2 PC11 PCio PC9 PCs PC1 PCs PCs PC• PC3 PC2 PCi PCo 

Zero Page Addressing 

Instruction 

Opcode B Register Accumulator 

A3 A2 Ai Ao 
0 0 

Program Counter PCi3PCi2 PC11 PCio PCa PCs PC1 PCs PCs PC• PC3 PC2 PCi PCo 

Table Data Addressing 

Figure 18. ROM Addressing Mode 
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256(n-1)+255 
--1:::---::-B-::-R-:A-:A-:-A-""12 56n 

AAA NOP 

BR AAA 256n+254 
l---"-B'-'-R-"B'-"B-"-B---l 256n + 2 55 

256(n+1) 

BBB NOP 

Figure 19. BR Instruction Branch Destination on Pages Boundary 

Instruction 

Opcode p3 p2 p1 
B Register Accumulator 

Ao 

Referred ROM Address RA13 RA12 RA11RA10RAs RA8 RA7 RAs RAs RA4 RAJ RA2 RA1 RAo 

Address Designation 

If ROs= 1 

ROM Data ROs 

If ROs=l 

Pattern 

Figure 20. P Instruction 
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Instruction Set 

6. Compare instruction The HMCS414C/CL/ AC provide 98 instruc
tions which are classified into 10 groups as 
follows: 

7. RAM bit manipulation instruction 
8. ROM address instruction 
9. Input/output instruction 

1. Immediate instruction 10. Control instruction 
2. Register-to-register instruction 
3. RAM address instruction 
4. RAM register instruction 

Tables 17-26 list their functions, and table 27 
is an opcode map. 

5. Arithmetic instruction 

Table 17. Immediate Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 1 0 0 0 i3 i2 i, io i - A 1/1 

Load B from Immediate LBI i 0 0 0 0 0 i3 i2 i, io i - B 1/1 

Load Memory from LMID i,d 0 0 0 i3 i2 i, io i - M 2/2 
Immediate ds da d1 de ds d4 d3 d2 d, do 

Load Memory from LMllY i 1 0 1 0 0 1 i3 i2 i, io i-M, Y+1-Y NZ 1/1 
Immediate, Increment Y 

Table 18. Register-to-Register Instructions 
Words/ 

Operation Mnemonic Operatio_n Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B ·A 1/1 

Load B from A LBA 0 0 0 0 0 0 0 A • B 1 /1 

Load A from Y LAY 0 0 0 0 y -·A 1/1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX -•A 1/1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY ~A 1/1 

Load A from MR LAMA m 0 0 1 1 1 m:i "'2 m1 rro MR(m) -·A 1/1 

Exchange MR and A XMRAm 0 1 "'3"'2"'1 ll'Q MR(m) - A 1/1 
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Table 19. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWI i 0 0 0 0 i1 io i ·W 1 /1 

Load X from Immediate LXI i 0 0 0 0 iJ i2 11 io i ·X 1 /1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 i1 io i •Y 1/1 

Load X from A LXA 0 0 0 0 0 0 A •X 1/1 

Load Y from A LYA 0 0 0 0 0 0 A •Y 1/1 

Increment Y IY 0 0 0 0 0 0 Y+1 .y NZ 1/1 
----~---- ---~---------

Decrement Y DY 0 0 0 y~1 .y NB 1/1 

Add A to Y AYY 0 0 0 1 0 1 0 1 0 0 Y+A • y OVF 1 /1 

Subtract A from Y SYY 0 0 0 0 0 0 Y~A .y NB 1 /1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1/1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y -- SPY 1/1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 X-SPX, Y-SPY 1 /1 
and SPY 
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Table 20. RAM Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Memory LAM(XY) 0 0 1 0 0 1 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Load A from Memory LAMD d 0 1 1 0 0 1 0 0 0 0 M-A 2/2 
dg da d1 de d5 d4 dJ d2 d 1 do 

Load B from Memory LBM(XY) 0 0 0 0 0 0 0 y x M-8, (X-SPX, Y-SPY) 1 /1 

Load Memory from A LMA(XY) 0 0 1 0 0 0 y x A-M, (X-SPX, Y·-SPY) 1/1 

Load Memory from A LMAD d 0 0 0 0 0 0 A-M 2/2 
dg da d1 de d5 d4 dJ d2 d 1 do 

Load Memory from A, LMAIY(X) 0 0 0 0 0 0 0 x A-M, Y+ 1-Y IX-SPX) NZ 1/1 
Increment Y 

Load Memory from A, LMADYIX) 0 0 1 0 1 0 0 0 x A-M, Y-1-Y IX-SPX) NB 1 /1 
Decrement Y 

Exchange Memory and A XMA(XY) 0 0 1 0 0 0 0 0 y x M-A, (X-SPX, Y··SPY) 1 /1 

Exchange Memory and A XMAD d 0 0 0 0 0 0 0 0 M-A 2/2 
dg da d7 de d5 d4 d3 d2 d1 do 

Exchange Memory and B XMB(XY) 0 0 1 1 0 0 0 0 y x M-8, (X-SPX. Y-SPY) 1 /1 

Note: IXY)and (X) have the following meaning: 
( 1 )The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 

LAM (XY) is given, below). 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X - SPX 

LAMY 0 Y - SPY 

LAMXY X-SPX, Y-SPY 

(2)The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 

Mnemonic x Function 

LMAIY 0 

LMAIYX X- SPX 
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Table 21. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMO d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n: Logical AND 
u : Logical OR 
G : Exclusive OR 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

0 

0 0 0 0 0 0 0 B+1 - B 

0 0 0 0 B-1 - B 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 A+1 -A 

0 0 000000 B-B 

0 0 1 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 1 ~CA 

0 0 0 0 0 0 -·CA 

0 0 0 0 

0 0 0 0 0 0 0 0 0 M+A -·A 

0 0 0 0 0 1 1 0 0 0 M+A+CA - A 
OVF-•CA 

0 1 0 0 0 1 1 0 0 0 M+A+CA-A 

dg da d1 ds d5 d4 d3 d2 d, do OVF -CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA-A 
NB--CA 

0 1 1 0 0 1 1 0 0 0 M-A-CA •A 

dg da d1 ds d5 d4 d3 d2 d, do NB--CA 

0 0 0 0 0 0 0 AUB--A 

0 0 0 0 0 0 AnM-A 

0 0 0 0 0 0 0 0 AUM--A 

0 1 0 0 0 0 0 0 AU M •A 

0 0 0 0 0 0 0 A (f) M -A 

@HITACHI 

Words/ 

Status Cycles 

OVF 1 /1 

NZ 1 /1 

NB 1/1 

1 /1 

1/1 

1/1 

1/1 

1 /1 

1/1 

1/1 

1 /1 

CA 1/1 

OVF 1/1 

OVF 2/2 

OVF 1 /1 

OVF 2/2 

NB 1 /1 

NB 2/2 

1/1 

NZ 1 /1 

NZ 2/2 

NZ 1/1 

NZ 2/2 

NZ 1/1 

NZ 2/2 
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Table 22. Compare Instructions 

Operation 

Immediate Not Equal 
to Memory 

Immediate Not Equal 
to Memory 

A Not Equal to Memory 

A Not Equal to Memory 

B Not Equal to Memory 

Y Not Equal to Immediate 

Immediate Less or Equal 
to Memory 

Mnemonic Operation Code Function 

INEM i 0 0 0 0 1 0 iJ i2 ii io i * M 

INEMO i,d 0 1 0 0 1 0 iJ i2 ii io i * M 
dg ds d1 ds ds d4 dJ d2 di do 

ANEM 0 0 0 0 0 0 0 1 0 0 A * M 

AMEMO d 0 1 0 0 0 0 0 1 0 0 A * M 
ds ds d1 ds ds d4 dJ d2 di do 

BNEM 0 0 0 0 0 0 0 0 B*M 

YNEI i 0 0 0 y * i 

ILEM i 0 0 0 0 i ~ M 

Immediate Less or Equal ILEMO i,d 0 1 0 0 1 1 iJ i2 ii io i ::> M 
to Memory ds ds d1 ds ds d4 dJ d2 di do 

A Less or Equal to Memory ALEM 0000010100 A~M 

A Less or Equal to Memory ALEMO d 0100010100 A~M 

ds ds d1 de ds d4 dJ d2 di do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B~M 

A Less or Equal to Immediate ALEI i 0 0 A~ i 

Table 23. RAM Bit Manipulation Instructions 

Operation Mnemonic Operation Code Function 

Set Memory Bit SEM n 0 0 0000 nino - M(n) 

Set Memory Bit SEMO n,d O O O O O ni no - M(n) 
ds ds d1 ds ds d4 dJ d2 di do 

Reset Memory Bit REM n 0 0 1 0 0 0 1 0 ni no 0 -M(n) 

Reset Memory Bit REMO n,d 0 1 1 O O O 1 O ni no O - M(n) 
ds ds d1 ds d5 d4 d3 d2 di do 

Words/ 

Sta- Cycles 

NZ 1/1 

NZ 2/2 

NZ 1/1 

NZ 2/2 

NZ 1/1 

NZ 1/1 

NB 1/1 

NB 2/2 

NB 1/1 

NB 2/2 

NB 1/1 

NB 1/1 

Words/ 

Sta- Cycles 

1/1 

2/2 

1/1 

2/2 

Test Memory Bit TMn O O 1 O O O 1 1 ni no M(n) 1/1 

Test Memory Bit TMD n,d O 1 1 O O O 1 1 ni no M(n) 2/2 
ds ds d1 ds ds d4 dJ d2 di do 
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Table 24. ROM Address Instructions 

Operation Mnemonic Operation Code 

Branch on Status 1 BR b 

Long Branch on Status 1 BRL u 

Long Jump Unconditionally JMPL u 

Subroutine Jump on Status 1 CAL a 

Long Subroutine Jump on 
Status 1 

Table Branch 

Return from Subroutine 

Return from Interrupt 

CALLu 

TBR p 

RTN 

RTNI 

0 0 1 1 1 P3 P2 P1 Po 
ds ds d1 de ds d4 dJ d2 d1 do 

0 1 0 1 0 1 P3 P2 Pl Po 
ds ds d1 ds ds d4 dJ d2 d1 do 

0 

0 0 1 0 P;; P2 P1 Po 
ds ds d1 ds ds d4 dJ d2 d1 do 

0 0 0 P3 P2 P1 PO 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

Table 25. Input/Output Instructions 

Operation Mnemonic Operation Code 

Set Discrete 1/0 Latch SEO 0 0 0 0 1 0 0 

Set Discrete 1/0 Latch Direc SEDD m 0 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 

Reset Discrete 1/0 Latch Direct REDD m 0 0 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 

Test Discrete 1/0 Latch Direct TDD m 0 0 

Load A from R Port Register LAR m 0 0 

Load B from R Port Register LB R m 0 0 

Load R Port Register from A LRA m 0 

Load R Port Register from B LRB m 0 

Pattern Generation Pp 0 0 1 P3 P2 P1 Po 

Table 26. Control Instructions 

Operation Mnemonic Operation Code 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 

Standby Mode SBY 0 0 0 0 0 0 

Stop Mode STOP 0 0 0 0 0 

Worda/ 
Function Status Cyclell 

1/1 

2/2 

2/2 

1/2 

2/2 

1/1 

1/3 

1 -1/E ST 1/3 
CA Restore 

Words/ 
Function Status Cycles 

- D(Y) 1/1 

- D(m) 1/1 

0 - D(Y) 1/1 

0 -· D(m) 1/1 

D(Y) 1/1 

D(m) 1 /1 

R(m) -A 1/1 

R(m) - B 1/1 

A - R(m) 1/1 

B - R(m) 1/1 

1/2 

Words/ 
Function Status Cycles 

1/1 

1/1 

1/1 

Note: HMCS414 has no serial interface, so STS (start serial) operates the same as NOP. 
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Table 27. Opcode Map 

I\] RB D 

1 RTNRTNILfLEM ------- fMC ~ ~M ~ 
2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBMIXY) jBNEM ------- LAB ------- IB ~ co•1~ OR SBYT~ 
JMPL p(4) 

6 r~ -------- RED -------~ ------ TC 
CALL p(4) 

0 7 YNEI il4) BRL p(4) 

8 XMA(XY) SEM n(2) REM n(2) TM n(2) M~ SEMD n(2)I REMD n(2)I TMD n(2) 

9 LAMIXY) LMA(XY) MC ------~M ~ lPM1 ~~------- ANMD -----

A ~~T ------- fAt------fA~ ------- LAY LMID i(4) 

B TBR p(4) P p(4) 

C XMB(XY) BLEM ------- LBA ------ DB 

----- -----------< 

D LMADY(Xl~SYY ------- LYA ---------· DY 

E TD ------- SEO ~ LXA ~ REC~ SEC 

CAL a(6) 

F LWI i(2) 

LBI il41 

LYI i(4) 

LXI i(4) 

LAI i(4) 

LBR ml41 

LAR m(4) 

REDD ml4) 

LAMR ml4) BR b(8) 

Al il4) 

LMllY il4) 

A TDD ml4) 

B ALEI i(4) 

c LRB m(4) 

LRA m(4) 

SEDD m(4) 

XMRA ml4) 
lfl-
c::::J· ·1-word/2-cycle c::::::::::l ··1-word/3-cycle C:::J ··RAM Direct Address CJ·· 2-word/2-cycle 

Instruction Instruction Instruction Instruction 

(2-word/2-cyclel 
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Absolute Maximum Ratings 

Item Symbol Value Unit Note 

Supply Voltage Vee - 0.3 to+ 7.0 v 

Terminal Voltage Vr - 0.3 to Vee + 0.3 v 3 

Vee - 45 to Vee + 0.3 v 4 

Total Allowance of Input Current I lo 25 mA 5 

Maximum Input Current lo 15 mA 7, 8 

Maximum Output Current - lo 4 (2) mA 9, 10, 13 

6 (3) mA 9,11,13 

30 (15) mA 9, 12, 13 

Total Allowance of Output Current - I lo 85 (100) mA 6, 13 

Operating Temperature Topr - 20 to+ 75 ·c 

Storage Temperature T,,9 - 55 to + 125 ·c 

Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera-
tion should be under the conditions of Electrical Characteristics. If these conditions are 
exceedP.d, it may cause a malfunction or affect the reliability of LSI. 

2. All voltages are with respect to GND. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input currents which flow in from all 

1/0 pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output currents which flow out 

from Vee to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
8. Do-DJ, R3 and R4. 
9. Maximum output current is the maximum amount of output current from Vee to each 1/0 

pin. 
10. Do-DJ, R3 and R4. 
11. RO-R2. 
12. D4-D15. 
13. - I lo = 100 mA if -lois equal to or less than 2 mA, 3 mA, or 15 mA. 
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Electrical Characteristics 

DC Characteristics 

(GND = 0 V, Vdup = Vee - 40 V to Vee, Ta = -20°C to+ 75°C, 
HMCS414C: Vee = 3.5 V to 6 V, 
HMCS414CL: Vee = 2.5 V to 6 V, 
HMCS414AC: Vee = 4.5 V to 6 V) 

Item Symbol Pin Min Max Unit Test Condition Note 

Input High V1H RESET, 0.8 Vee Vee+ 0.3 v 
Voltage R32/INT0, 

R33/INT1 

osc, Vee - 0.5 Vee+ 0.3 v HMCS414C/AC 

Vee - 0.3 Vee+ 0.3 v HMCS414CL 

Input Low V1L RESET, -0.3 0.2 Vee v 
Voltage R32/INT0, 

R33/INT1 

osc, -0.3 0.5 v HMCS414C/AC 

-0.3 0.3 v HMCS414CL 

Input/Output 11 nJ RESET, µA Vin = 0 V to Vee 
Leakage R32/INT0, 
Current R33/INT1, 

osc, 

Current Ice Vee 1.8 mA HMCS414C; Vee= 5 V; 2,5 
Dissipation in fosc = 4 MHz, + 8, or 
Active Mode fosc = 2 MHz, + 4 

0.8 mA HMCS414CL; Vee= 3 V; 2,5 

f05c = 4 MHz, + 16, or 
fosc = 2 MHz, + 8 

3.0 mA HMCS414AC; Vee= 5 V; 2,5 

fosc = 4 MHz, + 4 

Current lssv Yee 1.0 mA HMCS414C; Vee= 5 V; 3,5 
Dissipation in fosc = 4 MHz, + 8, or 
Standby Mode fosc = 2 MHz, + 4 

0.5 mA HMCS414CL; Vee= 3V; 3,5 

fosc = 4 MHz,+ 16, or 
f05~= 2 MHz, + 8 

1 .4 mA HMCS414AC; Vee= 5 V; 3,5 

fosc = 4 MHz, + 4 

Current I stop Vee 10 µA VinlTEST) =Vee - 0.3 V to 4 
Dissipation in Vee: Vee. V;nlRESET) = 
Stop Mode 0 V to 3 V 

Stop Mode Vstop Vee 2 v 
Retain Voltage 

Notes: 1. Excluding pull-up MOS current and output buffer current. 
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Notes: 2. The MCU is in the reset state. Input/output current does not flow. 
• MCU in reset state, operation mode 
• RESET, TEST: Vee 
• Do-DJ, R3, R4: Vee 
• D4-D14, RO-R2, RA1: Vdisp 

3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
·RESET: GND 
·TEST: Vee 
• Do-D3, R3, R4: Vee 
• D4-D14, RO-R2, RA1: Vdisp 

4. Excluding pull-down MOS current. 
5. When fosc = x MHz, estimate the current dissipation as follows: 

HMCS414C/AC; Max value@ x MHz= x/4 x (max value@ 4 MHz) 
HMCS414CL; Max value@ x MHz= x/2 x (max value@ 2 MHz) 

Input/Output Characteristics for Standard Pins 

(GND = 0 V, Vd11p =Vee - 40 V to Vee, Ta = -20'C to +75'C, 
HMCS414C: Vee = 3.5 V to 6 V, 
HMCS414CL: Vee = 2.5 V to 6 V, 
HMCS414AC: Vee = 4.5 V to 6 V) 

Item Symbol Pin Min Typ Max Unit Test Conditions 

Input High VtH Do-D3, 0.7 Vee Vee+ 0.3 v 
Voltage R3o. R31, 

R4 

Input Low V1L Do-D3, -0.3 0.3Vee v 
Voltage R3o, R31. 

R4 

Output High VoH Do-D3, Vee - 1.0 v HMCS414C/AC; 
Voltage R3o. R31. - loH = 1.0 mA 

R4 

Do-D3, Vee - 0.5 v HMCS414C/AC; 
R3o. R31. - loH = 0.5 mA 
R4 HMCS414CL; - loH = 0.3 mA 

Output Low Vol Do-D3, 0.4 v HMCS414C/AC; loL = 1.6 mA 
Voltage R3o, R31, HMCS414CL; loH = 0.4 mA 

R4 

Input/Output ll11J Do-D3, µA V;n = 0 V to Vee 
Leakage Current R3o, R31, 

R4 

Pull-Up MOS -Ip Do-D3, 30 60 150 µA Vee = 5 V, V;n = 0 V 
Current R3o, R31. 

R4 

Do-D3, 3 15 50 µA HMCS414CL only; 
R3o, R31, Vee = 3 V, Vin = 0 V 
R4 

Notes: 1. 1/0 pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. 1/0 pins with pull-up MOS selected by mask option . 

• HITACHI 

Note 

2 

3 

3 
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Input/Output Characteristics for High-Voltage Pins 

(GND = 0 V, Vd1sp =Vee - 40 V to Vee, Ta= 
HMCS414C: Vee = 3.5 V to 6 V, 
HMCS414CL: Vee = 2.5 V to 6 V, 
HMCS414AC: Vee =. 4.5 V to 6 V) 

-20°C to +75°C, 
/ 

Item Symbol Pin Min Typ Max Unit Test Conditions 

Input High 
Voltage 

Input Low 
Voltage 

Output High 
Voltage 

V1L 

D4-D14, 0. 7 Vee 
R1, R2, 
RA1 

D4-D14, Vee - 40 
R1, R2, 
RA1 

Vee - 3.0 

Vee - 2.0 

Vee - 1.0 

Vee+ 0.3 V 

0.3 Vee V 

v 

v 

v 

- loH=15 mA, 
HMCS414C/CL; 
Vee= 5 V ± 20% 
HMCS414AC; 
Vee = 4.5 to 6 V 

- loH=10 mA, 
HMCS414C/CL; 
Vee= 5 v ± 20% 
HMCS414AC; 
Vee=4.5 to 6 v 
HMCS414C/AC; 
- loH= 4 mA 
HMCS414CL; 
- loH = 2.5 mA 

Note 

~~~~~~~~~~~~~~~~~~ -~~~~~~~~ 

Output Low 
Voltage 

Input/Output 
Leakage 
Current 

Pull-Down MOS 
Current 

Vol 

lluJ 

RO-R2 

D4-D14, 
RO-R2, 
RA1 

Vee - 3.0 

Vee - 2.0 

Vee - 1 .o 

D4-D1 4, 125 
RO-R2, 
RA1 

v 

v 

v 

Vee - 37 v 

Vee 37 v 

20 µA 

250 600 µA 

Notes: 1 . 1/0 pins with pull-down MOS selected by mask option. 

- loH = 3 mA, 
HMCS414C/CL; 
Vee= 5 v ± 20% 
HMCS414AC; 
Vee=4.5 to 6 V 

- loH = 2 mA. 
HMCS414C/CL; 
Vee= 5 v ± 20% 
HMCS414AC; 
Vee=4.5 to 6 V 

HMCS414C/AC; 
- loH = 0.8 mA 
HMCS414CL; 
- loH = 0.5 mA 

Vdisp = Vee - 40 V 

1 50kn to Vee - 40V 

V;n = Vee - 40 V to Vee 

Vdisp =Vee - 35 V, 
V;n =Vee 

2. 1/0 pins without pull-down MOS (PMOS open drain) selected by mask option. 
3. Pull-down MOS current and output buffer current are excluded. 
4. 1/0 pins with pull-down MOS selected by mask option. 
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AC Characteristics 

(GND = 0 V, Vd1op =Vee - 40 V to Vee, Ta = -20°C to +75°C, 
HMCS414C: Vee = 306 V to 6 V, 
HMCS414CL: Vee = 206 V to 6 V, 
HMCS414AC: Vee = 406 V to 6 V) 

Test 
Item Symbol Pin Min Typ Mex Unit Conditions Note 

Oscillation Frequency fosc OSC1, OSC2 0.4 4 4.5 MHz HMCS414C; 
divide by 8 

0.2 2 2.25 MHz HMCS414C; 
divide by 4 

0.8 4 4.5 MHz HMCS414CL; 
divide by 16 

0.4 2 2.25 MHz HMCS414CL; 
divide by 8 

0.2 4 4.5 MHz HMCS414AC; 
divide by 4 

Instruction Cycle tcyc 1.78 2 20 µS HMCS414C 
Time 

3.55 4 20 µS HMCS414CL 

0.89 20 µS HMCS414AC 

Oscillator Stabiliza- tRC OSC1, OSC2 20 ms HMCS414C/ AC 
tion Time 

60 ms HMCS414CL 

External Clock ICPH, osc, 92 ns HMCS414C; 2 
High, Low tcPL divide by 8 
Level Width HMCS414CL; 

divide by 16 
HMCS414AC; 
divide by 4 

203 ns HMCS414C; 2 
divide by 4 
HMCS414CL; 
divide by 8 

(continued) 
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AC Characteristics (Cont) 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

External Clock Rise tcPr osc, 20 ns 2 
Time. 

External Clock Fall tcpf osc, 20 ns 2 
Time 

INTn Hiah Level t1nM INTn 2 tcvc 3 
Width 

INTo Low Level t10L INTo 2 tcyc 3 
Width 

INT1 High Level l11H INT1 2 1cyc 3 
Width 

INT1 Low Level t11 L INT1 2 1cyc 3 
Width 

RESET High Level tRSTH RESET 2 1cyc 4 
Width 

Input Capacitance Cin All pins 15 pF 1=1 MHz, 
V;n = 0 V 

RESET Fall Time lRSTf 20 ms HMCS414C/AC 4 

15 ms HMCS414CL 4 

Notes: 1 . Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches its 
minimum allowable voltage (HMCS414C; 3.5 V, HMCS414CL; 2.5 V, HMCS414AC; 
4.5 V) after power-on, or after RESET goes high. At power-on or stop mode release, 
RESET must be kept high for at least tRc. Since tRc depends on the crystal or ceramic filter's 
circuit constant and stray capacitance, please get the manufacturer's advice when design
ing the RESET circuit. (See figure 21.) 

2. See figure 22. 
3. See figure 23. 
4. See figure 24. 
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GND 

Crystal: 4.194304MHz 
NC-18C (Nihon Denpa Kogyo) 
Rt= 1 [Mn] ± 20%, 
C1 = C, = 22 [pF] ± 20% 

GND 

Crystal: 2.097152MHz 
DS-MGQ 308 (Seiko) 
Rf= 1 Mn ± 20%, Rd= 2.2kn ± 20% 
C1 = C, = 10pF ± 20% 

HMCS414C/AC 

HMCS414Cl 

GND 

c, 
~--.... osc, 

armicc::I 

osc, c, ....._ ____ _ 

Ceramic filter: CSA4.00 MG (Murata) 
Rt= 1 [Mn] ± 20%, 

C, = C, = 30 [pF] ± 20% 

GND 

c, 
ai----.-+-lmic DSC, 

er c:::i 

osc, c, ....._ ____ _ 

Ceramic filter: CSA 2.000MK (Murata) 
Rt= 1 [Mn] ± 20%, 
C1 = C, = 30 [pF] ± 20% 

Figure 21. Oscillation Circuit 

HMCS414C/AC 

Vcc-0.5V 

OSC1 \__ 
tcPr tcPf 

HMCS414CL 

OSC1 

Figure 22. Oscillator Timing 
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Figure 23. Interrupt Timing 

RESET 
tRSTH 

tRSTf 

Figure 24. Reset Timing 
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HMCS414C/CL/ AC 
Mask Option List 

• Please enter check marks in D 
1•. x, v). 

5V Operation: 0 HMCS414C 

3V Operation: [J HMCS414CL 

High Speed Operation: [] HMCS414AC 

I 1) 1/0 Option 

Please enter 0 in applicable item to select 1/0 option. 

Date of Order 

Customer 

Dept. 

Name 

ROM Code Name 

LSI Type Number 
I Hitachi's entry) 

A: Without Pull-up MOS (NMOS Open Drain) B: With Pull-up MOS 
C: CMOS (cannot be used as input) 
D: Without Pull-down MOS (PMOS Open Drain) E: With Pull-down MOS 

-· 

Note: 1/0 options masked by IZI are not available. 

1/0 Option 1/0 Option 
Pin Input/Output Pin Input/Output 

A B c D A B c D 

Do 
"' 

Input/Output ROo Output 
c 

01 
a: 

Input/Output R01 Output 
::'. 
"' RO 

02 'C Input/Output R02 Output c 
l!l 
(/) 

03 Input/Output A03 Output 

Input/Output "' Input/Output 04 R1o c 
a: 
Q) 

Input/Output Ds A11 Cl Input/Output 
l!l 

R1 0 
Ds Input/Output A12 > Input/Output 

.c 
Cl 

07 
"' 

Input/Output A13 £ Input/Output 
c 

Ds 
a: 
Q) Input/Output A2o Input/Output 
Cl 

Ds 
l!l 

Input/Output A21 Input/Output 0 
> R2 .c 

010 Cl Input/Output A22 Input/Output 
£ 

011 Input/Output R23 Input/Output 

012 Input/Output R3o Input/Output 

013 Input/Output R31 Input/Output 
R3 

014 Input/Output R32 
"' 

Input/Output 
c 

A33 
a: Input/Output 
'C «; 

A4o 'C Input/Output c 
"' U5 

Input/Output R41 
R4 

R42 Input/Output 

A43 Input/Output 

~ Please Mark 
RA RA1 

,, Input Q>Or;: as RA1 /Vdrsp I>• 
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(2) RA1/Vdisp 

Please check I•, X, v) applicable item. 

RA1/Vdisp 

D RA1: Without Pull-down MOS (D) 

D vdisp 

i..iui.t:. RA11''v'd1sp hos tu be :;~k~c::~d ~~ Vuisµ ~:r: 
exept the case that all high pins are 
option D. 

(3) Divider (Div) 

Please check !•, X, ,,;) applicable item. 

Divider 
HMCS414C HMCS414CL HMCS414AC 

16 

8 

4 

(4) ROM Code Media 

Please check !•. X, ,,;) applicable item. 

ROM Code Media 

D EPROM: Emulator Type 

D EPROM: EPROM On-Package Microcom-

puter Type 

(5) Oscillator (CPG option) 

Please check I•. X, v) applicable item. 

CPG D HMCS 414C D HMCS414CL 

option (5V Operation) (3V Operation) 

D Ceramic Filter D Ceramic Filter 

D Crystal D Crystal 

D External Clock D External Clock 

~HITACHI 

D HMCS414AC 

(High Speed Operation) 

D Ceramic Filter 

D Crystal 

D External Clock 

468 Hitachi America ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HMCS424C/HMCS424CL/
HMCS424AC 
( H 0404240/H D40L4240/H D40A4240) 

Description 
The HMCS424C/CL/ AC are CMOS 4-bit 
single-chip microcomputers in the HMCS400 
series. Each device incorporates ROM, RAM, 
I/O, serial interface, and 2 timer/counters, 
and contain high-voltage I/O pins including 
high-current output pins to drive a fluores
cent display directly. 

Features 

• 4-bit architecture 
• 4096 words of 10-bit ROM 
• 256 digits of 4-bit RAM 
• 36 I/O pins, including 24 high-voltage I/O 

pins (40 V max) 
• 2 timer/counters 

-11-bit prescaler 
-8-bit free running timer/counter 
-8-bit auto-reload timer/event counter 

• Clock synchronous 8-bit serial interface 
• Five interrupt sources 

-External: 2 
-Timer/counter: 2 
-Serial interface: 1 

• Subroutine stack 
-Up to 16 levels including interrupts 

• Minimum instruction execution time 
-0.89 µs: HMCS424AC 
-1.78 µs: HMCS424C 
-3.55 µs: HMCS424CL 

• Low power dissipation modes 
-Standby: Stops instruction execution 

while allowing clock oscillation and 
interrupt functions to operate 

-Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 

• On-chip oscillator 
-Crystal or ceramic filter 
-External clock input 

• Package 
-Standard 42-pin dual in-line plastic 

package 
-42-pin shrink dual in-line plastic pack

age 
-44-pin flat plastic package 

• Instruction set compatible with 
HMCS408; 99 instructions 

• High programming efficiency with 10-bit/ 
word ROM: 79 single-word instructions 

• Direct branch to all RAM areas 
• Direct or indirect addressing of all RAM 

areas 

• Subroutine nesting up to 16 levels includ-
ing interrupts 

• Binary and BCD arithmetic operations 
• Powerful logical arithmetic operations 
• Pattern generation-table lookup capabil

ity 
• Bit manipulation for both RAM and I/0 

Program Development Support 'I'ools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 
HD40P4281 with the following fixed 
options: 
-1/0 pin: open drain 
-Oscillator: crystal or ceramic filter oscil-

lator (externally drivable) 
-Divider: Divided by 8 
-Package: 

Standard 42-pin dual in-line ceramic 
package 

Type of Products 

Item HMCS424C HMCS424Cl HMCS424AC 

Product 
Name 

HD404240 HD40L4240 HD40A4240 

Power Supply 3. 5 to 6 
(V) 

Typical 
Instruction 
Cycle Time (µs) 

2 

2.5 to 6 4.5 to 6 

4 
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Pin Arrangement 

10 
2 
3 
4 
5 
6 
7 

8 
e OA 

R11 10 
Rh 11 
Rh 12 31 
R2o 13 
R21 14 
R22 15 
R2J 16 
R3o 17 
R31 18 

R32ilNTo 19 
R33/INT1 20 

Vee 

(DP-42, DP-425) 

(Top View) 

Block Diagram 

A4o/R41/R42/ 
SCi<SI SO 

D11 
D10 
D. 
De 
D1 RO, 
Ds 
D5 

RO, 

D4 
D2 
D2 

R1, 

D1 
Do 
GND 
OSC2 
OSC1 
TEST 
RESET 
R4J 
R42/SO 
R41/SI 
R4o/SCK 

Timer Timer External 

A Interrupt 

Interrupt Control 

RAM 256 x 4 bit 

@HITACHI 

~ 
l 
~ c c c c c 0 0 0 0 

NC 

o, 
o, 
o, 

'" o, 
o, 
GND 

osc, 
osc, 
TEST 

2 .; 1>2 ~ J~ g; $ .. l;i u 
"' z >- .. tr ~ 

z 
'i. 
"'"' i "' "' "'"' NC: No Conection 

(FP-44A) 

(Top View) 

RESETTESTOSC, osc, Tr~D------~ 

SP 

System Control 

Instruction 
Decoder 

r· - - --

ROM 

4096 x 10bit 

tE1~~-~~~~~-0!.?!2!.~~2~~Jo) 02 o, De 

r--, 
L __ .J High voltage pins 
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Pin Description 

GND, Vee. Vdisp (Power) 

GND, Vee and Vctisp are the power supply pins 
for the MCU. Connect GND to the ground (0 
V) and apply the Vee power supply voltage to 
the Vee pin. The Vctisp pin (multiplexed with 
RA1) is a power supply for high-voltage I/O 
pins with maximum voltage of 40 V (Vcc-40 
V). For details, see Input/Output section. 

TEST (Test) 

TEST is for test purposes only. Connect it to 
Vee· 

RESET (Reset) 

RESET resets the MCU. For details, see Reset 
section. 

OSCi. OSC2 (Oscillator Connections) 

OSC1 and OSC2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 

Do-D14 (D Port) 

The D port is an input/output port addressed 
by the bit. These 16 pins are all input/output 
pins. D0 to D3 are standard and D4 to D14 are 

high-voltage pins. The circuit type for each 
pin can be selected using a mask option. For 
details, see Input/Output section. 

R00-R03, Rlo-Rh R2o-R23, R3o-R33, 
R40 -R43, RA1 (R Ports) 

RO to R4 are 4-bit ports. RA is a 1-bit port. RO 
is an output port, RA is an input port, and Rl 
to R4 are I/O ports. RO, Rl, R2, and RA are 
high-voltage ports, and R3 and R4 are stan
dard ports. Each pin has a mask option which 
selects its circuit type. The pins R3 2 , R3 3 , R40 , 

R4i, and R42 are multiplexed with INTa. INT!o 
SCK, SI, and SO respectively. For details, see 
Input/ Output section. 

INT0, INT1 (Interrupts) 

INT0 and INT1 are external interrupts for the 
MCU. INT1 can be used as an external event 
input pin for timer B. INT0 and INT1 are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 

SCK, SI, SO 

The transfer clock I/0 pin (SCK), serial data 
input pin (SI), and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with R40 , R41, and R4 2 

respectively. For details, see Serial Interface. 
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Functional Description 

ROM Memory Map 

The MCU includes 4,096 words x 10 bits of 
ROM. ROM is described in the following par
agraphs and the ROM memory map (figure 1). 

Vector Address Area ($0000 to $000F): 
Locations $0000 through $000F can be used 
for JMPL instructions to branch to the start
i~g <>nnr"'"'"' of the initialization proqram and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F can 
be used for subroutines. CAL instructions 
branch to subroutines. 

Pattern Area ($0000 to $0FFF): Locations 
$0000 through $0FFF can be used for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 

Program Area ($0000 to $0FFF): Loca
tions from $0000 to $0FFF c;;an be used for 
program code. 

0 

15 
16 

63 
64 

4095 
4096 

16383 

I 

Vector Address 

Zero-Page Subroutine 
(64Words) 

Program 
Pattern 

(4,096 Words) 

Not Used 

$0000 

$000F 
$0010 

\ 
$003F 
$0040 

\ 

$0FFF 
$1000 

$3FFF 

RAM Memory Map 

The MCU includes 256 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are also mapped on the RAM 
memory space. The RAM memory map (figure 
2) is described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area {figure 3) is 
used for interrupt controls. It is accessable 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($004 to 
$00B): The special function registers are the 
mode or data registers for the external inter
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
cannot be accessed by RAM bit manipulation 
instructions. 

Data Area ($020 to $0DF): 16 digits of $020 
through $02F are called memory registers 

0 JMPL Instruction 
1 (Jump to RESET Routine) 

2 JMPL Instruction 
3 (Jump to INTo Routine) 

4 JMPL Instruction 
5 (Jump to INT1 Routine) 

6 JMPL lrtStruction 
71- (Jump to Timer A Routine) 

8.._ JMPL Instruction 
9 (Jump to Timer B Routine) 

10 
11 

12 JMPL Instruction 
13 t- (Jump to SERIAL Routine) 

14 
15 

-

-

-

-

-

....., 

$0000 
$0001 

$0002 
$0003 

$0004 
$0005 

$0006 
$0007 

$0008 
$0009 

$000A 
$0008 

$000C 
$0000 

$000E 
$000F 

Figure 1. ROM Memory Map 

~HITACHI 
472 Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HMCS424C /HMCS424CL/HMCS424AC 

0 

31 
32 

7 4 
48 

RAM-Mapped Registers 

Memory Registers (MRI 

------------------

Data 

( 1 92 Digits) 

$000 

$01F 
$020 

\ 
$02F 
$030 

0 

1 
Interrupt Control Bits 

2 

3 

' 4 Port Mode Register (PMR) I w 
5 Serial Mode Register (SMR) 

' 
w 

6 Serial Data Register Lower (SRL) :R/W 

7 Serial Data Register Upper (SRU) :R/W 

8 Timer Mode Register A (TMA) w 
9 Timer Mode Register B (TMBJ! w 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$00A 

$00B 

$00C 

223 
224 

959 
960 

1023 

Not Used 

Stack 

(64 Digits) 

R: Read Only 

W: Write Only 

R/W: Read/Write 

bit 3 

IMO 
0 -

(JM of INT0 ) 

IMTA 

(JM of Timer A) 

2 Not Used 

3 Not Used 

IF: Interrupt Request Flag 

lM: Interrupt Mask 

l/E: Interrupt Enable Flag 

SP: Stack Pointer 

10 

11 

$0DF 10f- Timer B * 
(TCBL/TLR~~ 

$0FO 

\' (TCBU/TLRUJ! R/W 

2 

$3BF Not Used 
$3CO 

31 $01F 

$3FF 

*Two registers are mapped on same address. 

Timer/Event Counter B Lower: 
R 

Timer Load Reg. Lower w 
(TCBL) (TLRL) 

$00A 
: 

Timer/Event Counter B Upper; 
R 

Timer Load R9g. Upper w 
(TCBU) (TLRU) 

$008 

Figure 2. RAM Memory Map 

bit 2 bit 1 bit 0 

IFO RSP l/E 

(IF of fNT0 I (Reset SP Bit) (Interrupt Enable Flag) 
$000 

IFTA IM1 IF1 

(IF of Timer A) 
- -

(JM of INT1 I (IF of INT1 I 
$001 

IMTB IFTB 
Not Used 

(JM of Timer B) (IF of Timer B) 
$002 

IMS IFS 
Not Used 

(JM of Serial) (IF of Serial) 
$003 

Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMO instruction, and 

is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 

affected by the SEM/SEMD instruction. 

The content of status becomes invalid when "Not Used" bit and ASP bit are tested by a TM or TMD instruction. 

Figure 3. Configuration of Interrupt Control Bit Area 
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(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su
broutine call (CAL-instruction, CALL
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 

Registers and Flags 

The MCU has nine registers and two flags for 
the CPU operations (figure 5). 

Accumulator (A), B Register (B): The 4-bit 
accumulator and B reqister hold the results of 
the arithmetic logic ~nit (ALU), and transfer 
data to/from memories, I/O, and other regis
ters. 

W Register (W), X Register (X), Y Regis
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. The W regis-

Memory Registers Stack Area 

32 MR(O) $020 960 Level 16 $3CO 

33 MR(1) $021 Level 15 

34 MR(2) $022 Level 14 

35 MR(3) $023 Level 13 

36 MR(4) $024 Level 12 

37 MR(5) $025 Level 11 

38 MR(6) $026 Level 10 

39 MR(7) $027 Level 9 

40 MR(8) $028 Level 8 

ter is write-only register. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist the X and Y registers respectively. 

Carry (CA): The carry (CA) stores the over
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL, and ROTR instructions. 

During interrupt servicing, carry is pushed 
onto tne stack. it is resturt:H.i Uy a ~T~.JI 

instruction, but not by a RTN instruction. 

Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after a BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic
ing, status is pushed onto the stack and res
tored back from the stack by a RTNI instruc
tion, but not by a RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter which con
trols the sequence in which the instructions 

PC13 to PCo: Program Counter 
ST: Status 
CA: Carry 

Note: As the HMCS424C/CL/AC have 4k 
ROM, PC12 and i5C13 are not used. 

bit 3 bit2 bit 1 bit 0 

/1 T 

41 MR(9) $029 Level :Vooo ST pc,; ~ 

-1-
PC11 $3FC 

42 MR(10) $02A Level T + 
43 MR(11) $028 Level 5 1021 PCiO PCo PC a pc, $3FD 

44 MR(12) $02C Level 4 + + 
45 MR(13) $020 Level 3 1022 CA PCs pe, 

+ 
Pc. $3FE 

46 MR(14) $02E Level 2 + 
1 $3FF 1023 PC> pc, PC1 pc;, $3FF 

47 MR(15) $02F 1023 Level I I I 

Figure 4. Configuration of Memory Register, Stack Area, and Stack Position 
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stored in ROM are executed. 

Stack Pointer (SP): The stack pointer (SP) is 
used to point the address of the next stacking 
area (up to 16 levels). 

The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 

The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 

Interrupt 

Five interrupt sources are available on the 
MCU: external requests (INT0, INT1), timer/ 
counter (timer A, timer B), and serial interface 
(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM) and interrupt 

13 

I PC 

i1111111r 

3 

I 
3 

I 

3 

I 
3 

I 
3 

I 
r 

vector addresses are provided to control and 
maintain the interrupt request. The interrupt 
enable flag (IE) is also used to control an 
interrupt operations. 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
controi circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 

A J Accumulator 

0 
B Is Register 

[dw Register 

0 x Ix Register 

y JY Register 

0 
SPX I SPX Register 

0 
SPY I SPY Register 

~Carry Flag 

[@ Status Flag 

f Program Counter 

SP J Stack Pointer 

Figure 5. Registers and Flags 
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priority PLA corresponding to the interrupt 
sources. 

Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
:-e-exe-c1it-ed ~ftAT jumping to the vector 
address. 

In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 

Table 1. Vector Addresses and Inter-
rupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET $0000 

INT0 $0002 

INT1 2 $0004 

Timer A 3 $0006 

Timer B 4 $0008 

SERIAL 5 $000C 

Table 2. Interrupt Service Conditions 

INT~ 

l/E 

IFO ·IMO 0 

IF1 • IM1 * 
IFTA • IMTA * * 
IFTB • IMTB * * 
IFS· IMS * * 

Interrupt Enable Flag (l/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 

External Interrupts (INT0 , INT1): ___I!!e 
external interrupt request inputs (INT0 , INT1) 

can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R~INT1 pin and R32/INT0 pin to be 
used as INT1 pin and INT0 pin respectively. 

The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INT 0 and INT 1 

inputs (table 4). 

The INT1 input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT1 input. When 
using INT1 as timer B external event input, 
the external interrupt mask (IM1) has to be 
set so that the INT1 interrupt request will not 

Timer A Timer B Serial 

0 0 0 

0 0 0 

0 0 

* 0 

* * 
* Don"t care 
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Instruction 

Cycles 

HMCS424C/HMCS424CL/HMCS424AC 

$000,0 Sequence Control 
l/E J.-.----------..r--... • Push PC/CA/ST 

$000,2 

$003,0 

• Reset l/E 
·Jump to Vector 

Address 

Priority Control PLA 
Vector Address 

Figure 6. Interrupt Control Circuit Block Diagram 

Instruction 

execution 

Interrupt 

accepted 

2 

Stacking, 
Reset of l/E 

Stacking, 

Vector address 

is generated 

4 

JMPL instruction execution on the 
vector address 

Figure 7. Interrupt Servicing Sequence 
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6 

Instruction 
execution at 
starting address 
of the interrupt 
routine 
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Power 
ON 

Reset 
MCU 

No 

(A) (8) 

Execute 
Instruction 

PC~(PC)+1 

PC~$0002 

PC~$0004 

Pc~s oooa 

PC~$OOOB 

Pc~soooc 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Figure 8. Interrupt Servicing Flowchart 
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Interrupt 
Accept 

l/E~ 0 

Stack~(PC) 

Stack~(CA) 

Stack~(ST) 

No 

(Serial Interrupt) 
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be accepted (table 5). 

External Interrupt Request Flags (IFO: 
$000 bit 2, IFl: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INT0 , and INT1 inputs 
respectively. 

External Interrupt Masks (IMO: $000 bit 
3, IMl: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 

Port Mode Register (PMR: $004): The 4-bit 
write-only port mode register controls the 
R32/INT0 pin, R33/INT1 pin, R4i/SI pin, and 
R42/SO pin as shown in table 6. The port 
mode register will be initialized to $0 by MCU 
reset. These pins are therefore initially used 
as ports. 

Serial Interface 

The serial interface is used to transmit/ 
receive 8-bit data serially. It consists of the 
serial data register, the serial mode register, 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag Interrupt Enable/Disable 

O Disable 

Enable 

Table 4. External Interrupt Request 
Flag 

Ex Int Req Flags Interrupt Requests 

0 No 

Yes 

Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 
-------··--------------

Disable (masks) 

the octal counter and the multiplexer as 
illustrated in figure 9. Pin R40 /SCK and the 
transfer clock signal are controlled by the 
serial mode register. The contents of the 
serial data register can be written into or 
read out by software. The data in the serial 
data register can be shifted synchronously 
with the transfer clock signal. 
The STS instruction initiates serial interface 
operations and resets the octal counter to $0. 
The counter starts to count at the falling edge 
of the transfer clock (SCK) signal and incre
ments by one at the rising edge of the SCK. 
When the octal counter is reset to $0 after 
eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter
rupt request flag will be set. 

Serial Mode Register (SMR: $005): The 4-
bit write-only serial mode register controls 
the R40 /SCK, prescaler divide ratio, and 
transfer clock source as shown in table 7. 
The write signal to the serial mode register 
controls the operating state of the serial 

Table 6. Port Mode Register 

PMR3 

0 Used as R3 3 port input/output pin 

Used as INT 1 input pin 

PMR2 R32/INT0 Pin 

0 Used as R3 2 port input/output pin 

Used as INT0 input pin 

PMR1 R41/SI Pin 

0 Used as R4 1 port input/output pin 

Used as SI input pin 

PMRO R42/SO Pin 

0 Used as R42 port input/output pin 

Used as SO output pin 
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interface. 
The write signal to the serial mode register 
'Stops the serial data, register and octal 
counter from applying transfer clock, and it 
also resets the octal counter to $0 simultane
ously. Therefore, when the serial interface is 
in the transfer state, the write signal causes 
the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 
Contents of the serial mode register will be 
chanqed on the second instruction cycle after 
writing into the serial mode register. There
fore, it is necessary to execute the STS 
instruction after the data in the serial mode 
register has been changed completely. The 
serial mode register will be reset to $0 by 
MCU reset, 

Serial Data Register (SDR: $006, SRU: 
$007): The 8-bit read/write serial data regis
ter consists of a low-order digit {SRL: $006) 
and a high-order digit {SRU: $007). 
The data in the serial data register will be 
output from the SO pin, from LSB to MSB, 
synchronously with the falling edge of the 
transfer clock signaL At the same time, 

System 
Clock 

Prescaler ( 11 bit) 

CXl N 
N a) 

N "' Lii M 
+ + + ·I· ·I· 

Serial MPX 

3 
SMR (4bit) 

Serial Mode 
REG. 

Internal Bus Line (S2) 

CXl 
<t 
0 
N 
·I· 

PMR (4bit) 
Port Mode 

REG, 

I SCK 1 

SCK 

external data will be input from the SI pin to 
the serial data register, to MSB first, 
synchronously with the rising edge of the 
transfer clock. Figure 10 shows the 1/0 timing 
chart for the transfer clock signal and the 
data. 
The read/write operations of the serial data 
register should be performed after the com
pletion of data transmit/receive. Otherwise 
the data may not be guaranteed. 

Serial Interrupt Request Flag (IFS: $003 
bit U): The senal mterrupt request ilag wiii 
be set when the octal counter counts eight 
transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter. 
Refer to table 8, 

Serial Interrupt Mask (IMS: $003 bit 1): 
The serial interrupt mask masks the interrupt 
request. Refer to table 9. 

Selection and Change of the Operation 
Mode: Table 10 shows the serial interface 
operation modes which are determined by a 
combination of the value in the port mode 
register and that in the serial mode register. 

oc (3 bit) 
Octal 

Counter 

SROF 
IFS 

Interrupt 
Request Flag 
of Serial Inter
face 

Internal Bus Line (S1) 

4 4 

SR (8 bit) 

Serial Data Register 

4 4 

Internal Bus line (S2) 

Figure 9. Serial Interface Block Diagram 
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Initialize the serial interface by the write 
signal to the serial mode register when the 
operation mode is changed. 

Operating State of Serial Interface: The 
serial interface has three operating states, 
the STS waiting state, SCK waiting state, and 
transfer state, as shown in figure 11. 
The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface is put into this state in one of 
two ways: either by changing the operation 
mode through a change in the data in the 
port mode register, or by writing data into 
the serial mode register. In this state, the 
serial interface does not operate even if the 
transfer clock is applied. If an STS instruction 
is executed, the serial interface shifts to SCK 

Table 7. Serial Mode Register 

SMR3 R4o/SCK 

0 Used as R40 port input/output pin 

Used as SCK input/output pin 

SMR2 SMR1 SMRO R40 /SCK Port 

0 0 0 
SCK 
Output 

0 0 
SCK 
Output 

0 0 
SCK 
Output 

0 
SCK 
Output 

0 0 
SCK 
Output 

0 
SCK 
Output 

0 SCK 
Output 

SCK 
Input 

waiting state. 
In this state the falling edge of the first trans
fer clock causes the serial interface shift to 
transfer state, while the octal counter counts 
up and the serial data register shifts simul
taneously. If the clock continuous output 
mode is selected, however, the serial inter
face stays in SCK waiting state while the 
transfer clock outputs continuously. 
The octal counter becomes 000 again after 8 
transfer clocks or execution of the STS 
instruction, so that the serial interface returns 
to SCK waiting state, and the serial interrupt 
request flag is set simultaneously. 
When the internal transfer clock is selected, 
the transfer clock output is triggered by the 
execution of an STS instruction, and stops 
after 8 clocks. 

Transfer Clock 

Prescaler System Clock 
Clock Source Divide Ratio Divide Ratio 

Prescaler 2048 4096 

Prescaler 512 .. 1024 

Prescaler 128 256 

Prescaler 32 64 

Prescaler 8 .. 16 

Prescaler 2 4 

System 
Clock 

.. 
External 
Clock 
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Table 8. Serial Interrupt Request Flag Table 10. Serial Interface Operation 
Mode 

Serial Interrupt Request Flag Interrupt Request 
Serial Interface 
Operating Mode 0 No 

Yes 

SMR3 PMR1 PMRO 

0 0 Clock Continuous 
Output Mode 

Table 9. Serial Interrupt Mask 0 Transmit Mode 

Serial Interrupt Mask Interrupt Request 
0 Receive Mode 

0 

Transfer 
Clock 

Serial 
Output 
Data 

Enable 

Disable (Mask) 

Transrni1/M.et.:eive 

Mode 

8 I MSB 

Figure 10. Serial Interface 1/0 Timing Chart 

Change PMR means the change of 
operation mode as below: 

Clock ·Transmit Mode 
Continuous I"! · Receive Mode 
Output Mode ·Transmit/Receive 

Mode 

STS Waiting State 

(Octal Counter=OOO ) 

1~7 ~Tra"""°'~'rn~"'~ n 
r I '~~ J 

SCK Waiting State 

(Octal Counter=OOO) 

Transfer Clock 

8 Transfer Clocks, 
STS Instruction 

Transfer State 

(Octal Counter*OOO) 

Figure 11. Serial Interface Operation State 
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Example of Transfer Clock Error Detec
tion: The serial interface functions abnor
mally when the transfer clock is disturbed by 
external noise. In this case, transfer clock 
error can be detected by the procedure 
shown in figure 12. 
If more than 8 transfer clocks are applied in 
the SCK waiting state, the state of the serial 
interface shifts as the following sequence: 
first, transfer state, second, SCK waiting state 
and third, transfer state again. The serial 
interrupt flag should be reset before entering 
into the STS state by writing data to SMR. 
This procudure causes the serial interface 
request flag to be set again. 

Timer 

The MCU contains a prescaler and a timer/ 
counter (timer A, timer B, figure 13) whose 
functions are the same as HMCS404C's. The 
prescaler is an 11-bit binary counter, timer A 
an 8-bit free-running timer/counter, and 
timer B is an 8-bit auto-reload timer/event 
counter. 

Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial
ized to $000 by MCU reset, and it starts to 

Transmit/Receive 
(IFS-1) 

Interrupt 
Disable 

IFS-0 

Write to 
SMR 

Normal End 

Yes 

count up the system clock signal as soon as 
the RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig
nals to timer A, timer B, and the serial inter
face. The prescaler divide ratio is selected by 
the timer mode register A (TMA), timer mode 
register B (TMB), and serial mode register 
(SMR). 

Timer A Operation: After timer A is initial
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A counts up to 
$FF, timer A is set to $00 again, and gener
ates an overflow output. This sets to timer A 
interruput request flag (IFTA. $001, bit 2) to 1 
Therefore, this timer can function as an 
interval timer periodically generating over
flow output at every 256th clock signal input. 
The clock input signals to timer A are 
selected by the timer mode register A (TMA: 
$008). 

Timer B Operation: The timer mode regis
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres
caler divide ratio for timer B. When the 
external event input is used as an input clock 

Transfer Clock 
Error Processing 

Figure 12. Example of Transfer Clock Error Detection 
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signal to timer B, select R33/INT1 as INT1 and 
set the external interrupt mask (IM1) to pre
vent an external interrupt request from oc
curring. 

Timer B is initialized according to the data 
written into the timer load register by soft
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. Then, if the auto-reload 
function is selected, timer B is initialized to 
the value of the timer load register. If it is not 
selected, timer B goes to $00. The timer B 
interrupt request flag (IFTB: $002 bit 0) will 
be set at this overflow output. 

Timer Mode Register A (TMA: $008): The 
3-bit write-only timer mode register A con
trols the prescaler divide ratio of timer A 
clock input, as shown in table 11. 
The timer mode register A is initialized to $0 
by MCU reset. 

Timer Mode Register B 

TMB (4bit) 

3 

CPTB 
Timer B MPX 

"' "' "' <t 

"' "' ;;; 0 

"' <t "' M "' + + ·I· + ·I· + + 

Prescaler ( 11 bit) 

<t "' "' "' <t 
0 0 

"' "' "' + + + + 

Timer A MPX 
CPTA 

3 

TMA (3bit) 

Timer Mode Register A 

Timer Mode Register B (TMB: $009): The 
4-bit write-only timer mode register B (TMB) 
selects the auto-reload function, the prescaler 
divide ratio, and the source of the clock input 
signal, as shown in table 12. The timer mode 
register B is initialized to $0 by MCU reset. 

The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Timer B should be 
initialized by writing data into the timer load 
register after the contents of TMB are chan
ged. Configuration and function of timer 
mode register B is shown in figure 14. 

Timer B (TCBL: $00A, TCBU: $00B, TLRL: 
SOOA, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each has a 
low-order digit (TCBL: $00A, TLRL: $00A) and 
a high-order digit (TCBU: $00B, TLRU: $00B) 
(figure 2). 

The timer/event counter can be initialized by 

Internal Bus Line (51) 

4 

TL(4bit) 4 
Timer Latch 
REG. 

TCB (8 bit) TBOF 
IFTB 

Timer/Event Counter B 

Interrupt 

TLR (8 bit) 
Request Flag 
of Timer B 

Timer Load Register 

4 4 

Internal Bus Line (52) 

TCA (8 bit) TAOF 

Timer Counter A 
IFTA 

Interrupt 
Request FIAg 
of TimerA 

Figure 13. Timer Block Diagram 
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writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 

Timer A Interrupt Request Flag {IFT A: 
$001 bit 2): The timer A interrupt request 
flag is set by the timer A overflow output 

Table 11. Timer Mode Register A 

TMA2 TMA1 TMAO Prescaler Divide Ratio 

0 0 0 .. 2048 

0 0 .. 1024 

0 0 512 

0 128 

0 0 32 

0 8 

0 4 

2 

(table 13). 

Timer A Interrupt Mask (IMT A: $001 bit 
3): Timer A interrupt mask prevents an 
interrupt request generated by the timer A 
interrupt request flag (table 14). 

Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 15). 

Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
the timer B interrupt request flag (table 16). 

Table 12. Timer Mode Register B 

TMB3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 

0 0 0 .. 2048 

0 0 512 

0 0 128 

0 32 

0 0 8 

0 4 

0 .. 2 

INT1 (External Event Input) 
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Table 13. Timer A Interrupt Request 
Flag 

Table 15. Timer B Interrupt Request 
Flag 

Timer A Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Timer B Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 14. Timer A Interrupt Mask Table 16. Timer B Interrupt Mask 

Timer A Interrupt Mask lnterrrupt Request Timer B Interrupt Mask Interrupt Request 

0 Enable 

Disable (Mask) 

PMR: $004 

PMR3 PMRO 

0 

SMR: $005 

Enable 

Disable (Mask) 

Transfer clock selection 

R4o/SCK pin mode selection 

'------- R42/SO pin mode selection 

'---------- R41/SI pin mode selection 

'------------ R32/INT0 pin mode selection 

'--------------- R33/INT1 pin mode selection 

TMA: $008 TMB: $009 

TMB3 TMB2 TMB1 TMBO 

t 
I L_ Timer B input clock selection 

-------- Auto-reload function selection 

Timer A input clock selection 

Figure 14. Mode Register Configuration and Function 

@HITACHI 
486 Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HMCS424C/HMCS424CL/HMCS424AC 

Input/Output 

The MCU has 36 1/0 pins, 12 standard and 24 
high voltage. One of three circuit types can 
be selected by mask option for each standard 
pin: CMOS, with pull-up MOS, and without 
pull-up MOS (NMOS open drain). One of two 
circuit types can be selected for each high
voltage pin: with pull-down MOS and with
out pull-down MOS (PMOS open drain). Since 
the pull-down MOS is connected to the 
internal vdisp line, vdisp must be selected for 
the RA1/Vctisp pin via mask option when at 
least one high-voltage pin is selected as with 
pull-down MOS. See table 17 for I/O pin cir
cuit types. 

When every input/output pin is used as an 
input pin, the mask option and output data 
must be selected as specified in table 18. 

Output Circuit Operation With Pull-Up 
MOS Standard Pins: In the standard pin 
option with pull-up MOS, the circuit shown in 
figure 15 is used to shorten rise time of out
put. 

When the MCU executes an output instruc
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps PMOS in the on 
state for one-eighth of the instruction cycle 
time. While the write pulse is 0, a high output 
level is maintained by the pull-up MOS (C). 

When the HLT signal becomes 0 in stop 
mode, MOS (A) (B) (C) tum off. 

D Port: The D port 1/0 port has 15 discrete I/ 
0 pins, each of which can be addressed in
dependently. It can be set/reset through 
SED/RED and SEDD/REDD instructions, and 
can be tested through TD and TDD instruc
tions. See table 17 as for the classification of 
standard pin, high-voltage pin, and the 1/0 

pin circuit types. 

R Ports: The six R ports in the HMCS424 are 
composed of 16 1/0 pins, 4 output-only pins, 
and 1 input-only pin. Data is input through 
LAR and LBR instructions and output 
through LRA and LRB instructions. The MCU 
will not be affected by writing into the input
only and/or non-existing ports, while invalid 
data will be read from the output-only and/or 
non-existing ports. 

The R3 2, R3 3, R40, R41o and R42 pins are multi
plexed with the INT0, INT1• SCK, SI, and SO 
pins respectively. See table 17 as for the clas
sification of standard pins, high-voltage pins 
and selectable circuit types of these I/O pins. 

Unused 1/0 Pins: If unused 1/0 pins are left 
floating, the LSI may malfunction because of 
noise. The 1/0 pins should be fixed as follows 
to prevent the malfunction. 

High-voltage pins: select without pull-down 
MOS (PMOS open drain) via mask option and 
connect to Vee on the printed circuit board. 

Standard pins: Select without pull-up MOS 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 

R40/SCK and R42/SO should be set to R40 and 
R42 by serial mode register and port mode 
register respectively. 

Reset 

Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy tRc for the oscillator to 
stabilize. In all other cases, at least two 
instructions cycles are required for the MCU 
to be reset. 

Table 19 shows the parts initialized by MCU 
reset, and the status of each. Table 20 shows 
how registers recover from stop mode . 
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Table 17. 1/0 Pin Circuit Types 

2 
it 
"g 1/0 

~Common ! Pins 

Table 17. 

1/0 
Common 

Pins 

Ill c 
it 
GI 
al 

~ 
0 
> Output 
.c 
.21 Pins 
:I: 

Input 

Pins 

Without pull-up MOS 

(NMOS open drain) (A) 

With pull-up MOS 

(B) 
CMOS (C) 

_r><J-HLT 

f-o(J__ Output 
data 

HLT Input ~LT Input 
data . V cc data 

Vcc~cc Wnte pulse HLT 
HLT 

Output ~utput 
data data 

1/0 Pin Circuit Types (Cont) 

Without pull-down MOS 
With pull-down MOS (El 

(PMOS open drain) (0) 

Vee Vee 

f-<(]::HLT 
Output 
data 

HLT Input HLT Input 
data data 

Vee 

Vee ~~HLT oJ !-<(]:: HLT 

Output· 
data 

Output 
data e 

Vdisp 

~Input 
data 
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Applicable 

pins 

Oo-03 

R30 -R33 

R40 -R43 

Applicable 

pins 

04-015 

R1 0 -R13 

R20 -R23 

ROa-R03 

RA1 

488 Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HMCS424C/HMCS424CL/HMCS424AC 

Table 17. 1/0 Pin Circuit Types (Cont) 

II) 
c 
ir 
"E 

1/0 
Common 

Pins 

{! Output 
c 
:! pins 
I/) 

Input 

Pins 

Without pull-up MOS (NMOS open drain) 

or CMOS (A or C) 

Vee 

With pull-up MOS (Bl 
Applicable 

pins 

so 

INTo 

INT1 

SI 

SCK 

(Input mode) 

Note: 1. In the stop mode, HLT signal is 0, HLT signal is 1 and 1/0 pins are in high impedance state. 
2. If the MCU is interrupted by serial interface in the external clock input mode, the SCK 

terminal becomes input only. 
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Table 18. Data Input from Input/Output Common Pins 

1/0 Pin Circuit Type 

Standard Pins 

High Voltage Pins 

Pull-up MOS (C) 

MOS 
Buffer 

A 

B 

c 

Input Possible Input Pin State 

CMOS No 

Without pull-up MOS Yes 

(NMOS open drain) 

With pull-up MOS 

Without pull-down MOS 

(PMOS open drain) 

With pull-down MOS 

NMOS(A) 

Yes 

Yes 0 

Yes 0 

__JL_ Write pulse 
(Output 

-+------- instruction) 

On Resistance Value 

HMCS424C, HMCS424AC 

approx. 250 n 

approx. 1 kn 

approx. 30 kO to 1 60 kn 

iVcc = 5 V) 

1 Instruction cycle 

Output instruction execution 

HMCS424CL 

approx. 1 kn 

approx. 1. 7 kn 

approx. 60 kO to 1 MO (Vee = 3 V) 

approx. 30 kO to 160 kn (Vee = 5 V) 

Write pulse 

___ ____.n __ _ 
Figure 15. Output Circuit Operation of Standard Pins With Pull-Up MOS Option 
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Table 19. Initial Value After MCU Reset 
Initial Value by 

Items MCU Reset Contents 

Program Counter (PC) $0000 Execute program from the top ROM address 

Status (ST) 

Stack Pointer (SP) 

1/0 Pin 

Output Register 

Standard Pin Without Pull

Up MOS 

$3FF 

Enable to branch with conditional branch 

instructions 

Stack level is 0 

Enable input 

--· --------------· ---------

Interrupt Flag 

Mode Register 

With Pull

Up MOS 

CMOS 

High Voltage Without Pull-

Pin Down MOS 

With Pull-

Down MOS 

Interrupt Enable Flag (l/E) 

Interrupt Request Flag (IF) 

Interrupt Mask (IM) 

Port Mode Register (PMR) 

Serial Mode Register (SMR) 

Timer Mode Register A (TMA) 

Timer Mode Register B (TMB) 

0 

0 

0 

0 

0000 

0000 

000 

0000 

Timer/Counter Prescaler $000 

Timer/Counter A (TCA) $00 

Timer/Event Counter B (TCB) $00 

Timer Load Register (TLR) $00 

Octal Counter 000 

@HITACHI 

Enable input 

Enable input 

Enable input 

Inhibit all interrupts 

No interrupt request 

Mask interrupt request 

See port mode register 

See serial mode register 

See timer mode register A 

See timer mode register B 
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Table 20. Initial Value after Stop Reset 

Item 

Carry 

Accumulator 

B Register 

W Register 

X/SPX Registers 

Y /SPY Registers 

Serial Data Register 

RAM 

(CA) 

(A) 

(B) 

(W) 

(X/SPX) 

(Y/SPY) 

(SR) 

After Recovering from Stop 
Mode by MCU Reset 

The contents of the items before 

MCU reset are not retained. 

It is necessary to initialize them by 

software. 

After MCU Reset (Non-Stop 
Mode) 

The contents of RAM before The contents of the items before 
MCU reset (just before STOP MCU reset are not retained. 
instruction) are retained. It is necessary to initialize them by 

software. 
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Internal Oscillator Circuit 

Figure 16 outlines the internal oscillator cir
cuit. Through mask option, either crystal os
cillator or ceramic filter oscillator can be 
selected as the oscillator type. Refer to table 
22 for selection of the type. In addition, see 

Divider 

circuit 

figure 17 for the layout of the crystal or 
ceramic filter. In all cases, external clock 
operation is available. Two divide ratios, 1/8, 
and 1/4, are selectable via mask option (table 
21). 

Oscillator 

(Selectable 

with mask 

options) 

(Mask Option 

Selectable) 

Timing 

generator 

circuit 

System 

clock 

Figure 16. Internal Oscillator Circuit 

Table 21. Internal Oscillation Circuit 
Mask Option 

Divider 

Oscillator 

HMCS 
424C 

1/8 0 

1/4 
,, 
u 

Crystal 0 

Ceramic 0 

HMCS 
424CL 

0 

0 

0 

HMCS 
424AC 

,-', 
u 

0 

0 

GND 

Figure 17. Layout of Crystal and 
Ceramic Filter 
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Table 22. Examples of Oscillator Circuits 

Circuit Configuration HMCS424C 

External Oscillator 
Clock 
Operation OSC1 

Ceramic 
Filter 
Oscillator 

Crystal 
Oscillator 

Open OSC2 

ce,am;cbc, 
filter 

c, 
GND 

AT cut parallel 
resonance crystal 

OSC·-rut!J-osc, 
Co 

Crystalr· 

it, 
GNO 

GT cut parallel 
resonance crystal 

osc.-ru!J-osc, 
Co 

Ceramic filter 
CSA 4.00MG 
CSA 2.000MK 
(Murata) 

R1: 1 MO± 20% 
C1 : 30 pF ± 20% 
C2: 30 pF ± 20% 

R1: 1 MO± 20% 
C1: 10-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to 
circuit shown 
Ca: 7 pF max. 
R,: 100 O max. 
f : 1 .0-4.5 MHz 

Circuit Constants 

HMCS424CL 

Ceramic filter 
CSA 2.000MK 
(Murata) 
R1 : 1 MO± 20% 

C1: 30 pF ± 20% 
C2: 30 pF ± 20% 

R1: 2 MO ± 20% 
C1: 10-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to 
circuit shown 
Ca: 7 pF max. 
R,: 100 O max. 
f: 1.0-2.25 MHz 

HMCS424AC 

Ceramic filter 
CSA4.00MG 
(Murata) 
R1: 1 MO± 20% 

C1: 30 pF ± 20% 
C2: 30 pF ± 20% 

R1: 1 MO± 20% 
C1: 10-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to 
circuit shown 
Ca: 7 pF max. 
R,: 100 O max. 
f : 1 .0-4.5 MHz 

Notes: 1 . On the crystal and ceramic filter resonator, the upper circuit parameters are recommended by 
the crystal or ceramic filter maker. The circuit parameters are changed by crystal, ceramic 
filter resonator, and the floating capacitance in designing the board. In employing the 
resonator, please consult with the engineers of the crystai or ceramic fiiter maker to deter
mine the circuit parameter. 

2. Wiring between OSC1, OSC2, and elements should be as short as possible, and never cross 
the other wires. Refer to the layout of crystal and ceramic filter (figure 17). 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
23). Figure 18 is a mode transition diagram for 
these modes. 

Standby Mode: Executing an SBY instruc-

tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 
into standby mode. 

Table 23. Low Power Dissipation Mode Function 
Low Power Input/ 

Dissipation 

Mode 

Standby mode 

Stop mode 

Oscillator Instruction Register, Interrupt 

Instruction Circuit Execution Flag Function RAM 

SBY Active Stop Retained Active Retained 

instruction 

Output 

Pin 

Retained 

(Note 3) 

STOP 

instruction 

Stop Stop RESET 

(Note 1) 

Stop Retained High 

impedance 

(Note 2) 

Timer/ 
Counter, 

Serial Recovery 

Interface Method 

Active RESET 

Stop 

input, 

interrupt 

request 

RESET 

input 

Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to table 19 for the contents of the flags and registers. 

2. A high-voltage pin with a pull-down MOS is tied to the Vdisp power supply through the pull-down MOS. As the pull-down MOS 

stays on, a pull~down current flows when a difference between the pin voltage and the Vdisp voltage exists. This is in addition 

to the current dissipation in stop mode (1 510P). 

3. As an 1/0 circuit is active, an 1/0 current may flow, depending on the state of 1/0 pin in standby mode. This is in addition to 

the current dissipation in standby mode. 

Figure 18. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In- the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 

Figure 19 shows the flowchart of the standby 
mode. 

Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

No 

Yes 

Restart 
Processor Clocks 

(A) 

Reset MCU 

Yes 

(8) 

Execute 
Instruction 

Yes 

Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 20, 
reset input must be applied at least to tRc for 
oscillation to stabilize. (Refer to AC Charac
teristics table.) After stop mode is cancelled, 
RAM retains the state it was in just before the 
MCU went into stop mode, but the accumu
lator, B register, W register, Y /SPY registers, 
and carry may not retain their contents. 

Yes 

Restart 
Processor Clocks 

No 

Interrupt 
Accept 

(Cl 

Figure 19. MCU Operating Flowchart in Standby Mode 
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RAM Addressing Mode 

As shown in figure 21, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: The W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four ROM addressing modes, as 
shown in figure 22. 

Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PC0 ) with 14-bit 
immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 

Stop mode 

When BR is on a page boundary (256n + 255) 
(figure 23), executing a BR instruction trans
fers the PC contents to the next page accord
ing to the hardware architecture. Conse
quently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine a.rP.a, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low-order six bits of the 
program counter (PCs to PC0 ) and Os are 
placed in the high-order eight bits (PC13 to 
PC5). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 24). When bit 8 in the ROM 
data is 1, 8 bits of ROM data are written into 
the accumulator and B register. When bit 9 is 
1, 8 bits of ROM data are written ir:to the R1 
and R2 port output register. When both bits 8 
and 9 are 1, ROM data are written into the 
accumulator and B register and also to the R1 
and R2 port output register at the same time. 

The P instruction has no effect on the pro
gram counter. 

Oscillator 11111111111111111111111111111 II .t111l111Illllll I I II lllJ J IJ J lll/lllJlll lllllJJ IJ JI JI J JI IJ J II llJ J J llJ I J J JI IJ I I II 

STOP instruction execution (more than stabilization time: tRc) 

Figure 20. Timing Chart of Recovering from Stop Mode 
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Instruction 1st Word 

Opcode 

W Register X Register Y Register 
,.-~~~~~~-~~~~~~~--. 

W1 Wo XJ X2 X1 Xo VJ Y2 Y1 Yo 

Register Indirect Addressing 

Instruction 2nd Word 

ds ds d1 de ds d4 dJ d2 d1 do 

Direct Addressing 

RAM Address 

Opcode 

0 0 
I J 

Memory Register Addressing 

Instruction 

Figure 21. RAM Addressing Mode 
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(JMPL) 
(BRL) 
(CALL) 

(TBR) 

HMCS424C /HMCS424CL/HMCS424AC 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PCtt PC1o PCs PCs PC 7 PC6 PC5 PC. PC3 PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 b6 b5 b• b3 b2 b1 bo 

Program Counter PC13 PC12 PCtt PC10 PCs PCs PC1 PC6 PC5 PC. PC3 PC2 PC1 PCo 

Current Page Addressing 

Instruction 

(CAL) Opcode 

0 0 0 0 0 0 0 0 

Pros:iram Counter PCt3 PC12 PCtt PC10 PCs PCs PC1 PC6 

Zero Page Addressing 

Instruction 

Opcode P3 p2 p1 B Register Accumulator 

0 0 

Program Counter PC13PC12 PCtt PCto PCs PCs PC1 PC6 PC5 PC• PC3 PC2 PC1 PCo 

Table Data Addressing 

Figure 22. ROM Addressing Mode 
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256(n-1)+255 
l--B-R-AA-A--;256n 

AAA NOP 

BR AAA 256n+254 
.__~B~R~B~B~B'----1256n+255 

256(n+1) 

BBB NOP 

Figure 23. BR Instruction Branch Destination on Page Boundary 

Instruction 

(P) Opcode 
B Register Accumulator 

Referred ROM Address RA13 RA12 RA 11 RA10 RAs RAa RA1 

Address Designation 

If ROa=1 

I 

ROM Data ROs ROa R01 ROs ROs R04 

If ROs=1 

Pattern 

Figure 24. P Instruction 
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Instruction Set 

6. Compare instruction The HMCS424C/CL/ AC provide 99 instruc
tions which are classified into 10 groups as 
follows: 

7. RAM bit manipulation instruction 
8. ROM address instruction 
9. Input/output instruction 

1. Immediate instruction 10. Control instruction 
2. Register-to-register instruction 
3. RAM address instruction 
4. RAM register instruction 
5. Arithmetic instruction 

Tables 24-33 list their functions, and table 34 
is an opcode map. ' 

Table 24. Immediate Instructions 
Words/ 

Operation Mnemonic Operation Coda Function Status Cycles 

Load A from Immediate LAI i 0 0 0 i3 i2 i, io i -·A 1/1 

Load B from Immediate LBI i 0 0 0 0 0 i3 i2 i, io i -• B 1/1 

Load Memory from LMID i,d 0 0 0 i3 i2 i, io i ~ M 2/2 
Immediate d9 d8 d7 d6 d5 d4 d3 d2 d1 do 

Load Memory from LMllY i 1 0 1 0 0 1 i3 i2 i, io i~M. Y+1-•Y NZ 1/1 
Immediate, Increment Y 

Table 25. Register-to-Register Instructions 
Words/ 

Operation Mnemonic Operation Coda Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B -•A 1/1 

Load B from A LBA 0 0 0 0 0 0 0 A ..• B 1/1 

Load A from Y LAY 0 0 0 0 y -•A 1/1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX ·A 1/1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY •A 1/1 

Load A from MR LAMA m 0 0 "'3 "'2 m1 rro MR(m) •A 1/1 

Exchange MR and A XMRAm 0 "'3 "'2 m1 rro MR(m) - A 1/1 
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Table 26. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Coda Function Status Cycles 

' 
Load W from Immediate LWli 0 0 0 0 ii io i --~w 1/1 

Load X from Immediate LXI i 0 0 0 0 i3 i2 ii io i ·-· x 1/1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 ii io i -- y 1/1 

Load X from A LXA 0 0 1 1 1 0 1 0 0 0 A-· X 1/1 

Load Y from A LYA 0 0 0 0 0 0 A .• y 1/1 

Increment Y IV 0 0 0 0 0 0 Y+1 -v NZ 1/i 

Decrement Y DY 0 0 0 Y-1 -v NB 1/1 

AddAtoY AYY 0 0 0 1 0 0 0 0 Y+A -· Y OVF 1/1 

Subtract A from Y SYY 0 0 0 0 0 0 Y-A -• Y NB 1/1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1/1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y - SPY 1/1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 X-SPX, Y-SPY 1 /1 
and SPY 
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Table 27. RAM Register Instructions 

Operation 

Load A from Memory 

Load A from Memory 

Load B from Memory 

Load Memory from A 

Load Memory from A 

Load Memory from A, 
Increment Y 

Load Memory from A, 
Decrement Y 

Exchange Memory and A 

Exchange Memory and A 

Exchange Memory and B 

Mnemonic 

LAM(XY) 

LAMD d 

LBM(XY) 

LMA(XY) 

LMAD d 

LMAIY(X) 

LMADY(X) 

XMA(XY) 

XMAD d 

XMB(XY) 

Operation Code 

0 0 0 0 0 0 y x 

0 1 0 0 0 0 0 0 
dg d8 d7 d6 d5 d4 d3 d2 d 1 d0 

0 0 0 0 0 0 0 y x 

0 0 0 0 0 y x 

0 1 0 0 0 0 0 
d9 d8 d7 d6 d5 d4 d3 d2 d1 do 

0 0 0 1 0 1 0 0 0 x 

0 0 1 1 0 1 0 0 0 x 

0 0 1 0 0 0 0 0 y x 

0 1 1 0 0 0 0 0 0 0 
d9 d8 d7 d6 d5 d4 d3 d2 d1 d0 

0 0 1 1 0 0 0 0 y x 

Note: (XY) and (X) have the following meaning: 

Words/ 

Function Status Cycles 

M -A, (X-SPX, Y··SPY) 1/1 

M -·A 2/2 

M •B, (X·-SPX. Y-SPY) 1 /1 

A --•M, (X-SPX, Y-SPY) 1 /1 

A -" M 2/2 

A •M, Y+ 1--•Y (X-SPX) NZ 1/1 

A ·M, Y-1--·Y (X·-SPX) NB 1/1 

M-A, (X··SPX, Y-SPY) 1/1 

M-A 2/2 

M-8, (X-SPX, Y-SPY) 1 /1 

(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 
LAM (XY) is given, below). 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X - SPX 

LAMY 0 Y - SPY 

LAMXY X-SPX, Y-SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 

Mnemonic x Function 

LMAIY 0 

LMAIYX X - SPX 
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Table 28. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMO d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n : Logical AND 
u : Logical OR 
r±l : Exclusive OR 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

0 

0 0 0 0 0 0 0 B+1 - B 

0 0 0 0 B-1 - B 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 A+1 -A 

0 0 000000 B-B 

0 0 1 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 1 -CA 

0 0 0 

0 0 0 1 1 0 1 1 1 1 

0 0 0 0 0 0 0 0 0 M+A - A 

0 0 0 0 0 0 0 0 M+A - A 

0 0 0 0 0 1 1 0 0 0 M+A+CA - A 
OVF-CA 

0 0 0 0 0 0 0 M+A+CA-A 
dg ds d1 d5 ds d4 d3 dz d, do OVF-CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA-A 
NB-CA 

0 1 1 0 0 1 1 0 0 0 M-A-CA-A 

dg ds d1 d5 ds d4 d3 dz d, do NB-CA 

0 0 0 0 0 0 0 AU B-A 

0 0 0 0 1 0 0 An M-A 

0 0 0 0 0 An M-A 

0 0 0 0 0 0 1 1 0 0 AU M-A 

0 1 0 0 0 0 1 1 0 0 AU M-A 
d9 d8 d7 d6 d5 d4 d3 dz d1 do 

0 0 0 0 0 1 1 1 0 0 A® M-A 

0 1 0 0 0 1 1 1 0 0 A ® M-A 
d9 d8 d7 d6 d5 d4 d3 dz d1 do 

@HITACHI 

Words/ 

Status Cycles 

OVF 1/1 

NZ 1/1 

NB 1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

CA 1/1 

OVF 1/1 

OVF 2/2 

OVF 1/1 

OVF 2/2 

NB 1/1 

NB 2/2 

1/1 

NZ 1/1 

NZ 2/2 

NZ 1/1 

NZ 2/2 

NZ 1/1 

NZ 2/2 
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Table 29. Compare Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 i3 i2 i1 io i * M NZ 1 /1 
to Memory 

Immediate Not Equal INEMO i,d 0 1 0 0 1 0 i3 i2 i, io i * M NZ 2/2 
to Memory d9 d8 d7 d6 d5 d4 d3 d2 d 1 do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 0 0 A* M NZ 1 /1 

A Not Equal to Memory AMEMO d 0 0 0 0 0 0 0 0 A"' M NZ 2/2 
dg d8 d7 d6 d5 d4 d3 d2 d1 do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 ' 0 0 B * M NZ 1/1 

Y Not Equal to Immediate YNEI i 0 0 0 1 i3 '2 ii io y"' i NZ 1/1 

Immediate Less or Equal ILEM i 0 0 0 0 i3 i2 i, io i ~ M NB 1/1 
to Memory 

Immediate Less or Equal ILEMO i,d 0 1 0 0 1 1 i3 i2 i1 io i ~ M NB 2/2 
to Memory d9 d8 d7 d6 d5 d4 d3 d2 d 1 do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A"' M NB 1 /1 

A Less or Equal to Memory ALEMO d 0 0 0 0 0 0 0 A"' M NB 2/2 
d9 d8 d7 d6 d5 d4 d3 d2 d1 d0 

B Less or Equal to Memory BLEM 0 0 0 0 0 1 0 0 B"' M NB 1/1 

A Less or Equal to Immediate ALEI i 0 0 i3 i2 i, io A"' i NB 1/1 

Table 30. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n, no - M(n) 1 /1 

Set Memory Bit SEMO n,d 0 0 0 0 0 n, no - M(n) 2/2 
d9 d8 d7 d6 d5 d4 d3 d2 d1 do 

Reset Memory Bit REM n 0 0 0 0 0 0 n, no 0 -M(n) 1/1 

Reset Memory Bit REMO n,d 0 0 0 0 0 n, no 0 - M(n) 2/2 
d9 d8 d7 d6 d5 d4 d3 d2 d1 do 

Test Memory Bit TM n 0 0 0 0 0 n, no M(n) 1/1 

Test Memory Bit TMO n,d 0 0 0 0 n, no M(n) 2/2 
d9 d8 d7 d6 d5 d4 d3 d2 d1 do 
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Table 31. ROM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Branch on Status 1 BR b b7 b6 b5 b4 b3 bz b1 b0 1 /1 

Long Branch on Status 1 BRL u 0 0 1 1 1 P3 Pz P1 Po 2/2 
d9 d8 d7 d6 d5 d4 d3 dz d1 do 

Long Jump Unconditionally JMPL u 0 1 0 1 0 1 P3 Pz P1 Po 2/2 
d9 d8 d7 d6 d5 d4 d3 d2 d1 d0 

Subroutine Jump on Status 1 CAL a 0 a5 a4 a3 az a 1 ao 1/2 

Long Subroutine Jump on CALL u 0 0 1 0 P3 Pz P1 Po 2/2 
Status 1 dg da d1 d5 d5 d4 d3 dz di do 

Table Branch TBR p 0 0 0 P3 Pz P1 Po 1 /1 

Return from Subroutine RTN 0 0 0 0 0 0 0 0 0 1/3 

Return from Interrupt RTNI 0 0 0 0 0 0 0 0 1 -1/E ST 1/3 
CA Restore 

Table 32. Input/Output Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Discrete 1/0 Latch SED 0 0 0 0 1 0 0 - D(Y) 1/1 

Set Discrete 1/0 Latch Direc SEDD m 0 0 rrlJ mz m, mo - D(m) 1 /1 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 0 - D(Y) 1 /1 

Reset Discrete 1/0 Latch Direct REDD m 0 0 0 rrlJ mz m, mo 0 ·• D(m) 1 /1 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 D(Y) 1 /1 

Test Discrete 1/0 Latch Direct TDD m 0 0 0 rrlJ mz m, mo D(m) 1/1 

Load A from R Port Register LAR m D 0 0 rrlJ mz m, mo R(m) -·A 1/1 

Load B from R Port Register LBR m 0 0 0 0 rrlJ mz m, mo R(m) - B 1/1 

Load R Port Register from A LRA m 0 0 rr1Jmzm1mo A • R(m) 1 /1 

Load R Pert Register from 8 LRB m 0 1 0 0 ~n1:£mi ~ B - R(m) 1 /1 

Pattern Generation Pp 0 0 1 P3 Pz P1 Po 1/2 

Table 33. Control Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 1 /1 

Start Serial STS 0 0 0 0 0 0 0 1 /1 

Standby Mode SBY 0 0 0 0 0 0 1 /1 

Stop Mode STOP 0 0 0 0 0 1 /1 
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Table 34. Opcode Map 

M 0 1 

2 INEM i(4) INEMD il4) 

3 ILEM il4) ILEMD il4) 

4 LBM(XY) ~~ LAB~ 18 ~ COM~~ OR ~ STS ~ SBY T~ 
5 LMAIY(X)~AYY ~ ~ ~ IY ~ JMPL ___ P_l4_) ______ _, 

6 ~~~ RED ~ ~ ~ TC CALL p(4) 
~-1----""=-----'-""'----'---"-==o'-------'----1..------------------ -

0 7 YNEI il4) BRL pl4) 

8 XMAIXY) SEM ni2) REM nl2) TM nl2) ·Fl~ SEMD nl2)I REMD nl2) TMD n(2) 

9~~ ~~M~~~R~E~E~-~ 
A ~~OT ~ }A~l~_EAsl ~ LAY LMID i(4) 

B TBR pi4) P pl4) 

C XMB(XY) BLEM ~ LBA ----------- DB 

D LMADYIXI~ SYY ~ LYA ~ DY 

E TD ~ SED ~ LXAL:::::::: RE~ SEC 
CAL a(6) 

F LWI i(2) 

0 LBI i(4) 

1 LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

5 LAR m(4) 

6 REDD ml4) 

1 7 LAMR ml4) BR bl Bl 

8 Al il4) 

9 LMllY i(4) 

A TDD ml4) 

B ALEI il4) 

C LRB ml41JZ I / r---+---------------------~k'.___, 
D LRA m(4) 

E SEDD m(4) 

F XMRA m(4) 

c:::J· ·1-word/2-cycle c:::=J· ·1-word/3-cycle c::J· ·RAM Direct Address c=J···2-word/2-cycle 

Instruction Instruction Instruction Instruction 

(2-word/2-cycle) 
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Absolute Maximum Ratings 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to +7.0 v 

Terminal Voltage VT -0.3 to Vee + 0.3 v 3 

Vee - 45 to Vee + 0.3 v 4 

Total Allowance of Input Current I 10 25 mA 5 

Maximum Input Current 10 15 mA 7, 8 

Maximum Output Current - 10 4 (2) mA 9, 10, 13 

6 (3) mA 9, 11, 13 

30 (15) mA 9, 12, 13 

Total Allowance of Output Current - I 10 85 (100) mA 6, 13 

Operating Temperature Topr -20 to +75 ·c 

Storage Temperature Tstg -55to+125 ·c 

Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal opera
tion should be under the conditions of Electrical Characteristics. If these conditions are 
exceeded, it may cause a malfunction or affect the reliability of LSI. 

2. All voltages are with respect to G N 0. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input currents which flow in from all I/ 

0 pins to GNO simultaneously. 
6. Total allowance of output current is the total sum of the output currents which flow out from 

Vee to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GN D. 
8. Oo-03, R3 and R4. 
9. Maximum output current is the maximum amount of output current from Vee to each 1/0 

pin. 
10. Oo-03, R3 and R4. 
11. RO-R2. 
12. 04-014. 
13. - llo = 100 mA if - lo is equal to or less than 2 mA, 3 mA, or 15 mA. 
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HMCS424C/HMCS424CL/HMCS424AC 

Electrical Characteristics 

DC Characteristics 

(GND = 0 V, Vd;sp = Vee - 40 V to Vee, Ta = -20°C to + 75°C, 
HMCS424C: Vee = 3.5 V to 6 V, 
HMCS424CL: Vee= 2.5 V to 6 V, 
HMCS424AC: Vee = 4.5 V to 6 V) 

Item Symbol Pin Min Max Unit Test Condition Note 

Input High VIH RESET, SCK, 0.8 Vee Vee + 0.3 v 
Voltage R32/INT0. 

R33/INT1 

SI o. 7 Vee Vee + 0.3 v 

osc, Vee - 0.5 Vee + 0.3 v HMCS424C/ AC 

Vee - 0.3 Vee + 0.3 v HMCS424CL 

Input Low V1L RESET, SCK, -0.3 0.2 Vee v 
Voltage R32/INT0, 

R33/INT1 

SI -0.3 0.3 Vee v 

osc, -0.3 0.5 v HMCS424C/ AC 

-0.3 0.3 v HMCS424CL 

Output High VoH SCK, Vee - 1.0 v HMCS424C/AC; 
Voltage so - loH = 1.0 mA 

Vee - 0.5 v HMCS424C/AC; 
- loH = 0.5 mA 
HMCS424CL; 
- loH = 0.3 mA 

Output Low VOL SCK, 0.4 v HMCS424C/AC; 
Voltage so loL = 1.6 mA 

HMCS424CL; 
loL = 0.4 mA 

Input/Output I 1 1d RESET,SCK, µA V,n = 0 V to Vee 
Leakage R32/INT0. 
Current R33/INT1, 

SI, SO, 
osc, 

Current Ice Vee 2 mA HMCS424C; Vee = 5 V; 2,5 
Dissipation in f0 sc = 4 MHz, + 8, or 
Active Mode fosc = 2 MHz, + 4 

0.7 mA HMCS424CL; Vee = 3 V; 2,5 

fosc = 2 MHz, + 8 

3.2 mA HMCS424AC; Vee = 5 V; 2,5 

fosc = 4 MHz, + 4 
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HMCS424C/HMCS424CL/HMCS424AC 

Item 

Current 
Dissipation in 
Standby Mo_de 

Current 
Dissipation in 
Stop Mode 

Stop Mode 
Retain Voltage 

Symbol Pin 

lsev Vee 

I stop Vee 

Vee 

Min Max 

1.2 

0.5 

1.7 

10 

2 

Unit 

mA 

mA 

mA 

µA 

v 

Notes: 1. Excluding pull-up MOS current and output buffer current. 

Test Condition 

HMCS424C; Vee = 5 V; 
fosc = 4 MHz, + 8, or 
fosc = 2 MHz, + 4 

HMCS424CL; Vee = 3 V; 
fosc = 2 MHz, + 8 

HMCS424AC; Vee = 5 V; 
fosc = 4 MHz, + 4 

HMCS424C/AC; 
V;nlTEST) = Vee - 0.3 V to 
Vee; V;nlRESET) = 0 V 
to 0.3 V 
HMCS424CL; 
\/inlTEST) = Vee - 0.3 V to 
Vee; V;nlRESET) = 0 V 
to 0.2 V 

2. The MCU is in the reset state. Input/output current does not flow. 
• MCU in reset state, operation mode 
·RESET, TEST: Vee 
• Oo-03, R3, R4: Vee 
• 04-014, RO-R2, RA1: Vct;sp 

Note 

3,5 

3,5 

3,5 

4 

3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
• Serial interface: Stop 
·RESET: GNO 
·TEST: Vee 
• Oo-03, R3, R4: Vee 
• 04-014, RO-R2, RA1: Vct;sp 

4. Excluding pull-down MOS current. 
5. When fosc = x MHz, estimate the current dissipation as follows: 

HMCS424C/AC; Max value@ x MHz = x/4 x (max value@ 4 MHz) 
HMCS424CL; Max value@ x MHz = x/2 x (max value @ 2 MHz) 

@HITACHI 
510 Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. •Brisbane, CA 94005-1819 • (415) 589-8300 



HMCS424C/HMCS424CL/HMCS424AC 

Input/Output Characteristics for Standard Pins 

(GND = OV, Vdisp =Vee - 40VtoVcc, Ta= -20'C to +75'C, 
HMCS424C: Vee = 3.5 V to 6 V, 
HMCS424CL: Vee = 2.5 V to 6 V, 
HMCS424AC: Vee = 4.5 V to 6 V) 

Item Symbol Pin Min Typ Max Unit 

Input High V1H Do-D3, 0.7 Vee Vee + 0.3 v 
Voltage R3, R4 

Input Low V1L Do-D3, -0.3 0.3Vec v 
Voltage R3, R4, 

Output High VoH Do-D3, Vee - 1.0 v 
Voltage R3, R4 

Do-D3, Vee - 0.5 v 
R3, R4 

Output Low VOL Do-D3, 0.4 v 
Voltage R3, R4 

Input/Output I 11J Do-D3, µA 
Leakage Current R3, R4 

Pull-Up MOS -Ip Do-D3, 30 60 150 µA 
Current R3, R4 

Do-D3, 3 15 50 µA 
R3, R4 

Notes: 1. 1/0 pins with CMOS output selected by mask option. 

Test Conditions 

HMCS424C/AC; 
- loH = 1.0 mA 

HMCS424C/AC; 
- loH = 0.5 mA 
HMCS424CL; - loH = 0.3 mA 

HMCS424C/AC; loL = 1 .6 mA 
HMCS424CL; IOL = 0.4 mA 

Vin= O V to Vee 

Vee = 5 V, V;n = 0 V 

HMCS424CL only; 
Vee = 3 V, V;n = 0 V 

2. Pull-up MOS current and output buffer current are excluded. 
3. 1/0 pins with pull-up MOS selected by mask option. 
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Note 

2 

3 

3 
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Input/Output Characteristics for High-Voltage Pins · 

(GND = 0 V, Vdisp =Vee - 40 V to Vee, Ta = -20°C to +75°C, 
HMCS424C: Vee = 3.5 V to 6 V, 
HMCS424CL: Vee = 2.5 V to 6 V, 
HMCS424AC: Vee = 4.5 V to 6 V) 

Item Symbol Pin Min Typ Max Unit Test Conditions Note 

Input High V1H D4-D14, 0. 7 Vee Vee + 0.3 v 
Voltage R1, R2, 

RA1 

Input Low V1L D4-D14, Vee - 40 0.3 Vee v 
Voltage R1, R2, 

RA1 

Output High VoH D4-D14 Vee - 3.0 v - loH=15 mA, 
Voltage HMCS 424 C/CL; 

Vee= 5 V ± 20% 
HMCS 424 AC; 
cc = 4.5 V to 6.0V 

Vee - 2.0 v - loH=10 mA, 
HMCS 424 C/CL; 
Vee= 5 v ± 20% 
HMCS 424 AC; 
Vee = 4.5 v to 6.0V 

Vee - 1 .o v HMCS424C/AC; 
- loH= 4 mA 
HMCS424CL; 
- loH = 2.5 mA 

RO-R2 Vee - 3.0 v - loH = 3 mA, 
HMCS 424 C/CL; 
Vee= 5 V ± 20% 
HMCS 424 AC; 
Vee = 4.5 V to 6.0V 

Vee - 2.0 v - loH = 2 mA, 
HMCS 424 C/CL; 
Vee= 5 V ± 20% 
HMCS 424 AC; 
Vee = 4.5 V to 6.0V 

Vee - 1.0 v HMCS424C/AC; 
- loH = 0.8 mA 
HMCS424CL; 
- loH = 0.5 mA 

Output Low VOL D4-D14, Vee - 37 v Vdisp = Vee - 40 V 
Voltage RO-R2 

D4-D14, Vee - 37 v 1 50kl1 to Vee - 40V 2 
RO-R2 

Input/Output I 11J D4-D14, 20 µA V;n = Vee - 40 V to Vee 3 
Leakage RO-R2, 
Current RA1 

Pull-Down MOS Id D4-D14, 125 250 600 µA Vdisp =Vee - 35 V, 4 
Current RO-R2, V;n =Vee 

RA1 

Notes: 1 . 1/0 pins with pull-down MOS selected by mask option. 
2. 1/0 pins without pull-down MOS (PMOS open drain) selected by mask option. 
3. Pull-down MOS current and output buffer current are excluded. 
4. 1/0 pins with pull-down MOS selected by mask option. 
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HMCS424C /HMCS424CL/HMCS424AC 

AC Characteristics 

(GND = 0 V, Vd1sp =Vee - 40 V to Vee. Ta -2o·c to +75'C, 
HMCS424C: Vee = 3.5 V to 6 V, 
HMCS424CL: Vee = 2.5 V to 6 V, 
HMCS424AC: Vee = 4.5 V to 6 V) 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

Oscillation Frequency f osc OSC1, OSC2 0.4 4 4.5 MHz HMCS424C; 
divide by 8 

0.2 2 2.25 MHz HMCS424C; 
divide by 4 

--------

0.4 2 2 25 MHz HMCS424CL; 
divide by 8 

0.2 4 4.5 MHz HMCS424AC; 
divide by 4 

Instruction Cycle tcyc 1. 78 2 20 µS HMCS424C 
Time 

3.55 4 20 µs HMCS424CL 

0.89 20 µs HMCS424AC 

Oscillator Stabiliza- tRc OSC1. OSC2 20 ms HMCS424C/ AC 
tion Time 

60 ms HMCS424CL 

External Clock tcpH, OSC1 92 ns HMCS424C; 2 
High, Low tcPL divide by 8 
Level Width HMCS424AC; 

divide by 4 

203 ns HMCS424C; 2 
divide by 4 
HMCS424CL; 
divide by 8 

(continued) 
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HMCS424C/HMCS424CL/HMCS424AC 

AC Characteristics (Cont) 
Test 

Item Symbol Pin Min Typ Max Unit Conditions Note 

External Clock Rise tcPr osc, 20 ns 2 
Time 

External Clock Fall tcp1 osc, 20 ns 2 
Time 

INT 0 High Level t10H INT0 2 tcyc 3 
Width 

INT 0 Low Level t10L INT0 2 tcyc 3 

Width 

INT 1 High Level t11 H INT1 2 tcyc 3 
Width 

INT 1 Low Level t11 L INT1 2 tcyc 3 

Width 

RESET High Level tRSTH RESET 2 tcvc 4 
Width 

Input Capacitance Cin All pins 15 pF f:1 MHz. 
V;n: 0 V 

RESET Fall Time tRSTf 20 ms HMCS424C/AC 4 

15 ms HMCS424CL 4 

Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches its 
minimum allowable voltage (HMCS424C:3.5 V, HMCS424CL; 2.5 V, HMCS424AC; 4.5 
V) after power-on, or after RESET goes high. At power-on or stop mode release, RESET 
must be kept high for at least tRc- Since tRc depends on the crystal or ceramic filter's circuit 
constant and stray capacitance, please get the manufacturer's advice when designing <he 
RESET circuit. 

2. See figure 25. 
3. See figure 26. 
4. See figure 27. 
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HMCS424C/HMCS424CL/HMCS424AC 

Serial Interface Timing Characteristics 

AT Transfer Clock Output 

(GND = 0 V, Vd1sp = Vee - 40 V to Vee, Ta 
HMCS424C: Vee = 3.5 V to 6 V, 
HMCS424CL: Vee = 2.5 V to 6 V, 
HMCS424AC: Vee = 4.5 V to 6 V) 

-20"C to +75°C, 

Item Symbol Pin Min Typ Max 

Transfer Clock Cycle Time 
tscyc SCK 

Transfer Clock High, tseKH SCK 0.5 
Low Level Width tscKL 

Transfer Clock Rise, Fall Time 
tseKr 

SCK 100 

tseKf 300 

Serial Output Data Delay time to so so 300 

600 

250 

Serial Input Data Set-up Time tssi SI 500 

1000 

300 

Serial Input Data Hold Time SI 150 

500 

@HITACHI 

Unit Test Condition Note 

tcyc 1,2 

--~---

ts eye 1,2 

ns HMCS424C/AC 1,2 

ns HMCS424CL 1,2 

ns HMCS424C 1,2 

ns HMCS424CL 1,2 

ns HMCS424AC 1,2 

ns HMCS424C 

ns HMCS424CL 

ns HMCS424AC 

ns HMCS424C/AC 

ns HMCS424CL 

Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. •Brisbane, CA 94005-1819 • (415) 589-8300 515 



HMCS424C/HMCS424CL/HMCS424AC 

AT Transfer Clock Input 

Item Symbol Pin Min Typ Max Unit Test Condition Note 

Transfer Clock Cycle Time ts eve SCK tcyc 

Transfer Clock High, tscKH SCK 0.5 lscvc 
Low Level Width tscKL 

Transfer Clock Rise, Fall Time 
tscKr 

SCK 100 ns HMCS424C/AC 

tscKt 300 ns HMCS424CL 

Serial Output Data Delay Time toso so 300 ns HMCS424C 1,2 

600 ns HMCS424CL 1,2 

250 ns HMCS424AC 1,2 

Serial Input Data Set-up Time tss1 SI 500 ns HMCS424C 

1000 ns HMCS424CL 

300 ns HMCS424AC 

Serial Input Data Hold Time !HSI SI 150 ns HMCS424C/AC 

500 ns HMCS424CL 

Notes: 1. See figure 28. 

2. See figure 30. 
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HMCS424C/HMCS424CL/HMCS424AC 

HMCS424C/AC 

HMCS424CL 

Vcc-0.3V 
OSC1 

tcp, tcPf 

Figure 25. Oscillator Timing 

t10L, tm 

Figure 26. Interrupt Timing 

RESET 

Figure 27. Reset Timing 
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HMCS424C/HMCS424CL/HMCS424AC 

HMCS424C/AC 

SCK Vee-2.0V(O.SVecl• 

so 

SI 

HMCS424CL 

-----toso 

Vee - 2.0V 

o.sv 

• Vee-2.0 V and 0.8 V are the threshold voltage for transfer clock output. 
O.SVce and 0.2Vee are the threshold voltage for transfer clock input. 

Figure 28. Timing Diagram of Serial Interface 

SCK Vce-0.5V (0.SVecl • 

so 

SI 

Vee-0.5V 

0.4V 

*Vee-0.5V and 0.4V are the threshold voltage for transfer olock output. 
0.8Vee and 0.2Vee are the threshold voltage for transfer clock input. 

Figure 29. Timing Diagram of Serial Interface 

Vee 

1S20744:l) 
or Equiv. 

Figure 30. Timing Load Circuit 
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HMCS424C /HMCS424CL/HMCS424AC 

HMCS424C/CL/ AC 
Mask Option List 

• Please enter check marks in [] 
(•. x. vi 

------ ----------------~ 
5V Operation: D HMCS424C 

3V Operation: D HMCS424CL 

High Speed Operation: LJ HMCS424AC 

( 1 I 1/0 Option 

Please enter 0 in applicable item to select 1/0 option. 

Date of Order 

Customer 

Dept. 

Name 

ROM Code Name 

LSI Type Number 
(Hitachi's entry) 

A: Without Pull-up MOS (NMOS Open Drain) B: With Pull-up MOS 
C: CMOS (cannot be used as input) 
D: Without Pull-down MOS (PMOS Open Drain) E: With Pull-down MOS 

-

Note: 1/0 options masked by fZI are not available. 

Pin Input/Output Pin Input/Output 

Do 
"' 

Input/Output ROo Output 
c: 

D1 
a: Input/Output R01 Output u 
:;; RO 

D2 
u Input/Output R02 Output c: 
"' ciJ 

D3 Input/Output R03 Output 

D4 Input/Output R1o "' Input/Output c: 
a: 

Ds Input/Output R11 " Input/Output "' 
R1 ,"! 

0 
D5 Input/Output R12 > Input/Output 

..c: 

"' lnputiOutput D1 "' 
Input/Output R13 :i: 

c: 
a: 

Ds " Input/Output R2o Input/Output 

"' ,"! 
Input/Output R21 Input/Output Ds 0 

> R2 
D10 

..c: 
Input/Output R22 Input/Output "' i' 

D11 Input/Output R23 Input/Output 

D12 Input/Output R3o Input/Output 

D13 Input/Output R31 Input/Output 
R3 

D14 Input/Output R32 Input/Output 

R33 "' Input/Output c: 
a: 

R4o 
u 

Input/Output :;; 
u 
c: 

R41 "' Input/Output ciJ 
R4 

R42 Input/Output 

R43 Input/Output 

RA RA1 Input 
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HMCS424C/HMCS424CL/HMCS424AC 

(2) RA1/Vdisp 

Please check!•. X, v) applicable item. 

RA1/Vdisp 

D RA1 : Without Pull-down MOS (D) 

D vdisp 

Note: RA1 /Vdisp has to be selected as Vdisp pin exept the case 

that all high pins are option D. 

(3) Divider (Div) 

Please check!•. X, v) applicable item. 

Divider HMCS424C 

8 D 

4 D 

(4) ROM Code Media 

Please check t•. X, v) applicable item. 

ROM Code Media 

[] EPROM: Emulator Type 

0 EPROM: EPROM On-Package Microcom

purnr Type 

(5) Oscillator (CPG option) 

Please check (•. X, v) applicable item. 

CPG lo HMCS 424C D 
option I (5V Operation) 

D Ceramic Filter D 

D Crystal D 

D External Clock D 

HMCS424CL 

(3V Operation) 

Ceramic Filter 

Crystal 

External Clock 

~HITACHI 

o~ HMCS424AC 

(High Speed Operation) 

D Ceramic Filter 

D Crystal 

D External Clock 
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HD614P1SO~~~~~~ 
Description 

The HD614Pl80 is a 4-bit single chip microcomputer which 
has mounted a standard EPROM 2764/27128 for program 
memory. 

The HD614PI80 is pin-compatible with the mask ROM type 
HMCS412C, but has some differences with it as shown in Table 
26. By modifying the program in the EPROM, it can be used 
for the evaluation of the HMCS412C or for small-scale produc
tion. 

• HARDWARE FEATURES 
• 4-bit Architecture 
• Applicable to 4k or Bk words x 10 bits of EPROM 

2048 words x 10 bits) 
4096 words x 10 bits · · HN482764. HN27C64 
8192 words x 10 bits HN4827128 

• Data Memory (RAM) Capacity.. . .. 576 digits x 4 bits. 
• 36 1/0 Pins - 24 1/0 pins are high voltage up to 40V (max.). 
• 1 Timer/Counter 

11-bit Prescaler 
8-bit Auto-reload Timer/Event Counter (Timer BJ 

• 3 Interrupts 
External 
Timer/Counter 

• Subroutine Stack 
Up to 16 levels including interrupts 

• Minimum Instruction Execution Time; 1,33 µs 
• 2 Low Power Modes 

Standby - Stops instruction execution while keeping 
clock generator and interrupt functions in
cluded Timer/Counter in operation 

Stop - Stops instruction execution and clock 
generation while retaining RAM data 

• Clock Generator 
External Connection of Crystal Resonator or Ceramic 
Filter Resonator (externally drivable) 

• Power Voltage Range; 5V ± 111% 
• 1/0 Pin Circuit Fonn 

All standard pins are "without pull-up MOS" 
All high voltage pins are "without pull-down MOS". 

• 42 Pin EPROM On-package 

• SOFTWARE FEATURES 
• Software Compatible with HMCS412/414 
• Instruction Set Similar to and More Powerful than HMCS40 

Series; 98 Instructions 
• High Programming Efficiency with 10-bit ROM/Word; 78 

instructions are single word instructions. 
• Direct Branch to All ROM Area 
• Direct or Indirect Addressing to All RAM Area 
• Subroutine Nesting Up to 16 Levels Including Interrupts 
• Binary and BCD Arithmetic Operation 
• Powerful Logic Arithmetic Operation 
• Pattern Generation - Table Look Up Capability -
• Bit Manipulation for Both RAM and l/D 

• PROGRAM DEVELOPMENT SUPPORT TOOLS 
• Cross assembler and simulator software for use with IBM 

PCs and compatibles 
• In circuit emulator for use with IBM PC 

• PIN ARRANGEMENT 

HD614P180 
o,, io o,, 
o,. 

i1A1/Vd,,p -. 
Roo 

"" "°' Ro; 

"" "" R,, 

R,, 

"'° 
"" R:oi 

Rn 

"" "" A32/fNio 19 
A33/fi\il; 

Vee 21 

VeeO 
VeeO 
A130 
Ao C 
Ao 0 

A11 O 

GNDO 
A100 

Ct. o 
o, 0 
o, 0 

o. 0 
o. 0 
o, 0 

(Top View) 

• RECOMMENDED APPLICABLE EPROM 

Type No. Program Memory 
fosc {MHz) EPROM Type No. Capacity 

4 
HN27C64·30 

2048 words HN482764-3 

4096 words HN27C64G-25 
6 

HN482764 
HD614P180 

4 HN4827128-45 
8192 words 

6 HN4827128-25 
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I 
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I 
I 

r 
I' • ' ' I 
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L--------....1 
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HD614P180 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to +7.0 v 

VT 
-0.3 to V cc +0.3 v 3 

Terminal Voltage 
Vee -45 to Vee +0.3 v 4 

Total Allowance of Input Currents Lio 50 mA 5 

Total Allowance of Output Currents -Lio 150 mA 6 
-· 

Maximum Input Current lo 15 mA 7, B 
4 mA 9, 10 

Maximum Output Current -lo 6 mA 9, 11 

30 mA 9, 12 
-

Operating Temperature Tapr -20 to +75 oc 
Storage Temperature Tstg -55 to +125 oc 

:='~rm~~nt damage may occur if "Absolute Maximum Ratings"of the LSI or the EPROM are exceeded. Normal operation should be 
under the co~ditions of "Electrical Characteristics". If these conditions are exceeded, it may cause the malfunction and affect the 
reliability of LSI. 

(Note 2) 
(Note 3) 
(Note 4) 
(Note 5) 
{Note6) 
(Note 7) 
!Note 8) 
(Note 9) 
(Note 10) 
(Note 11) 
(Note 121 

All voltages are with respect to GNO. 
Applied to standard pins. 
Applied to high voltage 1/0 pins. 
Total allowance of input current is the total sum of input current which flow in from all 1/0 pins to GND simultaneously, 
Total allowance of output current is the total sum of the output current which flow out from Vee to all 1/0 pins simultaneously. 
Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
Applied to Do ....., 0 3 and R3...., R4. 
Maximum output current is the maximum amount of output current from Vee to each 1/0 pin. 
Applied to Do ...., 0 3 and R3....., R4. 
Applied to AO....., R2. 
Applied to 04 ....., 0 14. 
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• ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee = 4.5V to 5.5V, GND = OV, Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 

RESET, 
Input "High" 

VIH 
INTo. TNT, 

Voltage osc, 

Input "Low" 
"°!!:ESET_,_ 

VIL 
INTo. INT1 

Voltage 
osc, 

Input/Output 
RESET,__ 

l11LI INTo, INT1, Yin"" OV to Vee 
Leakage Current ose, 

Crystal or 
Current Ceramic filter 
Dissipation in Ice Vee Vee•5V Oscillator 
Active Mode fosc = 4MHz 

Maximum Crystal or 

lsev1 Vee 
Logic Ceramic Filter 

Operation Oscillator 

Vee= 5V fosc = 4MHz 

Current 
Dissipation in 

Crystal or 
Standby Mode Minimum 

lsBY2 Vee 
Logic Ceramic Filter 
Operation Oscillator 

Vee= 5V f05c = 4MHz 

Current 
V;n (TEST) - Vee-0.3V to Vee Dissipation in ,_ Vee 
V;n IRESETI = OV to 0.3V Stop Mode 

Stop Mode 
v- Vee Retain Voltage 

(Note 1) Outout buffer current are excluded. 
(Note 2} The MCU is in the reset state. The input/output current does not flow. 

Test Conditions: MCU state; •Reset state in Operation Mode 
Pin state; • RESET, TEST ... V cc voltage 

•Do -Dl, R3-R4 ... V cc voltage 

min 

0,7Vcc 

Vcc-0.5 

-0.3 

-0.3 

•D4-Dl4• RO-R2,RA1· RA1 ... Vcc-Vcc-40V 
(Note 3) The timer/counter with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; •Standby Mode 
• Input/Output; Reset state 
• TIMER-8; +2 prescaler divide ratio 

Pin state; • RESET .. , GND voltage 
• TEST ... Vee voltage 
• Do -03, R3-A4 ... Vee voltage 
• 04-014, RO-R2, RA1 ... Vcc-Vcc-40V 

I Note 4) The timer/counter with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; •Standby Mode 

• Input/Output; Reset state 
• TIMEA-8;+2048 prescaler divide ratio 

@HITACHI 

Value 

typ max 

Vee+0.3 

Vcc+0.3 

0.22Vcc 

0.5 

2.0 

1.2 

0.9 

10 

Unit Note 

v 

v 
v 

v 

µA 

mA 2,5 

mA 3,5 

mA 4,5 

µA 

v 
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Pin state; • RESET ... GND voltage 
• TEST ... Vee voltage 
• D0 ~03, R3~R4 ... Vee voltage 
• 04~014, RQ~R2,AA1 ... Vee ~Vcc-40V 

(Note 5) When fosc""X [MHz], the Current Dissipation in Operation mode and Standby mode are estimated as follows: 

max. value (f05c=X[MHz] )=: x max. value (f05c=4[MHzl) 

• INPUT/OUTPUT CHARACTERISTICS FOR STANDARD PIN 
(Vee= 4.5V to 5.5V, GND = OV, Ta= -20 to +75°C, if not specified.) 

Item Symbol Pin Name Test Conditions 

Input "High" 
VIH 

Do - D3 , 

Voltage ~3- R4 .. 
Input "Low" Do - D,, 

VIL 
Voltage R3- R4 

Output "Low" 
VOL 

Do - D,, 
loL = 1.6 mA Voltage R3- R4 

Input/Output 
ll1LJ 

Do - D,. 
V;n = OV to Vee LeakC!.2_e Current R3- R4 

~Note 1) Output buffer current are excluded. 

• INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vee = 4.5V to 5.5V, GND = OV, Ta= -20 to +75°C, if not specified.) 

Item 

Input "High" 
Voltage 

Input "Low" 
Voltage 

Output "High" 
Voltage 

Symbol Pin Name 

D4 - D14' R 1 .I 
R2, RA, 

D4 - D14 , Rl, 
R2, RA1 

RO- R2 

Test Conditions 

-loH = 15mA 

-loH = 9 mA 

-loH = 3 mA 

-loH = 1.8 mA 

Value 

min typ 

0.7Vcc -
~ ~ -v . .., -

- -

- -

Value 

min typ 

0.7Vcc 

Vcc-2.0 

Vcc-3.0 

Vcc-2.0 

Unit Note 
max 

Vcc+0.3 v 

0.22Vc~ v 

0.4 v 

1 µA 1 

Unit Note 
max 

Vcc+0.3 v 

0.22Vcc v 

v 
v 
v 
v 

Output"Low" VoL D.-D,4, 150kS1toVcc-40V - - Vcc·37 V 

_v~o_lta_g_e~~~-+-~~~~+-cR=O~-~R_2~--J~~~~~~~~~~-r~~~~-r-~~--t---~----+------+---~~ 
Input/Output D. - D, •. 
Leakage II 1LJ RO - R2, 20 µA 

Current RA 1 

(Note 1) Output buffer current are excluded. 
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• AC CHARACTERISTIC'.S (Vee= 4.5V to 5.5V, GND = OV, Ta= -20 to +75°C, if not specified.) 

"" u 
0 

Item 

Oscillation Frequency 

Instruction Cycle Time 

Oscillator Stabilization 
Time 

External Clock Frequency 

External Clock "High" 
Level Width 

External Clock "Low" 
Level Width 

Symbol Pin Name 

osc,' osc, 

Test 
Conditions min 

0.4 

1.29 

Value 

typ max 

4 6.2 

2 20 

osc,' osc, - -- 20 

Unit Note 

MHz 

µs 

ms 

-~_c.:, -----+-----+--o __ ._4_f------+---6_.2 _ _..__M_H_z-1-__ 2 __ 

tcPH OSC, 70 - - ns 2 

osc, 70 ns 2 
u 
o; 
E 
!!! 
x 
w 

External Clock Rise Time 

External Clock Fall Time 
tcPr 

tcPt 

osc, 
osc, 

20 ns 2 
----- --+---+---+----1------1----

20 ns 2 

Instruction Cycle Time !eve 1.29 - 20 µs 2 

iNTO "High" Level Width t10H INTo ___ ~2 ______ - __ -----+---..!=- 3 
INTo "Low" Level Width t10L INTo - tcye --3--

-------------------+-=~-+--.:=:-----t------+----t-----+----+-2.:---l----
INT 1 "High" Level Width t11H TN"fi I 2 - - tcye 3 

----l------+-----j--- -- ----------+----2-=---'-----
INT 1 "Low" Level Width t11L TN"fi I 2 - - teve 3 

__ R_E __ S_E_T_"_H_ig_h_'_' _L_ev_e_l_W_i_d_th __ _,___tR_S_T_H_+--_R_E_S_E_T _____ -J-_ _ _______ 2_-+-_: __ ·--t-------f----'te"-v"-e--+ __ 4 __ 

I' f=1MHz 
V;n = OV 

Input Capacitance all pins 15 pF 

RESET Fall Time 20 ms 

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches its minimum allowable voltage Vee,= 4.5V 
after power-on, or after RESET goes high. At power-on or STOP mode release, RESET Must be kept high for at least tRC· Since 
tRC depends on the crystal or ceramic filter's circuit constant and stray capacitance, please get the manufacturer's advice when 
designing the RESET circuit. 

(Note 2) 

osc, 

(Note4l 

526 

Crystal oscillator 

Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) 
Rt; 1Mfl± 2% 
C1 : 22pF ± 20% 
C2 : 22pF ± 20% 

tCPr tCPf 

RESET 
o.22vcc 

tRSTf 

(Note 31 

~HITACHI 

Ceramic filter oscillator 

Ceramic filter: CSA4.00MG (Murata) 
Rt: 1Mf!I± 2% 
C1 : 30pF ± 20% 
C, : 30pF ± 20% 

Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 
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• CHARACTERISTICS CURVE (REFERENCE DATA) 

0 2 3 4 

lose I MHz) 

I cc vs. f osc characteristic 
(crystal, ceramic resonator) 

l.O Ta=-20-+75'C 

5 

Vcc=5V 
:;- l .Sl---+---+---+---+-ISBY1 
...... max. 

5 
j 1.2 

~ -+----: ..--1-lsev2 
:i--- max. 

0.4t-----1r----t---+---+---H 

c e 
...J 

.E 

0 2 3 4 

fosclMHz) 

lsev vs. f0 sc characteristics 
(crystal, ceramic resonator) 

Ta""' -20....., +75°C 

5 

lOt----t---t-----t----t-7"'+---t 

t----t---t-----t---.1~<--V cb=4.5V 

L ---

a~--'--~~-_,_ _ _...2 __ ...._ _ __, 

VoLIV) 
loL min. vs. VoL characteristics 

(Standard Pin) 
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4 
Ta= -20- +75 c 
fosc=4MHz 

3 max 

0 

2.0 

1.6 

0.4 

c 
E 
J: 
2 
I 

0 

IL:_ 
~ 

2 3 4 

VcclVl 

Ice vs. Vee characteristic 
(crystal, ceramic resonator) 

Ta- -20- +75"C 
fosc=4MHz 

5 6 

tsev1 

lZ' 
/, v ./'1 tsev2 

max. 

2 3 4 5 

Vcc(V) 

I ssv vs. V cc characteristics 
(crystal, ceramic resonator) 

Ta= -20 - +75°C 

Vcc=5.svZJ 

X Avcc=4.5V 

VI 
LY 

lOrt-t-+-h/~~'--+-+--+--+-+-1 
(L_ 

v 
oil:. 

2 3 4 5 
Vcc-VoH(V) 

6 

-loH min. vs. (Vcc-VoHI characteristics 
(04 - 014 pins) 
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Vcc-VoHIV) 
-loH min. \IS, (Vcc-VoHl characteristics 
(RO - R2 pins) 

• DESCRIPTION OF PIN FUNCTIONS 
Input and output signals ofMCU are described below. 

• GND, Vee. vdisp 
These are power supply pins. Connect GND pin to Earth 

(OV) and apply Vee power supply voltage to Vee pin. RA1/ 
Vdisp pin is used for RA 1 as all high voltage pins are "with
out pull-down MOS" (PMOS open drain). 

•TEST 
TEST pin is not for users application. Connect it to Vee. 

• RESET 
RESET pin is used to reset MCU. For details, see "RESET". 

• OSC1, OSC2 
These are input pins to the internal clock generator circuit. 

They can be connected to crystal resonator, ceramic filter reso
nator, or external oscillator circuit. For details, see "INTER
NAL OSCILLATOR CIRCUIT." 

• 0-port (Do to D14 ) 

D-port is a I-bit Input/Output common port. Do too, are 
standard type, 0. to D14 are for high voltage. For details, see 
"INPUT /OUTPUT". 

• R-port (RO to R4, RA) 
R-port is a 4-bit Input/Output port. (only RA is I-bit con

struction.) RO is output port, RA is input port, and RI to R4 
are Input/Output common ports. RO to R2 and RA are the high 
voltage ports, R3 ~4 are the s.tandard ports. Rn and R., are 
also available as INT0 and INT 1, respectively. For detads, see 
"INPUT/OUTPUT". 

• INT0. INT1 
These are the input pins to interrupt MCU operation exter

nally. INT1 can be used as an external event input pin for 
TIMER-B. INTo and INT1 are also available as Rn, and R>> 
respectively. For details, see "INTERRUPT". 

• ROM MEMORY MAP 
ROM memory map is illustrated in Fig. I and described in 

the following paragraph. 

• Vector Address Area ..... $0000 to $000F 
When MCU reset or an interrupt is serviced, the program is 

executed from the vector address. Program the JMPL instruc
tions branching to the starting addresses of reset routine or 
of interrupt routines. 

• Zero-Page Subroutine Area ..... $0000 to $003F 
CAL instruction allows to branch to the subroutines in 

$0000 to $003F. 

• Pattern Area ..... $0000 to $0FFF 
P instruction allows referring to the ROM data in $0000 to 

$0FFF as a pattern. 

• Program Area ..... $0000 to $1FFF 

@HITACHI 
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EPROM ADDRESS MCU ROM ADDRESS 

$0000 

$0001 

SOOlF 
$0020 

$007F 

$0080 

$ lFFF 

$2000 

$3HF 

Ht+l--"-~-"o~__,'--''---"'"'"''•'--'--'":::"3::....._,•:;:."''-'...:"e::''.:..' ~.::":::"o'-4 lower 5 bi·t} soooo 
Ht+l--"-~-"o~__,'--''---"'"''-''9'--'--'"''"'""-'--'""-"'-' --"-'""'""'"~-"""'"5'-l upper 5 btt 

JMPL Instruction $0000 

r-'-J"_m_p_1o_R_E_SE_T_R_o_""-"'-'-,sooo1 

Vector Address 
SOOOF 

~ 
Zero-Page Subrou11ne 

!64 Words) 

$0010 

$003F 

$0040 

Pattern 

14096 Words) ~ 
SOFFF 

$1000 

Program 
(8192 Words) 

$1FFF 

NOT USED 
(Set to "000") 

JMPL lnstruc11on $0002 
!Jump to iNJci Routine) $0003 

JMPL lnstru1:tron 

!Jump to INT"'; Routine) 
1----------1 

$0004 

$0005 

r---------1 $0006 
r---------1 $0007 

JMPL lnsuuctmn $0008 
(Jump to TIMER-B Routmef $0009 

r---------1 $000A 
SOOOB 

r---------1 soooc 

1----------1 $0000 

1----------1 SOOOE 

' ~-------~ SOOOF 

Fig. 1 ROM Memory Map 

$000 

RAM mapped Registers 

31 $01F 
32f------------~r\0220 

Memory Reg1sters(MRJ 

47 ------------------------ $02F 
48 $030 

Data 
(512 01g1tsJ 

543 S21F 
544 >------------< $220 

Not Used 

959 SJBF 
960 1------------< $3CO 

Stack 
(64 D+g1tsl 

1023 '-------------' $3FF 

Interrupt Control Bits 

$000 

$001 

$002 
,_ _________ ..... $003 

Port Mode Reg ~PMR) l W $004 

,_ __ N~o~t~U~s•=d~-----t $005 
>---~-~-:-~-::-~------I:~~~ 
~-:::_-:::_-:::_-:::_~N~o-:;_t~U~se~d°'.:.::::::::-: soos 

9 Timer Mode Reg 8 (TMBJ : W $009 

10 TIMER·B __ ,_rc_e_L_tT_LR_L_I .... ' ~•!W__. $00A 
11 ,_ ____ 1r_c_eu~fT_L_R_u_1:-"~"'--1 sooe 
12 sooc 

Not Used 

31•~---------~ $01f 

•Two registers are mapped on same address 

Read Only 
W Write Only 
RtW Read/Write 

Timer /Event Counter B Lower ITCBU Timer load Reg Lower <TLRLI 

Timer/Event Counter B Upper (TCBU) Timer Load Reg Upper (TlRU~ 

Fig. 2 RAM Memory Map 

W SOOA 

w $008 

• RAM MEMORY MAP 
The MCU includes 576 digits x 4 bits RAM as the data area 

and stack area. Jn addition to these areas, interrupt control bits 

and special registers are also mapped on the RAM memory 
space. RAM memory map is illustrated in Fig. 2 and described 
in the following paragraph. 
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bit 3 bit 2 bit 1 bit 0 

IMO IFO RSP l/E 
(IM of INTo) (IF of INT0) (Reset SP Bit) (Interrupt Enable Flag) 

0 $000 

IM1 IF1 
Not Used Not Used (IM of INT,) (IF of INT,) 

$001 

IMTB IFTB 
Not Used Not Used 

(IM of TIMER-B) (IF of TIMER-B) 
2 $002 

Not Used Not Used Not Used Not Used 3 $003 

IF Interrupt Request Flag 
IM Interrupt Mask 
l/E Interrupt Enable Flag 
SP Stack Pointer 

(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMO instruction and is tested by TM/TMD 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when "ASP" bit and "Not Used" bit is tested. 

Fig. 3 Configuration of Interrupt Control Bit Area 

• Interrupt Control Bit Area ..... $000 to $003 
This area is used for interrupt controls, and is illustrated in 

Fig. 3. It is accessable only by RAM bit manipulation instruc
tion. However, the interrupt request flag cannot be set by soft. 
ware. The RSP bit is only used to reset the SP. 

• Special Register Area ..... $004 to $00B 
Special Register is a mode or a data register for the external 

interrupt, the serial interface, and the timer/counter. These 
registers are classified into 3 types: Write-only, Read-only, and 
Read/Write as shown in Fig. 2. These registers cannot be 
accessed by RAM bit manipulation instruction. 

Memory Registers Stack Area 

MR(O) $ 020 
960 level 16 $3CO 

MR(l) $ 021 Level 15 

MR(2) $ 022 level 14 

MR(3) $ 023 level 13 

MR(4) $ 024 Level 12 

MR(5) $ 025 level 11 

MR(6) Level 10 

MR(7) Level 9 

MR(8) level 8 

• Data Area ..... $020 to $21 F 
16 digits of $020 to $02F are called memory register (MR) 

and accessable by LAMR and XMRA instructions. 

• Stack Area .... $3CO to $3FF 
Stack Area is used for LIFO stacks with the contents of the 

program counter (PC), status (ST) and carry (CA) when process
ing subroutine call and interrupt. As I level requires 4 digits, 
this stack area is nested to 16 level-stack max. The data pushed 
in the stack and LIFO stack state are provided in Fig. 4. The 
program counter is restored by RTN and RTNI instructions. 
Status and Carry are restored only by RTNI instruction, and 
not affected by RTN instruction. The area, not used for stack
ing, is available as a data area. 

bit3 bit2 bitl bitO 

32 

33 
34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

MR(9) 

MR(10) 

MR(11) 

' 44•45• I MR(12, 
. MR(13) 

$ 026 

$ 027 

$ 028 

$ 029 

$ 02A 

$ 028 

$ 02C 

$ 020 

$ 02E 

$ 02F 

~1~~L:~:~:-3~1 ~=~l~~+-~-+~~-t-~--t 
level 7 

Level 6 

Level 5 

' 4 

ST PC13 PC12 PC11 $ 3FC 

PC10 !'Cg PCs PC7 $ 3FD 

CA PC5 i'ts PC4 I$ 3FE 

530 

46 MR(14) 
1023 PC1 PCo 

47 MR(15) 
Level I 

1023 Level 1 $ 3FF _____ .__ ---~--~---~--~ 
PC3 PC2 I$ 3FF 

PC13 to PCo; Program Counter 
ST; Status 
CA; Carry 

Fig. 4 Configuration of Memory Register. Stack Area and Stack Position 
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• REGISTER AND FLAG 
The MCU has nine registers and two flags for the CPU opera

tions. They are illustrated in Fig. 5 and described in the follow
ing paragraphs. 

• Accumulator (A), B Register (Bl 
Accumulator and B Register arc 4-bit registers used to hold 

the results of Arithmetic Logic Unit (ALU). and to transfer data 
to/from memories. 1/0 and other registers. 

• W Register (W), X Register (X), Y Register (Y) 
W Register is 2-bit. and X and Y Register are 4-bit registers 

used for indirect addressing of RAM. Y Register is also used for 
D-port addressing. W Register is write-only and cannot be read. 

• SPX Register (SPX), SPY Register (SPY) 
SPX and SPY Register are 4-hit registers used to assist X and 

Y Register respectively. 

• Carry (CA) 
Carry (C' A) stores the overflow of ALU generated by the 

arithmetic operation. It is also affected by SEC. REC. ROTL and 
ROTR inst ructions. 

During interrupt servicing, Carry is pushed onto the stack 
and restored back from the stack by RTNI instruction. (It's not 
affected by RTN instruction.) 

• Status (ST) 
Status (ST) holds the ALU overflow, ALU non-zero and the 

results of bit test instruction for the arithmetic or compare in
struction. It is used for a branch condition of BR, BRL, CAL or 
CALL instructions. The value of the Status remains unchanged 
until the next arithmetic, compare or bit test instruction is ex
ecuted. Status becomes "I" after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its execution/ 
skip). During the interrupt servicing, Status is pushed onto the 

B ... 
[],,.,,, 

~I :~I ~I ·~I ·~I --~I";::". 
Fig, 5 Register and Flags 

HD614P180 

stack and restored back from the stack by RTNI instruction. 
(It's not affected by RTN instruction.) 

• Program Counter (PC) 
Program Counter is a 14-bit binary counter for ROM address

ing. 

• Stack Pointer (SP) 
Stack Pointer is used to point the address of the next stack

ing area up to 16 levels. 
The Stack Pointer is initialized to locate $3FF on the RAM 

address, and is decremented by 4 as data pushed into the stack, 
and incremented by 4 as data restored back from the stack. 

• INTERRUPT 
The MCU can be interrupted by three different sources: the 

external signals (INT 0, INT i) and timer/counter (TIMER-B). in 
each sources, the Interrupt Request Flag, Interrupt Mask and 
interrupt vector address will be used to control and maintain the 
interrupt request. The Interrupt Enable Flag is also used to 
control the total interrupt operations. 

• Interrupt Control Bit and Interrupt Service 
The interrupt control bit is mapped on $000 to $003 of the 

RAM address and accessable by RAM bit manipulation instruc
tion. (The Interrupt Request Flag (IF) cannot be set by soft
ware.) The Interrupt Enable Flag (I/E) and Interrupt Request 
Flag (IF) are set to "O", and the Interrupt Mask (JM) is set to 
"I" at the initialization by MCU reset. 

Fig. 6 shows the interrupt block diagram. Table I shows the 
interrupt priority and vector addresses, and Table 2 shows the 
conditions that the interrupt service is executed by any one of 
the three interrupt sources. 

The interrupt request is generated when the Interrupt Re
quest Flag is set to "I" and the Interrupt Mask is "O". If the 
Interrupt Enable Flag is "I", then the interrupt will be activated 
and vector addresses will be generated from the priority PLA 
corresponding to the three1interrupt sources. 

Fig. 7 shows the interrupt services flowchart, and Fig. 8 
shows the interrupt sequence. If the interrupt is requested, the 
instruction finishes its execution in the first cycle. The Inter
rupt Enable Flag is reset in the second cycle. In the second and 
third cycles, the Carry, Status and Program Counter are pushed 
onto the stack. In the third cycle, the instruction is executed 
again after jumping to the vector address. 

In each vector address, program JMPL instruction to branch 
tu a starting address of the interrupt routine. The Interrupt 
Request Flag which caused the interrupt service has to be reset 
by software in the interrupt routine. 
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sooo.o 

,,, 1------------1--... 
Sequenc• Conlrol 
·Push PC CA'ST 
-Rrncn 11E 

JiaT1ptoVector 
Addrn1 

/ 
Priority Control PLA 

Fig. 6 Interrupt Circuit Block Diagram 

Table 1. Vector Addresses and Interrupt Priority 

Reset• Interrupt Priority Vector addresses 

RESET - $0000 
+-------·------

IN To 1 $0002 

INT, 2 $0004 

TIMER-8 3 $0008 

Table 2. Conditions of Interrupt Service 

l~ce INTo INT, TIMER-8 

l/E 1 1 1 

IFO-iMO 1 0 0 

IF1 • IM1 * 1 0 

IFT8 • IMT8 * * 1 

• Don't care 
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No 

Yes 

(A) 

Reset 
MCU 

Yes 

PC•-$ 0002 

PC·-$ 0004 

PC•-$ 0008 

Fig. 7 Interrupt Servicing Flowchart 
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No 
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l-'E·-·O" 

Stack• (PC) 
Stack•- (CA) 
Stack•-(ST) 

ITIMER-B INTERRUPT) 
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Instruction 

Cycles 

Instruction 
execution 

Interrupt 
accepted 

2 

Stacking, 
Reset of 1/E 

3 

Stacking, 
Vector address 
is generated 

4 5 

JMPL instruction execution on the 
vector address 

6 

Instruction 
Execution at 
starting address 
of the interrupt 
routine 

Fig. 8 Interrupt Servicing Sequence 

• Interrupt Enable Flag (l/E: $000,0) 
The Interrupt Enable Flag controls enable/disable of all inter

rupt requests as shown in Table 3. The Interrupt Enable Flag is 
reset by the interrupt servicing and set by RTNI instruction. 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag Interrupt Enable/Disable 

0 Disable 

Enable 

• External Interrupt (INT0 , INT,) 
To use external interrupt, select R32 /INT0 , R33 /INT, port 

for INT 0, INT 1 mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO. IFI) are set at 
the falling edge of INT 0, INT; inputs. 

INT 1 input can be used as a clock signal input of TIMER-B. 
Then, TIMER-B counts up at each falling edge of input. When 
using INT 1 as TIMER-B external event, an External Interrupt 
Mask (!Ml) has to be set so that the interrupt request by INT1 
will not be accepted. 

• External Interrupt Request Flag (IFO: $000,2, IF1: $001,0) 
The External Interrupt Request Flags (IFO, IFI) are set at 

the falling edges of INT 0 , INT 1 inputs respectively. 

• External Interrupt Mask (IMO: $000,3, IM1: $001,1) 
The External Interrupt Mask is used to mask the external 

Table 4. External Interrupt Request Flag 

External Interrupt Request Flags Interrupt Requests 

0 No 

Yes 

Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 
Disable (masks) 

• Port Mode Register (PMR: $004) 
Ther Port Mode Register is a 2-bit write-only register which 

controls the R 32 /INT0 pin and R 33 /INT 1 pin as shown in Table 
6. The Port Mode Register will be initialized to $0 by MCU 
reset, so that all these pins are set to a port mode. 

Table 6. Port Mode Register 

PMR 

bit 3 
R33 /INT 1 pin 

0 Used as R33 port input/output pin 

Used as INT1 input pin 

PMR 

bit 2 
R32 /INT0 pin 

0 Used as HJ2 port input/output pm 

Used as INT 0 input pin 

@HITACHI 
534 Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. •Brisbane, CA 94005-1819 • (415) 589-8300 



HD614P180 

INTERNAL BUS LINE iSl) 
TIMER MODE REGISTER B 

4 
TMBi4b1t) 

Fig. 9 Timer/Counter Block Diagram 

• TIMER 
The MCU contains a prescaler and timer/counter (TIMER-B), 

Fig. 9 shows the block diagram. The prescaler is an 11-bit binary 
counter which has same function with the HMCS412C. TIMER
B is an 8-bit auto-reload timer/counter which has same function 
with the HMCS412C. 

• Prescaler 
The input to the prescaler is a system clock signal. The pre

scaler is initialized to $000 by MCU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logic "O". The prescaler keeps counting up except 
MCU reset and stop mode. The prescaler provides clock signals 
to TIMER-B. The prescaler divide ratio of the clock signals are 
selected according to the content of the mode registers such as 
- Timer Mode Register B (TMB). 

• TIMER-8 Operation 
Timer Mode Register B (TMB: $009) is used to select the 

auto-reload function and the prescaler divide ratio of TIMER-B 
as the input clock source. When the external event input is 
used as an input clock signal to TIMER-B, select the R33 /INT 1 

as INT 1 and set the External Interrupt Mask (IM l) to "I" to 

prevent the external interrupt request from occurring. 
TIMER-B is initialized according to the value written into the 

Timer Load Register by software. TIMER-B counts up at every 
clock input signal. When the next clock signal is applied to 
TIMER-B after TJMER-B is set to $FF, TIMER-B will be initi
alized again and generate overflow output. In this case if the 
auto-reload function is selected, TIMER-Bis initialized accord
ing to the value of the Timer Load Register. Else if the auto
reload function is not selected, TIMER-B goes to $00. TIMER
B Interrupt Request Flag (IFTB: $002,0) will be set at this 
overflow output. 

• Timer Mode Register B (TMB: $009) 
The Timer Mode Register B is a 4-bit write-only register. The 

Timer Mode Register B controls the selection for the auto
reload function of TIMER-B and the prescaler divide ratio, 
and the source of the clock input signal, as shown in Table 7. 

The Timer Mode Register B is initialized to $00 by MCU 
reset. 

The operation mode of TIMER-B is changed at the second 
instruction cycle after writing into the Timer Mode Register B. 

Therefore. it is necessary to program the write instruction 
to TLRU after the content of TMB is changed. 
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Bit 2 

0 

0 

0 

0 

1 

1 

1 

1 

536 

Table 7 Timer Mode Register B • TIMER-B (TCBL: $00A, TCBU: $008) 
TLRL: $00A, TLRU: $008 

TMB 

Bit 3 

0 

TMB 

Bit 1 Bit 0 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

Auto-reload Function 

No 

Yes 

Prescaler Divide Ratio, 
Clock Input Source 

72048 

512 

128 

32 
! 8 

4 

2 

INT 1 (External Event Input) 

PMR $004 

TIMER-8 consists of an 8-bit write-only Timer Load Regis
ter, and an 8-bit read-only Timer/Event Counter. Each of them 
has a low-order digit (TC8L: $DOA, TLRL: $00A) and a high
order digit (TCBU: $008, TLRU: $008). 

The Timer/Event Counter can be initialized by writing data 
into the Timer Load Register. In this case, write the low-order 
digit first, and then the high-order digit. The Timer/Event 
Counter is initialized at the time when the high-order digit is 
written. The Timer Load Register will be initialized to $00 by 
the MCU reset. 

The counter value of TIMER-8 can be obtained by reading 
the Timer/Event Counter. In this case, read the high-order digit 
first, and then the low-order digit. The count value of low-order 
digit is latched at the time when the high-order digit is read. 

• TIMER-8 Interrupt Request Flag (IFT8: $002, 01 
The TIMER-8 Interrupt Request Flag is set by the overflow 

output of TIMER-8. 

• TIMER-8 Interrupt Mask (IMT8: $002, 11 
TIMER-8 Interrupt Mask prevents an interrupt request 

generated by TIMER-8 Interrupt Request Flag. 

PMR3 PMR2 

~---------- R 32 /INT0 pin mode selection 

~------------- R 33 /INT 1 pin mode selection 

TMB$009 

TMB3TMB2TM81TMBO 

'------v-----' 

~ TIMER-B input clock selection 

Auto-reload function selection 

F!g. 1 O Mode Register Configuration and Function 
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Table 8. TIMER·B Interrupt Request Flag 

TIMER-8 Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 9. TIMER-B Interrupt Mask 

TIMER-B Interrupt 
Mask 

0 

Interrupt Request 

Enable 

Disable (Mask) 

HD614P180 

• INPUT/OUTPUT 
The MCU provides 36 Input/Output pins, and they are con

sist of 12 standard pins of "Without pull-up MOS /(NMOS 
open drain)" and 24 high voltage pins of "Without pull-down 
MOS (PMOS open drain)". 

When any input/output common pin is used as input pin, 
it is necessary to set the output data as shown in Table 10. 

Table 10 Data Input from Input/Output Common Pins 

1/0 circuit type 

For Standard pins 
"Without pull-up MOS 
(NMOS open drain)" 

For High voltage pins 
'Without pull-down MOS 
(PMOS open drain)" 

Table 11 1/0 Pin Circuit Forms 

Without pull-up MOS Applied 
(NMOS open drain) pins 

~ 
input 
data Do -OJ, 

1/0 RJo ........,R33, 

common R4o "'fi43 
pins HLT c: ~utput ·a. 

~ data 
"O 

iii u; 

Input 0--~-mput 
INTo 

pins data TNT;"" 
HLT 

(Continued) 

• 0-port 
D-port is I-bit 1/0 port, and it has 15 Input/Output common 

pins. It can be set/reset by the SEO/RED and SEDD/REDD 

Available pin condition for input 

"1" 

"O" 

Without pull-down MOS 
Applied pins (PMOS open drain) 

Vee 

1/0 kCJ=~~ut 04-014, 
common data 

R10'""-"Fl13, 
pins R2o"'Rn 

HL~ input 
..__ data 

c: Vee ·a. 
o--9~HLT " Output F output Roo"'-'RoJ 

~ 
pins data 

~ 
I 

--"-

Input ~input RA1 
pins data 

(Note) In the stop mode, H LT signal is "O", H LT signal is "1" and 1/0 

pins are in high impedance. 

instructions, and can be tested by the TD and TDD instructions. 
Table 11 shows the classification of standard pins, high voltage 
pins and the Input/Output pins circuit types. 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 537 



HD614P180 

• R-port pins, high voltage pins and Input/Output pins circuit types. 
R-port is 4-bit 1/0 port. It provides 16 inp11t/output com

mon pins, 4 output-only pins, and I input-only pin. Data input 
is processed using the LAR and LBR instructions and data 
output is processed using the LRA and LRB instructions. The 
MCU will not be affected by writing into the input-only and/or 
non-existing ports, invalid data will be read by reading from the 
output-only and/or non-existing ports. 

• RESET 
The MCU is reset by setting RESET pin to "l ". At power 

ON or recovering from stop mode, apply RESET input more 
than tRc to obtain the necessary time for oscillator stabiliza
tion. In other cases, the MCU reset requires at least two instruc
tions cycle time of RESET input. 

The R32 and R33 pins are also used as the INT 0 and INT 1 

pins respectively. Table 11 shows the classification of standard 
Table 12 shows initialized items by MCU reset and each 

status after reset. 

Table 12 MCU Initial Value by Reset 

Items Initial value by 
Contents MCU reset 

Program counter (PC) $0000 Execute program from the top of ROM address. 
Status (ST) "1" Enable to branch with conditional branch instructions. 

Stack pointer (SP) $3FF Stack level is 0. 

Standard pin Without pull-up 
"1" Enable to input. I /0 output MOS 

register High voltage Without pul I-down 
pin MOS 

"O" Enable to input. 

Interrupt Enable Flag (1/E) "O" Inhibit all interrupts. 

Interrupt flag Interrupt Request Flag (IF) "O" No interrupt request. 

Interrupt Mask (IM) "1" Mask interrupt request. 

Port Mode Register (PM R) "0000" See Item "Port Mode Register". 
Mode register 

Timer Mode Register B (TMB) "0000" See Item "Timer Mode Register B". 

Prescaler $000 -
Timer/Counter Timer/Event Counter B (TCB) $00 -

Timer Load Register (TLR) $00 -

(Note) The values of registers and flags which are not described on above table will become 
as follows. 

Item After releasing stop mode After MCU Reset 
by MCU Reset except the left 

Carry ICAI The value immediately before The value immediately 
Accumulator IA MCU reset is not guaranteed. before MCU Reset is 
8 register B Initialization by the program not guaranteed. 
W register J:IYI should be required. Initialization by the X/SPX r!ii]ster (X/SPX) 
Y /SPY register (Y/SPY) program should be 

required. 

The value immediately before 

RAM 
MCU reset (the value -ditto-
immediately before executing 
stop instruction) is retained. 
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• INTERNAL OSCILLATOR CIRCUIT 
Fig. I I gives internal oscillator circuit. The oscillator type 

can be selected from the followings; crystal resonator, or ceramic 

filter resonator as shown in Table 13, In any cases, external 
clock operation is available. 

External clock 
operation 

Ceramic filter 
resonator 

Crystal 

resonator 

osc, [> 

osc, <J 
Oscillator 

Divider 
circuit 
1/8 

Timing 
generator 
circuit 

System 
clock 

Fig. 11 Internal Oscillator Circuit 

Table 13 Oscillator Circuit Example 

Circuit configuration 

Oscdfator 

osc, 

Open OSC 2 

GND 

Aleut parallel resonance crystal 

os~~c, 
Co 

Remarks 

Ceramic filter: CSA 4.00MG (Murata) 

Rt: 1MS1±2% 

Ct : 30p F ± 20% 

C2: 30pF ± 20% 

Ceramic filter: CSA 6.00MG (Murata) 

Rt: 1MS1 ± 2% 
C1 : 30pF ± 20% 
C2 : 30pF ± 20% 

Crystal: 4.194304 (MHz) 

NC-18C (Nihon Denpa Kogyo) 

Rt: 1MS1±2% 

C1 : 22pF ± 20% 

C, : 22pF ± 20% 

Crystal: 6.0 (MHz) 

Rf 1MS1±2% 

C1: 20pF ± 20% 

C2: 20pF ± 20% 

Crystal: AT cut parallel resonance crystal 
C0 : 7 pF max. 

Rs: 100S1 max. 

f: 2.0 - 4.5MHz 

(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters are the one recommended by crystal or ceramic filter maker. 
The circuit parameters are changed by crystal, ceramic filter resonator and the floated capacitance in designing the board. 
In employing the resonator, please consult with the engineers of crystal or ceramic filter maker to determine the circuit parameter. 

(Note 2) Wiring among OSC 1 , OSC 1 and elements should be as short as possible, and never cross the other wirings. Refer to the layout of 
crystal and ceramic filter. 
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Do 

GND 
osc,..., i'='"' ~--../ 

Fig. 12 Layout of Crystal and Ceramic Filter 

• LOW POWER DISSIPATION MODE 
The MCU provides two low power dissipation modes, that is, 

a Standby mode and a Stop mode. Table 14 shows the function 
of the low power dissipation mode, and Fig. 13 shows the 
diagram of the mode transition. 

Table 14 Low Power Dissipation Mode Function 

Condition 

Low Power 
Instruction Input/ Recovering 

Dissipation Mode Oscillator Instruction Register, Interrupt RAM Output Timer/ method 
circuit execution Flag function pin Counter 

Standby mode SBY 
Active Stop Retained Active Retained 

•21 
Active RESET Input, 

instruction Retained 
Interrupt requP.st 

Stop mode STOP Stop Stop RESET* 1) Stop Retained High Stop RESET Input instruction impedance 

*1) As the MCU recovers from STOP mode by RESET input, the contents of the flags and registers are initialized according to Table 12. 
*2) As a 1/0 circuit is active, a 1/0 current possibly flows according the state of 1/0 pin. This is the additional current to the current dissipation in 

Standby Mode Ossv1. lssv2I. 

Fig. 13 MCU Operation Mode Transition 

• Standby Mod.e 
The SBY instruction puts the MCU into the Standby mode. 

In the Standby mode, the oscillator circuit is active and timer/ 

counter continues working. On the other hand, the CPU stops 
since the clock related to the instruction execution stops. 
Registers, RAM and Input/Output pins retain the state they had 
just before going into the Standby mode. 

The Standby mode is canceled by the MCU reset or interrupt 
request. When canceled by the interrupt request, the MCU 
becomes an active mode and executes the instruction next to 
the SBY instruction. At this time, if the Interrupt Enable Flag 
is "I", the interrupt is executed. If the Interrupt Enable Flag 
is "'O"". the int~rrupt request is held on and the normal instruc· 
tion execution continues. 

Fig. I 4 shows the flowchart of the Standby Mode. 

• StopMode 
The STOP instruction brings the MCU into the Stop mode. 

In this mode the oscillator circuit and every function of the 
MCU stop. 

The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 15, apply the RESET input for more than tRc 
to get enough oscillator stabilization time. (Refer to the "AC 
CHARACTERISTICS".) After the Stop mode is canceled, 
RAM retains the state it had just before going into the Stop 
mode after releasing stop mode by MCU reset, the values of the 
D register, 'N register, X/SPX register, Y/SPY r~gister, carry and 
serial data register are not guaranteed. 

@HITACHI 
540 Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



Oscillator 

Internal clock 

RESET 

Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

No 

Restart 
Processor Clocks 

[A) 

Reset MCU 

STOP instruction execution 

[Bl 

Execute 
Instruction 

Restart 
Processor Clocks 

No 

Interrupt 
Accept 

[Ci 

Fig. 14 MCU Operating Flowchart 

(more than stab1llzat1on time: tAcl 

Fig. 15 Stop Mode Cancel Timing Chart 
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• RAM ADDRESSING MODE 
As shown in Fig. 16, the MCU provides three RAM address

ing modes; Register Indirect Addressing, Direct Addressing and 
Memory Register Addressing. 

• Register Indirect Addressing 
The combined 10-bit contents of W Register. X Register and 

Y Register is used as the RAM address in this mode. 

RAM Address 

• Direct Addressing 
The direct addressing instruction consists of two words and 

the second word (10 bits) following Op-code (the first word) is 
used as the RAM address. 

• Memory Register Addressing 
The Memory Register Addressing can access 16 digits 

(Memory Register: MR) from $020 to $02F by using the LAMR 
and XMRA instruction. 

(a) Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

OP Code 

(bl Direct Addressing 

Instruction 

RAM Address 

(c) Memory Register Addressing 

Fig. 16 RAM Addressing Mode 
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• ROM ADDRESSING MODE AND P INSTRUCTION 
The MCU has four kinds of ROM addressing modes as shown 

in Fig. 17. 

• Direct Addressing Mode 
The program can branch to any addresses in the ROM 

memory space by using JMPL, BRL or CALL instruction. 
These instructions replace 14-bit program counter (PC 13 to 
PCO) with 14-bit immediate data. 

• Current Page Addressing Mode 
ROM memory space is divided into 256 words in each page 

starting from $0000. The program branches to the address in 
the same page using BR instruction. This instruction replace 
the low-order eight bits of program counter (PC7 to PCO) with 

(JMPL] 
(BAL) 
(CALL] 

Instruction 1st Word 

HD614P180 

8-bit immediate data. The branch destination by BR instruction 
on the boundary between pages is given in Fig. 19. 

• Zero Page Addressing Mode 
The program branches to the zero page subroutine area, 

which is located on the address from $0000 to $001F, using 
CAL instruction. When CAL instruction is executed. 6-bit 
immediate data is placed in low-order six bits of program 
counter (PCS to PCO) and "O's" are placed in high-order eight 
bits (PC 13 to PC6 ). 

• Table Data Addressing 
The program branches to the address determined by the 

contents of the 4-bit immediate data, ;iccumulator and B regis
ter, using TBR instruction. 

Instruction 2nd Word 

(a) Direct Addressing 

(TBA) 

Instruction 

(b) Current Page Addressing 

Instruction 

[CAL) OP Code 

·o. ·o· ·o· ""O" . O"" ""O" ""O"" 

' Program Counter C13PC12PC11PC10PC9 PCs PC7 PCs PC5 PC4 PC3 PC2 

(c) Zero Page Addressing 

Instruction 

(d) Table Data Addressing 

Fig. 17 ROM Addressing Mode 
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Instruction 

(Pl OP Code 
B Register Accumulator 

(a) Address Designation 

Accumulator. B Register : If R08 = 1 

ROM Data 

: If ROg = 1 

(b) Pattern Output 

Fig. 18 P Instruction 

• P Instruction 
The P instruction refers ROM data addressed byTable Data 

Addressing. ROM data addressed also determine its destination. 
When bit 8 in referred ROM data is "I", 8 bits of referred ROM 

8RAAA 
BR 888 

2!>6<~ 1 .• 2S5 
256n 

Fig. 19 The Branch Destination by BR Instruction on 
the Boundary between Pages 

data are written into the accumulator and B Register. When bit 
9 is "l ", 8 bits of referred ROM data are written into the RI 
and R2 port output register. When both bit 8 and 9 are "] ", 
ROM data are written into the accummulator and B Register 
and also to the RI and R2 port output register at a same time. 

The P instruction has no effect on the program counter. 

• Description of the Branch Destination 
on Page Boundary. 
When BR is on page boundary (256n+255), BR instruction 

transfers the contents of PC to the next page with hardware 
architecture. Therefore, the program branches to the next 
page when using BR on page boundary. The HMCS400 series 
cross macro assembler has automatic paging facility for ROM 
page. 

• INSTRUCTION SET 
The HD614PI80 provides 98 instructions. These instruc-

tions are classified into IO groups as follows; 
(I) Immediate Instruction 
(2) Register-to-Register Instruction 
(3) RAM Address Instruction 
(4) RAM Register Instruction 
(5) Arithmetic Instruction 
( 6) Compare Instruction 
(7) RAM Bit Manipulation Instruction 
(8) ROM Address Instruction 
(9) Input/Output Instruction 

(I 0) Control Instruction 
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Table 15. Immediate Instruction 

z OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Load A from Immediate LAI I 100 0 l 1 13 i2 i1 io 1----.A 1/1 

Load B from Immediate LBI i 1 0 0 0 0 0 i3 i2 i1 io i------B 1/1 

Load Memory from Immediate LMIO 1,d TI1fJ1ci' ~ ci',~ t-------M 2/2 

Load Memory from Immediate, Increment Y LMllY i 10100 1 13 i2 i1 io l·•M.Y+ 1-·Y NZ 1/1 
_ _______L_ .. _.!.____ ________ .!.___ ____ ______L_ _ ----

Table 16. Register-to-Register Instruction 

----r-----------i ---- -- --- ----- ,---- rz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
[----- _YCLE 

Load A from B LAB D 0 0 1 0 0 1 0 0 0 B-A 1/1 

Load B from A LBA 0 0 1 1 0 0 1 0 0 0 A-B 1/1 

Load A from Y LAY 0 0 1 0 1 0 1 1 1 1 Y-·A 1/1 

Load A from SPX LAS PX 0 0 0 1 1 0 1 0 0 0 SPX-A 1 1 

Load A from SPY LASPY 0 0 0 1 0 1 1 0 0 0 SPY-A 1 1 

load A from MR LAMR m 1 0 0 1 1 1 m3m2m1mo MR(m)··A 1/ 1 

Exchange MR and A XMRA m 1 0 1 1 1 1 m3m2m1mo MR(m)··A 1/1 
. _ ______J__ _____ .L_____. __ __ J.____ -

Table 17. RAM Address Instruction 

load X from Immediate LXI 1 1 0 0 0 1 0 13 12 11 10 1-----.X 1/1 
-Lo_a_d_Y_f-ro_m_lm_m_e_d-ia-te----+---L-Y-l-,--+-1-0_0_0 __ 0_1_1_,-,,-,-,-;

0
-+---;_--y-·--+--·---·-----1---1/_1_ 

Load X from A LXA 0 0 1 1 1 0 1 0 0 0 A-X 1 / 1 

LoadYfromA LYA 0011011000 A-Y 1/1 

Increment Y IY 0 0 0 1 0 1 1 1 0 0 Y + 1 -Y ·NZ--,-;;:l-
------------+---·---+---------l-·-·-·------1-----+--
DecrementY DY 0011011 1 11 Y-1-Y NB 1/1 

Add A to Y AYY 0 0 0 1010100+---Y+A-Y OVF 1/1 
-S-ub-t-ra_c_t_A_fr_o_m_Y ______ +--_S_Y_Y __ __,__0_0_1_1_0_1_0_1_0 __ 0-+---Y---A---y--l---~--1/_1_ 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 1 X··SPX 1 1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 1 0 Y ··SPY --t--i/1 
Exchange X and SPX.Y and SPY XSPXY 0 0 0 0 0 0 0 0 1 1 X.-SPX,Y··SPY 1 ~ 1 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 545 



HD614P180 

Table 18. RAM Register Instruction 

OPERATION v:z. MNEMONIC OPERATION CODE FUNCTION STATUS 
CYCLE 

Load A from Memory LAM(XY) 00100100yx M-A. (~::~m 1/1 

Load A from Memory LAMO d 0110010000 M-A 2/2 
dgdsd1d&~d4d3d2d1 do 

Load B from Memory LBM(XY) 00010000yx M-B, (~::m) 1/1 

Load Memory from A LMA(XY) 00100101yx A-M. (~::~~~) 1/1 

Load Memory from A LMAO d 0110010100 A-M 2/2 
doda d1 dodo ct.d, did, do 

load Memory from A, Increment Y LMAIY(X) 000101000x A-M,Y+1-YIX··SPX) NZ 1/1 

Load Memory from A. Decrement Y LMAOY(X) 001101000x A-+M,Y-1-+YIX··SPXJ NB 1/1 

Exchange Memory and A XMA(XY) 00100000yx M-A. (~::~m 1/1 

Exchange Memory and A XMAO d -g-1 1 0 0 0 0 0 0 0 M-A 2/2 
dided1ded~d•<b<bd1 do 

Exchange Memory and B XMB(XY) 00110000yx M-e.~:::~m 1/1 

Note) (XV) and !xi have the meaning as follows: 

(1) The instructions with (XV) have 4 mnemonics and 4 object codes for each, (eJtample of LAM (XY) is given below.) 

MNEMONIC y x FUNCTION 

LAM 0 0 

LAMX 0 1 X ++SPX 

LAMY 1 0 Y++SPY 

LAMXY 1 1 X ++SPX, Y ++SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each. (example of LMAIY(X) is given below.) 

MNEMONIC FUNCTION 

LMAIY 0 

LMAIYX X++SPX 
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Table 19. Arithmetic Instruction 

OPERATION MNEMONIC OPERATION CODE ZRO 
FUNCTION STATUS 

CYCLE 

Add Immediate to A All 10100Qi3i2i1io A+ 1-A OVF 1/1 
----------~-----+-------;----------+-------+----+---

Increment B 

Decrement B 

Decimal Adjust for Addition 

IB 0001001 1 00 B+l-B NZ 1/1 

DB 0011001111 B-1-B NB 1/1 

DAA 0 0 1 0 1 0 0 1-,--c) 1/1 
-------·---·-------~C------.......jC---------+------+-----+---

Decimal Adjust for Subtraction DAS 0010101010 1/1 
---~~--~---------+------+-----------t--~~----j----;---

Negate A NEGA 0001 1 00000 A+l-A 1/1 

Complement B 0101000000 

-Ro-t-at-e A1ghtA-;;th Carry ROTR ~-0 1 0 0 0 0 0 

COMB 

R~-tat-e Left-A-wrthC-ar-ry ____ --RO_TL__ 0 0 1 0 1 0 0 0 0 1 

B-B 1/1 

1/1 

1/1 

Set Carry SEC 0 0 1 1 0 1 1 1 1 1-CA 1/1 
-------- ---- ·~---- -------+--------+-------+-----+--
Reset Carry REC 0 0 1 1 0 1 1 0 0 0-CA 1/1 
-----·--· -·· ----·--+------
Test Carry TC 0001101111 CA 1/1 
Add-A-to Mem~~ ··----- t--;;:M·------t-0-0_0_0_0_0_1_0_0_0 _ _,_ __ M_+_A ___ A _ _,...._O_V_F---;-,-/-1-

Al IM-A NZ 2/2 

AUM-A NZ 1/1 

A.JM-A NZ 2/ 2 
------+.o~~~~~~~r-

A f. M -A NZ 1 /1 
---1----.......j---

A • +, M ·"A NZ 2/2 
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Table 20. Compare Instruction 

z OPERATION MNEMONIC OPERATION CODf FUNCTION STATUS 
YCLE 

Immediate Not Equal to Memory INEM I 0 0 0 0 1 0 i3 i2 i 1 io i i:M NZ 1/1 

Immediate Not Equal to Memory INEMD i.d 0 100 1 0 i i i i 
~lg,.d,d.~J~,ci.~, i *M NZ 2/2 

A Not Equal to Memory ANEM 0000000100 A°'M NZ 1/1 
--·---
A Not Equal to Memory ANEMD d I ~.J.~,~.~.~.~,J,~. ~' A1'M NZ 2/2 

B Not Equal to Memory BNEM 0001000100 B,cM NZ 1/1 

Y Not Equal to Immediate YNEI I 0 0 0 1 1 1 i3 i2 i, io y'J., i NZ 1/1 
--·---~-----

Immediate Less or Equal to Memory ILEM ' 0 0 0 0 1 1 i3 i2 i 1 io i ~M NB 1/1 
---.-----

1J~,~n~~~~ Immediate L~ss or Equal to Memory ILEMD i.d i ~M NB 2/2 

A Less or Equal to Memory ALEM 0000010100 A>.M NB 1/1 
-

IJ, ~) ~. ~. J. ~' J, ~. ~Q A Less or Equal to Memory ALEMD d A,,;M NB 2 2 
------
B Less or Equal to Memory BLEM 0011000100 B,,;M NB 1/1 
---·---
A Less or Equal to Immediate ALEI I 10101 1 i3 i2 i1 io A-;;, i NB 1/1 

Table 21. RAM Bit Manipulation Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION z STATUS 
CYCLE 

Set Memory Bit SEM n 00100001n,no 1-M(n) 1/1 

Set Memory Bit SEMO n,d 
---

01100001n.no 
d !l.Jl2doilo_o,d d2d,do 1-M(n) 2/2 

Reset Memory Bit REM n 00100010n,no o-M(n) 1/1 

Reset Memory Bit REMO n,d ~9~e~1i~s~JJ~2~:~ o-M(n) 2/2 

Test Memory Bit TM n 00100011n,no M(n) 1/1 
--·--------
Test Memory Bit TMD n,d q 1 1 0 0 0 1 1 n ,no 

dg de d1 ds ds d4 d3 d2 d1 do M(n) 2/2 

Table 22. ROM Address Instruction wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
CYCLE 

Branch on Status 1 BR b 1 1 b1bsb5b~3b2b1bo 1 1/1 

Long Branch on Status 1 BRL u 0 1 0 1 1 1 PJP2P•PO 
dgdsd1d6dsd4d3d d1 do 1 2/2 

Long Jump Unconditionally JMPL u 0 1 0 1 0 1 ~~2P•Po 
dgd d1d6dsd4d3d2d1do 2/2 

Subroutine Jump on Status 1 CAL a 0 1 1 1 858483828180 1 1/2 

Long Subroutine Jump on Status 1 CALL u ~g Js ~1 ds Js ~4 ~~:~11 ~~ 1 2/2 

Table Branch TBR p 0 0 1 0 1 1 PJP2P•Po 1/1 

Return from Subroutine RTN 0000010000 1/3 

Return from Interrupt RTNI 0000010001 1-1/E 
CA RESTORE ST 1/3 

Table 23. Input/Output Instruction 

w2'; OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
CYCLE 

Set Discrete 1/0 Latch SEO 0 0 1 1 1 0 0 1 0 0 1-D(Y) 1/1 

Set Discrete i/0 Latch Direci SEDD m 1 0 1 1 1 0 m,m 2m,m0 I 1.-0(m} 

I I 
1/1 

Reset Discrete 1/0 Latch RED 0 0 0 1 1 0 0 1 0 0 0-D(Y) 1/1 

Reset Discrete 1/0 Latch Direct REDD m 1 0 0 1 1 0 m3m2m1mo o-D(m) 1/1 

Test Discrete 1/0 Latch TD 0 0 1 1 1 0 9 0 0 0 D(Y) 1/1 

Test Discrete 1/0 Latch Direct TDD m 1 0 1 0 1 0 m3m2m1mo D(m) 1/1 

Load A from A-Port Register LAR m 1 0 0 1 0 1 m3m2m1mo R(m)-A 1/1 

Load B from A-Port Register LBR m 1 0 0 1 0 0 m3m2m1mo R(m)-B 1/1 

Load A-Port Register from A LRA m 1 0 1 1 0 1 m3m2m1mo A-R(m) 1/1 

Load A-Port Register from 8 LRB m 1 0 1 1 0 0 m3m2m1mo B-R(m) 1/1 

Pattern Generation p p 0 1 1 0 1 1 PJP2P1Po 1/2 
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Table 24. Control Instruction 

OPERATION MNEMONIC OPERATION COOE FUNCTION STATUS 
WORD 

ZE 
No Operation NOP 0000000000 1/1 
Stand-by Mode SBY 0 101001 1 00 1/1 
Stop Mode STOP 0101001101 1/1 

{Note) HD614P180 has not serial Interface, so STS (start serial) cannot be used. If used STS, its operation equals to NOP. 

LBI 

LYI 

LXI 

LAI 

LBR 

LAR 

REDD 

LAMR 

Al 

LMllV 

A TOO 

ALEI 

LRB 

0 LRA 

SEDD 

XMRA 

Cl·· 1 word/2 cycle 
Instruction 

Table 25. OP-Code Map 

1(4) 

1(41 

1(4) 

m(4) 

m(41 

m(4J 

m(4J 

•14) 
BR bl Bi 

1(4) 
---------

m(4) 

1(4) 

m(4) 

m{4) 

m(4) 
------------

m(4) 
-----------

CJ .. , ~~t~u~ii~~t Address CJ-·· ~n:~~:~~cle 
(2 word/2 cycle) 
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• PRECAUTION TO USE THE EPROM ON-PACKAGE 
4 BIT SINGLE CHIP MICROCOMPUTER 
Please pay attention to the followings, since this MCU has 

special structure with pin socket on the package. 
(!) Don't apply high static voltage or surge voltage over MAX

IMUM RATINGS to the socket pins as well as the LSI 
pins. 
If not, that may cause permanent damage to the device. 

(2) When using this in production like mask ROM type single 
chip microcomputer, pay attention to the followings to 
keep the good contact between the EPROM pins and socket 
pins. 
(a) When soldering the LSI on a print circuit board, the 

recommended condition is 

Temperature: lower than 250°C 
Time : within 10 sec. 

Over time/temperature may cause the bonding solder 
of socket pin to melt and the socket pin may drop. 

(b) Note that the detergent or coating will not get in 
the socket during flux washing or board coating 
after soldering, because that may cause bad effect on 
socket contact. 

(c) Avoid permanent application of this under the con
dition of vibratory place and system. 

(d) The socket, inserted and pulled repeatedly loses its 
contactability. It is recommended to use new one when 
applied in production. 

Table 26. Difference between the HD614P180 and HMCS412C 

~· HD614P180 
lte 

HMCS412AC HMCS412C HMCS412CL HMCS414AC HMCS414C HMCS414CL 

Minimum instruction 1.33µ.s 1.33 µs 2,.. 4µs 1.33µ.s 2µs 4µs execution time 

Power supply voltage 4.5 - 5.5 v 4.5 -6 v 3.5- 6 v 2.5- 6 v 4.5 - 6 v 3.5-6 v 2.5 -6 v 
o 4,096 words x 10 bits 

ROM (using standard EPROM 27641 2,048 words x 10 bits 4,096 words x 10 bits 
o 8,192 words x 10 bits Mask ROM Mask ROM 

(using stndard EPROM 27128) 

RAM 576 digits x 4 bits 160 digits x 4 bits 256 digits x 4 bits 

Standard pins All pins are "without pull-up Each pin selects "without pull-up MOS (NMOS open drain)", 

1/0pin MOS INMOS open drain)"". "with pull-up MOS", or "CMOS". 
circuit High voltage pins All pins are "without pull-down Each prn selects "without pull-down MOS (PMOS open drain)'' 

MOS (PMOS open drain)'" or "with pull-down MOS". 

Clock generator Crystal resonator or ceramic Crystal resonator, ceramic filter resonator, or resistance oscillator 
filter resonator 

42·pin EPROM on package. 42-pin dual in line package (DP-42) 
The base chip pins are com-Package 
patible with those of the 

Shrink type 42-pin dual in lne package (DP-42S) 

HMCS412C 
44-pin flat plastic package (FP-44A) 

Type DC-42P DP-42 DP-42S FP-44A 

Occupied area 
19 x 52.8 13.4 x 52.8 14 x 37.4 17.2 x 17.2 Imm) 

High from 7.5 (max.) 5.08 (max.) 5.08 (max.) 2.9 (max.) stand-off EPAOM on package 
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HD40P4281/HD40P42161-
Description 
The HD40P4281/HD40P42161 are 4-bit single 
chip microcomputers which can mount a 
standard EPROM 2764/27128 for program 
memory. 
The HD40P4281 is pin-compatible with the 
mask ROM type HMCS424, but has some 
differences with it as shown in Table 33. By 
modifying the program in the EPROM, it can 
be used for the evaluation of the HMCS424 or 
for small-scale production. 

Features 

• 4-bit architecture 
• Application to 4096, 8192 words of 10 bits 

EPROM 
4096 words ......... HN482764, HN27C64 
8192 words ......... HN4827128 

• 992 digits of 4-bit RAM 
• 36 I/0 pins, including 24 high-voltage I/O 

pins (40 V max) 
• 2 Timer/counter 

-11-bit prescaler 
-8-bit free running timer/counter 
-8-bit auto-reload timer/event counter 

• Clock synchronous 8-bit serial interface 
• Five interrupt sources 

-External: 2 
-Timer/counter: 2 
-Serial interface: 1 

• Subroutine stack 
-Up to 16 levels including interrupts 

• Minimum instruction execution time 
--0.89 µs 

• Low power dissipation modes 
-Standby: Stops instruction execution 

while allowing clock oscillation and 
interrupt functions to operate. 

-Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data. 

• On-chip oscillator 
-Crystal or ceramic filter 

(externally drivable} 
• Package 

42-pin dual in-line ceramic, EPROM on
package 

• Instruction set compatible with 
HMCS424; 
101 instructions 

• High programming efficiency with 10-bit/ 
word ROM: 79 single-word instructions 

• Direct branch to all RAM areas 
• Direct or indirect addressing of all RAM 

areas 
• Subroutine nesting up to 16 levels includ-

-Under Development-
ing interrupts 

• Binary and BCD arithmetic operations 
• Powerful logical arithmetic operations 
• Pattern generation-table lookup capabil

ity 
• Bit manipulation for both RAM and I/O 

Program Development Support Thols 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 

Recommended Applicable EPROM 
Program Memomy 

Type No. Capacity fosc(MHzl EPROM Type No. 

HD40P4281 4096 words 4 HN27C64-30 
HN482764-3 

8 HN27C64G-15 

8192 words 4 HN4827128-45 

8 HN4827128A-17 

HD40P42161 16384 words 4 HN27256-30 

8 HN27256-25 

~HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 551 



HD40P4281/HD40P42161 

Pin Arrangement 

HD40P4281 HD40P42161 

Dn 1 0 D,, Dn 10 D,, 
D,, o,, D,, D10 
D .. D, D .. D, 

RA,/Vdosp De RA,/Vd1sp De 
ROo OVcc D1 RO, 5 0 Vee D1 
RO, OA12 Ds RO, OAD D, 
RO, 0A 7 

o, RO, OA, Ds 
RO, QA, Do RO, 8 QA, Do 
R1 0 9 OAs D3 R1 0 9 OAs D3 
Rl, 10 0.A4 A11Q D, Rl, 10 OA4 At1 0 D, 
Rl, 11 QA3 GND 0 D1 Rl, 11 QA3 GND O D1 
R1 7 12 OA2 A100 Do R1 7 12 OA2 A100 Do 
R2 0 13 OA1 ITO GND R2 0 13 OA1 ITO GND 
R2, 14 OAo 01 0 OSC2 R2, 14 OAo 01 0 OSC2 
R2, OOo Os o osc, R2, 15 OOo o, 0 
R2, oo. Os 0 1tST R2 7 oo, Os 0 
R3o oo, RESET R3o oo, RESET 
R3, OGND R47 R3, OGND R4, 

A32/Mo R42/SO R32/INT0 A4dSO 
R3 3/INT, R4i/SI A33/INT1 23 R4i/SI 

Vee R4o/SCK Vee 22 R40 /SCK 

(DC-42P) (DC-42P) 
(Top View) (Top View) 

Block Diagram 

552 

r -- - - ., 
:RA1/Va,.p, 

~----j 

R4o/A4,/A44/ 
SCK SI SO 

TIMER TIMER EXTERNAL 

INTERRUPT 

INTERRUPT CONTROL 

RAM 992 x 4 bit 

,. 

RESETTESTQSC, osc, Tro 
SYSTEM CONTROL 

ON-PACKAGE ,--·---------; 
: I 
I 

EPROM 

[ 

HN482764 J 
HN27C64 
HN4827128 
HN27128 
HN27256 

t I I II I 

1~4 ·~~1/ ~~,/ ~~~/ ~~R3,A3ol~'.:"..R3:_R:~R~~ ~~ ~R_ 1_:~~~1~ i~o..3~~1 ~~·~~~ [ __ _:i':_°!;' ~~'-°:: ~~ _o~ .?! _?.:, ,:i~ E~ ~~ o3 o, 01 00 

,..-- .... 

~ __ ~ High Voltage Pins 
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Pin Description 

GND, Vee, Vdtsp (Power) 

These are the power supply pins for the MCU. 
Connect the GND to the ground (0 V) and 
apply the Vee power supply voltage to the 
Vee pin. The Vctisp pin (multiplexed with RA1) 
is a power supply for high-voltage I/0 pins 
with maximum voltage of 40 V (Vcc-40 V). 
For details, see Input/Output section. 

TEST (Test) 

TEST is for test purposes only. Connect it to Vee. 

RESET (Reset) 

RESET resets the MCU. For details, see Reset 
section. 

OSC1, OSC2 (Oscillator Connections) 

OSC1 and OSC2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter reso·nator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 

Do-Dt4 (D Port) 

The D port is an input/output port addressed 
by the bit. These 16 pins are all input/output 
pins. Do to D3 are standard and D4 to D14 are 

Functional Description 

ROM Memory Map 

ROM is described in the following paragraphs 
and the ROM memory map (figure 1). 

Vector Address Area ($0000 to $000F): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 

Pattern Area ($0000 to $0FFF): Locations 
$0000 through $0FFF are reserved for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 

HD40P4281/HD40P42161 

high-voltage pins. The circuit type for each 
pin can be selected using a mask option. For 
details, see Input/Output section. 

R00-R03, Rlo-RlJ, R2o-R23, R3o-R33, R4o
R43, RAt (R Ports) 

RO to R4 are 4-bit I/O ports. RA is a 1-bit port. 
RO is an output port, RA an input port, and Rl 
to R4 I/O ports. RO, Rl, R2, and RA are high
voltage ports, and R3 and R4 are standard 
ports. Each pin has a mask option which 
selects its circuit type. The pins R32, R33, R4o, 
R41 and R42 are multiplexed with INTo, INT1, 
SCK, SI and SO respectively. For details, see 
Input/ Output section. 

INTo, iNT1 (Interrupts) 

INT0 and INT1 are external interrupts for the 
MCU. INT1 can be used as an external event 
input pin for timer B. INTo and INT1 are 
multiplexed with R32 and R33 respectively. 
For details, t.ee Interrupt section. 

SCK, SI, SO 

The transfer clock I/0 pin (SCK), serial data 
input pin (SI) and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with R4o, R41 and R42 
respectively. For details, see Serial interface. 

Program Area 
$0000 to $1FFF : HD40P4281 
$0000 to $3FFF : HD40P42161 

RAM Memory Map 

The MCU includes 992 digits of 4-bits RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are also mapped on the RAM 
memory space. RAM memory map (figure 2) 
is described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 
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Special Function Registers Area ($004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 

three types: write-only, read-only, and read/ 
write as shown in figure 2. These registers 
cannot be accessed by RAM bit manipulation 
instructions. 

EPROM Address 

$0000 

$0001 

$001F 
$0020 

$007F 
$0080 

$1FFF 
$2000 

$3FFF 

EPROM Address 

$0000 

$0001 

S001F 
$0020 

$007F 
$0080 

S 1FFF 
$2000 

$7FFF 

0 0 0 bit4 

0 0 0 bit9 

Vector Address 

Zero-Page Subroutine 
(84 Wordsl 

Pattern 
(4098 Wordsl 

Program 

(8192 Wordsl 

Not used 

(Set to "111"1 

0 0 0 bit4 

0 0 0 bit9 

Vector Address 

Zero-Page Subroutine 

(64 Wordsl 

Pattern 

(4096 Words) 

Program 

(16384 Words) 

J_ 

Not used 

(Set to "111"1 

MCU ROM Address 

bit3 bit2 bit1 bitO lower 5 bi_ts } S 0000 
bit8 bit7 bi18 bi15 upper 5 bits 

SOOOf 

~ 
$0010 

$003F 

$0040 

""' 
SOFFF 

$1000 

$1FFF 

(HD40P42161) 

MCU ROM Address 

bit3 bit2 bit1 b1t0 lower 5 bits } S 0000 
bit8 bit7 bit& bit5 upper 5 bits 

SOOOF 

~ 
$0010 

$003F 

$0040 

""' 
SOFFF 

$1000 

$3FFF 

(HD40P4281) 

Figure 1. ROM Memory Map 

~HITACHI 

I- JMPL Instruction 
(Jump to RESET Routinel 

I- tJ~:~ ~:·!~~:';outina) 
I- JMPL Instruction 

(Jump to INT 1 Routine) 

I- iJ~~ ~:s~:::C:.a Routine) 

>J 

I- JMPL Instruction 
(Jump to RESET Routine) 

I- tJ~:~ ~~'!~';!';outine) 
I- JMPL lns~on 

(Jump to INT 1 Routinal 

I- JMPL lnstructk>n 
(Jump to TIMER-A Routine) 

~ JMPL Instruction 
(Jump to TIMER-8 Routine) 

I- tJ~:~ ~~·~~~:~ Routine) 

\ 
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$0000 

$0001 

$0002 

$0003 
$0004 
$0005 

$0008 
$0007 

$0008 
$0009 

SOOOA 

$0008 

soooc 
SOOOD 

SOOOE 

SOOOF 

$0000 

$0001 

$0002 

$0003 

$0004 
$0005 

$0006 

$0007 

$0008 
$0009 

$0001\ 

$0008 

soooc 
SOOOD 

SOOOE 
SOOOF 
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0 

31 
32 

47 
48 

959 
960 

1023 

RAM-mapped Registers 

Memory Registers (MR) 

--------------

Data 
(928 Digits) 

Stack 
(64 Digits) 

R : Read Only 

W : Write Only 

R/W: Read/Write 

$000 

$01F 
$020 
\ 
$02F 
$030 

$3BF 
$3CO 

$3FF 

0 

1 

2 
Interrupt Control Bits 

3 

4 Port Mode Reg. (PMR)• W 

5 Serial Mode Reg. (SMR): w 
6 Serial Data Reg. Lower (SRL)oR/W 

7 Serial Data Reg. Upper (SRU)•R/W 

8 Timer Mode Reg. A (TMA): W 

9 Timer Mode Reg. B (TMB): W 

10 (TCBL/TLRL)•R/W 
11 t- TIMER B' 

(TC8U/TLRU)lR/W 
12 

Not Used 

31 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$00A 

$008 

$00C 

$01F 

Figure 2. RAM Memory Map 

bit 3 

IMO 
0 

(IM of INTo) 

IMTA 

(IM of TIMER A) 

2 Not Used 

3 Not Used 

IF: Interrupt Request Flag 

IM: Interrupt Mask 

l/E: Interrupt Enable Flag 

SP: Stack Pointer 

bit 2 

IFO 

(IF of INTo) 

IFTA 

(IF of TIMER A) 

Not Used 

----j-

Not Used 

bit 1 bit 0 

RSP l/E 

(Reset SP Bit) (Interrupt Enable Flag) 

IM1 IF1 

(IM of INT1) (IF of INT,) 

IMTB IFTB 

(IM of Timer B) (IF of Timer B) 

IMS IFS 

(IM of SERIAL) (IF of SERIAL) 

$000 

$001 

$002 

$003 

Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMO instruction, and 

is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 

affected by the SEM/SEMD instruction. 
The content of status becomes invalid when "Not Used" bit and RSP bit are tested by a TM or TMD instruction. 

Figure 3. Configuration of Interrupt Control Bit Area 
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Data Area ($020 to $3BF): 16 digits of $020 
through $02F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su
broutine call (CAL-instruction, CALL
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 

Registers and Flags 

The MCU has nine registers and two flags for 
the CPU operations (figure 5). 

Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/O, and other regis
ters. 

W Register (W), X Register (X), Y Regis
ter (Y): The W register is a 2-bit, and the X 

Memory Registers 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

MR(O) 

MR(l) 

MR(2) 

MR(3) 

MR(4) 

MR(5) 

MR(6) 

MR(7) 

MR(8) 

MR(9) 

MR(10) 

MR(11) 

MR(12) 

MR(13) 

MR(14) 

MR(15) 

$020 

$021 

$022 

$023 

$024 

$025 

$026 

$027 

$028 

$029 

$02A 

$028 

$02C 

$020 

$02E 

960 

$02F 1023 

Stack Area 

Level 16 $3CO 

Level 15 

Level 14 

Level 13 

Level 12 

Level 11 

Level 10 

Level 9 

Level 8 

Level 

l/ Level 

Level 5 1 

Level 4 

Level 3 1 

Level 2 

Level 1 $3FF 1 

and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. The W regis
ter is a write-only register. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist the X and Y registers respectively. 

Carry (CA): The carry (CA) stores the over
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL and ROTR instructions. 

During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 

Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after the BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic
ing, status is pushed onto the stack and res
tored back from the stack by a RTNI instruc
tion, but not by a RTN instruction. 

PC1J to PCo: Program Counter 
ST: Status 
CA: Carry 

bit 3 bit 2 bit 1 

020 ST PC13 PCi2 

021 PC10 pc, PC a 

022 CA PCs PCs 

023 pc, PC2 PC1 

bit 0 

PC11 $3FC 

PC1 $3FD 

PC• $3FE 

PCo $3FF 

Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Program Counter (PC): The program 
counter is a 14-bit binary counter which con
trols the sequence in which the instructions 
stored in ROM are executed. 

Stack Pointer (SP): The stack pointer (SP) is 
used to point the address of the next stacking 
area (up to 16 levels). 

The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 

The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 

Interrupt 

Five interrupt sources are available on the 
MCU: external requests (INTo, INT1), timer/ 
counter (timer A, timer B), and serial interface 

3 

I 
3 

I 

3 

I 
3 

I 
3 

I 
r 

13 

I PC 

i 1111111 r 
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(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM) and interrupt 
vector addresses are provided to control and 
maintain the interrupt request. The interrupt 
enable flag (IE) is also used to control an 
interrupt operations. 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IMi is set 
to 1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 

A r Accumulator 

0 
B Is Register 

tdw Register 

0 x Ix Register 

y JY Register 

SPX r SPX Register 

0 
SPY I SPY Register 

§I Carry Flag 

~ Status Flag 

r Program Counter 

SP J Stack Pointer 

Figure 5. Registers and Flags 
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Table 1. Vector Addresses and Inter
rupt Priority 

Reset, Interrupt 

RESET 

INTo 

INT1 

Timer A 

Timer B 

SERIAL 

Priority 

2 

3 

4 

5 

$000,0 
l/E 

$000,2 

Vactor addresses 

$0000 

$0002 

$0004 

$0006 

$0008 

$000C 

Sequence Control 
• Push PC/CA/ST 
• Reset l/E 
·Jump to Vector 
Address 

Priority Control PLA 
Vector Address 

Figure 6. Interrupt Control Circuit Block Diagram 
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vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 

Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 
address. 

Table 2. Conditions of Interrupt Service 

Interrupt Control Bit 

l/E 

IFO ·IMO 

IF1 · IM1 

IFTA · IMTA 

IFTB • IMTB 

IFS· IMS 

Instruction 

Cycles 

Instruction 

execution 

Interrupt 

accepted 

INTo 

* 
* 
* 
* 

2 

Stacking, 

Reset of l/E 

INT1 

0 

* 
* 
* 

3 

Stacking, 

Vector address 

is generated 

HD40P4281/HD40P42161 

In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 

Interrupt Enable Flag (l/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 

External Interrupts (INTo, INT1): _'!'Ee 
external interrupt request inputs (INTa, INT1) 

Timer A Timer B 

0 0 

0 0 

0 

* 
* * 

4 

JMPL instruction execution on the 

vector address 

Serial 

0 

0 

0 

0 

* Don"t care 

6 

Instruction 
execution at 
startmg address 
of the interrupt 
routine 

Figure 7. Interrupt Servicing Sequence 
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can be selected by the port mode register 
(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/!NT1 pin and R32/INT0 pin to be 
used as INT1 pin and INTo pin respectively. 

The external interrupt request flags (IFO, !Fl) 
are set at the falling edge of INTo and INT1 
inputs. (Refer to table 4.) 

The INT1 input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT1 input. When 
using INT1 as timer B external event input, 
external interrupt mask (!Ml) has to be set so 
that the interrupt request by INT1 will not be 
accepted. (Refer to table 5.) 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag Interrupt Enable/Disable 

0 Disable 

Enable 

Table 4. External Interrupt Request 
Flag 

External Interrupt Request Flags Interrupt Requests 

0 No 

Yes 

Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 

Disable (masks) 

External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags_i!EO, !Fl) are set at the 
falling edge of the INTo, and INT1 inputs 
respectively. 

External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 

Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only ~ister 
which controls the R32/INT0 pin, R33/!NT1 pin, 
R41/SI pin, and R42/SO pin as shown in table 
6. The port mode register will be initialized to 
$0 by MCU reset. These pins are therefore 
initially used as ports. 

Table 6. Port Mode Register 

PMR3 R33/INT1 Pin 

0 Used as R33 port input/output pin 

Used as INT1 input pin 

PMR2 

0 Used as R32 port input/output pin 

Used as INTo input pin 

PMR1 R41/SI Pin 

0 Used as R41 port input/ output pin 

Used as SI input pin 

PMRO 

0 Used as R42 port input/output pin 

Used as SO output pin 
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Power 
ON 

Yes 

Reset 
MCU 

No 

(A) 

No 

(8) 

Execute 
Instruction 

PC+-(PC)+ 1 

PC+-$ 0002 

PC+-$0004 

PC+-$ 0006 

PC+-$ 0008 

PC+-$ OOOC 

HD40P4281/HD40P42161 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Interrupt 
Accept 

1/E+- 0 

Stack+-(PC) 
Stack+-(CA) 
Stack+-(ST) 

No 

(Serial Interrupt) 

Figure 8. Interrupt Servicing Flowchart 
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Serial Interface 

The serial interface is used to transmit/ 
receive 8-bit data serially. This consists of the 
serial data register, the serial mode register, 
the octal counter and the multiplexer as 
illustrated in figure 9. Pin R4o/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The contents of the 
serial data register can be written into or 
read out by software. The data in the serial 
data register can be shifted synchronously 
with the transfer clock signal. 
STS instruction is used to initiate serial inter
face operations and to reset the octal counter 
to $0. The counter starts to count at the fall
ing edge of the transfer clock (SCK) signal 
and increments by one at the rising edge of 
the SCK. When the octal counter is reset to $0 
after eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter
rupt request flag will be set. 

Serial Mode Register (SMR: $005): The 4-
bit write-only serial mode register controls 
the R4o/SCK, prescaler divide ratio, and 

System 
Clock 

Prescaler ( 11 bit) 

00 N 

N 00 
N N ;;:; "' ·I· + ·I· + + 

Serial MPX 

3 

_J SMR (4 bit) 
II Serial Mode 

4 ._ _ _.f'...,,E;;.;G:o-.__,,....... 

Internal Bus Line (S2) 

00 
<t 
0 
N 
·I· 

PMR (4 bit) I 
Port Mode 

REG. 

2 

R4o/SCK 
Port 

SCK 1 

SCK 

transfer clock source as shown in table 7. 
The write signal to the serial mode register 
controls the operating state of the serial 
interface. 
The write signal to the serial mode register 
stops the serial data register and octal 
counter from applying transfer clock, and it 
also resets the octal counter to $0 simultane
ously. Therefore, when the serial interface is 
in the transfer state, the write signal causes 
the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 
Contents of the serial mode register will be 
changed on the second instruction cycle after 
writing into the serial mode register. There
fore, it will be necessary to execute the STS 
instruction after the data in the serial mode 
register has been changed completely. The 
serial mode register will be reset to $0 by 
MCU reset. 

Serial Data Register (SDR: $006, SRU: 
$007): The 8-bit read/write serial data regis
ter consists of a low-order digit (SRL: $006) 
and a high-order digit (SRU: $007). 
The data in the serial data register will be 

oc (3 bit) 
Octal 

Counter 

SROF 

Interrupt 
Request Flag 
of Serial Inter
face 

Internal Bus Line (S 1) 

4 4 

SR (8 bit) 

Serial Data Register 

4 4 

Internal Bus line (S2) 

Figure 9. Serial Interface Block Diagram 
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output from the SO pin, from LSB to MSB, 
synchronously with the falling edge of the 
transfer clock signal. At the same time, 
external data will be input from the SI pin to 
the serial data register, to MSB first, 
synchronously with the rising edge of the 
transfer clock. Figure 10 shows the I/0 timing 
chart for the transfer clock signal and the 
data. 
The read/write operations of the serial data 
register should be performed after the com
pletion of data transmit/receive. Otherwise 
the data may not be guaranteed. 

Serial Interrupt Request Flag (IFS: $003 
bit 0): The serial Interrupt request flag will 
be set when the octal counter counts eight 

Table 7. Serial Mode Register 

SMR3 R4o/SCK 

0 Used as R4o port input/output pin 

Used as SCK input/output pin 

SMR2 SMR1 SMRO R4o/SCK Port 

0 0 0 SCK 
Output 

0 0 SCK 
Output 

---------------·------~-----~------

0 0 SCK 
Output 

0 
SCK 
Output 

0 0 SCK 
Output 

0 
SCK 
Output 

0 
SCK 
Output 

SCK 
Input 
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transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter. 
Refer to table 8. 

Serial Interrupt Mask (IMS: $003 bit 1): 
The serial Interrupt mask masks the interrupt 
request. Refer to table 9. 

Selection and Change of the Operation 
Mode: Table 10 shows the serial interface 
operation modes which are determined by a 
combination of the value in the port mode 
register and that in the serial mode register. 
Initialize the serial interface by the write 
signal to the serial mode register, when the 
operation mode is changed. 

Transfer Clock 

Prescaler System Clock 
Clock Source Divide Ratio Divide Ratio 

Prescaler 2048 4096 

Prescaler 512 1024 

Prescaler 128 256 

Prescaler 32 . 64 

Prescaler . 8 . 16 

Prescaler 2 4 

System 
Clock 

External 
Clock 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 563 



HD40P4281/HD40P42161 

Operating State of Serial Interface: The 
serial interface has three operating states, 
the STS waiting state, SCK waiting state, and 
transfer state, as shown in figure 11. 
The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface enters this state in one of two 
ways: either by changing the operation mode 
through a change in the data in the port 
mode register, or by writing data into the 
serial mode register. In this state, the serial 
interface does not operate even if the transfer 
clock is applied. If an STS instruction is 
executed, the serial interface shifts to SCK 
waiting state. 
In this state the falling edge of the first trans
fer clock causes the serial interface shift to 
transfer state, while the Octal Counter 
counts-up and the serial data register shifts 
simultaneously. As an exception, if the clock 
continuous output mode is selected, the serial 
interface stays in SCK waiting state while the 

Table 8. Serial Interrupt Request Flag 

Serial Interrupt Request Flag Interrupt Request 

0 No 

Yes 

Table 9. Serial Interrupt Mask 

Serial Interrupt Mask 

0 

Transfer 
Clock 

Interrupt Request 

Enable 

Disable (Mask) 

transfer clock outputs continuously. 
The octal counter becomes 000 again by 8 
transfer clocks or by execution of STS 
instruction, so that the serial interface returns 
to SCK waiting state, and the serial interrupt 
request flag is set simultaneously. 
When the internal transfer clock is selected, 
the transfer clock output is triggered by the 
execution of an STS instruction, and stops 
after 8 clocks. 

Example of Transfer Clock Error Detec
tion: The serial interface functions abnor
mally when the transfer clock is disturbed by 
external noises. In this case, transfer clock 
error can be detected by the procedure 
shown in figure 12. 
If more than 8 transfer clocks are applied in 
the SCK waiting state, the state of the serial 
interface shifts as the following sequence: 
first, transfer state, second, SCK waiting state 
and third, transfer state again. The serial 

Table 10. Serial Interface Operation 
Mode 

Serial Interface 
SMR3 PMR1 PMRO Operating Mode 

0 0 Clock Continuous 
Output Mode 

0 Transmit Mode 

0 Receive Mode 

Transmit/Receive 
Mode 

Serial 
Output 
Data I L~B I 2 I 3 I 4 I 5 I . I 7 

8 

I MSB 

Serial Input I I I I I I I I 
~t~h Timing __ ----IL---.IL---.IL---.IL---.1....__....__....__L---_ 

Figure 10. Serial Interface 1/0 Timing Chart 
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Change PMR means the change of 
operation mode as below: 

Clock ·Transmit Mode 
Continuous fffl · Receive Mode 
Output Mode • Transmit/Receive 

Mode 

SCK Waiting State 

(Octal Counter=OOO) 

STS Waiting State 

(Octal Counter=OOO ) 
Transfer Clock Disable 

Transfer Clock 

8 Transfer Clocks. 
STS Instruction 

(IFS~l) 

Change PMR" 

Transfer State 

(Octal CounterotOOO) 

Figure 11. Serial Interface Operation State 

Transmit/Receive 
(IFS~l) 

Interrupt 
Disable 

IFS~o 

Normal End 

Yes Transfer Clock 
Error Processing 

Figure 12. Example of Transfer Clock Error Detection 
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Interrupt flag should be reset before entering 
into the STS state by writing data to SMR. 
This procudure causes the serial Interface 
Request Flag to be set again. 

Timer 

The MCU contains a prescaler and a timer/ 
counter (timer A, timer B, figure 13) whose 
functions are the same as HMCS424C's. The 
prescaler is an 11-bit binary counter, timer A 
an 8-bit free-running timer/counter and timer 
Bis an 8-bit auto-reload timer/event counter. 

Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig
nals to timer A, timer B, and the serial inter
face. The prescaler divide ratio is selected by 
the timer mode register A (TMA), timer mode 
register B (TMB), and serial mode register 
(SMR). 

I System 
Clock 

Timer Mode Register B 

TMB (4bit) 

3 

Timer B MAX 

CX) N 

N CX) 
N N ;;:; v M 

+ ·I• + + + + 

Prescaler ( 11 bit) 

v 
N 

CX) N N 
N ;;:; 0 

N v CX) M 
+ + + + + + + 

Timer A MPX 

3 

TMA (3bit) 

Timer Mode Register A 

CPTB 

"' v 
0 
N 
+ 

CX) 

~ 
N 
+ 

CPTA 

Timer A Operation: After timer A is initial
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A is counted up 
to $FF, timer A is set to $00 again, and 
generating overflow output. This leads to 
setting timer A interruput request flag (IFT A: 
$001, bit 2) to 1. Therefore, this timer can 
function as an interval timer periodically 
generating overflow output at every 256th 
clock signal input. 
The clock input signals to timer A are 
selected by the timer mode register A (TMA: 
$008). 

Timer B Operation: The timer mode regis
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT1 as INT1 and 
set the external interrupt mask (IM1) to pre
vent an external interrupt request from oc
curring. 

Timer B is initialized according to the data 
written into the timer load register by soft-

Internal Bus Line 

4 

TL (4bit) 
Timer Latch 
REG. 

TCB (Bbit) 
Timer/Event Counter B 

TLR (Bbit) 
Timer Load Register 

4 

Internal Bus Line 

TCA (Bbit) 
Timer Counter A 

4 

4 

($1) 

TBOF 

(S2i 

TAOF 

IFTB 

Interrupt 
Request Flag 
of Timer B 

IFTA 

Interrupt 
Request FIAg 
of Timer A 

Figure 13. Timer Block Diagram 
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ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto
reload function is selected timer B is initial
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 

Timer Mode Register A (TMA: $008): The 
timer mode register A is a 3-bit write-only 
register. The TMA controls the prescaler 
divide ratio of timer A clock input, as shown 
in Table 11. 
The timer mode register A is initialized to $0 
by MCU reset. 

Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 12. The timer mode register B is initial
ized to $0 by MCU reset. 

The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Initialization of timer 
B by writing data into the timer load register 
should be performed after the contents of 

Table 11. Timer Mode Register A 

TMA2 TMA1 TMAO Prescaler Divide Ratio 

0 0 0 2048 

0 0 1024 

0 0 512 

0 128 

0 0 32 

0 8 

0 4 

2 
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TMB are changed. Configuration and function 
of timer mode register Bis shown in figure 14. 

Timer B (TCBL: SOOA, TCBU: $00B, TLRL: 
SOOA, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit {TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 

The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 

Timer A Interrupt Request Flag (IFTA: 
$001 bit 2): The timer A interrupt request 
flag is set by the overflow output to time A 
(table 13). 

Table 12. Timer Mode Register B 

TMB3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 

0 0 0 .. 2048 

0 0 .. 512 

0 0 128 

0 32 

0 0 8 

0 4 

0 .. 2 

INT1 (External Event Input) 
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Timer A Interrupt Mask (IMT A: $001 bit 
3): Timer A interrupt mask prevents an 
interrupt request generated by timer A 
Interrupt request flag (table 14). 

Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 

Table 13. Timer A Interrupt Request 
Flag 

Timer A Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 14. Timer A Interrupt Mask 

Timer A lnterrpt Mask lnterrrupt Request 

0 Enable 

Disable (Mask) 

PMR: $004 

flag is set by the overflow output of timer B 
(table 15). 

Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B Interrupt mask prevents an 
interrupt request from being generated by 
timer B Interrupt request flag (table 16). 

Table 15. Timer B Interrupt Request 
Flag 

Timer B Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 16. Timer B Interrupt Mask 

Timer B Interrupt Mask Interrupt Request 

0 Enable 

Disable (Mask) 

SMR: $005 

PMR3 PMR2 PMR1 PMRO SMR3 SMR2 SMR1 SMRO 

Transfer clock selection 

R40/SCK pin mode selection 

'------- R42/SO pin mode selection 

'---------- R4i/SI pin mode selection 

'----------- R32/INT 0 pin mode selection 

R33/INT, pin mode selection 

TMA: $008 TMB: $009 

l><I TMA2 I TMA1 I TMAO I TMB3 TMB2 TMB1 TMBO 

I L_ Timer B input clock selection 

Auto-reload function selection 

Timer A input clock selection 

Figure 14. Mode Register Configuration and Function 
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Input/Output 

The MCU has 50 I/O pins, 12 standard with
out pull-up MOS (NMOS open drain) and 24 
high voltage without pull-down MOS (PMOS 
open drain). See table 17 as for I/O pin circuit 
types. 

When every input/output pin is used as an 
input pin, the mask option and output data 
must be selected in the manner specified in 
table 18. 

D Port: The D port is an I/O port which has 15 
discrete I/O pins, each of which can be ad
dressed independently. It can be set/reset 
through SED/RED and SEDD/REDD instruc
tions, and can be tested through TD and TDD 
instructions. See table 17 as for the classifica
tion of standard pin, high-voltage pin, and the 
I/O pin circuit types. 

R Ports: The six R ports in the MCU are 
composed of 16 I/O pins, 4 output-only pins, 
and 1 input-only pin. Data is input through 

Table 17. 1/0 Pin Circuit Types 
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LAR and LBR instructions and output 
through LRA and LRB instructions. The MCU 
will not be affected by writing into the input
only and/or non-existing ports, while invalid 
data will be read by reading from the output
on!y and/or non-existing ports. 

The R32, R33, R4a, R41, and R42 pins are multi
plexed with the INTo, INT1, SCK, SI, and SO 
pins respectively. See table 17 as for the clas
sification of standard pins, high-voltage pins 
and selectable circuit types of these I/O pins. 

Reset 

Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy tRc for the oscillator to 
stabilize. In all other cases, at least two 
instructions cycles are required for the MCU 
to be reset. 

Table 19 shows the parts initialized by MCU 
reset, and the status of each. 

Without pull-up MOS (NMOS open drain) Applicable pins 

HLT-D- Input 
data 

Do -03 

1/0 Common Pins 

0 ~HLT 
R3a -R33 .. c R40 -R43 a: Output 

"'C data .. 
«I 

"'C c 
«I .. 
Ill 

-~ 

~ 
INT0 

Input pins input 
-~ data INT1 

@HITACHI 
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!Without pull-down MOS (PMOS open drain) Applicable pins 

Vee 

~HLT 04 -014 

0-
Output 

1/0 Common Pins data R1 0 -R13 

f32 0 -R23 
HLT..::[)>- Input 

..__ data 
fll c 
ii: 

CD 
OI 
m Vee -a 
> Output Pins cJt-0:HLT ROo -R03 .J:. Output 
OI data i 

Input Pins ~Input 
data 

RA1 

Note: 1 . In the stop mode, HLT signal is 0, HLT signal is 1 and 1/0 pins are in high impedance. 

Table 18. Data Input from Input/Output Common Pins 

1/0 Pin Circuit Type 

Standard Pins 

High Voltage Pins 

Without pull-up MOS 

(NMOS open drain) 

Without pull-down MOS 

(PMOS open drain) 

Input Possible 

Yes 

Yes 

@HITACHI 

Input Pin State 

0 
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Table 19. Initial Value After MCU Reset 
Initial Value by 

Items MCU Reset Contents 

Program Counter (PC) $0000 Execute program from the top of ROM 

address 

Status (ST) Enable to branch with conditional branch 

instructions 

Stack Pointer (SP) $3FF Stack level is 0 

1/0 Pin Standard Pin Without Pull-Up 0 Enable to input 

Output Register MOS 

High Voltage Without Pull- 0 Enable to input 

Pin Down MOS 

Interrupt Flag Interrupt Enable Flag (l/E) 0 Inhibit all interrupts 

Interrupt Request Flag (IF) 0 No interrupt request 

Interrupt Mask (IM) Mask interrupt request 

Mode Register Port Mode Register (PMR) 0000 See port mode register 

Serial Mode Register (SMR) 0000 See serial mode register 

Timer Mode Register A (TMA) 000 See timer mode register A 

Timer Mode Register B (TMB) 0000 See timer mode register B 

Timer/Counter Prescaler $000 

Timer/Counter A (TCA) $00 

Timer/Event Counter B (TCB) $00 

Timer Load Register (TLR) $00 

Octal Counter 000 

Note: MCU reset affects the rest of registers an follows: 

Item 
After recovering from STOP 
mode by MCU reset 

After MCU reset except for 
the left condition 

Carry (CA) 

Accumulator (A) 

The contents of the items before 

MCU reset are not retained. 

The contents of the items before 

MCU reset are not retained. 

B Register (B) 

W Register (W) 

X/SPX Registers (X/SPX) 

Y /SPY Registers (Y/SPY) 

Serial Data Register (SR) 

RAM 

It is necessary to initialize them by 

software. 

The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 

@HITACHI 

It is necessary to initialize them by 

software. 

Same as above 
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Internal Oscillator Circuit 

Figure 15 outlines the internal oscillator cir
cuit. Without mask option, either crystal os
cillator or ceramic filter oscillator can be 

Oscillator 
Divider 
circuit 

1/8 

selected as the oscillator type. Refer to table 
20 for selection of the type. In addition, see 
figure 16 for the layout of the crystal or 
ceramic filter. In all cases, external clock 
operation is available. 

Timing 
generator 
circuit 

System 
clock 

Figure 15. Internal Oscillator Circuit 

Figure 16. Layout of Crystal and Ceramic Filter 
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Table 20. Examples of Oscillator Circuits 

External 
Clock 
Operation 

Ceramic 
Filter 
Oscillator 

Crystal 
Oscillator 

Circuit Configuration 

Oscillator 

Open OSC2 

ce,.mic~c, 
filter 

c, 
GND 

c.,,.,.,r' 
p, 

GNO 
AT cut parallel 
resonance crystal 

OSC·-LI:1~sc, 
Co 

Circuit Constants 

Ceramic filter: CSA 8.00MT (Murata) 
R1: 1 Mn ± 20% 
C1: 30pF ± 20% 
C2: 30pF ± 20% 

Crystal: 8.388608 (MHz) 
NC-18 (Nihon Denpa Kogyo) 

R1: 1M!1 ± 2% 
C1: 10pF ± 20% 
C2: 1 OpF ± 20% 

Crystal: AT cut parallel resonance crystal 
Co: 7pF max. 
Rs: 100!1 max. 

1: 1 .0~9.0 MHz 

Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended by 
the crystal or ceramic filter maker. The circuit parameters are changed by crystal, ceramic 
filter resonator, and the floating capacitance in designing the board. In employing the 
resonator, please consult with the engineers of the crystal or ceramic filter maker to deter
mine the circuit parameter. 

2. Wiring between OSC1, OSC2, and elements should be as short as possible, and never cross 
the other wires. Refer to the layout of crystal and ceramic filter (figure 17). 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
21). Figure 17 is a mode transition diagram for 
these modes. 

Standby Mode: Executing an SBY instruc-

tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 
into standby mode. 

Table 21. Low Power Dissipation Mode Function 

Condition 

Timer/ 

Low Power Input/ Counter, 
Dissipation Oscillator Instruction Register, Interrupt Output Serial Recovery 

Mode Instruction Circuit Execution Flag function RAM Pin Interface Method 

Standby mode SBY Active Stop Retained Active Retained Retained 2 Active RESET 

instruction input, 

interrupt 

request 

Stop mode STOP Stop Stop RESET 1 Stop Retained High Stop RESET 

instruction impedance input 

Notes: 1 . The MCU recovers from STOP mode by RESET input. Refer to table 18 for the contents of 
the flags and registers. 

574 

2. As an 1/0 circuit is active, an 1/0 current may flow, depending on the state of 1/0 pin in 
standby mode. This is the additional current to the current dissipation in standby mode. 

Figure 17. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 

Figure 18 shows the flowchart of the standby 
mode. 

Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

No 

Yes 

Rest an 
Processor Clocks 

(A) 

Reset MCU 

Yes 

(8) 

Execute 
Instruction 

Yes 

HD40P4281/HD40P42161 

Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 16, reset 
input must be applied at least to tRc for oscil
lation to stabilize. {Refer to AC Characteris
tics table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y/SPY registers, and car
ry may not retain their contents. 

Yes 

Yes 

Restan 
Processor Clocks 

No 

Interrupt 
Accept 

IC) 

Figure 18. MCU Operating Flowchart in Standby Mode 
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RAM Addressing Mode 

As shown in Figure 20, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: The W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (t6 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four ROM addressing modes, as 
shown in figure 2t. 

Direct addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the t4 
program counter bits (PC13 to PCo) with t4-bit 
immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 

Stop mode 

When BR is on page boundary (256n + 255) 
(figure 22), executing a BR instruction trans
fers the PC contents to the next page accord
ing to the hardware architecture. Conse
quently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low-order six bits of the 
program counter (PC5 to PCo) and Os are 
placed in the high-order eight bits (PC13 to 
PC6). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 23). When bit 8 in the 
referred ROM data is t, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is t, 8 bits of ROM data are written 
into the Rt and R2 port output register. When 
both bits 8 and 9 are t, ROM data are written 
into the accumulator and B Register and also 
to the Rt and R2 port output register at the 
same time. 

The P instruction has no effect on the pro
gram counter. 

·~::_~_lllll-llll-lllll-11111-11111-11 _ __,1._: _ ____,Fii~ 
l ts 1. t~ ·I 

STOP instruction execution (more than stabilization time: tRc) 

Figure 19. Timing Chart of Recovering from Stop Mode 
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W Register X Register Y Register 
,.-~~~~~~ ..... 

W1 Wo XJ X2 X1 Xo VJ Y2 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Direct Addressing 

Instruction 

Memory Register Addressing 

Figure 20. RAM Addressing Mode 
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(JMPL) 
(BRL) 
.(CALL) 

lTBRJ 

Instruction 1st Word Instruction 2nd Word 

Opcode p3 p2 p1 

Program Counter PC13 PC12 PC11 PC 10 PC• PCs PC1 PC6 PC5 PC• PC3 PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 b6 b5 b• bJ b2 bi bo 

Program Counter PC13 PC12 PC11 PC10 PCg PCs PC1 PC6 PC5 PC• PC3 PC2 PC1 PCo 

Current Page Addressing 

Instruction 

(CAL) Opcode a5 a• a3 a2 a1 ao 
0 0 0 0 0 0 0 

Prowam Counter PC13 PC12 PC11 PC10 PC• PCs PC1 PC6 PC5 PC. PC3 PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

Opcode P3 p2 p1 B Register Accumulator 

0 0 

Program Counter PC13PC12 PC11 PC10 PC• PCs PC1 PC6 PC5 PC• PC3 PC2 PC1 PCo 

Table Data Addressing 

Figure 21. ROM Addressing Mode 

@HITACHI 
578 Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD40P4281/HD40P42161 

t------1256(n-1 )+255 
BR AAA 256n 

AAA NOP 

BR AAA 256n+254 
1--~B~R~B~B~B=------1256n+255 

256(n+1) 

BBB NOP 

Figure 22. The Branch Destination by BR Instruction on the Boundary between Pages 

Instruction 

(P) Opcode 
B Register 

Referred ROM Address RA" RA12 RA11 RA10 RAs RAa RA1 

ROM Data 

Address Designation 

I 

ROa ROa R01 ROe ROs R04 R03 R02 R01 ROo 

Pattern 

Figure 23. P Instruction 

@>HITACHI 

Accumulator 

If ROa= 1 

If ROs= 1 
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Instruction Set 5. Arithmetic instruction 
6. Compare instruction 

The HD40P4281/HD40P42161 provide 101 
instructions which are classified into 10 
groups as follows; 

7. RAM bit manipulation instruction 
8. ROM address instruction 
9. Input/output instruction 

1. Immediate instruction 10. Control instruction 
2. Register-to-register instruction 
3. RAM address instruction 
4. RAM register instruction 

Tables 22-31 list their functions, and table 32 
is an opcode map. 

Table 22. Immediate Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 0 0 0 i3 iz i1 io j • A 1/1 

Load B from Immediate LBI i 0 0 0 0 0 i3 iz i1 io i • B 1/1 

Load Memory from LMID i,d 0 0 0 i3 iz ;, io i -• M 2/2 
Immediate ds ds d1 de ds d4 dJ dz d1 do 

Load Memory from LMllY i 1 0 1 0 0 1 i3 iz ;, io i ·M, Y+1 ·Y NZ 1/1 
Immediate, Increment Y 

Table 23. Register-to-Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B --•A 1/1 

Load B from A LBA 0 0 0 0 0 0 0 A~ B 1/1 

Load A from W LAW 0 1 0 0 0 0 0 0 0 0 W •A 2/2 Note 
0 0 0 0 0 0 0 0 0 0 

Load A from Y LAY 0 0 0 0 y -·A 1/1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX •A 1/1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY -·A 1/1 

Load A from MR LAMR m 0 0 m:i mz m,rr'() MR(m) -~A 1/1 

Exchange MR and A XMRAm 0 m:i mz m,rro MR(m) - A 1/1 

Note: An op7rand is provided for the second word of LAW and LWA instruction by the assembler 
automatically. 
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Table 24. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWI i 0 0 0 0 i1 io i •W 1 /1 

Load X from Immediate LXI i 0 0 0 0 i3 i2 i1 io i •X 1 /1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 i1 io i .y 1 /1 

Load W from A LWA 0 1 0 0 0 1 0 0 0 0 A ·W 2/2 Note 
0 0 0 0 0 0 0 0 0 0 

Load X from A LXA 0 0 0 0 0 0 A ·X 1 /1 

Load Y from A LYA 0 0 0 0 0 0 A •Y 1 /1 

Increment Y IV 0 0 0 0 0 0 Y+1 • y NZ 1 /1 

Decrement Y DY 0 0 0 Y-1 • y NB 1 /1 

Add A to Y AYY 0 0 0 0 0 0 0 Y+A •Y OVF 1 /1 

Subtract A from Y SYY 0 0 0 0 0 0 Y-A • y NB 1/1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1/1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y - SPY 1/1 

Exchange X and SPX. Y XSPXY 0 0 0 0 0 0 0 0 X-SPX, Y-SPY 1 /1 
and SPY 

Note: An operand is provided for the second word of LAW and LW A instruction by the assembler 
automatically. 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 581 



HD40P4281/HD40P42161 

Table 25. RAM Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Memory LAM(XY) 0 0 0 0 0 0 y x M~A, (X-SPX, Y-SPY) 1 /1 

Load A from Memory LAMD d 0 0 0 0 0 0 0 M~A 2/2 
ds ds d1 d6 d5 d4 d3 d2 d, do 

Load B from Memory LBM(XY) 0 0 0 0 0 0 0 y x M~B, (X-SPX. Y-SPY) 1/1 

Load Memory from A LMA(XY) 0 0 0 0 0 y x A~M, (X-SPX, Y-SPY) 1 /1 

Load Memory from A LMAD d 0 0 0 0 0 0 A~M 2/2 
ds ds d1 d6 d5 d4 d3 d2 d, do 

Load Memory from A, LMAIY(X) 0 0 0 1 0 1 0 0 0 x A-M, Y+1-Y (X-SPX) N.Z 1 /1 
Increment Y 

Load Memory from A, LMADY(X) 0 0 1 1 0 1 0 0 0 x A-·M, Y-1-Y (X-SPX) NB 1 /1 
Decrement Y 

Exchange Memory and A XMA(XY) 0 0 1 0 0 0 0 0 y x M-A, (X-SPX, Y-SPY) 1 /1 

Exchange Memory and A XMAD d 0 1 1 0 0 0 0 0 0 0 M-A 2/2 
ds ds d1 d6 d5 d4 d3 d2 d, do 

Exchange Memory and B XMB(XY) 0 0 1 1 0 0 0 0 y x M-8, (X-SPX. Y-SPY) 1 /1 

Note: (XV) and (X) have the following meaning: 
(1) The instructions with (XV) have 4 mnemonics and 4 object codes for each (example of 

LAM (XV) is given, below). 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X - SPX 

LAMY 0 Y - SPY 

LAMXY X-SPX, Y-SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 

Mnemonic x Function 

LMAIY 0 

LMAIYX X - SPX 
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Table 26. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 

Words/ 

Status Cycles 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMD d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

Note: n : Logical AND 
u : Logical OR 
G) : Exclusive OR 

OVF 

000 00 00 B+1 ·B NZ 

0 0 0 0 B-1 -~ B NB 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 A+ 1 -·A 

0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 ·CA 

0 0 0 0 0 0 ·CA 

0 0 0 0 1 1 CA 

0 0 0 0 0 0 000 M+A-A 

0 0 0 0 0 0 0 0 M+A --·A 

0 0 0 0 0 1 1 0 0 0 M +A+ CA • A 
OVF-·CA 

0 1 0 0 0 1 1 0 0 0 M+A+CA-·A 
ds ds d1 d5 d5 d4 dJ d2 d1 do OVF--CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA ·A 
NB~CA 

0 1 1 0 0 1 1 0 0 0 M-A-CA-•A 

ds ds d1 d5 d5 d4 dJ d2 d1 do NB ·CA 

0 0 0 0 0 

0 0 0 0 0 0 An M-~A 

0 0 0 0 0 AnM-A 

000000 0 0 AuM~A 

0 0 0 0 0 0 0 AU M ·A 

0 0 0 0 0 0 0 A <±I M-·A 

0 0 0 0 0 0 A <±IM •A 
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OVF 

OVF 

OVF 

OVF 

NB 

NB 

NZ 

NZ 

NZ 

NZ 

NZ 

NZ 

1 /1 

1/1 

1 /1 

1 /1 

1 /1 

1 /1 

1/1 

1/1 

1/1 

1 /1 

1 /1 

1 /1 

1/1 

2/2 

1/1 

2/2 

1/1 

2/2 

1/1 

1 /1 

2/2 

1 /1 

2/2 

1 /1 

2/2 
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Table 27. Compare Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 i3 i2 i1 io i * M NZ 1 /1 
to Memory 

Immediate Not Equal INEMD i,d 0 1 0 0 1 0 i3 iz i, io i * M NZ 2/2 
to Memory ds ds d1 d6 ds d4 d3 dz d, do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 0 0 A*M NZ 1/1 

A Not Equal to Memory AMEMD d 0 0 0 0 0 0 0 0 A*M NZ 2/2 
ds ds d1 d6 ds d4 d3 dz d, do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B*M NZ 1/1 

Y Not Equal to Immediate YNEI i 0 0 0 i3 i2 i1 io y * i NZ 1 /1 

Immediate Less or Equal ILEM i 0 0 0 0 i3 iz i, io i ~ M NB 1 /1 
to Memory 

Immediate Less or Equal ILEMD i,d 0 1 0 0 1 1 i3 iz i, io i ~ M NB 2/2 
to Memory ds ds d1 d6 ds d4 d3 dz d, do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A :a M NB 1/1 

A Less or Equal to Memory ALEMD d 0 0 0 0 0 0 0 A :a M NB 2/2 
ds ds d1 d6 ds d4 dJ dz d, do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B :a M NB 1/1 

A Less or Equal to Immediate ALEI i 0 0 i3 iz i1 io A~ i NB 1 /1 

Table 28. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n, no ~Mini 1 /1 

Set Memory Bit SEMD n,d 0 0 0 0 0 n, no ·Mini 2/2 
ds ds d1 d6 ds d4 d3 dz d, do 

Reset Memory Bit REM n 0 0 0 0 0 0 n, no 0 ~Mini 1/1 

Reset Memory Bit REMO n,d 0 0 0 0 o n, no 0 - Min) 2/2 
ds ds d1 d6 ds d4 dJ dz d, do 

Test Memory Bit TM n 0 0 0 0 0 n, no Mini 1/1 

Test Memory Bit TMD n,d 0 0 0 0 ~, no Min) 2/2 
ds ds d1 d6 ds d4 d3 dz d, do 
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Table 29. ROM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Branch on Status 1 BR b b7 b5 b5 b4 b3 b2 b1 bo 1 /1 

Long Branch on Status 1 BRL u 0 0 1 1 1 P3 P2 P1 Po 2/2 
dg ds d7 d5 d5 d4 d3 d2 d1 do 

Long Jump Unconditionally JMPL u 0 1 0 1 0 1 P3 P2 P1 Po 2/2 
dg ds d7 d5 d5 d4 d3 d2 di do 

Subroutine Jump on Status 1 CAL a 0 a5 a4 a3 a2 a, ao 1/2 

Long Subroutine Jump on CALL u 0 0 1 0 P3 P2 P1 Po 2/2 
Status 1 ds ds d7 d5 d5 d4 d3 d2 d 1 do 

Table Branch TBR p 0 0 0 P3 P2 P1 PO 1/1 

Return from Subroutine RTN 0 0 0 0 0 0 0 0 0 1/3 

Return from Interrupt RTNI 0 0 0 0 0 0 0 0 1 •l/E ST 1/3 
CA Restore 

Table 30. Input/Output Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Discrete 1/0 Latch SED 0 0 0 0 1 0 0 -· D(Y) 1/1 

Set Discrete 1/0 Latch Direc SEDD m 0 0 fl13 m2 m1 rro • D(m) 1/1 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 0 • D(Y) 1/1 

Reset Discrete 1/0 Latch Direct REDD m 0 0 0 m3 m2 m1 rro 0 • D(m) 1/1 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 D(Y) 1/1 

Test Discrete 1/0 Latch Direct TDD m 0 0 0 m3 mi m1 rro D(m) 1 /1 

Load A from R Port Register LAR m 0 0 0 ~ m2 m1 rro R(m) ~A 1 /1 

Load B from R Port Register LBR m 0 0 0 0 m3 mi m1 rro R(m) • B 1 /1 

Load R Port Register from A LRA m 0 0 ~mi m1 rro A ~ R(m) 1/1 

Load R Port Register from B LRB m 0 0 0 ~ m2 m1 rro B • R(m) 1 /1 

Pattern Generation Pp 0 0 P3 P2 P1 PO 1/2 

Table 31. Control Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 1/1 

Start Serial STS 0 0 0 0 0 0 0 1/1 

Standby Mode SBY 0 0 0 0 0 0 1/1 

Stop Mode STOP 0 0 0 0 0 1/1 
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Table 32. Opcode Map 

RB 0 1 ~ 
R9 ~ 0 1 2]3 4 s]s]1 8 9]A]B c o]E F 0 1]2]3 4 s]sJ1 8 91AlB c olEJF 

0 NOP~SP*s3x~ ~~ ------- AM ----- ORM ------- LAW ----- ~EMC ----- ~MO ------- ORMD -----

1 RTN RTNlz~LEM ----- ~MC ------- ~ ----- WA ----- ~l.EMD ------- AMCD ------- EORMO -------

2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBM(XY) ~ 

-------
LAB 

----- 18 ----- COMB ------- OR -----
STS~ 

5 LMAIYI~ AYY 

-----
~ 

------- IY -------

JMPL p(4) 

6 ~EG1----- RED 

-----~ ------ TC 
CALL p(4) 

0 7 YNEI i(4) BRL p(4) 

8 XMA(XY) SEM n(2) REM n(2) TM n(2) R:~ SEMO n(2) REMO n(2) 

9 LAM(XY) LMA(XY) lM L::::::::~~ R~~~H~ 
A fo±or ------- j_oAA~_fA~ ---------- LAY 

LMID i(4) 

B TBR p(4) p p(4) 

c XMB(XY) ~LE~ 

-----
LBA ------ DB 

D LMADYIXIL SYY 

-------
LYA ------ DY 

CAL a(6) 
ETD~ SEO L-:::::::: LXA ~ RE~ SEC 

F LWI i(2) 

0 LBI i(4) 

1 LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

~ 5 LAR m(4) 

6 REDD m(4) 

1 7 LAMR m(4) BR b(8) 

8 Al i(4) 

9 LMllY i(4) 

A TDD m(4) 

B ALEI i(4) 

c LRB m(4) 

11: 1 

LRA 

SEDD 

XMRA 

m(4) 

m(4) 

m(4) 

~ 

c=J-··1-word/2-cycle c::J .. ·1-word/3-cycle c=J .. ·RAM Direct Address c:=J .. ·2-word/2-cycle 
Instruction Instruction Instruction Instruction 

(2-word/2-cycle) 
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Absolute Maximum Ratings 

Item Symbol Value Unit Note 

Supply Voltage Vee - 0.3 to + 7.0 v 

Terminal Voltage VT - 0.3 to Vee + 0.3 v 3 

Vee - 45 to Vee + 0.3 v 4 

Total Allowance of Input Current ~ lo 50 mA 5 

Maximum Input Current 10 15 mA 7, 8 

Maximum Output Current - lo 4 mA 9, 10 

6 mA 9, 11 

30 mA 9, 12 

Total Allowance of Output Current - ~ 10 150 mA 6 

Operating Temperature Topr - 20 to + 75 ·c 

Storage Temperature Tstg - 55 to + 125 ·c 

Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceeded, 
it may cause a malfunction or affect the reliability of LSI. 

2. All voltages are with respect to G N 0. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input current which flows in from all 1/0 

pins to GNO simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out from 

Vee to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GNO. 
8. Oo-03 and R3, R4. 
9. Maximum output current is the maximum amount of output current from Vee to each 1/0 pin. 

10. Oo-03 and R3, R4. 
11. RO-R2. 
12. 04-014. 
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Electrical Characteristics 

DC Characteristics 

(Vee = 4.5 - 5.5 V, GND = 0 V, Ta = -2o·c to + 75·c. unless otherwise noted.) 

Item Symbol Pin Min Typ Max Unit Test Condition Note 

Input High V1H RESET, SCK 0.8 Vee Vee + 0.3 v 
Voltage R32/INT0, 

R33/INT1 

SI 0.7 Vee Vee + 0.3 v 

OSC1 Vee - 0.5 Vee+ 0.3 v 

Input Low V1L RESET, SCK - 0.3 0.2 Vee v 
Voltage R32/INT0, 

R33/INT1 

SI - 0.3 0.3 Vee v 

OSC1 - 0.3 0.5 v 

Output High VoH SCK, Vee - 1 .0 v - loH = 1.0 mA 
Voltage so 

Vee - 0.5 v - loH = 0.5 mA 

Output Low VoL SCK, 0.4 v loL = 1.6 mA 
Voltage so 
Input/Output 11 nJ RESET,SCK µA Von= 0 V to Vee 
Leakage R32/INT0, 
Current R33/INT1, 

SI, SO, 
OSC1 

Current Ice Vee TBD mA Vee = 5 V; 2,4 
Dissipation in fosc = 8 MHz, 7 8 
Active Mode 

Current lssv Vee TBD mA Vee= 5 V; 3,4 
Dissipation in fosc = 8 MHz, 7 8 
Standby Mode 

Current lstop Vee 10 µA V;nlTEST) = Vee - 0.3 V to 
Dissipation in Vee; V;n(RESET) = 
Stop Mode 0Vto0.3V 

Stop Mode Vstop Vee 2 v 
Retain Voltage 

Notes: 1 . Excluding pull-up MOS current and output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 

• MCU in reset state, operation mode 
·RESET, TEST: Vee 
• Oo-03, R3, R4: Vee 
• 04-014, RO-R2, RA1: Vee to Vee - 40 V 
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3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
• Serial interface: Stop 
·RESET: GNO 
•TEST: Vee 
• Oo-03, R3, R4: Vee 
• 04-014, RO-R2, RA1: Vee to Vee - 40 V 

4. When fosc = x MHz, estimate the current dissipation as follows: 
Max value@ x MHz = x/8 x (max value @ 8 MHz) 

Input/Output Characteristics for Standard Pin 

(Vee = 4.5 5.5 V, GND = 0 V, Ta = -2o·c to+ 75'C, unless otherwise noted.) 

Item Symbol Pin Min Typ Max Unit Test Conditions 

Input High V1H Oo-03, 0.7 Vee Vee + 0.3 v 
Voltage R3, R4 

Input Low V1L Oo-03, - 0.3 o 3Vee v 
Voltage R3, R4 

Output Low VOL Oo-03, 0.4 v loL = 1.6 mA 
Voltage R3, R4 

Input/Output 11,iJ Oo-03, µA V;n = 0 V to Vee 
Leakage Current R3, R4 

Note: 1 . Output buffer current are excluded. 
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Input/Output Characteristics for High Voltage Pin 

(Vee = 4.5 - 5.5 V, GND = 0 V, Ta = -20°C to + 75°C, unless otherwise noted.) 

Item Symbol Pin Min Typ Max Unit Test Conditions Note 

Input High V1H D4-D15, 0. 7 Vee Vee+ 0.3 v 
Voltage R1, R2. 

RA1 

Input Low V1L D4-D15. Vee - 40 0.3 Vee v 
Voltage R1, R2, 

RA1 

Output High VoH D4-D15 Vee - 3.0 v - loH=15 mA 
Voltage 

Vee - 2.0 v - loH=10 mA 

Vee - 1.0 v - loH= 4 mA 

RO-R2 Vee - 3.0 v - loH = 3 mA 

Vee - 2.0 v - loH = 2 mA 

Vee - 1.0 v - loH = 0.8 mA 

Output Low Vol D4-D14, Vee - 37 v 1 50kn to Vee - 40V 
Voltage RO-R2 

Input/Output I 11J D4-D14, 20 µA V;n = Vee - 40 V to Vee 
Leakage RO-R2, 
Current RA1 

Note: 1 . Output buffer current are excluded. 
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AC Characteristics 

(Vee= 4.5 5.5 V, GND = 0 V, Ta -20"C to + 75'C, unless otherwise noted.) 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

Oscillation Frequency f osc OSC1, OSC2 0.4 8 9 MHz divide by 8 

Instruction Cycle tcyc 0.89 20 µs divide by 8 
Time 

Oscillator Stabiliza- tRe OSC1, OSC2 20 ms 
tion Time 

External Clock tepH, OSC1 41 ns divide by 8 2 
High, Low tePL 
Level Width 

41 ns divide by 8 2 

External Clock Rise tepr OSC1 15 ns 2 
Time 

External Clock Fall tep1 OSC1 15 ns 2 
Time 

INT o High Level t10H INTo 2 tcyc 3 

Width 

INTo Low Level t10L INTo 2 tcyc 3 

Width 

INT 1 High Level t11H INT1 2 tcyc 3 

Width 

INT 1 Low Level t11L INT1 2 tcyc 3 

Width 

RESET High Level tRSTH RESET 2 tcyc 4 
Width 

Input Capacitance Cm All pins 15 pF f=1 MHz, 
V, 0 = 0 V 

RESET Fall Time tRSTf 20 ms 4 

Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches its 
minimum allowable voltage Vee = 4.5 V after power-on, or after RESET goes high. At 
power-on or STOP mode release, RESET must be kept high for at least tRe. Since tRe depends 
on the crystal or ceramic filter's circuit constant and stray capacitance, please get the 
manufacturer's advice when designing the RESET circuit. 

2. See figure 24. 
3. See figure 25. 
4. See figure 26. 
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Serial Interface Timing Characteristics 

AT Transfer Clock Output 

(Vee = 4.5 - 5.5 V, GND = 0 V, Ta = -20°C to + 75°C, unless otherwise noted.) 

Item Symbol Pin Min Typ Max Unit Test Condition Note 

Transfer Clock Cycle Time tscvc SCK tcyc 1.2 

Transfer Clock High, tscKH SCK 0.5 tscyc 1 .2 
Low Level Width tsCKL 

Transfer Clock Rise, Fall Time tscKr SCK 100 ns 1.2 
tscKt 

Serial Output Data Delay time to so so 250 ns 1.2 

Serial Input Data Set-up Time tss1 SI 300 ns 

Serial Input Data Hold Time tHSI SI 150 ns 

Notes: 1. See figure 27. 
2. See figure 28. 

AT Transfer Clock Input 

Item Symbol Pin Min Typ Max Unit Test Condition Note 

Transfer Clock Cycle Time ts eye SCK tcyc 

Transfer Clock High, tscKH SCK 0.5 tscyc 
Low Level Width tscKL 

Transfer Clock Rise, Fall Time tscKr SCK 100 ns 

tscKt 

Serial Output Data Delay Time toso so 250 ns .2 

Serial Input Data Set-up Time tss1 SI 300 ns 

Serial Input Data Hold Time tHSI SI 150 ns 

Notes: 1. See figure 27. 

2. See figure 28. 
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----1 /fcp ·I 
Jr---~ 

tcPL 

tcPr tcPf 

Figure 24. Oscillator Timing 

RESET 
tRSTH 

tRSTf 

Figure 25. Interrupt Timing Figure 26. Reset Timing 

SCK Vcc-2.0V (O.aVcd • 

so 

SI 

Vcc-2.0V 

o.av 

• v cc - 2 'ov and 0' av are the threshold voltage for transfer clock output' 
0. av cc and 0. 2V cc are the threshold voltage for transfer clock input. 

Figure 27. Timing Diagram of Serial Interface 

Vee 

1 S2074<8J 

or Equiv. 

Figure 28. Timing Load Circuit 
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Precautions on Using EPROM on chip 
type 4-bit Single-Chip Microcomputer 

Since the HD40P4281/HD40P42161 has a 
special structure with pin sockets installed on 
the surface of the package, the following 
should be noted when using it. 
(1) Do not apply an electric voltage or surge 
voltage more than the maximum ratings to 
the pin socket pins. This may destroy the LSI 
permanently. 
(2) When installing this LSI in system prod
ucts in the same way as the mask ROM 4-bit 
single chip microcomputer, observe the fol
lowing in order to maintain good ohmic con
tact between EPROM pins and pin sockets. 
(a) When soldering the LSI on a printed 

circuit board, keep pin conditions under 250 
°C within 10 seconds. If these conditions are 
exceeded, the solder fixing the pin sockets 
may melt and the pins may fall out. 
(b) Keep out detergent on coater from the 
pin sockets during flux removal or board 
coating. Flux or coater may decrease pin 
socket contactivity. 
(c) Avoid permanent use of this LSI in places 
with excessive vibration. 
(d) Since repeated insertion/removal of 
EPROMs may decrease pin sockets 
contactivity, it is recommended to use new 
ones for your system products. 
Please ask Hitachi's sales office if you have 
any question. 

Difference Between The HD40P4281/HD40P42161 and HMCS424C/428C 

Table 33. The Difference between HD40P4281/HD40P42161 and HMCS424C/428C 

Item HD40P4281/HD40P42161 HMCS424AC HMCS424C HMCS424CL 

Power Supply Voltage 4.5 to 5.5 V 4.5 to 6 V 3.5to6V 2.5to6V 

ROM 

RAM 

1/0 pin 
circuit 
type 

Oscillator 

Package 

04,096 words x 10 bits 
(using standard EPROM 
2764) 

o 8, 1 92 words x 1 0 bits 
(using standard EPROM 
27128) 

992 digits x 4 bits 

4,096words x 10 
bits 
Mask ROM 

256 digits x 4 bits 

Standard All pins are "without pull- One of three circuit types, without pull-up MOS (NMOS 
pins up MOS (NMOS open open drain) , with pull-up MOS, CMOS, can be selected 

drain)". for each standard pin. 

High volt- All pins are "without pull- One of two circuit types, without pull-down MOS (PMOS 
age pin down MOS (PMOS open open drain), with pull-down MOS, can be selected for each 

Type/ 
Occupied 
area (mm)/ 
Height from 
Stand-off 

drain)". high voltage pin. 

Crystal oscillator, 
Ceramic filter oscillator 

42-pin EPROM on pack
age. The base chip pins 
are compatible with those 
of the HMCS424C/ 
428C. 

DC-42P/ 
19 x 52.8/ 
7.5mm (max) 

Crystal oscillator, Ceramic filter oscillator 

42-pin dual in line package (DP-42) 
42-pin shrink dual in line package (DP-42S) 
44-pin flat plastic package (FP-44A) 

DP-42/13.4 x 52.8/5.08 (max) 
DP-42S/14 x 37.4/5.08 (max) 
FP-44A/17.2 x 17.2/2.9 (max) 
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H 0404302/H 04074308--
Description 
The HD404302 and HD4074308 are CMOS 4-
bit single-chip microcomputers basically 
equivalent to the HMCS400 series providing 
high programming productivity, high speed 
operation, and low power dissipation. They 
incorporate ROM, RAM, I/O, A/D converter, 
and timer/counter, and contain high voltage 
I/O pins to drive fluorescent display tude 
directly. 

Features 

• 4-bit architecture 
• 2048 words of 10-bit ROM (mask ROM 

version) 
• 8192 words of 10-bit ROM (ZTAT version) 
• 160 digits of 4-bit RAM 
• 33 I/O pins, including 25 High voltage I/O 

pins (40 v max) 
• Two Timers/Counters 

-11-bit prescaler 
-8-bit timer (free-run timer/watchdog 

timer) 
-8-bit timer (reload timer/event counter) 

• Five interrupt sources 
-External 2 
-Timer 2 
-AID 1 

• AID converter: 8 bits x 4 channels 
• Two Tone generator outputs: 2 
• Subroutine Stack 

-Up to 16 levels including interrupts 
• Two low power dissipation modes 

-Standby mode 
-Stop mode 

• On-chip oscillator 
-Crystal or ceramic filter 

(externally drivable) 
• Package 

--42-pin plastic DIP (DP-42) 
--42-pin ceramic DIP with window (DC-

42) 
• Instruction set compatible with 

HMCS412C; 100 instructions 
• High programming efficiency with 10-bit/ 

word 
ROM: 78 single-word instructions 

• Direct branch to all ROM areas 
• Direct or indirect addressing of all RAM 

areas 

-Preliminary-
• Subroutine nesting up to 16 levels includ-

ing interrupts 
• Binary and BCD arithmetic operations 
• Powerful logical arithmetic operations 
• Pattern generation-table lookup capabil

ity 
• Bit manipulation for both RAM and I/O 

Program Development Support Tools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 

• Programming socket adapter for program
ming the EPROM-on-chip device 

• Emulator unit can be used tor both 
HMCS400 series and AS microcomputer 

Ordering Information 

Part No. ROM(Words) Package 

Mask ROM HD404302P 2,048 DP-42 
type DP-425 

ZTAT HD4074308P 8, 192 DP-42 
type HD4074308C DC-42 

(Note) 
Note: Under Development 

.HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 597 



HD404302/HD4074308 

Pin Arrangement 

D10 1 0 
TGo/D11 

TG1/D12 

V,.p/RA, 4 

R00 

R01 

R02 

R03 

R1 0 

R1 1 10 

A12 11 

R1 3 12 

R2o 13 

R2 1 14 

R22 15 

R23 16 

R3o 17 

R31 18 

INTo/R32 

INT,/R33 

GND 
.......,'--~~~~...::.1--' 

(DP-42) 
(DC-42) 
(DP-425) 
Top View 
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Pin Description 

GND, Vee, Vd1sp (Power) 

GND, Vee. and Vctisp are the Power supply pins 
for the MCU. Connect the GND to the ground 
and apply the Vee power supply voltage to 
the Vee pin. The Vdisp pin (multiplexed with 
RA1) is a power supply for high voltage out
put pin with maximum voltage of Vcc-40V. 
For details, see Input/Output section. 

AVcc, AVss 

AVcc and AVss are the power supply pins for 
the A/D converter. 

TEST (Test) 

Input for a factory test mode. The user should 
tie this pin to Vee for normal operation. 

RESET (Reset) 

RESET resets the MCU. For details, see Reset 
section. 

OSC1, OSC2 (Oscillator Connections) 

OSC1 and OSC2 are pins for the internal oscil
lator circuit. They can be connected to the 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
internal Oscillator Circuit section. 

Do-D12 (D Port) 

The D port is an input/output port addressed 

by the bit. These 13 pins are all high-voltage 
input/output pins. The circuit type for each 
pin can be selected using a mask option. For 
details, see Input/Output section. 

R00-R03,Rlo-Rl3,R2o-R23,R3o-R33,R4o-R43, 
RA(R Ports) 

RO to R4 are 4-bit I/O ports. RA is a 1-bit port. 
RA is an input port, and RO to R4 I/O ports. 
The pins of RO-R2 and RA1 are high-voltage 
pins, and the pins of R3-R4 are standard pins. 
R32 and R33 are multiplexed with INTa and 
INT1 respectively. For details, see Input/ 
Output section. 

INTo, INT1 (Interrupt) 

INTo and INT1 are external interrupts for the 
MCU. INT1 can be used as an external event 
input pin for timer B. INTo and INT1 are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 

TGo, TG1 

TG0 and TG1 are tone generator output pins. 
These pins are high-voltage pins multiplexed 
with D11 and D12, respectively. 

AD Port (AN0-AN3) 

The AD port is an A/D converter input port. 
AN0 -AN3 are multiplexed with R4o-R43, 
respectively. For details, see A/D converter 
section. 
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Memory Map 

ROM Memory Map 

ROM is described in the following paragraphs 
and the ROM memory map (figure 1). 

Vecter Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 

0 

15 

16 

} Vector Address 

Zero-Page Subroutine 

(64 Words) 

$0000 

$000F 

$0010 

\ 
$003F 

0 

HD404302/HD4074308 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 

Pattern Area ($0000 to $07FF): Locations 
$0000 through $07FF are reserved for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 

Program Area ($0000 to $1FFF): Locations 
from $0000 to $1FFF can be used for program 
code. 
$0000-$07FF: HD404302 
$0000-$1FFF: HD4074308 

JMPL Instruction 
11- (Jump to RESET Routine) 

-I 

2 JMPL Instruction 
31-- (Jump to INTo Routine) 

_, 
4 JMPL Instruction 
51-- (Jump to INT1 Routine) 

_, 
63 

64 

2047 

2048 

Program Pattern 

(2048 Words) 

-HD404302 

6 '"\ : g 

10 

:~~~ ~~ 

JMPL Instruction 
I-

(Jump to TIMER A Routine) 

JMPL Instruction 
1--

(Jump to TIMER B Routine) 

JMPL Instruction 
1--

~Jump to A/D Routine) 

-I 

-I 

_, 

$0000 

$0001 

$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

$0008 

$0009 

$000A 

$0008 

$000C 

$0000 

$000E 

$000F 

4095 

4096 

8191 

8192 

16383 

Pattern 14 

(4096 Words) 15 

$0FFF 

$1000 

Program 

(8192 Words) 

-HD4074308 $1 FFF 

$2000 

Not Used 

$3FFF 

Figure 1. ROM Memory Map 
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RAM Memory Map 

The MCU includes 160 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are also mapped on the RAM 
memory space. RAM memory map {figure 2) 
is described in the folloWing paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessable 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($004 to 
$034): The special function registers are the 
mode or data registers for the external inter
rupt, the A/D, and the timer/counter and are 
the I/O port data control registers. These 
registers are classified into three types: write
only, read-only, and read/write as shown in 

figure 2. These registers connot be accessed 
by RAM bit manipulation instructions. How
ever, WDON ($020) can be accessed by only 
that instructions. 

Data Area ($040 to $09F): 16 digits of $040 
through $09F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for stack area to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su
broutine call (CAL-instruction, CALL
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 

@HITACHI 
602 Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



0 

RAM-mapped Register 

Memory Register (MR) 

(16 Digit) 

Data (BO Digit) 

Not Used 

Stack (64 Digit) 

1023 

isters are mapped on *Two reg 

same ad 

TCBL: T 

TCBU: 

dress. 

imer/Event Counter B Lower 

Timer/Event Counter B Upper 

imer Load Reg Lower TLRL: T 

TLRU: T 

W:Wri 

R: Read 

R/W: R 

imer Load Reg Upper 

te-only 

-only 

ead/Write 

1:i;uuu 

$03F 
$040 

$04F 
I 

$050 

\ 
$09F 

$0AO 

\ 
$3BF 

$3CO 

$3FF 

0 

1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

11 

12 

13 

14 

15 

16 

31 

32 

35 

36 

50 

51 

52 

53 

63 
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Interrupt Control Bits 

Port Mode Reg. A (PMRA) 

Port Mode Reg. B (PMRB) 

Not Used 

Not Used 

Timer Mode Reg. A (TMA) 

Timer Mode Reg. B (TMB) 

* (TCBLITLRL) 
t--- Timer B 

(TCBUITLRU) 

AID Mode Reg. (AMR) 

AID Data Reg. (ADRL) 

AID Data Reg. (ADRU) 

AID Port Select Reg. (ADPR) 

Not Used 

Special Flag Bits 

Not Used 

Port R3 DCR (DCR3) 

Port R4 DCR (DCR4) 

Not Used 

w 
w 

w 
w 

R/W 

R/W 

w 
R 

R 

w 

w 
w 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$00A 

$008 

$00C 

$00D 

$00E 

$00F 

$010 

$01F 

$020 

$021 

$022 

$023 

$024 

$032 

$033 

$034 

$035 

$03F 

Figure 2. RAM Memory Map 
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604 

0 

2 

3 

bit 3 

IMO 
(IM of INTo) 

IMTA 
(IM of Timer A) 

IMAD 
(IM of A/D) 

Not Used 

IF: Interrupt Request Flag 
IM: Interrupt Mask 
l/E: Interrupt Enable Flag 
SP: Stack Pointer 

bit 2 

IFO 
(IF of INTo) 

IFTA 
(If of Timer A) 

IFAD 
(IF of A/D) 

Not Used 

bit 1 bit 0 

RSP l/E 
(Reset SP Bit) (Interrupt Enable Flag) 

$000 

IM1 IF1 
(IM of INT1) (IF of INT1) 

$001 

IMTB IFTB 
(IM of Timer B) (IF of Timer B) 

$002 

Not Used Not Used $003 

Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMO intruction, and is 
tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 
affected by the SEM/SEMD instruction. 

32 

33 

34 

The content of status becomes invalid when "Not Used" bit and RSP bit are tested by a TM or TMD instruction. 

bit 3 bit 2 

Not Used J Not Used 

bit 1 

l WDON l 
(Watch Dog ON Flag) 

Reserved 

bit 0 
ADSF 

(A/D Start_~!!, 
Status Fl'hJ.L 

$020 

$021 

$022 

35 $023 

Note: The WDON flag can be used by the SEM/SEMD instruction, and reset by MCU reset. 
ADSF stays H during A/0 conversion and becomes L after A/D conversion. 

Figure 3. Configuration of Interrupt Control Bit Area 

Memory Registers Stack Area 

MR(O) 960 Level 16 $3CO 

MR(1) Level 15 

MR(2) 

MR(3) 

Level 14 

Level 13 

PC 13 to PC0 : Program Counter 
ST: Status 
CA: Carry 

MR(4) Level 12 

MRi51 level 11 Note: .As the HD404302 has 2k ROM, 

64 

65 

66 

67 

68 

69 
70 

71 

72 

73 

74 
75 

76 

77 

78 

79 

MR(6) 

$040 

$041 

$042 

$043 

$044 
$045 

$046 

$047 

$048 

$049 

$04A 
$048 

$04C 

$040 

$04E 

$04F 

Level 10 
PC 11 , PC 12 and PC 13 are not used. 

MRC71 Level 9 bit3 bit2 bit1 bitO 

MR(8) 

MR(9) 

MR(10) 

MR(11) 

MR(12) 

MRC13) 
MR(14) 

MR(15) 

Level 8 

level 

'V level 6 1 
level 5 

level 4 

l,.evel 3 1 

level 2 
1 

level 1 S 3FF 

ST PCu PC12 PC11 $3FC 

PC10 pc; PC• PC1 $3FD 

CA PC• PC• PC• $3FE 

Pc, PC2 PC 1 PCo $3FF 

020 

021 

022 

023 
1023 

Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Functional Description 

Register and Flags 

The MCU has nine registers and two flags for 
CPU operation. The following paragraphs 
describe the registers and flags in detail. 
Figure 5 shows these registers and flags. 

Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results 
from the Arithmetic Logic Unit (ALU) as well 
an transfer data between memories, I/0 and 
other registers. 

W Register (W), X Register (X), Y Regis
ter (Y): The 2-bit W register and the 4-bit X 
and Y registers indirectly address the RAM. 
The Y register is also used for D port address
ing. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit SPX and SPY registers are used to 
assist the X and Y registers, respectively. 

Carry (CA): The carry flag (CA) indicates an 
overflow resulting from the ALU during 
arithmetic operation. It is also affected by the 
SEC, REC, ROTL and ROTR instructions. The 
content of the carry flag is pushed onto the 
stack during interrupt servicing, and popped 
off the stack by the RTNI instruction. This flag 
is not affected by the RTN instruction. 

HD404302/HD4074308 

Status (ST): The status flag (ST) indicates an 
ALU overflow and ALU non-zero during 
arithmetic or compare instructions and the 
result of the bit test instruction. Moreover, 
the status flag controls branches caused by 
the BR, BRL, CAL or CALL instructions. 
Whether these instructions are executed or 
skipped, the status flag is set to 1. The state of 
this flag remains unchanged until the next 
arithmetic, compare, bit test, and branch 
instruction is executed. During interrupt ser
vicing, the content of the status is pushed 
onto the stack, and popped off the stack by 
the RTNI instruction. This flag is not affected 
by the RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter which holds 
the ROM address. 

Stack Pointer (SP): The stack pointer (SP) is 
a 10-bit register which indicates the next 
stack address. This pointer, which is initial
ized to $3FF, is decremented by 4 when data 
is pushed onto the stack, and is incremented 
by 4 when data is popped off the stack. The 
highest four bits are fixed to 1111, which 
allows the pointer to indicate up to 16 levels 
of subroutines. The stack pointer is initialized 
when the MCU is reset or the RSP bit ($000-
bitl) is reset by the REM or REMD instruc
tions. 
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3 0 

A I Accumulator 

3 0 

B I B Register 

1 0 

0 W Register 

3 0 

x I X Register 

3 0 

y I Y Register 

3 0 

SPX I SPX Register 

3 0 

SPY I SPY Register 

EJ Carry 

EJ Status 

13 0 

PC Program 
Counter 

9 5 0 

I SP I Stack 
Pointer 

Figure 5. Registers and Flags 
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Interrupt 

Five interrupt sources are available on the 
MCU: external requests (INTo, INT1), timer/ 
counter (timer A, timer B), and A/D. For each 
source, the interrupt request flag (IF), inter
rupt mask (IM) and interrupt vector addres
ses are provided to control and maintain the 
interrupt request. The interrupt enable flag 
(I/E) is also used to control the total interrupt 
operations. 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (I/E) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and Table 2 

Table 1. Vector Addresses and Inter
rupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET 

INTo 

INT1 

Timer A 

Timer B 

A/D 

2 

3 

4 

5 

$0000 

$0002 

$0004 

$0006 

$0008 

$000A 

Table 2. Conditions of interrupt Service 

Interrupt control bit INTo INT1 

l/E 

IFO ·IMO 0 

IF1 • IM1 * 
IFTA · IMTA * * 
IFTB • IMTB * * 
IFAD • fMAD * * 

HD404302/HD4074308 

shows the interrupt conditions corresponding 
to each interrupt source. The interrupt 
request is generated when the IF is set to 1 
and IM is 0. If the I/E is 1 at this time, the 
interrupt will be activated and vector ad
dresses will be generated from the priority 
PLA corresponding to the interrupt sources. 

Figure 7 shows the interrupt service 
sequence, and Figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The I/E is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after jumping to the vector 
address. 

In each vector address, program JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 

Timer A Timer B A/D 

0 0 0 

0 0 0 

0 0 

* 0 

* * 

*: Don't care 
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$000,0 

l/E t----------------......--, 
Sequence Control 
• Push PC/CA/ST 
·Reset l/E 

$000,2 

$001,0 

$001,2 

$002,2 

• Jump to Vector 
Address 

Priority Control PLA 

Figure 6. Interrupt Circuit Block Diagram 
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Instruction 

Cycles 

Instruction 

execution 

Interrupt 

accepted 

HD404302/HD407 4308 

2 

Stacking. 

Reset of 1/E 

J 

-
Stacking. 

Vector address 

is generated 

4 5 

JMPL instruction execution on the 

vector address 

Figure 7. Interrupt Servicing Sequence 
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Yes 

Reset 
MCU 

No 

(A) (8) 

Execute 
Instruction 

PC--(PC)+l 

PC--$ 0002 

PC--$ 0004 

PC--$0006 

PC--$0008 

PC<-$000A 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Figure 8. Interrupt Servicing Flowchart 
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No 
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Interrupt Enable Flag (IIE: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests. It is reset by interrupt 
servicing and set by the RTNI instruction. 

External Interrupts (INTo, INT1): The 
external interrupt request inputs (INT0 , INT1) 
can be selected by the port mode register 
(PMRA: $004). (Figure 10) 

The external interrupt request flags (IFO, IF1) 
are set at the falling edge of INTo and INT1 
inputs. 

The INT1 input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT1. When using 
INT1 as timer B external event input, external 
interrupt mask (IM1) has to be set so that the 
interrupt request by INT 1 will not be 
accepted. Figure 9 shows the interrupt mode 
register. 

External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INTo and INT1 inputs 
respectively. (Figure 9) 

External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
mask bits mask an interrupt request caused 

HD404302/HD407 4308 

by the external interrupt request flags. (Fig
ure 9) 

Timer A Interrupt Request Flag (IFT A: 
$001 bit 2): The timer A interrupt request 
flag is set when an overflow occurs in timer 
A. (Figure 9) 

Timer A Interrupt Mask (IMT A: 001 bit 
3): The timer A interrupt mask bit masks an 
interrupt request caused by the timer A 
interrupt request flag. (Figure 9) 

Timer B interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set when an overflow occurs in timer B. 
(Figure 9) 

Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask bit masks an 
interrupt request caused by the timer B 
interrupt request flag. (Figure 9) 

AID Interrupt request Flag (IF AD: $002 
bit 2): The AID interrupt request flag is set 
when an AID conversion is completed. (Fig
ure 9) 

AID Interrupt Mask (IMAD: $002 bit 3): 
The A/D interrupt mask bit masks an inter
rupt request caused by the A/D interrupt 
request flag. (Figure 9) 
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[ bit3 l bit2 l bit1 l bitO J: $000 

R1P 1 Interrupt Enable Flag 0 Disable 
l/E 

1 Enable 

INT o interrupt Request Flag 0 No interrupt request 
IFO 

1 Interrupt requested 

INT o Interrupt Mask 0 Interrupt request enabled 
IMO 

1 Interrupt request masked 

[ bit 31 bit 2 l bit , l bit o J : $001 
Interrupt request 

1INT1 Interrupt Request Flag 0 No 
IF1 

1 Yes 

INT1 Interrupt Mask 0 Enable 
IM1 

1 Disable (mask) 

Timer A Interrupt Request Fl~ 0 No 
IFTA 

1 Yes 

Timer A Interrupt Mask 0 Enable 
IMTA 

1 Disable (mask) 

[ bit 31 bit 2 l bit , l bit o J : $002 
Interrupt request 

1 Timer B Interrupt Request Flag 0 No 
IFTB 

1 Yes 

Timer B Interrupt Mask 0 Enable 
IMTB 

1 Disable (mask) 

A/D Interrupt Request Flag 0 No 
IFAD 

1 Yes 

A/D Interrupt Mask 0 Enable 
IMAD 

1 Disable (mask) 

Figure 9. Interrupt Control Bits 

bit 3 bit 2 Port Mode Register A (PMRA: $004) 

Not Used 

0 R32 1/0 pin 
bit 2 

fNlo input pin 

0 R33 1/0 pin 
bit 3 

1NJ, Input pin 

Figure 10. Port Mode Register A 
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Timer 

The MCU contains a prescaler and two timer/ 
counters (timer A, timer B) as shown by the 
block diagram in figure 11. 

Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial
ized to $000 by MCU reset and setting bit 3 of 
timer mode register A (TMA: $008) during the 
watchdog timer ON flag (WDON: $20, bit 1) is 
0, after which the prescaler starts to divide 
the system clock. It continues operation until 
MCU reset or stop mode. 

Pulse frequency of timer A input clock, timer 
B input clock, and tone generator outputs 
(TGo,TG1) is selected among prescaler outputs 
by timer mode register A (TMA: $008), timer 
mode register B (TMB: $009), and port mode 
register B (PMRB: $005), respectively. 

After MCU reset, WDON is 0. Thus, when 
timer A is reset by setting bit 3 of timer mode 
register A (TMA) during the watchdog timer 
OFF, the prescaler is also reset, which affects 
the operation of timer B and tone generator 
outputs (TGo, TG1). Consequently, program 
should be prepared considering the above. 

Timer A operation: Timer A is an 8-bit 
interval timer which can be used also as a 
watchdog timer. The prescaler divide ratio of 
timer A is selected by timer mode register A 
(TMA: $008). 

After timer A is initialized to $00 by MCU 
reset and setting bit 3 of timer mode register 
A (TMA: $008), it counts up at everv, clock 

HD404302/HD4074308 

input signal. 8 different clock signals divided 
by the prescaler can be used as an input 
clock. The clock input signals to timer A are 
selected by timer mode register A. When the 
next clock signal is applied after timer A 
becomes $FF, it will generate an overflow 
and reset timer A to $00, This overflow causes 
the timer A interrupt request flag (IFT A $001 
bit 2) to go to 1. 

This timer can function an a watchdog timer 
to detect a programming error. The MCU is 
reset when an overflow output generated 
from a timer counter cannot be controlled 
due to a programming error while the 
watchdog timer ON flag (WDON) is 1. 

Timer B operation: Timer mode register B 
(TMB: $009) selects the auto-reload function, 
input clock source, and the prescaler divide 
ratio for timer B. When an external event · 
input is used as an input clock signal to timer 
B, select R33 /INT1 as INT1 by setting the port 
mode register (PMRA: $004), and set the 
external interrupt mask (IM1) to prevent an 
external interrupt request from occurring. 

Timer B is initialized according to data writ
ten into the timer load register by software. 
Timer B counts up at every clock input signal. 
When the next clock signal is applied to timer 
B after it is set to $FF, it will generate an 
overflow output. In this case, if the auto-re
load function is selected, timer B is initialized 
according to the value of the timer load reg
ister. If it is not selected, timer B is reset to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 
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System 1----
Clock 

TIMER MODE 
REGISTER A 

3 

TIMER A MAX 

N.qOO~~~~~ 
...- Lt> 0 0 

~ N 
·I· + + + + + ·I· + 

PRESCALER ( 11 bit) 

N "'" 
00 N 00 N 00 

M ~ ;;; "'" 0 
N 

·I· + + + + + + 

TIMER B MPX 

SYSTEM 
RESET 

WATCH DOG TIMER ON FLAG 

TIMER COUNTER A (8 bit) 

---SYSTEM 
RESET 

PMRB 

INTERRUPT 
REQUEST FLAG 
OF TIMER A 

+1024 
TGo 

+512 
+256 
+128 TG1 

INTERNAL BUS LINE (S1) 

4 

TL (4 bit) 4 
TIMER LATCH REG 

4 

TCB (8bit) TBOF 
TIMER/EVENT COUNTER B 

INTERRUPT 
8 REQUEST FLAG 

TLR (8 bit) OF TIMER B 

TIMER LOAD REGISTER 

4 

INTERNAL BUS LINE (S2) 

Figure 11. Timer A/Timer B Block Diagram 
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Timer mode register A (TMA: $008): 
Timer mode register A is a 4-bit write-only 
register. Bits 0 to 2 of TMA control the pres
caler divide ratio of timer counter A clock 
input, as shown in Figure 12. Bit 3 resets timer 
A when set to 1; while WDON = 0, the pres-

HD404302/HD4074308 

caler is also reset. Bit 3 stays 1 only for one 
instruction cycle. 

Timer mode register A can be modified from 
the second instruction cycle of the write 
instruction for timer mode register A. 

[ bit 3 I bit 2 I bit 1 l bit o J Timer mode register A (TMA: $008) 

1 J 
bit 2 bit 1 bit 0 Prescaler divide ratio 

0 0 0 2048 

0 0 1 . 1024 

0 1 0 512 

0 1 1 128 

1 0 0 32 

1 0 1 8 

1 1 0 4 

1 1 1 2 

WDON bit 3 Function 

0 0 

1 0 
Not changed 

0 1 Timer counter A, prescaler 
: reset 

1 1 Timer counter A: reset 

~WDONl ADSF J Special flag bit ($020) 

~:Not Used 
WOON: Watch Dog On Flag 
ADSF : A/D Start Bit, Status Flag 

Figure 12. Timer Mode Register A Configuration 
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Timer mode register B (TMB: $009): 
Timer mode register B is a 4-bit write-only 
register which selects the auto-reload func
tion, the prescaler divide ratio, and the source 
of the clock input signal, as shown in Figure 
13. Timer mode register B is initialized to $0 
by MCU reset. 

The operation mode of timer B can be 
modified from the second instruction cycle 
after timer mode register B is written to. 
Initialization of timer B by a write to the timer 
load register should be performed after the 
contents of timer mode register B have been 
appropriately changed. 

Timer B (TCBL: $00A, TCBU: $00B, TLRL: 
$00A, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit 

read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). 

The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched at the time when 
the high-order digit is read. 

[ bit 3 I bit 2 I bit 1 I bit o J Timer mode register B (TMB: $009) 

1 J 
bit 2 bit 1 bit 0 Prescaler divide ratio 

input clock source 

0 0 0 2048 

0 0 1 512 
" 

0 1 0 128 

0 1 1 32 

1 0 0 8 

1 0 1 4 

1 1 0 2 

1 1 1 INT1 (External event 
input) 

I 0 No auto-reload function 

Auto-reload function provided 

Figure 13. Timer Mode Register B Configuration 
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Timer A Interrupt Request Flag (IFTA: 
$001, bit 2): The timer A interrupt request 
flag is set by the overflow output of timer A. 
When watchdog timer function is selected. 
the timer interrupt request flag is not set 
since the MCU is reset by an overflow output. 
(Figure 14) 

Timer A Interrupt Mask (IMTA: $001, bit 
3): The timer A interrupt mask prevents an 
interrupt request from being generated by 

l IMTA l IFTA l - l - J : $001 

l 0 
IFTA 

1 

0 
IMTA 

1 

l - l - 1 IMTB] IFTB J : $002 

L 0 
IFTB 

1 

0 
IMTB 

1 

: Other interrupt control bit 
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timer A interrupt request flag. (Figure 14) 

Timer B Interrupt Request Flag (IFTB: 
$002, bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B. 
(Figure 14) 

Timer B Interrupt Mask (IMTB: $002, bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
the timer B interrupt request flag. (Figure 14) 

Timer A interrupt request disabled 

Timer A interrupt request enabled 

Timer A interrupt request accepted 

Timer A interrupt request masked 

Timer B interrupt request disabled 

Timer B interrupt request enabled 

Timer B interrupt request accepted 

Timer B interrupt request masked 

Figure 14. Timer Interrupt Control Bits 
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A/D Converter 

The HD404302 and HD4074308 incorporate a 
sequential comparison system AID converter 
having a resistor ladder. It can measure four 
analog inputs with 8-bit resolution. Figure 15 
shows the AID converter block diagram. The 
AID converter consists of the following reg
isters: 
·AID mode register (4 bits) 
· AID start bit, status flag (1 bit) 
·AID port select register (4 bits) 
· AID data register (4 bits + 4 bits) 

A/D Mode Register (AMR): The AID mode 
register is a 4-bit write-only register which 
selects AID conversion speed (Bit 0, Bit 1) and 
analog input channel (Bit 2, Bit 3). (Figure 16) 

A/D Start Bit, Status Flag (ADSF): AID 
conversion is started when 1 is written to the 
AID start bit. After a conversion is completed, 
conversion data is set in the AID data regis
ter, and the AID start bit is cleared at the 
same time. (Figure 16) 
(Note that the bit manipulation instruction 
SEM or SEMD should be used to write data to 
ADSF. During A/D conversion, ADSF must 
not be written to.) 

I nterna I Bus 

select 
register (ADPR) 

R40/ANo 
R4 1/AN 1 

R42/AN2 
R43/AN3 

4 

D/A 

AMR: $00C 

A/D mode 
register (AMR) 

2 2 

ADSF: $020 
A/D start bit, 
status flag 
(ADSF) 

Control logic 

Figure 15. A/D Converter Block Diagram 
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ADRL: $000 
ADRU: $00E 

A/D data 
register (ADR) 
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A/D Port Select Register (ADPR): The A/ 
D port select register is a write-only register 

which selects the digital port and analog 
port. (Figure 16) 

[ bit 3 bit 2 I bit , bit o AID mode register (AMR: $00C) 

i=:::J i=:::J 
bit 1 bit 0 Conversion Cycle 

0 0 34 

0 1 67 

1 0 133 

1 1 265 

bit 3 bit 2 Analog input 

0 0 A No 

0 1 AN1 

1 0 AN2 

1 1 AN3 

[ bit 3 bit 2] bit 1 ] bit 0 J Special flag bit ($0201 

~ 
AID Start Bit, Status Flag (ADSF) 

ADSF 
Start bit Status Information 
(Write) (Test) 

0 Not affect AID Idle 

1 Start AID Converting 

WOON (See section timer. I 

Not Used 

bit 3 bit 2 bit 1 bit 0 AID port select register (AD PR: $00F) 

AN3 AN2 AN1 ANo 

0 R41 R4o 

Port select 

Figure 16. A/D Register Configuration 
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A/D Data Register (ADRL: SOOD, ADRU: 
$00E): The A/D data register is a 4-bit/4-bit 
read-only register in which the 8-bit conver
sion result is set after completing A/D con
version. The data is preserved until the next 
conversion begins. Data read is not guaran
teed during A/D conversion. The A/D data 
register is initialized to $80 by the MCU reset. 
(Figure 17) 

ADRU ($00E) 

Bit 7 

Precautions on using the A/D converter: 
·If a digital signal is input to the R4o-R43 or 

adjacent pins during A/D conversion, con
version accuracy may be affected. 

· Data in the A/D data register is not guar
anteed during A/D conversion. 

· Port output instructions should not be 
executed during A/D conversion to allow 
the A/D converter to operate stably. 

ADRL($00D) 

RESULT 

BitO 

Figure 17. A/D Data Register Configuration 
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Input/output 

The MCU has 33 I/0 pins. 25 pins of them are 
high-voltage pins. On and off of output buffer 
of the standard pins are controlled by com
bination of the value of the port register 
(PDR) and data control register (DCR). (Figure 
19) 

D Port: The D port is an I/0 port which has 13 
discrete I/O pins, each of which can be ad
dressed independently. It can be tested 
through SED/TDD and SEDD/REDD instruc
tions. D11 and D12 ports are multiplexed with 
the tone generator pins TGo, TG1, respective
ly. The circuit .type of the D port is shown in 
Table 3. 

R Ports: The R ports are composed of 20 I/0 
pins and one 4-bit input-only pins. Data is 
input through LAR and LBR instructions and 
output through LRA and LRB instructions. 
The MCU will not be affected by writing into 
the input-only and non-existing ports. On and 
off of output buffer of the R3 and R4 ports are 
controlled by the R port data control register 
(DCR3, DCR4). R32 and R33 are multiplexed 
with INTo and INT1, respectively. R4o, R41, 
R42, and R43 pins are multiplexed with AN0, 

HD404302/HD407 4308 

AN1, AN2, and AN3, respectively. The circuit 
type of the R port is shown is table 3. 

Port Mode Register (PMRA: $004, PMRB: 
$005): The port mode register is a 4-bit write
only register which controls the R32/INTo pin, 
R33/INT1 pin, D11/TG0 pin, and D12/TG1 pin as 
shown in Figure 18. The port mode register is 
initialized to $0 by MCU reset. These pins are 
therefore initially used as ports. 

Unused 1/0 Pins: If unused I/O pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent malfunction. 

If without pull-down MOS (PMOS open drain) 
is selected for high-voltage pins, connect to 
Vee on the printed circuit board. 
If without pull-up MOS is selected for stan
dard pins, connect to GND on the printed 
circuit board. 

The contents of PDR and DCR of the corre
sponding pin should be remained as the same 
as in reset state by program. The correspcnd
ing pin should not be used as peripheral 
function I/O pin. 

@HITACHI 
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bit 3 bit 2 Port Mode Register A (PMRA: $004) 

Not Used 

bit 2 f--o+,=R3,,,;2;,..c.l/_O...:.p_in ___ -l 
1 INTo input pin 

bit 3 f--o+,=R3,,,;3;;,..;..l/_O...:.p_in ___ -l 
INT 1 Input pin 

I bit 3 bit 2 T bit , bit 0 l Port Mode Register B (PMRB: $005) 

i=:=J i=:=J 
bit 1 bit 0 Prescaler Pulse frequency 

divide ratio (,P; 1.9µs) 

0 0 + 1024 0.5 kHz 

0 1 512 1.0 kHz 

1 0 256 2.0 kHz 

1 1 128 4.0 kHz 

0 0 11 1/0 pin 
bit 2 

1 TG0 output pin 

0 012 1/0 pin 
bit 3 

1 TG 1 output pin 

Figure 18. Port Mode Register Functions 
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Table 3. 1/0 Pin Circuit Types 

With pull-up MOS (Bl Without pull-up MOS (C) 

1/0 
common 

UI 
pins 

Input CPU c control ·a. mput 

'ti .. 
I'll 

'ti 
R4o~R43 c 

J! 0-0 

Note: Cannot be used (AN0-AN3) as 
an analog input pin. 

Vee 

Input ~~ INTo 

pins 0 
Input ~ 11 ~:~t 0 =:D CPU INT1 

Input input 
control control 
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Table 3. 1/0 Pin Circuit Types (cont.) 

1/0 
common 
pins 

• . e a. 
GI 
Cll 

! 
0 
> 
I 

J:. 
Ill 
i 

Input 
pins 

Without pull-down MOS (D) 

Vee 

k--.1'----~r=RtT==; [£§.] 

':::::;----[):>----- CPU 
Input input 
control 

lnput 

("2' control~>------ CPU 
\::;,J --LI" input 

With pull-down MOS (E) 

Vee 

Applicable 
ins 

.J---------i~"":::cr::'.0R:=i Do~D12 

v..,, 

'----fD----- CPU 
Input input 
control 

ROo~R03 

R1o~R13 

R2o~R23 

RA1 

Note: In the stop mode, MCU becomes reset state and peripheral function cannot be selected, and 
HLT signal is 1 and 1/0 pins are in high impedance state. 

Circuit type 

B c D E 

Product type 

Mask ROM 
type option 

HD404302 

ZTAT type 
fixed 

HD4074308 
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Pull-up 
MOS 

Vee 

l 
I 
I 
I 
I 
I 
I 
I 

_____ .J 

Option 

Pull-up MOS 

ON/OFF of DCR (Data control 
register) output buffer 

PDR (port data register) 
output buffer latch 

CMOS 

buffer 

Pull-up MOS 

PMOS (A) 

NMOS (B) 

Vee 

HD404302/HD4074308 

o------CPU input .-------;. _ _, 

Input control 

Provided Not Provided 

0 0 

0 0 0 0 

ON ON 

ON ON 

ON ON ON ON 

Note: ON 
o~ OFF 

OFF 

Figure 19. 1/0 Buffer Configuration (Standard pins) 
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Reset 

Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy tRc for the oscillator to 
stabilize. In all other cases, at least two 

Table 4. Initial Value after MCU Reset 

Item 

Program counter (PC) 

Status (ST) 

instructions cycles are required for the MCU 
to be reset. 
Table 4 shows the parts initialized by MCU 
reset and the status of each after the reset 
has been carried out. 

Initial value 
after MCU reset Contents 

$0000 Execute program from the top 
of ROM address 

Enable branch with conditional 
instructions 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~-~~~~~ 

Stack pointer (SP) 

1/0 High-voltage pin port data 
register (PDR) 

Interrupt 
flag/mask 

Mode 
register 

Timer/ 
counter 

A/D 

Standard pin port data 
register (PDR) 

Data control register (DCR) 

Port mode register A (PMRA) 

Port mode register B (PMRB) 

Interrupt enable flag (l/E) 

Interrupt request flag (IF) 

Interrupt mask (IM) 

Timer mode register A 
(TMA) 

Timer mode register B 
(TMB) 

Timer counter 

Timer/event counter B (TCB) 

Timer load register (TLR) 

Prescaler 

A/D port select register (ADPR) 

A/D mode register (AMR) 

A/D data register (ADR) 

A/D start bit, status flag (ADSF) 

Bit register Watch dog timer on flag (WOON) 

$3FF 

All bits are 0 

All bits are 1 

All bits are 0 

0000 

0000 

0 

0 

1 

0000 

0000 

$00 

$00 

$00 

$000 

0000 

0000 

$80 

0 

0 

Stack level is 0 

Enable to output 0 

Enable to output 1 

Output buffer is off (high impedance) 

See section port mode register A. 

See section port mode register B. 

Inhibit all interrupts 

No interrupt request 

Mask interrupt request 

See section timer mode 
register A. 

See section timer mode 
register B. 

See section A/D port select register 

See section A/D mode register 

SeG section A/D data register 

See section A/D start bit. status flag 

See section Timer A 

Note: Registers and flags except above become as follows after MCU reset. 
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Internal Oscillator Circuit In addition, see Figure 21 for the layout of the 
crystal or ceramic filter. In all cases, external 

Figure 20 outlines the internal oscillator cir
cuit. Refer to Table 5 for selection of the type. 

clock operation is available. -

4.5 MHz 
Oscillator 

Divider 
circuit 
IDivide
by-8) 

Timing 
generator 
circuit 

System 
clock 
562.5 kHz 

Figure 20. Internal Oscillator Circuit 

Do 

Vee 

OSC2 

osc, 
TEST 

RESET 

Figure 21. Layout of Crystal and Ceramic Filter 

Table 4. Initial Value after MCU Reset (cont.) 

Items 

Carry (CA) 
Accumulator (A) 
B register ( B) 
W register (W) 
X/SPX register (X/SPX) 
Y /SPY register (Y /SPY) 
A/D data register (ADRL. ADRU) 

RAM 

After recovering from STOP 
mode by MCU resat 

The contents of the items just before 
MCU reset are not assured. It is 
necessary to initialize them by soft
ware again. 

The contents of RAM just before 
MCU reset (just before STOP 
instruction) are retained. 

~HITACHI 

After all other MCU reset 

The contents of the items just before 
MCU reset are not assured. It is 
necessary to initialize them by soft
ware again. 
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Table 5. Example of Oscillator Circuits 

External 

clock operation 

Ceramic filter 

oscillator 

Crystal 

oscillator 

Circuit configuration 

Olosc, 
External 
oscillator 

Open-----< OSC2 

c, 

F·'+ R, 

C2 
GND 

osc, 

OSC2 

AT cut parallel 
resonance crystal 

osc 1 -CT:j:~osc2 
Co 

Circuit constant 

TBD 

Ceramic filter: TBD 

~'. : } TBD 

C2 : 

Rt : 

} c, : TBD 

C2 : 

Crystal: equivalent to circuit 

shown 

Co : 

} Rs TBD : 

f : 

Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are recommended 
by the crystal or ceramic filter maker. The circuit parameters are changed by crystal, ceramic 
filter resonator, and the floating capacitance in designing the board. In employing the 
resonator, please consult with the engineers of ,the crystal or ceramic filter maker to 
determine the circuit parameter. 

2. Wiring between OSC1, OSC2 and elements should be as short as possible, and never cross 
the other wires. Refer to the layout of crystal and ceramic filter (figure 21). 
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Low Power Dissipation Mode 

The MCU has two low power dissipation 

Table 6. Low Power Dissipation Mode 

Condition Standby Mode 

Instruction SBY instruction 

Oscillator circuit Active 

Instruction execution Stopped 

Register, Flag Retained 

Interrupt function Active 

RAM Retained 

Input/Output pins Retained (Note 2) 

Timer/Counter Active 

A/D Active 

HD404302/HD4074308 

modes, standby mode and stop mode (table 
6). Figure 22 is a mode transition diagram for 
these modes. 

Stop Mode 

STOP instruction 

Stopped 

Stopped 

Reset (Note 1) 

Stopped 
~"'-------

Retained 

High impedance 

Stopped 

Stopped 

Recovery method RESET input, Interrupt request RESET input 

Notes: 1. The MCU recovers from stop mode by RESET input. Refer to table 4 for the contents of 
flags and registers. 

2. As 1/0 circuits are active, an 1/0 current may flow in standby mode, depending on the 
state of the 1/0 pins. This is an additional current added to the standby mode current 
dissipation. 

Figure 22. MCU Operation Mode Transition 
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Standby Mode: Executing an SBY instruc
tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit continue 
working and the timer/counter, A/D, and 
interrupts are active. On the other hand, the 
CPU stops since the clock related to the 
instruction ·execution stops. Registers, RAM 
and I/0 pins retain the state they were in just 
before the MCU went into standby mode. 

Standby Mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 

Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

No 

Restart 
Processor Clocks 

(A) 

Reset MCU 

Yes 

(8) 

Execute 
Instruction 

Yes 

In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 

Figure 23 shows the flowchart of the standby 
mode. 

Yes 

Restart 
Processor Clocks 

No 

Interrupt 
Accept 

(Cl 

Yes 

Figure 23. MCU Operating Flowchart 
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Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 

Stop Mode may be cancelled by resetting the 
MCU. At this time, as shown in Figure 24, 
reset input must be applied at least to tRc for 

1· 
Stop mode 

Oscillator lllllHlllllllllllllllllllll '. 

Internal clock~ 

RESET i 
STOP instruction execution 

HD404302/HD4074308 

oscillation to stabilize. (Refer to AC Charac
teristics table.) After stop mode is cancelled, 
RAM retains the state it was in just before the 
MCU went into stop mode, but the accumu
lator, B register, W register, X/SPX registers, 
Y /SPY registers, carry, and A/D data register 
may not retain their contents. 

(more than stabilization time: tRcl 

Figure 24. Timing Chart of Recovering from Stop Mode 
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PROM Mode Pin Description 

MCU mode PROM mode MCU mode PROM mode 

Pin No. Pin name 1/0 Pin name 1/0 Pin No. Pin name 1/0 Pin name 1/0 

D10 1/0 M2 22 AVee Vee 

2 D11/TG0 1/0 Vee 23 R4o/ANo 1/0 04 1/0 

3 D12/TG1 1/0 Vee 24 R41/AN1 1/0 05 1/0 

4 RA1/Vctisp I 25 R42/AN2 1/0 05 1/0 

5 ROo 1/0 A, 26 R43/AN3 1/0 07 1/0 

6 R01 1/0 A2 27 AVss GND 

7 R02 1/0 A3 28 RESET Vpp 

8 R03 1/0 A4 29 TEST TEST 

9 R1o 1/0 A5 30 OSC1 

10 R11 1/0 A5 31 OSC2 0 Vee 

11 R12 1/0 A7 32 Vee Vee 

12 R13 1/0 As 33 Do 1/0 Mo 

13 R2o 1/0 Ao 34 D1 1/0 M, 

14 R21 1/0 A10 35 D2 1/0 As 

15 R22 1/0 A,, 36 03 1/0 

16 R23 1/0 A,2 37 04 1/0 A13 

17 R3o 1/0 Oo 1/0 38 05 1/0 A,4 

18 R31 1/0 01 1/0 39 05 1/0 CE 

19 R32/INT0 1/0 02 1/0 40 07 1/0 OE 

20 R33/INT1 1/0 03 1/0 41 Da 1/0 

21 GND GND 42 Ds 1/0 

Note: 1/0: Input/Output pin I: Input pin 0: Output pin 
The Vee and GND pins in PROM mode must supply Vee and GND levels to all Vee and GND pins. 
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Pins for PROM Mode (HD4074308) 

Figure 25 shows pin arrangement is PROM 
mode. 

Apply the programming voltage (12.5 V ± 0.3 
V) to Vpp. 

CE 

CE inputs the control signal to enable PROM 
programming and verify. 

OE inputs the data output control signal for 
verify. 

M2 10 

Vee 2 

Vee 3 

4 

A, 5 

A2 6 

A3 7 

A4 8 

As 9 

As 10 

A1 11 

As 12 

Ao 13 

A10 14 

A,, 15 

A,2 16 

Oo 17 

o, 18 

02 19 

03 20 

GND 21 

HD404302/HD4074308 

Ao-A14 

These pins are address input pins of the 
internal PROM. 

Data bus input pins of the internal PROM. 

These pins are used to set PROM mode. The 
MCU is set to the PROM mode by pulling 
AVss and TEST low, and RESET, Mo, M1, M2, 
and A Vee high. 

42 

41 

OE 

CE 

A,4 

37 A,3 

As 
M1 

MO 

Vee 
31 Vee 

TEST 

Vpp/RESET 

GND 

07 

Os 

05 

04 

Vee 

Figure 25. Pin Arrangement is PROM Mode 
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Programmable ROM (HD4074308) 

The MCU on-chip PROM is programmed in 
PROM mode (figures 26, 27). PROM mode is 
set by bringing TEST low, and RESET, Mo, 
M1, Mz high as shown in figure 26. In PROM 
mode, the MCU does not operate. Table 7 
shows the PROM mode selection. It can be 
programmed like a standard 27256 EPROM 
using a standard PROM programmer and a 
42-to-28-pin socket adapter. Table 8 lists 
recommended PROM programmers and 
socket adapters. 

Since an instruction of the HMCS400 series 
consists of 10 bits, the HMCS400 series MCU 
incorporates a conversion circuit to enable 
use of a general-purpose PROM programmer. 
By this circuit, an instruction is read or pro
grammed using 2 addresses, lower 5 bits and 
upper 5 bits, as shown in figure 27. For 
example, if 8 kwords of on-chip PROM are 
programmed by a general-purpose PROM 
programmer, 16 kbytes of addresses ($0000-
$3FFF) should be specified. 

Table 7. PROM Mode Selection 

Pin 

Mode CE OE Vpp Oo-01 

Programming Low High Vpp Data input 

Verify High Low Vpp Data output 

Programming High High Vpp High 
inhibited impedance 

Programming And Verification 

The MCU can be high-speed programmed 
without causing voltage stress or affecting 
data reliability. 

Table 7 shows how programming and verifi
cation modes are selected. 
Figure 28 is a programming flowchart. 

Erasing 

PROMs in ceramic window packages can be 
erased by ultraviolet light. All erased bits 
become 1s. 

Erasing conditions are: ultraviolet (UV) light 
with wavelength 2537A with a minimum 
irradiation of 15W·sec/cm2• These conditions 
are satisfied by exposing the LSI to a 12,000 
µW/cm 2 UV source for 15-20 minutes, at a 
distance of 1 inch. 

Table 8. PROM Programmers and Socket Adapters 

PROM Programmer 

Maker 

DATA 1/0 

AVAL Corp 

Type Name 

22B 
298 

PKW-7000 
PKW-1000 

Socket Adapter 

Maker Type Name 

Hitachi TBD 

Hitachi TBD 
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Precautions 

1. Addresses $0000 to $3FFF must be speci
fied if the PROM is programmed by a 
PROM programmer. If addresses of $4000 
or higher are accessed, the PROM may 
not be programmed or verified. Note that 
the plastic package type cannot be 
erased and reprogrammed. (Ceramic 
window packages can be erased and re
programmed by ultraviolet light.) Data in 
unused addresses must be set to $FF. 

2. Be sure that the PROM programmer, 

Vee 

Vee 

M2 

GND 

HD404302/HD4074308 

socket adapter and LSI lineup (pin 1 posi
tions match). Using the wrong program
mer or socket adapter may cause an over
voltage and damage the LSI (table 8). 
Make sure that the LSI is firmly fixed in 
the socket adapter, and that the socket 
adapter is firmly fixed in the programmer. 

3. The PROM should be programmed with 
Vpp = 12.5 V. Other PROMs use 21 V. If 21 V 
is applied to the MCU, the LSI may be 
permanently damaged. 12.5 V is Intel's 
27256 Vpp. 

OE 

CE 

Oo-01 
Data 
Oo-01 

Ao Address 
I Ao-A14 

A,4 

Vee 

M, 

Mo 

OSC2 

Vpp 

A Vee Vee 

AVss 

Figure 26. PROM Mode 
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636 

soooo 
$0001 

$001F 
$0020 

$007F 
$0080 

$1FFF 
$2000 

$3FFF 
$4000 

$7FFF 

I I I b1t4 

I I I b1t9 

Vector Address 

Zero-Page Subroutme 

(64 Words) 

Pattern 

(4096 Words) 

Program 

(8192 Words) 

(Note) 

Not Used 

Three bits are not used 
(Set to 111) 

b1t3 b1t2 b1tl b1tO 

b1t8 b1t7 b1t6 bit5 ~; ~ :: l $0000 
0 JMPL Instruction 

1 (Jump to RESET Routine) 

$000F 2 JMPL Instruction 

~ 
$0010 3 (Jump to INTo Routine) 

4 JMPL Instruction 

$003F 5 (Jump to INT1 Routine) 

\ 
$0040 

6 JMPL Instruction 

7 (Jump to TIMER A Routine) 

$0FFF 8 JMPL Instruction 

\000 9 (Jump to TIMER 8 Routine) 

10 JMPL Instruction 
$1FFF 11 (Jump to A/D Routine) 
$2000 

\12 

~3 
14 

\ 

$3FFF 151 

Note: When reading this address space, $FF is output. 

Figure 27. PROM Mode Memory Map 

Start 

Set Prog./Verify Mode 
Vpp= 12.5±0.JV, Vcc=6.0±0.25V 

$0000 

$0001 

$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

$0008 

$0009 

$000A 

$0006 

$000C 

$0000 

$000E 

$000F 

NOGO 
Address + 1 ---+ Address 

Fail 
NOGO 

NO 

Set Read Mode 
Vcc=5.0±0.5V, Vpp=Vcc±0.6V 

Figure 28. A Sequence of High-Speed Programming Flowchart 
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ZTAT MCU On·Chlp PROM Characteris· 
tics and Precautions 

Principles of Programming/Erasing: The 
ZTAT micros' memory cells are the same as 
an EPROM's. Therefore they are programmed 
by applying high voltage to control gates and 
drains, which injects hot electrons into the 
floating gate. They are stable, surrounded by 
an energy varrier of Si02 film. Such a cell 
becomes a 0 bit due to the memory threshold 
voltage change. A cell with no condensed 
electrons at its floating gate appears as a 1 bit 
(figure 29). 

The electron charge in memory cells may 

....------.,: / Control gata 
s102 1 r 

Source ~ Floating gate 

( ~. J l /("'" 

Programming (0) 

HD404302/HD4074308 

decrease as time goes by. This can be caused 
by: 

· Ultraviolet light: discharged by photo
emitted electrons (erasure principle) 

· Heat: discharged by thermal emitted elec
trons 

· High voltage: discharged by a high electric 
field at the control gate or drain 

If the oxide film covering a floating gate is 
defective, the erasure rate is great. Normally, 
electron erasure does not occur, because such 
defective devices are found and removed 
during testing. 

Control gate 

Floating gate 

Drain 

Erasing (1) 

Figure 29. Cross-section of EPROM Memory Cell 
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Programming Precautions: The EPROM 
memory cells should be programmed under 
specific voltage and timing conditions. The 
higher the program voltage and the longer 
the program pulse is applied, the more elec
trons will be injected into the floating gate. 
However, if an overvoltage is applied to Vpp, 
the p-n junction may be permanently 
damaged. Pay particular attention to PROM 
programmer overshoot. Negative voltage 
noise will cause a parasitic transistor effect, 
which may reduce break-down voltage. 

The ZT AT micros are connected electrically 
to the PROM programmer through a socket 
adapter. Therefore, pay attention to the fol
lowing: 

· Confirm that the socket adapter is firmly 

fixed on the PROM programmer. 

· Do not touch the socket adapter or the LSI 
during programming. 

· Misprogramming can be caused by poor 
contacts. 

On-Chip EPROM Reliability after Pro
gramming: Generally, semiconductors are 
reliable except for initial failures. Parts can be 
screened to avoid failures. Exposure to high 
temperature is a kind of screening which 
removes PROM memory cells with data hold 
failures in a short time. This is done to the 
ZTATs in the wafer stage, so ZTAT data hold 
charcteristics are high. Exposing the LSI to 
150'C after user programming can effectively 
upgrade these characteristics. Figure 30 
shows the recommeded screening flow. 

Programming 

638 

Verification 

l 
Exposure in high temperature 
without applying any power 

1 50'C ± 1 O'C, 48Hr + 8Hr* 
- OHr* 

1 
Confirmation of reading 
Vee = 4. 5 V or 5. 5 V 

*Exposure time is the time after the temperature 
in heater reaches 1 5o·c. 

Note: If programming errors occur continuously dunng programming with one PROM programmer, stop pro
gramming and check the PROM programmer or socket adapter. 
If trouble occurs in verification after programming, or after exposure to high temperatures, please inform a 
Hitachi engineer. 

Figure 30. Recommended Screening Flow 
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Window-Type Package Precautions 

Glass Erasure Window: If the glass win
dow comes in contact with plastic or any
thing with a static charge, the LSI may mal
function due to the electrostatic charge on 
the surface of the window. If this occurs, 
exposing the LSI to ultraviolet light for a few 
minutes neutralizes the charge, and restores 
the LSI to normal operation. However, charge 
stored in the floating gate decreases at the 
same time, so reprogramming is recom
mended. 

Electrostatic charge buildup on the window 
is a fundamental cause of malfunctions. 
Measures for its prevention are the same as 
those for preventing electrostatic break
down: 

1. Operators should be grounded when 
handling equipment. 

2. Do not rub the glass window with plastics. 
3. Be careful of coolant sprays, which may 

contain a few ions. 
4. The ultraviolet shading label (which 

includes conductive material) effectively 
neutralizes charge. 

Ultraviolet Shading Label: If the LSI is 
exposed to fluorescent light or sunlight, its 
memory contents may be erased by the small 
quantity of ultraviolet light in these sources. 

HD404302/HD4074308 

In strong light, the MCU may fail under the 
influence of photocurrent. To prevent these 
problems, it is recommended that the device 
be used with an ultraviolet shading label 
covering the erasure window after pro
gramming. 

Special labels are sold for this purpose. They 
contain metal to absorb ultraviolet light. 
When choosing a label, note the following: 

1. Adhesion (mechanical intensity)-Re-use 
and dust reduce adhesion. Peeling off a 
label may cause static electricity. There
fore, erasing and rewriting is recom
mended after peeling. Sticking a new label 
over the old one is better than replacing a 
label. 

2. Allowable temperature range-The 
allowable environmental temperature 
range of the label should be noted. If it is 
used under conditions outside this range, 
the paste may stiffen or adhere to the 
label, causing paste to remain on the 
window when the label is removed. 

3. Moisture resistance-The allowable mois
ture range and environmental conditions 
of the label should be noted. It is difficult 
to find a shade label applicable to all con
ditions. The proper label should be 
selected depending on the intended use of 
the MCU. 
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Addressing Mode 

RAM Addressing Mode 

As shown in figure 31, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: The W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The 
memory register (16 digits from $040 to $04F) 
is accessed by executing the LAMR and 
XMRA instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four ROM addressing modes, as 
shown in figure 32. 

Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PCo with 14-bit 
immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 

When BR is on page boundary (256n + 255) 
(figure 33), executing a BR instruction trans
fers the PC contents to the next page accord
ing to the hardware architecture. Conse
quently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zere Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6 bits of immediate 
data are placed in the low-order six bits of 
the program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PC13 to PCG). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (Figure 34). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the Rl and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the Rl and R2 port output register at the 
same time. 

The P instruction has no effect on the pro
gram counter. 
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W Register X Register Y Register 
~~~~~~~-

W1 Wo XJ X2 X1 Xo VJ Y2 Y1 Yo 

RAM Address AP9 APa AP, AP• APs AP• AP3 AP2 AP1 APo 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

Opcode dg ds d7 d6 ds d4 dJ d, di do 

RAM Address APg APs AP, AP6 APs AP• AP3 AP2 AP1 APo 

Direct Addressing 

Instruction 

Opcode 

0 0 0 0 0 

Memory Register Addressing 

Figure 31. RAM Addressing Mode 
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(JMPL) 
(BRL) 
(CALL) 

Instruction 1 st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC. PC3 PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 bs bs b• b3 b2 b1 bo 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC• PC3 PC2 PC1 PCo 

Current Page Addressing 

Instruction 

(CAL) Opcode as a. a3 a2 a1 ao 
0 0 0 0 0 0 0 0 

Pro!lram Counter PC13PC12PC11 PC10 PCs PCs PC1 PCs PCs PC4 PC3 PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

Opcode B Register Accumulator 

0 0 

Program Counter PC13PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC• PC3 PC2 PC1 PCo 

Table Data Addressing 

Figure 32. ROM Addressing Mode 
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256(n-1)+255 
......1::--c-Bc-R--:A--:A--:A--t 2 56n 

AAA NOP 

BR AAA 256n+254 
1--~B~R~B~B~B:.._--1256n+255 

256(n+1) 

BBB NOP 

Figure 33. BR Instruction Branch Destination on Page Boundary 

Instruction 

Opcode p3 p2 p1 
B Register Accumulator 

Referred ROM Address RAs RAs RA• RAJ RA2 RA1 RAo 

Address Designation 

Pattern 

Figure 34. P Instruction 
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Instruction Set 

The HD404302, HD4074308 provide 100 
instructions which are classified into 10 
groups as follows: 

1. Immediate instruction (Table 9) 
2. Register-to-register instruction (Table 

10) 
3. RAM address instruction (Table 11) 
4. RAM register instruction (Table 12) 
5. Arithmetic instruction (Table 13) 

Table 9. Immediate Instructions 

6. Compare instruction (Table 14) 
7. RAM bit manipulation instruction (Table 

15) 
8. ROM address instruction (Table 16) 
9. Input/output instruction (Table 17) 

10. Control instruction (Table 18) 

Tables 9-18 list their functions, and table 19 is 
an opcode map. 

Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 0 0 0 i3 i2 i1 io i - A 1/1 

Load B from Immediate LBI i 0 0 0 0 0 i3 i2 i1 io i-B 1 /1 

Load Memory from LMID i,d 0 0 0 i3 i2 ii io i - M 2/2 
Immediate dg ds d7 d5 ds d4 dJ d2 d 1 do 

Load Memory from LMllY i 1 0 1 0 0 1 i3 i2 ii io i-M, Y+1-Y NZ 1 /1 
Immediate, Increment Y 

Table 10. Register-to-Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B-A 1/1 

Load B from A LBA 0 0 0 0 0 0 0 A-B 1 /1 

Load A from W LAW 0 1 0 0 0 0 0 0 0 0 W-A 2/2 
0 0 0 0 0 0 0 0 0 0 (Note) 

Load A from Y LAY 0 0 0 0 Y-A 1 /1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX - A 1 /1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY - A 1 /1 

Load A from MR LAMR m 0 0 m:i mz m, rro MR(m) -A 1 /1 

Exchange MR and A XMRAm 0 m:i mz m1 rro MR(m) -A 1 /1 

Note: An operand is provided for the second word of LAW and LW A instruction by assembler 
automatically. 
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Table 11. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWI i 0 0 1 0 0 i1 io i -~w 1/1 

Load X from Immediate LXI i 0 0 0 0 i3 i2 i1 io i ·X 1/1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 i1 io i --· y 1/1 

Load W from A LWA 0 1 0 0 0 1 0 0 0 0 A •W 2/2 
0 0 0 0 0 0 0 0 0 0 (Note) 

Load X from A LXA 0 0 0 0 0 0 A-X 1/1 

Load Y from A LYA 0 0 0 0 0 0 A-Y 1/1 

Increment Y IY 0 0 0 0 0 0 Y+1 -Y NZ 1/1 

Decrement Y DY 0 0 0 Y-1 -Y NB 1/1 

AddAtoY AYY 0 0 0 0 0 0 0 Y+A-Y OVF 1/1 

Subtract A from Y SYY 0 0 0 1 0 0 0 Y-A -Y NB 1/1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1/1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y- SPY 1/1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 X-SPX, Y-SPY 1/1 
and SPY 

Note: An operand is provided for the second word of LAW and LWA instruction by assembler 
automatically. 
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Table 12. RAM Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Memory LAM(XY) 0 0 1 0 0 1 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Load A from Memory LAMD d 0 1 1 0 0 1 0 0 0 0 M-A 2/2 
ds ds d1 de ds d4 d3 d2 di do 

Load B from Memory LBM(XY) 0 0 0 0 0 0 0 y x M-8, (X-SPX, Y-SPY) 1/1 

Load Memory from A LMA(XY) 0 0 0 0 0 y x A-M, (X-SPX, Y-SPY) 1/1 

Load Memory from A LMAD d 0 0 0 0 0 0 A-M 2/2 
ds ds d1 de ds d4 d3 d2 di do 

Load Memory from A, LMAIY(X) 0 0 0 0 0 0 0 x A-M, Y+1 -Y (X-SPX) NZ 1/1 
Increment Y 

Load Memory from A, LMADY(X) 0 0 1 0 0 0 0 x A-M, Y-1-•Y (X-SPX) NB 1/1 
Decrement Y 

Exchange Memory and A XMA(XY) 0 0 0 0 0 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Exchange Memory and A XMADd 0 0 0 0 0 0 0 0 M-A 2/2 
ds da d1 de ds d4 d3 d2 di do 

Exchange Memory and B XMB(XY) 0 0 1 1 0 0 0 0 y x M-B, (X-SPX, Y-SPY) 1/1 

Note: (XV) and (X) have the following meaning: 
( 1 ) The instructions with (XV) have 4 mnemonics and 4 object codes for each (example of LAM 

(XV) is given, below). 
Opcode X and Y are assembler as follows. 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X - SPX 

LAMY 0 Y- SPY 

LAMXY X-SPX, Y-SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 
Opcode X is assembler as follows. 

Mnemonic x Function 

LMAIY 0 

LMAIYX X- SPX 
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Table 13. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMD d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n : Logical AND 
U : Logical OR 
CB : Exclusive OR 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

0 

0 0 0 0 0 00 B+1 ·B 

0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 A+1 ·A 

0 0 000000 B·B 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 ·CA 

0 0 0 0 0 0 ·CA 

0 0 0 0 

0 0 0 0 0 0 0 0 0 M+A ·A 

0 0 0 0 0 0 0 0 M+A ·A 

0 0 0 0 0 1 1 0 0 0 M+A+CA ·A 
OVF ·CA 

0 1 0 0 0 1 1 0 0 0 M+A+CA-A 
dg ds d1 d6 ds d4 d3 dz d1 do OVF-·CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA •A 
NB-CA 

0 1 1 0 0 1 1 0 0 0 M-A--CA •A 

dg ds d1 d6 ds d4 d3 dz d1 do NB ·CA 

0 0 0 0 0 OOAUB~A 

0 0 1 0 0 1 1 

0 0 0 0 0 An M •A 

0 0 0 0 0 0 0 0 AUM-•A 

0 1 0 0 0 0 1 

0 0 0 0 0 

0 0 0 0 0 0 A (j-) M -•A 

@HITACHI 

Words/ 

Status Cycles 

OVF 

NZ 

NB 

CA 

OVF 

OVF 

OVF 

OVF 

NB 

NB 

NZ 

NZ 

NZ 

NZ 

NZ 

NZ 

1 /1 

1 /1 

1/1 

1 /1 

1/1 

1/1 

1/1 

1 /1 

1 /1 

1 /1 

1/1 

1 /1 

1/1 

2/2 

1/1 

2/2 

1/1 

2/2 

1 /1 

1/1 

2/2 

1/1 

2/2 

1 /1 

2/2 
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Table 14. Compare Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 i3 i2 i1 io i * M NZ 1 /1 
to Memory 

Immediate Not Equal INEMO i,d 0 1 0 0 1 0 i3 i2 i, io i * M NZ 2/2 
to Memory dg ds d1 ds d5 d4 d3 d2 d 1 do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 1 0 0 A*M NZ 1 /1 

A Not Equal to Memory AMEMO d 0 1 0 0 0 0 0 1 0 0 A*M NZ 2/2 
dg ds d1 ds d5 d4 d3 d2 d 1 do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B * M NZ 1/1 

Y Not Equal to Immediate YNEI i 0 0 0 i3 i2 i1 io y * i NZ 1 /1 

Immediate Less or Equal ILEM i 0 0 0 0 i3 i2 i, io i ~ M NB 1/1 
to Memory 

Immediate Less or Equal ILEMO i,d 0 1 0 0 1 1 i3 i2 i1 io i ~ M NB 2/2 
to Memory dg ds d1 ds d5 d4 d3 d2 d 1 do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A,,; M NB 1/1 

A Less or Equal to Memory ALEMO d 0 0 0 0 0 0 0 A,,; M NB 2/2 
dg ds d1 ds d5 d4 d3 d2 d, do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B,,; M NB 1/1 

A Less or Equal to Immediate ALEI i 0 0 1 i3 i2 i1 io A~ i NB 1 /1 

Table 15. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n, no ~Min) 1 /1 

Set Memory Bit SEMO n,d 0 0 0 0 0 n, no ·Min) 2/2 
dg ds d1 ds d5 d4 d3 d2 d, do 

Reset Memory Bit REM n 0 0 0 0 0 O n, no 0 ~Min) 1 /1 

Reset Memory Bit REMO n,d 0 0 0 0 O n, no 0 -·Min) 2/2 
ds ds d1 ds d5 d4 d3 d2 d 1 do 

Test Memory Bit TM n 0 0 0 0 0 n, no Min) 1/1 

Test Memory Bit TMD n,d 0 1 0 0 0 1 n, no Min) 2/2 
ds ds d1 ds d5 d4 d3 d2 d 1 do 
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Table 16. ROM Address Instructions 

Operation Mnemonic Operation Code 

Branch on Status 1 BR b 

Long Branch on Status 1 BRL u 

Long Jump Unconditionally JMPL u 

Subroutine Jump on Status 1 CAL a 

Long Subroutine Jump on 
Status 1 

Table Branch 

Return from Subroutine 

Return from Interrupt 

CALL u 

TBR p 

RTN 

RTNI 

0 0 1 1 1 P3 P2 Pl Po 
dg ds d1 d5 d5 d4 d3 d2 d 1 do 

0 1 0 1 0 1 P3 P2 Pl PO 
dg ds d1 d5 d5 d4 d3 d2 d1 do 

0 

0 0 1 0 P3 P2 Pl Po 

0 0 0 P3 P2 Pl Po 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

Table 17. Input/Output Instructions 

Operation Mnemonic Operation Code 

Set Discrete 1/0 Latch SEO 0 0 0 0 1 0 0 

Set Discrete 1/0 Latch Direc SEDD m 0 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 

Reset Discrete 1/0 Latch Direct REDD m 0 0 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 

Test Discrete 1/0 Latch Direct TDD m 0 0 

Load A from R Port Register LAR m 0 0 0 

Load B from R Port Register LB R m 0 0 

Load R Port Register from A LRA m 0 0 

Load R Port Register from B LR B m 0 

Pattern Generation pp 0 0 P3 P2 Pl Po 

Table 18. Control Instructions 

Operation Mnemonic Operation Code 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 

Standby Mode SBY 0 0 0 0 0 0 

Stop Mode STOP 0 0 0 0 0 

HD404302/HD4074308 

Function Status 

1 -1/E ST 
CA Restore 

Function Status 

• D(Y) 

• D(m) 

0 "D(Y) 

0 - D(m) 

D(Y) 

D(m) 

R(m) -A 

R(m) - B 

A-· R(m) 

B - R(m) 

Function Status 

Words/ 

Cycles 

1/1 

2/2 

2/2 

1/2 

2/2 

1 /1 

1/3 

1/3 

Words/ 

Cycles 

1 /1 

1/1 

1 /1 

1 /1 

1/1 

1 /1 

1/1 

1/1 

1 /1 

1/1 

1/2 

Words/ 

Cycles 

1/1 

1/1 

1/1 

Note: The STS (Start serial) instruction is not provided for the HD404302/HD4074308 since it does 
not have a serial interface. 
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Table 19. Opcode Map 

~RS 0 1 

2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBM(XY) ~ ~ LAB ----- 18 ~ a1111 ~ OR SB~ 
JMPL p(4) 

6~RED~~ ---- TC CALL p(4) 

0 7 YNEI i(4) BRL p(4) 

8 SEM n(2) REM n(2) TM n(2) R~ SEMO n(2)I REMO n(2)I TMD n(2) XMA(XY) 

LMA(XY) M9~ 9 LAM(XY) 

LAY LMID i(4) 

B TBR p(4) p p(4) 

C XMB(XY) BLEM~ LBA ~ DB 

D LMADYIXIL~YY ~ LYA --- DY 

E TD ~ SEO ~ LXA ~ RECL SEC 
CAL a(6) 

F LWI i(2) 

0 LBI i(4) 

1 LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

5 LAR m(4) 

6 REDD m(4) 

1 7 LAMR m(4) BR b(B) 

8 Al i(4) 

9 LMllY i(4) 

A TDD m(4) 

B ALEI i(4) 
)---- t--- -----·-
c LRB m(4) Ld 
D LRA m(4) 

E SEDD m(4) 

F XMRA m(4) 

c=J···1-word/2-cycle c=::J···1-word/3-cycle CJ···RAM Direct Address c:::::J···2-word/2-cycle 
Instruction Instruction Instruction Instruction 

(2-word/2-cycle) 
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HD404302/HD4074308 

Absolute Maximum Ratings 

Item Symbol 

Supply Voltage Vee 

Program Voltage Vpp 

Terminal Voltage VT 

Total Allowance of :£lo 
Input Current 

Maximum Input Current lo 

Maximum Output Current - lo 

Total Allowance of - :£lo 
Output Current 

Operation Temperature Topr 

Storage Temperature Tstr 

Storage Temperature (bias) Tbias 

Value 

-0.3 to +7.0 

-0.3 to + 14.0 

-0.3 to Vee + 0.3 

Vee - 42 to Vee + 0.3 

50 

15 
--"-~--~--·--·--· 

4 

6 

30 

150 

-20to+75 

-55to+125 

-25 to +80 

Unit 

v 
v 
v 
v 
mA 

mA 

mA 

mA 

mA 

mA 

'C 

'C 

·c 

Note 

2, 13 

3 

4 

5 

7, 8 

8, 9 

9, 10 

9, 11 

6 

13 

Notes: 1. Permanent LSI damage may occur if absolute maximum ratings are exceeded. Normal 
operation should be performed under the conditions specified by electrical characteristics. 
Exceeding these conditions can result in LSI malfunction or degraded performance. 

2. Applies to the RESET pin (Vpp). (HD4074308) 
3. Applies to pins except for high-voltage pins. 
4. Applies to high-voltage pins. 
5. Total allowance of input currents is the total sum of input current which flow in from all I/ 

0 pins to GND simultaneously. 
6. Total allowance of output currents is the total sum of the output current which flow output 

from Vee to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to 

GND. 
8. Applies to R3 and R4. 
9. Maximum output current is the maximum amount of output current from Vee to each 1/0 

pin. 
10. Applies to RO to R2. 
11. Applies to Do to D12. 
12. Voltage is based on GND. 
13. Applies to the HD4074308. 

@HITACHI 
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HD404302/HD4074308 

Electrical Characteristics 

DC Characteristics (Vee = 5 V ± 10 %, GND = 0 V, Vdisp =Vee - 40 V to Vee, Ta= - 20 to+ 
75 ·c unless otherwise noted) 

Item Symbol Pin Min Typ Max Unit Test Condition Note 

Input High V1H RESET, 0.8 Vee Vee+ 0.3 v 
Voltage R32/INT0, 

R33/INT1 

osc, Vee - 0.5 Vee+ 0.3 v 

Input Low V1L RESET, - 0.3 0.2 Vee v 
Voltage R32/INT0, 

R33/INT1 

osc, - 0.3 0.5 v 

Input/Output I I 1J RESET, TBD µA V;n = 0 V to Vee 
Leakage R32/INT0, 
Current R33/INT1, 

osc, 

Current Ice Vee TBD mA Vee = 5 V; 2,5 
Dissipation in fosc = 4 MHz 
Active Mode 

Current lssv Vee TSO mA Vee = 5 V; 3,5 
Dissipation in fosc = 4 MHz 
Standby Mode 

Current I stop Vee TBD µA \l;nlTEST) = Vee 4 
Dissipation in V;nlRESET) = GND 
Stop Mode 

Stop Mode Vstop Vee 2 v 
Retain Voltage 

Notes: 1. Excluding pull-up MOS current and output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 

• MCU in reset state, operation mode 
• RESET, TEST: Vee 
• R3, R4: Vee 
• Do-D12, RO-R2, RA1: Vd;sp 

3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
·RESET: GND 
·TEST: Vee 
• R3, R4: Vee 
• Do-D12, RO-R2, RA,: Vdisp 

4. Excluding pull-down MOS current. 
5. When fosc = x (MHz) estimate the current dissipation as follows: 

Max value fosc = x MHz = x/8 X (max value fosc = 4 (MHz)) 

~HITACHI 
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HD404302/HD407 4308 

Input/Output Characteristics for Standard Pin (Vee= 5 V ± 10 %, GND = 0 V, Vdisp == Vee -
40 V to Vee. Ta = - 20 to + 75 "C unless otherwise noted) 

Item Symbol Pin Min Typ Max Unit Test Conditions Note 

Input High V1H R3 0.7 Vee Vee + 0.3 v 
Voltage R4 

Input Low V1L R3 - 0.3 0.2Vee v 
Voltage R4 

Output High VoH R3 Vee - 1.0 v - loH = 1 .0 mA 
Voltage R4 

R3 Vee - 0.5 v - loH = 0.5 mA 
R4 

----------

Output Low Vol R3 0.4 v loL = 1.6 mA 
Voltage R4 

Input/Output I 11J R3 µA Vm = 0 V to Vee 2 
Leakage Current R4 

Pull-Up MOS -Ip R3 TBD TBD TBD µA Vee = 5 V, V;n = 0 V 3 
Current R4 

Notes: 1 . Applied to 1/0 pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. Applied to 1/0 pins with pull-up MOS selected by mask option. 

@HITACHI 
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HD404302/HD4074308 

Input/Output Characteristics for High Voltage Pin (Vee= 5 V ± 10 %, GND = O V, Vdisp = 
Vee - 40 V to Vee, Ta = - 20 to + 75 °C unless otherwise noted) 

Item 

Input High 
Voltage 

Input Low 
Voltage 

Output High 
Voltage 

Output Low 
Voltage 

Input/Output 
Leakage 
Current 

Pull-Down MOS 
Current 

Symbol Pin Min 

Do-D12, O. 7 Vee 
R1, R2, 
RA1, RO 

Do-D12, Vee - 40 
R1, R2, 
RA1, RO 

Do-D12, Vee - 3.0 
TGo, TG1 

RO-R2 

Do-D12, 
RO-R2 

Do-D12, 
RO-R2, 
RA1 

Vee - 2.0 

Vee - 1 .0 

Vee - 3.0 

Vee - 2.0 

Vee - 1.0 

Do-D12, TBD 
RO-R2, 

Typ Max Unit Test Conditions 

Vee+ 0.3 V 

0.2 Vee V 

v 

v 

v 

v 

v 

v 

Vee - 34 V 

Vee - 37 V 

20 µA 

TBD TBD µA 

- loH=15 mA 

- loH = 3 mA, 

- loH = 2 mA 

- loH = 0.8 mA 

Vdisp = Vee - 40 V 

1 50kn to Vee - 40V 

Von = Vee - 40 V to Vee 

Vdisp = Vee - 35 V, 
Vin =Vee 

Notes: 1. Applied to 1/0 pins with pull-down MOS selected by mask option. 

Note 

2 

3 

4 

2. Applied to 1/0 pins without pull-down MOS (PMOS open drain) selected by mask option. 
3. Pull-down MOS current and output buffer current are excluded. 
4. Applied to 1/0 pins with pull-down MOS selected by mask option. 

~HITACHI 
654 Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD404302/HD407 4308 

AC Characteristics 
(Vee= 5 V ::!: 10 %, GND = 0 V, Vd1sp =Vee - 40 V to Vee, T. 
otherwise noted) 

-20 to + 75"C, unless 

Item Symbol Pins Min Typ Max 

Oscillation 

Frequency 
(Divide-by-8) 

Instruction 

Cycle Time 

Oscillation 

Stabilization 
Time 

External Clock 
Frequency 

External 

fosc 

Tcyc 

fcp, 

Clock High, Low tcPL 
Level Width 

External 
Clock Rising, 
Falling Time 

INTo High, Low 
Level Width 

INT1 High, Low 
Level Width 

RESET High 
Level Width 

Input 

Capacitance 

RESET 
Falling Time 

tcpr, 

tcp1 

IRSTH 

tRSTf 

OSC, ,OSC2 TBD 4 4.5 

1.78 2 TBD 

OSC1 ,OSC2 20 

OSC1 TBD 4.5 

OSC1 203 

OSC1 20 

INTo 2 

INT1 2 

RESET 2 

Except RESET 20 

RESET TBD 

20 

Unit Test Condition Note 

MHz 

µS 

ms 

MHz 

ns Divide-by-8 2 

ns 2 

Tcyc 3 

Tcyc 3 

Tcyc 4 

pF f= 1 MHz,V;n=OV 

pF f= 1 MHz,V;n=OV 

ms 4 

Notes: 1 . Oscillation stabilization time is the time until the oscillator stabilizes after Vee reaches 4. 5 V 
at power-on, or after RESET goes to high in canceling system oscillator stop state. At 
power-on, or canceling system oscillator stop state, RESET must remain high for at least 
tRc. Since tAc depends on the crystal or ceramic filter's circuit constant and stray capacitan
ce, it is recommended that the user should get the maker's advice when designing the 
RESET circuit. 

c, 

GND GND 

Crystal: 4. 194304 MHz Ceramic filter: CSA 4.00 MG (Murata) 

R, = } TBD 
c, = 

R, = } TBD 
C, = C2 = 

2. See figure 35. 
3. See figure 36. 
4. See figure 37. 
5. See figure 38. 
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HD404302/HD4074308 

AID Converter Characteristics (Vee = 5.0 V ± 10 %, Vss = AVss 
Ta = 0 to + 70 °C 

Item Symbol Pin Min Typ Max 

Analog power supply voltage A Vee A Vee Vee-0.3 Vee Vee+0.3 

Analog input voltage AV1n ANO-AN3 AVss A Vee 

Current between A Vee-A Vss lad TBD 

Analog input capacity Cain ANO-AN3 TBD 

Resolution 8 8 8 

Conversion Time 61 

Number of inputs 0 4 

Absolute accuracy TBD 

@HITACHI 

GND, 

Unit Test Condition 

v 

v 

mA 

pF 

Bit 

µS 

Channel 

LSB Ta =25 C 
Vee =5.0 V 
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HD404302/HD407 4308 

Figure 35. Oscillator Timing 

---- 0.BVcc 
INT a. INT, l10H• l11H 

0.2Vcc 

Figure 36. Interrupt Timing 

RESET O.BVcc 

0.2Vcc 

Figure 37. Reset Timing 

Figure 38. Timing Load Circuit 
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HD404302/HD407 4308 

Programming Electrical Characteristics for HD4074308 

Write and Verify Mode 
DC Characteristics 
(Vcc=6 V ± 0.25 V, Vpp=12.5 V ± 0.3 V, Vss=O V, Ta=25 ·c ± 5 ·c, unless otherwise 
notes.) 

Item Symbol Min Typ Max Unit Test Condition 

Input high voltage Oo-01, Ao-A14, OE, CE V1H 2.2 Vcc+0.3 v 
Input low voltage Oo-01, Ao-A14, OE, CE V1L -0.3 0.8 v 
Output high voltage Oo-01 VoH 2.4 v loH= -200µA 

Output low voltage Oo-01 VoL 0.4 v loL=1.6mA 

Input leakage current Oo-01, Ao-A14, OE, CE llul 2 µA V1n=5.25V/0.5V 

Vee current Ice 30 mA 

Vpp current lpp 40 mA 

AC Characteristics 
(Vcc=6 V ± 0.25 V, VPP=12.5 V ± 0.3 V, Vss=O V, Ta=25 ·c ± 5 ·c, unless otherwise 
notes.) 

Item Symbol Min Typ Max Unit Test Condition 

Address set-up time tAs 2 µS Figure 39 

OE set-up time tQES 2 µS 

Data set-up time tDS 2 µS 

Address hold time tAH 0 µs 

Data hold time tDH 2 µS 

Output disable delay time tDF 130 ns 

Vpp set-up time tvps 2 µS 

Program pulse width tPW 0.95 1.0 1 .05 ms 

CE pulse width when overprogramming topw 2.85 78.75 ms 

Vee set-up time tves 2 µS 

Data output delay time to[ 0 500 ns 

Note: 1. Input pulse level--0.8 to 2.2V 
Input rising/falling time;;>20ns 
Timing reference level { input: 1.0V, 2.0V 

output: 0.8V, 2.0V 
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HD404302/HD4074308 

rogram en 

Address 
-.. 
~ 

[ 
!AS _e-

Data Data In Stable Data Out Valid 

tos !OH to' 
I---

Vee 
v,, 

Vee tVPS 

Vee 
Vee 

GND tvcs 

a 
f-----l 

~ 
fOES !OE 

Ol' 

~ 

Figure 39. PROM Programming/Verifying Timing Diagram 

Switching characteristics 

Input pulse level 0.8V to 2.2V 
Input rising/falling time ·· ~ 20 ns 
Output loading ... .. .. 1 TIL Gate + 1 OOpF 
Input/output timing reference level ........... Output: 1 V, 2V 

Input: 0.8V, 2V 

Address 

CE 

tCE 

OE 

tOE tDF 

Data Out 

Figure 40. PROM Read Timing Diagram 
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HD404302/HD4074308 

Read Mode 

DC Characteristics 
(Vcc=5 V ± 10 %, Vpp=Vcc ±0.6 V, Vss=O V, Ta=25 °C ± 5 °C, unless otherwise notes.) 

Item Symbol Min Typ Max Unit Condition 

Input Leak lu µA Vcc=5.5V, Vin=GND to Vee 
Current 

Output Leak ILO µA Vcc=5.5V, Vout=GND to Vee 
Current 

Programming lpp 100 µA Vpp=Vcc+0.6V 
Vpp Current 

Operating Ice* 30 mA f= 1 MHz, lout=OmA 
Vee Current 

Input V1L -0.3 0.8 v 
Voltage 

V1H 2.2 Vcc+0.3 v 

Output VoL 0.4 v loL=1.6mA 
Voltage 

VoH 2.4 v loH= -200µA 

* Input through current is excluded. 

AC Characteristics 
(Vcc=5 V ± 10 %, Vpp=Vcc ±0.6 V, Vss=O V, Ta=25 °C ± 5 °C, unless otherwise notes.) 

Item Symbol Min Max Unit Condition 

Access Time tAcc 500 ns CE=OE=V1L 

CE Output tee 500 ns OE=V1L 
Delay Time 

OE Output toe 10 150 ns CE=V1L 
Delay Time 

Output Disable toF* 0 105 ns CE=V1L 
Delay Time 

Data Output toH 0 ns CE=OE=V1L 
Hold Time 

* toF is determined when the output reaches open state and output level cannot be referred. 
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HD404302/HD4074308 

HD404302 

Option List 

* Please enter check marks in D, for example • , x or v. 

( 1 ) Package type 

I 0 DP-42 I 

Order data 

Company name 

Department 

Name 

ROM code 

LSI type HD40 

(2) ZTAT compatibility (4) ROM media 
.---~~~~~~~~~~~~~~~~~~~~~~~---. 

0 1/0 circuit compatibility with the HD4074308 O EPROM: emulator type 

0 No 1/0 circuit compatibility with the HD4074308 O HD4074308 

(Note) ZTAT compatibility is enabled only when all pins use C or D type 
circuit. In this case do not check the list item (3) and (5). 

(3) 1/0 option (1/0 options masked by 0 are not available) (5) RA1/Vdisp 

Pin 
name 1/0 

1/0 option Pin 
name 1/0 

1/0 option 0 RA1: without pull-down MOS (0) 

A B C D E 

Do 1/0~ 
~ 11ol2121d 
~ 1/0 IZJ2IZl 

03 1/0~ 
~ 1/0~ 
~ 1/0 IZJ2IZl 
~ 1/0 IZJ2IZl 
~ 1/0~ 
~ 1/0~ 
~ 1/0 IZJ2IZl 
f---1 

D10 1/0~ 

::£l :1=;=o:L'.'.J:=:[Lj===[Lj=====:=: 
D12 21, 1/0 IZJ2IZl r---r---1 )9 <-----1~~~~~-+--1 

RA RA1 0 I Check (5) 
f---t---1 > ,____,I_ /~I-/1~1-/I~~__, 

ROq..C 1/0~ 
~£ >-11_0__,_!2]--+l-+-/'Ir_,._/'!--+-__, 

RO f--1 <-----1IZJ~_,IZJJL_J~.,.IZJJL_J_.,.___,___, 
~ 1/0 
~ 1/0~ 
~ 1/0~ 
R11 l/OIZJ2IZ] 

R 1 1R1i 1/0 IZJ2IZl 
r-E 1/0~ 
~ 1/0 IZJ2IZl 
R21 1/0 IZJ2IZl 

R2f--I 
R22 1/0~ 

~ 1/0~ 
Please check the option you select. 
A: Without pull-up MOS 
B: CMOS output with pull-up MOS 
C: CMOS output without pull-up MOS 
D: Without pull-down MOS (PMOS open-drain) 
E: With pull-down MOS 

A B C D E 

Note that when all pins are selected as C or D, items (3) and (5) should not be 
checked. 

@HITACHI 

Note: RA 11V disp has to be selected as V disp 

pin exept the case that all high voltage 
pins are option E. 

Condition 

(6) OSC1 and OSC2 oscillator 

0 Ceramic filter f= 

0 Crystal f= 

0 External clock f= 

MHz 

MHz 

MHz 
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H 0404418/H 04074418/ 
HD4074408 
Description 
The HD404418, HD4074418, and HD4074408 
are 4-bit single chip microcomputers basically 
equivalent to the HMCS400 series providing 
high programming productivity and high
speed operation. The devices have on-chip 
resources such as ROM, RAM. I/O, four timer/ 
counters, and two serial interfaces. All pins 
are CMOS standard for the HD404418, 
HD4074418, and the HD4074408 includes 8 
high-voltage pins. 

Features 

• 8,192 words x 10 bits ROM 
e 512 digits x 4 bits RAM 
• 58 I/O pins 

-Including 4 input pins, 16 high current 
pins (total current: 100 mA), 2 NMOS 
open-drain pins, and 8 high-voltage 
NMOS open-drain pins (HD4074408 
only) 

-HD404418, HD4074418: all CMOS stan
dard pins 

-HD4074408: includes 8 high voltage 
pins 

• 4 timer/counters 
• 4 analog inputs 
• 2 clock-synchronous 8-bit serial interfaces 
• 12 interrupt sources 

-External: 6 
-Internal: 6 

• Subroutine stack: Up to 16 levels includ
ing interrupts 

• Two low power dissipation modes 
-Standby mode 
-Stop mode 

• On-chip oscillator: Crystal or ceramic fil
ter (Externally drivable) 

• Instructioncycletime:1.0µs(fosc = 8MHz) 
• Package 

-64-pin shrink type ceramic DIP with 
window 

-64-pin shrink type plastic DIP 
-64-pin flat plastic package 

Program Development Support Tools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 

• Programming socket adapter for program
ming the EPROM-on-chip device 

Ordering Information 

Part No. Package 

Mask ROM HD404418S DP-64S 
type HD404418F FP-64 

HD404418H FP-64A 
ZTAT type HD4074418S DP-64S 

HD4074418C DC-64S 
HD4074418F FP-64 
HD4074418H FP-64A 
HD4074408S DP-64S 
HD4074408C DC-64S 

HD4074408F FP-64 
HD4074408H FP-64A 
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HD404418/HD4074418/HD4074408 

Pin Arrangement 

HD4044185, HD4074418C, HD40744185, 
HD4074408C, HD40744085 

HD404418F, HD4074418F, HD4074408F 

011 D10 
D12 09 
013 Os 
014 D1 
015 Ds 

ROo Ds 
R01 04 
R02 03 
R03 02 
R1o D1 
R1, Do 
A1, GND 
R1 3 OSC2 
R20 OSC1 
A2, TEST 
A2, RESET 
R2 3 A93 
RA0 R92 
RA1 R91 

INTo/A3o ASo 
INT,/A3, AB, 
INT,/A3, AB, 
INT3/A33 R81 

TI,/INT,/A50 A Bo 
Tl,/INT,/A5, A7, 

T0 1/R52 A72 
T02/R53 R7, 
TQ3/A60 R7o 
SO,/A6, A4,/V,., 
Sl,/A6, A4,/SO, 

SCK,/A63 A4,/SI, 
Vcc~------~R4o/SCK, 

DC-645, DP-645 

(Top View) 

AO, 
AO, 
AO, 
A1o 
A1, 
A1, 
A1 3 

A2o 
A2, 
A2, 
A2 3 

A Ao 
AA, 

INTo/A3o 
IN!,/A3, 
INT,/A3, 
INT3/A33 

TI,/!NT,/A5o 
Tl,/INT ,/A5, 

HD404418H, HD4074418H, HD4074408H 

AO, 
A1o 
A1, 
A1, 
A1 3 

A2o 
A2, 
A2, 
A2, 
AAo 
AA, 

INTo/A3o 
flili,/A3, 
INT,/A3, 
INT3/A3, 

TI,/iNT .!A5o 

FP-64A 
(Top View) 

D, 
D, 
Do 
GND 
osc, 
osc, 
TEST 
RESET 
AS, 
A9, 
AS, 
A So 
AB, 
AB, 
AB, 
A Bo 
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FP-64 

(Top View) 
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D, 
D, 
D, 
Do 
GND 
osc, 
osc, 
TEST 
RESET 
AS, 
AS, 
AS, 
A So 
AB, 
AB, 
AB, 
A Bo 
A7 3 

A7, 
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( *) Standard port 
(HD404418, HD4074418) 
High-voltage port 
(HD4074408) 

* 

RA1 

RAo 

R9, 
R92 
R9, 

R9o 

RB, 
RB2 
RB1 
RBo 

5· )>[ R7, -g ~ R72 
...+ 0 R7 1 

CO R7o 

SCK,/R63 
Sl2/R62 

S02 /R61 
TO,/R6o 

T02/R53 
T01/R52 

Tl2/INT ,!R51 
TI,;iN'r,/RSo 

R63/ R62/ R6,!R4o/ R4,/R42/ 
SCK2 512 S02 SCK 1 51 1 501 

RS1/ R5o/ 

R6o/ R53/ R52/ INT5/ i'Ni';i R3,! R32/ R3,/ R30/ 

T03 T02 T0 1 Tl 2 il, INT3 INT2 iNi"'7 ~ 

t 
SERIAL 
INTER
FACE 

SERIAL 
INTER
FACE 

'TIMERITIMERITIMERITIMER EXTERNAL 

INTERRUPT 
2 1 

4 

INTERRUPT CONTROL 

RAM 512 X4 bit 

RESET lli'f OSC 1 OSC2 Vee GND 

,......_.....__---i.-11 r-------. 

SP 
INSTRUCTION 
DECODER 

EPROM 

8192x1 Obit 

R43/R42/R41/R40/A33/R32/R3 1/R30/ R23R22R2 1R2o 

Vref 501151 1 SCK 1 INT3 .INT2 iNT, fN'io 

R1 3R1 2 R1 1R1 0 R03 R02 R01R00 0 15 0 14 0 13 0 12 0 11 0 10 0 9 0 8 0 7 0 6 0 5 0 4 03 Dz D1 Do 

High-current port 

l:Xj ... 
0 
n 
Pi' 
0 .... 
Ill 
IQ ... 
Ill 
8 

::r:: 
t:I 
~ 
0 
~ 
~ ...... 
00 
""'--
::r:: 
t:I 
~ 
0 
-...J 
~ 
~ 
...... 
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Pin Function 

GND, Vee (Power) 

GND and Vee are the power supply pins for 
the MCU. Connect GND to the ground (0 V) 
and apply 5 V ± 10% to the Vee pin. 

TEST (Test) 

TEST is for test purposes only. Connect it to 
Vee. 

RESET (Reset) 

RESET resets the MCU. For details, see Reset 
section. 

OSC,, OSC2 (Oscillator Connections) 

OSC1 and OSC2 are the connection pins for 
the internal oscillator circuit. They can be 
connected to a crystal resonator, ceramic fil
ter resonator, or external oscillator circuits. 

Do-015 (Port D) 

Port D consists of 16 1-bit input/output ports. 
Pins Do-D15 are all high-current pins. For 
details, see Input/Output section. 

RO-RA (Port R) 

Ports RO-R9 are 4-bit I/O ports. (RA consists of 
two bits.) Refer to Input/Output section for 
details. 

Ports RO-R2, RA: RO-R2, RA are I/O ports. 

Port R3: Port R3 I/0 port is available as an 
input of the external interrupts (INT0-INT3). 

Port R4: Port R4 is an I/0 port. Pins R4o-R42 
can be used as I/0 pins of the serial interface. 
Pin R43 functions as a reference voltage input 
pin (Vret) of the analog input pin. 

Port R5: Port R5 is an I/O port. Pins R5o and R51 
function as the inputs of external interrupt 
pins (INT4, INT5) or timer 1, timer 2. Pins R52 

and R53 function as outputs of timer 1 and 
timer 2. 

Port R6: Port R6 is an I/0 port. Pins R61-R63 
are the I/0 pins of the serial interface 2. R6o is 
available as output pin of timer 3. 

Port R7: Port R7 input port is available as an 
analog input port. 

Ports R8, R9: Ports RB and R9 I/O ports are 
used as standard ports for the HD404418, 
HD4074418, and as high-voltage ports for the 
HD4074408. 

INTo, INT1, INT2, INTJ, INT4, INTs (Inter
rupts) 

INT0, INT1, INT2, INT3, !Nf4, INT5 are external 
interrupts for the MCU. INTo, INT1, INT2, INT3, 
INT4, INT5 are multiplexed with R3o, R31, R32, 
R33, R50/TI1, R5i/Tb respectively. For details, 
see Interrupt section. 

SCK1, SCK2, SI1, Sh, S01, S02 (Serial 
Interface) 

The transfer clock I/O pin (SCK1, SCK2), serial 
data input pin (Sli, Sh), and serial data output 
pin (S01, S02) are used for serial interface. 
SCK1, SCK2, SI1, SI2, S01, S02 are multiplexed 
with R40, R63, R41, R62, R42, R61 respectively. 
For details, see Serial Interface section. 

TI1 and TI2 are external clock input pins for 
the timers, and T01-T03 are timer output pins. 
TI1, Th T01, T02, and T03 are multiplexed 
with R50/INT4, R5i/INT5, R52, R53, and R6o, 
respectively. 

Vret, R7 (Analog Reference Inputs) 

v,.1 reference voltage input pin inputs 
threshold voltage of analog input pins. Vref is 
multiplexed with R43. Analog input pins are 
multiplexed with port R7. 
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Functional Description 

ROM Memory Map 

The MCU includes 8,192 words x 10 bits of 
PROM. It is described in the following para
graphs and the PROM memory map (figure 1). 

Vector Address Area ($0000 to $000F): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After the 
reset or interrupt is serviced, the program is 
executed from the vector address. 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 

Pattern Area ($0000 to $0FFF): Locations 
$0000 through $0FFF are reserved for ROM 
data. P instructions can refer to the ROM data 
as a pattern. 

Program Area ($0000 to $1FFF): Locations 
from $0000 to $1FFF can be used for program 
code. 

RAM Memory Map 

The MCU includes 512 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are mapped on the RAM mem
ory space. The RAM memory map (figure 2) is 
described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $005): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessible 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($006 to 
$027): The special function registers are the 
mode or data registers for the external inter
rupt, the serial interface, and the timer/ 
counter. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. SEM/SEMD 
instruction or REM/REMD instruction are 
available for the mode register (SMR) and 
clock register (SCR) of the serial interface, the 
mode register (TMR) and output register 
(TOR) of the timer, the analog mode register 
(AMR) and the port mode register (PMR), and 
each data direction register (DDR). TM/TMD 
instruction is available for read register. RAM 

bit manipulation instructions are unavailable 
to other registers. 

Data Area ($040 to $1FF): 16 digits of $040 
through $04F are called memory registers 
(MR) and are accessible by LAMR and XMRA 
instructions (figure 4). 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST}, and carry (CA) when sub
routine calls (CAL instruction, CALL instruc
tion) and interrupts are serviced. This area 
can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
the RTNI instruction. This area, when not 
used for a stack, is available as a data area. 

Registers and Flags 

The MCU has nine registers and two flags for 
the CPU operations (figure 5). 

Accumulator (A), Register B (B): The 4-bit 
accumulator and register B hold the results 
from the arithmetic logic unit (ALU), and 
transfer data to/from memories, I/O, and 
other registers. 

Register W (W), Register X (X), Register 
Y (Y): The 2-bit register W, and the 4-bit 
registers X and Y address RAM indirectly. 
Register Y is also used for port D addressing. 

Register SPX (SPX), Register SPY (SPY): 
The 4-bit registers SPX and SPY assist regis
ters X and Y, respectively. 

Carry (CA): The carry (CA) stores the over
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL, and ROTR instructions. 

During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 

Status (ST): The status (ST} holds the ALU 
overflow, ALU non-zero, and the results of bit 
test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value for 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after a BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic
ing, status is pushed onto the stack. It is 

@HITACHI 
666 Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane. CA 94005-1819 • (415) 589-8300 



HD404418/HD4074418/HD4074408 

restored back from the stack by a RTNI 
instruction, but not by a RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter to hold the 
ROM address. 

Stack Pointer (SP): The stack pointer (SP) 
points to the address of the next stack area 
(up to 16 levels). 

0 

15 
16 

63 
64 

4095 
4096 

8191 
8192 

16383 

Vector Address 

Zero-Page Subroutine 
(64 Words) 

Pattern 

( 4096 Words) 

Program 

(8192 Words) 

Not Used 

$0000 

$000F 
KOOlO 

$003F 
$0040 

$0FFF 
$1000 

$1FFF 
$2000 

$3FFF 

The stack pointer ·is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the high four bits of the stack 
pointer are fixed at 1111. 

The stack pointer is initialized to $3FF either 
by MCU reset or by the RSP bit reset through 
REM/REMD instruction. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
\ 

15 

J MPL Instruction 
(Jump to RESET Routine) 

JMPL Instruction 
(Jump to INT o Routine) 

JMPL Instruction 
(Jump to iNl] Routine) 

JMPL Instruction 
(Jump to INT2/TIMERl Routine) 

J MPL Instruction 
(Jump to SCI i/TIMER2 Routine) 

JMPL Instruction 
(Jump to SCl2/TIMER3 Routine) 

JMPL Instruction 
(Jump to INT3/TIMER4 Routine) 

r--------· 
JMPL Instruction 
(Jump to INT 4/INT5 Routine) 

--

$0000 

$0001 

$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

$0008 

$0009 

$000A 

$0008 

$000C 

$0000 

$000E 

$000F 

Figure 1. ROM Memory Map 
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63 
64 

79 
80 

511 
512 

959 
960 

1023 

R: Read Only 
W:WriteOnly 
R/W: Read/Write 

Interrupt Control Bits 

$000 6 Port D DORO (DORO): w 

RAM-mapped Registers 7 Port 0 DDRl (DOR!): w 

$03F 
8 Port D DDR2 (DDR21 w 

$040 Port D DDR3 (DDR3)' w 
Memory Registers (MR) ----

(R3DR) : 10 Port R3 DOR w 
,, $04F 

$050 11 Port R4 DOR (R4DRI w 
12 Port R5 DOR IR5DRI w 

-----
13 Port R6 DOR (R6DR) w 

Data 
14 Port RS DOR IRSOR): w (448 D1g1ts) 

15 Port R9 DOR (R90R) : w 
16 Senal Mode Reg. 1 (SMRl) , R/W 

-------
17 Senal Clock Reg. 1 (SCRl) w 
18 Serial Data Reg. 1 lower (SRll) R/W 

Not Used 
19 Serial Data Reg. 1 Upper (SRlUI R/W 

--------.---·-
20 Senal Mo~~~:_ ___ ~-~/W 

Stack 21 Senal Clock Reg. 2 
(64 D1g1ts) ------~--

22 Serial Data Reg. 2 Lower 
------

$3FF 23 Senal Data Reg. 2 Upper 

24 Timer Mode Reg. 1 

25 Timer Output Reg. 1 

26 ITC! L/TLRl L) : R/W 
Ttmer-1* 1 

27 ITClU/TLRlU) : R/W 

28 Timer Mode Reg. 2 (TMR2) w 
29 Timer Output Reg. 2 ITOR21 : R/W 

30 

31 _, ______ 
32 Timer Mode Reg. 3 

Timer Output Reg. 3 

(TC3L/TLR3l) : R/W 
T1mer·3'" 1 ------

(TC3U/TLR3U) , R/W 

Timer Mode Reg. 4 (TMR4): w 
Analog Mode Reg. (AMR) w 

(RORI , w 
Port Mode Reg. (PMRI: w 

Nol Used 
63 

Timer/Event Counter I Lower R Timer Load Reg. 1 Lower w (TClL) (TLRlL) 26 

Timer/Event Counter I Upper R Timer Load Reg. 1 Upper w (TClU) (TLRlU) 
27 

Timer/Event Counter 2 Lower R Timer Load Reg. 2 Lower w (TC2L) (TLR2L) 30 

Timer/Event Counter 2 Upper R Timer Load Reg. 2 Upper w (TC2U) (TLR2U) 31 

Timer/Event Counter 3 Lower R Timer Load Reg. 3 Lower w (TC3L) (TLR3L) 34 

Timer/Event Counter 3 Upper R Timer Load Reg. 3 Upper w (TC3U) (TLR3U) 35 

; are mapped on the same address . 
. nstruction or REM/REMO instruction are available to these registers. 
;ruction is available to these registers. 

Figure 2. RAM Memory Map 
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$000 

$005 

$006•' 

$007* 2 

$008* 2 

$009* 2 

$00A* 2 

$008* 2 

$OOC" 

$000• 2 

$00E'" 2 

$OOF•' 

$010*2•3 

$011 "' 2 

$012* 3 

$013'" 3 

$014*2•3 

$015'" 2 

$016'" 3 

$017* 3 

$018'" 2 

$01-9•2•3 

$01A* 3 

$018* 3 

$01C'" 2 

$010•2•3 

$01E * 3 

$01F* 3 

$020'" 2 

$021 *2*3 

$022* 3 

$023•' 

$024* 2 

$025* 2 

$026* 2 

$027'" 2 

$028 

$03F 

$01A 

$018 

$01E 

$01F 

$022 

$023 
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bit3 

IMO 

(IM of INTo) 
0 

IM2 

(IM of INT2) 

2 
IMSl 

(IM of Serial 1) 

IMS2 

(IM of Serial 2) 
3 

4 
IM3 

(IM of INT3) 

IM4 

(IM of-INT 4/INTs) 
5 

IF: Interrupt Request Flag 
IM: Interrupt Mask 
l/E: Interrupt Enable Flag 
SP: Stack Pointer 

bit2 

IFO 

(IF of INTo) 

IF2 

(IF of INT2) 

IFSl 

(IF of Serial 1) 

IFS2 

(IF of Serial 2) 

IF3 

(IF of INT3) 

IF4 

(IF of INT4/INTs) 

bit 1 bitO 

RSP l/E 
(Reset SP Bit) (interrupt Enable Flag) 

$000 

I Ml I Fl 

(IM of INT1) (IF of INT1) 
$001 

IMTl IFTl 

(IM of Timer 1) (IF of Timer 1) 
$002 

IMT2 IFT2 

(IM of Timer 2) (IF of Timer 2) 
$003 

IMT3 IFT3 

(IM ofTimer3) (IF of Timer 3) 
$004 

IMT4 IFT4 

(IM of Timer4) (IF of Timer 4) 
$005 

Note: Each bit in interrupt control bits area is set and reset by SEM/SEMD and REM/REMO instruction and is tested by 
TM/TMD instruction. It is not affected by other instructions. Furthermore, interrupt request flag is not affected by 
SEM/SEMD instruction. The contents of status becomes invalid when RSP bit is tested. 

Figure 3. Configuration of Interrupt Control Bit Area 

Memory Registers 

64 $ 040 MR(O) 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

MR(l) 

MR(2) 

MR(3) 

MR(4) 

MR(5) 

MR(6) 

MR(7) 

MR(8) 

MR(9) 

MR(lO) 

MR(ll) 

MR(l2) 

MR(l3) 

MR(l4) 

MR(l5) 

$ 041 

$ 042 

$ 043 

$ 044 

$ 045 

$ 046 

$ 047 

$ 048 

$ 049 

$ 04A 

$ 048 

$ 04C 

$ 040 

$ 04E 

$ 04F 

960 

1023 

Stack Area 

Level 16 $ 3CO 

Level 15 

Level 14 

Level 13 

Level 12 

Level 11 

Level 10 

Level 9 

Level 

l!~ 
Level 

Level 
1021 

Level 5 

Level 
; 1022 

Level 

Level 2 
1023 

Level 1 _j_ 3FF 

PC13-PC0 : Program Counter 
ST: Status 
CA: Carry 

bit3 bit2 bit 1 bitO 

ST PC13 PC12 PCi1 

PCiO peg PCs PC1 

CA PC6 PCs PC4 

PC3 PC2 PC! PCo 

$ 3FC 

$ 3FD 

$ 3FE 

$ 3FF 

Figure 4. Configuration of Memory Register, Stack Area, and Stack Position 
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3 0 

A I Accumulator 

3 0 

B I Register B 

1 0 

0 RegisterW 

3 0 

I x I Register X 

3 0 
y I Register Y 

3 0 

SPX I Register SPX 

3 0 

SPY I Register SPY 

El Carry 

~ Status 

13 0 

I PC I Program 
Counter 

9 5 0 

I 1 I 1 I 1 I 1 I SP I Stack 
Pointer 

Figure 5. Registers and Flags 
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Reset 

Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode, 
the reset must satisfy tRc to stabilize the 
oscillator. In all other cases, at least three 

Table 1. Initial Value after MCU Reset 

Items 

Program counter (PC) 

Status (ST) 

Stack pointer (SP) 

1/0 pin Standard pin CMOS 
output register 

Interrupt flag 

Mode 
Register 

Timer/ 
Counter, 
Serial 
Interface 

High-voltage pin 

Interrupt Enable Flag (l/E) 

Interrupt Request Flag (IF) 

Interrupt Mask (IM) 

NMOS Open 
Drain 

NMOS Open 
Drain 

Serial Mode Register (SMR1 to 2) 

Serial Clock Register (SCR1 to 2) 

Timer Mode Registers 1-3 (TMR 1-3) 

Timer Output Registers 1-3 (TOR1-3) 

Timer Mode Register 4 (TMR4) 

Analog Mode Register (AMR) 

Port Mode Register (PMR) 

Data Direction Register 
(DDR0-3, R3DR-R9DR, RDR) 

Prescaler 

Timer/Counter (TC4) 

Timer/Event Counter (TC1-3) 

Timer Load Register (TLR 1-3) 

Octal Counter 

instruction cycles are required to reset the 
MCU. 

Tables 1 and 2 show the parts and the status 
of each initialized by MCU reset. 

Initial value after 
MCU reset Contents 

$0000 Execute program from the top of 
ROM address 

$3FF 

0 

0 

0000 

000 

0000 

0000 

0000 

0000 

0000 

0000 

$000 

$00 

$00 

$00 

000 

Enable branch with conditional 
branch instructions 

Stack level is 0 

Enable input 

Enable input 

Enable input 

Inhibit all interrupt 

No interrupt request 

Mask interrupt request 
·--·---·-----------

Refer to Serial Mode Register 

Refer to Serial Clock Register 

Refer to Timer Mode Registers 1-3 

Refer to Timer Output Register 

Refer to Timer Mode Register 4 

Refer to Analog Mode Register 

Refer to Port Mode Register 

Refer to Data Direction Register 

---------
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Table 2. MCU Reset after Stop 

Item 
After Recovering from STOP 
Mode by MCU Reset After All Other MCU Resets 

Carry (CA) The contents of the items just before The contents of the items just before 

Accumulator (A) 
MCU reset are not assured. MCU reset are not assured. 

------------- It is necessary to initialize them by It is necessary to initialize them by 

Register B (B) 

RegisterW (W) 

Register X/SPX (X/SPX) 

Register Y /SPY (Y/SPY) 

Serial Data Register 1-2 (SR 1-SR2) 

RAM 

software again. 

The contents of RAM before MCU 

reset (just STOP instruction) are 

retained. 

$HITACHI 

software again. 
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Interrupt 

The MCU can be interrupted by 12 different 
sources: the external signals (INTo, INT1, INT2, 
INTa, INT4, INTs), timers (timer 1, timer 2, 
timer 3, timer 4), and serial interfaces (serial 1, 
serial 2). 

Each interrupt source provides an interrupt 
request flag, and interrupt mask (INT4 and 
INTs provide a common interrupt request flag 
and interrupt mask) to hold or control inter
rupt requests. Interrupt enable flags are 
available for controlling the total interrupt 
operations. Note that INT2 and timer 1, serial 
1 and timer 2, serial 2 and timer 3, INTa and 
timer 4 use common vector addresses, 
respectively. Therefore, the interrupt 
requests must be checked by software ini
tially in the interrupt processing routine. 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $005 of the RAM 
space. They are accessible by · RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared 0, and the interrupt mask (IM) is set to 
1 at initialization by MCU reset. 

Table 3. Vector Addresses and Inter-
rupt Priority 

Reset, Interrupt Priority Vector Addresses 

RESET $0000 

INTo $0002 

INT, 2 $0004 

INT2/Timer 1 3 $0006 

Serial 1 /Timer 2 4 $0008 

Serial 2/Timer 3 5 $000A 

INT3/Timer 4 6 $000C 

INT4/INT5 7 $000E 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 3 shows the interrupt 
priority and vector addresses, and table 4 
shows the interrupt conditions corresponding 
to each interrupt source. 

An interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will ·be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 

Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status and program counter are pushed onto 
the stack. In the third cycle, the execution of 
instruction starts after jumping to the vector 
address. 

In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF, 
which caused the interrupt service, must be 
reset by software in the interrupt service 
program. 
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674 

Interrupt 
Enable 

$000,0 

l/E t---------------1-..._ 

Sequence Control 
• Push PC/CA/S 
·Reset l/E 
·Jump to Vector 

Address 

Priority Control PLA 

Figure 6. Interrupt Control Circuit Block Diagram 
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Stacking, 

Reset of l/E 

Stacking, 
Vector address 
1s generated 

4 

JMPL instruction execution on the 

vector address 

Figure 7. Interrupt Servicing Sequence 

.HITACHI 

6 

Instruction 
execution at 
starting address 
of the interrupt 
routine 
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·Power 

ON 

No 

YES 

( 
YES 

No 
No 

(8) 
(A) 

Execute 
Reset MCU Instruction 

PC-(PC)+1 l/E+-0 
Stack-I PC I 
Stack-I CA) 
Stack-I ST) 

Yes 
PC• $0002 

Yes 
PC• $0004 

PC• $0006 

Yes 
PC• $0008 

Yes 
PC• $000A 

Yes 
PC•- $000C 

PC~ $000E 
ONT 4/INT 5 Interrupt) 

Figure 8. Interrupt Servicing Flowchart 
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Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 5. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 

External Interrupts (INTo, INTi. INT2, 
INT3, INT4, INT5): External interrupt 
request flags are set at the falling edge of 
INTo, INT1, INT4 inputs or the rising edge of 
INT2, INT3, INTs inputs. 

When using INT0-INT3, select the external 
interrupt input by setting the appropriate bit 
of the port mode register (PMR: $027). When 
the port mode register has been reset, exter
nal interrupt input signals are masked to 
ignore external interrupt requests. 

When using INT4 and INTs, set the external 
interrupt enable bit of the timer output reg
ister (TORl: $019, TOR2: $01D). Then the data 
direction registers of the corresponding pins 
are automatically reset to receive the exter
nal interrupt input signals. When the inter
rupt enable bit has been reset, external 
interrupt input signal and external interrupt 
request will be ignored. 

Note that INT4 and INTs use a common 

Table 4. Conditions of Interrupt Service 

INT2/ 
Interrupt Control Bit INTo INT1 Timer 1 

l/E 

IFO·IMO 0 0 

IF1 ·TMT * 0 

IF2·1M2 * * * 
IFT1·1MT1 * * * 
IFS1 ·IMS1 * * * 
IFT2·1MT2 * * * 
IFS2·1MS2 * * * 
IFT3·1MT3 * * * 
IF3·1M3 * * * 
IFT4•1MT4 * * * 
IF4·1M4 * * * 

* Don't care 

external interrupt request flag. Therefore, 
when using these pins, use one external 
interrupt input pin, or check the interrupt by 
software before starting the processing. 

External Interrupt Request Flags (IFO: 
$000,2, IF1: $001,0, IF2: $001,2, IF3: $004, 
2, IF4: $005,2): IFo, IF1 are set at the falling 
edge of INTo and INT1 inputs, respectively 
(table 6). 

IF2. IFJ are set at the rising edge of INT2 and 
INT3, respectively. 

IF4 is set at the falling edge of INT4 or at the 
rising edge of INTs. 

External Interrupt Masks (IMO: $000,3, 
IM1: $001,1, IM2: $001,3, IM3: $004,3, IM4: 
$005,3): These bits mask interrupt request to 
be generated by external interrupt request 
flags (table 7). 

Timer Interrupt Request Flags (IFT1: 
$002,0, IFT2: $003,0, IFT3: $004,0, IFT4: 
$005,0): The timer interrupt request flags are 
set by the overflow output of timers 1-4. 
When timers 1-3 select PWM operation, over
flow output does not set the interrupt 
request flag. When timer 4 is selected as the 
watchdog timer, overflow output resets the 

Serial 1/ Serial 2/ INT3/ INT4/ 
Timer 2 Timer 3 Timer4 INT5 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

* 0 0 0 

* 0 0 0 

* * 0 0 

* * 0 0 

* * * 0 

* * * 0 

* * * 
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MCU. Therefore, timer interrupt request flag 
is not set by overflow output (table 8). 

Timer Interrupt Masks (IMT1: $002,1, 
IMT2: $003,1, IMT3: $004,1, IMT4: $005,1): 
Tlie timer interrupt masks mask the occur
rence of interrupt request to be generated by 
timers 1-4 interrupt request flags (table 9). 

Table 5. Interrupt Enable Flag 

Interrupt Enable Flag 
(I/El Interrupt Enable/Disable 

6 Disable 

Enable 

Table 6. External Interrupt Request 
Flag 

External Interrupt Request Flags 

( IFO, IF1, IF2,) 
IF3, IF4 Interrupt Requests 

0 No 

Yes 

Table 7. External Interrupt Mask 

External Interrupt Masks 

( IMO, IM1, IM2,) 
IM3, IM4 Interrupt Requests 

0 Enable 

Disable (masks) 

Table 8. Timer Interrupt Request Flags 

Timer Interrupt Request Flags 

( IFT1, IFT2,) 
IFT3, IFT4 Interrupt Requests 

0 No 

Yes 

Serial Interrupt Request Flags (IFS1: 
$002,2, IFS2: $003,2): The serial interrupt 
request flags are set when the octal counter 
counts 8 transfer clocks, or when the data 
transfer is suspended, then the octal counter 
is reset (table 10). 

Serial Interrupt Masks (IMS1: $002,3, 
IMS2: $003,3): The serial interrupt masks 
mask the interrupt request which the serial 
interrupt reques~ flag generates. (table 11). 

I 

Table 9. Timer Interrupt Masks 

Timer Interrupt Mask 

( IMT1, IMT2) 
IMT3, IMT4 

0 

Interrupt Requests 

Enable 

Disable (mask) 

Table 10. Serial Interrupt Request Flag 

Serial Interrupt Request Flag 

(IFS1, IFS2) Interrupt Requests 

0 No 

Yes 

Table 11. Serial Interrupt Mask 
Serial Interrupt Mask 

,(IMS1, IMS2) 

0 

Interrupt Requests 

Enable 

Disable (mask) 
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Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes: standby mode and stop mode (table 
12). Figure 9 is a mode transition diagram for 
these modes. 

Standby Mode: Executing an SBY instruc-

tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts, timer/counter, and serial 
interface working. On the other hand, the 
CPU stops since the clock related to the 
instruction execution stops. Registers, RAM, 
and I/O pins retain the states they were in 
just before the MCU went into standby mode. 

Table 12. Low Power Dissipation Mode Function 

Condition 

Low Power Input/ 
Dissipation Oscillator lnslruction Register, Interrupt Output 
Mode Instruction Circuit Execution Flag Function RAM Pin 

Standby mode SBY Active Stop Retained Active Retained Retained2 

instruction 

Stop mode STOP Stop Stop RESET' Stop Retained High 

instruction impedance 

Timer/ 
Counter, 
Serial Recovery 

Interface Method 

Active RESET 

Stop 

input, 

interrupt 

request 

RESET 

input 

Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to tables and 2 for the 
contents of the flags and registers. 

2. If an 1/0 circuit is active, an 1/0 current may flow, depending on the state of 1/0 pin in 
standby mode. This is the additional current to the current dissipation in standby mode. 

Figure 9. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. In the 
later case, the MCU becomes active and exe
cutes the next instruction following the SBY 
instruction. If the interrupt enable flag is 1 
when an interrupt request asserted, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. 

Figure 10 shows the flowchart of the standby 
mode. 

SBY 

scillator Active 
• Peripheral Clocks 

Active. 
• All Other Clocks 

Stop· 

(Al 

No 

IBI 

Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stops. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 11, reset 
input must be applied for at least tRc to stabi
lize oscillation. (Refer to AC Characteristics 
table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, 
registers B, W, X/SPX, and Y /SPY, carry, and 
serial data register do not retain their con
tents. 

(Cl 

Execute 
Reset MCU Instruction 

Interrupt 
Accept 

Figure 10. MCU Operating Flowchart in Standby Mode 
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, . Stop mode ., 
Oscillator .,,,,1111"""11111"""11111"""11111"""11111""'1111 )'. 

Internal clock~ 

RESET t F'~ 
I· -I tr es 

STOP instruction execution 
(More than stabilization time: tRd 

Figure 11. Timing Chart of Recovering from Stop Mode 
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Internal Oscillator Circuit 

Figure 12 outlines the internal oscillator cir
cuit. Crystal oscillato:r or ceramic filter oscil-

lator can be selected as the oscillator type. 
Refer to table 13 to select the type. In addi
tion, see figure 13 for layout of the crystal or 
ceramic filter. 

Oscillator 
Divider 
circuit 
1/8 

Timing 
generator 
circuit 

Figure 12. Internal Oscillator Circuit 

System 
clock 

Table 13. Examples of Oscillator Circuits 

External Clock 
Operation 

Ceramic Filter 
Oscillator 

Crystal Oscillator 

Circuit Configuration Circuit Constants 

Oscillator 

-----+-----------------

Ceramic~c, 
filter 

c, 
GND 

c, 
crvs1a1r Cl 

h, 
GND 

osc, 

OSC2 

AT cut parallel 
resonance crystal 

OSC1·-GJ~sC2 
Co 

Ceramic filter 
CSA8.00MT 
(Murata) 
R1: 1 Mn± 20% 
C1: 30 pF ± 20% 
C2: 30 pF ± 20% 

R1: 1 Mn± 20% 
C1: 10-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to circuit shown 
Co: 7 pF max. 
Rs: 100 n max. 

f: 1 .0-9.0 MHz 

Notes: 1 . Since the circuit constant changes according to the crystal and ceramic filter resonator and 
stray capacitance of the board, please consult with the engineers of crystal or ceramic filter 
maker to determine the circuit parameters. 

2. Wiring among OSC1, OSC2, and elements should be as short as possible, and never cross 
other wiring. Refer to figure 1 3. 
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Figure 13. Layout of Crystal and Ceramic Filter 
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Input/Output 

The MCU provides 58 I/O pins. Each port 
provides a data direction register (DDR). Each 
bit of ports D, R3, R4, R5, R6, RS, R9 can be 
individually programmed as an input or as an 
output. Ports RO, Rl, R2, RA can be individu
ally programmed as input or as an output. 
Port R7 is a 4-bit input only port. 

Port D: Port D consists of 16 high-current I/O 
pins. Each bit of port D can be individually 
programmed as an input or as an output by 
port D data direction register (DDRO-DDR3) 
(0 = input, 1 = output). Port D becomes an 
input port at MCU reset. Port D can be set/ 
reset by SED/RED and SEDD/REDD instruc
tion, and tested by TD/TDD instruction. The 
data direction register can be set or reset 
either by SEM/REM instruction or SEMD/ 
REMD instruction. 

Port R: Ports RO-R9 are 4-bit I/0 ports. Port 
RA is a 2-bit I/O port. 

Ports RO, R1, R2: Ports RO, R1, and R2 are 4-bit 
I/O ports. Each port can be individually pro
grammed as an input or as an output by the 
port R data direction register (RDR) (0 = 
input, 1 = output). Ports RO, R1, R2 become 
input ports at the MCU reset. These ports 
receive data by LAR/LBR instruction and 
transmit data by LRA/LRB instruction. The 
data direction register can be set/reset either 
by SEM/REM instruction or SEMD/REMD 
instruction. 

Port R3: Port R3 is a 4-bit I/O port. Each bit of 
port R3 can be individually programmed as 
an input or as an output by the port R3 data 
direction register (R3DR) (0 = input, 1 
output), Port R3 becomes an input port at 
MCU reset. 

Note that port R3 is multiplexed with exter
nal interrupt input pins (INTo, INT1, INT2, 
INT3). These pins can be used as interrupt 
input pins when the data direction register of 
the appropriate bit is automatically reset 
with an interrupt enable bit of the port mode 
register (PMR) been set. 

Port R3 receive data by LAR/LBR instruction, 
and transmits data by LRA/LRB instruction. 
The data direction register can be reset either 
by SEM/REM instruction or SEMD/REMD 
instruction. 

Port R4: Port R4 is a 4-bit I/O port. Each bit of 
port R4 can be individually programmed as 
an input or as an output by port R data 
direction register (R4DR) (0 = input, 1 = 

output). Port R4 becomes an input port at 
MCU reset. 

Note that pins R4o, R41, R42 of port R4 are 
multiplexed with SCK1, SI1, S01 of the serial 
interface 1, respectively. R43 is multiplexed 
with the reference voltage input (Vret) for 
comparator input. 

Port R4 receive data by LAR/LBR instruction, 
and transmits data by LRA/LRB instruction. 
The data direction register can be set/reset 
either by SEM/REM instruction or SEMD/ 
REMD instruction. 

Port R5: Port R5 is a 4-bit I/O port. Each bit of 
port R5 can be individually programmed as 
an input or as an output by port R5 data 
direction register (R5DR) (0 = input, 1 
output). Port R5 becomes an input port at 
MCU reset. 

Note that port R5 is multiplexed with exter
nal interrupts (INT4, INTs), timer inputs (TI1, 
Th), and timer outputs (T01, T02).(R50/INT4/ 
Tii, R51/INTs/Tli, R52/T01, R53/T02). TI1 and Th 
become clock input pins when timer is used 
as an event counter. T01 and T02 becomes 
clock output pins of timers 1 and 2, respec
tively. These pins transmit clocks (with 
appropriate cycles) and PWM output signals 
through the use of the reload function. 

Port R5 receives data by LAR/LBR instruc
tion, and transmits data by LRA/LRB instruc
tion. The data direction register can be set/ 
cleared by SEM/REM instruction, or SEMD/ 
REMD instruction. 

Port R6: Port R6 is a 4-bit I/O port. Each bit of 
port R6 can be individually programmed as 
an input or as an output by programming the 
port R6 data direction register (R6DR) (0 = 
input, 1 = output). Port R6 becomes an input 
port at MCU reset. 

R6o is multiplexed with T03. R61, R62, R63 
are multiplexed with SCK2, Sh, S02 of the 
serial interface, respectively. 

Port R6 receives data by LAR/LBR instruc
tion, and transmits data by LRA/LRB instruc
tion. The data direction register can be set/ 
cleared by SEM/REM instruction or SEMD/ 
REMD instruction. 

Port R7 (analog input port): Port R7 is a 4-bit 
port which provides the digital input and 
analog input operation modes. These modes 
are available to each bit by programming the 
analog mode register (AMR). 
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In the digital input mode, port R7 is available 
as an input-only port with characteristics 
equivalent to other I/O ports. In the analog 
input mode, port R7 reads the comparison 
result between the reference voltage which 
is input by R43/Vref and the input voltage of 
port, as an input data. 

In the analog input mode, direct current con
stantly flows in the analog comparator to 
assure its characteristics. Thus the MCU con
sumes power in the analog input mode. The 
power consumption cannot be reduced even 
with the reduction of the operation cycle. 
Therefore, you should not put port R7 into the 
analog input mode, except when analog 
comparison is required. In this case, 2 
instruction cycles are required after R 7 goes 
into the analog input mode until the analog 
comparator is stabilized to read the precise 
data. Therefore, read the data after at least 2 
instruction cycles after you put R7 into the 
analog input mode. The analog comparator 
holds its state in the standby mode, but stops 
operating in the stop mode. 

Ports RB, R9: Ports RB and R9 are 4-bit I/O 
ports. These ports are standard I/O ports for 
the HD40441B and HD4074418, and high
voltage ports which can apply 12.B V max 
voltage for the HD407440B. 

I/O direction is specified by the port B data 
direction register (RBDR) and port 9 data 
direction register (R9DR) on a bit basis (0 = 
input, l=output). Ports B and 9 become 
inputs at reset since the registers are cleared 
by reset input. 

Ports RB and R9 receive data by LAR/LBR 
instruction, and transmit data by LRA/LRB 
instruction. The data direction register can be 
set/reset by SEM/REM instruction or SEMD/ 
REMD instruction. 

Port RA: Port RA is a 2-bit I/O port. Port RA 
can be programmed as an input or as an 
output by port R data direction register (RDR) 
(0 = input, 1 = output). The RDR is cleared at 
MCU reset, then becomes an input port. 

Port RA receives data by LAR/LBR instruc
tion, and transmits data by LRA/LRB instruc
tion. The data direction register can be set/ 
reset by SEM/REM instruction, or SEMD/ 
REMD instruction. 

Data Direction Register ($006-$00F, 
$026): The 4-bit write-only data direction 
registers (DDRO-DDR3, RDR, R3DR-R9DR) 
(table 14) control input/output selection of 

the I/O port. Each bit of ports D, R3-R6, RB, R9 
can be individually programmed as an input 
or as an output by the DDR for each bit. 

Ports RO-R2, RA can be individually pro
grammed as input or as output by the DDR 
for each port. 

When functioning as an input port, each port 
reads data from pins. When functioning as an 
output port, each port reads data from the 
data register. Thus, the MCU reads the trans
mitted data precisely even when the output 
is changing. 

Each DDR is reset to 0 at MCU reset. Then 
each port becomes an input port immediately 
after the MCU reset. To use as an output port, 
set the DDR to 1 in the initialize routine of the 
program. 

Port D Data Direction Register (DDRO: $006, 
DDR1: $007, DDR2: $00B, DDR3: $009): Each 
bit of port D can be individually programmed 
as an input or as an output port. Port D 
becomes an input port at MCU reset (figure 
14). 

Port R Data Direction Register (RDR: $026): 
Ports RO, R1, R2, RA can be individually 
programmed as an input or as an output. 
When reset, each port becomes an input port 
(figure 15). 

Ports R3-R9 Data Direction Register (R3DR: 
$00A,R4DR: $00B, R5DR: $00C, R6DR: $00D, 
RBDR: $00E, R9DR: $00F): Each bit of ports 
R3-R9 can be individually programmed as an 
input port. Each port becomes an input at 
MCU reset (figure 16). 

1/0 Circuit Configuration: The basic port 
I/O circuit type is CMOS. (R7 is an input 
circuit, RA an NMOS open-drain I/O circuit.) 
See table 15. 

Ports B and 9 are CMOS I/O circuits for the 
HD40441B and HD4074418, NMOS open-drain 
I/O circuits for the HD407440B. 

The direction of any type of I/O pin can be 
controlled by the data direction register. 

To prevent floating input pins on the 
HD40441B, a pull-up MOS can be attached to 
I/O circuits (Do-D15, RO-R6) via mask option. It 
can be selected for any pin. For the 
HD407441B and HD407440B, all circuits are 
specified as without pull-up MOS. See figures 
17-19 for circuit configurations. 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 685 



HD404418 /HD4074418 /HD4074408 

Table 14. Data Direction Register 
(DDR) 

DOR Port Condition 

0 Input Port (Output Buffer Off) 

Output Port (Output Buffer On) 

3 2 0 
DDRO DJ D2 Di Do 

($006) DDR DDR DDR DDR 

DDRl D1 D6 Ds D4 
($007) DDR DDR DDR DDR 

DDR2 Du Dio Dg Ds 
($008) DDR DDR DDR DDR 

DDR3 Dis Di4 Dl3 Di2 
($009) DDR DDR DDR DDR 

Figure 14. Port 0 Data Direction 
Register 

3 2 0 
RDR RA R2 Rl RO 

($026) DDR DDR DDR DDR 

Figure 15. Port R Data Direction 
Register 

R3DR 
($00A) 

R4DR 
($008) 

R5DR 
($00C) 

R6DR 
($00D) 

R8DR 
($00E) 

R9DR 
($00F) 

Figure 16. 
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3 2 0 
R33 R32 R31 R3o 

DDR DDR DDR DDR 

R43 R42 R41 R4o 
DDR DDR DDR DDR 

R53 R52 R51 R5o 
DDR DDR DDR DDR 

R63 R62 R61 R6o 
DDR DDR DDR DDR 

R83 R82 R8 1 RBo 
DDR DDR DDR DDR 

R93 R92 R91 R9o 
DDR DDR DDR DDR 

Ports R3-R9 Data Direction 
Register 
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Table 15. I/O Pin Circuit Type 

I/) 
c: 
ii: ... 
c: 
~ 
::J 
u 

I 
.i:: 

1/0 Pins 

~ 1/0 Pins 

I/) 
c: 
ii: 
"E .. 
"'O 
c: 

ti 

Circuit 

Input Signal 
Input Data 

Input Signal 

(Wrth Pull-up MOS) 

Input Signal 

HLT 

SCK1 Internal Clock Enable 
~Internal Clock Enable 
SCK1 (Internal) 
SCK2 (Internal) 

.-------D-----SCK1 (External) 

Vcc~cc. :;:,::_~~ 

(With Pull-up MOS) 

SCK2 Internal Clock Enable 
SCK1 (Internal) 
SCK2 (Internal) 

@HITACHI 

Applied Pins 

HD404418 HD4074418 HD4074408 

Do-D15 INy••1 
R00-R03 1Ny••1 
R1o-R13 INyt•1 
R2o-R23 1Ny••1 
R3o- R33 1Nyt•1 
R4o-R43 1Nyt•1 

R5o- R53 1Ny1•1 
R6o- R63 1Nyt•1 

R80-R83 
R9o-R93 

Do-D15 INyt•1 
ROo- R03 1Nyt•1 

R1o-R131Nr1 
R2o-R231Nr1 
R3o-R331Nr1 
R4o-R43 INY'°1 
R5o-R531Nr1 
R6o- R63 1Nyt•1 

RAo. RA1 

SCK1 1Note1) 
SCK2 1Note1 I 

SCK1 1Note1) 
SCK2 1Note1 I 

Do-D1s 
R00-R03 
R1o-R13 
R2o-R23 
R3o-R33 
R4o-R43 
R5o-R53 
R60-R63 
R80-R83 
R9o-R93 

RAo. RA1 

SCK1 
SCK2 

Do-D1s 
R00-R03 
R1o-R13 
R2o-R23 
R3o-R33 
R4o-R43 
R5o-R53 
R60-R63 

RAo. RA1 
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Table 15. I/0 Pin Circuit Type (Cont) 

Applied Pins 
1/0 Pins Circuit 

Input 
Pins 

Output 
Pins 

Input Signal 

Digital Input Data 

I> 
+ Analog Input Data 

v... -

(With Pull-up MOS) 

Vee 

~, SCl2 Transmit 
Enable, Timer 1-3 
Output Enable 

501, 502 
TOi. T02. T03 

HD404418 

INTo, INT1 1N~te1 
INT2. INT3 !N~tel 
INT4, INT5 IN~te1 
TI1, Tlz (Note1l 

Sl1, Sl2 (Note! I 

INTo. INT1 IN~tel 
INT 2. INT 3 IN~tel 
INT4, INT5 IN~te1 
TI1, Tl2 1Note1 I 

Sl1. Sl2 1Note1 I 

SO,, S02 

T01, T02, T03 

HD4074418 HD4074408 

INTo, INT1 

INT2. INT3 
INT4, INT5 
TI1, Tl2 

Sl1, Sl2 

S01, S02 

T01. T02, T03 

R7o-R73 

INTo. INT1 
INT2. INT3 
INT4, INTs 
TI1, Tl2 

Sl1. Sl2 

S01. S02 

TO,, T02. T03 

1---r-~~-~-r-~~~~~~~~~~~~~~~~~~---+~~~~~-+~~---------t-·~~~-~ 

"' c 
0:: ., 
Cl 

Input Signal 
Input Data 

~ 1/0 Pins 
:§; 

I .s:: 
Cl :c 

Notes: 1. Either without pull-up MOS or with pull-up MOS can be specified for each pin via mask option. (Circuit with pull-up MOS is 
provided only for the H 0404418. ) 

688 

2. HLT signal becomes 0 in stop mode. Then 1/0 pins and output pins are in high-impedance state, and all pull-up MOSs turn off. 
3. When serial clock registers bits 2 are 1, pins R4ofSCK1 and R63/SCK2 become SCK1 and SCK2 outputs respectively when 

SCK1 and SCK2 internal clock enable signals are set to 0 by putting the serial clock registers in transfer clock output mode. The 
pins become SCK1 and SCK2 outputs when SCK1 and SCK2 internal clock signals are set to 1 by putting the serial clock registers 
in transfer clock input mode. 

4. When SCl1 and SCl2 are set to transmit or transmit/receive mode, SCl1. SCl2 transmit enable signal becomes 1, thenS01 and 
S02 pins become outputs. Pins T01-T03 become output if the timer output registers 1-3 are set to timer output state or PWM 
active state. 
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Input Buffer 

1/0 Circuit 

[

Vee 

ull-up MOS 

r 

' ' ' ' L • .. 1 

>---;------{·{) p;n 

DOR 
11 b•I 

HLT --------------' 

r- - - - ,Mask 
: :option 
L - __ ...J(HD404418 only) 

Figure 17. Ports D, R3-R6, RB, R9 Configuration 

Input Buffer 

ITTTVee 

~}:ir'r;!~~ Pull-up MOS 
I I I I I 
I I I I I 

PDR 
(4bits) 

1/0 Circuit 

... ___ ._ _,_ :.J 

Pin 

;----,Mask 
: ~Option 
'- - - --' (HD404418 only) 

HIT---------------~ 

Figure 18. Ports RO-R2, RA Configuration 

!+-------+--<•<! p;n 

V,e1 (Common) 

Figure 19. Port R7 Configuration 
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Pin Function Control: Several pins are 
multiplexed with the timer or serial interface 
I/O pins. The functions of these pins are 
controlled by the corresponding mode regis
ters. 

Port Mode Register (PMR: $027): The port 
mode register is a 4-bit write-only register 
which controls pins R3o/INTo, R3i/INT1, R32/ 
INT2 and R33/INT3 as shown in table 16. The 
port mode register is initialized to $0 by MCU 
reset. These pins are therefore used as ports. 

IFo or IF1 is set if R3o/INTo or R31/INT1 is low 
when you set bit 0 or bit 1 of the port mode 
register. IF2 or !F3 is set if R31/INT2, or R32/ 
INT3 are high when you set bit 2 or bit 3 of 

Table 16. Pin Function Control 

PMR (Port Mode Register: $027) 

Bit 3 Bit 2 Bit 1 BitO 

Pin R33/INT3 R32/INT2 R31/INT1 R3o/INTo 

Bit=O R33 R32 R31 R3o 

Bit= 1 INT3 INT2 INT1 INTo 

AMR (Analog Mode Register: $025) 

Bit 3 Bit 2 Bit 1 BitO 

Pin R73 R72 R71 R7o 

Bit=O Digital Digital Digital Digital 

Bit= 1 Analog Analog Analog Analog 

AMR (Analog Mode Register : $025) 

Bit 3-0 R4a/V rat 

0 0 0 0 R43 

not 0 0 0 0 Vref 

the port mode register. Keep this in mind 
when you use external interrupts. 

Analog Mode Register (AMR: $025): The 
analog mode register is a 4-bit write-only 
register. Each bit controls the operation 
modes of R7o-R73 inputs (table 16). The data 
direction register of R43 is automatically reset 
when analog input mode is selected by set
ting a bit of the anafog mode register. Then 
the analog comparator receives the reference 
voltage (Vret) of the analog input. 

Note that all bits of the analog mode register 
are initialized to 0 at MCU reset. Thus, pins R7 o
R 73 go into the digital input mode at the MCU 
reset. 

SMR 1 (Serial Mode Register 1 : $010) 

Bit 2 Bit 1 BitO 

Pin R40/SCK1 R41/Sl1 R42/S01 

Bit=O R4o R41 R42 

Bit= 1 SCK1 Sl1 so, 

SMR 2 (Serial Mode Register 2: $014) 

Bit 2 Bit 1 BitO 

Pin R63/SCK2 R62/Sl2 R6,/S02 

Bit=O R63 R62 R61 

Bit= 1 SCK2 Sl2 S02 
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Serial Mode Registers (SMR1: $010, 
SMR2: $014): The serial mode registers are 4-
bit read/write registers which control pins 
R40/SCK1, R6a/SCK2, R41/SI1, R62/Sh, R42/S01, 
and R6i/S02 as shown in table 16. For details, 
refer to the serial interface section. 

Timer Mode Registers (TMR1: $018, 
TMR2: $01C): The timer mode registers are 
4-bit write-only registers which control pins 
R50/INT4/TI1 and R51/INTs/Th as shown in 
Table 16. For details, refer to the timer sec-
tion. · 

Table 16. Pin Function Control (Cont) 

TMR 1 (Timer Mode Register 1 : $018) 

Bit 2-0 R50/INT4/TI1 

not 1 R50/INT4 

Ti, 

TMR2 (Timer Mode Register 2: $01 C) 

Bit 2-0 R51/llliTs/Tl2 

not R5o/INTs 

Tl2 

TOR1 (Timer Output Register 1 : $019) 

Bit3 R5o/INT4/TI, 

0 R50/TI1 

INT4 

Bit 

2 1 0 R52/T01 

0 0 0 R52 

0 0 T01 

0 0 

0 

x x 

Timer Output Registers (TOR1: $019, 
TOR2: $010, TOR3: $021): The timer output 
registers are 4-bit read/write registers which 
control pins R50/INT4/Tl1, R51/INTs/TI2, R52/ 
T01, R5a/T02, and R6o/TOa as shown in Table 
16. For details, refer to the timer section. 

Unused 1/0 Pins: If unused I/O pins left 
floating, the LSI may malfunction because of 
noise. To prevent this, unused pins should be 
dealt with as follows: 

Standard I/O pins: Pull up to Vee through 
about 100 kO resistor. 

Standard input pins: Connect to Vee. 
High-voltage pins: Connect to GND. 

TOR2 (Timer Output Register 2: $01 D) 

Bit 3 R51/INTs/Tl2 

0 R51/Tl2 

INTs 

Bit 

2 1 0 R53/T02 

0 0 0 R53 

0 0 T02 

0 0 

0 

x x 

TOR3 (Timer Output Register 3: $021) 

Bit 

2 0 R6o/T03 

0 0 0 R6o 

0 0 T03 

0 0 

0 

x x 

Note: x=Don't care 
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Unused pins must retain the state of reset in 
the program. The program should not change 
DDR and register values. 

Timer 

The MCU contains a prescaler and 4 timers/ 
counters (timers 1-4). Figures 20 and 21 show 
their block diagrams. 

Timers 1-3 are versatile timers/counters pro
viding the following functions: free-running 
timers/counters, reload timers/counters, and 
pulse width modulation (PWM) circuit, etc. 
The functions are controllable by software. 
Each timer provides a timer output pin which 
permits the MCU to transmit the clock signal 
with an appropriate cycle in combination 
with the reload function and the PWM out
put. Timer 4 is a free-running counter which 
is also available as a watchdog timer (WOT) 
provided with a hardware reset function 
selectable by mask option. 

Prescaler: The input clock to the prescaler is 
a system clock signal. The prescaler is initial
ized to $000 at MCU reset, then it starts to 
count up the system clock signals. The pre
scaler ktps counting up except at MCU reset 
and the op mode. Prescaler outputs provide 
timer in · ut clocks and serial interface trans
fer clocks. Their divide ratios can be selected 
by the timer mode registers (TMR1-TMR4), 
and the serial clock registers (SCR1, SCR2), 
respectively. 

Timers 1-3 Operation: Timers 1-3 are ver
satile timers provided with following func
tions: free-running timers, event counters, 
reload timers, and PWM circuit. The functions 
are controllable by software and selectable 
by the timer mode registers (TMR1, TMR2, 
TMR3) and the timer output registers (TOR1, 
TOR2, TOR3) for each timer. 

The timers/counters (TC1-TC3) count up with 
every input clock after they have been 
initialized at MCU reset. When used as 
timers/counters, the clock divided by the 
prescaler is available as an input clock. When 
used as an event counter, external clock is 
available. When selecting external clock 
input, an interrupt enable bit in the timer 
output register must be reset in order to 
disable the external interrupt (timer 3 does 
not have an external clock input) .. 

The timer interrupt request flags (IFT1, IFT2, 
IFT3) are set with the input clock supply after 
timer counter has become $FF. When auto
reload function is not selected, timers 1-3 
become free-run timers/event counters, and 

restart counting up after they have been 
reinitialized to $00. When you select auto
reload function, timers 1-3 become reload 
timers, and the data in the timer load regis
ters (TL1R, TL2R, TL3R) are reloaded into the 
timer/counter with the input clock supply 
after the timer/counter reaches $FF. Then 
timers 1-3 starts counting up. 

Timers 1-3 also provide a timer output circuit, 
which affects the output level when the 
input clock supply after timer counter has 
become $FF. This circuit can transmit a clock 
signal (with an appropriate cycle) in combi
nation with the reload timer. When you select 
PWM function by the timer output register, 
PWM output is available. PWM output 
transmits high during the clock cycle speci
fied in the timer load register (1 cycle = 1 
timer input clock x 256), and transmits low 
otherwise. To obtain a voltage level in pro
portion to the timer load register value, 
combine PWM output with a lowpass filter. 

Timer 4 Operation: Timer 4 is an 8-bit free
running/watchdog timer. When timer 4 is 
used as a free-running timer, 8 clocks divided 
by the prescaler can be selected as input 
clocks. Timer 4 is initialized to $00 at MCU 
reset, then counts up every input clock signal. 
If a clock signal is applied after the timer 
becomes $FF, the timer returns to $00, then 
continue counting. At the same time the 
timer interrupt request flag is set. 

When timer 4 is used as a watchdog time:r, 
input clock is specified as the 1/2048 output 
divided by the prescaler. The watchdog timer 
is initialized to $00 at MCU reset, then counts 
up every input clock signal. If a clock signal is 
applied after the timer becomes $FF; an 
overflow is generated and hardware reset 
function is enabled for the MCU. 

After reset, the MCU re-executes the pro
gram from the beginning. Therefore, to 
operate the system normally, the program 
should set the watchdog timer reset bit in a 
cycle shorter than 219. The program resets 
the MCU at overflow generation if the MCU 
malfunctions because of noise. This function 
is effective for improving system reliability. 

Timer 4 function of the HD404418 is selected 
via mask option. For the HD4074418 and 
HD4074408, watchdog timer versions are 
provided in addition to free-running timer 
versions. 

Note that the type names of the watchdog 
timer versions differ from that of the free
running timer versions . 
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Timer Mode Registers 1-3 (TMRl: $018, 
TMR2: $01C, TMR3: $020): The 4-bit write
only timer mode registers 1-3 select the auto
reload function, the prescaler divide ratio, 
and the source of the input clock signal (table 
17). The timer mode registers 1-3 are initial
ized to $0 at MCU reset. 

Users can change the data in the timer mode 
register after the second instruction cycle of 
writing into the timer mode registers 1-3. 
Initialize timers 1-3 by programming the 
timer load register after the data of the TMR 
are changed. 

Note that timer 3 does not provide an event 
input pin. Therefore, timer 3 is unavailable as 
an event counter. 

Table 17. Timer Mode Register 1-3 

TMR1, TMR2, TMR3 

Bit3 Auto-Reload Function 

0 No 

Yes 

TMR1, TMR2, TMR3 Prescaler Divide Ratio 

Bit2 Bit 1 BitO 

0 0 0 

0 0 

0 0 

0 

0 0 

0 

0 

Clock Input Source 

+ 2048 

. 512 

. 128 

32 

8 

4 

2 

ff,, Tl2 (External event 
inputs) 

Note: External event input is unavailable, as 
timer 3 does not provide an event input 
pin. 
If you select external event input at timers 
1, 2, ports R5o, R51 data direction regis
ters are automatically reset, then become 
inputs. 

Timer Mode Register 4 (TMR: $024): The 
timer mode register 4 is a write only register. 
The function differs depending on the timer 4 
function. When timer 4 functions as a free
running counter, bits 0-2 affects the opera
tion of timer 4 (table 18). When users select 
watchdog timer by mask option, bit 3 affects 
the timer 4 (watchdog timer) operation. 

Timer Output Registers (TORl: $019, 
TOR2: $010, TOR3: $021) The timer output 
registers are 4-bit read/write registers which 
control timer 1-3 output mode, PWM output 
selection, and external interrupts multiplex
ed with timer input pin (table 19). 

When bits 0 and 1 of the timer output regis
ters go into any mode other than timer out
put' inhibit mode, the pins become timer 
output pins automatically. These modes are 

Table 18. Timer Mode Register 4 

TMR4 

Bit3 

0 

Function 

Does not affect the watchdog timer opera

tion 

Watchdog timer is reset, then restarts 

counting up from $00 

Note: Bit 3 is available when timer 4 is function
ing as a watchdog timer. When timer 4 is 
functioning as a free-running counter, bit 
3 is unavailable. 

TMR4 

Bit 2 Bit 1 Bit 0 Prescaler Divide Ratio 

0 0 0 + 2048 

0 

0 

0 

Note: 

0 + 1024 

0 • 512 

• 128 

0 0 32 

0 8 

0 4 

2 

Bits 0-2 are available when timer 4 is 
functioning as a free-running timer. When 
timer 4 is functioning as a watchdog 
timer, they are independent of timer 4 
operation . 
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available for transmitting clock signals (with 
appropriate cycles and duties) in combination 
with each mode of timers 1-3. When you 
select the PWM output, timer output pin 
becomes PWM output independent of timer 
output mode. 

The data of the timer output register changes 
after the second instruction cycle of writing 
into the timer output register. The timer 
output register 3 becomes a 3-bit register 
without bit 3, because timer 3 does not pro
vide an event input pin. 

Timers 1-3 (TClL: $01A, TC1U: $01B, 
TLlL: $01A, TLlU: $01B, TC2L: $01E, 
TC2U: $01F, TL2L: $01E, TL2U: $01F, 
TC3L: $022, TC3U: $023, TL3L: $022, 
TL3U: $023): Timers 1-3 consists of an 8-bit 
write-only timer load register and an 8-bit 
read-only timer/event counter. Each of them 

Table 19. Timer Output Register 

TOR1,TOR2 

provides low order digits (TC1L: $01A, TC2L: 
$01E, TC3L: $022), and high-order digits 
(TC1U: $01B, TC2U: $01F, TC3U: $023). Refer 
to figure 20. 

The timer/event counter can be initialized by 
programming the timer load register. In this 
case, write the low-order digits first, then the 
high-order digits. The timer/event counter is 
initialized according to the timer load register 
value when the high-order digit is written. 
The timer load register is initialized to $00 at 
MCU reset. 

The counter value of timers 1-3 can be 
obtained by reading the timer/event counter. 
In this case, read the high-order digit first, 
then the low-order digit. The count value of 
the low-order digit is latched when the high
order digit is read. 

Bit 3 INT4, INTs External Interrupts 

0 Inhibits the INT 4, INT s external interrupts 

Enables the INT4, INTs external interrupts 

Note: Port R5o. R51 data direction registers are automatically reset when bits 3 of the TOR1 and TOR2 
are set, then become inputs. 

TOR1,TOR2,TOR3 

Bit 2 PWM Function 

0 Normal timer operation 

PWM operation, transmits data from T01, T02. T03 

Note: The data direction register for ports R52, R53, R6o are automatically set when bits 2 of TOR1, 
TOR2, and TOR3 are set, then become outputs. 

TOR1, TOR2, TOR3 

Bit 1 BitO 

0 0 

0 

0 

Timer Output Mode 

Inhibits timer output 

Transmits 1 synchronously with timer overflow output (Toggle 
output mode) 

Transmits reverse level synchronously with timer output ( 1 
output mode) 

Transmits 0 synchronously with timer overflow output (0 output 
mode) 

Note: The data direction registers for ports R52, R53, R6o are automatically set when bits 0 and 1 for 
TOR1, TOR2, TOR3 are other than 00. 
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Operation Mode of Timers 1-3: Timers 1-3 
provide the following 3 timer functions: free
running, reload, and PWM. Internal/external 
clock input and the absence/presence of the 
timer output are also selectable. The combi
nation of these functions are available for 
selecting a variety of operation modes. 

Internal Bus Line (S2) 

4 

TMRl 
TMR2 14 bits) 
TMR3 

3 

4 

TOA1 
TOR2 (4 bits) I-----~ 
TOR3 

Reload 
Control 
Circuit 

Table 20 describes the combinations of timers 
1-3 operation mode selection. Select the 
operation mode according to this table in 
order to set the appropriate data to the timer 
mode register and the timer output register. 
Figure 22 illustrates an example of timer 
output waveform. Note that output 

Internal Bus Line (S1) 

4 4 4 

Tl, [> l--~..i Timer 1-3 MPX 
Tl2 L.,.,.-,---,--.,----,~~oo.,--r-----r-----i........,.....,.~.._,...-~~~"'""' 

N ~ N ~ 
"' "' "' + + + + 

4 4 
Internal Bus Line (S2) 

Figure 20. Timer 1-3 Block Diagram 

Internal Bus Line (S2) 

4 

TMR4 
(4 bits) 

3 

Timer4 MPX 

N 00 N 
N '<!' 00 (') N ~ ++ + + + + 

'<!' 00 
N'<I' 
00 
~N 

++ 

Prescaler ( 11 bits) 

Type 

A 

B 

Option 

Free-running timer 

System From RESET 
Reset Terminal 

TC4 (8 bits) 
(Timer Counter) 

:-----1 Mask 

[_ ___ _[Option 

High-voltage 
port 

Yes 
No 

Watchdog timer (WOT) 
Yes 
No 

Figure 21. Timer 4 Block Diagram 
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ZTAT type name 

HD4074408 
HD4074418 
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waveform differs depending on operation 
modes. 

Table 20. Combinations of Timer 1-3 Operation Modes 

TMR1, TMR2, TMR3 TOR1,TOR2,TOR3 

Bit3 Bit2 Bit1 BitO Bit3 Bit2 Bit1 BitO Timer Input Pin Timer Output Pin 

0 Note 3 Note 3 Note 3 0 0 0 0 R5o,R51 R52,R53,R60 

0 Note 3 Note 3 Note 3 0 0 Note 2 Note 2 R5o,R51 T01, T02, T03 

0 Note 3 Note 3 Note 3 0 0 0 INT4,INT5 R52,R53,R60 

0 Note 3 Note 3 Note 3 0 Note 2 Note 2 INT4,INT5 T01,T02,T03 

0 0 0 0 0 TI1,Tl2 R52,R53,R60 

0 0 0 Note 2 Note 2 TI1,Tl2 T01,T02,T03 

Note 3 Note 3 Note 3 0 0 0 0 R5o,R51 R52,R53,R60 

Note 3 Note 3 Note 3 0 0 Note 2 Note 2 R5o,R51 T01, T02, T03 

Note 3 Note 3 Note 3 0 0 0 INT4,INT5 R52,R53,R60 

Note 3 Note 3 Note 3 0 Note 2 Note 2 INT4,INT5 T01,T02.T03 

0 0 0 0 TI1.Tl2 R52,R53,R60 

0 0 Note 2 Note 2 TI1.Tl2 T01, T02, T03 

Note 1 Note 3 Note 3 Note 3 0 Note 1 Note 1 R5o,R51 T01, T02, T03 

Note 1 Note 3 Note 3 Note 3 Note 1 Note 1 INT4,INT5 T01,T02,T03 

Note 1 0 Note 1 Note 1 TI1,Tl2 T01.T02,T03 

Notes: 1. Don't care 
2. One of or both of bits 0 and 1 .of TOR is 1 
3. Bit 0, 1, and 2 of TMR are not 111 

Timer 1-3 Function 

Free-Running 

Timer 

Event Counter 

Reload Timer 

Event Counter (With 

Reload Function) 

PWM (Note 4) 

PWM !External Clock) 
(Note 4) 

4. When PWM output is selected, timer functions in the same way as the free-running timer 
by initializing the timer load register to $00. 
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Reload Timer Output Mode--+ Toggle Output 
Data of Timer Load Register--+ N 

Free-Running Timer 

_J.----~ _ ___.I 
I• 256 Clocks •I• 256 Clocks •I 

Reload Timer 

_J 
I• (256-N) Clocks""l•(256-N) Clocks •I 

PWM 

(256 - N) Clocks N Clocks 

256 Clocks 

Note: Input clock source and its dividing ratio are controlled by the timer mode register. 

Figure 22. Timer Output Waveform Examples 
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Serial Interface 

The MCU provides two serial interfaces to 
transmit/receive 8-bit data serially. The serial 
interfaces consist of the serial data registers 
(SRl, SR2), the serial mode registers (SMRl, 
SMR2), the serial clock register (SCRl, SCR2), 
the octal counter, and the multiplexer (figure 
23). 

The serial mode register controls pins R4o/ 
SCK1, R63/SCK2, R41/SI1, R62/Sh, R42/S01, R61/ 
802 and the enable/disable of STS instruc
tion. The serial clock register controls transfer 
clock. Software writes/reads the contents of 
the serial data register. The data in the serial 
data register shifts synchronously with the 
transfer clock signal. 

The octal counter is reset to $0 by STS 
instruction. It starts to count at the falling 
edge of the transfer clock (SCK1, SCK2) signal 

System 
Clock 

Prescaler ( 11 bits) 

00 
00 N <t 

N 00 N N - 0 
•I· M LO N + + + + + 

Serial MPX 

3 

·SMR1, SMR2 

and increments by one at the rising edge of 
the SCK. The serial interrupt request flag is 
set when the octal counter is reset by eight 
transfer clock signals or by data transfer 
discontinued. 

Each serial mode register's enable bit (bit 3) 
controls two serial interfaces with a single 
STS instruction. To activate a serial interface, 
set the enable bit, then execute the STS 
instruction. Thus, a serial interface, in which 
an enable bit is set, starts functioning. There
fore, when the enables bit are both reset, the 
serial interface does not function with a STS 
instruction. When the enable bits are both 
set, two serial interfaces start functioning 
with a single STS instruction. An enable bit is 
automatically reset by STS instruction. 
Therefore, the enable bit must be set to acti
vate the serial interface before executing the 
STS instruction. 

gg~~bits) SR10F IFS1 

.._-'C;.;:o;.;;;u""nt"'e'-r _ _. SR20F IFS2 

4 

4 4 

SR1, SR2 (8bits) 
Serial Data Register 

4 4 

Interrupt 
Request Flag 
of Serial Interface 

SCR1,SCR2 
(3 bits) Serial 
Clock Re 

(4 bits) Serial ._ ___ _. 
Internal Bus Line (S2) Mode Re 

SCKI 
Internal Bus Line (S2) 

Figure 23. Serial Interface Block Diagram 
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Serial Mode Register (SMR1: $010, SMR2: 
$014): The serial mode register is a 4-bit 
read/write register, which controls the serial 
interface operation, SCK1, SCK2, SI1, Sh, S01, 
S02 (table 21). 

The write signal to the serial mode register 
initializes the internal state of the serial 
interface. The write signal stops the transfer 
clock supply to the serial data register and 
the octal counter, resetting the octal counter 
to $0 simultaneously. Thus, the write signal to 
the serial mode register causes the data 
transfer to quit and the serial interrupt 
request flag to be set while the serial inter
face is operating. 

Table 21. Serial Mode Register 

SMR1, SMR2 

Bit 3 STS instruction 

0 Disable 

Enable 

Note: Bit 3 of the SMR1 and SMR2 are auto
matically reset by STS instruction 

SMR1, SMR2 

Bit 2 

0 Used as ports R4o, R63 1/0 pin 

Used as SCK1, SCK2 input or output 

Note: When the internal clocks are selected, 
ports R4o and R63 data direction registers 
are automatically set by bit 2 of the SM R 1 
and SMR2 set, then become outputs. 
When the external clocks are selected, 
ports R4o and R63 data direction registers 
are automatically reset by bit 2 of the 
SMR1 and SMR2 set, then become 
inputs. 

Data in the serial mode register can be 
changed in the second instruction cycle after 
writing into the serial mode register. There
fore, program the serial interface to execute 
the STS instruction after the data in the serial 
mode register has been changed completely. 
The serial mode register is initialized to $0 at 
MCU reset. 

Bit 3 of the serial mode register is an enable 
bit of the serial interface. Set the enable bit 
before executing the STS instruction. To 
activate both serial interfaces, set the enable 
bits of both serial interfaces, then execute the 
single STS instruction. An enable bit is 
automatically reset by STS instruction exe
cution. 

SMR1, SMR2 

Bit 1 

0 Used as ports R41, R62 1/0 pin 

Used as S'1. Sl2 input pin 

Note: Ports R41, R62 data direction registers are 
automatically reset by bit 1 of SMR 1 and 
SMR2 set, then become inputs. 

SMR1, SMR2 

0 Used as ports R42. R6 1 1/0 pin 

Used as S01. S02 output pin 

Note: Ports R42, R61 data direction registers 
automatically set by bit 0 of the SM R 1 
and SMR2 set, then become outputs. 
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Serial Clock Register (SCRl: $011, SCR2: 
$015): The serial clock register is a 3-bit write 
only register which controls the transmit 
clock source and the prescaler divide ratio 
(table 22). 

The write signal to the serial clock register 
initializes the internal state of the serial 
interface. Transfer clock supply to the serial 
data register and the octal counter is stopped 
by programming the serial clock register, 
then the octal counter is reset. Thus, data 
transfer is stopped and interrupt request flag 
is set by programming the serial clock regis
ter during serial interface operation. 

Serial Data Register (SRlL: $012, SR2L: 
$016, SRlU: $013, SR2U: $017): The serial 
data register is an 8-bit read/write register 

Table 22. Serial Clock Register 

SCR1,SCR2 

R4o/SCK1 
Bit 2 Bit 1 Bit 0 R63/SCK2 

0 0 0 SCK1, SCK2 output 

0 0 SCK1, SCK2 output 

0 0 SCK1, SCK2 output 

0 SCK1, SCK2 output 

0 0 SCK1, SCK2 output 

0 SCK1, SCK2 output 

0 SCK1, SCK2 output 

SCK1, SCK2 input 

Transfer Clock 

Serial Output Data 

consisting of low-order digits (SRlL, SR2L) 
and the high-order digits (SR1U, SR2U). 

The data in the serial data register is trans
mitted LSB first at S01, S02 synchronously 
with the falling edge of the transfer clock 
signal. At the same time, the serial data reg
ister receives external data LSB first at SI1, 
Sh synchronously with the rising edge of the 
transfer clock. Figure 24 shows the 1/0 timing 
chart for the transfer clock signal and the 
data. 

The validity of the data contents cannot be 
assured when writing/reading the serial data 
register during data transfer. Therefore, 
write/read the serial data register after 
completing data transfer. 

Prescaler System Clock 
Clock Source Divide Ratio Divide Ratio 

Prescaler 2048 4096 

Prescaler 512 1024 

Prescaler 128 256 

Prescaler 32 64 

Prescaler 8 16 

Prescaler 2 4 

System clock 

External clock 

Serial Input Data 
Latch Timing I I I I I I I I 

Figure 24. Serial Interface I/0 Timing Chart 
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Selection of the Operation Modes: Table 
23 shows the operation modes of the serial 
interface. Set the serial mode register 
according to this table. 

Operating State of the Serial Interface: 
The serial interfaces provide 4 operation 
states (figure 25). 

When the serial interface has been initialized, 
the MCU is in transfer inhibit state in which 
STS instruction and the transfer clocks are 
both ignored. 

Set the enable bit of the serial interface to put 
the serial interface into the STS waiting state 
in which serial data transfer is available by 
executing STS instruction. Two serial inter
faces operate simultaneously with a single 
STS instruction when the enable bits of serial 
interfaces 1 and 2 are both set. 

In the SCK waiting state, the falling edge of 
the first transfer clock puts the serial inter
face into the transfer state, while the octal 
counter counts up and the serial data register 
shifts simultaneously. If the clock continuous 
output mode is selected, the serial interface 
stays in the SCK waiting state while contin
uously transmitting transfer clocks. 

Table 23. Serial Interface Operation 
Mode 

SMR1, SMR2 

Bit 2 Bit 1 Bit 0 Serial Interface Operation Mode 

0 0 Clock continuous output mode 

0 Transmit mode 

0 Receive mode 

Transmit/receive mode 

The octal counter is initialized to 000 by 8 
transfer clocks in the transfer state, and the 
serial interrupt request flag is set. When the 
internal transfer clock is selected, the MCU 
goes into the transfer inhibit state. When the 
external clock is selected, the MCU goes into 
the transfer clock waiting state. The octal 
counter is initialized to $000, transfer i$ 
suspended, and the interrupt request flag is 
set simultaneously by programming the serial 
mode register or serial clock register in the 
transfer state or the transfer inhibit state. 

An Example of Transfer Clock Error 
Detection: The serial interface malfunctions 
when the transfer clock is disturbed by 
external noise. In this case, the transfer clock 
error can be detected by the procedure 
shown in figure 26. 

If more than eight transfer clocks are applied 
by external noise in the SCK waiting state, 
the state of the serial interface shifts in the 
following sequence: first, transfer state (for 1 
to 7 transfer clocks), second, SCK waiting 
state (at 8th transfer clock), and third, back to 
transfer state. To set the serial interrupt flag 
again after resetting it, program the serial 
mode register to put the MCU into the STS 
waiting state. 
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702 

WritetoSMR 
(Bit 3 is reset) 
Write to SCA 

Transfer Clock Waiting 

State 
SMR Bit3 is reset 

( STS Instruction Disable) 
Octal Counter = 000 

Serial Transfer Inhibiting 
State 

(
STS Instruction Disable) 
Octal Counter= 000 
Transfer Clock Disable 

WritetoSMR 
(Bit 3 is reset) 1 

j Write to SMR 
(Bit3isreset) 

STS Waiting State 

( 
STS Instruction Enable 
Octal Counter =000 
Transfer Clock Disable 

Transfer Clock 

8 Transfer Clocks 
(External Clock) 

WritetoSMR, 
(Bit 3 is reset) 

8 Transfer Clocks 
(Internal Clock) 

WritetoSCR 

Transfer State 

(STS Instruction Disable) 
Octal Counter*OOO 

Figure 25. Serial Interface Operation State 

Transmit/Receive 

(IFS+-1) 

Interrupt 
Disable 

IFS+-0 

Programming 
SMR 

Normal End 

Yes 
Transfer Clock 

Error Processing 

Figure 26. Example of Transfer Clock Error Detection 
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PROM Mode Pin Description 

Table 24 and figure 27 describe the pin func
tions in PROM mode. 

Table 24. PROM Mode Signals 

Pin No. MCU mode 

g~:::: FP-64 FP-64A Symbol 1/0 

59 57 D11 1/0 

2 60 58 D12 1/0 

3 61 59 D13 1/0 

4 62 60 014 1/0 

5 63 61 D1s 1/0 

6 64 62 ROo 1/0 

7 1 63 R01 1/0 

8 2 64 1/0 

9 3 1 1/0 

10 4 2 Rlo 1/0 

11 5 3 R11 1/0 

12 6 4 1/0 

13 7 5 1/0 

14 8 6 R2o 1/0 

15 9 7 R21 1/0 

16 10 8 1/0 

17 11 9 1/0 

18 12 10 RAo 1/0 

19 13 11 RA1 1/0 

20 14 12 R3o/INT o 1/0 

21 15 13 R31/INT1 1/0 

22 16 14 R32/INT2 1/0 

23 17 15 R33/INT3 1/0 

24 

25 

26 

27 

28 

29 

30 

31 

32 

18 

19 

20 

21 

22 

23 

24 

25 

26 

1 7 R51/INT 5/Tl2 1/0 

20 R60/T03 1/0 

21 R6i/S02 1/0 

24 Vee 

PROM mode 

Symbol 1/0 

Vee 

As 

As 

As 

Ao 

A10 

Ai1 

Vpp 

A9 

Vee 

(Note) 1/0 : Input/Output Pins 
I : Input Pins 

0 : Output Pins 

Pin No. MCU mode 

g~:::: FP-64 FP-64A Symbol 1/0 

33 27 25 R40/SCK1 1/0 

34 28 26 R4i/Sl1 1/0 

35 29 27 R42/S01 1/0 

36 30 28 R43/Vref 1/0 

37 31 29 R7o 

38 32 30 R71 

39 33 31 

40 34 32 

41 35 33 R8o 

42 36 34 R81 

43 37 35 

44 38 36 

45 39 37 R9o 

46 40 38 

47 41 39 

48 42 40 

49 43 41 RESET 

50 44 42 

51 45 43 osc, 
52 46 44 

53 47 45 GND 

54 48 46 Do 

55 49 47 Di 

56 

57 

58 

59 

60 

61 

62 

63 

64 

50 

51 

52 

53 

54 

55 

56 

57 

58 

48 

49 

50 

51 Ds 

52 De 

53 

54 De 

55 D9 

56 D10 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

$HITACHI 

PROM mode 

Symbol 1/0 

RESET 

GND 

Oo 1/0 

01 1/0 

1/0 

1/0 

1/0 

Os 1/0 

Os 1/0 

1/0 

Vee 
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VPP (Program Voltage) 

Vpp is the input for the program voltage (12.5 
V ± 0.3 V) for programming the PROM. 

CE (Chip Enable) 

CE is the input for programming and verify
ing internal PROM. 

OE (Output Enable) 

OE is the input for the data output control 
signal for PROM verify. 

DC-64S, DP-64S_ 

Ao-A14 (Address Bus) 

Ao-A14 are address input pins for internal 
PROM. 

Oo-01 (PROM Data Bus) 

Oo-01 are the data bus for internal PROM. 

Mo, Mi (Mode) 

Mo and Mi set PROM mode. PROM mode is set 
when Mo, M1, and TEST pins are low level and 
RESET pin is high level. 

FP-64 

FP-64A Top View, No Symbol: Open 

704 

Figure 27. PROM Mode Pin Arrangement 
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Programmable ROM Operation 

The MCU on-chip PROM is programmed in 
PROM mode (figures 27-29). PROM mode is 
set by bringing TEST, Mo. and M1 low, and 
RESET high as shown in figure 28. In PROM 
mode, the MCU does not operate. It can be 
programmed like a standard 27256 EPROM 
using a standard PROM programmer and a 
64-to-28-pin socket adapter. Table 26 lists 
recommended PROM programmers and 
socket adapters. 

Since an instruction of the HMCS400 series 
consists of 10 bits, the HMCS400 series MCU 
incorporates a conversion circuit to enable 
use of a general-purpose PROM programmer. 
By this circuit, an instruction is read or pro
grammed using 2 addresses, lower 5 bits and 
upper 5 bits, as shown in figure 29. For 
example, if 8 kwords of on-chip PROM are 
programmed by a general-purpose PROM 
programmer, 16 kbytes of addresses ($0000-
$3FFF) should be specified. 

Programming And Verification 

The MCU can be high-speed programmed 
without causing voltage stress or affecting 
data reliability. 

Table 25 shows how programming and veri
fication modes are selected. 

Figure 30 is a programming flowchart, and 
figure 42 is a timing chart. 

Ehasing 

The PRO Ms in ceramic window 'packages can 

Table 25. PROM Mode Selection 

Pin 

Mode CE OE Vpp Oo-07 

Programming Low High Vpp Data input 

Verify High Low Vpp Data output 

Programming 
inhi ited High High Vpp High 

impedance 

be erased by ultraviolet light. All erased bits 
become ls. 

Erasing conditions are : ultraviolet (UV) light 
with wavelength 2537 A with a minimum 
irradiation of 15 W·s/cm'. These conditions 
are satisfied by exposing the LSI to a 12,000 
µW/cm 2 UV source for 15-20 minutes, at a 
distance of 1 inch. 

Precautions 

1. Addresses $0000 to $3FFF must be speci
fied if the PROM is programmed by a 
PROM programmer. If addresses of $4000 
or higher are accessed, the PROM may 
not be programmed or verified. Note that 
the plastic package type cannot be 
erased and reprogrammed. (Ceramic 
window packages can be erased and re
programmed by ultraviolet light.) Data in 
unused addresses must be set to $FF. 

2. Be sure that the PROM programmer, 
socket adapter and LSI lineup (pin 1 posi
tions match). Using the wrong program
mer or socket adapter may cause an over
voltage and damage the LSI (table 26). 
Make sure that the LSI is firmly fixed in 
the socket adapter, and that the socket 
adapter is firmly fixed in the programmer. 

3. The PROM should be programmed with 
Vpp=l2.5 V. Other PROMs use 21 V. If 21 V 
is applied to the MCU, the LSI may be 
permanently damaged. 12.5 V is Intel's 
27256 Vpp. 

~HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 705 



HD404418/HD4074418/HD4074408: 

706 

$0000 

$0001 

$001F 
$0020 

$007F 

$0080 

$1FFF 
$2000 

$3FFf 

$7FFF 

1 1 1 b114 

1 1 1 bit9 

Vector Address 

Zero-Page Subroutine 

(64 Words) 

Pattern 
(4096 Words) 

Program 

(81 92 Words) 

(Note) 

Not Used 

Three bits are not used 
(Set to 111) 

Vee 
Vee 

Vee 

Vpp 

~------f RA0/Vpp Address 
Ao-A14 

-----OE 

re----Cf 

GND 

Figure 28. PROM Mode Function Diagram 

b1t3 b1t2 bitl bitO 

~;:r ~~ii~ ~ $0000 0 
b1t8 bit7 b1t6 b1t5 JMPL Instruction 

1 (Jump to RESET Routine) 
r-~~--~~~--~~----i 

$GOOF 2 JMPL Instruction 

K 
$0010 3 (Jump to INTo Routine) 

---1 
4 JMPL Instruction 

$003F 5 (Jump to INT1 Routine) 

\ 
$0040 ---I 

6 JMPL Instruction 

7 (Jump to INT2/TIMER 1 Routine) 

$0FFF 8 JMPL Instruction 

\ODO 9 (Jump to SCJ,/TIMER2 Routine) 

10 JMPL Instruction 
$1 FFF 11 (Jump to SCl2/TIMER3 Routine) 
$2000 

~2 JMPL Instruction 

13 (Jump to INT3/TIMER4 Routine) 

14 JMPL Instruction 
\ 

(Jump to INT4/INT5 Routine) 
$3FFF 15~ 

Note: When reading this address space, $FF is output. 

Figure 29. PROM Mode Memory Map 
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$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

$0008 

$0009 
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$000F 
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Table 26. PROM Programmers and Socket Adapters 

PROM Programmer Socket Adapter 

Maker Type Name Maker Type Name Package 

DATA 1/0 228 Hitachi HS448ESS11H DP-64S 
298 DC-64S 

HS440ESF01H FP-64 

HS440ESF03H FP-64A 

AVAL Corp PKW-1000 Hitachi HS448ESS21H DP-64S 
DC-64S 

HS440ESF01H FP-64 

HS440ESF03H FP-64A 

Start 

Set Prag/Verify mode 
Vpp = 12.5 ± 0.3V, Vee= 6.0 ± 0.25V 

NOGO 
Address + 1 ~Address 

NO 

Set Read Mode 
Vee= 5.0 ± 0.5 V, Vpp =Vee± 0.6 V 

Fail 
NOGO 

Figure 30. High-Speed Programming Flowchart 
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ZTAT MCU On-Chip PROM Characteris
tics and Precautions 

Principles of Programming/Erasing: The 
ZTAT micros' memory cells are the same as 
an EPROM's. Therefore they are programmed 
by applying high voltage to control gates and 
drains, which injects hot electrons into the 
floating gate. They are stable, surrounded by 
an energy varrier of Si02 film. Such a cell 
becomes a 0 bit due to the memory threshold 
voltage change. A cell with no condensed 
electrons at its floating gate appears as a 1 bit 
(figure 31). 

The electron charge in memory cells may 

-----· / Control gate 
s102 1 r 
~ ====/ Floating gate 

Source ~~ 

( ~. J l fr 
Programming (0) 

decrease as time goes by. This can be caused 
by: 

· Ultraviolet light: discharged by photo
emitted electrons (erasure principle) 

· Heat: discharged by thermal emitted elec
trons 

· High voltage: discharged by a high electric 
field at the control gate or drain 

If the oxide film covering a floating gate is 
defective, the erasure rate is great. Normally, 
electron erasure does not occur, because such 
defective devices are found and removed 
during testing. 

Erasing (1) 

Control gate 

Floating gate 

Drain 

Figure 31. Cross-section of EPROM Memory Cell 
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Programming Precautions: The EPROM 
memory cells should be programmed under 
specific voltage and timing conditions. The 
higher the program voltage and the longer 
the program pulse is applied, the more elec
trons will be injected into the floating gate. 
However, if an overvoltage is applied to Vpp, 
the p-n junction may be permanently 
damaged. Pay particular attention to PROM 
programmer overshoot. Negative voltage 
noise will cause a parasitic transistor effect, 
which may reduce break-down voltage. 

The ZT AT micros are connected electrically 
to the PROM programmer through a socket 
adapter. Therefore, pay attention to the fol
lowing: 

· Confirm that the socket adapter is firmly 
fixed on the PROM programmer. 

· Do not touch the socket adapter or the LSI 
during programming. 

· Misprogramming can be caused by poor 
contacts. 

On-Chip EPROM Reliability after Pro
gramming: Generally, semiconductors are 
reliable except for initial failures. Parts can be 
screened to avoid failures. Exposure to high 
temperature is a kind of screening which 
removes PROM memory cells with data hold 
failures in a short time. This is done to the 
ZTATs in the wafer stage, so ZTAT data hold 
charcteristics are high. Exposing the LSI to 
150°C after user programming can effectively 
upgrade these characteristics. Figure 32 
shows the recommeded screening flow. 

Programming 
Verification 

I 
Exposure in high temperature 
without applying any power 

1 50 C ± 1 O'C, 48Hr + 8Hr• 
- OHr 

I 
Confirmation of reading 
Vee= 4.5Vor5.5V 

*Exposure time is the time after the temperature 
in heater reaches 1 50'C. 

Note: If programming errors occur continuously during programming with one PROM programmer, stop pro
gramming and check the PROM programmer or socket adapter. 

If trouble occurs in verification after programming, or after exposure to high temperatures, please inform a 
Hitachi engineer. 

Figure 32. Recommended Screening Flow 
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RAM Addressing Mode 

As shown in figure 33, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: Contents of 
registers W, X, and Y (10 bits) are used as the 
RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 addresses; from $040 to $04F) 
is accessed by executing the LAMR and 
XMRA instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four kinds of ROM addressing 
modes, as shown in figure 34. 

Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PCo) with the 
14-bit immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 

When BR instruction is on a page boundary 
(256n + 255) (figure 35), executing a BR 
instruction transfers the PC contents to the 
next page according to the hardware archi
tecture. Consequently, the program branches 
to the next page when BR is used on a page 
boundary. The HMCS400-series cross macro 
assembler has an automatic paging facility 
for ROM pages. 

Zero-Page Addressing Mode: By execut
ing a CAL instruction, the program can 
branch to the zero-page subroutine area, 
which is located at $0000-$003F. When a CAL 
instruction is executed, 6 bits of immediate 
data are placed in the low-order 6 bits of the 
program counter (PC5 to PCo) and Os are 
placed in the high-order 8 bits (PC13 to PCs). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and 
register B. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 36). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and register B. 
When bit 9 is 1, 8 bits of ROM data are written 
into the Rl and R2 port data registers. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and register B and also 
to the Rl and R2 port data registers at the 
same time. 

The P instruction has no effect on the pro
gram counter. 
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Register W Register X Register Y 

W1 Wo XJ X2 X1 Xo VJ Y2 Y1 Yo 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

Opcode 

RAM Address APs APa AP1 AP6 AP5 AP. APJ AP2 AP1 APo 

Direct Addressing 

Instruction 

Memory Register Addressing 

Figure 33. RAM Addressing Modes 
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(JMPL) 
(BRL) 
(CALL) 

(TBR) 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC4 PC3 PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 bs bs b4 b3 b2 b1 bo 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC4 PC3 PC2 PC1 PCo 

Current Page Addressing 

Instruction 

(CAL) Opcode as a4 a3 a2 a1 ao 

0000000 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC4 PC3 PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

Opcode p3 p2 p1 po Register B Accumulator 

0 0 

Program Counter PC13PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC4 PC3 PC2 PC1 PCo 

Table Data Addressing. 

Figure 34. ROM Addressing Mode 
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Jt----=::-:--:-:----1256 (n 1) t 255 
r-t- BR AAA 256n 

>-AAA NOP 

'-;- BR AAA 

[

,--+. BR BBB 

BBB NOP 

256n + 254 
256n + 255 
256 (n + 1) 

Figure 35. Branch Destination of BR Instruction on the Boundary between Pages 

Instruction 

(Pl Opcode p3 p2 p1 Register B Accumulator 

Referred ROM Address RAe RA1 RAs RAs RA• RAJ RA2 RA1 RAo 

Address Designation 

If ROe=1 

I 

ROM Data ROs ROe R01 ROs ROs RO• 

Output Register R 1 , R2 If ROs=1 

Pattern 

Figure 36. P Instruction 
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Instruction Set 6. Compare instructions 
7. RAM bit manipulation instructions 

The MCU provides 101 instructions which are 
classified into 10 groups as follows: 

1. Immediate instructions 
2. Register-to-register instructions 

8. ROM address instructions 
9. Input/output instructions 

10. Control instructions 

3. RAM address instructions 
4. RAM-register instructions 

Tables 27-36 list their functions, and table 37 
is an opcode map. 

5. Arithmetic instructions 

Table 27. Immediate Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 0 0 0 i3 i2 ii io i •A 1/1 

load B from Immediate LBI i 0 0 0 0 0 i3 i2 ii io i • B 1/1 

load Memory from LMID i,d 0 0 0 i3 i2 ii io i·M 2/2 
Immediate dg da d1 de ds d4 d3 d2 di do 

load Memory from LMllY i 1 0 1 0 0 1 i3 i2 i1 io i •M, Y+1-•Y NZ 1/1 
Immediate, Increment Y 

Table 28. Register-to-Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B ·•A 1/1 

load B from A LBA 0 0 0 0 0 0 0 A • B 1/1 

Load A from W LAW 0 1 0 0 0 0 0 0 0 0 W •A 2/2 
0 0 0 0 0 0 0 0 0 0 (Note) 

load A from Y LAY 0 0 0 0 l y •A 1/1 

load A from SPX LAS PX 0 0 0 0 0 0 0 SPX --·A 1/1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY • A 1/1 

Load A from MR LAMR m 0 0 m3 m2 m1 mo MR(m) ·A 1 /1 

Exchange MR and A XMRAm 0 m3 m2 m1 mo MR(m) - A 1/1 

Note: An operand is automatically provided for the second word of LAW and LWA instruction by 
assembler. 
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Table 29. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWI i 0 0 0 0 ;, io ; ~w 1/1 

Load X from Immediate LXI i 0 0 0 0 i3 i2 i1 io i . x 1 /1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 i1 io i • y 1 /1 

Load W from A LWA 0 0 0 0 0 0 0 0 A •W 2/2 
0 0 0 0 0 0 0 0 0 0 (Note) 

Load X from A LXA 0 0 0 0 0 0 A • x 1/1 

Load Y from A LYA 0 0 0 0 0 0 A •Y 1/1 

Increment Y IV 0 0 0 0 0 0 Y+1 • y NZ 1/1 

Decrement Y DY 0 0 0 Y-1 .y NB 1/1 

Add A to Y AYY 0 0 0 0 0 0 0 Y+A •Y OVF 1/1 

Subtract A from Y SYY 0 0 0 0 0 0 Y-A •Y NB 1/1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1/1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y - SPY 1/1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 X-SPX, Y-SPY 1/1 
and SPY 

Note: An operand is automatically provided for the second word of LAW and LW A instruction by the 
assembler. 
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Table 30. RAM-Register Instructions 

Operation 

Load A from Memory 

Load A from Memory 

Load B from Memory 

Load Memory from A 

Load Memory from A 

Load Memory from A, 
Increment Y 

Load Memory from A, 
Decrement Y 

Exchange Memory and A 

Exchange Memory and A 

Exchange Memory and B 

Mnemonic Operation Coda Function 

LAM(XY) 0 0 0 0 0 0 y x M - A, 
(X-SPX, Y-SPY) 

LAMD d 0 0 0 0000 M-A 

LBM(XY) 0 0 0 0 0 0 0 y x M - B, 
(X-SPX, Y-SPY) 

LMA(XY) 0 0 0 0 0 y x A - M, 
(X-SPX, Y-SPY) 

LMAD d 0 1 0 0 0 0 0 A- M 

LMAIY(X) 000101000x A-•M,Y+1-Y 
(X-SPX) 

LMADY(X) 0 0 0 OOOx A-•M,Y-1-Y 
(X-SPX) 

XMA(XY) 0 0 0 0 0 0 0 y x M - A, 
(X-SPX, Y-SPY) 

XMAD d 0 0000000 M-A 

XMB(XY) 0 0 1 1 0 0 0 0 y x M - B, 
(X-SPX, Y-SPY) 

Note: (XY) and (X) have the following meaning: 

Words/ 

Status Cycles 

1/1 

2/2 

1/1 

1/1 

2/2 

NZ 1/1 

NB 1/1 

1/1 

2/2 

1/1 

( 1 ) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 
LAM (XY) is given below). 
The op-code X or Y is assembled as follows: 

Mnemonic Y X Function 

LAM 0 0 

LAMX 0 X - SPX 

LAMY 0 Y- SPY 

LAMXY X-SPX, Y-SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 
The op-code Xis assembled as follows: 

Mnemonic x Function 

LMAIY 0 

LMAIYX X- SPX 

@HITACHI 
716 Hitachi America Lid. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD404418 /HD4074418 /HD4074408 

Table 31. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMO d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n : Logical AND 
U : Logical OR 
(±): Exclusive OR 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

0 

0 0 0 0 0 

0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 00000 A+ 

0 0 000000 B•B 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 •CA 

0 0 0 0 0 O 4 CA 

0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 000 M+A-·A 

0 0 0 0 0 1 1 0 0 0 M + A + CA -· A 
OVF •CA 

0 1 0 0 0 1 1 0 0 0 M + A + CA • A 
dg ds d1 d5 ds d4 d3 dz d, do OVF 4 CA 

0 0 1 0 0 1 1 0 0 0 M - A - CA -· A 
NB ·CA 

0 1 1 0 0 1 1 0 0 0 M. - A - CA -· A 
dg ds d1 d5 ds d4 d3 dz d, do NB -· CA 

0 0 0 0 0 

0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 

~HITACHI 

Words/ 

Status Cycles 

OVF 1 /1 
------------

NZ 1 /1 

NB 1 /1 

1 /1 

1 /1 

1/1 

1 /1 

1 /1 

1 /1 

1/1 

1 /1 

CA 1 /1 

OVF 1 /1 

OVF 2/2 

OVF 1 /1 

OVF 2/2 

NB 1/1 

NB 2/2 

1I1 

NZ 1 /1 

NZ 2/2 

NZ 1 /1 

NZ 2/2 

NZ 1 /1 

NZ 2/2 
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Table 32. Compare Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 i3 i2 i1 io i * M NZ 1 /1 
to Memory 

Immediate Not Equal INEMO i,d 0 1 0 0 1 0 i3 i2 ii io i * M NZ 2/2 
to Memory ds ds d1 d5 ds d4 d3 d2 di do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 0 0 A*M NZ 1/1 

A Not Equal to Memory AMEMO d 0 0 0 0 0 0 0 0 A*M NZ 2/2 
ds ds d1 d5 ds d4 d3 d2 di do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B*M NZ 1 /1 

Y Not Equal to Immediate YNEI i 0 0 0 i3 i2 i1 io y * i NZ 1/1 

Immediate Less or Equal ILEM i 0 0 0 0 i3 i2 i1 io i ~ M NB 1/1 
to Memory 

Immediate Less or Equal ILEMO i,d 0 1 0 0 1 1 i3 i2 i1 io i;;;; M NB 2/2 
to Memory ds ds d1 d5 ds d4 d3 d2 di do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A :> M NB 1/1 

A Less or Equal to Memory ALEMO d 0 0 0 0 0 0 0 A:> M NB 2/2 
ds ds d1 d5 ds d4 d3 d2 d1 do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B :> M NB 1/1 

A Less or Equal to Immediate ALEI i 0 0 i3 i2 i1 io A;:;;; i NB 1/1 

Table 33. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n, no -· M(n) 1/1 

Set Memory Bit SEMO n,d 0 0 0 0 0 n1 no -· M(n) 2/2 
ds ds d7 d5 ds d4 d3 d2 d 1 do 

Reset Memory Bit REM n 0 0 0 0 0 0 n1 no 0 -•M(n) 1/1 

Reset Memory Bit REMO n,d 0 0 0 0 0 n1 no 0 ~ M(n) 2/2 
d9 ds d1 d5 d5 d4 d3 d2 d 1 do 

Test Memory Bit TMn 0 0 0 0 0 n, no M(n) 1/1 

Test Memory Bit TMD n,d 0 0 0 0 n1 no M(n) 2/2 
ds ds d1 d5 ds d4 d3 d2 d1 do 
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Table 34. ROM Address Instructions Words/ 
Operation Mnemonic Operation Code Function Status Cycles 

Branch on Status 1 BR b b1 be bs b4 b3 b1 b, bo 1/1 

Long Branch on Status 1 BAL u 0 0 1 1 1 P3 P2 P1 PO 2/2 
ds ds d1 de ds d4 dJ d1 d, do 

Long Jump Unconditionally JMPL u 0 1 0 1 0 1 P3 P2 P1 Po 2/2 
ds ds d1 de ds d4 d3 d1 d, do 

Subroutine Jump on Status 1 CAL a 0 as a4 a3 a1 a, ao 1/2 

Long Subroutine Jump on CALL u 0 0 1 0 P3 P2 P1 Po 2/2 
Status 1 ds ds d1 d6 ds d4 dJ dz d, do 

Table Branch TBA p 0 0 0 P3 P2 P1 Po 1 /1 

Return from Subroutine RTN 0 0 0 0 0 0 0 0 0 1/3 

Return from Interrupt RTNI 0 0 0 0 0 0 0 0 1 ~l/E ST 1/3 
CA Restore 

Table 35. Input/Output Instructions Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Discrete 1/0 Latch SED 0 0 1 ' 0 0 1 0 0 • D(Y) 1/1 

Set Discrete 1/0 Latch Direct SEDD m 0 0 m3 m2 m1 mo • D(m) 1 /1 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 0 • O(Y) 1/1 

Reset Discrete 1/0 Latch Direct REDD m 0 0 0 m3 m2 m1 mo 0 ·• D(m) 1 /1 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 D(Y) 1 /1 

Test Discrete 1/0 Latch Direct TDD m 0 0 0 m3 m2 m1 mo D(m) 1 /1 

Load A from R Port Register LAR m 0 0 0 m3 m2 m1 mo R(m) 4 A 1/1 

Load B from R Port Register LBR m 0 0 0 0 m3 m2 m1 mo R(m) - B 1 /1 

Load R Port Register from A LAA m 0 0 m3 m2 m1 mo A - R(m) 1 /1 

Load R Port Register from B LAB m 0 0 0 m3 m2 m1 mo B 4 R(m) 1/1 

Pattern Generation Pp 0 0 P3 P2 P1 Po 1/2 

Table 36. Control Instructions Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 1 /1 

Start Serial STS 0 0 0 0 0 0 0 1 /1 

Standby Mode SBY 0 0 0 0 0 0 1 /1 

Stop Mode STOP 0 0 0 0 0 1 /1 
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Table 37. Opcode Map 

~ RS 0 1 

R9 ~ o 1 213 4 5IsI1 a sIAIB c oIE F 0 1 I 2 I 3 4 5 I 6 I 7 8 9 I AI B c DIE I F 

NOP~~~~~ AM~ ORM --- LAW ~ ~~ --- ~Mtj---- ~RD ---0 

1 RTNRTNlz~l.EM~ ~Mq~ ~ --- LWA --- ~LE~ rAM --- fEOR ~ MD CD MD 

2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBM(XY) ~ 

------
LAB --- IB~ co~ MB OR --- STS~ SBYT~ 

5 LMAIY(XJL AYY --- ~ --- IV~ JMPL p(4) 

6 ~~--- RED 

----- ~ --- TC CALL p(4) 

0 7 YNEI i(4) BRL p(4) 

8 XMA(XY) SEM n(2) REM n(2) TM n(2) H _ __- SEMO n(2) REMO n(2) TMD n(2) 

9 LAM(XY) LMA(XY) M9____ NM ---~ ~-----M---~w __-
AET?T ---- }~----joA~ ---- LAY 

LMID i(4) 

B TBA p(4) p p(4) 

c XMB(XY) ~LEM ~ LBA ---- DB 

D LMADYIXIZ SY\'1 ---- LYA ---- DY 

ETD~ --- ~RECJZ 
CAL a(6) 

SEO LXA SEC 

F LWI i(2) 

0 LBI i(4) 

1 LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

~ 5 LAA m(4) 

6 REDD m(4) 

1 7 LAMA m(4) BR b(8) 

8 Al i(4) 

9 LMllY i(4) 

A TDD m(4) 

B ALEI i(4) 

c LRB m(4) JL] 
D LAA m(4) JL 
E SEDD m(4) 

F XMRA m(4) 

~:::::::::::::J··1-word/2-cycle c:J···1-word/3-cycle c:::J···RAM Direct Address C::::::::···2-word/2-cycle 
Instruction Instruction Instruction Instruction 

(2-word/2-cycle) 
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Absolute Maximum Ratings 

Item Symbol Value Unit Note 

Supply voltage Vee -0.3 to +7.0 v 
Programming voltage Vpp -0.3 to +14.0 v 2 

Pin voltage -0.3 to Vee +0.3 v 

-0.3 to + 1 5.0 v 3 

Total allowance of input currents 100 mA 4 

Total allowance of output currents 50 mA 5 

Maximum input current 4 mA 6, 7 

6 mA 6, 8 

30 mA 6, 9 

Maximum output current -lo 4 mA 10, 11 

Operating temperature Topr -20to+75 'C 

Storage temperature Tst9 -55 to +125 ·c 

Storage temperature (when bias) T bias -25 to +80 ·c 12 

Notes: 1. Permanent damage may occur if "Absolute Maximum Ratings" are exceeded. Normal 
operation should be under the conditions of "Electrical Characteristics". If these conditions 
are exceeded, it may cause the LSI to malfunction or affect the reliability of LSI. 

2. Applies to RAo (Vpp) of HD407441B and HD4074408. 
3. Applies to the high-voltage pins (RB, R9) of HD407440B. 
4. Total allowance of input currents is the total sum of input current which flow in from all I/ 

0 pins to GND simultaneously. 
5. Total allowance of output currents is the total sum of the output current which flow out 

from Vee to all 1/0 pins simultaneously. 
6. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
7. Applies to RO to R6. 
B. Applies to RB to RA. 
9. Applies to Do to Dis. 

10. Maximum output current is the maximum amount of output current from Vee to each 1/0 
pin. 

11. Applies to Do-Dis, RO-R6, RB, and R9 of HD404418 and HD4074418, or Do-Dis, RO
R6 of the HD4074408. 

1 2. Applies to H D407 44 1 8 and H D407 4408. 
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Electrical Characteristics 

DC Characteristics (Vee = 4.5 to 5.5 V, GND 0 V, Ta - 20 'C to + 75 'C, unless 
otherwise specified) 

Value 

Item SymbolPin Name Min Typ Max Unit Test Conditions Note 

Input high voltage V1H RESET, 0.85Vcc Vcc+0.3 v 

INTo, INT1, 0.8Vcc Vcc+0.3 v 
INTz, INT3, 
INT4, INT5, 
SCK1, SCKz, 

TI,, Tl2 0.8Vcc Vcc+0.3 v 

Sl1, Sl2 0.8Vcc Vcc+0.3 v 

OSC1 Vee-0.5 Vcc+0.3 v External Clock Operation 

Input low voltage V1L RESET, -0.3 0.15Vcc v 

INTo, INT1, -0.3 0.2Vcc v 
INT2, INT3, 
INT4, INTs. 
SCK1, SCK2. 

TI,, Tl2 -0.3 0.2Vcc v 

Sl1, Sl2 -0.3 0.2Vcc v 

osc, -0.3 0.5 v External Clock Operation 

Output high voltage VoH SCK1, S01, Vee-1.0 v -loH = 1 .0 mA 
SCK2, S02, 
TO,, TOz, Vee-0.3 v -loH = 0.01 mA 
T03 

Output low voltage VoL SCK1, S01, 0.4 v IOL = 1.6 mA 
SCKz, S02. 
T01, T02, 
T03 

Input/output leakage l i1L I RESET, OSC1, µA V;n = 0 V to Vee 
current INTo, INT1, 

INT2, INT3, 
INT4, INTs, 
TI,, Tl2, 
SCK1, Sl1, 
SCK2, Sl2 

Current dissipation in Ice Vee 4 8 mA Vee = 5 V 2, 5 
active mode R7 digital input mode 

fosc = 8 MHz 

le MP 7 12 mA Vee = 5 V 3 
R7 analog input mode 
fosc = 8 MHz 

Current dissipation in lssv Vee 2 4 mA Vee = 5 V, fosc = 8 MHz 4, 5 
standby mode 

Current dissipation in I stop Vee 10 µA V;n(TEST) = Vee to Vee - 0.3 V 
stop mode V;n(RESET) = 0 to 0.3 V 

Stop mode Vstop Vee 2 v 
retain voltage 
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Notes: 1. Pull-up MOS and output buffer current are excluded. 
2. The MCU is in the reset state. The input/output current does not flow. 

Test Conditions: MCU state: •Reset state 
Pin state: •RESET, TEST···Vcc 

3. The source power when 1/0 current does not flow with all pins of R7 in the analog input 
mode. 
Test condition: •V,.1,R7o-R73···GND 

4. The timer operates with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state: •Standby Mode 

•Input/Output: Reset state 
•Timer: +2 prescaler divide ratio 
•Serial Interface: Stop 

Pin state: • RESET···GND 
•TEST···Vcc 
• Do-D1s, RO-RA···Vcc 

5. When fosc=x [MHz]. the current dissipation in operation mode and standby mode are 
estimated as follows: 

max. value (fosc = x [MHz]) = i x max. value (fosc = 8) 

When fosc is less than 1 [MHz]. current dissipation is sometimes more 
than estimated. 

Input/Output Characteristics for Standard Pin 

(Vee = 4.5 to 5.5 V, GND = 0 V, Ta= -20°C to +75"C, unless otherwise specified.) 

Value 

Item Symbol Pin Name Min Typ Max Unit Test Conditions Note 

Input high voltage V1H RO-RA 0. 7Vcc Vcc+0.3 v 

Input low voltage V1L RO-RA -0.3 0.3Vcc v 

Output high voltage VoH RO-R6, RB, R9 Vcc-1.0 v -loH = 1.0mA 

RO-R6, RB, R9 Vcc-0.3 v -loH = 0.01 mA 

Output low voltage VoL RO-R6, RB-RA 0.4 v IOL = 1.6 mA 

Input/output I l1L I µA V;n = 0 V to Vee 2,3 

leakage current 10 µA V;n = 0 V to Vee 2,4 

Pull-up MOS current -Ip RO-R6 15 120 µA Vcc=5 V, V;n=O V 5 

Input high voltage V1HA R7(Analog Vret+0.1 Vce-1 .2 v 
compare mode) 

Input low voltage V1LA R7(Analog 0 v,.1-0.1 v 
compare mode) 

Analog input Vref Vref 0 Vce-1.2 v 
reference voltage 
scope 

Notes: 1. Does not apply to R8, R9 of the HD4074408. 
2. Pull-up MOS and output buffer current is excluded. 
3. Applies to RO-RA of the HD404418, RO-R9 and RA1 of the HD4074418, RO-R7 and RA1 

of the HD4074408. 
4. Applies to RAo of the HD4074418, HD4074408. 
5. Applies to H 040441 8 pins which were specified as with pull-up MOS via mask option. 
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Input/Output Characteristics for High-Current Pins 

(Vee = 4.5 to 5.5 V, GND = 0 V, Ta = -20°C to +75°C, unless otherwise specified) 

Value 

Item Symbol Pin Name Min Typ Max Unit Test Conditions NOIB 

Input high voltage V1H Do-Dis 0.7Vcc Vce+0.3 v 
Input low voltage V1L Do-Dis -0.3 0.3Vcc v 
Output high voltage VoH Do-D15 Vcc-1.0 v -loH = 1.0 mA 

Do-Dis Vec-0.3 v -loH = 0.01 mA 

Output low voltage VoL Do-D15 1.5 v loL = 10 mA 

Input/output leakage I 11LI Do-015 µA \/;n = 0 V-Vcc 
current 

Pull up MOS current -Ip Do-D15 15 120 µA Vee = 5 V, \/;n = 0 V 2 

Notes: 1. Pull-up MOS and output buffer current are excluded. 
2. Applies to H 040441 8 pins which are specified as with pull-up MOS via ·mask option. 

Input/Output Characteristics for High-Voltage Pins 

(Vee= 4.5 to 5.5 V, GND = 0 V, Ta= -20°C to +75°C, unless otherwise noted). 

Value 

Item Symbol Pin Name Min Typ Max Unit Test Conditions NOl8 

Input high voltage V1H R8, R9 0.7Vcc 12.8 v 
Input low voltage V1L R8, R9 -0.3 0.3Vcc v 
Output high voltage VoH R8, R9 11 v 7.5 kO to 12 V 

Output low voltage VoL R8, R9 0.4 v loL = 1.6 mA 

Input/output leakage I liL I R8, R9 10 µA V;n = 0 V-12.8 V 
current 

Note: 1 . Applies to the HD4074408. 
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AC Characteristics 
(Vee= 4.5 to 5.5 V, GND = 0 V, Ta = -20°C to +75°C, unless otherwise specified} 

Value 

Items Symbol Pin Name Min Typ Max Unit Test Conditions Note 

~ 
Oscillation frequency fosc OSC1, OSC2 0.4 8 9.0 MHz 

O~o Instruction cycle tcyc 0.89 20 µS _ ........ 
"' (J "' time ti) "E:;:: 
~co ~ 
u ffi 0 Oscillator stabilization tRe OSC1. OSC2 20 ms 

(J 
time 

External clock fep OSC1 0.4 9.0 MHz 2 
frequency 

c: External clock tePH osc, 41 ns 2 
0 high level width . ., 
~ 
Q) 

External clock osc, 41 2 a. tcPL ns 
0 low level width 
-"' 
(J 
0 

External clock c::; tep, OSC1 20 ns 2 
co rise time 
c: 
lii External clock tept osc, 20 ns 2 x w fall time 

Instruction cycle tcyc 0.89 20 µs 2 
time 

External interrupt signal t1H INTo. INT1. 2 tcyc 3 
high level width INT2, INT3, 

INT4, INT5 

External interrupt signal t1L INT0, INT1. 2 tcyc 3 
low level width INT2. INT3, 

INT4, INT5 

Timer input high level width fTH TI,, Tl2 2 tcyc 3 

Timer input low level width tTL TI,, Tl2 2 tcyc 3 

RESET high level width 1RSTH RESET 3 tcyc 4 

Input capacitance C;n 70 pf f=lMHz, \/;n=OV 5 

15 pf f=lMHz, \/;n=OV 6 

RESET fall time tRSTI 20 ms 4 

Analog comparator stabiliz- tesra R7 (In analog 2 tcyc 7 
ation time input mode) 

Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches 4.5 V 
at power-on, or after RESET input level goes high after resetting to leave the stop mode. 
When using crystal or ceramic filter oscillator, please check the crystal oscillator stabilization 
time, since it depends on the circuit constant and stray capacitance. · 

2. See figure 37. 
3. See figure 38. 
4. See figure 39. 
5. Applies to RAo of H'D4074418, HD4074408. 
6. Applies to all input pins of HD404418 and input pins except for RAo of HD4074418, 

HD4074408. 
7. Analog comparator stabilization time is the time until the analog comparator stabilizes to 

read precise data after R7 goes into the analog input mode . 
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Serial Interfac~ Timing Characteristics 

(Vee = 5 V ± 10 %, GND = 0 V, Ta = -20'C to +75'C, unless otherwise specified) 
At Transfer Clock Output 

Value 

Item Symbol Pin Name Min Typ Max Unit Test Conditions Note 

Transfer clock cycle time tscyc SCK1, SCK2 tcyc 1, 2 

Transfer clock high tscKH SCK1. SCK2 0.5 ts eye 1, 2 
level width 

Transfer clock low tscKL SCK1. SCK2 0.5 ts eve 1, 2 
level width 

Transfer clock rise time tscKr SCK1. SCK2 100 ns 1, 2 

Transfer clock fall time tscK1 SCK1. SCK2 100 ns 1, 2 

Serial output data to so so,, S02 250 ns 1, 2 
delay time 

Serial input data set-up tss1 Sl1. Sl2 300 ns 
time 

Serial input data hold tHSI SI,, Sl2 150 ns 
time 

At Transfer Clock Input 

Value 

Item Symbol Pin Name Min Typ Max Unit Test Conditions Note 

Transfer clock cycle tscvc SCK1. SCK2 tcyc 
time 

Transfer clock high tscKH SCK1, SCK2 0.5 ts eye 
level width 

Transfer clock low tscKL SCK1, SCK2 0.5 ts eye 
level width 

Transfer clock rise time tscKr SCK1. SCK2 100 ns 

Transfer clock fall time tscKt SCK1, SCK2 100 ns 

Serial output data toso so,, S02 250 ns 1, 2 
.delay time 

Serial input data set-up tss1 Sl1, Sl2 300 ns 
time 

Serial input data hold tHSI Sl1, Sl2 150 ns 
time 

. Notes: 1. See figure 40 . 
2. See figure 41 . 
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tcPr tcPt 

Figure 37. External Clock Timing 

INTo. INT,, 0.8Vcc 
INT2, INT3 , 0.2Vcc 
INT,, INT5 , 

Tl,, Tl2 

Figure 38. Interrupt and Timer Input Timing 

tRSTI 

Figure 39. Reset Timing 
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SCK, Vee-2.0V(0.8Ved* 
SCK, 0.8 V (0.2 Ved' 

•Vee - 2.0V and 0.8 V are the threshold voltages for transfer clock output. 
0.8 Vee and 0.2 Vee are the threshold voltages for transfer clock input. 

Figure 40. Timing Diagram of Serial Interface 

Figure 41. Timing Load Circuit 
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Programming Electrical Characteristics 

DC Characteristics 
(Vcc=6 V ± 0.25 V, Vpp=l2.5 V ± 0.3 V, Vss=O V, Ta=25°C ± 5°C, unless otherwise 
noted.) 
Item Symbol Min 

V1H 2.2 

Input low voltage Oo-07, Ao-A14, OE, CE V1L -0.3 
-------

Output high voltage Oo-01 VoH 
--- ~-·---·-----·----

Output low voltage 

Input leakage current Oo-01, Ao-A14, OE, CE 

Vee current 

Vpp current 

AC Characteristics 

VoL 

llul 

Ice 

lpp 

2.4 

Typ Max Unit Test Conditions 

Vee+0.3 v 
0.8 v 

·--·------

v loH = -200 µA 

0.4 v loL = 1 .6 mA 

2 µA \Xn = 5.25 V/0.5 V 

30 mA 

40 mA 

(Vcc=6 V ± 0.25 V, Vpp=l2.5 V ± 0.3 V, Ta=25°C ± 5°C, unless otherwise noted.) 
Item Symbol Min Typ Max Unit Test Conditions 

Address set-up time tAS 2 µS Figure 42 

OE set-up time to ES 2 µs (Note) 

Data set-up time tos 2 µS 

Address hold time tAH 0 µs 

Data hold time toH 2 µS 

Output disable delay time toF 130 ns 

Vpp set-up time tvps 2 µS 

Program pulse width tpw 0.95 1 .0 1.05 ms 

CE pulse width when overprogramming topw 2.85 78. 75 ms 

Vee set-up time tvcs 2 µS 

Data output delay time toE 0 500 ns 

Note: Input pulse level· 0.8 to 2.2 V 
Input rising/falling time ~ 20ns 

Timing reference level {input : 1.0 V, 2.0 V 
output : 0.8 V, 2.0 V 

p rogram v 'f en y 

Address """) 
_J DL_ 

tAs J o 
Data Data In Stable 

I- Data Out Valid 

Vpp 

Vee 

CE 

OE 

Vrp 
Vee 

Vee 

GND 

tos toH 

---'t._ tvps 

tves 

~ to Es J toE 

] 

~ ""! 

Figure 42. PROM Program/Verify Timing 
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Differences between HD404418 and HD4074418 (HD4074408) 

Item 

Input/Output Leakage 
Current 

Input Pin Capacitance 

1/0 Option 

Timer Option 

High-voltage 
Port Version 
(RS, R9) 

HD4074418 CZTATI 
HD4074408 (ZTATI HD404418 (Mask ROM) 

RAoNPP 1 0 µA max All standard pins 1 µA max 
Other standard pins 1 µA max 

RAoNPP 
Other pins 

70 pF max All pins 15 pF max 
15 pF max 

No 
All pins are without pull-up 
MOS 

No 
One of two options provided for 
each product can be selected 

Yes 
(HD4074408) 

Yes 
With pull-up MOS can be 
specified (Do-015, RO-R6, except R43) 

Yes 
Free-running timer, watchdog timer 

No 

Precaution The HD404418 differs from HD4074418 (HD4074408) in chip design and 
manufacturing process. Be careful when using the HD4074418 (HD4074408) 
system for the HD404418 since characteristic values are not exactly the same 
though guaranteed values are identical. 
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HD404418 Mask Option List 

5 V Operation : • HD404418 

( 1 ) 1/0 Option 

Please enter 0 in applicable item for 1/0 option selection. 
A: Without Pull-Up MOS B: With Pull-Up MOS 
C: NMOS Open Drain 

Pin 
1/0 Option 

A B C 
Input/Output 

Do Input/Output 

D, Input/Output 

D2 Input/Output 

Input/Output 

D4 Input/Output 
w l---'-----'-----l---+---t+8%:,:,:i1 

t--D_5 __ --j £ Input/Output 

t--D_6 __ --j c Input/Output 

e I D1 :; Input Output 

t--D_s __ --j ~ Input/Output 

Ds .Ql Input/Output 
t------iI t----------j--+----'4<44444441 

D10 

D,1 

D,2 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

R3 

R4 

R5 

R6 

Date of Order 

Customer 

Dept. 

Name 

ROM Code Name 

LSI Type Number 
(Hitachi's entry) 

Note 11/0 options masked by~ are not available.) 

Pin Input/Output 
1/0 Option 

A B C 

R3o Input/Output 

R31 Input/Output 

R32 Input/Output 

R33 Input/Output 

R4o Input/Output 

R41 Input/Output 

R42 Input/Output 

R43 Input/Output 

R5o Input/Output 

R51 Input/Output 

R 52 Input/Output 

R53 Input/Output 

R6o ~ Input/Output 
~ t----------+--+---+-~~ 

R61 ci Input/Output 
m 

R62 1! lnput/_O_u_t_p_u_t ---+---+--~mi?l 
R63 ~ Input/Output 

t-----~-~-------t----'----~~"LL.jf-~-t----4 

R7o Input 

R7 
R7 1 Input 

ROo Input/Output R]z Input 

RO 
R01 Input/Output R73 Input 

R02 Input/Output R8o Input/Output 

R81 Input/Output 

R82 Input/Output 

R03 Input/Output 

R 1 o ~ Input/Output 
~ t-----'------t--+---1;4;'4%~1 

RS 

R83 Input/Output 
---t---!777?m??t;'i?m7,?,1 

R9o Input/Output 

R 11 ci Input/Output 
m 

R 12 1! Input/Output 
R1 

R91 Input/Output R 1 3 ~ Input/Output 
>----+----< R9 

R2o Input/Output R92 Input/Output 

R2 
R21 Input/Output R93 Input/Output 

R22 Input/Output 
RA 

RAo Input/Output 

R23 Input/Output RA1 Input/Output 

@HITACHI 
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(2) Package 

Package 

D DP-645 (shrink package) 

D FP-64 

D FP-64A 

* Please enter check marks !•, x , v) in applicable item. 

(4) ROM Code Media 

ROM Code Media 

• EPROM: EPROM On-Package Microcom
puter Type 

(3) Timer 4 

Divider Circuit 

D Free-running Timer 

D Watchdog Timer 

Application Check List 

(A) Oscillator (CPG option) 

• HD404418 (5 V Operation) 

D Ceramic Filter 
CPG 

D Crystal 
option 

D External Clock 

* Please enter check marks(•. x, V) in applicable item. 
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HD4074418/HD4074408 Type Name and Mark 

Timer Option 
Package 

Free-running Timer Watchdog Timer 

Type HD4074418C HD4074418C01 
Name HD4074408C HD4074408C01 

@ JAPAN 

[ @ 
JAPAN 

7G1 7G1 
HD4074418C HD4074418C01 

DC-645 Mark 

• JAPAN 

r 
@ 

JAPAN 

7G1 7G1 
HD4074408C HD4074408C01 

Type HD4074418S HD4074418S01 
Name HD4074408S HD4074408S01 

@ 7G1 

r 

@ 7G1 

HD4074418S HD4074418S 
JAPAN 01 JAPAN 

DP-645 Mark 

@ 7G1 

r 
@ 7G1 

HD4074408S HD4074408S 
JAPAN 01 ' JAPAN 

Type HD4074418F HD4074418F01 
Name HD4074408F HD4074408F01 

@ 7G1 @ 7G1 

HD4074418F HD4074418F 
JAPAN 01 JAPAN 

FP-64 Mark 

@ 7G1 @ 7G1 

HD4074408F HD4074408F 
JAPAN 01 JAPAN 

Type HD4074418H HD4074418H01 
Name HD4074408H HD4074408H01 

@ 7G1 @ 7G1 @ 7G1 @ 7G1 

FP-64A Mark HD HD HD HD 
4074418H 4074408H 407441 BH 4074408H 

JAPAN JAPAN 01 JAPAN 01 JAPAN 

Note: Marks presented here are standard specification. 
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HD404608/H 04074608--
Description 

The MCU is a microcomputer unit which has 
powerful and efficient architecture of the 
HMCS400 family. The MCU incorporates a 
high-precision dual tone multi-frequency 
(DTMF) circuit, LCD driver/controller, voltage 
comparator, and 32kHz watch oscillator cir
cuit. 
The HD4074608, incorporating PROM, is a 
ZTAT microcomputer which can dramatically 
shorten system development period and 
smoothly proceed from debugging to mass 
production. 

Features 

• 8192 words of 10-bit ROM 
• 1184 digits of 4-bit RAM 
• 30 I/O pins: 

Including 10 high current output pins. 
I/0 pin circuit configuration is CMOS 
Input/Output pull-up MOS can be 
selected by software 

• On-chip DTMF generator 
• 16-digit LCD driver 
• Three timers/counters 
• Clock synchronous 8-bit serial interface 
• Six interrupt sources 

-External: 2 
-Internal: 4 

• Subroutine stack 
-Up to 16 levels including interrupts 

• Instruction cycle time 
-10 µs (fosc = 400kHz) 
-5 µs (fosc = 800kHz) 

• Four low power dissipation modes 
-Stop mode 
-Standby mode 
-Watch mode 
-Subactive mode (Option) 

• Internal oscillator: 
Crytal or ceramic filter 
(external clock is available) 

• Voltage comparator (2 channels) 
• Operation modes: 

MCU mode 
PROM mode (HD4074608) 

• Package 
-80-pin plastic flat package (FP-80B) 

(FP-80A) 

Program Development Support Tools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 

• Programming socket adapter for program
ming the EPROM-on-chip device 

Type of Products 

Mask ROM type 
Clock Freq. 

Part No. (kHz) 

HD404608FS 400/800 

HD404608H 

ZTAT type 
Clock Freq. 

Part No. (kHz) 

HD4074608FS 400/800 

HD4074608H 

@HITACHI 

Package 

FP-808 

FP-80A 

Package 

FP-808 

FP-80A 
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Pin Arrangement 

D.o 

VC,.i/011 
COMP0/012 

SCK/R00 

Sl/A01 

SO/R02 

(FP-808) 

(Top View) 

HD404608 /HD4074608 

o, 
~ . 
~ . 
o, 
o, 
o, 

o,. 
VCra1/D11 

COMPO/D12 
COMP1/D13 

TEST 
X1 
X2 

GND 
SCK/ROo 

Sl/R01 
SO/R02 

RO, 
R1o 
R1 1 20 41 
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(FP-BOA) 

(Top View) 
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Block Diagram 

:S 
::?~ 
~ x 

N 

"' a; 

GND-
Vee--.-

TEST c ~ 

RESET e ·5~ 
E 2 iii 

XI 0 ~c u 
X2 E 

i osc, Ul 

osc, 

~ 
---1= 
~ 8' 
-~ ~ .... s 
~ 

R32/INTO 

$HITACHI 

.--- ... 
: Do; 
I 01 I 

: 0 2 I 

: 03: 
I 04: 
: Os! 
: Os: 
1 07 I 

: Da : 
I 09 I ._ __ J 

010 
011NC.,, 
012/COMPO 
013/COMPI 

ROo/SCK 
R01/SI 

R02/SO 

R03 

Rio 

Rl 1 

R12 

Rl3 

R2o 

R21 

R22 

R23 

R3o 

R31/TIMO 
R32/INT0 

R33/INT1 

:----: High Current 
._ - -~ Output Pins 
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Pin Function 

Pin No. Pin No. 
FP-808 FP-80A Pin Name 1/0 FP-808 FP-80A Pin Name 1/0 
1 79 02 1/0 41 39 SEG9 0 
2 80 03 1/0 42 40 SEG10 0 
3 04 1/0 43 41 SEG11 0 
4 2 05 1/0 44 42 SEG12 0 
5 3 Os 1/0 45 43 SEG13 0 
6 4 07 1/0 46 44 SEG14 0 
7 5 Os 1/0 47 45 SEG15 0 
8 6 09 1/0 48 46 SEG16 0 
9 7 010 49 47 SEG17 0 
10 8 o,,;vc,.1 50 48 SEG18 0 
11 9 012/COMPO 51 49 SEG19 0 
12 10 D13/COMP1 52 50 SEG20 0 
13 11 TEST 53 51 SEG21 0 
14 12 X1 I 54 52 SEG22 0 
15 13 X2 0 55 53 SEG23 0 
16 14 GND 56 54 SEG24 0 
17 15 ROo/SCK 1/0 57 55 SEG25 0 
18 16 R01/SI 1/0 58 56 SEG26 0 
19 17 R02/SO 1/0 59 57 SEG27 0 
20 18 R03 1/0 60 58 SEG28 0 
21 19 R1o 1/0 61 59 SEG29 0 
22 20 R11 1/0 62 60 SEG30 0 
23 21 R12 1/0 63 61 SEG31 0 
24 22 R13 1/0 64 62 SEG32 0 
25 23 R2o 1/0 65 63 COM1 0 
26 24 R21 1/0 66 64 COM2 0 
27 25 R22 1/0 67 65 COM3 0 

.. -···-----·---···--------~ 

28 26 R23 1/0 68 66 COM4 0 
29 27 R3o 1/0 69 67 V1 
30 28 R31/TIMO 1/0 70 68 V2 
31 29 R32/fNTo 1/0 71 69 V3 
32 30 R33/INT1 1/0 72 70 TO NEC 0 
33 31 SEG1 0 73 71 TONER 0 
34 32 SEG2 0 74 72 VT ref 

35 33 SEG3 0 75 73 Vee 
36 34 SEG4 0 76 74 OSC1 I 

37 35 SEG5 0 77 75 OSC2 0 
38 36 SEG6 0 78 76 RESET I 
39 37 SEG7 0 79 77 Do 1/0 
40 38 SEG8 0 80 78 o, 1/0 

Note: 1/0: Input/output pin, I: Input pin, 0: Output pin 
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Pin Description 

GND, Vee (Power) 

These are the power supply pins for the MCU. 
Connect the GND to the ground (0 V) and 
apply the Vee power supply voltage to Vee. 

TEST is for test purposes only. Connect it to 
Vee. 

RESET 

RESET resets the MCU. Refer to Reset section 
for details. 

OSC1, OSC2 (Oscillator Connections) 

OSC1 and OSC2 are the oscillator terminals of 
the system. They can be connected to a 
ceramic filter resonator or external oscillator 
circuits. 

Xl, X2 

These are watch oscillator on which 32.768 
kHz crystal is used. 

Port D (Do-013) 

Port D is a 1-bit I/O port. D0-Dg are I/0 ports 
and D10-D13 are input ports. Do-Dg are high 
current output ports (15 mA max). Dn-D13 are 
also available as voltage comparators. Refer 
to Input/Output for details. 

Port R (RO-R3) 

Port Risa 4-bit I/O port. RO-R3 are I/0 ports. 
And ROo, R01, R02, R31, R32, and R33 are 
multiplexed with SCK, SI, SO, TIMO, INT0 , 

INT1, respectively. 

INTo, INT1 (Intenupts) 

INTo and INT1 are external interrupts for the 
MCU. INT1 can be used as an external event 
input pin for timer B. INTo and INT1 are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 

SCK, SI, SO 

The transfer clock I/O pin (SCK), serial data 
input pin (SI), and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with ROo, R01, and R02, 
respectively. For details, see Serial Interface 
section. 

TIMO 

TIMO is a duty variable square waveform 
output pin. See Timer C section for details. 

These are power supply pins for LCD driver. 
Internal resistors provide voltage level for 
each pin. The voltage condition is; Vcc~V1 ~ 
V2;;;V3;;;GND. See section Liquid Crystal Dis
play for details. 

COMl to COM4 

These are common signal output pins for LCD 
display. See Liquid Crystal Display section for 
details. 

SEG1 to SEG32 

These are segment signals output pins for 
LCD display. See Liquid Crystal Display sec
tion for details. 

TONER, TONEC, VTref 

These are DTMF signal output pins. TONER 
and TONEC transmits signals for ROW and 
COLUMN, respectively. VT,0 1 is a reference 
voltage of DTMF signals and apply Vee-: 
VT,.1;;;GND to this. For details, see DTMF 
Output section. 

COMPO, COMPl, VCref 

COMPO, COMP1 are analog inputs for the 
voltage comparator. VC,0 1 is used as a refer
ence voltage pin to input the threshold volt
age of the analog input pin. 

@HITACHI 
738 Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



Functional Description 

ROM Memory Map 

The MCU includes 8,192 words x 10 bits of 
ROM. ROM is described in the following par
agraphs and the ROM memory map (figure 1). 

Vector Address Area ($0000 to $000F): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. Program sequence 
branches to subroutine by CAL instruction. 

Pattern Area ($0000 to $0FFF): Locations 
$0000 through $0FFF are reserved for ROM 
data. P instructions allow the MCU to refer to 
the ROM data as a pattern. 

Program Area ($0000 to $1FFF): Locations 
from $0000 to $1FFF can be used for program 
code. 

RAM Memory Map 

The MCU includes 1184 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are mapped on the RAM mem
ory space. RAM memory map (figure 2) is 
described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessible 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($004 to 
$01F, $024 to $03F): The special function 
registers are the mode or data registers for 
the serial interface, timer/counter, LCD, and 
DTMF, and the data control registers for the 

HD404608/HD4074608 

I/O ports. These registers are classified into 
three types: write-only, read-only, and read/ 
write as shown in figure 2. 

SEM/REM, SEMD/REMD instructions are 
available to the LCD control register (LCR). 

Other registers cannot be accessed by RAM 
bit manipulation instructions. 

Register Flag Area ($020-$023): Locations 
$020 through $023 are consisted of LSON, 
WDON, TGSP flags which are bit registers 
accessible by RAM bit manipulation instruc
tion. Note that WDON flag can only be set 
and SEM/SEMD instruction is available to 
this. 

TGSP flag can be set/reset, and SEM/REM 
and SEMD/REMD instructions are available 
to this. 

LCD Data Area ($050-$06F): Locations 
$050 to $06F store the LCD data which is 
automatically transmitted to segment as a 
display data. LCD is illuminated with 1 and 
faden with 0. This area can be used as a data 
area. 

Data Area ($040 to $2CF, $100 to $2CF; 
Bank1): 16 digits of $040 through $04F are 
called memory registers (MR) and are acces
sible by LAMR and XMRA instructions (figure 
4). 464 digits of $100 through $2CF is select 
the bank of location depending on the value 
of V register. 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST), and carry (CA) when su
broutine call (CAL-instruction, CALL
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area . 
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0 

15 
16 

63 
64 

4095 
4096 

8191 
8192 

16383 

} Vector Address 

Zero-Page Subroutine 

(64Wordsl 

Pattern 

(4096 Wordsl 

Program 

(81 92 Wordsl 

Not Used 

soooo 

SOOOF 
$0010 

\ 
S003F 
$0040 

$0FFF 
$1000 

$1~FF 
$2000 

S3FFF 

ot- JMPL Instruction _ 

1 (Jump to RESET Routinel 

2t- JMPL lnstr\lction 

3 (Jump to INTo Routinel -

4 J MPL Instruction _ 
st- (Jump to INT1 Routinel 

6 t- .J MPL Instruction _ 
7 (Jump to TIMER A Routinel 

6 t- J MPL Instruction _ 

9 (Jump to TIMER B Routinel 

10 JM PL Instruction 

11 (Jump to TIMER C Routinel -I 

12t- JMPL Instruction 
-I 

13 (Jump to SERIAL Routine) 

t4j 
1~ 

Figure 1. ROM Memory Map 
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soooo 
$0001 

$0002 

$0003 

$0004 

$0005 

sooos 
$0007 

sooos 
$0009 

SOOOA 
SOOOB 

soooc 
soooo 
SOOOE 
SOOOF 
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0 

63 
64 

80 
112 

RAM-mapped Register 

Memory Register (MR) 

LCD Display Area (32 Digit) 

Data ( 144 Digit) 

Data ( 464 Digit x 2) • 

V=O (Bank 0) 

V=1(Bank1) 

Not Used 

Stack (64 Digit) 

1464 Digit) Data (464 Digit) 

1 (Bank 1) V=O (Bank 0) 

1$000 

$03F 
$040 

$050 
$070 

\ 
$100 

\ 
$2CF 

\ 
$3BF 
$3CO 

$3FF 

00 

*Do no t use any area labelled "Not Used" 

R: Read Only 

W : Write Only 

R/W : Read/Write 

10 

11 

14 

15 

Timer/Event Counter B Lower 
(TCBL) 

Timer/Event Counter B Upper 
(TCBU) 

Timer Counter C Lower 
(TCCL) 

Timer Counter C Upper 
(TCCU) 

0 

1 

2 
Interrupt Control Bits Area 

3 

4 Port Mode Reg. A (PMRA): w 
5 Serial Mode Reg_ (SMR) : w 
6 Serial Data Reg_ Lower (SRL): R/W 

7 Serial Data Reg. Upper (SRU): R/W 

8 Timer Mode Reg. A (TMA): w 
9 Timer Mode Reg. B (TMB): w 

10 (TCBL/TLRL) : R/W 
Timer B 

(TCBU/TLRU) : R/W 11 

12 Miscellaneous Reg. (MIS): w 
13 Timer Mode Reg. C (TMC) : w 
14 (TCCL/TCRL) : R/W 

Timer C 
(TCCU/TCRU) : R/W 15 

16 Not Used 

17 Not Used 

18 Port Mode Reg. B (PMRB): w 
19 LCD Control Reg. (LCR): w 
20 LCD Mode Reg. (LMR): w 

Not Used 
32 

Register Flag Area 
35 

Not Used 

48 Port RO OCR (DCRO): w 
4g Port R1 OCR (DCR1) : w 
50 Port R2 OCR (DCR2): w 
51 Port R3 OCR (DCR3) : w 

Not Used 

59 Port Do-03 OCR (DCRB): w 
60 Port 04-07 OCR (DCRC): w 
61 Port Ds-Ds OCR (DCRD) : w 

I Not Used 

63 V Reg. (V-REG) : R/W 

!R 
Timer Load Reg. B Lower :w (TLRL) 

R 
Timer Load Reg. B Upper :w 

: 
(TLRU) 

R 
Timer Load Reg. C Lower w 

(TCRL) _;_ 

R 
Timer Load Reg. C Upper :w 

(TCRU) 

Figure 2. RAM Memory Map 
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$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$00A 

$00B 

$00C 

$000 

$00E 

$00F 

$010 

$011 

$012 

$013 

$014 

$020 

$023 

$030 

$031 

$032 

$033 

$03B 

$03C 

$030 

$03F 

$00A 

$008 

$00E 

$00F 
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bit 3 

IMO 
0 -

(IM of INTo) 

IMTA 

(IM of TIMER-A) 

IMTC 
2 

(IM of TIMER-C) 

3 Not Used 

IF: Interrupt Request Flag 
IM: Interrupt Mask 

l/E: Interrupt Enable Flag 
SP: Stack Pointer 

bit 2 

IFO 
-

(IF of INTo) 

IFTA 

(IF of TIMER-A) 

IFTC 

(IF of TIMER-C) 

Not Used 

bit 1 bit 0 

$000 
RSP l/E 

(Reset SP Bit) (Interrupt Enable Flag) 

IM1 IF1 

(IM of INT1) (IF of INT1) 
$001 

IMTB IFTB 

(IM of Timer B) (IF of Timer B) 
$002 

$003 
IMS IFS 

(IM of SERIAL) (IF of SERIAL) 

Note· Each bit in the interrupt control bits area or register flag area is set by the SEM/SEMD instruction, is reset by the REM/REMO 

instruction, and is tested by the TM/TMD instruction. They are not affected by other instructions. Furthermore the interrupt 

request flag is not affected by the SEM/SEMD instruction. 

742 

32 

The content of status becomes invalid when "Not Used" bit and RSP bit are tested by a TM/TMD instruction. 

bit 3 bit 2 bit 1 bit 0 

Not Used I TGSP I WDON I LSON $020 Jone Generator Speed Flag1 (Watch Dog on Flag)l (Low Speed on Flag) 

Reserved 

SEM/SEMD instruction is available for WOON flag lean be reset only by MCU reset). 
SEM/SEMD, REM/REMD instruction is available for TGSP flag. 

Figure 3. Configuration of Interrupt Control Bit Area and Register Flag Area 

Memory Registers Stack Area 
64 MAIO) $040 960 Level 16 $3CO 

65 MRl1) $041 Level 15 
PC13 to PCo: Program Counter 

66 MRl2l $042 Level 14 ST: Status 
67 MRl3) $043 Level 13 CA: Carry 

68 MRl4) $044 Level 12 

69 MRl5) $045 Level 11 

70 MRl6) $046 Level 10 

71 MRl7) $047 Level 9 bit 3 bit 2 bit 1 bit 0 
72 MRl8) $048 Level 8 v:: 

T T 

73 MRl9) $049 Level 7 ST pc,, PC12 PC11 $3FC 

74 MRl10) $04A Level 6 T + + 
75 MRl11) $046 Level 5 

pc,;; PCs PC a PC1 $3FD 

76 MRl12) $04C Level 4 + + 
MRl13) $040 Level 3 

022 CA PCs pc, PC• $3FE 
77 + + 78 MRl14) $04E Level 2 

$04F 
1023 pc, PC2 PC1 PCo $3FF 

79 MR(15) 1023 Level 1 $3FF _l _l _l 

Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 

The MCU provides ten registers and two flags 
for the CPU operations. They are illustrated in 
figure 5 and described in the following para
graphs. 

Accumulator (A), Register B (B): The 
accumulator and register Bare 4-bit registers 
which hold the results of the arithmetic logic 
unit (ALU), and exchange data between 
memories, I/0 pins, and other registers. 

Register V (V): Register V, available for 
RAM address expansion, selects the bank of 
location $100-$2CF on the RAM address (464 
digits) depending on its value. Therefore, 
when you access location $100-$2CF on the 
RAM address, specify the value of register V 
(V=$0; Bank 0, V=$1; Bank 1). You can access 
location $000-$0FF and $300-$3FF indepen
dently of register V's value. Register V locates 
on $03F of the RAM address area. 

Register W (W), Register X (X), Register 
Y (Y): Register W is a 2-bit, and registers X 
and Y are 4-bit registers which address RAM 
indirectly. Register Y is also available for 
addressing port D. 

Register SPX (SPX), Register SPY (SPY): 
Registers SPX and SPY are 4-bit registers 
available for assisting registers X and Y, 
respectively. 

HD404608 /HD407 4608 

Carry (CA): The carry holds the ALU over
flow which arithmetic operation generates. It 
is also affected by SEC, REC, ROTL, and ROTR 
instructions. During interrupt servicing, the 
carry is pushed onto the stack and restored 
back from the stack by RTNI instruction (It is 
unaffected by RTN instructions). 

Status (ST): The status holds the ALU over
flow, ALU non-zero, and the results of bit test 
instruction for the arithmetic or compare 
instructions. The status is a branch condition 
of the BR, BRL, CAL, or CALL instructions. 
The value of the status remains unchanged 
until an instruction which affects the next 
status is executed. The status becomes 1 after 
the BR, BRL, CAL, or CALL instruction 
whether it is executed or skipped. During 
interrupt servicing, the status is pushed onto 
the stack and restored back from the stack by 
RTNI instruction, not by RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter for holding 
ROM address. 

Stack Pointer (SP): The stack pointer is a 10-
bit register to indicate the next stacking area 
up to 16 levels. The stack pointer is initialized 
to $3FF on the RAM address at the MCU 
reset. It is decremented by 4 as data pushed 
onto the stack, and incremented by 4 as data 
restored back from the stack. The stack 
pointer is initialized to $3FF either by MCU 
reset or the RSP bit reset by REM/REMD 
instruction. 

~HITACHI 
Hitachi America Ltd.• Hitachi Plaza• 2000 Sierra Point Pkwy.• Brisbane, CA 94005-1819 • (415) 589-8300 743 



HD404608 /HD4074608 

3 0 

A I Accumulator 

3 0 

B I Register B 

~ Register V 

0 

0 Register W 

3 0 

x I Register X 

3 0 

y I Register Y 

3 0 

SPX I Register SPX 

3 0 

SPY I Register SPY 

El Carry 

EJ Status 

13 0 

PC Program 
Counter 

9 5 0 

I SP I Stack 
Pointer 

Figure 5. Registers and Flags 
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Interrupt 

Six interrupt sources are available on the 
MCU: external requests (INTo, INT1), timer/ 
counter (timers A, B, C), and serial interface 
(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM), and interrupt 
vector addresses are provided to control and 
maintain the interrupt request. The interrupt 
enable flag (IE) is also used to control an 
interrupt operations. 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions (The interrupt 

1000,0 
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request flag (IF) cannot be set by software). 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 

1 E 1--------------r-.._ 
S.quence Control 
· Push PC CA ST 

1000.2 

1003.0 

Ae .. t l!E 

· J1Mnp to Vector 
Address 

Pnonty Control PlA 

Vector 

Address 

Figure 6. Interrupt Control Circuit Block Diagram 
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Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status, and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
executed after jumping to the vector address. 

In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF, 
which caused the interrupt service, must be 
reset by software in the interrupt service 
program. 

Table 1. Vector Addresses and Inter-
rupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET $0000 

IN To $0002 

INT1 2 $0004 

Timer A 3 $0006 

Timer B 4 $0008 

Timer C 5 $000A 

SERIAL 6 $000C 

Table 2. Conditions of Interrupt Service 

---·-----

Interrupt Control Bit INTo INT1 

l/E 

IFO ·IMO 0 

IF1. TMT * 
IFTA • IMTA * * 
IFTB • IMTB * * 
IFTC • IMTC * * 
IFS· IMS * * 
* Don't care 

Interrupt Enable Flag (l/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests (table 3). It is reset by 
interrupt servicing and set by the RTNI 
instruction. 

External Interrupts (INTo, INT1): _'!'.!!e 
external interrupt request inputs (INTo, INT1) 
can be selected by the port mode register 
(PMRA: $004). 

The external interrupt request ~s (IFO,lE!) 
are set at the falling edge of INTo and INT1 
inputs (table 4). 

The INT1 input can be used as a clock signal 
input to timer B. Then, timer B counts up at 

Interrupt Source 

Timer A Timer B Timer C SERIAL 

0 0 0 0 

0 0 0 0 

0 0 0 

* 0 0 

* * 0 

* * * 
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each falling edge of the INT1 input. When 
using INT1 as timer B external event input, 
external interrupt mask (IM1) has to be set so 
that the interrupt request by INT1 will not be 
accepted (table 5). 

To detect the edge of INTo or INT1, it must 
need more than two instruction cycle times 
level (2tcyc/2tsuscyc}. 

External Interrupt Request Flags (IFO: 
$000 bit 2, IFl: $001 bit 0): The external 
interrupt request flags (IFO, IF1) are set at the 
falling edge of the INTo, and INT1 inputs, 
respectively (table 4). 

External Interrupt Masks (IMO: $000 bit 
3, IMl: $001 bit 1): The external interrupt 
masks mask the external interrupt requests 
(table 5). 

Timer A Interrupt Request Flag (IFT A: 
$001 bit 2): The timer A interrupt request 
flag is set by the overflow output of timer A 
(table 6). 

Timer A Interrupt Mask (IMT A: $001 bit 
3): Timer A interrupt mask prevents an 
interrupt request from being generated by 
timer A interrupt request flag (table 7). 

Instruction 

Cycles 

Instruction 

execution 

Interrupt 

accepted 

2 

Stacking, 

Reset of l/E 

3 

Stacking, 

Vector address 

is generated 
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Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 8). 

Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B interrupt request flag (table 9). 

Timer C Interrupt Request Flag (IFTC: 
$002 bit 2): The timer C interrupt request 
flag is set by the overflow output of timer C 
(table 10). 

Timer C Interrupt Mask (IMTC: $002 bit 
3): The timer C interrupt mask prevents the 
interrupt from being generated by timer C 
interrupt request flag (table 11). 

Serial Interrupt Request Flag (IFS: $003 
bit 0): The serial interrupt request flag will 
be set when the octal counter counts eight 
transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter 
(table 12). 

Serial Interrupt Mask (IMS: $003 bit 1): 
The serial interrupt mask masks the interrupt 
request (table 13). 

4 

JMPL instruction execution on the 
vector address 

6 

Instruction 
execution at 
starting address 
of the interrupt 
routine 

Figure 7. Interrupt Servicing Sequence 
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Table 3. Interrupt Enable Flag 

Interrupt Enable Flag 
(l/E) Interrupt Enable/Disable 

0 Disable 

Enable 

Table 4. External Interrupt Request 
Flag 

External Interrupt Request Flags 
(IFO, IF1) 

0 

Interrupt Request 

No 

Yes 

Table 5. External Interrupt Mask 

External Interrupt Masks 
(IMO, IM1) Interrupt Request 

0 Enable 

Disable (masks) 

Table 6. Timer A Interrupt Request 
Flag 

Timer A Interrupt 
Request Flag (IFTA) 

0 

Interrupt Request 

No 

Yes 

Table 7. Timer A Interrupt Mask 
Timer A Interrupt Mask 

(IMTA) Interrupt Request 

0 Enable 

Disable (Mask) 

Table 8. Timer B Interrupt Request 
Flag 

Timer B Interrupt 
Request Flag (IFTB) 

0 

Interrupt Request 

No 

Yes 

Table 9. Timer B Interrupt Mask 
Timer B Interrupt Mask 

(IMTB) Interrupt Request 

O Enable 

Disable (Mask) 

Table 10. Timer C Interrupt Request 
Flag 

Timer C Interrupt 
Request Flag (IFTC) 

0 

Interrupt Request 

No 

Yes 

Table 11. Timer C Interrupt Mask 

Timer C Interrupt 
Mask (IMTC) 

0 

Interrupt Request 

Enable 

Disable (mask) 

Table 12. Serial Interrupt Request Flag 

Serial Interrupt Request Flag Interrupt Request 

0 No 

Yes 

Table 13. Serial Interrupt Mask 

Serial Interrupt Mask Interrupt Request 

0 Enable 

Disable (Mask) 
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Power 
ON 

Yes 

Reset 
MCU 

No. 

(A) (Bl 

Execute 
Instruction 

PC-(PC)+1 

PC-$0002 

PC-$0004 

PC-$0006 

PC<-$ 0008 

PC<-$000A 

PC-SOOOC 

Yes 
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No 

Yes 

Interrupt 
Accept 

l/E<- 0 

Stack-( PC) 
Stack-( CA) 
Stack-( ST) 

Yes 

Yes 

Yes 

Yes 

(SERIAL Interrupt) 

Figure 8. Interrupt Servicing Flowchart 
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Serial Interface 

The serial interface transmits/receive 8-bit 
data in serial. This consists of the serial data 
register, the serial mode register, the port 
mode register A, the octal counter, and the 
multiplexer (figure 9). Pin ROo/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The data of the serial 
data register can be written in or read out by 
software. The data in the serial data register 
can be shifted synchronously with the trans
fer clock signal. 

The STS instruction starts serial interface 
operations and resets the octal counter to $0. 
The octal counter starts to count at the falling 
edge of the transfer clock (SCK) signal and 
increments by one at the rising edge of the 
SCK. When the octal counter is reset to $0 
after eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter
rupt request flag will be set. 

Serial Mode Register (SMR: S005): The 4-
bit write-only serial mode register controls 

System 
Clock 

Prescaler ( 11 bit) 

00 N 
N «> N N ;;; M 
•I· •I• + + •I• 

Serial MPX 

3 
SMR (4bit) 

Serial Mode 
Re . 

Internal Bus Line (S2) 

00 g 
N 
·I· 

PMRA(4bit) 
Port Mode 
Re .A 

ROo/SCK 
Port 

SCKI 

the ROo/SCK, prescaler divide ratio, and 
transfer clock source (table 14). 

The write ~ignal to the serial mode register 
controls the internal state of the serial inter
face. 

The write signal to the serial mode register 
stops the serial data register and octal 
counter from applying transfer clock, and it 
also resets the octal counter to $0 simultane
ously. Therefore, when the serial interface is 
in the transfer state, the write signal causes 
the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 

Data of the serial mode register will be 
changed from the second instruction of writ
ing into the serial mode register. Therefore, it 
is required to execute the STS instruction 
after the data in the serial mode register has 
been changed completely. The serial mode 
register will be reset to $0 by MCU reset. 

Serial Data Register (SRL: $006, SRU: 
$007): The 8-bit read/write serial data regis-

oc (3 bit) 
Octal 

Counter 

SROF 

Interrupt 
Request Flag 
of Serial Inter
face 

Internal Bus Line (S1) 

4 4 
SR (8bit) 

Serial Data Register 

4 4 

Internal Bus line (S2) 

Figure 9. Serial Interface Block Diagram 
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ter consists of a low-order digit (SRL: $006) 
and a high-order digit (SRU: $007). 

The data in the serial data register will be 
output from the SO pin of LSB synchronously 
with the falling edge of the transfer clock 
signal. At the same time, external data will be 
input from the SI pin to the serial data regis
ter synchronously with the rising edge of the 
transfer clock. Figure 11 shows the I/O timing 
chart for the transfer clock signal and the 
data. 

The read/write operations of the serial data 
register should be performed after the com
pletion of data transmit/receive. Otherwise 
the data may not be guaranteed. 

Selection and Change of the Operation 
Mode: Table 15 shows the serial interface 
operation modes which are determined by a 

Table 14. Serial Mode Register 

SMR3 ROo/SCK 

0 Used as ROo port input/output pin 

Used as SCK input/output pin 

SMR2 SMR1 SMRO ROo/SCK Port 

0 0 0 
SCK 
Output 

0 0 SCK 
Output 

0 0 
SCK 
Output 

0 SCK 
Output 

0 0 
SCK 
Output 

0 SCK 
Output 

0 SCK 
Output 

SCK 
Input 
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combination of the value in the port mode 
register and that in the serial mode register. 

Initialize the serial interface by the write 
signal to the serial mode register in order to 
change the operation mode of the serial 
interface. 

Operating State of Serial Interface: The 
serial interface has three operating states: 
the STS waiting state, SCK waiting state, and 
transfer state (figure 12). 

The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface enters this state in one of two 
ways: either by changing the operation mode 
through a change in the data in the port 
mode register, or by writing data into the 
serial mode register. In this state, the serial 
interface does not operate even if the transfer 

Transfer Clock 

Prescaler System Clock 
Clock Source Divide Ratio Divide Ratio 

Prescaler 2048 4096 

Prescaler 512 1024 

Prescaler 128 256 

Prescaler 32 64 

Prescaler 8 16 

Prescaler .. 2 4 

System 
Clock 

External 
Clock 
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clock is applied. If an STS instruction is 
executed then, the serial interface shifts to 
SCK waiting state. 

In this state, the falling edge of the first 
transfer clock causes the serial interface shift 
to transfer state, while the octal counter 
counts-up and the serial data register shifts 

Table 15. Serial Interface Operation 
Mode 

Serial Interface 
SMR3 PMRA1 PMRAO Operating Mode 

0 0 
Clock Continuous 
Output Mode 

0 Transmit Mode 

0 Receive Mode 

Transmit/Receive 
Mode 

PMRA: $004 

simultaneously. As an exception, if the clock 
continuous output mode is selected, the serial 
interface stays in SCK waiting state while the 
transfer clock outputs continuously. 
The octal counter becomes 000 again by 8 
external transfer clocks or by execution of 
SJ'.S-'instruction, so that the serial interface 
'returns to SCK waiting state, and the serial 

SMR: $005 

PM RA3 PM RA2 PM RA 1 PM RAO SMR3 SMR2 SMR1 SMRO 

Transfer 
Clock 

Serial 
Output 
Data 

l_ Select transfer clocks 

~--------Select R00/SCK mode 

'-------Selects R01/SO pin mode 

'----------Selects R02/SI pin mode 

Figure 10. Configurations and the Functions of the Mode Registers 

IL~ I 2 I 3 I 4 I 5 I 6 I 7 I MSB 

8 

Figure 11. Serial Interface 1/0 Timing Chart 
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interrupt request flag is set simultaneously. 
In transfer state the octal counter becomes 
000 by 8 internal transfer clocks, so that the 
serial interface enters to STS instruction 
waiting state, and the serial interrupt request 
flag is set simultaneously. 

When the internal transfer clock is selected, 
the transfer clock output is triggered by the 
execution of an STS instruction, and stops 
after 8 clocks. 

SCK Waiting State 

(Octal Counter=OOO) 

Program the SMR again to initialize the 

STS Waiting State 

(Octal Counter= 000 ) 
Transfer Clock Disable 

Transfer Clock 

8 External Transfer Clocks 
STS Instruction 

(IFS~1) 

Transfer State 

(Octal Counter*OOO) 

Figure 12. Serial Interface Operation State 

Transfer Finished 
(IFS~1) 

Interrupt 
Disable 

1Fs~o 

Write to 
SMR 

Normal End 

Yes Transfer Clock 
Error Processing 

Figure 13. Example of Transfer Clock Error Detection 
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internal state of the serial interface when the 
PMRA is programmed in the transfer state or 
in the SCK waiting state. Then the serial 
interface goes into the STS waiting state. 

Example of Transfer Clock Error Detec
tion: The serial interface malfunctions when 
the transfer clock is disturbed by external 
noises. In this case, transfer clock error can be 
detected by the procedure shown in figure 
13. 

If more than 8 transfer clocks are applied in 
the SCK waiting state, the state of the serial 
interface shifts in the following sequence: 
first, transfer state, second, SCK waiting 
state, and third, transfer state again. The 
serial interrupt request flag should be reset 
before entering into the STS waiting state by 
writing data to SMR. This procedure causes 
the serial interface request flag to be set 
again. 

Timer 

The MCU provides prescalers S and B (Each 
prescaler has the different input clock source 
individually), and 3 timers/counters (timers 
A, B, and C). Figures 14, 15 shows their dia
grams. 

Prescaler S: The input to the prescaler S is a 

32kHz 
Crystal 
oscillation 

System 

._c_ioc_k _ _, f eye 

(tsuecvcl 

fsue 
Prescaler-W (5 bit) 

Timer A MPX2 

TimerAMPX1 

Prescaler-S ( 1 1 bit) 

system clock signal. The prescaler is initial
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except by MCU reset and 
in the stop and watch modes. The prescaler 
provides input clock signals oftimer A-C and 
the transfer clock of the serial interface. They 
can be selected by the timer mode registers A 
(TMA), B (TMB), C (TMC), and the serial mode 
register (SMR), respectively. 

Prescaler W: The input to the prescaler W is 
a clock which devides X1 input clock into 8. 
The output of the prescaler W is available as 
an input clock for timer A by controlling the 
timer mode register (TMA). 

Timer A Operation: After timer A is initial
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A is counted up 
to $FF, timer A is set to $00 again, and 
generating overflow output. This leads to 
setting timer A interruput request flag (IFT A: 
$001, bit 2) to 1. Therefore, timer A can func
tion as an interval timer periodically generat
ing "overflow output at every 256th clock 
signal input. 

To use timer A as a watch time base, set 
TMA3 to 1. The timer counter receives pres-

TCA (Sb~) 
Timer Counter A t-----<.,. IFTA 

Interrupt 
Request Flag 
of Timer A 

tsueeye = 1 /f sue 
tcyc = 1 /f eye 

Figure 14. Timer A Block Diagram 
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cater W output, and timer A generates inter
rupts with an accurate timing (reference 
clock = 32kHz crystal oscillation). When you 
use timer A as a watch time base, prescaler W 
and timer counter can be initialized to $0 by 

TMB (4blt) 
Timer Mode Reg. B 

3 

Timer 8 MPX 

co 
co N <t 

N ~ 0 
N <t 00 "' .n N 
+ + + + + + + 

Prescaler-S ( 11 bit) System 

~C-lo_c_k __ (tcyc) 

<t co 
co N N <t 
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setting timer mode register A. 

The clock input signals to timer A are 
selected by the timer mode register A (TMA: 
$008). 

Internal Bus Line (S 1) 

4 

TLB (4 bit) 4 
Timer Latch Reg. 8 

TCB (8bit) 
Timer/Event Counter B 

TLR (Sbit) 
Timer Load Reg. B 

4 4 

IFTB 

Interrupt Request Flag 

of Timer B 

Internal Bus Line (S2) 

Internal Bus Line (S 11 

4 

PWMO 
N 

N <t co N 

"' 
0 0 

"' N 
4 TLC (4bit) 

+ + ·I· + + + + + Timer Latch Reg. C Pulse Width Modulation Out 

Timer C MPX 

3 

TMC (4bit) 
Timer Mode Reg. C 

TCC (Sbit) 
Timer Counter C 

TCR (8bit) 
Timer Load Ffeg. C 

4 4 

--~ M Interrupt Request Ll Flag of Timer C 

MPX 

Internal Bus Line (S2) 

Figure 15. Timer B/Timer C Block Diagram 
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Timer B Operation: The timer mode regis
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT1 as INT1 by 
the port mode register (PMR: $004) control to 
prevent an external interrupt request from 
occurring. 

Timer B is initialized according to the data 
written into the timer load register by soft
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto
reload function is selected timer B is initial
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 

Timer C Operation: The timer mode regis
ter C (TMC: $00D) selects the auto-reload 
function, and the prescaler divide ratio for 
timer C. 

Timer C is initialized according to the data 
written into the timer load register by soft
ware. Timer C counts up at every clock input 
signal. When the next clock signal is applied 
to timer C after it is set to $FF, it will generate 
an overflow output. In this case, if the auto-

TX(TCR+1) 

1--l 

reload function is selected, timer C is initial
ized according to the value of the timer load 
register. If it is not selected, timer C goes to 
$00. The timer C interrupt request flag (IFTC: 
$002 bit 2) will be set at this overflow output. 

Timer C is also available as a watch dog timer 
for detecting a program out of sequence. An 
MCU reset occurs when the watch dog on 
flag (WDON) is 1 and the counter overflow 
output is generated by the program out of 
sequence. During timer C is stopped, the 
watchdog timer function is also stopped. In 
the standby mode, the function is enabled. 

Timer C provides the duty variable pulse 
output function (PWMO). The output 
waveform differs depending on the contents 
of the timer mode register and the timer load 
register C (figure 16). When you select pulse 
output function, set R3i/TIMO to TIMO by 
controlling the port mode register B. 
During timer C is stopped, this function is also 
stopped. 

Timer Mode Register A (TMA: $008): The 
timer mode register A is a 4-bit write only 
register which controls the timer A operation 
as table 16 shows. The timer mode register A 
is initialized to $0 at MCU reset. 

Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write-

TMC3=0 l_JL_f 
l:i:I TX256 .. I 

TMC3=1 l_JL_f 
,.. TX(256-TCR) .. 1 

Note: Always fixed to low when TCR =$FF. 

T: Input clock Period to couunter (Table 18) 
TCR: The value of the timer load register 

Figure 16. Variable Duty-Cycle Pulse Output Waveform 
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only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 17. The timer mode register Bis initial
ized to $0 by MCU reset. 

The data of timer B changes from the second 
instruction cycle of the timer mode register B 
is written to. Initialization of timer B by 
writing data into the timer load register 
should be performed after the contents of 
TMB are changed. 

Timer Mode Register C (TMC: SOOD): The 
timer mode register C is a 4-bit write only 
register which selects the auto-reload func
tion and prescaler divide ratio as table 18 
shows. The timer mode register C is initial
ized to $0 at MCU reset. 

Table 16. Timer Mode Register A 

TMA3 TMA2 TMA1 TMAO 

0 0 0 

0 

0 0 

0 

0 0 0 

0 

0 0 

0 

HD404608 /HD4074608 

The contents of the timer mode register C can 
be changed from the second instruction cycle 
of writing into this. Therefore, it is required to 
initialize the timer C after the contents of the 
timer mode register C has been changed 
completely. 

Timer B (TCBL: $00A, TCBU: $00B, TLRL: 
$00A, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit 
read-only timer/event counter. Each of them 
has low-order digits (TCBL: $00A, TLRL: 
$00A) and high-order digits (TCBU: $00B, 
TLRU: $00B). (Refer to figure 15.) 

The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digits first, and 
then the high-order digits. The timer/event 

Source prescaler, input clock 
period, operation mode 

PSS, 2048 tcvc Timer A mode 

PSS, 1024 tcvc 

PSS, 512 tcyc 

PSS, 128 tcyc 

PSS, 32 tcyc 

PSS, 8 tcyc 

PSS, 4 tcyc 

PSS, 2 tcyc 

PSW, 32 tsuBcyc Time base mode 

PSW, 16 tsuBcyc 

PSW, 8 tsuBcyc 

PSW, 2 tsuBcyc 

PSW, TCA reset 

Notes: 1. tsuscvc = 244.14 µs (when 32.768 kHz crystal oscillation is used.) 
2. Timer counter overflow output cycle (s) = Input clock cycle(s) x 256 
3. LCD enters into halt mode when PSW/TCA reset is selected during LCD display (Power switch OFF). 

To display LCD continuously, PSW/TCA reset time must be minimized by programming. 
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counter is initialized when the high-order 
digit is written. , The timer load register is 
initialized to $00 by the MCU reset. 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digits first, and then 
the low-order digits. The count value of the 
low-order digit is obtained when the high
order digit is read. 

Table 17. Timer Mode Register B 

TMB3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 

0 0 0 . 2048 

0 0 . 512 

0 0 128 

0 32 

0 0 8 

0 4 

0 2 

INT1 (External Event Input) 

Timer C (TCCL: $00E, TCCU: $00F, 
TCRL: $00E, TCRU: $00F): Timer C is con
sisted of the 8-bit write-only timer load reg
ister and the 8-bit read-only timer/counter. 
These are individually consisted of low-order 
digits {TCCL: $00E, TCRL: $00E) and high
order digits {TCCU: $00F, TCRU: $00F). The 
operation mode of timer C is the same as that 
of timer B. 

Table 18. Timer Mode Register C 

TMC3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMC2 TMC1 TMCO Clock Input Source 

0 0 0 2048 

0 0 . 1024 

0 0 . 512 

0 . 128 

0 0 . 32 

0 . 8 

0 4 

. 2 
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Input/Output 

The MCU provides 26 I/O pins and 4 input 
only pins including 10 high current pins (15 
mA max). 26 I/O pins contain pull-up MOS 
controllable by program. 

Table 19. 1/0 Pin Circuit Type 

1/0 pins 

1/0 common 
pins (with 
pull-up MOS) 

Circuit 

HD404608/HD4074608 

When every I/O is used as an input, the data 
control register (DCR) controls ON/OFF of the 
output buffer. Table 19 shows the I/O pin 
circuit type. 
The configuration of I/O buffers are shown in 
figure 19. 

Output data 

Applicable 
pins 

Do-D9 
R00-R03 
R1 0 -R13 
R2o-R23 
R3o-R33 

c_ __ -::f1c>-----lnput data 

Output 
pins (with 
pull-up MOS) 

Input 
pins 

Input signal 

Vee 

Output data SCK (internal) 

'-----u----- SCK 

Vee 

Output data SO or TIMO 

@---1[>oo------

®>-----p>------------ Input data 

Input signal 

Input signal Input data 

Analog input 

VC..i 

Mode select pin 

Note: Refer to table 20, Note 3 about ROz/SO. 

~HITACHI 

so 
TIMO 

INT0 
INT1 

SI 

D10 
D11 /VCref 

D12/COMPO 
D13/COMP1 

(
Multiplexed) 
with analog 
inputs 
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Port D: Port D is consisted of 10 1-bit I/0 
ports and 4 input ports. Ports Do·Dg are high 
current I/O ports (15 mA max). The sum of the 
current for all ports is up to 100mA. Port D can 
be set/reset by SED/RED and SEDD/REDD 
instructions, and can be tested by TD/TDD 
instructions. An output data is stored in the 
port data register. 

ON/OFF of the output buffer for port D can 
be controlled by the data control registers for 
port D (DCRB, DCRC, DCRD). The DCR is 
located on the memory address area. Pins 
D10-D13 are input only pins. 

Two operation modes are available to pins 
Dt2 and D13: digital input mode and analog 
input mode. The operation modes can be 
selected by the port mode register (PMRB; 
bits 1, 0). In the digital input mode, these pins 
can be used as input with the same charac
teristics as other I/O pins. In the analog input 
mode, users can read the result of the com
parison between the reference voltage as an 
input data. The reference voltage is input by 
Dii/VCref. 

Port R: Port R, consisted of 16 4-bit I/O ports, 
can receive/transmit data by LAR/LRA and 
LBR/LRB instructions. An output data is 
stored in data register (PDR) of each pin. 

ON/OFF of the output buffer for port R can be 
controlled by the data control registers for 
port R (DCRO-DCR3). 

The DCR is located on the memory address 
area. 

Pins R00,R01, R02 are multiplexed with SCK, 
SI, SO, respectively. 

Pins R31, R32, R33 are multiplexed with TIMO, 
INT0, INT1, respectively. Refer to figure 18. 

Controlling the pull-up MOS: All I/O ports, 
except for pins D1o·D13, contain pull-up MOS 
controllable by program. 

Bit 3 of the port mode register B (PMRB3) 
controls ON/OFF of all pull-up MOS simulta
neously. Pull-up MOS is controlled by the port 
data register (PDR) of each pin. Therefore, 
each bit of pull-up MOS can be individually 
ON and OFF. Refer to table 20. 

Unused I/0 Pins: If unused pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent this; pull-up with Vee through 
internal pull-up MOS, or pull-up with Vee 
through a resistor lOOkO approx. 

M 
p 

14-----------....----1<] pin 

Mode 
register 

x 

Comparator 

Figure 17. Configuration of D12, Dia 
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SMR (Serial Mode Reg.) ADR=$005 

3 '2 0 

PMRA (Port Mode Reg. A) ADR=$004 

3 2 0 

'--------- R02/SO pin mode selection 

'---------- RO,/SI pin mode selection 

'--------------- R32/INT0 pin mode selection 

'---------------R33/INT, pin mode selection 

PMRB (Port Mode Reg. B) ADR=$012 

3 2 0 

'-------012/COMPO pin mode selection 

'----------D13/COMP1 pin mode selection 

'--------------- R3 1/TIMO pin mode selection 

'-----------------Pull up MOS ON/OFF selection 

SMR Port 

bit 3 Select 

0 ROo 

1 SCK 

PMRA Port PMRA Port PMRA Port 

bit 3 Select bit 2 Select bit 1 Select 

0 R33 0 R32 0 R01 

1 INT1 1 INTo 1 SI 

PMRB Pull up MOS PMRB Port PMRB Port 

bit 3 ON/OFF bit 2 Select bit 1 Select 

0 OFF 0 R31 0 D13 

1 ON 1 TIMO 1 COMP1 

Figure 18. 1/0 Select Mode Register 

~HITACHI 

PMRA Port 

bit 0 Select 

0 R02 

1 so 

PMRB Port 

bit 0 Select 

0 D12 

1 COMPO 
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Table 20. Input/Output by Program Control 

PRMB; bit 3 0 

OCR 0 0 

PDR 0 0 0 0 

PMOS (A) ON ON 

NMOS (B) ON ON 

Pull-up MOS ON ON 

Notes: 1. - : OFF 
2. Combine the values of the mode registers above (PMRB3, OCR, POR) to select input/output for PMOS (A). 

NMOS (B). and the pull-up MOS individually. 
The OCR and the POR control each pin. And the PMRB3 controls ON/OFF of all pull-ups. 

3. The second bit of the miscellaneone register (MIS2) controls f!02/SO. When MIS2 is 1, PMOS 
(A) is OFF. 

R02/SO 
MIS2 PMOS (A) 

0 ON 

OFF 

4. Correspondence between OCR's and pins are shown below: 

OCR bit 3 
DCRO R03 
DCR1 R13 
DCR2 R23 
DCR3 R33 
DCRB 03 
DCRC 07 
DCRD -

Pull-up 
MOS 

bit 2 bit 1 bitO 
R02 R01 ROo 
R12 R11 R1o 
R22 R21 R2o 
R32 R_31 R3o 
02 01 DO 
06 05 04 
- 09 08 

Vee 

Vee 

NMOS(B) 

Input Signal 

OCR 

PDR 

Figure 19. Configuration of the Input/Output Buffer 
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Reset 

Bringing the RESET pin high resets the MCU. 
At power-on, or when obtaining the stabl
ization time for oscillator, apply the RESET 
input for at least tRc- In all other cases, at least 

Table 21. Initial Value After MCU Reset 

Items 

Program Counter (PC) 

Status (ST) 

Stack Pointer (SP) 

Register V (Bank Register) (V) 

Interrupt Interrupt Enable Flag (l/E) 

Flag/Mask Interrupt Request Flag (IF) 

Interrupt Mask (IM) 

1/0 Port Data Register (PDR) 

Data Control Register (DCR) 

Port Mode Register A (PMRA) 

Port Mode Register B (PMRB) 

Timer/Counter Timer Mode Register A (TMA) 

Serial Interface Timer Mode Register B (TMB) 

Timer Mode Register C (TMC) 

Serial Mode Register (SMR) 

Prescaler S 

Prescaler W 

Timer Counter A (TCA) 

Timer Counter B (TCB) 

Timer Counter C (TCC) 

Timer Load Register B (TLR) 

Timer Load Register C (TCR) 

Octal Counter 

HD404608/HD4074608 

two instruction cycles of RESET input are 
required for the MCU reset. 

Table 21 shows the parts initialized by MCU 
reset, and the status of each. 

Initial value 
by MCU reset Contents 

$0000 

$3FF 

0 

0 

0 

All bits are 1 

All bits are 0 

0000 

0000 

0000 

0000 

0000 

0000 

$000 

$00 

$00 

$00 

$00 

$00 

$00 

000 

Execute program from the top of the 
ROM address. 

Enable to branch with conditional 
branch instructions 

Stack level is 0 

Bank 0 (Memory) 

Inhibit all interrupts 

No interrupt request 

Masks interrupt request 

Enable to transmit high 

Output buffer is OFF (high impedance) 

See port mode register A 

See port mode register B 

See timer mode register A 

See timer mode register B 

See timer mode register C 

See serial mode register 
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Table 21. Initial Value After MCU Reset (Cont) 
Initial value 

Items by MCU resat Contents 

LCD LCD Control Register (LCR) 000 

LCD Mode Register (LMR) 0000 

DTMF Generator Tone Generator Control Register (TGC) 000 

Tone Generator Mode Register (TGM) 0000 

Bit Register Low Speed On Flag (LSON) 0 

Watch Dog Timer ON Flag (WOON) 0 

Tone Generator Speed Flag (TGSP) 0 

Miscelaneous Register 

Item 

Carry 

Accumulator 

Register B 

RegisterW 

Registers X/SPX 

Registers Y /SPY 

Serial Data Register 

RAM 

(MIS) 

(CA) 

(A) 

(B) 

(W) 

(X/SPX) 

(Y/SPY) 

(SR) 

000 

After recovering from STOP 
mode by MCU resat 

The contents of the items before 

MCU reset are not retained. 

It is necessary to initialize them by 

software. 

The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained . 

• HITACHI 

See LCD control register 

See LCD duty/clock control 

See tone generator control register 

See generator mode register 

See low power dissipation mode 

See timer C 

See DTMF generation circuit 

After MCU reset except for 
the left condition 

The contents of the items before 

MCU reset are not retained. 

It is necessary to initialize them by 

software. 

Same as above 
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Internal Oscillator Circuit 

Figure 20 gives an internal oscillator circuit. 
Ceramic filter can be connected to OSC1 -

osc 1 

OSC2 

X1 

X2 

System fose 

oscillator 

Sub-sys
tem 
oscillator 

Divider 
circuit 
1/4 

Divider 
circuit 
1/8 

HD404608 /HD4074608 

OSC2• 32.768 kHz crystal oscillator can be 
connected to X1, X2. External clock operation 
is available to the system oscillator. 

Timing fcyc 

generator 
circuit 

Timing 
generator 
circuit 

Mode 
control 
circuit 

System clock 
(¢ePu) 

System clock 
(¢PER) 

'--------Time base 
clock (¢eLKl 

Figure 20. Internal Oscillator Circuit 

Do 

RESET 

OSC2 

osc, 
Vee 

VT,., 

GND 

TEST 

X1 

GND 

Figure 21. Layout of Crystal and Ceramic Filter 
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Table 22. Examples of Oscillator Circuit 

Circuit Configuration 

Oscillator 

External clock Operation 

Open OSC 2 

Ceramic filter oscillator 

GND 

Crystal oscillator GND 

Circuit Constants 

Ceramic filter: CSB400P 
(Murata) 
R1=1 MD± 20% 
C1=C2=220pF ± 5% 
Ceramic filter: CSB800J 
(Murata) 
R1=1 MD± 20% 
C1 =C2=220 pF ± 5% 

Crystal: 32.768kHz: MX38T 
(Nippon Denpa Kogyo) 
R5 = 14 k 
Co= 1.5 pF 
C1=6 pF ± 20% 
C2=20 pF ± 20 % 

Notes: 1. On the crystal and ceramic filter resonator, the upper circuit parameters are the one recom
mended by crystal or ceramic filter maker. The circuit parameters are changed by crystal, 
ceramic filter resonator and the floated capacitance in designing the board. In employing the 
resonator, please consult with the engineers of crystal or ceramic filter maker to determine the 
circuit parameter. 

2. Wiring among OSC1, OSC2 (X1, X2) and elements should be as short as possible, and never 
cross the other wirings. Refer to figure 21 . 

3. When the crystal (32. 768 kHz) is not used, the X1 pin must be fixed to Vee and the X2 pin 
must be opened. 
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Liquid Crystal Display (LCD) 

The MCU contains 4 common signal pins, the 
controller, and the driver. The controller and 
the driver drive 32 segment signal pins. The 
controller is consisted of dispaly data RAM, 
the LCD control register (LCR), and the duty I 
clock control register (LMR) (figure 22). 
4 kinds of duties and the LCD clocks are 

Vee 

I Power Switch 

GND 0-----1 

LCD 
Power 
Supply 
Control 
Circuit 

Register 

LCR $013 

LMR $014 

Duty/LCD 
clock cont
rol register 

Display ON/OFF 

$050 1-------1 

) 
Display 
Area 

(.Dual Port) 
RAM 

$06Fl----1 

r::4 
RAM area 
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available by program control. And the MCU 
contains the dual port RAM. Thus displayed 
data can be transferred to segment signal 
pins automatically without program control. 
When you select 32kHz oscillation clock as a 
LCD clock source, the system allows the LCD 
display even in the watch mode in which the 
system clock halts. 

LCD 
Common 
Driver 

LCD 
Segment 
driver 

LCD 
Clock 

COM1 

COM2 

COM3 

COM4 

SEG1 

SEG2 

SEG32 

Duty Selection 

Clock Selection System Clock Dividing 
L_ ________ __:...:__..:__ ____ -l)<cf+--+--Output (CL 1-CL3) 

LCD: Liquid Crystal Display 
~--32kHz Clock Dividing 

Output (CLO) 

Figure 22. LCD Driver Configuration 
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LCD Data Area and Segment Data ($050-
$06F): Figure 23 shows a configuration of 
LCD RAM area. Each bit of this area, corre
sponds to 4 types of duties, can be transmit
ted to segment as a display data by pro
gramming the area corresponding to the 
duty. 

LCD Control Register (LCR: $013): The 
LCD control register is a 3-bit write only reg
ister which controls the blanking of the LCD, 
ON/OFF of the power switch and the display 
in the watch mode/subactive mode (table 
23). 

· Blank/Display 
Blank: Segment signal is faden irrespective 
of the LCD RAM data. 
Display: LCD RAM data is transmitted as a 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

bit 3 bit 2 bit 1 bit 0 

SEG 1 SEG 1 SEG 1 SEG 1 

SEG 2 SEG 2 SEG 2 SEG 2 

SEG 3 SEG 3 SEG 3 SEG 3 

SEG 4 SEG 4 SEG 4 SEG 4 

SEG 5 SEG 5 SEG 5 SEG 5 

SEG 6 SEG 6 SEG 6 SEG 6 

SEG 7 SEG 7 SEG 7 SEG 7 

SEG 8 SEG 8 SEG 8 SEG 8 

SEG 9 SEG 9 SEG 9 SEG 9 

SEG 10 SEG 10 SEG 10 SEG 10 

SEG 11 SEG 11 SEG 11 SEG 11 

SEG 12 SEG 12 SEG 12 SEG 12 

SEG 13 SEG 13 SEG 13 SEG 13 

SEG 14 SEG 14 SEG 14 SEG 14 

SEG 15 SEG 15 SEG 15 SEG 15 

SEG 16 SEG 16 SEG 16 SEG 16 

COM 4 COM 3 COM 2 COM 1 

$050 

$051 

$052 

$053 

$054 

$055 

$056 

$057 

$058 

$059 

$05A 

$058 

$05C 

$050 

$05E 

$05F 

segment signal. 

·Power Switch ON/OFF 
OFF: Power switch is off. 
ON: Power switch is on, and V1 is Vee. 

·Watch Mode/Subactive mode Display 
OFF: In the watch mode/subactive mode, 
all common/segment pins are fixed to GND. 
And power switch is off. 
ON: In the watch mode/subactive mode, 
LCD RAM data is transmitted as a segment 
signal. 

LCD Duty/Clock Control Register (LMR: 
$014): The LCD duty/clock control register is 
a write only register which specifies 4 kinds 
of display duties and reference clock for LCD 
(table 24). 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

bit 3 bit 2 bit 1 bit 0 

SEG 17 SEG 17 SEG 17 SEG 17 

SEG 18 SEG 18 SEG 18 SEG 18 

SEG 19 SEG 19 SEG .19 SEG 19 

SEG 20 SEG 20 SEG 20 SEG 20 

SEG 21 SEG 21 SEG 21 SEG 21 

SEG 22 SEG 22 SEG 22 SEG 22 

SEG 23 SEG 23 SEG 23 SEG 23 

SEG 24 SEG 24 SEG 24 SEG 24 

SEG 25 SEG 25 SEG 25 SEG 25 

SEG 26 SEG 26 SEG 26 SEG 26 

SEG 27 SEG 27 SEG 27 SEG 27 

SEG 28 SEG 28 SEG 28 SEG 28 

SEG 29 SEG 29 SEG 29 SEG 29 

SEG 30 SEG 30 SEG 30 SEG 30 
----- .... 

SEG 31 SEG 31 SEG 31 SEG 31 

SEG 32 SEG 32 SEG 32 SEG 32 

COM 4 COM 3 COM 2 COM 1 

$060 

$061 

$062 

$063 

$064 

$065 

$066 

$067 

$068 

$069 

$06A 

$068 

$06C 

$060 

$06E 

$06F 

Figure 23. Configuration of LCD RAM Area 
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Table 23. LCD Control Register 

LCR Watch Mode/Sub- LCR Power Switch LCR Blank 
Active Mode 

bit 2 Display bit 1 ON/OFF bit 0 /Display 

0 OFF 0 OFF 0 Blank 

ON ON Display 

Note: In case of LCD in the watch mode, use divider output of 32kHz oscillator as an LCD clock and 
set LCR bit2 to 1. When system oscillator divider output is used as an LCD clock, set LCD bit2 
to 0. 

Table 24. LCD Duty/Clock Control Register 

LMR 

bit 3 bit 2 bit 1 bit 0 Duty Select/Input Clock Select 

0 0 1 /4 Duty 

0 1 /3 Duty 

0 1 /2 Duty 

Static 

0 0 CLO (32. 768kHz/64; when 32. 768kHz oscillator is used) 

0 CL 1 (fcyc/256) 

0 CL2 (fcyc/2048) 

CL3 (Refer to table 25.) 

Note: fcvc is a system oscillator divider output. 

~-----Blank/Display 

'----------Power Switch ON/OFF 

'-------------Display ON/OFF at Watch Mode 

~-------------(Not Used) 

LMR (LCD Mode Reg.) ADR=$014 

3 2 0 

Figure 24. LCD Control Register 
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Table 25. LCD Frame Frequency 

Duty Static 

~ 
bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 
0 0 0 1 1 0 1 1 
CLO CL1 CL2 CL3 * 

1 Oµs 512Hz 390.6Hz 48.8Hz 24.4Hz/64Hz 

5µs 512Hz 781 .2Hz 97.6Hz 48.8Hz/64Hz 

Duty 1/2 Duty 

~ 
bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 
0 0 0 1 1 0 1 1 
CLO CL 1 CL2 CL3 * 

1 Oµs 256Hz 196.3Hz 24.4Hz 12.2Hz/32Hz 

5µs 256Hz 390.6Hz 48.8Hz 24.4Hz/32Hz 

Duty 1/3 Duty 

~ 
bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 
0 0 0 1 1 0 1 1 
CLO CL 1 CL2 CL3 * 

10µs 170.6Hz 130.2Hz 16.3Hz 8.1 Hz/21.3Hz 

5µs 170.6Hz 260.4Hz 32.6Hz 16.2Hz/21 .3Hz 

Duty 1/4 Duty 

~ 
bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 
0 0 0 1 1 0 1 1 
CLO CL1 CL2 CL3 * 

1 Oµs 128Hz 97. 7Hz 12.2Hz 6.1Hz/16Hz 

5µs 128Hz 195.4Hz 24.4Hz 12.2Hz/16Hz 

* Division ratio differs depending on the value of bit 3 of the timer mode register (TMA3). 
(TMA3 = 0/TMA3 = 1) 

TMA3=0 CL3=fcyc/4096 
TMA3=1 CL3 = 32. 768 kHz/512 
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Large LCD Panel Driving and Driving 
Voltage (VLCo): When using the large LCD 
panel, lower the dividing resistance by im
plementing the external resisters parallel to 
the internal dividing resistors (See the fol
lowing figure). 

Since the liquid crystal display board is of 
matrix configuration, the path of the charge/ 
discharge current through the load 
capacitors is very complicated. Moreover, as it 

VeelV,) 

V2 c 

V3 c 

GND 

Vee 
VLco 

Vee 

v, 
v, 
v, 
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varies depending on display condition, a val
ue of resistance cannot be simply determined 
by referring to the load capacitance of liquid 
crystal display. A value of resistance must be 
experimentally determined according to the 
demand for power consumption of the 
equipment in which the liquid crystal display 
is implemented. 
Capacitor C (0.1 to 0.3 µF) is recommended to 
be attached. In general, R is 1 kO to 10 kO. 

VeclV1) 

R 

V2 

R 

V3 
C=0.1 -0.3 µF 

R 

GND 

COMl 
1- 1 With 4-digit 
Ct. with signal 

32 
SEGl 

I 
SEG32 

GND 

Vcc;f;VLco;;;GND 

Vee 

Vee 

Vee 

v, 
v, 
v, VLCD 

GND 

~------i Vee 

VLCD 

v, 
V2 
v, 

,__----<o----;GND 

~-----"-1Vec 

Static Drive 

COMl 2 ,-, 
COM2 D. 8-digit LCD 

SEGl 32 
I 

SEG32 

1 /2 Duty, 1 /2 Bias Drive 
3 . 

COMl I ,___,_.......,~ 

COM3 

,.., 
0. 

With 10-digit 
with signal 

SEGl 32 
I !------+----~ 

SEG32 

1/3 Duty, 1/3 Bias Drive 

COMl 
4 

I t---+---< ... 0 16-digit LCD u. COM4 

SEGl 
I 

SEG32 

32 

1/4 Duty, 1/3 Bias Drive 

Figure 25. An Example of LCD Connection 
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The following figure shows a connection 
when changing the liquid crystal driving 
voltage (VLcn). In this case, power supply 
switch for dividing resistor (power switch) 
should be turned OFF (Bit 1 of the LCR regis
ter is 0). 

DTMF Generation Circuit 

The MCU provides a dual tone multi-fre
quency (DTMF) generation circuit. 

The DTMF signal consists of two sine waves 
to access the switching system. 

Figure 26 shows DTMF keypad and fre
quencies. Press one of the keys to generate 
tones which corresponds to each frequencies. 
Figure 27 shows a block diagram of DTMF 
circuit. 

The MCU uses oscillation frequency reduced 
to 400kHz, a eighth of convensional one, to 
realize a low power consumption. In this case, 
the problem is a frequency deviation. The 
MCU provides transformed programmable 
dividers in addition to sine wave counters 

R1(697Hz) 

R2(770Hz) 

R3(852Hz) 

R4(941 Hz) 

N M <t u u u u 
"N "N "N "N :c ::c ::c ::c 
en co ,.... M 
0 M ,.... M 
'"'!. ~ <t_ ~ 

Figure 26. DTMF Keypad and Fre
quencies 

and a control register to reduce a frequency 
deviation. 

The DTMF generation circuit is controlled by 
the following three registers. 

Tone Generator Mode Register (TGM: 
$010): The TGM register is a 4-bit write-only 
register which controls output frequencies 
(table 26), and is cleared to $0 at MCU reset. 

Tone Generator Control Register (TGC: 
$011): The TGC register is a 3-bit write-only 
register which controls start/stop of DTMF 
signal output (table 27), and is cleared to $0 
at MCU reset. 

Tone Generator Speed Flag (TGSP: $020, 
2): The TGSP flag is a 1-bit register which can 
be set/reset by SEM/REM and SEMD/REMD 
instruction. The DTMF generation circuit 
generates output frequencies as table 26 
shows when 400kHz clock is selected. When 
800kHz clock is selected, the DTMF genera
tion circuit generates equivalent frequencies 
by pulling TGSP flag high. 

~neWave 
b~~ter 

Feed back 

TONER 

Vref 

TONEC 

Figure 27. Block Diagram of DTMF 
Circuit 
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Table 26. Tone Generator Mode Register 

TGM 

bit 3 bit 2 bit 1 bit 0 Output Frequencies 

Option 0 0 fR1 (: 697Hz) Output through 

(TONER output 0 fR2(: 770Hz) TONER pin 

is not affected) 0 fR3(: 852Hz) 

fR4(: 941 Hz) 

0 0 Option fc1(: 1,209Hz) Output through 

0 (TONEC output fc2(: 1,336Hz) TONEC pin 

0 is not affected) fc3(: 1,477Hz) 

fc4(: 1,633Hz) 

Table 27. Tone Generator Control Register 

TGC1 DTMF Enable Bit 

0 DTMF Disable 

DTMF Enable 

TGC2 TONER Output Control (Row) 

0 Stop 

TONER Output (Active) 

TGC3 TONEC Output Control (Column) 

0 Stop 

TONEC Output (Active) 
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DTMF Output: The sine waves of row-group 
and high-group are individually converted 
from digital to analog in the D/ A conversion 
circuit which provides high precision ladder 
resistance. The DTMF output pins (TONER, 
TONEC}° transmits the sine waves of row
group and high-group, respectively. Figure 28 

shows the TONE output equivalent circuit. 
Figure 29 shows the output waveform. One 
cycle of this wave consists of 32 slots. There
fore, the output waveform is stable with little 
distoration. And table 28 details the fre
quency deviation of the MCU from standard 
DTMF signals. 

Table 28. Frequency Deviation of the MCU from Standard 

Standard DTMF (Hz) 

R1 697 

R2 770 

R3 852 

R4 941 

C1 1,209 

C2 1,336 

C3 1,477 

C4 1,633 

MCU (Hz) Deviation from Standard(%) 

694.44 -0.37 

769.23 -0.10 

851.06 -0.11 

938.97 -0.22 

1,212.12 0.26 

1,333.33 -0.20 

1,481.48 0.30 

1 ,639.34 0.39 

Switch Control 

VTref--+ ..... --+----------h 
GND 

~--------------+----u TONER 

-----o TONEC 

Figure 28. Tone Output Equivalent Circuit 

VTm1 

, 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930313 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Figure 29. Waveform of Tone Output 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has five low power dissipation 
modes. 

Active Mode: In the active mode, the MCU 
operates through clocks generated in the 
oscillator circuits: OSC1 and OSC2. 

Standby mode: Execute SBY instruction to 
put the MCU into the standby mode from the 
active mode. In standby mode, the oscillator 
circuit is active and interrupts, timer/counter, 
and the serial interface working. On the other 
hand, the CPU stops since the clock related to 
the instruction execution stops. Registers, 
RAM, and I/O pins retain the states they 

HD404608/HD4074608 

were in just before the MCU went into 
standby mode. 

Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 after instruction 
execution, the interrupt is executed, while if 
it is 0, the interrupt request is put on hold and 
normal instruction execution continues. In 
the later case, the MCU becomes active and 
executes the next instruction following the 
SBY instruction. (figure 31) 

Figuer 31 shows the flowchart of the standby 
mode. 

Table 29. Low Power Dissipation Mode Function 

Condition 

Instruction Peripheral Clock 
Operating Activated System Sub-sY.tem axacution interrupt interrupt Registar/ 
Mode by oscillator oscillator 1.Pcpul l.PPERI 1.PcLKI RAM Flag 1/0 Rlaasad by 

Active RESET Active Active Active Active Active Active Active Active3 RESET input 
mode release STOP/SBY 

Interrupt instruction 
request 

Standby SBY Active Active Stop Active Active Hold Hold Hold RESET input 
mode instruction Interrupt 

request 

Stop TMA3=0, Stop Active1 Stop Stop Stop Hold Reset High RESET input 
mode Stop impedance3 

instruction 

Watch TMA3=1. Stop Active Stop Stop Active2 Hold Hold Hold3 Reset input 
mode Stop INTo or Time 

instruction A interrupt 
request 

Sub-active4 INTo from Stop Active Active Stop Active2 Active Hold/ Active3 RESET input 
mode 

Notes:1. 
2. 
3. 
4. 
5. 

watch Active 
mode or 
Timer A 
interrupt 
request 

When you minimize the Ice. stop the oscillation by external circuit. 
Refer to interrupt frame section for details. 
Refer to table 30. 
Sub-active mode is a functional option specified via function option list. 

STOP/SBY 
instruction 

On using watch mode or Sub-active mode, 32. 768 kHz Crystal oscillator is essential for 
MCU. 
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Table 30. 1/0 State in the Low Power Dissipation Mode 

Do-Ds 

RO-R3 

Output 

Standby mode, 
Watch mode 

Retained 

Retained 

Stop mode 

High 
impedance 

High 
impedance 

Input 

Active mode, 
Sub-active 

Input enable 

Input enable 

Input enable 

Table 31. Operations in the low power dissipation mode 

Stop 

Functions mode 

CPU Reset 

RAM Hold 

Timer A Reset 

Timer B Reset 

Timer C Reset 

Serial Reset 

LCD Reset 

DTMF Reset 

1/0 Reset1 

Notes: 1. Output pins are in the high impedance state. 
2. ~: in operation 
3. Sub-active mode is a functional option specified via functional option list. 
4. When a clock is input in the external clock mode, transmit-receive operation is performed 

(lnterrup processing stops). 
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RESET 

Standby Mode Active Mode Stop Mode 

1------------1 ~MA3~0--r------1 
I I I I 

(TMA3=0) 

1
1 

fosc Oscillate [LI SBY (Standby) I fosc Oscillate I STOP 

1 fx Oscillate If 1 fx Oscillate 111--------<~ 
I ¢cpu = Stop I I ¢cpu = f ovo 

fosc 
fx 
¢cpu = 
¢CLK = 
¢PER = 

Stop 
Oscillate 
Stop 

Stop 
Stop 

J ¢cLK = f,vo I Interrupt I ¢cLK = f,y, 

I ¢PER = f,Yo (Timer A, B, c)~ ¢PER = foyo 
: SERIAL 1~---..-----' 
I -I INTo, INT, I (TMA3=0) 
I I 
I I 
I I 
I I 

Watch Mode 

/ frTMA3=1) ~ ilTMA3~1,-L5oN"=o)-1 
I I I 
1 fosc Oscillate SBY (Standby) I fosc Oscillate t'-----S_T_O_P __ lH fosc Stop 
11 fx Oscillate 1 1 fx Oscillate I 1 fx 

~ S I INTo, I 'l'CPU = top I I ¢cPU = foyo I T·imer A*' 1

1 
¢cPu = 

1 ¢cLK = fsue ~ Interrupt 4 ¢cLK = fsue it ¢cLK = 

I ¢PER = foyo I (Timer A, B' c) I ¢PER = foyo I ) ¢PER = 
I I SERIAL I I 
L------------~ INT0 , INT, L ___________ _ 

--- ---- -------------- --- ~\ 

fosc : Main Oscillator 

Oscillate 
Stop 

fsue 
Stop 

I fx 
I 
I 
I 

: fcyc 

l fsus 
l¢cpu = 

i<PcLK = 
:tfoPER = 
I 

: Sub Oscillator 
for Time-Base 

: fosc/4 
: fx/B 

I 
I 
I 
I 

Sub Active Mode 

fosc Stop 

STOP/ i 
SBY I 

I 
I 
I 

ST•O~P l(TMA3=1, LSON=1) 
INTo, I.----------, 
Timer A• 1 fosc Stop 

fx 
: System Clock ¢cpu = 

¢CLK = 
¢PER = 

I 

: Clock for Time-Base 
: Clock for other 
Peripheral Function 

Oscillate 
fsue 

fsue 
Stop 

I 
fx Oscillate 

STOP/SBY : :CPU = 
t-------1 'l'CLK = 

I ¢PER = 

Stop 

fsue 
Stop 

I I 
L. ____________ _J 

J LSON : Low Speed Flag , 
._ _______________________ J 

.PPER 1 Active 

Stop 

* 1) Time-base interrupt 

Active 

Active mode 

Sub-active mode 

Stop 

Standby mode 

Watch mode (TMA3 = 1) 

Stop mode (TMA3=0) 

Notes: 1. 4'PER is a clock for peripheral functions other than time base. 

2. ¢CPU is a system clock. 

Figure 30. MCU Operation Mode Transfer 
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778 

Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

No 

Restart 
Processor Clocks 

Reset MCU 

Yes 

Execute 

WATCH 

Oscillator 
Sub Oscillator 
Peripheral clocks 
All Other Clocks 

;;: 
c: 
0 

>-
"' !!!. 

Yes 

Restart 

Stop 
Active 
Stop 
Stop 

Yes 

Processor Clocks 

No 

Next Instruction 
Interrupt 

Accept 

Figure 31. MCU Operating Flowchart 
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Stop Mode: Execute STOP instruction to put 
the MCU into the stop mode when the MCU is 
in the active mode and TMA3 is 0. In the stop 
mode, oscillator circuit and every function of 
the MCU stops. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 32, 
reset input must be applied at least to tRc to 
stabilize oscillation (Refer to AC Characteris
tics table). After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, 
register B, register W, registers X/SPX and YI 
SPY, and carry may not retain contents. 

Watch Mode: The MCU enters Watch mode 
by the STOP instruction during Active mode 

I• Stop mode •I 

HD404608 /HD4074608 

and TMA3=1 or by the STOP or SBY instruc
tion during Sub Active mode. Watch mode 
can be canceled by the RESET input or timer 
A/INTo interrupt request. For a detailed 
description of the RESET input in canceling 
mode, see Stop mode section. If Watch mode 
is canceled by the timer A/INTo interrupt 
request, the MCU enters either Active mode 
or Sub Active mode depending on the state of 
the LSON bit. When the MCU enters Active 
mode, the interrupt request is delayed for a 
half of the interrupt frame period (tRc) in 
order to wait stabilization of the system 
oscillation (figure 33). In this case, MCU 
operation is the same as that when canceling 
Standby mode (figure 31). 

Sub-active Mode: In the sub-active mode, 

Oscillator 11111111111111111111111111111 \\ ~11111111111111111111111111111111111111111111111111111111111111111111 

Internal clock ~I hiillillillu LrL_fL_fL_fl_fl 

RESET ------.--------'l---------'F ~ 
1- ·I 

STOP instruction execution (more than stabilization time: tAc) 

Figure 32. Timing Chart of Recovering from Stop Mode 

Oscillation 
I 

Act ive mode Watch mode 
l s.tabilization 

time Active mode 

Interrupt 
strobe 

Interrupt 
request 
generation 

(only in 
entering 
Active mo de) 

l l 
I 

I 
I 

I 

I 

' T I tRc -I 
I 
I 

' 

T=2 XtRc 

T = 2 x tRc: .Interrupt frame period 

Figure 33. Interrupt Frame 
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the MCU operates with the clock generated 
in the oscillator circuit; X1-X2. Timer A/INTo 
interrupt is generated in this mode with the 
timing synchronous with the interrupt frame 
timing. 

Note that sub-active mode is a functional 
option. Therefore, sub-active is available for 
the devices provided with this option. 

Interrupt Frame: In Watch mode and Sub
Active mode, the time-base clock (qlcLK) is 
applied to timer A and the INTo circuit. Pres
caler W and timer A operates as the time
base and generate the timing clock for the 
interrupt frame. The interrupt frame period 
(T) depends on the state of the miscellaneous 
register as shown in figure 34. 

In Watch mode and Sub Active mode, the 

MIS: $00C 

MIS2 MIS1 MISO 

~-----

} tRc selection 

~-------- Refer to Table 20 

timer A/INTo interrupt occurs synchronously 
with the interrupt strobe timing clock. When 
the MCU wakes up to Active mode from 
Watch mode, the interrupt request is delayed 
for a half of interrupt frame period (tRc). The 
falling edge of INTo, which is input regardless 
of the interrupt frame clock cycle, is equiva
lent to that synchronous with the interrupt 
strobe clock just after the falling edge. During 
oscillation stabilization (tRc) the falling edge 
of INTo is not recognized. An overflow and 
interrupt request in timer A occurs 
synchronously with the interrupt strobe 
clock. 

Limitation on Use 

Please pay attention to the following items. 

When MCU goes from watch mode to active 

MIS 

bit 1 bit 0 

0 0 

0 1 

1 0 

1 1 

Oscillation circuit 
tRc condition 

0.12207ms External clock input 

31.25ms 400/800 kHz 
62.5ms ceramic filter 

Not Used -

The value of tRc is applied only 
when using 32. 768 kHz oscillator. 

Figure 34. Miscellaneous Register 

IFTA 
(Timer A int. Flag) 

INT0 input 

INTo 
(Internal signal) 

IFO 
(External int. Flag) 

Active mode Watch mode 
Oscillation 
stabilization time 

(Low) 

( 1) (2) 

Figure 35. INTo Detect Timing 
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mode by timer A interrupt request under the 
following conditions, the timer A interrupt 
request flag (IFTA) and also the external 
interrupt request flag (IFO) will be set. 

(1) MCU goes from active mode to watch 
mode in INTo low state. 

(2) INT0 is low state during watch mode. 
(3) MCU goes from watch mode to active 

mode by timer A interrupt in INTo low 
state. 

Interrupt flag will be set by falling edge of 
INTo input signal and will not be set without 
this edge in regular case. However the inter
nal INTo signal is initialized during 1st tcyc 
after the MCU transition from watch mode to 

Power ON 

Yes 

Reset 
MCU 

No 

HD404608 /HD4074608 

active mode by timer A interrupt, therefore 
the falling edge will be generated internally 
with INTo low state during this 1st tcvc· This 
edge will cause to set IFO. (figure 35) 

The INTo input must be high if MCU goes from 
watch mode to active mode by the timer A 
interrupt. 

MCU Operating Sequence 

The MCU operates accoriding to the flow
chart shown in figures 36 to 38. 

Note that RESET input is asynchronous. 
Therefore, the MCU is reset immediately after 
the RESET input supply. 

r---- ---1 
I I 
I MCU I 
I Operation I 
I cycle I 
I I 
I I 
L.---------J 

Figure 36. MCU Operating Sequence (Power ON) 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 781 



HD404608 /HD4074608 

r--- ---, 
I Low Power Mode I 
I Operation I 
L_:_vc1e_ __J 

IF: Interrupt Request Flag 
IM: Interrupt Mask 
l/E: Interrupt Enable Flag 
PC: Program Counter 
CA: Carry 
ST: Status 

Yes 

MCU Operation 
Cycle 

Instruction 
Execution 

PC<--Next 
location 

Yes 

No 

Yes 

l/E<--0 

Stack<--( PC),( CA) ,(ST) 

PC<--Vector 
address 

Figure 37. MCU Operating Sequence (MCU Operation Cycle) 
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Low Power Mode 
Operation Cycle 

Yes 

Hardware NOP 
Execution 

PC<---Next 
location 

MCU Operation 
Cycle 

No 

SBY/WATCH 
mode 

HD404608 /HD407 4608 

STOP mode 

Hardware NOP 
Execution 

PC<---Next 
location 

Instruction 
Execution 

* For the kind of IF and IM, 
see figure 31 MCU Operating 
Flowchart. 

Figure 38. MCU Operating Sequence (Low Power Mode Operation) 
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Pin Description in PROM Mode 

The HD4074608 is a ZTAT microcomputer 

incorporating PROM. In the PROM mode, the 
MCU does not operate and the HD4074608 
can program the on-chip PROM. 

Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode 

FP-808 FP-SOA Pin Name 1/0 Pin Name 1/0 FP-808 FP-SOA Pin Name 1/0 Pin Name 1/0 

1 79 D2 1/0 41 39 SEG9 

2 80 03 1/0 03 1/0 42 40 SEG10 

3 1 04 1/0 04 1/0 43 4 1 
-----------
4 2 05 1/0 Os 1/0 44 42 ------·-----------
5 3 Ds 1/0 Os 1/0 45 43 

6 4 07 1/0 01 1/0 46 44 -------·---

SEG11 

SEG12 

SEG13 

SEG14 

0 
0 
0 
0 

·---·---·-----
0 
0 

7 5 Da 1/0 47 45 SEG15 0 

8 6 Ds 1/0 48 46 SEG 1 6 0 
-----------

9 7 010 Vpp 49 47 SEG17 0 ------
10 8 D1,/VC,.1 As 50 48 SEG18 0 

11 9 012/COMPO MO 51 49 SEG19 0 

12 10 D13/COMP1 M 1 52 50 SEG20 0 

13 11 TEST TEST 53 51 SEG21 0 

14 12 X1 I GND 54 52 SEG22 0 
·-------------- ·-------

1 5 13 X2 0 55 53 SEG23 0 

16 14 GND GND 56 54 SEG24 0 --------------------
1 7 15 ROo/SCK 1/0 A, 57 55 SEG25 0 

·----·-----~---

18 16 R01 /SI 1/0 A2 58 56 SEG26 0 

19 17 R02/SO 1/0 A3 59 57 SEG27 0 
----·--------------

20 1 8 R03 1/0 A4 60 58 SEG28 0 
-----
21 19 R1o 1/0 As 61 59 SEG29 0 

----
22 20 R11 1/0 As 62 60 SEG30 0 

----
23 21 R12 1/0 A1 63 61 SEG31 0 ----------·-------- ----------------
24 22 R13 1/0 As 64 62 SEG32 0 

-----
25 23 R2o 1/0 Ao 65 63 COM1 0 

26 24 R21 1/0 A10 66 64 COM2 0 

27 25 R22 1/0 A,, 67 65 COM3 0 

28 26 R23 1/0 A12 68 66 COM4 0 -----------------------
29 27 R3o 1/0 A,3 69 67 V1 

30 28 R31/TIMO 1/0 A,4 70 68 V2 

31 29 R32/INT0 1/0 CE 71 69 V3 Vee -----
32 30 R33/INT1 1/0 OE 72 70 TONEC 0 
33 31 SEG1 0 73 71 TONER 0 
34 32 SEG2 0 74 72 VT ref Vee 
35 33 SEG3 0 75 73 Vee Vee 
36 34 SEG4 0 76 74 OSC1 I Vee 
37 35 SEG5 0 77 75 OSC2 0 
38 36 SEG6 0 78 76 RESET I RESET 

39 37 SEG7 0 79 77 Do 1/0 Oo 
40 38 SEG8 0 80 78 D1 1/0 01 

Note: 1/0: Input/output pin, I: Input pin, 0: Output pin 
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VPP 

Apply the programming voltage (12.5V ± 
0.3V) to Vpp. 

CE 
Program the internal PROM and input the 
control signal to enable verify. 

OE 
Input the data output control signal when 
verify. 

o, 
o, 
04 

Os 
o, 
o, 

v,, 
A, 

GND 

GND 
A, 
A, 

A, 

A• 
As 
A, 

A, 

As 

HD404608 /HD407 4608 

Ao-A14 
Ao-A14 are address input pins of the internal 
PROM. 

Oo-07 
Oo-07 are data bus I/O pins of the internal 
PROM. 

Mo, Mi 
These are for PROM mode specification. To 
put the MCU into the PROM mode, pull Mo, 
M1, and TEST low, and RESET high. 

u 
u 

> 

o. 
Os 
o, 
o, 

v,, 
As 

Mo 
iii\; HD4074608H 

TEST 
GND 

GND 
A, 
A, 
A, 
A4 
As 
A, 

<t <£ <! J J ~ J Jl~t~ 

(FP-808) (FP-80A) 
(Top View) (Top View) 

Figure 39. PROM Mode Pin Arrangement 
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Programmable ROM Operation 

The MCU on-chip PROM is programmed in 
PROM mode (figures 40, 41). PROM mode is 
set by bringing TEST, Mo, and Mi low, and 
RESET high as shown in figure 40. In PROM 
mode, the MCU does not operate. It can be 
programmed like a standard 27256 EPROM 
using a standard PROM programmer and a 
80-to-28-pin socket adapter. Table 33 lists 
recommended PROM programmers and 
socket adapters. 

Since an instruction of the HMCS400 series 
consists of 10 bits, the HMCS400 series 
microcomputer incorporate conversion circuit 
to use a general perpose PROM programmer. 
By this circuit, an instruction is read or pro
grammed using 2 addresses, lower 5 bits and 
upper 5 bits as shown in figure 41. For exam
ple, if 8 kwords of on-chip PROM are pro
grammed by a general purpose PROM pro
grammer, 16 kbytes of addresses ($0000-
$3FFF) should be specified. 

Programming And Verification 

The MCU can be high-speed programmed 
without causing voltage stress or affecting 
data reliability. 

Table 32 shows how programming and veri
fication modes are selected. 

Table 32. PROM Mode Selection 

Pin 

Mode CE OE Vpp Oo-01 

Programming Low High Vpp Data input 

Verify High Low Vpp Data output 

Programming High High Vpp High 
inhibited impedance 

Figure 42 is a programming flowchart, and 
figure 43 is a timing chart. For precautions on 
PROM programming, refer to ZTAT MCU On
Chip PROM Characteristics and Precautions 
for Applications. 

Precautions 

1. Addresses $0000 to $3FFF should be 
specfied if the PROM is programmed by a 
PROM programmer. If addresses of $4000 
or higher are accessed, the PROM may 
not be programmed or verified. Note that 
the plastic package type cannot be 
erased and reprogrammed. Data in un
used addresses should be set to $FF. 

2. Be careful that the PROM programmer, 
socket adapter and LSI match. Using the 
wrong programmer of socket adapter 
may cause an overvoltage and damage 
the LSI. Make sure that the LSI is firmly 
fixed in the socket adapter, and that the 
socket adapter is firmly fixed in the pro
grammer. 

3. The PROM should be programmed with 
Vpp=12.5 V. Other PROMs use 21V.If21 V 
is applied to the MCU, the LSI may be 
permanently damaged. 12.5 V is Intel's 
27256 Vpp. 

Table 33. PROM Programmers and Socket Adapters 

PROM Programmer 

Maker Type name 

DATAl/0 1218 

298 

AVAL Corp PKW-1000 

Socket Adapter 

Maker 

Hitachi 

Hitachi 

Type name 

HS460ESF01H 

HS460ESF03H 
Under Development 

HS460ESF01H 

HS460ESF03H 
Under Development 

.HITACHI 

Package Type 

FP-808 

FP-80A 

FP-808 

FP-80A 
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Vee 

Vee 

RESET 
Vee 

TEST 

Mo 

M, 

Vee Oo-01 
c::::::==> Data 

Oo-01 

D10/Vee Address 
Ao-A1• 

Ao-A1• 

OE 

cr 

GND 

Figure 40. PROM Mode Function Diagram 

$0000 b1t4 b1t3 b1t2 bit1 bitO ~:::r ~ ~i: j} $0000 
JMPL Instruction 

$0001 bit9 bit8 b117 bit6 bit5 (Jump to RESET Routine) 

Vector Address JMPL Instruction 
{Jump to tNTo Routine) 

$001F $000F JMPL Instruction 

$0020 

~ 
$0010 (Jump to INT 1 Routine) 

Zero-Page Subroutine JMPL Instruction 
(64 Words) (Jump to TIMER A Routine) 

JMPL Instruction 

$007F $003F IJump to TIMER B Routine) 

$0080 $0040 JMPL Instruction 
Pattern 

~ 
(Jump to TIMER C Routine) 

(4096 Words) 

tJ~~~ l~~t~~c~:~~ Routine) -i 
$1FFF 

$2000 $1000 \ 
Program 
(8198 Words) 

$3FFF $1 FFF 

(Note) 
$2000 

Not Used 

$7FFF $3FFF 

Three bits are not used. 
(Set to 111) 

Note: When reading this address space, $FF is output 

Figure 41. PROM Mode Memory Map 

@HITACHI 

$0000 

$0001 

$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

$0008 
$0009 

$000A 

$0006 

$000C 

$0000 

$000E 

$000F 
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788 

FAIL 

Address -
Data 

r 
Vpp 

Vpp 
Vee 

Vee 
Vee 

GND 

el 

NOGO 

Start 

Set Prog/Verify mode 
Vpp=12.5±0.3V. Vcc=6.0±0.25V 

NOGO 

NO 

Vcc=5.0±0.5V, Vpp=Vcc±0.6V 

Address+ 1 ___.Address 

Figure 42. High Speed Programming Flowchart 

rogram " 

x. 
tAS ..J c: 

Data In Stable Data Out Vslid 

!OS !DH !OF 

1---1 

tVPS 

tvcs 

~ 
~ 

toes !OE 

tOPW 

I----! 

Figure 43. PROM Program/Verify Timing 
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Programming Electrical Characteristics 

DC Characteristics 
(Vcc=6 V ± 0.25 V, Vpp=12.5 V ± 0.3 V, Vss=O V, Ta=25 "C ± 5 "C, unless otherwise 
noted.) 

Item Symbol Min Typ Max Unit Test Condition 

Input high voltage Oo-01, Ao-A14, OE, CE V1H 2.2 Vcc+0.3 v 
Input low voltage Oo-01. Ao-A14, OE, CE V1L -0.3 0.8 v 
Output high voltage Oo-01 VoH 2.4 v loH= -200µA 

Output low voltage Oo-01 VoL 0.4 v loL=1.6mA 

Input leakage current Oo-01. Ao-A14, OE, CE llul 2 µA V; 0 =5.25V/0.5V 

Vee current Ice 30 mA 

Vpp current lpp 40 mA 

AC Characteristics 
(Vcc=6 V ± 0.25 V, Vpp=12.5 V ± 0.3 V, Ta=25 "C ± 5 °C, unless otherwise noted.) 
Item Symbol Min Typ Max Unit Test Condition 
Address set-up time tAs 2 µS Figure 42' 

OE set-up time to ES 2 µs 

Data set-up time tos 2 µS 

Address hold time tAH 0 µS 

Data hold time toH 2 µS 

Output disable delay time toF 130 ns 

Vpp set-up time tvps 2 µS 

Program pulse width tPW 0.95 1.0 1.05 ms 

CE pulse width when overprogramming to PW 2.85 78.75 ms 

Vee set-up time tvcs 2 µs 

Data output delay time toE 0 500 ns 

*Input Pulse level 0.8 to 2.2V 
Input rising/falling time;;;2ons 

Timing reference level {input : 1.0V, 2.0V 
output : 0.8V, 2.0V 

~HITACHI 
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Precautions on PROM Program
ming 

Principles of PROM Programming/ 
Erasing 

The ZTAT microcomputer has the same type 
of the memory cell as the EPROM. The PROM 
is programmed by applying high voltage to 
the control gate and drain and injecting hot 
electrons into the floating gate, in the same 
way in the EPROM programming. The elec
trons in the floating gate remains stabilized, 
surrounded by the energy barrier of Si02 film. 
By this electrons, the threshold voltage in the 
memory cell changes and the corresponding 
bit goes to 0. 

The hot electrons are reduced as over time. 
This reduction is caused by: 

1. Ultraviolet light···················· ·The electrons 
are discharged by the ultraviolet light 
(erasure principle} 

2. Heat .................................... Theelectrons, 
which are excited by heat, are discharged 

3. Application of high voltage· ··The number 
of electrons is reduced due to the high 
voltage which is applied to the control 
gate and drain 

If there is any failure in the oxide film, the 
charge is markedly reduced; however, in 
general, such reduction does not occur, since 
devices which failed are usually excluded 

.-----./Control gate 
sio2 1 r 

Floating gate 

Source ~ Drain 

\ / 
( ,. J l ,. ( 

during screening tests. 

When the memory cell does not have any hot 
electrons in the floating gate, the corre
sponding bit goes to 1. 

PROM Programming 

PROM programming should be performed 
under specified voltage and timing condi
tions. The higher the program voltage (Vpp} 
and the longer the program pulse width 
(tpw}, the more electrons will be injected into 
the memory cell. If an overvoltage is applied, 
a P-N junction may be permanently 
damaged. It is especially important to note 
that an overshoot occurs in the PROM writer. 
Moreover, negative voltage noise causes a 
parasitic transistor effect, which can reduce 
the apparent breakdown voltage. 

During PROM programming, the ZTAT 
microcomputer is electrically connected with 
the PROM writer via the socket adapter. The 
user should ensure the following: 
1. Confirm that the socket adapter is firmly 

connected to the PROM writer before 
beginning PROM programming. 

2. Do not touch the socket adapter and the 
LSI during programming; this can cause 
faulty contacts, resulting in programming 
errors. 

Control gate 

Floating gate 

Drain 

Programming ( 0 ) Erasing ( 1 ) 

Figure 44. Cross Section of PROM Memory Cell 
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PROM Reliability after Programming 

In general, semiconductor devices retain 
their reliability, if some initial failures can be 
rejected. Initial failures can be rejected by 
adequate screening. "Baking" the device un
der high-temperature conditions is a screen
ing method which eliminates initial short
time data hold failures in the memory cell 
(See "Principles of PROM Programming/Eras-

Programming 
Verification 

l 
Exposure in high temperature 
without applying any power 
150'C ± 1 Q'C, 48 Hr+ 8 Hr* 

- OHr 

I 
Confirmation of reading 
Vcc=4.5 V or 5.5 V 

• Exposure time is the period starting from 
when the temperature in the baking furnace 
reaches 1 50'C. 

Jt'igure 45. Recommended Screening 
Procedure 

HD404608 /HD407 4608 

ing"). ZTAT microcomputer devices realize 
good reliability because they have been sub
jected to such screening during the water 
fabrication process. It is recommended that 
the user expose the device to 150'C at one 
atmosphere after programming in order to 
verify device performance. 

Figure 45 shows the recommended screening 
procedure. 

(note) If programming errors occur se
quentially during PROM programming, the 
user should suspend programming and 
determine whether there is any trouble with 
the PROM writer or the socket adapter. If 
programming verification indicates errors in 
programming or after high-temperature 
exposure, please inform Hitachi of the trou
ble. 

@HITACHI 
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RAM Addressing Mode 

As shown in figure 46, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: The W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 digits from $040 to $04F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four kinds of ROM addressing 
modes, as shown in figure 47. 

Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PCo) with the 
14-bit immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 

When BR is on page boundary (256n + 255) 
(figure 48), executing a BR instruction trans
fers the PC contents to the next page accord
ing to the hardware architecture. Conse
quently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bit immediate data 
are placed in the low-order six bits of the 
program counter (PC5 to PCo) and Os are 
placed in the high-order eight bits (PC13 to 
PCs). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 49). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the Rl and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the Rl and R2 port output register at the 
same time. 

The P instruction has no effect on the pro
gram counter. 
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Register W Register X Register Y 

W1 Wo X3 X2 X1 Xo Y3 Y2 Y1 Yo 

RAM Address APs APs AP1 APs APs AP• AP3 AP2 AP1 APo 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

Opcode 

RAM Address AP9 APs AP7 AP6 AP5 AP• AP3 AP2 AP1 APo 

Direct Addressing 

Instruction 

Opcode 

0 0 0 0 

Memory Register Addressing 

Figure 46. RAM addressing Mode 

.HITACHI 
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(JMPL) 
(BRL) 
(CALL) 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC1o PCs PCs PC7 PCs PC5 PC• PC3 PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 bs b5 b• b3 b2 b1 bo 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC• PC3 PC2 PC1 PCo 

Current Page Addressing 

Instruction 

(CAL) Opcode 

0 0 0 0 0 0 0 0 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC• PC3 PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

Accumulator 

0 0 

Program Counter PC13PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC• PCa PC2 PC1 PCo 

Table Data Addressing 

Figure 47. ROM Addressing Mode 
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1-------t256(n-1) +255 
BR AAA 256n 

AAA NOP 

BR AAA 256n+254 
1--'B<'-R_,_B""B~B::._--l 2 56n + 2 5 5 

256(n+ 1) 

BBB NOP 

Figure 48. The Branch Destination by BR Instruction on the Boundary between Pages 

Instruction 

(P) Opcode 
Register B Accumulator 

Referred ROM Address RA13 RA12 RA 11 RA10RA9 RAa RA7 RA6 RA5 RA• RA3 RA2 RA1 RAo 

Address Designation 

If ROa= 1 

ROM Data R09 

If ROg= 1 

Pattern 

Figure 49. P Instruction 
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Instruction Set 6. Compare instruction 
7. RAM bit manipulation instruction 

The MCU provides 101 instructions which are 
classified into 10 groups as follows; 

1. Immediate instruction 
2. Register-to-register instruction 

8. ROM address instruction 
9. Input/output instruction 

10. Control instruction 

3. RAM address instruction 
4. RAM register instruction 

Tables 34-43 list their functions, and table 44 
is an opcode map. 

5. Arithmetic instruction 

Table 34. Immediate Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 0 0 0 iJ i2 ii io i - A 1/1 

Load B from Immediate LBI i 0 0 0 0 0 iJ i2 ii io i - B 1/1 

Load Memory from LMID i,d 0 0 0 iJ i2 ii io i - M 2/2 
Immediate dg ds d1 d5 ds d4 dJ d2 di do 

Load Memory from LMllY i 1 0 1 0 0 1 iJ i2 ii io i·•M, Y+ 1-Y NZ 1 /1 
Immediate, Increment Y 

Table 35. Register-to-Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B-A 1 /1 

Load B from A LBA 0 0 0 0 0 0 0 A -- B 1/1 

Load A from. W LAW 0 1 0 0 0 0 0 0 0 0 W -·A 
2/2 

0 0 0 0 0 0 0 0 0 0 (Note) 

Load A from Y LAY 0 0 0 0 Y-A 1/1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX -A 1/1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY - A 1 /1 

Load A from MR LAMR m 0 0 rn:i mi m1 rro MR(m) -A 1/1 

Exchange MR and A XMRAm 0 "'3 mi m1 rro MR(m) - A 1/1 

Note: An operand is provided for the second word of LAW and LWA instruction by assembler 
automatically. 
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Table 36. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from immediate LWI i 0 0 0 0 i1 io i •W 1 /1 

Load X from Immediate LXI i 0 0 0 0 i3 i2 i1 io i ·X 1 /1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 i1 io i ~ y 1/1 

Load W from A LWA 0 1 0 0 0 1 0 0 0 0 A ·W 
2/2 

0 0 0 0 0 0 0 0 0 0 (Note) 

Load X from A LXA 0 0 0 0 0 0 A -· X 1/1 

Load Y from A LYA 0 0 0 0 0 0 A "y 1/1 

Increment Y IY 0 0 0 0 0 0 Y+1 -· y NZ 1/1 

Decrement Y DY 0 0 0 Y-1 ·• y NB 1/1 

AddAtoY AYY 0 0 0 0 0 0 0 Y+A ~ Y OVF 1 /1 

Subtract A from Y SYY 0 0 0 0 0 0 Y-A -· Y NB 1/1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1 /1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y - SPY 1/1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 X-SPX, Y-SPY 1/1 
and SPY 

Note: An operand is provided for the second word of LAW and LW A instruction by the assembler 
automatically. 
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Table 37. RAM Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Memory LAM(XY) 0 0 0 0 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Load A from Memory LAMD d 0 0 0 0 0 0 0 M-A 2/2 
ds da d1 ds ds d4 d3 dz di do 

Load B from Memory LBM(XY) 0 0 0 0 0 0 0 y x M-B, (X-SPX, Y-SPY) 1/1 

Load Memory from A LMA(XY) 0 0 0 0 0 y x A-M, (X-SPX, Y-SPY) 1/1 

Load Memory from A LMAD d 0 0 0 0 0 0 A-M 2/2 
ds da d1 ds ds d4 d3 dz di do 

Load Memory from A, LMAIY(X) 0 0 0 1 0 1 0 0 0 x A-M, Y+ 1 -Y (X-SPX) NZ 1/1 
Increment Y 

Load Memory from A, LMADY(X) 0 0 1 1 0 1 0 0 0 x A-M, Y-1-Y (X-SPX) NB 1/1 
Decrement Y 

Exchange Memory and A XMA(XY) 0 0 1 0 0 0 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Exchange Memory and A XMAD d 0 1 1 0 0 0 0 0 0 0 M-A 2/2 
ds da d1 ds ds d4 d3 d2 di do 

Exchange Memory and B XMB(XY) 0 0 1 1 0 0 0 0 y x M-B, (X-SPX, Y-SPY) 1/1 

Note: (XY) and (X) have the following meaning: 
( 1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of LAM 

(XY) is given below). 
The op-code X or Y is assembled as follows. 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X - SPX 

LAMY 0 Y- SPY 

LAMXY X-SPX, Y-SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of LMAIY 
(X) is given below). 
The op-code Xis assembled as follows. 

Mnemonic x Function 

LMAIY 0 

LMAIYX X - SPX 
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Table 38. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 
Words/ 

Status Cycles 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMD d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n : Logical AND 
u · Logical OR 
ffi : Exclusive OR 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

0 0 0 0 i3 i2 i1 io A+i - A OVF 

0 0 0 0 0 00 B+1-B NZ 

0 0 0 0 B-1 - B NB 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 A+ 1 -A 

0 0 000000 B-B 

0 0 0 1 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 

0 0 0 0 0 0 -·CA 

0 0 0 1 0 1 1 1 CA 

0 0 0 0 0 0 0 0 0 M+A - A 

0 0 0 0 0 0 0 0 M+A-•A 

0 0 0 0 0 1 1 0 0 0 M+A+CA -·A 
OVF-CA 

0 1 0 0 0 1 1 0 0 0 M+A+CA-A 
dg ds d1 d5 d5 d4 d3 d2 d, do OVF-CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA-A 
NB-•CA 

0 1 1 0 0 1 1 0 0 0 M-A-CA-A 
dg ds d1 d5 d5 d4 dJ d2 d, do NB-CA 

0 0 0 0 0 0 0 AU B-A 

0 0 0 0 0 0 AnM-A 

0 0 0 0 0 0 0 0 AUM-A 

0 1 0 0 0 0 1 

0 0 0 0 0 0 0 A lj-) M -•A 

0 0 0 0 0 0 A lfJ M -·A 

@HITACHI 

OVF 

OVF 

OVF 

OVF 

NB 

NB 

NZ 

NZ 

NZ 

NZ 

NZ 

NZ 

1 /1 

1 /1 

1/1 

1 /1 

1 /1 

1/1 

1 /1 

1 /1 

1 /1 

1 /1 

1 /1 

1/1 

1/1 

2/2 

1 /1 

2/2 

1 /1 

2/2 

1/1 

1/1 

2/2 

1/1 

2/2 

1 /1 

2/2 
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Table 39. Compare Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 i3 iz i, io i * M NZ 1 /1 
to Memory 

Immediate Not Equal INEMO i,d 0 1 0 0 1 0 i3 iz i, io i * M NZ 2/2 
to Memory dg da d1 de d5 d4 d3 dz d, do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 1 0 0 A*M NZ 1/1 

A Not Equal to Memory AMEMO d 0 1 0 0 0 0 0 1 0 0 A*M NZ 2/2 
dg da d1 de d5 d4 d3 dz d, do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B*M NZ 1 /1 

Y Not Equal to Immediate YNEI i 0 0 0 i3 iz i, io y * i NZ 1/1 

Immediate Less or Equal ILEM i 0 0 0 0 i3 i2 i1 io i;:; M NB 1 /1 
to Memory 

Immediate Less or Equal ILEMO i,d 0 1 0 0 1 1 i3 iz i, io i ;£ M NB 2/2 
to Memory dg da d1 de d5 d4 d3 dz d, do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A;:; M NB 1/1 

A Less or Equal to Memory ALEMO d 0 0 0 0 0 0 0 A;:; M NB 2/2 
dg da d1 de d5 d4 d3 dz d, do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B;:; M NB 1/1 

A Less or Equal to Immediate ALEI i 0 0 i3 i2 i1 io A~ i NB 1 /1 

Table 40. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n, no - M(n) 1/1 

Set Memory Bit SEMO n,d 0 0 0 0 0 n, no - M(n) 2/2 
dg da d1 de d5 d4 d3 dz d, do 

Reset Memory Bit REM n 0 0 0 0 0 0 n, no 0 -· M(n) 1 /1 

Reset Memory Bit REMO n,d 0 1 1 0 0 0 0 n1 no 0 - M(n) 2/2 
dg da d1 de d5 d4 d3 dz d 1 do 

Test Memory Bit TM n 0 0 0 0 0 n, no M(n) 1 /1 

Test Memory Bit TMD n,d 0 0 0 0 n, no M(n) 2/2 
dg da d1 de d5 d4 d3 dz d, do 
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Table 41. ROM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Branch on Status 1 BR b b1 bs b5 b4 bJ b2 bi bo 1/1 

Long Branch on Status 1 BRL u 0 0 1 1 1 P3 P2 P1 Po 2/2 
ds da d1 ds d5 d4 dJ d2 di do 

Long Jump Unconditionally JMPL u 0 1 0 1 0 1 P3 P2 P1 Po 2/2 
ds da d1 ds d5 d4 dJ d2 d 1 do 

Subroutine Jump on Status 1 CAL a 0 a5 a4 a3 a2 a 1 ao 1/2 

Long Subroutine Jump on CALL u 0 0 1 0 P3 P2 P1 PO 2/2 
Status 1 ds da d1 ds d5 d4 dJ d2 di do 

Table Branch TBR p 0 0 0 P3 P2 Pl Po 1/1 

Return from Subroutine RTN 0 0 0 0 0 0 0 0 0 1/3 

Return from Interrupt RTNI 0 0 0 0 0 0 0 0 1 - l/E ST 1/3 
CA Restore 

Table 42. Input/Output Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Discrete 1/0 Latch SED 0 0 0 0 1 0 0 - D(Y) 1/1 

Set Discrete 1/0 Latch Direct SEDD m 0 0 '"3 mz m1 ""> 1 - D(m) 1/1 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 0 - D(Y) 1/1 

Reset Discrete 1/0 Latch Direct REDD m 0 0 0 '"3 "'2 m1 ""> 0 - D(m) 1/1 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 D(Y) 1/1 

Test Discrete 1/0 Latch Direct TDD m 0 0 0 '"3 "'2 m1 ""> D(m) 1/1 

Load A from R Port Register LAR m 0 0 0 1 '"3 mz m1 ""> R(m) -A 1/1 

Load B from R Port Register LBR m 0 0 0 0 '"3 "'2 m1 ""> R(m) - B 1/1 

Load R Port Register from A LRA m 0 0 1 '"3 "'2 m1 ""> A - R(m) 1/1 

Load R Port Register from B LRB m 0 0 0 '"3 mz m1 ""> B - R(m) 1/1 

Pattern Generation Pp 0 0 1 P3 P2 P1 Po 1/2 

Table 43. Control Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 1/1 

Start Serial STS 0 0 0 0 0 0 0 1/1 

Standby Mode/Watch Mode' SBY 0 0 0 0 0 0 1/1 

Stop Mode/Watch Mode STOP 0 0 0 0 0 1/1 

*: Only when shifted from sub-active mode. 
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Table 44. Opcode Map 

~RB 0 1 

2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBM(XY) ~ ---- LAB ---- 18 ---- C<llB ~OR ---- STS .----- SBY T~ 
5 jLMAJYIXl[ZAvv __.--- ~ __-- 1v ---- JMPL p(4) 

6 ~ RED ----~ ------ TC CALL p(4) 

0 7 YNEI i(4) BRL p(4) 

8 XMA(XY) SEM n(2) REM n(2) TM n(2) R:---- SEMO n(2) REMO n(2) TMD n(2) 

9 LAM(XY) LMA(XY) M{._----~ H.-----E-----'~ - ----
A ET_or ------- JiAA!.---··----]_oAS[ .----- LAY LMID i(4) 

B TBR p(4) p p(4) 

C XMB(XY) ~LEM ---- LBA ---- DB 

D LMADYIXlzsvv ---- LVA ---- DY 

E TD -------- SEO ---- LXA ---- R~SEC 
CAL a(6) 

F LWli(2) 

0 LBI i(4) 

1 LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

5 LAR m(4) 

6 REDD m(4) 

1 7 LAMR m(4) BR b(B) 

8 Al i(4) 

9 LMllY i(4) 

A TDD m(4) 

B ALEI i(4) 

c LRB m(4) 

D LRA m(4) 

E SEDD m(4) 

F XMRA m(4) 

c=J-··1-word/2-cycle c::::=J··1-word/3-cycle c=J-··RAM Direct AcldNu c::::J···2-word/2-cycle 
In_._ Instruction Instruction Instruction 

(2-word/2-cyclel 
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Absolute Maximum Ratings 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to+ 7.0 v 

Programming Voltage Vpp -0.3 to+ 14.0 v 2 

Terminal Voltage VT -0.3 to Vee + 0.3 v 

Total Allowance of Input Current ~lo 100 mA 3 

Total Allowance of Output Current - ~lo 50 mA 4 

Maximum Input Current lo 4 mA 5, 6 

30 mA 5, 7 

Maximum Output Current - lo 4 mA 8, 9 

Operating Temperature Topr -20to + 75 ·c 

Storage Temperature Tstg -55to+125 ·c 

Storage Temperature (bias) Tbias -25to+80 ·c 

Notes: 1 . Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceed
ed, it may cause a malfunction or affect the reliability of LSI. 

2. D10 (Vpp) of the HD4074608. 
3. Total allowance of input current is the total sum of input current which flows in from all I/ 

0 pins to GND simultaneously. 
4. Total allowance of output current is the sum of the output current which flows out from 

Vee to all 1/0 pins simultaneously. 
5. Maximum input current is the maximum amount of input current from each 1/0 pin to GN D. 
6. RO-R3 
7. Do-Dg 
8. Maximum output current is the maximum amount of output current from Vee to each 1/0 

pin. 
9. Do-09, RO-R3. 
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Electrical Characteristics 

DC Characteristics 
(HD404608: Vee = 2.7 V to 6.0 V, HD4074608: Vee = 3.0 V to 5.5 V, GND = 0 V, T. = 
20 to +75°C, unless otherwise noted) 

Item Symbol Pin Min Typ Max Unit Teet Condition Note 
Input High V1H RESET, SCK, 0.9 Vee Vee+ 0.3 v 
Voltage INTo. 

INT1 

osc, Vee - 0.3 Vee+ 0.3 v External clock 
operation 

SI 0.9 Vee Vee+ 0.3 v 
Input Low V1L RESET, SCK, - 0.3 0.1 Vee v 
Voltage INTo. 

INT1 

osc, - 0.3 0.3 v External clock 
operation 

SI - 0.3 0.1 Vee v 
Output High VoH SCK, TIMO Vee-1.0 v -loH=0.5mA 
Voltage so 
Output Low Vol SCK, TIMO 0.4 v loL=0.4mA 
Voltage so 
Input/Output ll1LI RESET, SCK, µA V;n = OVtoVee 
Leakage INTo, INT1, 
Current SI, SO, TIMO, 

OSC1 

Stop Mode Vstop Vee 2 v Without 32kHz 7 
Hold Voltage oscillator 
Current lee1 Vee 400 1000 µA Vee=3V 2 
Dissipation in fosc=400kHz 
Active Mode 

lee2 Vee 500 1500 µA Vee=3V 3 
DTMF: active 
fosc=400kHz 

lee3 Vee 2 mA Vee=3V 4 
fosc=400kHz 
D,2, D,3 analog 
input mode 

Current Dissipation in lstby Vee 200 500 µA Vee= 3 v 5 
Standby Mode LCD: ON 

fosc=400kHz 

Current Dissipation in I stop Vee 10 µA Vee= 3 v 
Stop Mode Without 32kHz 

oscillator 
Current Dissipation I sub Vee 50 100 µA Vee=3V 
in Sub-active Mode 35 70 µA LCD: ON 6 
Current Dissipation lwtc1 Vee 5 15 µA Vee=3V 
in Watch Mode (1) LCD: OFF 
Current Dissipation lwtc2 Vee 15 35 µA Vee=3V 
in Watch Mode (2) LCD: ON 
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Notes: 1. Excluding output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 

• MCU in reset state 
·RESET, TEST: Vee 

3. The MCU operates and 1/0 current does not flow. 
• 012, 013 digital input mode 
• OTMF operates (Current flowing from VT,0 1 to the GNO is excluded.) 

4. The 012 and 013 pins are analog input mode and 1/0 current does not flow . 
• VCret/011, COMP0/012, COMP1/013: GNO 
• OTM F does not operate 

5. The timer operates and 1/0 current does not flow. 
• MCU is in standby mode 
• Input/output is in reset state 
• Serial interface: Stop 
• 012, 013: digital input mode 
• OTMF: stop 
·RESET: GNO 
·TEST: Vee 

6. Applies to the H0404608. 
7. RAM data retention 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 805 



HD404608 /HD4074608 

Input/Output Characteristics for Standard Pin 
(HD404608: Vee= 2.7 V to 6.0 V, HD4074608: Vee= 3.0 V to 5.5 V, GND = 0 V, Ta= 
20 to +75°C, unless otherwise noted) 

Item Symbol Pin min typ max Test Conditions Unit Note 
Input High Voltage V1H D10-D13 0.7 Vee Vcc+0.3 v 

RO-R3 
Input Low Voltage V1L D10-D13 -0.3 0.3 Vee v 

RO-R3 

Output High Voltage VoH RO-R3 Vcc-1.0 - loH = 0.5 mA v 
Pull-up MOS -Ip RO-R3 5 40 90 Vee= 3 V, µA 
Current V;n=OV 

Output Low Voltage VoL RO-R3 0.4 loL = 0.4 mA v 

Input/Output I 11LI 010 20 V;n = OV to Vee µA 2 
Leakage Current RO-R3 

011-013 

Input High Voltage V1HA 012, 013 VCret v 
(Analog + 0.1 
Compare 
mode) 

Input Low Voltage V1LA 012, 013 VCref v 
(Analog - 0.1 
Compare 
mode) 

Analog Input VC..et VC..et 0 Vcc-1 .2 v 
Reference Voltage 
Scope 

Notes: 1 . Output buffer current is excluded. 
2. The maximum value of the HD404608 is 1 µA. 

Input/Output Characteristics for High Voltage Pin 
(HD404608: Vee= 2.7 V to 6.0 V, HD4074608: Vee= 3.0 V to 5.5 V, GND = 0 V, Ta= 
20 to +75°C, unless otherwise noted) 

Item Symbol Pin min typ max Test Conditions Unit Note 

Input High Voltage V1H Do-Os 0.7 Vee Vcc+0.3 v 
Input Low Voltage V1L Do-Os -0.3 0.3 Vee v 
Output High Voltage VoH Do-Os Vcc-1 .0 - loH = 0.5 mA v 
Pull-up MOS -Ip Do-Os 5 40 90 Vcc=3V, µA 
Current V;n=OV 

Output Low Voltage VoL Do-Os 2.0 IOL = 15 mA v 
Vcc=4.5V to 6V 

0.4 loL = 0.4 mA 

Input/Output Leakage I 11L I Do-Os Vin = OV to Vee µA 
Current 

Note: Output buffer current are excluded. 
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Liquid Crystal Circuit Characteristics 
(HD404608: Vee= 2.7 V to 6.0 V, HD4074608: Vee= 3.0 V to 5.5 V, GND = 0 V, Ta= 
20 to +75°C, unless otherwise noted) 

Item 
Segment Driver 
Descending 
Voltage 

Common Driver 
Descending 
Voltage 

LCD Power 
Supply Divide 
Resistor 

LCD Voltage 

Symbol 

Vds 

Vdc 

Rwell 

VLeD 

Pin Min 

SEG1-
SEG32 

COM1-
COM4 

100 

V1 

Typ Max Unit Test Condition Note 

0.6 v Id= 3 µA 1 

0.3 v Id= 3 µA 

300 900 kn Between V1 
and GND 

Vee v 2,3 

Notes: 1. Descending voltage from the power supply pins V1, V2, V3, and GND to the segment and 
common pins. 

2. Keep the relation Vee ;;;:; V1 ;;;:; V2 ;;;:; V3 ;;;:; GND when VLcD is supplied by external power 
supply. 

3. VLcD min= 2.7 V (HD404608) 
VLcD min = 3.0 V (HD4074608) 

DTMF Characteristics 
(HD404608: Vee= 2.7 V to 6.0 V, HD4074608: Vee= 3.0 V to 5.5 V, GND = 0 V, Ta= 
20 to + 75°C, unless otherwise noted) 

Item Symbol Pin Min Typ Max Unit Test Condition Note 

TONE Output VoR TONER 500 660 mVrms VTre1-GND=2.0 V, 
Voltage (1) RL=100 kn 

TONE Output Voe TON EC 520 5go mVrms VTre1-GND=2.0 V, 
Voltage (2) RL = 100 kn 

TONE Output %D1s 3 7 % Short circuit 2 
Distortion between TONER 

and TONEC, 
RL =100 kn 

TONE Output dBcR 2.5 dB ·Short circuit 2 
Ratio between TONER 

and TONEC, 
RL = 100 kn 

Notes: 1 . See figure 50. 
2. See figure 51 . 
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AC Characteristics 
(HD404608: Vee= 2.7 V to 6.0 V, HD4074608: Vee= 3.0 V to 6.5 V, GND = 0 V, Ta= 
20 to +76°C, unless otherwise noted) 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

Oscillation Frequency fosc OSC1, OSC2 400 kHz Devided into 4 

800 kHz 

X1, X2 32. 768 kHz 

Instruction Cycle 
Time 

tcyc 10 µS fosc=400kHz 

5 µS fosc=800kHz 

Oscillator Stabiliza- tRC OSC1, OSC2 30 ms fosc=400kHz 
tion Time 

30 ms fosc=800kHz 

X1, X2 3 s Ta= -1 o to +eo·c 2 

External Clock fcp osc, 400 kHz 
Frequency 

800 kHz 

External Clock High tcPH osc, 1100 ns fcp=400kHz 3 

550 ns fcp=SOOkHz 3 

External Clock Low tcPL osc, 1100 ns fcp=400kHz 3 

550 ns fcp=800kHz 3 

External Clock Rise tcp, osc, 150 ns fcp=400kHz 3 
Time 

75 ns fcp=800kHz 3 

External Clock Fall tcp1 osc, 150 ns fcp=400kHz 3 
Time 

75 ns fcp=800kHz 3 

INTo High Level t10H INTo 2 tcvcl 4, fi 

Width tsuscyc 

INTo Low Level t10L INTo 2 tcyc/ 4, 6 

Width tsuscyc 

INT1 High Level t11H INT1 2 tcyc 4 

Width 

INT1 Low Level t11 L INT1 2 tcyc 4 

Width 

RESET High Level tRSTH RESET 2 tcyc 5 
Width 

Input Capacitance C;n 010 90 pF f= 1 MHz,V;n=OV 8 

All pins 15 pF f=1MHz,Vin=OV 
except 010 

RESET Fall Time tRSTf 20 ms 5 

Analog Com- tcsTe 012, 013 2 tcvc 7 
parator (Analog 
stabilization input mode) 
time 
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Notes: 1 . Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches 2. 7 V 
(HD4074608: Vee is 3.0 V) after power-on, or after RESET goes high. At power-on or 
STOP mode release, RESET must be kept high for at least tRe. Since tRe depends on the 
ceramic filter's circuit constant and stray capacitance, please get the manufacturer's 
advice when designing the RESET circuit. 

2. Oscillation stabilization time it the time until the oscillator stabilizes after Vee reaches 2. 7 V 
(HD4074608: Vee is 3.0 V) after power-on. Time required to stabilize the oscillator (tRe) 
must be obtained. Since tRe depends on the crystal circuit constant and stray capacitance, 
please get the manufacturer's advice. 

3. See figure 52. 
4. See figure 53. The unit tcvc is applied when the MCU is in the standby mode or active 

mode. 
5. See figure 54. 
6. See figure 53. The unit tsuscvc is applied when the MCU is in the watch mode or sub-active 

mode. tsuscvc = 244. 14 µs (when 32. 768 kHz crystal oscillation is used.) 
7. Analog comparator stabilization time is the time until the analog comparator stabilizes and 

correct data can be read after entering D12/D13 into analog input mode. 
8. The maximum value of the HD404608 is 15 pF. 
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Serial Interface Timing Characteristics 
(HD404608: Vee = 2.7 V to 6.0 V, HD4074608: Vee = 3.0 V to 5.5 V, GND = 0 V, Ta = -
20 to +75'C, unless otherwise noted) 

AT Transfer Clock Output 

Item 
Transfer Clock 
Cycle Time 

Transfer Clock 
High, Low 
Level Width 

Transfer Clock 
Rise, Fall Time 

Serial Output Data 
Delay Time 

Serial Input Data 
Set-up Time 

Serial Input Data 
Hold Time 

Symbol Pin 
tscyc SCK 

tSCKH 
tscKL 

tsCKr 
tsCKf 

to so 

tss1 

tHSI 

so 

SI 

SI 

AT Transfer Clock Input 

Item 
Transfer Clock 
Cycle Time 

Transfer Clock 
High, Low 
Level Width 

Transfer Clock 
Rise, Fall Time 

Serial Output Data 
Delay Time 

Serial Input Data 
Set-up Time 

Serial Input Data 
Hold Time 

Symbol Pin 
tscyc SCK 

tsCKH 
tscKL 

tscKr 
tsCKf 

to so 

tss1 

tHSI 

SCK 

SCK 

so 

SI 

SI 

Transfer Clock tscKHO SCK 
Completion Detect Time 

Notes: 1. See figure 55. 
2. See figure 56. 

Min Typ Max Unit Test Condition Note 

tcvc 1.2 

0.5 tscvc 1.2 

200 ns 1.2 

500 ns 1.2 

300 ns 

300 ns 

Min Typ Max Unit Test Condition Note 

tcyc 

0.5 tscyc 

200 ns 

500 ns 1.2 

300 ns 

300 ns 

tcyc 3 

3. Transfer Clock Completion Detect Timer is the period of high level after 8 pulses of transfer 
clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before Transfer Clock Completion Detect Time has passed. 
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TO NEC 

TONER 

Figure 50. TONE Output Load Circuit Figure 51. Distortion dBcn Load Circuit 

tcp, tcPf 

Figure 52. External Clock Timing 

RESET 

Figure 53. Interrupt Timing 

tRSTH 

tRSTf 

Figure 54. Reset Timing 
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SCK Vcc-0.5V•(0.9Vccl" 
0.4V (0.1Vcd" 

so 

SI 

"Vcc-0.5V and 0.4V are the threshold voltage for transfer clock output. 
0.9Vcc and 0.1Vcc are the threshold voltage for transfer clock input. 

After 8 pulses of transter 

·~ 
==x= 
:=>-c 

Figure 55. Timing Diagram of Serial Interface 

Vee 

Figure 56. Timing Load Circuit 
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HD404608 
Option List 

Date of Order 

Customer 

Dept. 

Name 

ROM Code Name 

LSI Type Number 

Hitachi's Entry HD404608 

Note: Please enter check marks in D (•. x, v). 

(1) Functional Option 

D With 32 kHz CPU Operation and With a Watch Time Base 

D Without 32 kHz CPU Operation and With a Watch Time Base 

HD404608/HD4074608 

D Without 32 kHz CPU Operation and Without a Watch Time Base 

(2) Package 

D FP-SOA 

D FP-80B 

(3) ROM Code Media 

ROM Code Media 

• EPROM On-Package Microcomputer Type 

(4) Oscillator 

Main D Ceramic Filter Oscillator (f= kHz) 
D External Clock (f= kHz) 

Sub D 32. 768kHz Crystal Oscillator 
D Not Used 
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HD404678~~~~~~ 
-Under Development-

Description 

The HD404678 is a 4-bit single-chip HMCS400-series 
microcomputer for telephone applications which is 
designed to increase program productivity and incor
porates a high-precision dual tone multi-frequency 
(DTMF) receiver that is especially suitable for answer
ing machines. 

Features 

• 8192 word x 10 bit ROM 

• 512 digit x 4 bit RAM 

• 48 I/O pins and 4 dedicated input pins 
-16 large current output pins: Ten 15 mA Sinks 

(Maximum of 7 pins can be used at the same 
time) and six 10 mA Sources 

• Four timer/counters 
-One 8-bit free-running timer 
-Three 8-bit reload-timer/event-counter/timer-

output circuits 

• Built-in 2-channel clock synchronous 8-bit serial 
interface 

• Built-in DTMF receiver 

• Built-in reset voltage variable function 

• 11 interrupt sources 
-External sources: 4 
-Timer/counter: 4 
-Serial interface: 2 
-DTMF receiver: 1 

• Subroutine stack: up to 16 levels including inter
rupts 

• Instruction cycle time: 2 µs 

• 'IWo low-power dissipation modes 
-Standby mode 
-Stop mode 

• Package 
-64-pin flat plastic package (FP-64A) 

Program Development Support Tools 

• Cross assembler and stimulator software for use 
with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 

• Programming socket adapter for programming the 
EPROM-on-chip device 

Pin Arrangement 

0 

~N'N~~ !u ~~,;;~.!!.=.2CJC: 
a: a: a: a:<(> <.:J <(<(<(a: a: a: a: a: a: 

R3, 

R32/Nfo 
RJ;v'TN'f;/TIB 

R4o/SCKA 

A41/SIA 

A42/SOA 

R4, 

R6, 

R62/INT2!TIC 

R63/INT:JT!D 

(FP-64A) 

(Top View) 

Type of Products 

Mask ROM type 

Part No. 

HD404678H 

ZTATtype 

Part No. 

HD4074678H 

Clock Frequency 
{MHz) 

4 

Clock Frequency 
{MHz) 

4 
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HD404678 Preliminary 

Pin Description 

Function Symbol Pin No. 110 
Power Vee 46 Power supply voltage (5 V ± 10%) 

GND 22 Connected to the ground 

Test TEST 25 Used for factory tests Connected to the V cc 

Reset RESET 21 Resets the MCU 

Oscillator OSC1, OSC2 23, 24 Input pins for the internal oscillator circuit. Con-
nected to the crystal oscillator or external oscilla-
tion circuit. External oscillation circuit can be 
connected to OSC 1. 

Port DO-D9 26-35 1/0 Input/output ports. All bits can be accessed 
separately. Port pins are large current sink pins with 
pull-up MOS. 

D10-D15 36-41 1/0 Input/output ports. All bits can be accessed 
separately. Port pins are large current source pins 
with pull-down MOS. 

ROO-R73 1-20, 47-54, 1/0 Input/output ports accessed with 4-bit-wide 
61-64 nibbles. Pins ROO-R53 are standard pins with pull-

up MOS while R60-R80 each has a pull-down 
MOS. 

R80-R83 42-45 An input port accessed with 4-bit-wide nibbles. 
Port pins are standard pins with pull-down MOS. 

Interrupt INTO-INT3 3, 4, 15, 16 External interrupts. These pins are multiplexed with 
R32, R33/TIB, R62/TIC, and R63/TID, respectively. 

Serial SCKA,SCKB 5, 9 1/0 Transfer clock input/output pins for SCIA, SCIB. 
Communication SIA.SIB 6, 10 Receive data input pins for SCIA, SCIB. 
Interface 

SOA,SOB 7, 11 0 Transmit data output pins for SCIA, SCIB. 

Timer TIB, TIC, TID 4, 15, 16 E/(ternal clock input pins for Timers B, C, and D. 
These pins are multiplexed with R33/INT1, 
R62/INT2, and R63/INT3, respectively. 

TOB, TOG, 17-20 0 Timer output pins for Timers B, C, and D. These 
TOD1, TOD2 pins are multiplexed with R70, R71, R72, and R73, 

respectively. 

DTMF AV cc 55 Power supply pin for the DTMF receiver analog 
block. Connect it as close as possible to the power 
supply to set AV cc at the same potential as V cc· 
Stabilized power supply must be applied. 

AGND 60 Power supply pin for the DTMF receiver analog 
block. Connect it as close as possible to the power 
supply to put AGND to the same potential as GND. 

vref 59 DTMF receiver analog block reference voltage. A 
stabilized voltage AV 00 /2 must be applied. 

AIN+, AIN- 57, 56 I DTMF signal input pins for the DTMF receiver. 

GC 58 0 DTMF receiver gain control pin. 

Reset Voltage Rref 45 A reference voltage input pin for threshold voltage 
Variable Circuit of the reset voltage variable circuitry. R,01 is multi-

plexed with R83. 

R1N 44 An analog input pin of the reset voltage variable 
circuit. R1N is multiplexed with R82. 
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Functional Description 

ROM Memory Map 

The MCU contains an 8192 word x 10 bit ROM area. 
The ROM memory map is shown in Figure 1 and is 
explained below. 

Vector address area ($0000-$000F): Reserved for 
JMPL instructions that branch to the starting ad
dresses of the reset and interrupt service routines. 
After the reset or interrupt routine is serviced, the 
program continues from the vector address. 

Zero page subroutine area ($0000-$003F): Reserved 
for subroutines. The program branches to the subrou-

0 

15 
16 

63 
64 

4095 
4096 

8191 
8192 

16383 

} 
$0000 

Vector Address 

$000F 
$0010 

Zero-Page Subroutine \ (64 Words) 

$003F 
$0040 

Pattern 

(4096 Words) 

$0FFF 
$1000 

Program 

(8192 Words) 

$1FFF 
$2000 

Not Used 

$3FFF 

Preliminary HD404678 

tine in the $0000-$003F area, in response to the CAL 
instruction. 

Pattern area ($0000-$0FFF): ROM data in locations 
$0000 through $0FFF can be referenced with the P 
instruction. 

Program area ($0000-$1FFF): Used for program code. 

0 JMPL Instruction 
11- (Jump to RESET Routine) -
21- JM PL Instruction -3 (Jump to INT0 Routine) 

4 JM PL Instruction 
51- (Jump to INT1 Routine) -
6 JMPL Instruction 
71- (Jump to TIMER-A Routine) 

-
81- JMPL Instruction 

(Jump to INT2/TIMER-B Routine) 
-

9 

10 JMPL Instruction 

11 1-(Jump to SERIAL-A/TIMER-C Routine) -

12 JMPL Instruction 

13 
I- -

(Jump to SERIAL-B/TIMER-D Routine) 

1~ JMPL Instruction 

15 1-(Jump to INT3/DTMF Receiver Routine)-

$0000 

$0001 

$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

$0008 

$0009 

$000A 

$0006 

$000C 

$0000 

$000E 

$000F 

Figure 1. ROM Memory Map 
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RAM Memory Map 

The MCU contains a 512 x 4 bit RAM area com
prised of a data and stack area. In addition, interrupt 
control bits, special registers, and display data RAM 
are mapped in the same RAM memory space. The 
RAM memory map (Figure 2) is described in the fol
lowing paragraphs. 

Interrupt control bit area ($000-$003, $022-$023): 
Used for interrupt control (Figure 3). It can be ac
cessed only by RAM bit manipulation instructions. 
However, the interrupt request flag cannot be set by 
software. The RSP bit is used only to reset the stack 
pointer. 

Special registers are ($004-$01B, $024-$02C, 
$030-$037, $03B-$03E) Mode registers for external 
interrupt, serial interface, and timer, and data direc
tion and data registers for 1/0 ports. As shown in Fig
ure 2, these registers can be classified into three 
types: write-only, read-only, and read/write registers. 
The registers in special registers area are shown in 
Table 1. DTMF receiver related registers ($024-$02C) 
are shown in Table 29. 

Register flag area ($020-$021): Used for the WDON 
flag which is one bit registers accessed by RAM bit 
manipulation instructions. This flag can be set by the 
SEM and SEMD instructions. This flag is shown in 
Figure 4. 

Data area ($040-$04F, $070-$21F) The memory reg
ister (MR), 16 addresses deep ($040-$04F), can be 
accessed by the LAMR and XMRA instructions (Fig
ure 5). 

Stack area ($3C0-$3FF): Used for saving the contents 
of the program counter (PC), status (ST), and carry 
(CA). This area can be used as a 16-nesting-level sub
routine stack in which one level requires 4 nibbles. 
The data to be saved and save conditions are shown in 
Figure 5. The program counter is restored by the RTN 
and RTNI instructions. Status and carry are restored 
by the RTNI instruction only. Any space not used is 
available data storage. 
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$000 0 0 $~ 

RAM-mapped Registers 
1 
2 

Interrupt Control Bits 
$00+
$002 

$03F 3 ~ $~ 

$040 4 Port Mode Reg. A (PMRA) w 64 $004 

Memory Registers (MR) 
5 Port Mode Reg. B 
6 Port Mode Reg. c 

(PMRB) 
(PMRC) 

w 
w 

$005 
$006 

IL4F 7 Timer Mode Reg. A (TMRA) w 79 $ 007 
$050 8 Timer Mode Reg. B (TMRB) w 80 $008 

Not Used \ 9 Timer Output Reg. B 
10 Timer B Lower 

(TORS) 
(TCBL/TLBL) 

R/W 
R/W 

$005 
$00A 

$06F 11 Timer B Upper (TCBU/TLBU) R/W 111 $006 
$070 12 Timer Mode Reg. c (TMRC) w 112 $00C 

13 Timer Output Reg. c 
14 Timer C Lower 
15 Timer C Upper 

Data (448 Digits) 16 Timer Mode Reg. D 

17 Timer Output Reg. D 
18 Timer D Lower 
19 Timer D Upper 

ITORC) 
(TCCL/TLCL) 

(TCCU/TLCU) 
(TMRD) 
(TORD) 

(TCDL/TLDL) 
(TCDU/TLDU) 

R/W 
R/W 
R/W 
w 

R/W 
R/W 
R/W 

$00D 
$00E 
$00F 
$010 
$011 
$012 
$013 

$ 21F 20 Serial Mode Reg. A (SMRA) R/W 543 $014 
$220 21 Serial Clock Reg. A (SCRA) w 544 $015 

22 Serial Data Reg. A Lower 

Not Used 
23 Serial Data Reg. A Upper 
24 Serial Mode Reg. B 
25 Serial Clock Reg. B 

(SRAL) 
(SRAU) 
ISMRB) 
(SCRB) 

R/W 
R/W 
R/W 
w 

$016 
$017 
$ 018 
$019 

$ 3BF 26 Serial Data Reg. B Lower (SRBL) R/W 959 $01A 
$3CO 27 Serial Data Reg. B Upper (SRBU) R/W 960 $018 

Stack (64 Digits) 

1023 $ 3FF 

nly 

ly 

/Write 

W: Write o 

R: Read on 

R/W: Read 

Not used: Cannot be read and written to since 
hardware is not given to this area. 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

48 
49 
50 
51 
52 
53 
54 
55 

\ 
59 
60 
61 
Bzl 
63 

Not Used 

Register Flag Area 

Interrupt Control Bits 

Tone Rec. Mode Reg. LG (TRML) 
Tone Rec. Data Reg. LGL (TDLL) 
Tone Rec. Data Reg. LGM (TDLM) 
Tone Rec. Data Reg. LGU (TDLU) 
Tone Rec. Mode Reg. HG (TRMH) 
Tone Rec. Data Reg. HGL (TDHL) 
Tone Rec. Data Reg. HGM (TDHM) 
Tone Rec. Data Reg. HGU (TDHU) 
Tone Rec. Control Reg. (TRC) 

Not Used 

Port RO DCR (DCRO) 
Port R1 DCR (DCR1) 
Port R2 DCR (DCR2) 
Port R3 DCR (DCR3) 

Port R4 DCR (DCR4) 
Port R5 DCR (DCR5) 
Port RB DCR (DCR6) 

Port R7 DCR (DCR7) 

Not Used 

Port D0-3 DCR (DCRB) 
Port D4-7 DCR IDCRC) 
Port D8-11 DCR (DCRD) 
Port D12-15 DCR IDCRE) 

Not Used 

Figure 2. RAM Memory Map 
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R/W 
R 
R 
R 

R/W 
R 
R 
R 

R/W 

w 
w 
w 
w 
w 
w 
w 
w 

w 
w 
w 
w 
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$ 020 
$021 
$022 
$023 
$024 
$ 025 
$ 026 
$027 
$028 
$029 
$02A 
$028 
$02C 

$030 
$031 
$ 032 
$033 
$034 
$035 
$036 
$037 

$038 
$03C 
$03D 
$03E 
$03F 
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bit3 bit2 

IMO IFO 

(IM of INTo) (IF of INTo) 

IMTA IFTA 

(IM of Timer A) (IF of Timer A) 

IMSA IFSA 

(IM of Serial A) (IF of Serial A) 

IM3 IF3 

(IM of INT3) (IF of INT3) 

IMTC IFTC 

(IM of Timer C) (IF of Timer C) 

IMTR IFTR 

(IM of Tone Receiver) (IF of Tone Receiver) 

IF: Interrupt Request Flag 
JM: Interrupt Mask 
l/E: Interrupt Enable Flag 
SP: Stack Pointer 

bit 1 bitO 

RSP l/E 

(Reset Stack (Interrupt Enable $000 

Pointer Bit) Flag) 

IM1 IF1 
--

(IM of INT1) (IF of INT1) $001 

IM2 IF2 

(IM of INT2) (IF of INT2) $002 

IMSB IFSB 

(IM of Serial B) (IF of Serial B) $003 

IMTB IFTB 

(1'111 of Timer B) (IF of Timer B) $022 

IMTD IFTD 

(IM of Timer D) (IF of Timer D) $023 

Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMO 
instruction, and is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the 
interrupt request flag is not affected by the SEM/SEMD instruction. 

The content of status becomes invalid when "Not Used" bit and RSP bit are tested by a TM/TMD instruction. 

Figure 3. Configuration of Interrupt Control. Bits Area 
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bit3 bit2 bit1 

Not Used Not Used WOON 

w 

bit 1: W DON (Watch-Dog Timer ON Flag) 
When W DON is 1, Watch dog-timer is enabled. W DON is initialized to 0 after reset. 

bit 3, bit 2, bit 0: Not used, must not read and write. 

Figure 4. Configuration of Register Flag Area 

64 

65 

66 

67 

68 

5g 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

Memory Register 

MR(O) $040 

MR ( 1) $041 

MR(2) $042 

MR(3) $043 

MR(4) $044 

MR( 5) $045 

MR(6) $046 

MR(7) $047 

MR(8) $048 

MR(9) $049 

MR (10) $04A 

MR (11) $048 

MR (12) $04C 

MR(13) $040 

MR (14) $04E 

MR (15) $04F 

PC13-PC0: Program Counter 
ST: Status 
CA: Carry 

960 

1023 

Stack Area 

Level 16 $3CO 

Level 15 

Level 14 

Level 13 

Level 12 

Level 11 

Level 10 

Level 9 

Level 8 

level 7 

level 6 

Level 5 bit3 

Level 4 1020 ST 

Level 3 1021 PC10 

Level 2 1022 CA 

Level 1 $3FF 1023 PC3 

bitO 

Not Used 

bit2 bit 1 

PC13 PC12 

PCs PC a 

PC a PCs 

PC2 PC 1 

Figure 5. Configuration of Memory Register, Stack Area, and Stack Position 
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I $020 

bitO 

PC 11 

PC1 

Pc. 
PCo 

$3FC 

$3FD 

$3FE 

$3FF 
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Tab•e 1. Special Registers 

Name Address Bit Function 

PMRA $004 0 Selects R32/INTO pin mode 

Selects R33/INT1 pin mode 

2 Selects R62/INT2 pin mode 

3 Selects R63/INT3 pin mode 

PMRB $005 0 Selects R42 pin circuit type (CMOS/NMOS open drain) 

1 Selects R52 pin circuit type (CMOS/NMOS open drain) 

2 Selects R82/R1N• R83/R,01 pin mode 

3 Disables input fix resistor MOS 

PMRC $006 0 Selects R70/TOB pin mode 

Selects R 71 /TOC pin mode 

2 Selects R72iTOD1 pin mode 

3 Selects R73/TOD2 pin mode 

TMRA $007 0 Selects Timer A input clock 
1 
2 

3 Resets Timer A 

TMRB $008 0 Selects Timer B input clock 
1 
2 

3 Enables auto-reload function 

TORB $009 0 Selects Timer B output mode 
1 

2 Selects PWM operation (Pulse Width Modulation) 

3 Not used 

TCBL/TLBL $00A 0 Low nibble of timer counter/timer load register (Timer Bl 
1 
2 
3 

TCBU/TLBU $00B 0 High nibble of timer counter/timer load register (Timer Bl 
1 
2 
3 

TMRC $00C 0 Selects Timer C input clock 
1 
2 

3 Enables auto-reload function 

TORC $000 0 Selects Timer C output mode 
1 

2 Selects PWM operation 

3 Not used 

TCCL/TLCL $00E 0 Low nibble of timer counter/timer load register (Timer Cl 
1 
2 
3 

TCCU/TLCU $00F 0 High nibble of timer counter/timer load register (Timer C) 
1 
2 
3 

TMRD $010 0 Selects Timer D input clock 
1 
2 

3 Enables auto-reload function 
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Table 1. Special Registers (Cont'd.) 

Name Address Bit Function 
TORO $011 0 Selects Timer D output mode 

1 

2 Selects PWM operation 

3 Not used 

TCDL/TLDL $012 0 Low nibble of timer counter/timer load register (Timer 0) 
1 
2 
3 

TCDU/TLDU $013 0 High nibble of timer counter/timer load register (Timer 0) 
1 
2 
3 

SMRA $014 0 Selects R42/SOA pin mode 

Selects R41/SIA pin mode 

2 Selects R40/SCKA pin mode 

3 Enables STS for SCIA 

SCRA $015 0 Selects transfer clock source (SCIA) 
1 
2 

3 Not used 

SRAL $016 0 SCIA data register low nibble 
1 
2 
3 

SRAU $017 0 SCIA data register high nibble 
1 
2 
3 

SMRB $018 0 Selects R52/SOB pin mode 

Selects R51/SIB pin mode 

2 Selects R50/SCKB pin mode 

3 Enables STS for SCIB 

SCRB $019 0 Selects transfer clock source (SCIB) 
1 
2 

3 Not used 

SRBL $01A 0 SCIB data register low nibble 
1 
2 
3 

SRBU $016 0 SC IB data register high nibble 
1 
2 
3 

DCRO $030 0 RO port data control register 
1 
2 
3 

DCR1 $031 0 R 1 port data control register 
1 
2 
3 
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Table 1. Special Registers (Cont'd.) 

Name Address Bit Function 
OCR2 $032 0 R2 port data control register 

1 
2 
3 

OCR3 $033 0 R3 port data control register 
1 
2 
3 

OCR4 $034 0 R4 port data control register 
1 
2 
3 

OCR5 $035 0 R5 port data control register 
1 
2 
3 

OCR6 $036 0 R6 port data control register 
1 
2 
3 

OCR7 $037 0 R7 port data control register 
1 
2 
3 

OCRB $038 0 00-03 port data control register 
1 
2 
3 

OCRC $03C 0 04-0 7 port data control register 
1 
2 
3 

OCRO $030 0 08-011 port data control register 
1 
2 
3 

OCRE $03E 0 D 12-015 port data control register 
1 
2 
3 
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Registers and Flags 

The MCU has nine registers and two flags for CPU 
operations. They are illustrated in Figure 6 and de
scribed in the following paragraphs. 

Accumulator (A), B register (B): The 4-bit register ac
cumulator and B register are used to hold the results 
from the arithmetic logic unit (ALU) and to transfer 
data to/from memories, I/O, and other registers. 

W register (W), X register (X), Y register (Y): W register 
is a 2-bit, and X and Y registers are 4-bit registers used 
for indirect RAM addressing. Y register is also used for 
D-port addressing. 

SPX register (SPX), SPY register (SPY): The 4-bit regis
ters SPX and SPY are used to assist the X and Y regis
ters, respectively. 

Carry (CA): Stores ALU overflow generated by the 
arithmetic operation. It is affected by the SEC, REC, 
ROTL, and ROTR instructions. Carry is pushed onto 
the stack during interrupt servicing, and popped from 
the stack by the RTNI instruction, but not by the RTN 
instruction. 

Status (ST): Latches ALU overflow generated by the 
arithmetic and compare instructions, Not Zero from 

Preliminary HD404678 

the ALU, and results of bit tests. It is a branch condi
tion of the BR, BRL, CAL, and CALL instructions. The 
contents of the status remain unchanged until Lhe 
next arithmetic, compare, or bit test instruction is 
executed. ST becomes 1 after the BR, BRL, CAL, or 
CALL instruction is executed regardless if it is exe
cuted or skipped. The contents of the status are 
pushed onto the stack during interrupt servicing, and 
popped from the stack by the RTNI instruction, but 
not only by the RTN instruction. 

Program counter (PC): The 14-bit program counter 
points to the address of the instruction being exe
cuted. 

Stack pointer (SP): The 10-bit stack pointer contains 
the address of the stack area. SP is initialized to $3FF 
by MCU reset. It is decremented by 4 when data is 
pushed onto the stack, and is incremented by 4 when 
data is popped from the stack. Since the high nibble 
of SP are set to'' 1111' ',the stack can be used for up to 
16 levels. SP is initialized to $3FF in two ways: MCU 
reset and RSP bit reset with the REM or REMD in
struction. 
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3 0 

A I Accumulator 

3 0 

B I B R.egister 

1 0 

0 W Register 

3 0 

x I X Register 

3 0 
y I Y Register 

3 0 

SPX I SPX Register 

3 0 

SPY I SPY Register 

I CA I Carry 

E1 Status 

13 0 

I PC I Program 
Counter 

9 5 0 

I SP I Stack 
Pointer 

Figure 6. Registers and Flags 
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Reset 

The MCU is reset at the rising edge of the reset signal. 
This signal should be asserted high for at least tRc to 
stabilize oscillation at powet-oll anu when cancelling 
stop mode. In all other cases, reset input signal must 
be asserted high for at least three instruction cycles to 
reset the MCU. 

From power-on to the beginning of normal oscillation, 
the MCU and 1/0 are undefined since reset input is 
not latched. 

Values initialized by MCU reset are shown in Table 2. 

Table 2. Initial Values after MCU Reset 

Registers 
Program Counter (PC) 

Status (ST) 

Stack Pointer ISP) 

1/0 Pin Output With pull-up MOS ports ROO-R53, 

Initial Value 
$0000 

,, 1" 

$3FF 

"1" 

Description 
The program is executed from ROM 
start address. 

The program performs conditional 
branch 

The stack level becomes 0 

Pulled up with input state 
Registers _D_O_-_D_9_(_P_D_R_) ______________________________ _ 

With pull-down MOS ports R60-R83, 
010-015 IPDR) 

Port Mode Registers A, C 
(PMRA, PMRC) 

Port Mode Register B (PMRB) 

Data Control Registers 
IDCR0-7, DCRB-0) 

Interrupt Flag Interrupt Enable Flag 11/E) 

Interrupt Request Flag (IF) 

Interrupt Mask (IM) 

Mode Registers Serial Mode Registers A, B, 
(SMRA, SMRB) 

Serial Clock Registers A, B 
(SCRA, SCRB) 

Timer Mode Registers B-D 
ITMRB-TMRD) 

Timer Output Registers B-D 
(TORB-TORO) 

Timer Mode Register A ITMRA) 

"O" 

"0000" 

"0000" 

!'0000" 

"O" 

"O" 

"1" 

"0000" 

"000" 

"0000" 

"0000" 

"0000" 

Timer/Counter 
Serial Interface 

Prescaler $000 

Timer/Event Counters B-D (TCB-TCD) $00 

Timer Counter A (TCA) $00 

Timer Load Registers B-D 
(TLRB-TLRD) 

$00 

Pulled down with input state. (R8 port 
is a dedicated input port.) 

See port mode registers A, C section 

See port mode register B section 

See data control register section 

All interrupts are disabled 

No interrupt request occurs 

Interrupt request is masked 

See serial mode register section 

See serial clock register section 

See timer mode registers B-D section 

See timer output registers B-D section 

See timer mode register A section 

Reset 

Reset 

Reset 

Reset 

----------------------------------
0cta1 Counter 

DTMF Receiver Tone Receiver Control Register (TRC) 

Low-group Tone Receiver Mode 
Register (TRML) 

Tone Receiver Data 
Registers (TOLL, 
TDLM, TDLU) 

High-group Tone Receiver Mode 
Register (TRMH) 

Tone Receiver Data 
Registers ITDHL, 
TDHM, TDHU) 

"000" 

"000" 

$0 

$000 

$0 

$000 

Registers and flags except above become as follows after MCU reset. 
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Reset 

Reset 

Reset 

Reset 

Reset 
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Interrupt 

Eleven interrupt sources are available on the MCU: 
four external requests (INTO, INT1, INT2, INT3) and 
seven internal requests (Timer A, Timer B, Timer C, 
Timer D, Serial A, Serial B, DTMFR). For each source, 
an interrupt request flag (IF) and an interrupt mask 
(IM) are provided to control and maintain the interrupt 
requests. Th control total interrupt operations, the in
terrupt enable flag (l/E) is provided. 

Since the vector addresses are shared between Timer 
Band INT2, between Serial A and Timer C, between 
Serial B and Timer D, and between INT3 and DTMFR. 
determining which request occurs must be done by 
software. Interrupt function table is shown in Table 3. 

Interrupt control bits and interrupt processing: The 
interrupt control bits are mapped to addresses $000 
through $003, and $022 through $023 of RAM space 
and are accessed by the RAM bit manipulation in
struction. However, interrupt request flag (IF) cannot 
be set by software. The interrupt enable flag (l/E) and 
interrupt request flag (IF) are set to "O" and the inter
rupt mask (IM) is set to "1" by MCU reset. 

Table2A. 

An interrupt control circuit block diagram is shown in 
Figure 7. Interrupt priority and vector addresses are 
shown in Table 4, and conditions of interrupt process
ing is shown in Table 5. When interrupt request flag is 
'' 1 '' and interrupt mask is ''O'', an interrupt request is 
generated. If the interrupt enable flag is "1" at that 
time, interrupt processing activates. Then a vector 
address corresponding to the interrupt request is gen
erated from priority PLA. 

An interrupt processing sequence and flowchart are 
shown in Figure 8 and Figure 9, respectively. When an 
interrupt is received, the current instruction execu
tion finishes at the first cycle, then the contents of the 
carry, status, and program counter are pushed onto 
the stack in the second and third cycles, and the 
program jumps to the vector address area to restart 
instruction execution in the third cycle. For each vec
tor address area, the JMPL instruction must be pro
grammed to branch the starting address of interrupt 
routine. The interrupt request flag which causes proc
essing must be reset by software. 

Item 
After recovering from STOP 
mode by MCU reset After all other MCU reset 

Carry (CA) 

Accumulator (A) 

B Register (8) 

W Register (W) 

X/SPX Register (X/SPX) 

Y /SPY Register (Y /SPY) 

Serial Data Registers A, B 
(SRA, SRB) 

The contents of the items just before The contents of the items just before 
MCU reset are not assured. It is neces- MCU reset are not assured. It is neces-
sary to initialize them by software again. sary to initialize them by software again. 

RAM The contents of RAM just before MCU 
reset (just before STOP instruction) are 
retained. 
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Table3. Interrupt Function Table 

Interrupt 
Interrupt Control Bit Address 

Interrupt Interrupt Vector Interrupt Request Flag Interrupt Mask 
Source Generation PrlorHy Address Symbol Address Bit Symbol Address an 
RESET RESET pin = "H" Note $0000 

Variable voltage reset 
mode (R1N >R,01) 
TimerA (WOT) 
overflow 

INTO INTO pin falling edge $0002 IFO $000 2 IMO $000 3 
detection 

INT1 INT1 pin falling edge 2 $0004 IF1 $001 0 IM1 $001 
detection 

TimerA Timer A overflow 3 $0006 IFTA $001 2 IMTA $001 3 
INT2/Timer B INT2 pin rising edge 4 $0008 IF2 $002 0 IM2 $002 

detection 

Timer B overflow IFTB $022 0 IMTB $022 1 

Serial Ammer C Serial A transmit end 5 $000A IFSA $002 2 IMSA $002 3 
Serial A transmit 
suspended 

Timer D overflow IFTC $022 2 IMTC $022 3 

Serial Bmmer D Serial B transmit end 6 $000C IFSB $003 0 IMSB $003 
Serial B transmit 
suspended 

Timer D overflow IFTD $023 0 IMTD $023 1 

INT3/DTMFR INT3 pin rising edge 7 $000E IF3 $003 2 IM3 $003 3 
detection 

DTMF signal cycle IFTR $023 2 IMTR $023 3 
measurement end 

Note: Highest priority • High input to the RESET pin 
• Reset by watchdog timer mode 
• Reset by variable voltage reset mode 
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Table 4. Vector Addresses and Inter
rupt Priority 

Vector 
Reset, Interrupt Priority Addre888s 
RESET $0000 
INTO 1 $0002 
INT1 2 $0004 
Timer A 3 $0006 
INT2/Timer B 4 $0008 
Serial A/Timer C 5 $000A 
Serial B/Timer D 6 $000C 
INT3/DTMFR 7 $000E 

Table 5. Conditions of Interrupt Processing 

~e INTo INT1 Timer A 
In p 

l/E 1 1 1 

IFO ·IMO 1 0 0 

IF1 • IM1 * 1 0 

IFTA· IMTA * * 1 

IF2 • IM2 * * * 
IFTB • IMTB * * * 
IFSA • IMSA * * * 
IFTC • IMTC * * * 
IFSB • IMSB * * * 
IFTD • IMTD * * * 
IF3 • IM3 * * * 
IFTR • IMTR * * * 

*Don't Care. 

$HITACHI 

INT2/ SerialA/ SerialB/ 

TimerB TimerC TimerD 

1 1 1 

0 0 0 

0 0 0 

0 0 0 

1 I * 0 0 

* l 1 0 0 

* 1 f * 0 

* * 1 0 

* * 1 I * 
* * * l 1 

* * * 
* * * 
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Timer A 

TimerB 
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TimerC 

Serial 8 

$000,0 

l/E 

$000,2 

IFO 

$000,3 

IMO 

Timer D $023, 1 

IMTD 

$003,2 

IF3 

INT3 $003,3 

IM3 

$023,2 

IFTR 

DTMFR $023,3 

IMTR 
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Sequence control 
· Push PC/CA/ST 
• Reset l/E 
·Jump to Vector 

Address 

Pnonty Control PLA 

Vector Address 

Figure 7. Interrupt Control Circuit Block Diagram 
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Instruction 
Cycles 

Instruction 
Execution 

Interrupt 
Accepted 

2 

Stacking. 
Reset of l/E 

3 

Stacking 
Vector Address 
is Generated 

4 5 

JMPL Instruction Execution 
on the Vector Address 

Figure 8. Interrupt Servicing Sequence 
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Power 

ON 

No 

YES 

Reset 

MCU 

No 

Execute 

Instruction 

PC· (PC) I 1 

PC· $0002 

PC• $0004 

PC• $0006 

PC• $0008 

PC• $000A 

PC• $000C 

PC~$OOOE 

YES 

Figure 9. Interrupt Processing Flowchart 
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Interrupt Enable Flag (I/E: $000, 0): The interrupt en
able flag controls enable/disable of all interrupt re
quests. It is reset by interrupt processing and set by 
the RTNI instruction. (Table 6) 

Table 6. Interrupt Enable Flag 

Interrupt Enable 
Flag (llE) 
0 

Interrupt 
Disable 

Enable 

External Interrupts (INTO, INT1, INT2, INT3): Four 
external interrupt pins are provided for the MCU. The 
external interrupt request flag is set at the falling 
edge of the INTO and INT1 inputs. It is set at the 
rising edge of the INT2, and INT3 inputs. 

When using INTO-INT3, the corresponding bit of port 
mode register A (PMRA: $004) selects external inter
rupt input. If port mode register A is set, the data 
control register of the corresponding pin is reset auto
matically, and external interrupt input is enabled. If 
port mode register A is reset, external interrupt re
quest flag is not set in spite of external interrupt sig
nal input and interrupt processing is not performed 
since the external interrupt input signal is masked. 

External Interrupt Request Flag (IFO: $000, 2 IF1: 
$001, 0 IF2: $002, 0 IF3: 003, 2): External interrupt 
request flags IFO and IF1 are set at the falling edge of 
the INTO and INT1 inputs. IF2 and IF3 are set at the 
rising edge of the INT2 and INT3 inputs. (Table 7) 

Table 7. External Interrupt Request 
Flag 

External Interrupt Request 
Flag (IFO, IF1, IF2, IF3) 
0 

Interrupt 
Request 
Disable 

Enable 

External Interrupt Mask (IMO: $000, 3 IM1: $001, 1 
IM2: $002, 1 IM3: $003, 3): The external interrupt 
request masks disable the interrupt request from the 
external interrupt request flags. (Table 8) 

Table 8. External Interrupt Mask 
Flag 

External Mask Flag 
(IMO, IM1, IM2, IM3) 
0 

Interrupt 
Request 
Enable 

Disable (mask) 
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Low Power Dissipation Mode 

The MCU has two low-power dissipation modes, 
standby mode, and stop mode. The low-power dissi
pation mode functions are shown in Table 9, and 
MCU operation mode relationships are shown in Fig
ure 10. 

Standby Mode: The MCU enters standby mode when 
a SBY instruction is executed. In this mode, an oscilla
tor, interrupt, timer/counter, and serial interface (one 
of each) continue to operate, but all instruction
related clocks stop. This in turn stops the CPU, retains 
all RAM and register contents, and maintains current 
1/0 pin status. The counter of the DTMF receiver con
tinues to operate and the receiver retains the mea
surement value. 

The standby mode is terminated by a RESET or inter
rupt request. After an interrupt request, the MCU re
sumes by executing the next instruction following the 
SEY instruction. Then, if the interrupt enable flag is 
'' 1 '·,the interrupt is processed. If the interrupt enable 

Preliminary HD404678 

flag is "0'', the interrupt request is left pending and 
normal instruction execution continues. 

MCU operating flowchart in standby mode is shown 
in Figure 11. 

Stop Mode: The MCU enters stop mode when a stop 
instruction is executed. In this mode, the oscillator 
stops, causing all MCU functions to also stop. 

The stop mode is terminated by a RESET as shown in 
Figure 12. Reset must be High for at least one tRc to 
stabilize oscillation. (See the "AC Characteristics" 
section). During stop mode, all RAM contents are re
tained. When the MCU resumes after stop mode, the 
accuracy of the contents of the accumulator, B regis
ter, W register, X/SPX register, Y /SPY register, carry, 
and serial data register cannot be guaranteed. 

Table 9. Low Power Dissipation Mode Function 

Condition 

Low Timer/ 
Power Input/ Counter, 
D-patlon Oscillator Instruction Register, Interrupt Output Serial 
Mode Instruction Circuit Eirecutlon Flag Function RAM Pin Interlace DTMFR 

Standby SBY Active Stop Retained Active Retained Retained2 Active Active 
mode instruction 

Stop mode STOP Stop Stop RESET1 Stop Retained High Stop Stop 
instruction impedance 

Notes: 1. The MCU recovers from STOP mode by RESET input. Refer to tables 1 and 2 for the contents of the flags and registers. 

Rac:ovarir 
Mathod 
RESET input, 
interrupt 
request WOT 

RESET input 

2. If an 1/0 circuit is active, an 1/0 current may flow, depending on the state of 110 pin in standby mode. This is the additional current to the current 
dissipation in standby mode. 
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Figure 10. MCU Operation Mode Transition 
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Figure 11. MCU Operating Flowchart in Standby Mode 
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Stop Mode , . ., 
Oscillator -"T'mllll~lllll~lllll~llll..,.-linmllll-lrrmllll---~O-----'~IJ~I lnternalClock~ --

RESET 

t I- 1,.. I 
STOP Instruction 
Execution (More than stabilization 

time: tRc) 

Figure 12. Timing Chart of Recovering from Stop Mode 

Internal Oscillator Circuit 

A block diagram of the internal oscillator circuit is 
illustrated in Figure 13. Crystal can be used as shown 
in Table 10. External clock operation is also available. 

Table 10. Example of Oscillator Circuits 

External Clock 
Operation 

Crystal Oscillator 

Circuit Configuration 

Oscillator 

osc, 

Open OSC 2 

GND 
AT cut parallel 
resonance crystal 

osc,~~osc2 
Co 

R1: 
c,: 
C2: 
Crystal: 
Co: 
Rs: 
f: 

Circuit Constants 

1 MO± 20% 
10-22 pF ± 20% 
10-22 pF ± 20% 
equivalent to circuit shown 
7 pF max. 
1000 max. 
4.0 MHz (±0.01 %) 

Notes: 1. The above circuit constants are recommended values provided by the oscillator manufacturer. They may 
change according to stray capacitance from the resonator or board, so please consult with the crystal 
manufacturer to determine the actual circuit parameters required. 

838 

2. Wiring between the OSC1/0SC2 pin and an element must be as short as possible, and never cross other 
wiring. See the recommended layout of the crystal in Figure 14. 
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Oscillator 

Divider 
Circuit 
1/8 

Timing 
Generator 
Circuit 

Figure 13. Internal Oscillator Circuit 

Do 

TEST 

OSC2 

osc, 
GND 

RESET 

Figure 14. Layout of Crystal Oscillator 
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Input/Output 

The MCU has 4S input/output pins and 4 dedicated 
input pins. All the input/output pins except the dedi
cated input port RS have data control registers (DCR) 
that control the data direction. All ports, however, 
feature either a programmable pull-up MOS or pull
down MOS. 

Several of the above pins are multiplexed with the 
input/output pins of peripheral circuits such as for the 
timer and serial interface. The peripheral circuit has 
priority on these pins. When set as a peripheral cir
cuit's input or output, pin function and data direction 
for these pins are automatically selected accordingly. 

I/O buffer configuration with pull-up and pull-down 
MOS is shown in Figures 15 and 16. The software 
directed !10 circuit control is shown in Tables 11 and 
12. Several I/O types are available due to the combina
tions of the mode registers (PMRB, DCR. PDR) shown 
in these tables. 

PMRB bit 3 controls on and off of all pull-up and pull
down MOS 's. DCR and PDR control that of individual 
pins. 

D Port: The D port is an IIO port having 16 !10 pins 
accessible on a bit basis. A maximum current of 15 
mA can flow into each of the pins DO to D9. with a 
total maximum current of less than 105 mA. In addi
tion, D10-D15 can each act as a 10 mA maximum 
current source. 

Pins DO-D9 and D10-D15 incorporate program con
trollable pull-up MOS and pull-down MOS, respec
tively. Data direction is controlled by the D port data 
control registers (DCRB-DCRE). DCR registers are 
mapped to RAM. 

The D port can be set/reset with the SEDIRED, SEDDI 
REDD instructions and tested with the TD/TDD in
structions. 

R Port: The R port consists of 32 IIO pins and 4 dedi
cated input pins, and is accessible on a 4-bit basis. 
RO-R7 are I/O ports and RS is an input port. RO-R5 
and R6-RS have program controllable pull-up MOS 
and pull-down MOS, respectively. Pull-down MOS is 
controlled by PDR (Port Data Register) on a bit basis. 
The data direction of the IIO ports is controlled by the 
R port data control registers (DCRO-DCR7), which are 
also mapped to RAM. For the R port, the LRAILRB 
instructions output the contents of the accumulator 
and B register through the port, and the LAR/LBR 
input instructions load port data into the accumulator 
and B register. Several of these pins are multiplexed 
with the IIO pins of peripheral circuits (Table 13). 

Port RS is a 4-bit dedicated input port accessed in 4-
bit units. The RS2 pin operates in two modes, digital 
input mode and analog input mode (variable voltage 
reset mode). In digital input mode, RS2 functions as a 
dedicated input pin with input characteristics the 
same as other IIO pins. In analog input mode, com
parison between a reference voltage input through 
RS31R,81 and RS2/RIN input is performed. If the input is 
higher than the R,81 voltage, the system is reset. After 
a reset pulse is automatically generated synchro
nously with the system cycle for one cycle, the MCU 
preceeds to execute from a reset vector. These opera
tion modes are set by port mode register B (PMRB). 

In analog mode, an analog voltage comparator is acti
vated. Tu maintain required characteristics, analog 
current continues to flow into the analog comparator 
while it is on. Consequently, current dissipation in
creases in analog mode. Accordingly, to reduce cur
rent dissipation, a program should be prepared which 
sets RS2 to analog mode only during analog compari
son. Note that the analog comparator retains its pre
vious state in standby mode, although in stop mode, it 
is automatically turned off. 
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Pull Up MOS 

Vee 

Vee 

NMOS 

Preliminary HD404678 

PMRB 
Bit3 

1--~-1-~-->--~~-DCR 

Input Control 

Figure 15. Configuration of 1/0 Buffer with Pull-up MOS 

Table 11. Programmable 1/0 Combination(-: OFF) 

Control Bit PMRB Bit 3 1 0 

OCR 0 1 0 1 

PDR 0 1 0 1 0 1 0 1 

1/0 Circuit PMOS - - - ON - - - ON 
Condition NMOS - - ON - - - ON -

Pull-up MOS - - - - - ON - ON 
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Input Control 

Vee 

1------<t----- DCR 

\--.+-------PDR 

Pull Down MOS 

\-------~PMRB 
Bit 3 

Figure 16. Configuration of 1/0 Buffer with Pull-down MOS 

Table 12. Programmable 1/0 Combination(-: OFF) 

Control Bit PMRB Bit 3 1 0 

DCR 0 1 0 1 

PDR 0 1 0 1 0 1 0 1 

1/0 Circuit PMOS - - - ON - - - ON 
Condition NMOS - - ON - - - ON -

Pull-down MOS - - - ON - ON -
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For the RB ports, the LAR/LBR instructions load port 
data into the accumulator and B register. This input
only port cannot be written to. 

Data Control Registers ($030-$037, $03B-$03E): The 
data control registers (OCR) are 4-bit dedicated write 
registers which control the data direction of the 1/0 
ports. DCRs are provided for the pins of the D port and 
RO-R7 ports as 4-bit registers to switch data direction 
on a bit basis (Tu.hie 14). 

Each port loads data from a pin or pins when func
tioning as an input port, and loads data from a data 
register when functioning as an output port. Conse
quently, even if output potential varies by load when a 
port functions as an output, output data can be read 
correctly. 

Since DCR is reset to "O" by reset input, all ports are 
inputs immediately after reset. Tu use a port as an 
output, the corresponding DCR must be set to '' 1'' by 
a program initialization routine. 

Port Mode Registers A. B, C ($004-$006): The port 
mode registers are 4-bit dedicated write registers. 
PMRA, PMRB, and PMRC have the functions shown 
in Tu.hies 15, 16, 17. 

PMRA controls the function of R32/INTO, R33/INT1, 
R62/INT2, and R63/INT3. These pins can be used as 
R-port pins when all bits of PMRA are initialized to 
"O". 

Table 13. Multiplexed Pins of R Ports 

Pin Multiplexed Pin 

R32 INTo 

Preliminary HD404678 

If 32/INTO or R33/INT1 is "Low" when bit 0 or 1 of 
PMRA is set, external interrupt request flag IFO or IF1 
is set. If R62/INT2 or R63/INT3 is "High" when bit 2 
or 3 is set, external interrupt request flag IF2 or IF3 is 
set. 

PMRB controls R42, R52, R82/RIN, R83/R,61, and pull
up MOS/pull-down MOS enable/disable of all ports. 
When bit 2 of PMRB is set to use the reset voltage 
variable function, and if a voltage higher than R,61 is 
applied to RrN• the MCU will be reset. 

0 to Vcc-1.2 V must be applied to R,61 to enable the 
analog comparator function. 

When bit 3 of PMRB is reset, pull-up/pull-down MOS 
attached to all ports are enabled and when it is set, 
they are disabled. While they are enabled, on/off of 
each pull-up/pull-down MOS can be controlled by bit 
settings in the PDR provided for each port. When 
PMRB bit 3 is initialized to ''O'' by MCU reset, pull-up/ 
pull-down MOS of all ports are enabled. 

PMRC controls R70/TOB, R71/TOC, R72/TOD1, and 
R73/TOD2. These pins function as R-port pins when 
PMR is initialized to "O" by MCU reset. 

TOD1 and TOD2 are Timer D outputs which are actu
ally identical signals. By controlling bit 2 and 3 of 
PMRC. Timer D output signals can be output to either 
or both TOD1 and TOD2. 

Control Register 

PMRA 

R33 INT, (Timer B input) PMRA 

R4o SCKA SMRA 

R41 SIA SMRA 

R42 SOA SMRA, PMRB 

R5o SCKB SMRB 

R51 SIB SMRB 

R52 SOB SMRB, PMRB 

R62 INT2 (Timer C input) PMRA 

R63 INT3 (Timer D input) PMRA 

R7o TOB PMRC 

R71 TOC PMRC 

R72 TOD, PMRC 

R73 TOD2 PMRC 

R82 R1N PMRB 

R83 Rret PMRB 
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Table 14. Data Control Registers and Control Pins 

DCR bit3 bit2 

DCRO R03 R02 

DCR1 R13 R12 

DCR2 R23 R22 

DCR3 R33 R32 

DCR4 R43 R42 

DCR5 R53 R52 

DCR6 R63 R62 

DCR7 R73 R72 

DCRB 03 Dz 

DCRC D1 De 

DCRD D11 D10 

DCRE 015 014 

Table 15. Port Mode Register A Function 

PMRA (Port Mode Reg. A) 

Bit 3 2 

Pin R63/INT3 R62/INT2 

l 0 R63 
Pin Function 

1 INT3 

Table 16. Port Mode Register B Function 

PMRB (Port Mode Reg. B) 

Bit 3 2 
Pin Pull Up MOS, RB2/R1N 

Pull Down MOS R83/R,0 1 
Disabled 

Pin Function 0 Resistor MOS R82, R83 
Enabled 

1 Resistor MOS RtN• Rret 
Disabled 

R62 

INT2 
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bit1 

R01 

R1, 

R21 

R31 

R41 

R51 

R61 

R71 

D1 

Ds 

Ds 

013 

1 

R33/INT1 

R33 

INT1 

1 
R52 
(CMOS/NMOS) 

CMOS 

NMOS 

bitO 

ROo 

R1o 

R2o 

R3o 

R4o 

R5o 

R6o 

R7o 

Do 

04 

Ds 

D12 

0 

R32/INT0 

R32 

INTo 

0 
R42 
(CMOS/NMOS) 

CMOS 

NMOS 
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Table 17. Port Mode Register C Function 
PMRC (Port Mode Reg. C) 

Bit 3 

Pin R73/TOD2 

1 0 R73 
Pin Function 

l 1 TOD2 

I/O Pins Unused on the User System: If unused 1/0 
pins are left floating, the LSI may malfunction due to 
noise. Th prevent this, unused pins should be dealt 
with as follows: 

Ports with pull-up MOS-Pull up to Vee through an 
incorporated pull-up MOS or a resistor of approxi
mately 100 kO. 

Ports with pull-down MOS-Pull down to GND 
through an incorporated pull-down MOS or a resistor 
of approximately 100 kO. 

Unused pins other than ports-Pull up to V cc through 
a resistor of approxiinately 100 kO. 

During a programmed reset, the condition of unused 
pins must be retained. Accordingly, the data control 
register and any other registers related to these un
used pins must not be changed. 

Table 18. Timer Function 

2 1 0 

R72/TOD1 R71/TOC R7o/TOB 

R72 R71 R7o 

TOD1 TOC TOB 

Timer 
The MCU incorporates a prescaler and four timers. 

Timer A is an 8-bit free-running timer. Timer A is 
allowed to function as a watchdog timer with hard
ware reset. 

The prescaler is an 11-bit counter to which a system 
clock signal is input. The prescaler divides this sys
tem clock signal into several different clock signals 
and outputs these signals to different timers. A pre
scaler output signal is also used as a transmit clock 
for the serial interface. 

Timers B, C, and Dare 8-bit versatile timers which 
can be respectively programmed as a free-running 
timer, reload timer, and PWM (duty variable pulse 
output). Timers B to D have I/O pins by which func
tions such as event counter or frequency variable 
clock output can be specified. 

Input Timar Function Output 
Function 

Free- Watch- Pin •on •t• 
Pin Name Edge running Reload PWM dog Name Toggle Output Output PWM 

Timer A No input pins Yes - - Yes No output pins 

Timers TIB (R33) " Yes Yes Yes - TOB (R70) Yes Yes Yes Yes 

TimerC TIC (R62) t Yes Yes Yes - TDC (R71) Yes Yes Yes Yes 

Timer D TIO (R63) t Yes Yes Yes - TOD1 (R72) Yes Yes Yes Yes 

TOD2 (R73) Yes Yes Yes Yes 
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Prescaler: The prescaler is an 11-bit counter whose 
input is the system clock. After being initialized to 
$000 by MCU reset, the prescaler counts up by clock 
cycles. The prescaler outputs are fed to Timers A-D 
and serial interfaces A-B. The prescaler continues 
counting except during MCU reset and stop mode. It 
cannot be read from or written to, and its divide ratio 
can be independently programmed. 

Operation of Timer A: Functions as a free-running 
timer and a watchdog timer. 

Free-running timer operation-Timer A is an 8-bit 
count-up timer that increments with every input 
clock. 

INTERNAL BUS LINE (52) 

TOAB 

When specified as a free-running timer, Timer N.s 
input clock is selected among the 8 clocks output by 
the prescaler using TCS2-TCSO of timer mode regis
ter A 

When Timer A reaches $FF, it generates an overflow, 
and the Timer A interrupt request flag is set. Timer A 
then restarts counting from $00. The timer interrupt 
request flag is not reset even when an interrupt is 
accepted; it must be reset by an instruction in an 
interrupt processing routine. 

Timer A (free-running timer) is used to generate an 
interrupt at regular intervals. 

INl:"EANAL BUS LINE !S1) 

TORC (4bitl 1-------~ 
TORO 

TLB . TLC. TLD 
(4bit) 
(Timer Latch Reg. l 

846 

., 
N N 

"' .,. .,. 
., 

N " ~ :;: .,. .,. 

Reload 
Control 
C1rcu11 

INTERNAL BUS LINE (52) 

Figure 17. Timers B-D Block Diagram 
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Watchdog timer operation-Timer A can function as 
a watchdog timer that increments with every input 
clock. When Timer A overflows, an internal reset sig
nal is generated. If WDTR of timer mode register A is 
set, Timer A is reset and begins counting from $00. 

A watchdog timer can reset and recover the MCU 
when control has been lost. Tu enable the function, 
program must be prepared so that Timer A is reset 
within the cycle shorter than the prescaler output 
and the cycle counted by timer A. In such a program, 
an overflow is not generated during normal MCU op
eration, because the timer has been reset by the pro
gram. However, when the MCU is out of control, 
Timer A generates an overflow, and the MCU is reset. 

In watchdog timer mode, Timer A is initialized to $00 
with a reset signal via the RESET pin. When an over
flow is generated, an interrupt does not occur since 
the MCU has already been reset. The timer can be 
reset but cannot be written to or read. 

Operation of Timers B, C, D: Timers B to D are 8-bit 
multifunctional timers. Three operation modes-free
running, event counter, reload, and PWM-are pro
vided by programming the timer mode registers 
(TMRB, TMRC, TMRD) and timer output registers 
(TORB, TORC, TORD). 

The timer/counters (TCB, TCC, TCD) count up with 
every input clock after being initialized to "00" by 
MCU reset. An input clock can be selected among the 
clock divided by the prescaler, and an external clock 

Table 19. Timer A Function 

Item 
Prescaler Divide Ratio 

Timer Reset 

Interrupt Function 

Internal System Reset Function 

Timer Mode Register A (TMRA: $007): 4-bit write
only register. Timer mode register A function is shown 
in Figure 19 and Table 20. 

Timer Mode Registers B, C, D (TMRB: $008, TMRC: 
$00C, TMRD: $010): 4-bit write-only registers which 
control the auto-reload function, input source, and 
prescaler divide ratio of timers B, C, D as shown in 
Figure 20 and Table 21. These registers are initialized 
to $0 by MCU reset. 

is available for the event counter. When selecting an 
external clock input, the interrupt mask bit of each 
external interrupt must be set to inhibit external inter
rupt since an external clock input pin is multiplexed 
with an external interrupt pin. 

The timer interrupt request flags (IFTB, IFTC, IFTD) 
are set if an input clock is supplied after the timer/ 
counters reach $FF. When auto-reload function is not 
specified, Timers B-D function as free-running tim
ers/event counters, and restart to count up from $00. 
When auto-reload function is specified, Timer B-D 
function as reload timers. In the reload mode, an over
flow signal causes the timer load register value to be 
loaded into the timer/counter, and the timer counts up 
from that value. 

Timers B-D also function as timer input/output cir
cuits. The timer output circuits varies output level 
when the clock after reaching $FF is input. By com
bining this circuit and the reload timer, several differ
ent cycle clock signals can be output. 

Timers B-D are set in PWM mode when the timer 
output register is programmed. The cycle of the pulse 
is 256 clocks, and the length of the "High" portion is 
the same value as that of the timer load register. A 
voltage level proportional to the value set in the timer 
load register can be obtained by combining PWM and 
a lowpass filter. 

Free-running Timer Watchdog Timer 
Variable (8: + 2 to + 2048) 

Possible (Write 1 to WDTR) 

Provided None 

None Provided 

The timer mode register value can be changed from 
the third instruction after executing the timer mode 
register write instruction. Timer initialization by the 
timer load register write instruction must be executed 
after the varied mode becomes valid. 

Timer Output Registers B, C, D, (TORB: $009, TORC: 
$00D, TORD: $011): 4-bit read/write registers which 
control the output mode, PWM output mode, the ex
ternal interrupt multiplexed with timer input pins of 
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Timers B-D as shown in Figure 21 and Table 22. By 
combining these modes and vanous mode of Timers 
B-D, several different frequencies and duty clock sig
nals can be obtained. When setting PWM output, the 
timer output pin functions as a PWM uuLµuL regcud
less of timer output mode. Timer output register value 
becomes valid from the thud instruction after the 
timer output register write instruction. 

Timer Counters BL, BU, CL, CU, DL, DU (TCBL 
$00A, TCBU $008, TCCL $00E, TCCU $OOF, TCDL 
$012, TCDU $013), Timer Load Registers BL, BU, CL, 
CU, DL, CU (TLBL $00A, TLBU $00B, TLCL $00E, 
TLCU $00F, TLDL $012, TLDU $013) Timers B-D 
are 8-bit timers comprised of read-only timer counters 
and write-only timer load registers at the same ad
dress. Each register is divided into low and high nib
bles which are located at sequential addresses. 

The high data nibble is read from the timer/counter 
first. At the same time, the low nibble is latched into 

bit 3 2 

WDTR TCS2 

w w 

Preliminary HD404678 

the 4-bit timer latch register. When a low nibble is 
read, it is read from the latched register. Therefore, it 
is possible to read a high and low nibble at the same 
time. 

After data is written in the timer load register, it is 
loaded into the timer/counter and the timer begins 
counting from the loaded value. The low nibble must 
be written in the timer load register first. The timer 
mode register value is loaded mto the timer/counter at 
the same time the high nibble 1s written to. The timer/ 
counter and timer load register are initialized to ''$00'' 
during reset. 

Timers B, C, D, Operation Modes: Various modes can 
be provided by Timers B-D by programming each 
timer mode register and timer output register. Pro
grammable operation modes are listed in Table 25. 
Timer output waveform examples are shown in Fig
ure 21. 

0 

TCS1 TCSO 

w w 

Bit 3: (WDTR: Watchdog Timer Reset): Resets Timer A when" 1" is written to WDTR, after which Timer A begins counting 
from $00. 

Bits 0-2: (T~SO-TCS2: Timer Clock Select): Selects Timer A input clock source. These bits are initialized to "000" after reset. 

Figure 19. Timer Mode Register A 

Table 20. Input Clock Source Selec
tion for Timer A 

Timer Mode Register Bit 

TCS2 TCS1 TCSO 
Input Clock Source 

0 0 0 ~ 2048 

0 0 1 1024 

0 1 0 512 

0 1 1 . 128 

1 0 0 32 

1 0 1 8 

1 1 0 4 

1 1 1 . 2 
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bit 3 2 0 

RE TCS2 TCS1 TCSO 

w w w w 

Bit 3: (RE: Reload Enable): Controls auto-reload function of Timers B-D. When RE is "1 ", Timers B to D function as a reload 
timer. When it is "O", they function as a free-running timer. RE is initialized after reset. 

Bits 0-2: (TCSO-TCS2: Timer Clock Select): Selects clock source of Timers B-D. They are initialized to "000" after reset. 

Figure 20. Timer Mode Registers B, C, D 

Table 21. Input Clock Source Selec
tion for Timers B, C, D 

Timer Mode Register Bit 

TCS2 TCS1 TCSO 
Input Clock Source 

0 0 0 + 2048 

0 0 1 512 

0 1 0 128 

0 1 1 32 

1 0 0 8 

1 0 1 4 

1 1 0 2 

1 1 1 I External event input)* 

*When external event input is selected, pins R33, R62, 
and R63 should have been set to INT input by PMRA. 
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bit 3 2 0 

Not Used PWME TOS1 TOSO 

R/W R/W R/W 

Bit 2: IPWME: Pulse Width Modulation): Controls the PWM function of Timers B, C, and 0. When PWME is "1 ",Timers B, 
C, and D are set to PWM mode. PWME is initialized to "O" after reset. 

Bits 0, 1: (TOSO-TOS 1: Timer Output Mode Select): Selects output pin mode of Timers B, C, and D. These bits are initialized 
to "00" after reset. 

Figure 21. Timer Output Register 

Table 22. Output Mode Selection of Timers B, C, D 

TimerTOS1 Output TOSO 
0 0 

0 

0 

Register Bit 
Output Mode 

Toggle output 

"O" output 

Function 
Output disabled 

'Output is reversed synchronously with timer overflow 

Low is output synchronously with timer overflow 

"1" output High is output synchronously with timer overflow 

Note: For timer output, pins R70, R71, R72, and R73 must be set to timer output mode by PMRC. 
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Table 23. Operation Modes of Timers B, C, D 

TORB, TORC, 
PMRA PMRC TMRB, TMRC, TMRD 

TORO 

Bits Bits 
Bit 3 Bit 2 Bit 1 Bit 0 Bit 2 

1-3 0-4 

1 0 0 1 1 1 

1 1 0 1 1 1 

0 0 0 * 3 * 3 *3 

0 1 0 * 3 *3 *3 

1 0 0 * 3 *3 * 3 

1 1 0 * 3 *3 *3 

0 0 1 * 3 * 3 * 3 

0 1 1 * 3 * 3 * 3 

1 0 1 * 3 * 3 * 3 

1 1 1 *3 * 3 * 3 

1 0 1 1 1 1 

1 1 1 1 1 1 

0 1 * 1 *3 *3 * 3 

1 1 * 1 * 3 * 3 * 3 

1 1 * 1 1 1 1 

• 1: Neither "O" nor" 1" affect operation. 
*2: Either or both TOR bits 0 and 1 are" 1 ". 
*3: One, two, or all TMR bits 0-2 are "O". 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

Bit 1 Bit 0 

0 0 

* 2 *2 

0 0 

* 2 *2 

0 0 

* 2 * 2 

0 0 

* 2 * 2 

0 0 

* 2 * 2 

0 0 

* 2 * 2 

* 1 * 1 

* 1 * 1 

* 1 * 1 

Timer Input Pin 

TIB, TIC, TIO 

TIB, TIC, TIO 

R33, R62, R63 

R33, R62, R63 

INT1, INT2. 

INT3 

INT1, INT2. 

INT3 

R33, R62, R63 

R33, R62, R63 

-
INTi. INT2. 

INT3 
-
INT1, INT2, 

INT3 

TIS, TIC, TIO 

TIS, TIC, TIO 

R33, R62. R63 

-
INT1, INT2, 

INT3 

TIS, TIC, TIO 

Timers B-D Timer Output Pin 
Function 

R7o, R71, R72, 

R73 
Event Counter 

TOB, TOC, TOD1, 

TOD2 

R7o, R71, R72, 

R73 

TOB, TOC, TOD,, 

TOD2 Free-running 

R7o, Rh R72, 
Timer 

Rh 

TOB, TOC, TOD1. 

TOD2 

R7o. Rh R72, 

R73 

TOB, TOC, TOD1, 

TOD2 Reload Timer 
R7o. Rh R72, 

R73 

TOB, TOC, TOD1. 

TOD2 

R7o. Rh R72, 

R73 Event Counter 

TOB, TOC, TOD1, 
(with reload 
function) 

TOD2 

TOB, TOC, TOD1, 

TOD2 
PWM * 4 

TOB, TOC, TOD1, 

TOD2 

TOB, TOC, TOD1, • 4PWM 

TOD2 (external clock) 

• 4: If the timer load register value is $00 when PWM output is selected, the timer functions as a free-running timer. 
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Serial Interface 

Reload Timer Output Mode --> Toggle Output 
Data of Timer Load Register --> N 

Free-Running Timer 

_J 
I· 256 Clocks 256 Clocks 

Reload Timer 

_J 
1 .. 

(256-NI Clocks (256-NI Clocks .. , 

PWM 

(256-N) Clocks N Clocks 

256 Clocks 

.. , 

Note: Input clock source and its dividing ratio are controlled by the timer mode register 

Figure 22. Timer Output Waveform Examples 

The MCU incorporates two clock-synchronous 8-bit 
serial interfaces that are composed of serial data reg
isters, serial mode registers, serial clock registers, oc
tal counters, and multiplexers as shown in Figure 22. 

'IWo serial interfaces have identical function, however, 
the transfer clock and transmit speed can be set inde
pendently Each serial interface also functions as a 
clock output. 
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Table 24. Serial Interface Function 

Item Function 
Transmit Format Clock synchronous serial interface (LSB transmitted first) 

Number of Transmit Bits 

Transmit Rate 
(t0 c = Baud Rate at 2 µs: BPS) 

Operation Mode 

Transmit Clock 

Pin Serial Interface A 

Serial Interface B 

Clock 
Data Input 
Data Output 

Clock 
Data Input 
Data Output 

SYSTEM 
CLOCK 

PRESCALERI 11 bit) 

SERIAL MPX 

8 bits 

1 itcyc (500000 to 1 /4096 X tcyc (122) 

Transmit mode: transmit mode 
receive mode 
transmit/receive mode 

Special mode: clock output mode 

Internal Clock (transmit clock output) 
External Clock (transmit clock input) 

SCKA R40 1/0 
SIA R41 I 
SOA R42 0 

SCKB R50 1/0 
SIB R51 I 
SOB R52 0 

OCIJbitl SRAOF 
OCTAL 
COUNTER SRBOF 

4 

4 4 

SRA, SRB (8 bit) 

IFSA 
IFSB 

INTERRUPT 
REQUEST FLAG 
of SERIAL INTER-
FACE 

IS1) 

SERIAL DATA REG. 

854 

SCRA, SCAB (3 bit) 

SERIAL CLOCK 
REG. 

INTERNALBUS LINE 

SMRA, SMRB (4 bit) 

SERIAL MODE 
REG 

SCKI 

4 4 

INTERNAL BUS LINE IS2) 

Figure 23. Serial Interface Block Diagram 

~HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



Preliminary HD404678 

Serial Mode Registers A, B, (SMRA: $014, SMRB 
$018: 4-bit read/write registers which control serial 
interface operation and the SCKA, SCKB, SIA, SIB, 
SOA, and SOB pins as explained in Figure 23. When 
the serial mode register is written to. transmit clock 
stops to be supplied to the serial data register and 
octal counter, then the octal counter is initialized to 
$0. Therefore, if the serial mode register is written to 

during serial interface operation, data transmission 
stops and the serial interrupt request flag is set. 
Serial mode register change becomes valid from the 
second instruction after the serial mode register write 
instruction, so that the STS instruction must be cxo 
cuted two cycles after the serial mode register write 
instruction. The serial mode register is initialized to 
$0 by MCU reset. 

Table 25. Related Serial Interface Registers 

Serial Interface Register Name Abbr. Address Read/Write 
Serial Interface A Serial Mode Register A SMRA $014 R/W 

Serial Clock Register A SCRA $015 w 
Serial Data Register A (L) SRAL $016 R/W 
Serial Data Register A (U I SRAU $017 R/W 

Serial Interface 8 Serial Mode Register 8 SMR8 $018 R/W 
Serial Clock Register 8 SCR8 $019 w 
Serial Data Register 8 (LI SR8L $01A R/W 
Serial Data Register 8 (U I SR8U $018 R/W 

bit 3 2 0 

STSE SCKE SIE SOE 

R;W R;W R;W R;W 

Bit 3: (STSE: STS instruction Enable): Controls the STS instruction which starts/stops serial transmission. If this instruction is 
executed when STSE is" 1 ",serial transmission begins. When STSE is "O", serial transmission is inhibited regardless of 
the STS value. STSE is automatically reset after STS instruction execution. During reset, STSE is initialized to "O". 

Bit 2: (SCKE: SCK Enable): Controls the transfer clock input/output pins for serial transmission. When SCKE is" 1 ",these pins 
are automatically set to input or output according to the type of transmit clock being used (internal/external). When SCKE 
is "O", these pins function as port pins. SCKE is initialized to "O" during reset. 

Bit 1: (SIE: SI Enable): Controls the data input pins for the serial interface. When SIE is "1 ", the pins are automatically set to 
input. When SIE is "O", they function as port pins. SOE is initialized to "O" during reset. 

Bit 0: (SOE: SO Enable): Controls the data output pins for the serial interface. When SOE is "1 ",the pins are automatically set 
to output. When SOE is "O", they function as port pins. SOE is initialized to "O" during reset. 

Figure 24. Serial Mode Registers A, B 
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Serial Clock Registers A. B, (SCRA: $015, SCRB: 
$019): 3-bit dedicated write registers. These registers 
can be written to on a bit basis with the bit set/bit 
reset instruction other than on a nibble basis. 

Writing in the serial clock register becomes valid two 
cycles after instruction execution. Writing in the reg-

bit 3 2 

SCS2 

w 

ister initializes the octal counter to ''000' ·. If the serial 
clock register is written to during transmission, the 
octal counter becomes "000" to stop transmission, 
and the serial interrupt request flag is set at the same 
time. 

0 

SCS1 scso 

w w 

Bits 2-0 !SCS2-SCSO: Serial Clock Select): Selectthe input clock source for the serial interface. These bits are initialized to "O" during 
reset. 

Figure 25. Serial Clock Register 

Table 26. Input Clock Sources 

Bit Preacaler System Clock Baud Rate at 
SCS2 SCS1 scso SCKllO Clock Source Divide Ratio Divide Ratio t,.,,., = 2µa(BSP) 
0 0 0 0 Prescaler -2048 -4096 122 
0 0 1 0 Prescaler -512 -1024 488 
0 1 0 0 Prescaler -128 -256 1953 
0 1 1 0 Prescaler -32 -64 7812 
1 0 0 0 Prescaler -8 -16 31250 
1 0 1 0 Prescaler -2 -4 125000 
1 1 0 0 System Clock -1 500000 
1 1 1 I External Clock 

Note: If an internal clock is selected (transmit clock output: SCK 1/0 = 0) when the SCKE bit of the serial clock 
mode register is "1 ", the clock input/output pin is automatically set to output. When an external clock (trans-
mit clock input: SCK 1/0 = I) is selected, the pin is automatically set to input. 
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Serial Data Registers AL, AU, BL, BU (SRAL: $016, 
SRAU: $017, SRBL: $01A, SRBU: $01B): The serial 
data registers are 8-bit registers which shift to the 
right (towards the LSB) with every transfer clock in
put. During serial transmission, the LSB is output 
through a data pin and "O" is written to the MSB. In 
transmit/receive mode, the LSB output and MSB in
put are performed at the same time. 

The serial data register is separated into low and high 
nibbles which are located at sequential addresses. 
Therefore, data read/write must be performed twice. 
Since data shift and data read/write are performed 
asynchronously, data read/write cannot be performed 
during serial data transmission. If read/write is exe
cuted during serial transmission, the accuracy of the 
data cannot be guaranteed. 

The serial data register cannot be reset. The value of 
the serial data register is undefined after reset. 

Serial Interface Operation: The serial interface is used 
to transmit data between the HD404678 and other 
devices. As shown in Figure 26, the clock pin, data 
input pin, and data output pin one device are con
nected to the respective clock pin data output pin, 
and data input pin of another device. If one
directional transfer is required, a data input pin and a 
data output pin are connected. For example, during 
serial transmission from the HD404678, the serial out
put pin of the HD404678 and the data input pin of the 
other device are connected. (The HD404678 can also 

Preliminary HD404678 

operate in receive mode.) Data transfer timing is 
shown in Figure 27. 

Proper transfer timing and AC timing must be imple
mented for serial transmissions to different devices. 

Note that the HD404678 transmits the LSB first, how
ever, some other devices transmit the MSB first. Ac
cordingly, the order of data conversion should be 
checked. 

STS Instruction and STSE Bit: The STS instruction 
(Start Serial) initiates two serial interface operation. 
Each serial interface has a STS instruction enable bit 
(STSE). When this bit is set, the STS instruction is 
executed. When both STSE bits are set, two serial 
interfaces operate with one STS instruction. Con
versely, when two STSE bits are reset, the serial inter
face does not operate even if the STS instruction is 
executed. To prevent conflict between two serial inter
faces, after the STS instruction is executed, the STSE 
bit is automatically reset at the following cycle. 

Serial Interface Operation Mode: The serial interface 
operation mode is set with the serial mode register, 
and the serial transmit clock is set with the serial 
clock register. The serial interface has four operation 
modes: three transmit modes and a special mode. 
When the serial interface is set in any of these modes, 
the pins multiplexed with ports function as serial in
put/output pins. 

Table 27. Serial Interface Operation Modes 

Serial Mode Register Bit 
SCKE SIE SOE 

0 
1 
1 
0 

1 
0 
1 
0 

Serial Interface Operation Modes 
Transmit Mode 
Receive Mode 
Transmit/Recieve Mode 
Clock Output Mode 
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Transmit Mode 
Transmit Mode 
Transmit Mode 
Special Mode 
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HD404678 Other Device 

Serial Interface Serial Interface 

SCK Clock Output 
SI Data Input 
so Data Output 

(a) Internal Clock (transmit clock output) 

HD404678 Other Device 
Serial Interface Serial Interface 

SCK Clock Input 
SI Data Input 
so Data Output 

(b) External Clock (transmit clock input) 

Figure 26. Serial Interface Connection 
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Transmit mode: Data is transmitted synchronously 
with a transmit clock. At the same time, "O" is re
ceived by the MSB. 

Receive mode: Data is received via an input synchro
nously with the transmit clock. 

Transmit/receive mode: Data is transmitted and re
ceived simultaneously and synchronously with a 
transmit clock. 

Clock output mode: A transmit clock is output when 
transmit clock output mode (internal clock) is se
lected. The serial data register does not shift. 

Data Transmit Procedure: Four operating states are 
provided for the serial interface. Their interaction is 
shown in Figure 28. 

The serial interface is initialized in the transfer inhibit 
state in which the STS instruction and transmit clock 
are ignored. 

The serial interface is in a STS wait state if the STSE 
bit of the serial mode register of the desired serial 
interface is set. When the STS instruction is executed 
while the STSE bits of the serial interfaces 1 and 2 are 
both set, two serial interfaces can be controlled by 
one STS instruction. 

During a transfer clock wait state, an input to the 
transmit clock incrementsthe octal counter, shifts the 

Transfer Clock 

Serial Output Data 

Preliminary HD404678 

serial data register, and starts serial transmission. If a 
clock output mode is selected by the serial mode reg
ister, the transmit clock continues to output without 
data transmission. 

During transmission, 8 clock inputs set the octal 
counter '' 000'' and also set the serial interrupt request 
flag. In this state, if the internal clock is selected, 
serial transmission is inhibited, and if an external 
clock is selected, the system enters a transmit clock 
wait state. If the serial mode register and the serial 
clock register are written to during transmission, the 
octal counter is set to "000", which stops transmis
sion, and, at the same time, the interrupt request flag 
is set. 

Transmit Clock Error Detection: The serial interface 
malfunctions when a spurious pulse caused by exter
nal noise conflicts with a normal transmit clock dur
ing transmission. A transmit clock error can be de
tected as shown in Figure 29. 

During a transmit clock wait state, more than 8 trans
fer clock inputs set the serial interface transmit state, 
and transmit clock wait state, and then transmit 
state. If the serial interrupt request flag (IFS) is reset 
after SMR has been programmed to enter a STS wait 
state, the serial interrupt request flag is again set. 

Serial Input Data 
Latch Timing I I I I I I I I 

Figure 27. Serial Interface 1/0 Timing Chart 
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860 

Serial Transfer Inhibiting State 
{STS Instruction Disable 
Octal Counter == 000 
Transfer Clock Disable) 

WritetoSMR 
(Bit 3 is reset) 
WritetoSCR 

Write to SMR 1 
(Bit 3 is reset) !Write to SMR 

(Bit 3 is set) 

Transfer Clock Waiting State 
!SMR Bit 3 is reset 
STS Instruction Disable 
Octal Counter = 0001 

STS Waiting State 
(STS Instruction Enable 
Octal Counter "' 000 
Transfer Clock Disable) 

Transfer Clock 

8 Transfer Clocks 
(External Clock) 

Fig1ire 28. Serial Interface Operation State 

Transmit/Recieve 
(IFS+- 11 

Interrupt Disable 

IFS +- 0 

Programming SMR 

Write to SMR. 
(Bit 3 is reset) 
8 Transfer Clocks 
(Internal Clock) 

Transfer State 
($TS Instruction Disable 
Octal Counter = 000) 

Yes Transfer Clock 
Error Processing 

Normal End 

Figure 29. Example of Transfer Clock Error Detection 
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DTMF Receiver 

The HD404678 incorporates a high-/low-group isola
tion circuit and a frequency measurement gircuit for 
DTMF signal reception. A DTMF signal can be exam
ined by these circuits. A block diagram of the DTMF 
receiver is shown in Figure 30. 

The DTMF signal is generated by mixing two sine 
waves, one of four low-group frequencies (697, 770, 
852, 941 Hz) and one of four high-group frequencies 
(1209, 1336, 1477, 1633 Hz). The signal is used for 
communication using telephone lines. Figure 31 
shows a matrix of telephone push buttons and the 
DTMF frequencies. 

The DTMF signal is a mixed wave passed through a 
nonlinear telephone line, so that the receiver recog
nizes that the signal includes harmonic and inter
modulation components other than the two main fre
quencies mentioned above. 

DTMF Receiver Configuration 

High-/Low-group Isolation Circuit: A high-/low-group 
isolation circuit consists of a gain control pre
amplifier, an anti-aliasing filter, high-group/low-group 
band pass filters, and high precision comparators. 

The gain control pre-amplifier compensates for line 
loss and loss generated within a telephone set. 

The anti-aliasing filter is an analog filter to reduce 
sampling noise in a following SCF (Switched Capaci
tor Filter). It employs a second-order Sallen-Key cir
cuit having a cutoff around 8 kHz (typ). 

The high-/low-group band pass circuit is a sixth-order 
band pass filter comprising SCF The rejection ratio of 
the low-thigh-group is designed to be 32 dB. (Figure 
34) 

Preliminary HD404678 

The high-precision comparator incorporates an offset 
compensation circuit to detect the zero-crossing point 
of a signal isolated in high- and low-group. 

Frequency Measurement Circuit: The frequency 
measurement circuit is comprised of the following 
control sections, edge generation circuits, edge 
counters, period counters, data registers, and flags. 

The edge counter is a 4-bit counter whose value can 
be set from a half cycle up to 7.5 cycles. Several cycles 
are required to be examined to prevent malfunction 
due to voice characteristics. 

The period counter is a 10-bit counter. One bit is 
equivalent to 10 µs for high-group and to 20 µs for low
group. 

The measurement value hold register is a 10-bit regis
ter holding three sequential addresses in RAM. 

Tu recognize a frequency, the period between zero
crossings must be measured by the edge and period 
counters. The period counter counts the time until the 
edge counter reaches the desired value. When the 
edge counter reaches the desired value, the value of 
the period counter at this time is fetched into the 
measurement value hold register. The edge and per
iod counters are then initialized to start measurement 
of the next cycle. At the same time, an load flag is set, 
by which the CPU acknowledges that a measurement 
value has been loaded into the measurement value 
hold register. The CPU can then recognize DTMF sig
nal transmission and code by examining whether the 
value corresponds to a DTMF signal. 
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High-group 
Tone Interrupt 

Line 

High/low Frequency ~ - Group Measure- Value Decision 
Isolation ment Control Algorithm 
Circuit 

Low-group Tone 
Circuit 

Figure 30. DTMF Receiver Block Diagram 

800 0-Row1 697Hz 

808 0-Row2 770Hz 

000 0-Row3 852Hz 

8 8 0 0-Row4 ,941Hz 

I 1 t t 1633Hz Column 4 

1477Hz Column 3 

1336Hz Column 2 

1209Hz Column 1 

Figure 31. DTMF Keypad and Frequencies 
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HOUT 

LOUT 

:>---.-----! Anti-aliasing 
Filter 

Preliminary 

High-group Filter 
(6th Order BPF) 

Low-group Filter 
(6th Order BPF) 

Figure 32. High-/Low- Group Isolation Circuit (Analog Block) 

Edge Generator Edge Counter 

Period Measurement Counter 

Measurement Value Hold Register 

CPU Controller 

Measurement Value Hold Register 

Period Measurement Counter 

Edge Generator Edge Counter 

Figure 33. Frequency Measurement Circuit (Digital Block) 
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HD404678 Preliminary 

Tune Receiver Mode Register (Low-group (TRML): 
$024, High-group (TRMH): $028): TRM retains the 
number of cycles to be measured by the frequency 
measurement circuit, and the value to be counted is 
set in the edge counter. 

The unit of the TRM value is a half cycle. In three
cycle measurement, $6 is set in TRM. The frequency 
measurement circuit is initialized to measure the per
iod of a signal by updating the value of TRM. 

When TRM is $0, the frequency measurement circuit 
stops. This mode is required when waiting for filter 
stabilization and when a signal is not being exam
ined. 

Tune Receiver control Register (TRC: $02C): TRC con
sists of 4 bits as shown in Table 28. 

TRON (bit 3)-Tune receiver enable bit. When this 
bits is set, an analog circuit and the period measure-

ment circuit become active. Signal examination must 
be performed after at least 100 ms from the time this 
bit is set, since several tens of milliseconds is required 
to stabilize the analog circuit. 

HGLF (bit 2)-HGLF indicates that data has been 
loaded into the data register of the high-group fre
quency measurement unit. This bit can be reset but 
cannot be set by software. 

LGLF (bit 1)-LGLF indicates that data has been 
loaded into ,the data register of the low-group fre
quency measurement unit. This bit can be reset but 
cannot be set by software. 

When the load flag has been set, the value of the data 
register is not updated even if the edge counter be
comes equal to TRM again. The load flag should be 
reset after the CPU performs the process described 
above. 

Table 28. Tone Receiver Control Register 

Bit 3 2 0 

Function TRON HGLF LGLF Not Used 

Frequency f (Hz) 

0 500 1000 1500 2000 2500 

10 High-Group Filter 

20 

Gain 30 
Att 
(dB) 40 

50 

60 

70 

Figure 34. Frequency Characteristics of High-/Low- Group Isolation Circuit 
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Table29. DTMF Receiver Registers 

Register 
Name Address Bit Function 
TRML $024 0 Setting the number of measurement cycles of low-group frequency 

1 
2 
3 

TOLL $025 0 Low-group frequency period measurement data (Bits 0-3) 
1 
2 
3 

TDLM $026 0 Low-group frequency period measurement data (Bits 4-7) 
1 
2 
3 

TDLU $027 0 Low-group frequency period measurement data (Bits 8, 91 
1 

2 Not used 
3 

TRMH $028 0 Setting the number of measurement cycles of high-group frequency 
1 
2 
3 

TDHL $029 0 High-group frequency period measurement data (Bits 0-3) 
1 
2 
3 

TDHM $02A 0 High-group frequency period measurement data (Bits 4-71 
1 
2 
3 

TDHU $02B 0 High-group frequency period measurement data (Bits 8, 9) 
1 

2 Not used 
3 

TAC $02C 0 Not used 

1 Low-group measurement data load flag ( 1: Load end) 

2 High-group measurement data load flag (1: Load end) 

3 DTMF receiver enable (0: Disable, 1: Enable) 
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Addressing Modes 

RAM Addressing Mode 

The MCU has three RAM addressing modes as shown 
in Figure 35: register indirect addressing, direct ad
dressing, and memory register addressing. 

Register indirect addressing: The contents of registers 
W, X, and Y (10 bits) are used as RAM addresses. 

Direct addressing: The direct addressing instruction 
consists of two words. The contents of the second 

RAM Address 

word (10 bits) following the opcode are used as a RAM 
address. 

Memory register addressing: The memory register, 16 
addresses from $040 to $04F, is accessed with the 
LAMR and XMRA instructions. 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

OP Code 

Direct Addressing 

lnstruct·ion 

Memory Register Addressing 

Figure 35. RAM Addressing Mode 
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ROM Addressing Mode and the P Instruction 

The MCU has four ROM addressing modes, as shown 
in Figure 36. 

Direct addressing mode: The program can branch to 
any address in ROM memory space by executing the 
JMPL, ERL, or CALL instruction. These instructions 
replace the 14-bit program counter (PC13-PCO) with 
14-bit immediate data. 

Current page addressing mode: The MCU has 32 
pages of ROM (256 words per page). By executing the 
BR instruction, the program can branch to any ad
dress in the current page. This instruction replaces 
the low eight bits of the program counter (PC7 to PCO) 
with 8-bit immediate data. When BR is on a page 
boundary (256n + 255) (Figure 38), executing the BR 
instruction transfers the PC contents to the next phys
ical page. Consequently, the program branches to the 
next physical page when BR is used on a page bound
ary. The HMCS400 series cross macro assembler has 
an automatic paging facility for ROM pages. 

Zero page addressing mode: By executing the CAL 
instruction, the program can branch to the zero page 

Preliminary HD404678 

subroutine area located at $0000-$003F. When the 
CAL instruction is executed, 6 bits of immediate data 
are placed in the low six bits of the program counter 
(PC5-PCO), and Os are placed in the high eight bits 
(PC13-PC6). 

Table data addressing: By executing the TBR instruc
tion, the program can branch to the address deter
mined by the contents of the 4-bit immediate data, 
accumulator, and B register. 

P instruction: ROM data addressed by table data ad
dressing can be referenced with the P instruction 
(Figure 37). When bit 8 of the ROM data is 1, 8 bits of 
ROM data are written to the accumulator and B regis
ter. When bit 9 is 1, 8 bits of ROM data are written to 
the Rl and R2 port output registers. When both bits 8 
and 9 are 1, ROM data is written simultaneously into 
the accumulator and B register and also to the Rl and 
R2 port output registers. The P instruction has no 
effect on the program counter. 
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(JMPL) 
(BRL) 
(CALL) 

(TBA) 

Instruction 1st Word Instruction 2nd Word 

OP Code 

Program Counter PC. PC, PC, PC, PC, PC, PC, PC, PC0 

Direct Addressing 

Instruction 

[BR) PCode b7 b, b, b4 b3 

Program Counter PC., PC,, PC11 PC,, PC, PC, PC, PC, PC, PC, PC, PC, PC, PC, 

Current Page Addressing 

Instruction 

(CAL) OP Code 

"O" "O" "O" "O" "O" "O" "O" "O" 

Program Counter PC,, PC,, PC .. PC,. PC, PC. PC, PC, 

Zero Page Addressing 

Instruction 

OP Code B Register Accumu.lator 

"O" "O" 

Program Counter PC., PC,. PC11 PC,, PC, PC, PC, PC, PC, PC, PC, PC, PC, PC0 

Table Data Addressing 

Figure 36. ROM Addressing Mode 
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t:---=:::--:-:-::---i2 56 ( n - 1 ) + 2 55 
BR AAA 256n 

AAA NOP 

Figure 37. Branch Destination of BR Instruction on the Boundary between Pages 

Instruction 

(P) OP Code 

"O" "O" 

Referred ROM Address RA.,RA., RA11 RA,0 RA. 

ROM Data ROt R01 

ROM Data 

Output Register R 1 R2 

Address Designation 

Pattern Output 

Figure 38. P Instruction· 
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B Register Accumulator 

If ROa•1 

If R01•1 
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Instruction Set 

The MCU provides 101 instructions which are classi
fied into 10 groups as follows: 

1. Immediate instructions 
2. Register-to-register instructions 
3. RAM address instructions 

6. Compare instructions 
7. RAM bit manipulation instructions 
8. ROM address instructions 
9. Input/output instructions 

10. Control instructions 

4. RAM-register instructions 
5. Arithmetic instructions 

Tu.hies 30-39 list their functions, and Table 40 is an 
opcode map. 

Table 30. Immediate Instructions 

OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
WORD 

~CLE 
Load A from Immediate LAI i 1 0 0 0 1 1 i, i, i, i, i----+ A 1/1 

Load B from Immediate LBI i 1 0 0 0 0 0 i, i, i, i, i---> B 1/1 

Load Memory from Immediate LMID i,d <.> 1 1 <.> 1 <.> 1, 1, 1, i, i---> M 2/2 d d ~c;!._d d c;!._~d d 
Load Memory from Immediate, Increment Y LMllY i 1 0 1 0 0 1 i, i, i, i, i-+M, Y+1 -+Y NZ 1/1 

Table 31. Register-to-Register Instructions 

\ WORD 
OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS ~CLE 

Load A from B LAB 0 0 0 1 0 0 1 0 0 0 B-+A 1/1 

Load B from A LBA 0 0 1 1 0 0 1 0 0 0 A-+ B 1/1 

Load A fromW LAW g 6 g g g g g-g-g-g- W-+A 2/2 
See Note 

Load A from Y LAY 0 0 1 0 1 0 1 1 1 1 Y-+A 1/1 

Load A from SPX LAS PX 0 0 0 1 1 0 1 0 0 0 SPX-+A 1/1 

Load A from SPY LAS PY 0 0 0 1 0 1 1 0 0 0 SPY-+A 1/1 

Load A from MR LAMR m 1 0 0 1 1 1 msm2m1mo MR(m)-+A 1/1 

Exchange MR and A XMRAm 1 0 1 1 1 1 msm2m1mo MR(m)-A 1/1 

Note: An operand is automatically provided for the second word of LAW and LWA instruction by assembler . 
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Table 32. RAM Address Instructions 
WORD 

OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS ~CLE 
Load W from Immediate LWI i 0 0 1 1 1 1 0 0 i, i, i--W 1/1 

Load X from Immediate LXI i 1 0 0 0 1 0 ia i2 i, i, j-,-+ x 1/1 

Load Y from Immediate LYI i 1 0 0 0 0 1 i3 i2 i1 i, ;~y 1/1 

LoadW from A LWA 16-g-11i1-g-11 A~W 212 
See Note 

Load X from A LXA 0 0 1 1 1 0 1 0 0 0 A~X 1/1 

Load Y from A LYA 0 0 1 1 0 1 1 0 0 0 A~Y 1 /1 

Increment Y IY 0 0 0 1 0 1 1 1 0 0 Y+1 -Y NZ 1/1 

Decrement Y DY 0 0 1 1 0 1 1 1 1 1 Y-1 -Y NB 1/1 

AddAtoY AYY 0 0 0 1 0 1 0 1 0 0 Y+A-Y OVF 1/1 

Subtract A from Y SYY 0 0 1 1 0 1 0 1 0 0 Y-A-Y NB 1 /1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 1 X-SPX 1/1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 1 0 Y-SPY 1/1 

Exchange X and SPX, Y and SPY XSPXY 0 0 0 0 0 0 0 0 1 1 9-=~~~· 1/1 

Note: An operand 1s automatically provided for the second word of LAW and LWA instruction by assembler . 
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Table 33. RAM-Register Instructions 

WORD 
OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS ~CLE 

Load A from Memory LAMIXYI 0 0 1 0 0 1 0 0 y x M A(X-SPX) --> • Y-SPY 1/1 

Load A from Memory LAMD d 3J d,_ 3._ g d 3,_ g,_ g g M-->A 2/2 

Load B from Memory LBM!XYI 0 0 0 1 0 0 0 0 y x M-->B (X··SPX) 1/1 • Y-SPY 

Load Memory from A LMA(XY) 0 0 1 0 0 1 0 1 y x ('<-SPX) A-->M, Y-SPY 1/1 

Load Memory from A LMAD d 0 1 1 <? 0 1 0 1 0 0 
Q..d d Q..d d d Q..d d A-->M 2/2 

Load Memory from A, Increment Y LMAIY(XI 0 0 0 1 0 1 0 0 0 x A-M.Y+1 -Y NZ 1/1 (X- SPX) 

Load Memory from A, Decrement Y LMADY(X) 0 0 1 1 0 1 0 0 0 x A-M,Y-1-Y NB 1/1 (X-SPX) 

Exchange Memory and A XMA(XY) 0 0 1 0 0 0 0 0 y x M A (X-SPX) - • Y-SPY 1/1 

Exchange Memory and A XMADd 0 1 1 o CT o o CT CT-er M-A 2/2 Q..d d Q..d d d !h_d Q.. 
Exchange Memory and B XMB(XY) 0 0 1 1 0 0 0 0 y x M B (X-SPX) 1/1 - • Y-SPY 

Note: (XVI and (X) have the following meaning: 
( 11 The instructions with (XVI have 4 mnemonics and 4 object codes for each (example of LAM (XVI is given below). 

The op-code X or Y is assembled as follows: 

MNEMONIC y;x FUNCTION 

LAM o:o 
LAMX 0: 1 X-SPX 

LAMY 1 :o Y-SPY 

LAM XV 1 1 X - SPX, Y - SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of LMAIY (X) is given below). 
The op-code X is assembled as follows: 

MNEMONIC x FUNCTION 

LMAIY 0 
LMAIYX 1 X-SPX 
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Table 34. Arithmetic Instructions 

WORD 
OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS ::?vcLE 

Add Immediate to A 

Increment B 

Decrement B 

Decimal Adjust for Addition 

Decimal Adjust for Subtraction 

Negate A 

Complement B 

Rotate Right A with Carry 

Rotate Left A with Carry 

Set Carry 

Reset Carry 

Test Carry 

Add A to Memory 

Add A to Memory 

Add A to Memory with Carry 

Add A to Memory with Carry 

Subtract A from Memory with Carry 

Subtract A from Memory with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n: Logic AND 
U: Logical OR 
e : Exclusive OR 

Ali 

IB 

DB 

DAA 

DAS 

NEGA 

COMB 

ROTR 

ROTL 

SEC 

REC 

TC 

AM 

AMD d 

AMC 

AMCD d 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

1 0 1 0 0 0 i, 

0 0 0 1 0 0 1 

0 0 1 1 0 0 1 

0 0 1 0 1 0 0 

0 0 1 0 1 0 1 

0 0 0 1 1 0 0 

0 1 0 1 0 0 0 

0 0 1 0 1 0 0 

0 0 1 0 1 0 0 

0 0 1 1 1 0 1 

0 0 1 1 1 0 1 

0 0 0 1 1 0 1 

0 0 0 0 0 0 1 

0 1 0 0 0 0 1 
Q,_ <;!,_ d d <;!,_ d d 
0 0 0 0 0 1 1 
0 1 0 0 0 1 1 
Q,_d d d g,,_d d 
0 0 1 0 0 1 1 
0 1 1 0 0 1 1 
<;!,_ <;!,_ d d <;!,_ d d 
0 1 0 1 0 0 0 

0 0 1 0 0 1 1 
0 1 1 0 0 1 1 
<;!,_ Q,,_d d d d d 
0 0 0 0 0 0 1 

0 1 0 0 0 0 1 
<;!,_ d d d d d d 

0 0 0 0 0 1 1 
0 1 0 0 0 1 1 
d d d d Q,,_d d 

.HITACHI 

i, i, i, A+i-A OVF 1/1 

1 0 0 B+1 -B NZ 1/1 

1 1 1 B-1 -B NB 1/1 

1 1 0 1/1 

0 1 0 1/1 

0 0 0 A+1-A 1/1 

0 0 0 B-B 1/1 

0 0 0 1/1 

0 0 1 1/1 

1 1 1 1-CA 1/1 

1 0 0 o-cA 1/1 

1 1 1 CA 1/1 

0 0 0 M+A-A OVF 1/1 

0 0 0 M+A-A OVF 2/2 d d Q,_ 

0 0 0 M+A+CA-A OVF 1/1 OVF -CA 
0 0 0 M+A+CA-A OVF 2/2 d d <!._ OVF-CA 

0 0 0 M-A-CA-A NB 1/1 NB -CA 
0 0 0 M-A-CA-A NB 2/2 d d <!._ NB-+ CA 

1 0 0 AUB-A 1/1 

1 0 0 AnM-A NZ 1/1 
1 gl_ AnM-A NZ 2/2 d 
1 0 0 AUM-A NZ 1/1 
1 0 0 AU M-A NZ 2/2 d d <!._ 

1 0 0 AEBM-A NZ 1/1 
1 0 0 AEBM-A NZ 2/2 d d <!._ 

Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 873 



HD404678 Preliminary 

Table 35. Compare Instructions 

WORD 
OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 

hvcLE 

Immediate Not Equal to Memory INEM i 0 0 0 0 1 0 i, i, i, i, i*M NZ 1/1 

Immediate Not Equal to Memory INEMD i,d 0 1 0 0 1 0 i, i, i, i, 
i*M NZ 2/2 d d <;!,_ d d d ch_<;!,_ d d 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 1 0 0 A*M NZ 1/1 

A Not Equal to Memory ANEMD d 0 J 3i_g g g g,_d,_g g A*M NZ 2/2 d 
B Not Equal to Memory BNEM 0 0 0 1 0 0 0 1 0 0 B*M NZ 1/1 

Y Not Equal to Immediate YNEI i 0 0 0 1 1 1 i, i, ;, i, Y*i NZ 1/1 

Immediate Less or Equal to Memory ILEM i 0 0 0 0 1 1 i, i, i, i, i:iiM NB 1/1 

Immediate Less or Equal to Memory ILEMD i,d 0 1 0 0 1 1 i, i, i, i, i:iiM NB 2/2 d d cl2_ d d d di cl2 d d 
A Less or Equal to Memory ALEM 0 0 0 0 0 1 0 1 0 0 A:iiM NB 1 /1 

A Less or Equal to Memory ALEMD d 0 1 0 0 0 1 0 1 0 0 A:iiM NB 2/2 d d <;!,_cl._ d d ch_<;!,_ d d 
B Less or Equal to Memory BLEM 0 0 1 1 0 0 0 1 0 0 B:iiM NB 1/1 

A Less or Equal to Immediate ALEI i 1 0 1 0 1 1 i, i, i, i, A:iii NB 1 /1 

Table 36. RAM Bit Manipulation Instructions 

OPERATION MNEMONIC OPERATION CODE FUNCTION 
WORD 

STATUS ~CLE 
Set Memory Bit SEM n 0 0 1 0 0 0 0 1 n1 no 1 ~M (n) 1/1 

Set Memory Bit SEMO n,d 91100991 n, no 1 ~M(n) 2/2 dcl._Q,_ddddd d cl._ 
Reset Memory Bit REM n 0 0 1 0 0 0 1 0 n, no o~M(n) 1/1 

Reset Memory Bit REMO n,d ~ 1 1 0 0 0 1 0 n, n, 0 ~ M (n) 2/2 d d Q,_d d d ch_d d cl._ 

Test Memory Bit TM n 0 0 1 0 0 0 1 1 n, no M (n) 1/1 

Test Memory Bit TMD n,d 01100011ll 
d d Q,_d d d d d . M (n) 2/2 
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Table 37. ROM Address Instructions 

WORD 
OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 

/cvcLE 
Branch on Status 1 BR b 1 1 b, b, b, b, b, b, b, b, 1 1/1 

Long Branch on Status 1 BRL u 0 1 0 1 1 1 p3 P2 Pi Po 1 2/2 d <:!.._ <:h_d d d d d d d 
Long Jump Unconditionally JMPL u 0 1 0 1 0 1 p3 P2 P1 Po 2/2 d <:!.._ <:h_d ddddd<:!._ 
Subroutine Jump on Status 1 CAL a 0 1 1 1 as a4 a3 a2 a1 ao 1 1/2 

Long Subroutine Jump on Status 1 CALL u 0 1 0 1 1 0 p3 P2 P1 Po 1 2/2 d <:!.._ <:h_d d d <:!._d d g._ 
Table Branch TBR p 0 0 1 0 1 1 p, P2 p, p, 1/1 

Return from Subroutine RTN 0 0 0 0 0 1 0 0 0 0 1/3 

Return from Interrupt RTNI 0 0 0 0 0 1 0 0 0 1 1 • l/E ST 1/3 CA 

Table 38. Input/Output Instructions 

WORD 
OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS ~Clf 

Set Discrete 1/0 Latch SED 0 0 1 1 1 0 0 1 0 0 1 ~D(Y) 1/1 

Set Discrete 1/0 Latch Direct SEDD m 1 0 1 1 1 0 m3m2m1mo 1 ~D(m) 1/1 

Reset Discrete 1/0 Latch RED 0 0 0 1 1 0 0 1 0 0 o~D (Yl 1/1 

Reset Discrete 1/0 Latch Direct REDD m 1 0 0 1 1 0 m-.m2m1mo o~D(m) 1/1 

Test Discrete 1/0 Latch TD 0 0 1 1 1 0 0 0 0 0 D (Y) 1/1 

Test Discrete 1/0 Latch Direct TDD m 1 0 1 0 1 0 m3m2m1mo D(m) 1/1 

Load A from A-Port Register LAA m 1 0 0 1 0 1 m3m2m1mo R(m)~A 1/1 

Load B from A-Port Register LBR m 1 0 0 1 0 0 m3m2m1mo R (m)~ B 1/1 

Load R-Port Register from A LAA m 1 0 1 1 0 1 m3m2m1mo A~R(m) 1/1 

Load R-Port Register from B LAB m 1 0 1 1 0 0 m3m2m1mo B ~R (m) 1/1 

Pattern Generation Pp 0 1 1 0 1 1 P3 P2 P1 Po 1/2 

Table 39. Control Instructions 

OPERATION MNEMONIC OPERATION CODE FUNCTION 
WORD 

STATUS 
ZcLE 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 1/1 

Start Serial STS 0 1 0 1 0 0 1 0 0 0 1/1 

Stand-by Mode SBY 0 1 0 1 0 0 1 1 0 0 1/1 

Stop Mode STOP 0 1 0 1 0 0 1 1 0 1 1/1 
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Table 40. Opcode Map 

~RB 0 1 

Rsl.R o 1 2J3 4 sJsJ1 s sjAjs c oJE F o 1]2]3 4 s]sJ1 s sjAje c oJEjF 

0 NOPP<sP*5~~~ ----- AM ------- PRN ------- µv. ------- P'~I ----- [AM~ ------ PMl ~ 
1 RTN RTN1Lc::::::: ~LEN ------ 14Mc ------- ~ ~ wA ------ ~~ ---M _.....---:_ re~ -----
2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBM(XV) ~ ----- LAB ----- IB ~ ~ OR -------- STS ----- se'T_o~./ 
5 LMAIYIXl 7 AYY ----- ~ ------- IV ----- JMPL p(4) 

6 ~EG;f ----- RED ----- ~ --- TC CALL p(4) 
7 VNEI i(4) r" BRL p(4) 

O 8 XMA(XY) SEM n(2) REM n(2) TM n(2) ~------- SEMO n(2) 1 REMO n(2) 1 TMD n(2) 

9 LAM(XV) LMA(XV) 1_MC ------=~~~L.,-:·:::: a.----]§1~......--------
A~ ------]>~~ ------ LAY LMID i(4) 

B TBR p(4) P p(4) 

D MADYIXI 7 SYY ----- LYA 
--- DY CAL a(6) 

E TD ----- SEO ------- LXA 

~DB C XMB (XV) ~LEM ------- LBA 

------- REC~ SEC 
F LWI i(2) 

0 LBI i(4) 

1 LVI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

5 LAR m(4) 

6 REDD m(4) 

7 LAMR m(4) 
1 

8 Al i(4) 
BR b(S) 

9 LMllV i(4) 

A TDD m(4) 

B ALEI i(4) 

c LRB m(4) 

D LRA m(4) 

E SEDD m(4) 

F XMRA m(4) 

CJ·· 1-word/2-cycle D··· 1-word/3-cycle 
Instruction 

D··· RAM Direct Address D··· 2-word/2-cycle 
Instruction Instruction Instruction 

(2-word/2-cycle) 
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Absolute Maximum Ratings 

Item Symbol Value Unit Note 
Supply Voltage Vee -0.3 to + 7.0 v 
Terminal Voltage VT -0.3 to Vee + 0.3 v 
Total Allowance of Input Current El0 105 mA 2 

Total Allowance of Output Current -E 10 60 mA 3 

Maximum Input Current lo 4 mA 4, 5 

30 mA 4, 6 

Maximum Output Current -lo 4 mA 7, 8 

20 mA 7, 9 

Operating Temperature To' -20 to + 75 oc 

Storage Temperature T5 , -55 to + 125 °C 

Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation should be 
under the conditions of Electrical Characteristics. If these conditions are exceeded, it may cause a 
malfunction or affect the reliability of LSI. 

2. Total allowance of input current is the total sum of input current which flows in from all 1/0 pins to GND 
simultaneously. 

3. Total allowance of output current is the sum of output current which flows out from V cc to all 1/0 pins 
simultaneously. 

4. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
5. 0 10-0 15, Ro-R 7 . 

6. D0-D 9 
7. Maximum output current is the maximum amount of output current from V cc to each 1/0 pin. 
8. D0 -D 9 , R0 -R 7 . 

9. D10-D15 
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HD404678 Preliminary 

Electrical Characteristics 

DC Characteristics 
CV cc = 5 V ± 10%, GND = O V, T. = -20 to + 75°C, unless otherwise noted) 

llem Symbol Pin Name Min. Typ. Max. Unit Taal Concllll- Note 
Input High Voltage V1H RESET o.B5Vcc Vee+ o.3 v 

INTO, INTI O.BVcc Vee+ o.3 v 
INT2, INT3 
SCKA,SCKB 

SIA.SIB O.BVcc Vee+ 0.3 v 
OSC1 Vee -o.5 Vee+ o.3 v External Clock 

Operation 

Input Low Voltage V1L RESET -0.3 0.15 Vee v 
INTO, INT1 -0.3 o.2Vcc v 
INT2, INT3 
SCKA.~ 

SIA,SIB -0.3 o.2Vcc v I 

OSCl -0.3 0.5 v External Clock 
Operation 

Output High Voltage VoH SCKA,SOA Vee - 1.0 v -loH = 1.0mA 
SCKB,SOB 
TOB, TOC 
TOD1. TOD2 

Output Low Voltage Vol SCKA,SOA 0.4 v loL = 1.6mA 
SCKB,SOB 
TOB, TOC 
TODl, TOD2 

Input/Output Leakage ll1LI RESET, OSC1 µA V;n = OV to Vee 
Current INTO, INTI 

INT2, INT3 
SCKA, SIA 
SCKB, SIB 

Current Dissipation in Ice Vee 5 mA Vee = 5V, fosc = 2 
Active Mode 4 MHz DTMF receiver 

and analog comparator 
stop 

lccA Vee 20 mA Vee = 5V, fosc = 3 
4 MHz DTMF receiver 
operates 

Ices Vee 7 mA Vee = 5V, fosc = 4 
4 MHz Analog 
comparator operates 

Current dissipation in lsev1 Vee 3.5 mA Vee = 5V, fosc = 5 
standby mode 4 MHz maximum logic 

operation 

lsev2 Vee 3 mA Vee = 5V, fosc = 
4 MHz minimum logic 
operation 

Current" dissipation in ls TOP Vee 10 µA Vee = 5V 6 
stop mode 

Stop mode retain VsTOP 2.0 v 7 
voltage 
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Preliminary HD404678 

Notes: 1. Output buffer current is excluded. 
2. The MCU is in the reset state. Input/output current does not flow. 

Test conditions: MCU: Reset 
Pin: RESET, TEST-Vee 

3. DTMF signal receive mode. Input/output current does not flow. 
4. Analog comparator operates and input/output current does not flow. 
5. The timer operates with the fastest clock and input/output current does not flow. 

Test conditions: MCU: Standby mode 
Input/output - Reset state 
Serial interface-Stop 
Timer-Prescaler divide ratio is -2 

Pin: RESET -GND 
TEST-Vee 

6. Input/output current does not flow. 
Test conditions: MCU: Stop Mode 

Pin: RESET-GND 
TEST-Vee 

7. RAM data is retained. 

Input/Output Characteristics for Standard Pin 
(Yee = 5 V ± 100/o, GND = 0 V, Ta = -20 to + 75°C, unless otherwise noted) 

Test 
Item Symbol Pin Name Min. Typ. Max. Unit Conditions 

Input High V1H RO-RS 0.7 Vee Vee + 0.3 v 
Voltage 

Input Low 
Voltage VIL RO-RS -0.3 0.3 Vee v 

Output High VoH RO-R7 Vee - 1.0 v -loH = 1.0mA 
Voltage 

Output Low Vol RO-R7 0.4 v -IOL = 1.6 mA 
Voltage 

Input/Output il1LI RO-RS µ.A Vin= OVtoVcc 
Leakage Current 

Input High/Low VR1NH RS2 (variable VR,01 + 0.1 v 
Voltage 

VR1NL 
voltage reset VR,01 - 0.1 
model 

Analog Input VRref RS3 0 Vee - 1.2 v 
Reference 
Voltage Range 

Pull-Up MOS -lpu RO-R5 20 100 200 µ.A Vee = 5.ov, 
Current Vin = OV 

Pull-Down MOS lpo R6-R8 20 100 200 µ.A Vee = 5.0v, 
Current V;n = 5.0V 

Note 1: Output buffer current is excluded. 
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HD404678 Preliminary 

Input/Output Characteristics for Large-Current Pins 
IYcc = 5 V ± 100/o, GND = 0 V, T. = -20 to + 75°C) 

Test 
Item Symbol Pin Name Min. Typ. Max. UnM Conditions Note 
Input High V1H 00-015 o.7Vee Vee+ 0.3 v 
Voltage 

Input Low Voltage V1L 00-015 -0.3 o.3 Vee v 
Output High VoH 010-015 2.0 v -loH = 10mA 
Voltage 00-015 Vee - 1.0 v -loH = 1.0mA 

Output Low Vol 00-09 2.0 v loL=15mA 
Voltage 00-015 0.4 v loL = 1.6mA 

Input/Output ll1Li 00-015 µA V;n = OV to Vee 
Leakage Current 

Pull-Up MOS -lpu 00-09 20 100 200 µA Vee= 5.0V, 
Current V;n = OV 

Pull-Down MOS lpo 010-015 20 100 200 µA Vee= 5.0V, 
Current V;n = 5.0V 

Note 1: Output buffer current is excluded. 
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Preliminary HD404678 

AC Characteristics 
IVcc = 5 V ± 100/o, GND = 0 V, T. = -20°C to + 75°C, unless otherwise noted) 

Items 

Oscillation 
Frequency 

Symbol 

fose 

Instruction Cycle teve 
Time 

Oscillator Stabilization tRe 
Time 

c: 
0 
-~ 
Q) 
c. 
0 

"" " 0 

u 
'iii 
E 
Q) 

;( 
w 

External Clock 
Frequency 

External Clock High 
Level Width 

External Clock 
Low Level Width 

External Clock 
Rise Time 

External Clock 
Fall Time 

tePH 

le PL 

tep1 

Instruction Cycle Time teve 

External Interrupt Signal High t1H 
Level Width 

External Interrupt Signal Low 
Level Width 

RESET High Level Width 

Input Capacitance 

RESET Fall Time 

Analog Comparator 
Stabilization Time 

DTMF Received Filter 
Stabilization Time 

tesTB 

toTMFR 

Pin Name 

OSC 1, OSC2 

OSC 1, OSC2 

osc, 

osc, 

osc, 

osc, 

osc, 

INTo, INT1 
INT 2• INT3 

RESET 

R82 (variable 
voltage reset 
model 

D TMF receive 
mode 

Min. Typ. Max. Unit Test Conditions 

4 4.5 MHz 

1.78 2 8 µs 

20 ms 

4 4.5 MHz 

82 ns 

82 ns 

20 ns 

20 ns 

1.78 2 8 µs 

2 

2 

3 

15 pF f = 1 MHz, V;n = OV 

20 ms 

2 

120 ms 

Note 

2 

2 

2 

2 

2 

2 

3 

3 

4 

4 

5 

6 

Notes: 1. Oscillator stabilization time is the time until oscillator stabilizes after Vee reaches 4. 5 V at power-on, or after RESET input 
goes high after cancelling stop mode. At power-on and during stop mode, RESET input must be applied for at least tRe to 
ensure oscillation stabilization time. When using crystal oscillator, please contact oscillator marker since oscillation 
stabilization time depends on the circuit constant and stray capScitance. 

2. See Figure 40. 
3. See Figure 41. 
4. See Figure 42. 
5. tesTB is the time until the analog comparator stabilizes after R82 enters variable voltage reset mode. 
6. T DTMFR is the time until the filter and comparator stabilize to read correct data after the DTMFR enable bit is set to "1 ". 
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HD404678 Preliminary 

Serial Interface Timing Characteristics 
lVcc = 5 V :1: tOo/o, GND = 0 V, T. = -20°C to + 75°C, unless otherwise noted) 

At 'n'ansfer Clock Output 

Yalue 
Item Symbol Pin Name Min. TJp. Max. Unit Teat Condltl- Note 
Transfer Clock Cycle Time tscxc SCKA,SCKB fcxc Fig. 44 1, 2 

Transfer Clock High Level Width t5cKH SCKA,SCKB 0.5 tscyc Fig. 44 1, 2 

Transfer Clock Low Level Width t5cKL SCKA,SCKB 0.5 ts eye Fig.44 1, 2 

Transfer Clock Rise Time t5cKr SCKA,SCKB 100 ns Fig. 44 1, 2 

Transfer Clock Fall Time t5cKt SCKA,SCKB 100 ns Fig. 44 1, 2 

Serial Output Data Delay Time to50 SOA,SOB 250 ns Fig. 44 1, 2 

Serial Input Data Set-up Time t551 SIA.SIB 300 ns 

Serial Input Data Hold Time tH51 SIA.SIB 150 ns 

At 'n'ansfer Clock Input 

Yalua 
Item Symbol Pin Name Min. Typ. Max. Unit Teat Conditions Note 
Transfer Clock Cycle Time t5cvc SCKA,SCKB 1 1cyc 
Transfer Clock High Level Width t5cKH SCKA,SCKB 0.5 tscyc 

Transfer Clock Low Level Width t5cKL SCKA,SCKB 0.5 tscyc 

Transfer Clock Rise Time tscKr SCKA,SCKB 100 ns 

Transfer Clock Fall Time tscKI SCKA,SCKB 100 ns 

Serial Output Data Delay Time toso SOA,SOB 250 ns Fig. 44 1, 2 

Serial Input Data Set-up Time tss1 SIA, SIB 300 ns 

Serial Input Data Hold Time ltis1 SIA, SIB 150 ns 

Transfer Clock End Detection Time tscKHQ SCKA, SCKB fcxc 1, 2, 3 

Notes: 1. See Figure 43. 
2. See Figure 44. 
3. Transfer Clock Completion Detect Time is the period of high level'after B pulses of transfer clock are input. SCI interrupt 

request flag is not set when the next transfer clock is input before completion detect time has passed. 

DTMF Receiver Cbaracterlstic:s 
lVcc = 5 V, GND = 0 V, Ta = u•c, foec = 4.00 MHz) 

Item .... TJp. Max. Unit ..-.c •• -... Unit Note 
Dynamic Range Valid Input Signal Levels leach -2g.o +1.0 dBm 1, 2, 5 

composite signal tonal 

Noise Tolerance -16 dB 1, 3, 5 

Hum Tolerance +20 dB 1, 5 

Dial Tone Tolerance 0 dB 1, 5 

Twist Positive/Negative Twist Accept .to10 dB 1, 5 

Accuracy Frequency Deviation Accept .to1.8 % 1, 5 

Frequency Deviation Reject %3.5 % 1, 5 

Speech Immunity 2 No. of Times 1, 4, 5 

Notes: 1. Receiver characteristics are tested at the factory using a special program. 
2. Reference power of 1 mW into a 600 0 load. 
3. Total distortion is 300 Hz to 3.4 KHz. 
4. MITEL standard tape is used. 
5. Use Figure 45. 
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Crystal Oscillator 

._ _____ ..... -----t osc, 

Crystal c:J R1 

._------------tOSC2 

Crystal: 4.0 MHz (Nippon Denpa Kogyo) 
R1: 1 MO± 20% 
C1 = C2 = 10to22pF ± 20% 

Figure 39. Oscillation Circuit 

tcPr tcPf 

Figure 40. External Clock Timing 

INTo. INT,, 
INT2, INT3 

Preliminary HD404678 

Figure 41. Interrupt and Timer Input Timing 

RESET 0.15Vcc lRSTH 

lRSTf 

Figure 42. Reset Timing 

After 8 pulses of transfer 
clock are input 

SCK Vcc-2.0V(0.8Vccl" 
0.8V(0.2Vccl" 

so 

SI 

Issi IHSI 

0.8Vcc 
0.2Vcc 

*Vee -2.0 and 0.8 V are the threshold voltages for transfer clock output 
0.8 Vee and 0.2 Vee are the threshold voltages for transfer clock input. 

Figure 43. Timing Diagram of Serial Interface 
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HD404678 Preliminary 

Figure 44. Timing Load Circuit 

Input o~----1 
Signal 

C1 : 0.02µF 

C2: 0.1,,F 

C3: 22QµF 

R1 :200kQ 

R2: 200k1l 

R3: 100kQ 

R2 

R1 

C3 C3 

C2 C2 

GC 

Vref 

Figure 45. DTMF Receiver Measurement Circuit 

Package Dimensions 

FP-64A 

17.2±0.3(0.677±0.012) 

<o.Jiftfo~~l II 1+10.1s(o.~™1 

I 2.90(0. ll•)max 

0.1 0.004) 
(STAN> OFF) 

I o.1s±o.os 
(0.006±0.002) 

$HITACHI 

Unit: mm (inch) 

884 Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



Preliminary HD404678 

HD404678 OPTION LIST 

Date of Order 

Customer 

Dept. 

Name 

ROM Code Name 

LSI Type Number 

(1) Package 

1. 
Package 

FP-64A 

(2) ROM Code Media 

ROM Code Media 

• EPROM On-Package Microcomputer Type 

I Application Check List 

(3) Oscillator 

1~ 
4MHz Crystal 

4MHz External Clock 

*Please enter check marks(•, X, ,.....) in applicable item 
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HD404708/HD404709/-
HD4074709 
Description 
The MCU are 4-bit single-chip HMCS400 
series microcomputers providing high pro
gramming productivity. They incorporate 
high-voltage I/O pins, a Vacuum Fluorescent 
Display (VFD) controller/driver, a pulse width 
modulation output circuit, and a 32.768 kHz 
oscillator used for the precise watch. 

Features 

• 8192 words x 10 bits ROM (HD404708) 
16384 words x 10 bits ROM (HD404709) 
16384 words x 10 bits PROM (HD4074709) 
(The PROM is compatible with the 27256 
type.) 

• 576 digits x 4 bits RAM 
• 56 I/O pins including 32 high-voltage 

(max. 40V), high current (max. 15mA) 
pins. 

• Three on-chip timer/counters 
• Clock synchronous 8-bit serial interface 
• 14 bit PWM DI A converter 
• Four external (including two double-ed

ged) and five internal interrupt sources 
• Subroutine stack which allows up to 16 

levels including interrupts 
• Three low power dissipation modes: 

Standby mode, Watch mode, Stop mode 
• Two builtin oscillators: System/subsys

tem oscillator 
• Instruction cycle time: 0.89µs (Vee= 3.5-

6V) 
• Modes: MCU mode 

PROM mode (HD4074709) 

Program Development Support Tools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 

• Programming socket adapter for program
ming the EPROM-on-chip device 

Type of Products 

Mask ROM type ( * * *: ROM code) 

Part No. ROM (Words) Package 

HD404 708 * * *S 8192 DP-64S 

HD404 708 * * *FS FP-648 

HD404709***S 16384 DP-64S 

HD404709***FS FP-648 

HD404709***H FP-64A 

ZTATtype 

Part No. ROM (Words) Package 

HD4074709S 16384 DP-64S 

HD4074709FS FP-648 

HD4074709C DC-64S 

HD4074709H FP-64A 
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Pin Arrangment 

D11/fS4 •O 
D12/FS3 

013/FS2 
0 14/FS, 
D1s/FS0 
AOo/FDo 

RO,/FD 1 

R02/FD2 

RO,/FD, 

Alo/FD4 

HD404708S 
Al,/FD, HD404709S 
R2ofFDa HD4074709S 
R2 1/FD, HD4074709C 50 

A22/FD10 

R23/FD11 

RAo 

RA 1Nd;,p 

R30/FD12 

R31/FD13 

R32/FD14 

A33/FD1s 

RS, 

RS2 

RS 3 

Rflo/!N'i'O 

Vee 

(DP-645,DC-645) 
(Top View) 

D,o/FSs 

Og/FSe 

Ds/FS1 
D7/FS, 

D6 /FS9 

Ds/FS10 

04/FS11 
03/FS12 
D2/FS13 

D,/FS14 

Do/FS15 

TEST 
CL2 

CL1 

GND 

osc, 
osc, 
RESET 

R93 

A92 

R9 1 

R9o 

R8 1 

R8o 

R73 

R72 

R7 1 

R7o/8UZZ 

R43/PWM 

R42/SO 

R4 1/SI 

R4o/SCK 

0 

""' Q N ~ 

a:: <t: <t: 

"' a:: 

"' M 
.{ .{ 

HD404 708 /HD404 709 /HD4074 709 

0Jtr.nv;J> 
~ 

<J) • 
LI.. u.. u_ u.. u. u. <J) VJ 
6 'in~ "M '(:;. " ~ ~ 0 ............ o 00' c:r: Cl 0 0 0 0 

R01/FD1 

R02/FD2 

RO,/FD, 

A1o/f04 

R 1,/FDs 

Rl2/FD, 

Rl3/FD7 

R20/FD6 
HD404708FS 

R2 1/FD9 HD404709FS 
R22/FD10 HD4074709FS 
A23/FD11 

A Ao 

RA1Ndisp 

R30/FD12 

A3i/F013 

A32/F014 

R33/FD1s 

R5o 

, R5 1 

[ii_ ., 
a: 

(FP-648) 

(Top View) 

(f) 

u u 
... w "' 

u. 
u u .. -e, 
>> 00000 

HD404709H 
HD4074709H 

u 
u 

> 
(FP-64A) 

(Top View) 
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D2/FS 13 

o, 
Oo 
GND 

TEST 
RESET 

0 

~ <J) ii Vi 

6 !.';, ~ ~ 0 0 

D3/FS12 

D2/FS,, 

R93 

R9o 

R80 

R73 

1:1 ... 
:::> a: 

~ 
a: 
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gg 

::i:: 

s= 
("") 

=
)> 

3 
~ 
C'i" ., 
' Ci 

::i:: 

~ 
=
" ~ 
"' . 
"' § 
ff-@ 
Ol J: 
~::;- ~ 
- )i 

l~ . 
co 
55· 
c-

"' -~ 
(") 
)> 

~ 
0 

~ 
CX> 

'° ':& 
~ 
'-" CX> 

"" ~ 
0 
0 

R9, 

R9, 

R9, 

R"" 

R4:s/ R42/ R4d A4o RB:J R62/ R61/I RBo/ 
PWM SO SI SCK JNT3 INT2 INT, INTo 

14-bit 
PWM 

Serial 
Interface 

Mode Register 

External 
Interrupt 

Timer A 

Timer 

B 

R7o/ 
BUZZ 

Timer 

c 

Interrupt Control 

VFD Controller/Display RAM 64 x 4 bit 

RS, 

RSo 

R7, 

R7, 

R7, 

R7of 

BUZZ i 

R63/ 
INT3 
R62/ 
INT2 
R61/ 
INT1 
R6of 
INTo 

R5, 

R5, 

R5, 

R5o 

R7~ 

··~ 

R5~ 

f----: High-
L ___ J voltage 

·high-
current 
pins A43/ R42/ R41/R4o/ 

PWMSO SI SCK 

:TTTT: 
rR33/A32/A31/AJo/1 
:FD1sF014fD13FD12: 
• __________ ...J 

RAM 512X4b1t 

I • • --r: 
1A23/A22/R21/A2ofl 

::~1~~~o~~~~~J 

r-r-, , . l 

IR1JIR1 2/R1 1/A1o/1 

: F07 F05 F05 F04: 

l---------..J 

AESET:resrosc, OSC2 CL1 CL2 Vee GND 

I I 
System Control 

Stack 
Pomter 

---r: 
AOJ!A02/A01/AOo/: 
F03 FD2 FD1 FDo 1 
_________ _..! 

ROM 

8192X10bit 

16384 x 10 bit 

BUS Switch 

:--,-T-.-fTTrn-rrr,-,-,-,: 
I D1s/D1J013/012/D11/Dm!Ds/ De/ D1! Os/ Dy DJ Dy' 02/ Di/ Do/ I 
I FS0 FS1 FS2 FS3 f$4 FSs FSa FS1 FSa F5g FS1cfS11FS12FS1iS1.f51s 1 
' ' ~-----------------------------~ 

tl:I 

~ 
tj .... 
Ill 

~ 
9 

::r: 
t1 
~ 
0 
~ 
-...J 
0 
(X) 
'--
:I: 
t1 
~ 
0 
~ 
-...J 
0 
(0 

'--
:I: 
t1 
~ 
0 
-...J 
~ 
-...J 
0 
(0 



HD404 708/HD404 709 /HD4074 709 

Pin Description 

GND, Vee (Power) 

These are the power supply pins for the MCU. 
Connect the GND to the ground (OV) and 
apply the Vee power supply voltage to Vee. 

TEST is used for test purposes only. TEST 
must be connected to V cc. 

RESET 

RESET resets the MCU. 

OSC1 and OSC2 are input and output pin for 
the internal oscillator circuit. They can be 
connected to a crystal resonator, a ceramic 
filter resonator. In the case of an external 
oscillator circuit, an external clock signal is 
connected to OSC1 and OSC2 is open. 

These pins are input pins for the 32.768 kHz 
crystal oscillator used for the precise watch. 

Do - 015 (D Ports) 

The D ports are input/output ports addressed 
by bit. Each port output consists of an open
drain PMOS, which realizes high-voltage and 
high drive current capability on these port 
pins. These pins are multiplexed with the 
segment pins used for the VFD controller. 

RO - RA (R Ports) 

The R ports are 4-bit ports, except for R8 and 
RA which are addressed by 2 bits. R9 and RA 
are input ports and RO to R8 are input/output 

ports. While R4 to R9 port pins are standard 
pins, RO to R3 and RA pins are high-voltage 
pins. Each RO to R3 output consists of an 
open-drain PMOS which realizes high-volt
age and high drive current capability on 
these port pins. These pins are multiplexed 
with the digit pins for the VFD controller. Port 
pins R4o to R43, R6o to R63 and R7o are multi
plexed with peripheral pins. 

INTo, INT1, INT2, INTJ (Interrupts) 

These signals externally interrupt the MCU. 
INT1 can be also used as an external event 
input for timer B. INTo to INT3 are multiplexed 
with R6o to R63, respectively. 

SCK, SI, SO (Serial Communications 
Interface) 

The MCU is provided with a clock input/out
put (SCK), receive data input (SI), and trans
mit data output (SO) for a serial communica
tions interface. SCK, SI and SO are multi
plexed with R4o to R42, respectively. 

BUZZ (Timer Output) 

This pin outputs a variable-duty square wave. 
It is multiplexed with R7o. 

FDo - FD15, FSo - FS15 (VFD Controller) 

FDo to FD15 are the digit pins for the VFD 
(Vacuum Fluorescent Display) controller. 
They are multiplexed with port pins RO to R3. 
FSo to FS15 are the segment pins for the VFD 
controller. They are multiplexed with the D 
port pins. 

PWM (PWM D/ A Converter) 

This pin output a square wave from the PWM 
DI A converter. It is multiplexed with pin R43. 
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HD404 708 /HD404 709 /HD407 4 709 

Functional Description 

ROM Memory Map 

The following paragraphs describe the ROM 
in detail. Figure 1 shows the ROM memory 
map. 

Vector Address Area ($0000 to $000F): 
Locations $0000 through $000F are reserved 
for the JMPL instruction which results in a 
branch to the starting address of the reset 
routine and the starting address of the inter
rupt service routine. After reset or interrupt 
execution, the program starts from the vector 
address. 

0 

15 
16 

63 
64 

4095 
4096 

8191 
8192 

16383 

Vector Address 

Zero-Page Subroutine 

(64Words) 

Pattern 

(4096 Words) 

HD404708 

Program 

(8192Words) 

HD404709/HD4074709 

Program 

( 16384 Words) 

$0000 

SOOOF 
$0010 

\ 
$003F 
$0040 

$0FFF 
$1000 

$1FFF 
$2000 

$ 3FFF 

Zero-page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines to which the CAL 
instruction branches the program. 

Pattern Area ($0000 to $0FFF): Locations 
$0000 through $0FFF are reserved for ROM 
data which can be referred to as a pattern by 
the P instruction. 

Program Area 
($0000 to $1FFF: HD404708, 
$0000 to $3FFF: HD404709/HD4074709): 
Locations $0000 through $1FFF, $3FFF can 
be used for the program code. 

0 JMPL Instruction -
1 (Jump to RESET Routine) 

2 JMPL Instruction _ 

3 (Jump to INTo Routine) 

4 J MPL Instruction _ 
5 ... (Jump to INT1 Routine) 

6 JMPL Instruction 

7t- (Jump to TIMER A Routine) -

Bt- JMPL Instruction _ 

9 (Jump to TIMER B Routine) 

10 JMPL Instruction 

11t- (Jump to TIMER C Routine) -

121-:- JMPL Instruction "'." 

13 (Jump to SERIAL/INT2 Routine) 

1.4._. JMPL Instruction "'." 
1S (Jump to KEYSCAN/INT3 Routine) 

$0000 
$0001 

$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

$0008 

$0009 

SOOOA 

$0008 

soooc 
$0000 

SOOOE 

SOOOF 

Figure 1. ROM Memory Map 
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RAM Memory Map 

The MCU contains 512 digits of 4-bit RAM for 
the data and stack areas. In addition to these 
areas, interrupt control bits, special function 
registers and a VFD data area are also 
mapped on the RAM. The following para
graphs describe the RAM in detail. Figure 2 
shows the RAM memory map. 

Interrupt Control Bit Area ($000 to $003, 
$020 to $023): This area is used for interrupt 
control. Figure 3 shows this area. It can be 
accessed only by the RAM bit manipulation 
instructions. 

The interrupt request flag cannot be set by 
software. The RSP bit resets only the stack 
pointer. The state of the LSON flag depends 
on the low power mode. The WDON flag is 
affected by the SEM and SEMD instructions 
only. 

Special Function Registers Area ($004 to 
$01F, $024 to $03F): This area consists of 
mode or data registers for external interrupts, 
the serial interface, the timer/counter, and 
data control registers for all I/O ports. There 
are three types of the registers: read-only, 
write-only and read/write. These registers 
cannot be affected by the RAM bit manipu-

lation instructions. 

VFD Data Area ($060 to $09F): This area 
stores the data to be displayed on the VFD. 
This data automatically appears in the VFD 
segment. Data "1" indicates the segment is 
ON and "O" indicates OFF. Also, this area is 
available as a data area. 

Data Area ($040 to $04F, $0AO to $24F): 
Location $040 through $04F, the memory 
registers (MR}, can be also accessed by the 
LAMR and XMRA instructions. Figure 4 
shows memory register area. 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for the stack area 
to save the contents of the program counter 
(PC), the status flag (ST) and the carry flag 
(CA) during subroutine calls (the CAL and 
CALL instructions) or during interrupt ser
vicing. One level of subroutine requires four 
digits, which allows the programmer to use 
up to 16 levels of subroutines. Figure 4 shows 
the stack area and saved data. The program 
counter is popped off the stack by the RTN 
and RTNI instructions, while the status and 
carry flags are popped off the stack only by 
the RTNI instruction. The unused area is 
available as a data area. 
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892 

0 $000 0 

RAM-mapped register 1 

2 

Memory Register (MR) $040 3 

(16 Digits) 4 

Not Used $050 5 

~060 6 

Segment Data RAM 7 

(64 Digits) \ B 

$0AO 9 

DATA 

\ 
10 

(432 Digits) 11 

12 

$250 13 

14 

Not Used 15 

16 

17 

$3CO 18 

Stack 1g 

(64 Digits) 20 

1023 $ 3FF 21 

22 

23 

24 

25 

32 

35 

registers are mapped on 

Interrupt Control Bits Area 

Port Mode Reg. A (PMRA): W 

Serial Mode Reg. (SMR) j W 

Serial Data Reg. Lower (SRL) :R/W 

Serial Data Reg. Upper (SRU) iR/W 

Timer Mode Reg. A (TMA): w 
Timer Mode Reg. B (TMB): w 
*Timer B (~~~~~~:~: : :;: 
Miscellaneous Reg. (MIS): w 
Timer Mode Reg. C (TMC) j w 
*Timer C (TCCL/TCRL) ~ 

(TCCU/TCRU) : R/W 

VFD Segment Reg. (FSR): w 
VFD Digit Reg. (FDR): w 
Dimmer Mode Reg. (DMR) j w 
VFD Control Reg. (VCR) :R/W 

Interrupt Mode Reg. (IMR): w 
Port Mode Reg. B (PMRB) j w 
PWM Data Reg 0 (PWDRD): w 
PWM Data Reg 1 (PWDR1): w 
PWM Data Reg 2 (PWDR21: w 
PWM Data Reg 3 IPWDR3) i w 

Not Used 

Interrupt Control Bits Area 

Not Used 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$00A 

$00B 

$00C 

$000 

$00E 

$00F 

$010 

$011 

$012 

$013 

$014 

$015 

$016 

$017 

$018 

$019 

$020 

$023 

*Two 
sam e address. 52 Port R4 OCR (DCR4) w $034 

$035 

$ 036 

$037 

$038 

53 Port R5 OCR (DCR5) w 
R : Read Only 54 Port R6 OCR (DCR6) w 
W : Write Only 

55 Port R7 OCR (DCR7) w 
R/W : Read/Write 

56 Port RB OCR (DCR8) w 

\ Not Used 

63 $03F 

Timer/Event Counter B Lower jR Timer Load Reg. B Lower w 10 $00A 

(TCBL) (TLRL) ' Timer/Event Counter B Upper R Timer Load Reg. B Upper :w 11 $00B 

(TCBU) 
~ 

(TLRU) 

Timer Counter C Lower R Timer Load Reg. C Lower w 14 $ODE 

(TCCL) (TCRL) 

Timer Counter C Upper R Timer Load Reg. C Upper w 15 $00F 

(TCCU) (TCRU) . 

Figure 2. RAM Memory Map 
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0 

2 

3 

bit 3 

IMO 
(IM of INTo) 

IMTA 
(IM of TIMER A) 

IMTC 
(IM of TIMER C) 

IMKS 
(IM of KEY SCAN) 

IF : Interrupt Request Flag 
IM : Interrupt Mask 
l/E : Interrupt Enable Flag 
SP : Stack Pointer 

bit 2 

IFO 
(IF of INTo) 

IFTA 
(IF of TIMER A) 

IFTC 
(IF of TIMER C) 

IFKS 
(IF of KEY SCAN) 

bit 1 bit 0 

$000 
RSP l/E 

(Reset SP Bit) (Interrupt Enable Flag) 

IM1 IF1 
(IMoflNT1) (IF of INT1) 

$001 

IMTB IFTB 
(IM of TIMER B) (IF of TIMER B) 

$002 

IMS IFS 
(IM of SERIAL) (IF of SERIAL) 

$003 

(Note) Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, reset by the REM/REMO instruction, and tested 

by the TM/TMD instruction. This bit is not affected by other instructions. Furthermore, IF (interrupt request flag) is not affected 

by the SEM/SEMD instruction. The contents of status become invalid when the RSP bit and the bits which do not exist are 

tested. 

bit 3 bit 2 

0 

2 

l IM, 
OM of INT3) 

IF3 

(IF of INT3) 
3 

bit 1 

l WOON I 
(Watch Dog ON Flag!J. 

Reserved 

l I 

bit 0 

LSON 
(Low Speed ON Flag) 

IF2 
(IF of INT 2) 

(Note) The WOON flag is set by the SEM/SEMD instruction and reset by the MCU reset. 

The contents of status become invarid when the WOON flag and the bits which do not exist are tested. 

Figure 3. Interrupt Control Bits Area and Register Flag Area 

Memory Registers Stack Area 
MR(O) $040 

960 Level 16 $3CO 
64 

65 
MR(ll $041 Level 15 

66 
MR(2) $042 Level 14 

67 
MR(3) $043 Level 13 

68 
MR(4) $044 Level 12 

69 
MR(5) $045 Level 11 

70 MR(6) $046 Level 10 

71 MR(7) $047 Level 9 bit3 bit2 bit1 bitO 

72 MR(8) $048 Level 

~vlo PC" 
I _, 

--
MR(9) ST PC12 PC11 

73 $049 Level .J --1 

74 MR(10) $04A Level 6 1021 
_, 

~ 
I 

PC• 
I 

PC1 PC10 
75 MR(11) $048 Level 5 J.. .l. 
76 MR(12) $04C Level 4 

PC• 
I 

PCs 
I 

PC• MR(13) 3 1022 CA 
77 $040 I.eve! .!. -1 
78 MR(14) $04E Level 2 -

PC2 
I 

PC1 
I 

PCo MR(15J 1023 pc, 
79 $04F 1023 Level 1 S 3FF .1 J. .l. 

PC 13-PC0 ; Program Counter 
ST; Status 
CA; Carry 

Figure 4. Memory Register, Stack Area and Stack Position 
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Register and Flags 

The MCU has nine registers and two flags for 
CPU operation. The following paragraphs 
describe the registers and flags in detail. 
Figure 5 shows these registers and flags. 

Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results 
from the·Arithmetic Logic Unit (ALU) as well 
as transfer data between memories, I/O and 
other registers. 

W Register (W), X Register (X), Y Regis
ter (Y): The 2-bit W register and the 4-bit X 
and Y registers indirectly address the RAM. 
The Y register is also used for D port address
ing. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit SPX and SPY registers are used to 
assist the X and Y registers, respectively. 

Carry (CA): The carry flag (CA) indicates an 
overflow resulting from the ALU during 
arithmetic operation. It is also affected by the 
SEC, REC, ROTL and ROTR instructions. The 
content of the carry flag is pushed onto the 
stack during interrupt servicing, and popped 
off the stack by the RTNI instruction. This flag 
is not affected by the RTN instruction. 

Status (ST): The status flag (ST) indicates an 
ALU overflow and ALU non-zero during 
arithmetic or compare instructions and the 
result of the bit test instruction. Moreover, 
the status flag controls branches caused by 
the BR, BRL, CAL or CALL instructions. 
Whether these instructions are executed or 
skipped, the status flag is set to 1. The state of 
this flag remains unchanged until the next 
arithmetic, compare, bit test, and branch 
instruction is executed. During interrupt ser
vicing, the content of the status is pushed 
onto the stack, and popped off the stack by 
the RTNI instruction. This flag is not affected 
by the RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter which holds 
the ROM address. 

Stack Pointer (SP): The stack pointer (SP) is 
a 10-bit register which indicates the next 
stack address. This pointer, which is initial
ized to $3FF, is decremented by 4 when data 
is pushed onto the stack, and is incremented 
by 4 when data is popped off the stack. The 
highest four bits are fixed to 1111, which 
allows the pointer to indicate up to 16 levels 
of subroutines. The stack pointer is initialized 
when the MCU is reset or the RSP bit is reset 
by the REM or REMD instructions. 
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3 0 

A I Accumulator 

3 0 

B I B Register 

1 0 

0 W Register 

3 0 

x I X Register 

3 0 
y I Y Register 

3 0 

SPX I SPX Register 

3 0 

SPY I SPY Register 

I CA I Carry 

El Status 

13 0 

I PC I Program 
Counter 

9 5 0 

I 1 I , I SP I Stack 
Pointer 

Figure 5. Registers and Flags 
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Reset 

The MCU is reset by setting the RESET pin to 
high level. At power-on or releasing the sys
tem oscillator from stop state, the RESET 
input must be applied for tRc or for a longer 
period in order to stabilize the oscillator. In 
other cases, the RESET input for two instruc
tion cycles resets the MCU. Table 1 lists the 
initialization values for the registers and 
counters at the MCU reset. 

Interrupt 

The MCU has nine interrupt sources; external 
signals (INTo - INT3), timer counter (timer A, 
timer B, timer C), serial interface, and key 
scanning. For each interrupt source, an inter
rupt request flag (IF), an interrupt mask bit 
(IM) and vector address are provided in order 
to control the interrupt request. The interrupt 
enable flag (I/E) allows interrupt service. 

Interrupt Control Bits and Interrupt 
Service: Locations $000 through $003 and 
$020 through $023 in RAM are reserved for 
the interrupt control bits. These bits can be 
accessed by the RAM bit manipulation 
instructions. The interrupt request flags are 
set only by signals from interrupt sources. 
The MCU reset initializes the interrupt enable 

flag and the interrupt request flags to 0 and 
the interrupt mask bits to 1. Figure 6 shows 
the interrupt control circuit block diagram. 
Table 2 lists interrupt priority and vector 
addresses for each interrupt source. Table 3 
lists the state of the interrupt control bits for 
interrupt service caused by each interrupt 
source. An interrupt request occurs when the 
interrupt request flag is set to 1 and the 
interrupt mask flag is set to 0. In this case the 
interrupt enable flag is then set to 1, an inter
rupt occurs and a vector address correspond
ing to the interrupt source is then obtained 
from the PLA. 

The sequence and flowchart for interrupt 
service are shown in figures 7 and 8 respec
tively. If an interrupt is requested, the current 
instruction is completed in the first cycle. The 
interrupt enable flag is then reset in the sec
ond cycle. The contents of the carry flag, 
status flag and program counter are pushed 
onto the stack in the second and third cycles. 
In the third cycle the program routine jumps 
to the appropriate vector address and the 
interrupt routine is executed. The user must 
assign each vector address to the JMPL 
instruction which branches to the starting 
address of the interrupt routine. In the inter
rupt routine, the interrupt request flag must 
be reset by software. 
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Table 1. Initial Values at the MCU Reset 

Initial 
Registers value Description 

Program Counter (PC) $0000 The program is executed from address $0000 

Status (ST) 1 The program branches by branch instruction 

Stack Pointer (SP) $3FF The stack level is set to 0 

Interrupt Interrupt enable flag (l/E) 0 Any interrupts are masked 
flag/mask Interrupt request flag (IF) 0 No interrupt request occurs 

Interrupt mask (IM) 1 Interrupt request is masked 

1/0 Port data reg. (PDR) 0 Output 0 is enabled 
(high voltage pin) 
Port data reg. (PDR) Output 1 is enabled 
(standard pin) 
Data control reg. (OCR) 0 Output buffer is OFF (in high impedance) 
Port mode reg. A (PMRA) 0000 See port mode register A section 
Port mode reg. B (PMRB) 0000 See port mode register B section 
Interrupt mode reg. (IMR) 0000 See interrupt mode register section 

Timer/ Timer mode reg. A (TMA) 0000 See timer mode register A section 
serial Timer mode reg. B (TMB) 0000 See timer mode register B section 

Timer mode reg. C (TMC) 0000 See timer mode register C section 
Serial mode reg. (SMR) 0000 See serial mode register section 
Prescaler S $000 
Prescaler W $00 
Timer counter A (TCA) $00 
Timer counter B (TCB) $00 
Timer counter C (TCC) $00 
Timer load reg. B (TLR) $00 
Timer load reg. C (TCR) $00 
Octal counter 000 

VFD VFD segment reg. (FSR) 0000 See VFD segment register section 
VFD digit reg. (FDR) 0000 See VFD digit register section 
VFD dimmer mode reg. (DMR)OOOO See VFD dimmer mode register section 
VFD control reg. (VCR) 0000 See VFD control register 

PWM PWM data reg. (PWDR3-0) 0000 See PWM data register 

Bit Low speed ON flag (LSON) 0 See low power dissipation mode section 
register Watchdog timer ON flag 0 See timer C section 

(WOON) 

Miscellaneous reg. (MIS) 0000 See miscellaneous register section 

The following is the state of other registers and flags at the MCU reset: 

Registers 

Carry (CA) 
Accumulator (A) 
B register (B) 
W register (W) 
X/SPX register (X/SPX) 
Y /SPY register (Y /SPY) 

Serial data register (SR) 

RAM 

In canceling Stop mode by the MCU 
reset In other cases at the MCU reset 

The value before the MCU reset may be The value before the MCU reset may be 
changed. changed. 
In this case the MCU must be initialized In this case the MCU must be initialized 
by software . by software . 

Same as above Same as above 

The value before the MCU reset (the Same as above 
value before the STOP instruction exe-
cution) 
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Table 2. Vector Addresses and Interrupt 
Priority 

Vector 
Rwt and Interrupt Priority acid..-
Reset $0000 

INTo 1 $0002 

INT1 2 $0004 

Timer A 3 $0006 
Timer B 4 $0008 
Timer C 5 $000A 

Serial, INT2 6 $000C 

KEY SCAN, INT3 7 $000E 

1000.0 

l/E 1------------r""""" 
Sequence Control 
• Push PC/CA/S 
•Resetl/E 

$003,2 

• Jump to Vector 
Address 

Priority Control PLA 

Vector 
Address 

$023,2 

Figure 6. Interrupt Control Circuit Block Diagram 
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Table 3. Interrupt Service Conditions 

Interrupt Control Bit 

l/E 
IFO· IMO 

IFl • IMl 

IFTA • IMTA 

IFTB • IMTB 

IFTC • IMTC 

IFS· IMS + IF2 • IM2 

IFKS • IMKS + IF3 • IM3 

* : Don't care 

Instruction 

Cycles 

Instruction 

execution 

Interrupt 

accepted 

INTo 

1 

* 
* 
* 
* 
* 
* 

2 

Stacking. 

Reset of l/E 

INT1 

1 
0 

* 
* 
* 
* 
* 

Interrupt Source 

Timer A 

1 

0 
0 

* 
* 
* 
* 

3 

Stacking. 

Vector address 

is generated 

Timer B Timer C 

1 1 

0 0 
0 0 
0 0 

0 

* 
* * 
* * 

4 5 

JMPL instruction execution on the 

vector address 

Figure 7. Interrupt Servicing Sequence 
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Serial, Key Scan, 
INT2 

1 

0 
0 
0 
0 
0 

* 

INT3 

1 

0 
0 
0 
0 
0 
0 

6 

Instruction 
execution at 
starting address 
of the interrupt 
routine 
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c INTERRUPT 

Interrupt 
Accept 

1/E+- 0 

Stack+-(PC) 
Stack+-(CA) 
Stack+-(ST) 

PC+-$0002 
Yes 

PC+-$0004 

PC+-$0006 

PC+-$0008 

PC+-$000A 

PC+-SOOOC 

PC+-$000E 

KEYSCAN) 

( ln~pt 
ACTIVE 

Figure 8. A Flowchart of Interrupt Servicing 
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Interrupt Enable Flag (l/E: $000, 0): The 
interrupt enable flag controls all interrupts. 
This flag is reset by interrupt service and set 
by the RTNI instruction. 

External Interrupts (INTo - INT3): The 
external interrupt input is activated by the 
port mode register (PMRA:$004, PMRB:$005). 
The external interrupt request flags IFO and 
IFl are set at the falling edge of INTo and INT1. 
IF2 and IF3 are set at the rising and/or falling 
edge of INT2 and INTJ respectively. The con
tents of the interrupt mode register (IMR : 
$014) specify the active edges. Figure 9 
shows the interrupt mode register. 

The INT1 can be used as a clock signal input 
to timer B. Then, timer B counts up at each 
falling edge of the INT1. In this case, the 
external interrupt mask flag (IMl) must be set 
so that INT1 should not request an interrupt. 

Table 4. Interrupt Enable Flag 

Interrupt enable flag (i/E) Interrupt 

0 Disable 

Enable 

Table 5. External Interrupt Request 
Flag 

External interrupt request 
flag (IFO, IF1, IF2, IF3) 

0 

Interrupt 
request 

Disable 

Enable 

Table 6. External Interrupt Mask Flag 

External mask flag 
(IMO, IM1, IM2, IM3) 

0 

Interrupt 
request 

Enable 

Disable (mask) 

External Interrupt Request Flags (IFO: 
$000, 2, IF1:$001, 0, IF2:$023, 0, IF3:$023, 
2): The external interrupt request flags, IFO 
through IF3, are set depending on the edge of 
INTo through INT3 respectively. 

External Interrupt Mask (IM0:$000, 3, 
IM1:$001, 1, IM2:$023, 1, IM3:$023, 3): The 
external interrupt mask bits mask an inter
rupt request caused by the external interrupt 
request flags. 

Timer A Interrupt Request Flag (IFTA: 
$001, 2): The timer A interrupt request flag is 
set when an overflow occurs in timer A. 

Timer A Interrupt Mask (IMTA:$001, 3): 
The timer A interrupt mask bit masks an 
interrupt request caused by the timer A 
interrupt request flag. 

Timer B Interrupt Request Flag (IFTB: 
$002, 0): The timer B interrupt request flag is 
set when an overflow occurs in timer B. 

Table 7. Timer A Interrupt Request 
Flag 

Timer A interrupt request 
flag (IFTA) 

0 

Interrupt 
requests 

Disable 

Enable 

Table 8. Timer A Interrupt Mask Flag 
Timer A interrupt mask flag Interrupt 
(IMTA) request 

0 Enable 

Disable (mask) 

Table 9. Timer B Interrupt Request 
Flag (IFTB) 

Timer B interrupt request flag Interrupt 
(I FTB) request 

0 Disable 

Enable 
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Timer B Interrupt Mask (IMTB:$002, 1): 
The timer B interrupt mask bit ·masks an 
interrupt request caused by the timer B 
interrupt request flag. 

Timer C Interrupt Request Flag (IFTC: 
$002, 2): The timer C interrupt request flag is 
set when an overflow occurs in timer C. 

Timer C Interrupt Mask (IMTC:$002, 3): 
The timer C interrupt mask bit masks an 
interrupt request caused by the timer C 
interrupt request flag. 

Serial Interrupt Request Flag (IFS:$003, 
0): The serial interrupt request flag is set 
when the octal counter counts eight transfer 

Table 10. Timer B Interrupt Mask Flag 

Timer B interrupt mask flag Interrupt 
(IMTB) raquast 

0 Enable 

Disable (Mask) 

Table 11. Timer C Interrupt Request 
Flag 

Timer C interrupt request flag Interrupt 
(IFTC) request 

0 Disable 

Enable 

Table 12. Timer C Interrupt Mask Flag 

Timer C interrupt mask flag Interrupt 
(IMTC) request 

0 Enable 

Disable (Mask) 

clock cycles or when data transfer is halted 
intermediately and the counter is reset. 

Serial Interrupt Mask (IMS:$003, 1): The 
serial interrupt mask bit masks an interrupt 
request caused by the serial interrupt request 
flag. 

Key Scan Interrupt Request Flag (IFKS: 
$003, 2): The key scan interrupt request flag 
is set when the VFD controller is put in the 
key scan mode. 

Key Scan Interrupt Mask (IMKS:$003, 3): 
The key scan mask bit masks an interrupt 
request caused by the key scan interrupt flag. 

Table 13. Serial Interrupt Request Flag 

Serial interrupt request flag Interrupt 
(IFS) request 

0 Disable 

Enable 

Table 14. Serial Interrupt Mask Flag 

Serial interrupt mask flag Interrupt 
(IMS) request 

0 Enable 

Disable (Mask) 

Table 15. Key Scan Interrupt Request 
Flag 

Key scan interrupt request Interrupt 
flag (IFKS) request 

0 Disable 

Enable 

Table 16. Key Scan Interrupt Mask Flag 
Key scan Interrupt mask flag Interrupt 
(IMKS) request 

0 Enable 

Disable (Mask) 
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i1MR311MR211MR1 i1MRoi 

L~The edge selection for INT2 

The edge selection for I NT 3 
------~~-~~--

IMR 
Bit 3 Bit 2 The edge of INT3 to be detected 
0 0 No detection 

the falling edge 
0 the rising edge 

both the rising and falling edge 

IMR 
Bit 1 Bit 0 The edge of INT2 to be detected 
0 0 No detection 

-~,--~th_e_f~a~ll~in~g~e-d~g_e _____ _ 

0 the rising edge 
both the rising and falling edge 

Figure 9. Interrupt Mode Register 
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Operating Modes 

The MCU has two internal oscillation circuits. 
The oscillation clocks are used in the state 
shown in figure 10. Five operating modes are 
available according to how the clock is used. 

Table 17. Low Power Dissipation Modes 

Active 

Active 

Active mode 
(LSON = 0) 

Tables 17, 18, 19, show low power dissipation 
modes, the operations of low power dissipa
tion modes, and I/O state in low power dissi
pation modes, respectively. Figure 10 shows 
the transition of the MCU operation modes. 

Stop 

Standby .mode 

Stop Sub Active modeNote 3 

(LSON = 1) 
Watch mode (TMA3 = 1) 

Stop mode (TMA3 = 0) 

Notes: 1. ~PER : Clock signal for peripheral function except for time base. 
2. ~CPU : System clock 
3. Sub Active mode is an optional mode . 
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Standby Mode 

...-------------, 
.-~~~~~~~---.1 

fosc 

fcL 

Oscillate I SBY (Standby) 

I 
I 

RESET 

Active Mode 

r------,r-----, 
I..-~~~~~~~--.: 

fosc 

fcL 
¢cpu = 

Oscillate 
Oscillate 

f eye 

I 
I 

Stop Mode 

(TMA3= 0 ) 

STOP fosc Stop 

fcL Oscillate 
¢cPu = Stop ¢cpu = 

¢cU< = 
¢rER = 

Oscillate 
Stop 
fcyo 
fcyo 

¢cLK = 
Interrupt ---r ¢PER = 

f eye I! ¢CLK = Stop 
fcyc ¢PER = Stop 

l! 
TMA3= 0 

Watch Mode 

1TMA3= 1 • i1TMAJ-:;; -,-.-LSON-= -o-ll 
I 

fosc Oscillate SBY (Standby) I fosc Oscillate 

fcL Oscillate 
I I fcL Oscillate 

¢cPu = Stop 
~ I ¢CPU= fcyc 

¢cU< = fsue 
I 

~ ¢CLK = fsue 
¢rER = fcyo I Interrupt I ¢PER = f eye ____________ J I 

L------------

STOP J fosc Stop I 
: INTo. 1 fcL Oscillate : 
I Time-Base• 1) : ¢cPu = Stop : ------t1 ¢cLK = fsua 

) ¢PER = Stop : 

STOP ! i 
r------------------------, 
: fosc : Main System Oscillator : 
: fcL : Sub System Oscillator : 
: for Time-Base 1 

I fcvo : fosc/4 I 

1 fsue : fcJ8 I 
1¢cpu = : System Clock : 
!<PcU< = : Clock for time-Base 1 

:<Prrn = : Clock for other I 
: Peripheral Function. I 

:LSON : Low Speed ON Flag 

Sub Active Mode 

fosc Stop 
fcL Oscillate 
¢CPU= fsue 

¢cLK = fsue 
¢PER = Stop 

SBY I I 
I I 
: I 

STOZ.!(TMA3= 1 LSON= 1 ) : 

_j fosc Stop I 
..------..,, fcL Oscillate [ 

I NT o • [ ¢cpu = Stop i 
Time-Base• 1) 1 ¢cLK = fsue I 

I ¢PER = Stop I 
L J STOP 

SBY 

: LSON = 0 : ¢cpu = Main Oscillator 
i LSON = 1 : ¢cpu = Sub Oscillator I , __________________________ J • 1): Interrupt Source 

Figure 10. The Transition of the MCU Operation Modes 
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Table 18. The Operations of Low Power Dissipation Modes 

Function Stop Mode Watch Mode 

System Oscillator 

Subsystem Oscillator 

CPU 
Operation 
(ef>CLK) 

Peripheral 
Function, 
Interrupt 
(ef>PER) 

Instruction 
Execution 

RAM 

Registers, 

Flags 

l/QNote 3 

INTo 

Timer A 

Timer B 

Timer C 

Serial 

VFD 

PWM 

Hold 

Reset 

Reset 

Reset 

Reset 

Reset 

Reset 

Reset 

Reset 

Reset 

Reset 

Time-Base INTo Reset 
Function, 
Interrupt Time-Base Reset 
(ef>PER) 

Notes: 1. ~indicates active. 

Hold 

Hold 

Hold 

Hold 

Hold 

Hold 

Hold 

Hold 

Hold 

Hold/ 

ResetNote 4 

Hold/ 

Standby 
Mode 

Hold 

Hold 

2. When decreasing Ice, stop oscillation by an external circuit. 
3. Refer to Table 19. 

Sub Active 
Active Mode ModeNote 7 

4. Only timing generator is reset. The contents of the mode registers are retained. 
5. Refer to section interrupt frame. 
6. If TMA3 is set to 1, Timer A and INTo are switched to time-base function and interrupt, 

respectively. 
7. Sub Active mode is an optional mode. 
8. VFD is active, but it displays nothing because the display data RAM stops working. 
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Active Mode: In Active mode, the MCU 
operates based on the clock generated by the 
system oscillator. 

Standby Mode: The SBY instruction causes 
the MCU to enter Standby mode. In this 
mode, the oscillator remains active and an 
interrupt, the timer/counter and serial inter
face are enabled. The CPU is halted, since the 
clock which executes instructions has 
stopped. The state of the the registers, RAM 
and I/O pins remains unchanged even after 
the MCU recover from Standby mode. 

A RESET input or an interrupt request can
cels Standby mode. In the case of the RESET 
input, the MCU is also reset. When an inter
rupt is requested, the MCU enters Active 
mode and an instruction next to the SBY 
instruction is executed. After this instruction 
is completed, if the interrupt enable flag is 
set, an interrupt is serviced; if the flag is reset, 
the interrupt request is suspended and the 
program routine is resumed. Figure 11 shows 
a flowchart of Standby mode. 

Stop Mode: When the STOP instruction is 
executed while TMA3 = 0, the MCU enters 
Stop mode. In this mode, the system oscillator 
is halted, and the MCU enters stopped state. 

Stop mode is canceled by the RESET input, as 
shown in figure 12. In this case, the RESET 
input must be applied for a tRc (stabilization 

time) (See AC characteristics section.). During 
Stop mode, the RAM holds its contents before 
the MCU entered this mode. After canceling 
Stop mode, the contents of the accumulator, 
B register, W register, X and SPX registers, Y 
and SPY registers, carry flag and serial data 
register can be changed. 

Watch Mode: The MCU enters Watch mode 
by the STOP instruction during Active mode 
and TMA3 = 1 or by the STOP or SBY instruc
tion during Sub Active mode. Watch mode 
can be canceled by the RESET input or timer 
A/INT0 interrupt request. For a detailed 
description of the RESET input in canceling 
mode, see Stop mode section. If Watch mode 
is canceled by the timer A/INTo interrupt 
request, the MCU enters either Active mode 
or Sub Active mode depending on the state of 
the LSON bit. When the MCU enters Active 
mode, the interrupt request is delayed for a 
half of the interrupt frame period (tRc) in 
order to wait stabilization of the system 
oscillation (figure 13). In this case, MCU 
operation is the same as that when canceling 
Standby mode (figure 11). 

Sub Active mode: When entering Sub 
Active mode, the MCU operates based on the 
clock generated by the 32.768 kHz oscillator 
through CL1 and CL2. Table 19 shows MCU 
operation in Sub Active mode. As Sub Active 
mode is optional mode, the selection must be 
made in mask version orders. 

Table 19. The State of Input/Output in Low Power Dissipation Modes 

Output 
~~~~~~~~~~~~~~~~~~~~~~~-

Stop/Watch/ 
Standby Mode Sub Active Mode 

Hold/Peripheral function output High impedance 
RO - RA Hold/Peripheral function output High impedance 

Input 

A II Modes 
(input state) 

Input enable 

Input enable 

Note: Applying Vee - 0.3 to GND + 0.3V to the input state pins generates current between Vee and 
GND. 
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908 

WATCH/STBY 

Oscillator 
Periprieral Clocks 
All Other Clocks 

Active 
Stop/ Active 
Stop 

Restart 
Processor Clocks 

RESET 

Restart 
Processor Clocks 

Hardware NOP 

Execution 

RECOVER 

(dummy cycle) 

(Execute Next Instruction) 

Figure 11. A Flowchart of Watch and Standby Mode 
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1 • 

Stop mode 

Oscillator lllllHlllllllllllllllllllll I'. 

Internal clock~ 

RESET t 
~I~ 
I· tres I 

STOP instruction execution 
(more than stabilization time: tRd 

Figure 12. Timing Diagram When Canceling Stop Mode 

Interrupt 
strobe 

Interrupt 
request 
(only in 
entering 
Active mode) 

t 

MIS: $00C 

Watch mode 

t 

T T 

T=2xtRc: Interrupt frame period 

Oscillation 
stabilization 
time 

Active mode 

tRc =Oscillation stabilization time 

Figure 13. Interrupt Frame 

MIS 

MIS3 MIS2 MIS1 MISO Bit 1 Bit 0 T/2, tRc 

....__ _____ }Select tRc 

0 0 0.12207 ms 

0 7.8125 ms 

0 62.5 ms 

Not Used 

* Only when 32. 768 kHz oscillation 
T: Interrupt frame period 
tRc: Oscillation stabilization time 

Figure 14. Miscellaneous Register 
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Interrupt Frame: In Watch mode and Sub 
Active mode, the time-base clock (./>cLK) is 
applied to timer A and the INTo circuit. Pres
caler W and timer A operates as the time
base and generate the timing clock for the 
interrupt frame. The interrupt frame period 
(T) depends on the state of the miscellaneous 
register as shown in figure 14. 
In Watch mode and Sub Active mode, the 
timer A/INTo interrupt occurs synchronously 
with the interrupt strobe timing clock. When 
the MCU wakes up to Active mode from 
Watch mode, the interrupt request is delayed 
for a half of interrupt frame period (tRc). The 
falling edge of INTo, which is input regardless 
of the interrupt frame clock cycle, is equiva-

Power ON 

No 

RESET 

lent to that synchronous with the interrupt 
strobe clock just after the falling edge. An 
overflow and interrupt request in timer A 
occurs synchronously with the interrupt 
strobe clock. But, when MCU transfers the 
watch mode to the active mode through the 
timer A interrupt, INTo pin has to be high 
level. 

MCU Operation Sequence 

Figures 15, 16 and 17 show the MCU operation 
sequence. The RESET is an asynchronous 
input, which resets the MCU regardless of the 
MCU state. 

ACTIVE 

r---------, 
I MCU I 
: operation cycle : 
'"'---- -----

Figure 15. A Flowchart of MCU Operation (1) 
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LOW POWER 
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: Low Power Dissipation : 
: Mode Operation l .... _____ _ ____ _. 

HD404 708 /HD404 709 /HD4074 709 

ACTIVE 

RECOVER 

Instruction 
Fetch 

PC 
--Next 

location 

Instruction 
Excution 

No 

Yes 

No 

Yes 

No 

INTERRUPT 

r----- -----. 
I I 
r Interrupt r 
: Operation : 
L----- ______ .J 

Figure 16. A Flowchart of MCU Operation (2) (MCU operation cycle) 
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LOW POWER 

Yes 

Hardware NOP 
Execution 

RECOVER 

No 

Restart 
Processor Clocks 

SBY/STOP/WATCH 

SBY/STOP/WATCH 
mode 

Figure 17. A Flowchart of MCU Operation (Low power dissipation mode operation) 
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Internal Oscillation Circuit oscillator through OSC1 and OSC2, and with 
the 32.768 kHz crystal oscillator through CL1 

and CL2. Figure 18 shows the internal oscillation cir
cuit. The MCU can be connected with the 

TMA3 

Subsystem oscillator 

fcL 

Divider (1 /8) 

tsuecvc fsue 

Timing Generator 

time-base clock 
selection 

time-base/interrupt 
Peripheral function 
/interrupt 

System Oscillator 

fosc 

Divider (1/4) 

fcyc 

Timing Generator 

tPPER 

system clock 
selection 

tPCPU 

CPU 
·ROM· RAM 
· 1/0 
• Register, Flag 

I~ 

Internal Oscillation Circuit 

.:; 
u 

0 
z 
(!l 

u 
Ul 
0 

t; 
Ul 
w 
a: 

... 
O> 
a: 

Figure 19. Layout of Crystal and Ceramic Filter 
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Table 20. Examples of Oscillation Circuit 

External clock 
(OSC1, OSC2) 

Ceramic filter 
oscillator 
(OSC1. OSC2) 

Crystal oscillator 
(OSC1. OSC2) 

Crystal oscillator 
(Cl1, CL2) 

Oscillation circuit 

External 
Oscillator 

Open OSC2 

GND 

Pcc, osc, 
Cristal Cl Rt 
1----+---iOSC2 

C2 

..-8~ 

CL1 

GND 

Co 

Constant 

Ceramic filter: CSA4.00MG (Murata) 
Rf= 1 MO ±20%, C1 = C2 = 30pF ±20% 

Rf = 1 MO ±20%, 
C1 = C2 = 10-22pF ±20% 
Crystal: equivalent to circuit shown below 
Co= 7pF max. 
Rs = 1000 max. 
f = 1.0 - 4.5 MHz 

C1 = C2 = 1 5pF ± 5% 
Crystal: MX38T(Nippon Denpa) 
Co= 1.5pF typ. Rs= 14k0 typ. 
f = 32. 768 kHz 

Notes: 1 . Since the circuit constant changes depending on the crystal and ceramic filter resonator and 
stray capacitance of the board, it is recommended that the user should consult with the 
engineers of crystal or ceramic filter maker to determine the circuit parameter. 

2. Wiring among OSC1, OSC2, CL1, CL2 and elements should be as short as possible, and 
never cross other wiring (see figure 1 9). 

3. If the 32. 768 kHz crystal oscillator is not used, CL1 pin must be fixed to GND and CL2 must 
be open. 
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Input/Output 

The MCU has 50 input/output pins and six 
input pins including 32 high-voltage, high
current pins which are multiplexed with the 

Vee 

Vee 

Pull up 
MOS PMOS 

Mask Option 

(B) type only 

NMOS 

VFD controller pins. The state of the output 
buffer of the standard pins depends _gn a 
combination of the port data register (PDR) 
and the data control register (DCR). 

HLT 

OCR 

PDR 

Input control 

with Pull-up without Pull-up 
Mask option MOS (Bl MOS (Cl 
OCR 0 1 0 1 
PDR 0 0 1 0 0 
CMOS PMOS - - - ON - - - ON 
buffer NMOS - - ON - - - ON -
Pullup MOS ON ON ON ON - -

Notes: 1 . [ - ] : OFF 
2. For R42/SO pin, PMOS (A) is OFF when setting bit 2 of the miscellaneous 

register (MIS2) to 1. 
MIS R4z/SO pin 
bit 2 PMOS 
0 ON 

OFF 

Flg\are 20. Input/Output Buffer 
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D Ports: The D ports are input/output ports 
addressed by bit. The SED and SEDD instruc
tions set the ports, and the RED and REDD 
instructions reset them. The TD and TDD 
instructions test these pins. Port pins Do 
through Dis are multiplexed with 'the VFD 
controller pins FS1s through FSo, respectively. 

R Rorts: The R ports are ports addressed by 
4 bits. The LAR and LBR instructions input 
data through these ports, and the LRA and 
LRB instructions output data through the 
ports. The state of the output buffer of R4 
through RB depends on the data control reg
ister (DCR4 to DCR8). R4o, R41, R42, R43, R6o to 
R63, R7o are multiplexed with SCK, SI, SO 
PWM, INTo - INT3 and BUZZ, respectively. 
Table 21 shows the R port circuit types. 

Mask Options: The HD4074709 selects a C 
type circuit (without pullup MOS) or a D type 
circuit (without pulldown MOS), as shown in 

table 21. The HD404709/HD404708 can also 
select the B type circuit (with pullup MOS) or 
the E type circuit (with pulldown MOS). In 
this case, however, these MCUs are not com
patible with the HD4074709. If the 
HD404709/HD404708 selects the E type 
(with pulldown MOS), the source of the pull
down MOS are connected to the Vdisp power 
supply through the RA1/Vdisp pin by the 
mask option. 

How to Deal with Unused 1/0 Pins: The 
state of unused pins must be fixed to V cc in 
order to prevent the LSI from malfunctioning 
due to noise. Note the following cautions 
before connection. Without pulldown MOS 
and without pullup MOS are selected for high 
voltage pins and standard pins, respectively. 
The contents of PDR and DCR of target pins 
must be retained as in reset state. The target 
pins must not be selected as a peripheral 
function I/O pins. 
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Table 21. Input/Output Pin Circuit Type 

1/0 
pins 

Input 
pins 

Peripheral 
1/0 
Pins 

Peripheral 
output 
Pins 

Peripheral 
input 
Pins 

With pullup MOS CBI 

lnpul 
control !:~----CPU input 

Vcc~l!['f 
OCR 

PDR 

~~ 
0 Input control :::1)--------+ CPU input 

Input 
control -----CPU input 

1----{)0-----+ SCK 

Input 
control CPU Input 

Vee Jr~ 

~ 

Without pullup MOS (Cl 

Input 
control 

Input 
control 

)?------ CPU input 

CPU input 

l>---- CPU input 

1----1::.0------ SCK 

----• CPU Input 

.HITACHI 

Pin name 
R4o - R43 
R5o - R53 
R6o - R63 
R7o - R73 
R8o - R81 

R9o - R93 

SCK (output) Note 1 

so 
PWM 
BUZZ 

SCK (input) Note 1 

SI 
INTo 
INT1 
INT2 
INT3 
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Table 21. Input/Output Pin Circuit Type (Continued) 

Without pulldown MOS (D) With pulldown MOS (E) Pin name 

1/0 Voe Do - D1s 
pins 

~ 
ROo - R03 
R1o - R13 
R2o - R23 
R3o - R33 

CPU input 
CPU input 

Input RAo - RA, 
c: Pins 
·a. Input 
Q) 

~ 
Cl Input CPU input 

$!! G control» • CPU input 
0 ' 
'i" 

v,~ .s= 
Cl 
J: 

(R110 only) 

Peripheral FSo - FS1s 
output FDo - FD1s 
pins v" 

v" ti!j ~ HI .era , 
Data 

v.., 

Input control CPU input 

Input control CPU input 

Notes: 1. If the external clock is selected to the MCU as the clock source for the serial interface, SCK 
is used as an input pin. 

2. In Stop mode the MCU is internally reset and the selected peripheral function is canceled. 
The HLT signal goes to 1 and the 1/0 pins are put in high impedance. 

3. In Watch/Sub Active mode the HL T signal is 1 and the output pins are put in high impedan
ce. During these modes the pins selected to peripheral input or input/output must be fixed 
to input level, otherwise the current through Vee and GND is generated. 

4. The mask option of the circuit type is shown in the following. The mask ROM type MCU is 
compatible with the ZTAT type only when the mask ROM type selects the C and D circuit 
type. 

Circuit type 

Product type 

type 
(HD404709 
HD404708) 

ZTAT type 
(HD4074709) 

B c D E 

option 

fixed 
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MIS (Miscellaneous Reg.) ADR=$00C 

MIS3 MIS2 MIS1 MISO 

'-------------R42 /.SO pin PMOS mode selection 

'---------------R70 /BUZZ pin mode selection 

SMR (Serial Mode Reg.) ADR=$005 

lsMR3,SMR2,SMR1,SMRol 

._I _____________ R40 /SCK pin mode selection 

PMRA (Port Mode Reg. A) ADR=$004 

PMRA3PMRA2PMRA1PMRA 

'-------- R42 /SO pin mode selection 

'---------R41 /SI pin mode selection 

'------------R60 /INT 0 pin mode selection 

'---------------R61 /INT1 pin mode selection 

SMR 
f----1 

bit3 

0 

1 

PMRB2PMRB1 PMRB 

'-------R6i/INT2 pin mode selection 

'---------R63 /INT3 pin mode selection 

'------------R43 /PNM pin mode selection 

Port 
Select 

~ Port 
bit3 Select 

R4o 0 R7o 

5CK 1 BUZZ 

PMRA Port PMRA Port PMRA Port PMRA 
1-----1 

Select bit 3 

0 R6 1 

1 INT1 

1----i 
Select 

1-----1 
Select 

1--
bit2 bit 1 bitO 

0 R60 0 R41 0 

1 INT0 1 SI 1 

PMRB Port PMRB Port PMRB 

~ 1-- 1--
Select bit 1 Select bit 0 

o· R43 0 R63 0 

1 PNM 1 TNi'3 1 

Figure 21. Pln Mode Selection Registers 
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Port 
Select 

R42 

so 

Port 
Select 

R62 

INT2 
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Timer 

The MCU contains two prescalers (prescaler 
Wand prescaler S) and three timer/counters 
(timer A, timer B, timer C). Figures 22 and 23 
show the block diagrams of the timers. The 
function of the timers depend on the state of 
the bits as shown in table 22. 

Prescaler S: Prescaler S is driven by the 
system clock. This prescaler, after being 
initialized to $000 by the MCU reset, divides 
the system clock frequency. During Watch 
mode and Sub Active mode, dividing opera
tion stops and count value is retained. When 
the mode is canceled, dividing operation re-

Table 22. Selecting Functions of Timers 
A/B/C 

Timer A 
Condition 
TMA3 = 0 

TMA3 = 1 

Timer B 
Condition 
TMB2 - 0 !.;; 111 

TMB2 - 0 = 111 
PMRA3 = 1 

Function 
system clock base 
interval tim~r 

time-base for watch 

Function 
automatic reloading 
timer 

event counter 
(using R61/INT1) 

(tsuBcyc) 
Prescaler-W (5 bit) 

Prescaler-S ( 11 bit) 

starts. From among the prescaler outputs the 
input clock of the timer and the transfer clock 
of serial interface are specified by timer mode 
registers (TMA, TMB, TMC) and serial mode 
register (SMR) respecitively. 

Prescaler W: Prescaler W is driven by the 
CL1 input clock divided by 8. This prescaler, 
after being initialized to $00 by the MCU 
reset, divides the input clock frequency. The 
input clock of the timer A may be specified 
from among prescaler W outputs, depending 
on the state of timer mode register A. In this 
case, prescaler W and timer A can be reset by 
software. 

Timer C 
Condition 
WOON= 0 
(MIS3 = 1) 

WOON 

TCA(Sbit) 
Timer Counter A 

Function 
automatic reloading 
timer 
(square wave output 
circuit using R7o/BUZZ) 

watchdog timer 

Interrupt 
Request Flag 
of Timer A 

Figure 22. Timer A Block Diagram 
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TMB (4bit) 
Timer Mode Reg. B 

3 

Timer B MPX 

"' "' 
.,. 

N N 

"' 
0 

N .,. 
"' <") N 

+ + + + + + + 

Prescaler-S ( 11 bit) 

.,. "' "' N N .,. 
N 

N .,. 
"' 

N 

"' 
0 0 

<") N + ·I· + ·I· + ·I· + + 

Timer C MPX 

3 

TMC (4bit) 
Timer Mode Reg. C 

Internal Bus Line (S1) 

4 

TLB (4 bit) 4 
Timer Latch Reg. B 

TCB (8bit) 
Timer/Event Counter 8 

TLR (8bitl 
Timer Load Reg. B 

4 4 

IFTB 

Interrupt Request Flag 
of Timer B 

Internal Bus Line (S2) 

Internal Bus Line (S 1) 

4 

TLC (4bit) 4 

Timer Latch Reg. C 

TCC (Sbit) 
Timer Counter C 

TCR (8bitl 
Timer Load Reg. C 

4 4 

BUZZ 

Pulse Width Modulation Out 

--~ ~j?o i_::_:J 

MPX 

: Interrupt Request 
_ I Flag of Timer C 

Internal Bus Line (S2) 

$020. 1 

(SET only) 

Figure 23. Timer B/Timer C Block Diagram 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 921 



HD404 708/HD404 709 /HD4074 709 

Timer A Operation: Timer A is initialized to 
$00, and then counts up at every input clock. 
If an input clock is applied to timer A after the 
timer is $FF, an overflow occurs and timer A 
is set to $00. The overflow causes timer A 
interrupt request flag (IFTA: $001, 2) to go to 
1, and the timer continues to count up from 
$00. Timer A is an interval timer in which an 
overflow occurs every 256 clock inputs. 

Timer A can also be used as the watch time 
base when the TMA3 bit of timer mode reg
ister A is set to 1. The timer is driven by the 
32. 768 kHz oscillator clock frequency divided 
by prescaler W. In this case, prescaler W and 
timer A can be initialized by software. The 
input clock of timer A is controlled by timer 
mode register A. 

Timer B Operation: Automatic reloading, 
input clock source and prescaler dividing 
ratio of timer B depend on the state of timer 
mode register B. When using the external 
event input as the input clock source of timer 
B, the R6t!INT1 pin must be defined as INT1, 
by the port mode register (PMRA: $004) and 
an interrupt must be masked by the external 
interrupt mask bit (IM1). 

Timer B is initialized to the value set in timer 
load register by software, and is then in
cremented by one every clock input. If an 

TX (TCR + 1) 

TMC3=0 

T TX256 

TMC3=1 

T x (256-TCR) 

input clock is applied to timer B after the 
timer is $FF, an overflow occurs. In this case, 
if automatic reloading is enabled, timer B is 
initialized to the initial value; if reloading is 
disabled, the timer is initialized to $00. The 
overflow sets the timer B interrupt request 
flag (IFTB: $002, 0). 

Timer C Operation: The automatic reload
ing, and the prescaler dividing ratio of timer 
C depend on the state of timer mode register 
C. Timer C is initialized to the value set in the 
timer load register by software, and is then 
incremented by one every clock input. If an 
input clock is applied to timer C after the 
timer is $FF, an overflow occurs. In this case, 
if automatic reloading is enabled, timer C is 
initialized to the initial value; if reloading is 
disabled, the timer is initialized to $00. The 
overflow sets the timer C interrupt request 
flag (IFTC: $002, 2). 

Timer C also functions as a watchdog timer. 
When the program routine goes out of control 
and an overflow occurs while the WDON flag 
is set, the MCU is reset. Moreover, timer C 
provides a variable-duty pulse output (BUZZ). 
The output waveform depends on the state of 
timer mode register C and timer load register, 
as shown in figure 24. During the pulse out
put, the R7o/BUZZ pin must be defined as 
BUZZ by the miscellaneous register. 

T: Input clock period to the counter. 
TCR: the value of timer load reg. C 

Figure 24. Variable-duty Pulse Output Waveform 
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Timer Mode Register A (TMA: $008): 
Timer mode register A is a 4-bit write-only 
register which controls timer A as shown in 
figure 25. This register is initialized to $0 by 
the MCU reset. 

Timer Mode Register B (TMB: $009): 
Timer mode register B is a 4-bit write-only 
register which determines whether or not the 
MCU provides automatic reloading and 
selects the input clock and the prescaler 
dividing ratio. This register is initialized to $0 
by the MCU reset. The contents of the regis
ter can be changed at the second instruction 
cycle following write instruction execution. 
Timer B must be programmed not to be 

TMA: $008 

tMA!_MA2tMA 1tM~ 
~ct timer A 

input clock 
{ Select timer A 

input prescaler 

initialized by the write instruction to timer 
load register until the timer mode is enabled. 

Timer Mode Register C (TMC: $000): 
Timer mode register C is a 4-bit write-only 
register which determines whether or not the 
MCU provides the automatic reloading and 
selects the prescaler dividing ratio. This reg
ister is initialized to $0 by the MCU reset. The 
contents of the register can be changed at 
the second instruction cycle after write 
instruction execution. Timer C must be pro
grammed so as not to be initialized by the 
write instruction to timer load register until 
the timer mode is enabled. 

Source prescaler, input Clock 
TMA3 TMA2 TMA1 TMAO period, operation mode 

0 

* 
* 
* 

0 0 0 PSS, 2048 tcyc 
1 PSS, 1024 tcyc Timer A 
0 PSS, 512 tcyc mode 

PSS, 128 tcyc 
0 0 PSS, 32 tcyc 

1 PSS, 8 tcyc 
0 PSS, 4 tcyc 
1 PSS, 2 tcyc 

0 0 0 PSW, 32 tsuBcyc 
1 PSW, 16 tsuBcyc Time 
0 PSW, 8 tsuBcyc base 
1 PSW, 2 tsuBcyc mode 

0 0 PSW, TCA reset 
1 
0 

tsuscvc = 244. 14µs (when using 32. 768 kHz 
crystal oscillator) 
tcyc=0.9536µs (when using 4.1943 MHz 
crystal oscillator with divide-by-4) 
Timer counter overflow output period (s) 
Input clock period (S) x 256 

Figure 25. Timer Mode Register A 
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Timer B (TCBL: $00A, TCBU: $008, TLRL: 
$00A TLRU: $008): Timer B consists of an 8-
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each has a 
low digit (TCBL: $00A, TLRL: $00A) and a 
high digit (TCBU: $00B, TLRU: $00B). 

The timer/event counter is initialized by 
writing data to the timer load register. In this 
case, the user must write data to the lower 
digit first. The timer/event counter is initial
ized to the value set in the timer load register 
with a write cycle of the higher digit. The 
timer load register is initialized to $00 by the 
MCU reset. 

TMB: $009 

L{ Select timer B 
input clock 

'-------{ Select automatic 
reloading 

TMB3 
automatic 
reloading 

0 disabled 
enabled 

Input clock period and 
TMB2 TMB 1 TMBO input clock source 

0 0 0 2048 tcyc 

0 0 1 512 tcyc 

0 1 0 128 tcyc 

0 1 1 32 tcyc 

0 0 8 tcyc 

0 1 4 tcyc 

0 2 tcyc 

INT1 (external event 
input) 

tcyc=0.9536µs (when using 4.1943MHz crystal 
oscillator with divide-by-4) 

Figure 26. Timer Mode Register B 

Timer B count value is obtained by reading 
the timer/event counter. In this case, the user 
must read the higher digit first. The count 
value is latched at the time when the higher 
digit is read. 

Timer C (TCCL: $00E, TCCU: $00F, 
TCRL: $00E, TCRU: $00F): Timer C consists 
of an 8-bit write-only timer load register and 
an 8-bit read-only timer/counter. Each of 
them has a lower digit (TCCL: $00E, TCRL: 
$00E) and a higher digit (TCCU: $00F, TCRU: 
$00F). Timer C operation is the same as that 
for timer B. 

TMC: $000 

MC 

L{ Select timer C 
input clock 

{ Select automatic 
'------- reloading 

automatic 
TMC3 reloading 
0 disabled 

enabled 

TMC2 TMC 1 TMCO Input clock period 

0 0 0 2048 tcyc 

0 0 1024 tcyc 

0 0 512tcyc 

0 1 1 128 tcyc 

0 0 32 tcyc 

0 1 8 tcyc 

0 4 tcyc 

2 tcyc 

tcyc=0.9536µs (when using 4.1943MHz crystal 
oscillator with divide-by-4) 

Figure 27. Timer Mode Register C 

@HITACHI 
924 Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD404 708 /HD404 709 /HD407 4 709 

Serial Interface 

The serial interface transmits/receives 8-bit 
serial data. It consists of the serial data regis
ter, the serial mode register, the port mode 
register A, the octal counter and the multi
plexer (figure 28). The R4o/SCK pin and the 
transfer clock signal are controlled by writing 
data to the serial mode register. The serial 
data register can by read and written by 
software. The contents of this register can be 
shifted synchronously with the transfer clock 

Table 23. Serial Interface Operation Modes 

signal. 

The serial interface is activated by the STS 
instruction. The octal counter, which is 
initialized to $0 by the STS instruction, starts 
to count at the falling edge of the transfer 
clock signal (SCK) and is incremented by one 
at the rising edge of the clock signal. When 
the counter is reset after eight clock signals 
are input or when data transmission is dis
continued, the serial interrupt request flag is 
set. 

SMR 3 PMR 1 PMR 0 Serial interface operation modes 

0 

0 

0 

0 

Clock Continuous Output mode 

Transmit mode 

Receive mode 

Transmit/Receive mode 

Prescaler ( 11 bitl 

.... .. 
+ + 

3 
SMR (4bit) 
Serial Mode 

Reg. 

OC (3 bit) 
Octal 

Counter 
Interrupt 
Request Flag 
of Serial Inter
face 

Internal Bus Line (51) 

4 4 

SR (8 bit) 
Serial Data Register 

4 4 
Internal Bus Line (52) 

Figure 28. Serial Interface Block Diagram 
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Serial Mode Register (SMR: $005): The 
serial mode register is a 4-bit write-only reg
ister which controls the R4o/SCK pin and the 
transfer clock signal. When data is written to 
this register, the serial interface is internally 
initialized. Write signal to the serial mode 
register discontinues the transfer clock to the 
serial data register and octal counter, resets 
the counter to $0, and sets the serial interrupt 
request flag if previous value of octal counter 

SMR: $005 

SMR3 R4o/SCK 

0 Used as R4o port input/output pin 

Used as SCK input/output pin 

was not $0 (figure 29). 

The contents of the serial mode register is not 
valid until the second instruction cycle after 
the write instruction execution. The user 
must program the STS instruction to be 
executed after this instruction cycle. The 
serial mode register is initialized to $0 by the 
MCU reset. 

Transfer Clock 
Prescaler Transfer Clock 

SMR2 SMR1 SMRO R4o/SCK Port Clock Source Divide Ratio Period 

0 0 0 SCK Output Prescaler + 2048 4096 tcyc 

0 0 1 SCK Output Prescaler . 512 1024 tcyc 

0 0 SCK Output Prescaler 128 256 tcyc 

0 1 1 SCK Output Prescaler 32 64 tcyc 

0 0 SCK Output Prescaler 8 16 tcyc 

0 1 SCK Output Prescaler 2 4 tcyc 

0 SCK Output System clock 1 tcyc 

SCK Input External clock 

tcyc=0.9536µs (when using 4.1943MHz crystal oscillator with divide-by-4) 

Figure 29. Serial Mode Register 
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Serial Data Register (SRL: $006, SRU: 
$007): The serial data register is an 8-bit 
read/write register which consists of a lower 
digit (SRL: $006) and a higher digit (SRU: 
$007). The data in this register is output from 
the least significant bit (LSB) through the SO 
pin synchronously with the falling edge of 
the transfer clock. External data is then writ
ten to the register from the LSB through the 
SI pin synchronously with the rising edge of 
the tranfer clock. Figure 30 shows the timing 
chart for the transfer clock and data input/ 
output clock. 

The serial data register must not be read or 
written until the data transmission is com
pleted. If the register is read or written dur
ing the data transmission, the data may be 
changed. 

Serial Interface Operation Modes: Table 
23 lists the serial interface operation modes. 
The user must specify the state of the port 
mode register and serial mode register as 
listed in the table. In changing the operation 
modes, the serial interface must be internally 
initialized by writing data to the serial mode 
register. 

The State of Serial Interface: The serial 
interface is provided with three different 
states as shown in figure 31. In STS waiting 
state, the serial interface is internally initial
ized. In this case, even the transfer clock 

Transfer Clock 

Serial Output Data 

input does not enable the serial interface. 
When the STS instruction is executed during 
this state, the serial interface system enters 
SCK waiting state. If the transfer clock is 
applied to the MCU during this state, the 
interface system enters transfer state, which 
enables the octal counter and the serial data 
register. In this case, if the system is in the 
clock continuous output mode, the system 
remains in SCK waiting state and the transfer 
clock is continuously output. 

If eigth transfer clock cycles are applied to 
the MCU or the STS instruction is executed 
during the clock transfer state, the octal 
counter is reset to 000 and the interface sys
tem enters the SCK waiting state. When the 
system is changed from the transfer state to 
another state, the counter is reset to 000, 
which sets the serial interrupt request flag. 

When the internal transfer clock is used, the 
STS instruction triggers the transfer clock 
output. The clock output is stopped after 
eight clock cycles. When data is written to 
the port mode register during the SCK wait
ing state or transfer state, the serial interface 
must be internally initialized by writing data 
to the serial mode register. After performing 
a write to the serial mode register, the serial 
interface system is put in the STS waiting 
state. 

Serial Input Data 
Latch Timing I I I I I I I I 

Figure 30. Serial Interface Timing Diagram 
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Example of Transfer Clock Error Detec
tion: The serial interface system malfunc
tions when an external noise pulse is super
imposed over the transfer clock pulse. Such 
errors can be detected through the procedure 
shown figure 32. · 

For example, if, after eight clock cycles, the 
transfer clock continues to be applied to the 
MCU during transfer clock wait state, the 

state of the serial interface system is changed 
to transfer state. This state remains un
changed for next eight clock cycles, and the 
system is then changed to SCK waiting state 
again. The serial interrupt request flag must 
be reset before entering the serial interface 
system into the STS waiting state by writing 
data to the serial mode register. This proce
dure sets the interrupt request flag again. 

STS Waiting State 

SCK Waiting State 
(Octal Counter=OOO) 

(Octal Counter=OOO ) 
Transfer Clock Disable 

Transfer Clock 

STS Instruction 

(IFS+-1) 

Transfer State 
(Octal Counter*OOO) 

Figure 31. Serial Interface Operation State 

Transmit/Receive 
(IFS+-1) 

Interrupt 
Disable 

IFS +-0 

Normal End 

Yes Transfer Clock 
Error Processing 

Figure 32. Example of Transfer Clock Error Detection 
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VFD (Vacuum Fluorescent Display) 
Controller 

The MCU has a controller which controls up 
to 16 digit pins and 16 segment pins and a 
high-voltage, high current driver, which 
enables easy VFD display operation. The 
controller part consists of the VFD data RAM, 
the VFD control register (VCR), the dimmer 
mode register (DMR) and the display timing 
generator. The driver part consists of 32 high-

INTERNAL BUS (521 

4 4 

voltage, high current pins, the VFD segment 
register (FSR) and the VFD digit register 
(FDR), which specifies the display format 
from 8 segments x 2 digits up to 16 segments 
x 16 digits. 

One display frame is divided into 17 periods. 
16 periods are used for VFD, and 1 period is 
used for key scanning. When key scanning is 
enabled, the CPU can control all the segment/ 
digit pins as D port/R port. 

4 4 

KSF ( 1 bit) FLMO ( 1 bit) 
Keyscan VFD Mode 

DMR (4bit) 
Dimmer Mode Reg. 

Display Data 
RAM 

FDR (4bit) FSR (4bit) 
VF D Digit Reg. VFD Segment Reg. 

Flag bit 

System 
Clock 

4 

VFO Timing Generator 

16 

data 

Digit Signal Output Terminal 

(64 digit x 4 bit) 

4 4 

16 

control data control 

Segment Signal Outpyt Terminal 

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

Figure 33. VFD Controller Block Diagram 
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Figure 34. Example of Connection with the VFD 
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VFD Data RAM: Table 24 lists the addresses 
of the VFD data RAM. The RAM area unused 

in the display mode can be assigned for gen
eral purpose. 

Table 24. The VFD Data RAM Addresses 

Pin 

ROo 

R01 

R02 

R03 

Rlo 

R11 

Rli 

R13 

R2o 

R21 

R22 

R23 

R3o 

R31 

R32 

R33 

Notes: 1 . 
2. 

3. 

15 14 13 12 11 10 9 8 7 6 5 4 3 0 
0 $090 $080 

1 $091 $081 

2 $092 $082 

3 $093 $083 

4 $094 $084 

5 $095 $085 

6 $096 $086 

7 $097 $087 

8 $098 $088 

9 $099 $089 

10 $09A $08A 

11 $098 $088 

12 $09C $08C $06C 

13 $090 $080 $070 $060 

14 $09E $08E $07E $06E 

15 $09F $08F $07F $06F 

In each segment, the right end corresponds to the LSB and the left end to the MSB. 
The halftone indicates the VFD data RAM location used in displaying 8-segment x 12-digit 
data. In this example, other locations can be used for general purpose. 
The contents of RAM addresses $07C - $07F and $06C - $06F (not display data) are 
output from segment pins at the timing of digit 12 -1 5. 
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VFD Control Register (VCR: $013): The 
VFD control register consists of a write-only 
bit and a read/test-only bit. 

The VFD mode bit (FLMO: $013, 0) is a write
only bit which selects a frame period of either 
3264 or 6528 instruction cycles. This bit is 
initialized to 0 by the MCU reset. 

The key scan flag (KSF: $013, 3) is a read/test-

VCR: $013 
3 2 1 0 

KSF 

only flag. This flag indicates either the display 
period or the key scan period. The key scan 
period is one-seventeenth of the frame 
period. During the key scan period, the D port 
and RO through R3 port pins are controlled by 
the CPU for general purpose. When using 
these pins, key scanning can be enabled by 
software. At the rising edge of the key scan 
flag the key scan interrupt request flag is set 
to 1. 

Selects VFD frame period 

~------- Selects key scan period 

VCR 

bit 3 Period 
0 display period 

key scan period 

VCR 
IJit() T frame: frame period T digit: key scan/digit period T dimmer: dimmer resolution 

1 3264teye 3113µs* 192teye 183.lµs* 12teye 11.44µs* 
0 6528 !eye 6226 µS* 384 !eye 366.2 µs* 24 !eye 22.89 µS* 

* teye = 0.9536 µS (when using fosc = 4.1943MHz crystal oscillator with divide-by-4) 

Figure 35. VFD Control Register 
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Dimmer Mode Register (DMR: $012): The 
dimmer mode register is a 4-bit write-only 
register which controls the VFD driver pin 
mode and the digit signal output waveform. 
The register can specify the waveform from 
among eight types as shown in figure 36. The 
dimmer mode register is initialized to $0 by 
the MCU reset. When specifying the 

DMR: $012 
3 2 1 0 

DMR DMR2DMR1 DMR 

'-----v-----' 

waveform, the user must take into consider
ation the waverform resolution. For detailed 
description of the resolution, see the VFD 
control register section. DMR3 is used as a 
master bit for the VFD controller. During 
DMR3 is 0, Do ~ D15 and RO ~ R3 function as 
general purpose ports, and the display timing 
generator is in reset state. 

t Selects digit signal waveform 

{ Controls Do - D, 5 and RO - R3 mode 
~------- Controls display timing generator 

DCR 
bit 3 Do - D,s and RO - R3 mode 

O Used as general purpose ports 

Used as VFD driver depending on 
the state of FDR and FSR 

DMR 
bit 2 bit 1 bit 0 

0 0 

0 

0 

0 0 

0 

* 

T dimmer -

Digit signal waveform 

Tdigit 

* 

Note: indicates a timing of segment signal. For Tdigit and Tdimmer, see VFD 
control register section. 

Figure 36. Dimmer Mode Register 
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VFD Digit Register (FDR: $011), VFD 
Segment Register (FSR: $010): The VFD 
digit register and the VFD segment register 
are 4-bit write-only registers which control 
the VFD driver pins. The pins selected by the 
these registers are used for the VFD driver or 

FDR: $011 

~DR~FDR2~DR1~DR~ 

L Select the number 
of VFD digit pins 

FDR The number Digit signal output 

3210 of digit pins 

0000 0 none 

0001 2 FDo/ROo - FD1/R01 

0010 3 FDo/ROo - FD2/R02 

0 0 1 1 4 FDo/ROo - FD3/R03 

0 100 5 FDo/ROo - fD4/R 1 o 

0 1 0 1 6 FDo/ROo - fD5/R11 

0 1 1 0 7 FDo/ROo - FDs/R12 

0 1 1 1 8 FDo/ROo - FD1/R13 

1000 9 FDo/ROo - FDs/R2o 

1 0 0 1 10 FDo/ROo - FDs/R21 

1 0 1 0 11 FDo/ROo - FD10/R22 

1 0 1 1 12 FDo/ROo - FD11/R23 

1 1 0 0 13 FDo/ROo - FD12/R3o 

1 1 0 1 14 FDo/ROo - FD13/R31 

1 1 1 0 15 FDo/ROo - FD14/R32 

1 1 1 1 16 FDo/ROo - FD15/R33 

general purpose, depending on the state of 
bit 3 of the dimmer mode register and the key 
scan flag. All other pins are used for general 
purpose. These registers are initialized to $0 
by the MCU reset. 

FSR: $010 

IFSR31FSR21FSR 1 IFSROI 

L Select the number 
of VFD segment pins 

FSR The number Segment signal ---
3210 of segment output pins 

0000 0 none 

0001 8 FS0/D15 - FS1/Ds 

0010 9 FS0/D15 - FSs/D1 

0 0 1 1 10 FS0/D15 - FSs/Ds 

0100 11 FS0/D15 - FS10/D5 

0 1 0 1 12 FS0/D15 - FS11/D4 

0 1 1 0 13 FS0/D15 - FS12/D3 

0 1 1 1 14 FS0/D15 - FS13/D2 

1000 15 FS0/D15 - FS14/D1 

1 0 0 1 16 FS0/D15 - FS15/Do 

1 0 1 0 Not used 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 

Figure 37. VFD Digit Register and Segment Register 
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PWM (Pulse Width Modulation) D/A 
Converter 

The PWM D/ A converter is used to generate 
DC voltage which controls the VTR tuner 
using the voltage synthesizer method. This 
converter provides 14-bit pulse-divided PWM 
(Pulse Width Modulation) which realizes high 
resolution and high speed response. 

Data Register Name and Address 

PWM data register PWDR 3 ($019) 

PWM data register PWDR 2 ($018) 

PWM data register PWDR 1 ($017) 

PWM data register PWDR 0 ($016) 

The D/ A converter consists of four registers 
and a pulse width modulator. When data is 
written to the PWM data register 3, the data 
is latched into the modulator and the PWM 
data is then output synchronously with the 
internal clock signal. It should be noted that 
bits 2 and 3 of PWM data register 3 are inva
lid. Figure 39 shows the flowchart of PWM DI 
A converter operation. 

Bit Number READ/WRITE 

2 w 

4 w 

4 w 

4 w 

PWDR3 
($019) 

PWDR 2 .PWDR 1 PWDR 0 
($ 018) ($ 017) ($ 016) 

Pulse Width Modulator 

Figure 38. PWM D/A Converter Block Diagram 

Start 

PWM lower word data ..... PWDR2-PWDRO 

PWM higher word data ..... PWDR3 

End 

Figure 39. A Sequence of PWM D/ A Converter Operation 
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PWM Registers 

PWM data register 0 (PWDRO: $016) 

a 4-bit write-only data register 

3 0 

I DA3 DA2 DA1 DAO I 
PWM data register 1 (PWDR1: $017) 

a 4-bit write-only data register 

3 0 

I DA7 DA6 DA5 DA4 I 

PWM data register 2 (PWDR2: $018) 

a 4-bit write-only data register 

3 0 

I DA11 DA10 DA9 DAS I 

PWM data register 3 (PWDR3: $019) 

a 2-bit write-only data register 

1 0 

DA13 : DA12 I 

PWM Operation 

Figure 40 shows the PWM waveform. One 
frame period has 64 clock pulses. The rela
tionship between total pulse width at low 
level in one frame and the data value is re
presented by the following equation; in the 
equation, tcyc indicates the instruction cycle 
time. 

TL= (PWDR value+64) x ~ 

1 frame period = 8192 tcyc 
tin = 128 tcyc 

resolution - ~ - 2 

tcyc = 0.9536 µs (when using 4.1943 MHz 
crystal oscillator with divide-by-4) 

i-----------one frame period----------i 

1-t,, •I • t,2----.J - - - - - - l4----tf63 •I• t,s4---I 

1-JlJ1 
r-tl1-J r-tl2-J r-tl3-J- - - -r-tl63-I r-tL64_, 

Tc =tl1 + tl2 + tl3 +············ + tl64 
t,, =t,2 =tf3 = .............................. =tt64 

Figure 40 PWM Waveform 
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PROM Mode Pin Description 

Table 25 and figure 41 describe the pin func
tion in PROM mode. 

Table 25. PROM Mode Signals 

Pin No. MCU mode PROM mode 

DC-645 Pin 
DP-645 FP-648 Pin name 1/0 name 1/0 

1 59 D11/FS4 1/0 

2 60 D12/FS3 1/0 

3 61 D13/FS2 1/0 

4 62 D14/FS1 1/0 

5 63 D1s/FS0 1/0 

6 64 ROo/FDo 1/0 Ai 

7 1 RO,/FD1 1/0 A2 

8 2 R02/FD2 1/0 A3 

9 3 R03/FD3 1/0 A4 

10 4 R1 o/FD4 1/0 As 

11 5 R11/FDs 1/0 As 

12 6 R1i/FDs 1/0 A1 

13 7 R13/FD1 1/0 As 

14 8 R2o/FDa 1/0 Ao 
15 9 R21/FD9 1/0 A10 

16 10 R22/FD10 1/0 A11 

17 11 R23/FD11 1/0 A12 

18 12 RAo Vee 

19 13 RA1/Vdisp I 

20 14 R30/FD12 1/0 Ai3 

21 15 R31/FD13 1/0 A14 

22 16 R32/FD14 1/0 

23 17 R33/FD1s 1/0 

24 18 R5o 1/0 CE 

25 19 R51 1/0 OE 

26 20 R52 1/0 Vee 

27 21 R53 1/0 Vee 

28 22 R6o/INTo 1/0 Oo 1/0 

29 23 R61/INT1 1/0 01 1/0 

30 24 R62/INT2 1/0 02 1/0 

31 25 R63/INT3 1/0 03 1/0 

32 26 Vee 

Pin No. MCU mode 

DC-645 
DP-645 FP-648 Pin name 

33 27 R4o/SCK 

34 28 R41/SI 

35 29 R42/SO 

36 30 R43/PWM 

37 31 R7o/BUZZ 

38 32 R71 

39 33 R72 

40 34 R73 

41 35 R8o 

42 36 R81 

43 37 R9o 

44 38 R91 

45 39 R92 

46 40 R93 

47 41 RESET 

48 42 OSC2 

49 43 osc, 
50 44 GND 

51 45 CL1 

52 46 CL2 

53 47 TEST 

54 48 Do/FS1s 

55 49 D1/FS14 

56 50 D2/FS13 

57 51 D3/FS12 

58 52 D4/FS11 

59 53 Ds/FS10 

60 54 Ds/FSg 

61 55 D1/FSs 

62 56 Ds/FS1 

63 57 Dg/FSs 

64 58 D10/FSs 

Notes: 1 . 1/0: Input/Output Pins, I: Input Pins, 0: Output Pins 

PROM mode 

Pin 
1/0 name 1/0 

1/0 

1/0 04 1/0 

1/0 03 1/0 

1/0 02 1/0 

1/0 04 1/0 

1/0 Os 1/0 

1/0 Os 1/0 

1/0 01 1/0 

1/0 o, 1/0 

1/0 Oo 1/0 

Vpp 

Ag 

Mo 

M1 

I RESET 

0 

GND 

I GND 

0 

I TEST 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

2. Connect each pair of 04, 03, 02, 01 and Oo. Hitachi supplies the socket adapter on which 
these pairs are internally connected. 
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Pins for PROM Mode (HD4074709) 

Apply the programming voltage {12.5V ± 0.3 
V) to Vpp. 

Program the internal PROM and input the 
control signal to enable verify. 

Input the data output control signal when 
verify. 

GND 

RESET 

M, 
Mo 
A, 
Vpp 

Do 

o, 
o, 
o, 

Vee 

Ao - A14 

Ao -A14 are address input pins of the internal 
PROM. 

Oo - 01 are data bus I/0 pins of the internal 
PROM. 

These are for PROM mode specification. To 
put the MCU into the PROM mode, pull Mo, 
Mi, and TEST to low level, and RESET to high 
level. 

Tm! 

GNO 

GNO 

RESET 

v" 
o, 

o, 
o, 

TEST 

GND 
GND 

RESET 
iiii, 
iiii, 
A, 

v" 
o, 
o, 

0000000 
(FP-64A) 
(Top View) 

G: GND (Vss Level) 
Normal: Open 

Figure 41. Pin Assignment in PROM Mode 
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Programmable ROM (HD4074709) 

The PROM mode of the HD4074709 internally 
halts the MCU operation and allows the 
PROM to be programmed. The MCU enters 
the PROM mode when the TEST, Mo and Mt 
pins go to low and the RESET pin goes to 
high. The specifications for the PROM are the 
same as for the EPROM 27256; therefore, the 
PROM is programmed with a general-pur
pose ROM writer using a 64-to-28 pin socket 
adapter. 

In order to program the PROM with using a 
general-purpose PROM writer, the HD407 
4 709 incorporates the conversion circuit 
which divides a 10-bit HMCS series instruc
tion into 5 higher bits and 5 lower bits. One 
MCU address is assigned to two PROM ad
dresses. For example, in programming an 8k
word PROM with a general-purpose PROM 
writer, the user must assign 16 kbyte address 
locations. 

Programming and Verification 

The HD4074709 can perform high-speed 
programming without causing voltage stress 
or degrading data reliability. Figures 44 and 
45 show the procedure for high-speed pro
gramming and timing chart, respectively. For 
details of PROM programming, see Precau
tions on PROM Programming. 

Erasing 

PROMs in ceramic window packages can be 
erased by ultraviolet light. All erased bits 
become ts. 

Erasing conditions are: ultraviolet (UV) light 

Table 26. Mode selection 

Pin 
Mode CE OE Vpp Oo - 01 

Programming low High Vpp Data input 

Verify High Low Vpp Data output 

Programming High High Vpp High impedance 
inhibited 

. 
with wavelength 2537 A with a m1mmum 
irradiation of 15W · sec/cm2. These conditions 
are satisfied by exposing the LSI to a 12,000 
µW/cm2 UV source for 15-20 minutes, at a 
distance of 1 inch. 

Precautions 

1. The user must specify address locations 
$0000 through $7FFF when program
ming the PROM with a general-purpose 
PROM writer. If $8000 or higher locations 
are addressed, the PROM cannot be pro
grammed or verified. It should be noted 
that the plastic package type of the 
PROM cannot be erased and repro
grammed due to this error. The data 
written in unused address locations must 
be $FF. 
*The ceramic package type of the PROM 

can be erased and reprogrammed by 
ultraviolet light in the event of pro
gramming errors. 

2. If any index of the PROM socket, socket 
adapter and LSI does not match, an 
overcurrent can occur, resulting in LSI 
destruction. Verify that the LSI is properly 
connected to the PROM writer before 
programming. 

3. In general, the PROM is provided with a 
programming voltage (Vpp) either 12.5V 
or 21V. The Vpp of the HD4074709 PROM 
is 12.5V. If the user applies 21V to the 
PROM, this may permanenty damage the 
LSI. The PROM writer in Intel's 27256 
specifications selects 12.5V as Vpp. 
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Table 27. PROM Programmers and Socket Adapters 
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soooo b114 bn3 bn2 b1t1 b1tO Lower 5 bits} $OOOO JMPL Instruction $0000 
$0001 b1t9 bl18 btt7 b1t6 b1t5 (Jump to RESET Routine) $0001 Upper 5 bits 

Vector Address JMPL Instruction $0002 
(Jump to TNT";; Routine) $0003 

$001F SOOOF JMPL Instruction $0004 
$0020 

~ 
$0010 (Jump to iNT'i Aouttnel $0006 

Zero"Page Subroutine JMPL Instruction $0006 
(64 Word1) (Jump to TIMER A Rouune) $0007 

JMPL Instruction $0006 
$007F $003F (Jump to TIMER B Aoutmel $0009 
$0080 $0040 JMPL Instruction $000A 

$1FFF 

$2000 

$7FFF 

Pattern 
(4096 Words) 

Program 

(16384 Words) 

Three bits are not used. 
(Set to 111 ) 

NOGO 

~ 
(Jump to TIMER C Routine) $0008 
JMPLlnllructlon $OOOC 
(Jump to SERIAL/lm'i: Routine) $0000 

JMPLlnSl!LlCllOn $000E 

$1000 \ 
IJ>.tmp to l':EYSCAN/iNf; Routine) SOOOF 

$3FFF 

Figure 43. PROM Memory Map 

Start 

Set Prog./Verify Mode 
Vpp= 12.5±0.3V, Vcc=6.0±0.25V 

NOGO 
Address + 1 _.. Address 

NO 

Set Read Mode 
Vcc=5 0±0.SV, Vpp=Vcc±0.6V 

Figure 44. A Sequence of High Speed Programming 
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Programming Electrical Characteristics 

DC Characteristics 
(Vcc=6 V ± 0.25 V, Vpp=12.5 V ± 0.3 V, Vss=O V, Ta=25 ·c ± 5 ·c, unless otherwise 
notes.) 

Item Symbol Min Typ Max Unit Test Condition 

Input high voltage Oo-07, Ao-A14, OE, CE V1H 2.2 Vcc+0.3 v 
Input low voltage Oo-07, Ao-A14, OE, CE V1L -0.3 0.8 v 
Output high voltage Oo-07 VoH 2.4 v loH= -200µA 

Output low voltage Oo-07 VoL 0.4 v loL = 1.6mA 

Input leakage current Oo-07, Ao-A14, OE, CE llul 2 µA V;n=5.25V/0.5V 

Vee current Ice 30 mA 

Vpp current lpp 40 mA 

AC Characteristics 
(Vcc=6 V ± 0.25 V, Vpp=12.5 V ± 0.3 V, Vss=O V, Ta=25 ·c ± 5 ·c, unless otherwise 
notes.) 

Item Symbol Min Typ Max Unit Test Condition 

Address set-up time tAS 2 µs Figure 451 

OE set-up time to ES 2 µS 

Data set-up time tos 2 µS 

Address hold time tAH 0 µS 

Data hold time toH 2 µS 

Output disable delay time toF 130 ns 

Vpp set-up time tvps 2 µS 

Program pulse width tpw 0.95 1.0 1.05 ms 

CE pulse width when overprogramming to PW 2.85 78.75 ms 

Vee set-up time tvcs 2 µS 

Data output delay time toE 0 500 ns 

Note: 1. Input Pulse level-0.8 to 2.2V 
Input rising/falling time~20ns 
Timing reference level { input: 1.0V, 2.0V 

output: 0.8V, 2.0V 
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rogram Verify 

Address 
--. 

K: __, 
!AS c 

Data Data In Stable Date Out Valid 

tos !OH !OF 

t---
v,, 

Vpp 
Vee tVPS 

Vee 
Vee 

GND tvcs 

ci; 

~ 

~ 
tOES !OE 

tOPW 

t---

Figure 45. PROM Programming/Verifying Timing Diagram 

Switching characteristics 

Input pulse level ··················0.8V to 2.2V 
Input rising/falling time ········· ~20 ns 
Output loading ····················· 1TTL Gate + 1 OOpF 
Input/output timing reference level ············Output: 1 V, 2V 

Input: 0.8V, 2V 

Address 

tee 

toe 

Data Out 

tDF 

Figure 46. PROM Read Timing Diagram 
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Read Operation Electrical Characteristics 

DC Characteristics 
(Vcc=5 V ± 10 %, Vpp=Vcc ±0.6 V, Vss=O V, Ta=25 °C ± 5 °C, unless otherwise notes.) 

Item Symbol Min Typ Max Unit Condition 

Input Leak lu µA Vcc=5.5V, Vin=GND to Vee 
Current 

Output Leak ILO µA Vcc=5.5V, Vout=GND to Vee 
Current 

Programming lpp 100 µA Vpp=Vcc+0.6V 
Vpp Current 

Operating Ice* 30 mA f= 1 MHz, lout=OmA 
Vee Current 

Input V1L -0.3 0.8 v 
Voltage 

V1H 2.2 Vcc+0.3 v 

Output VoL 0.4 v loL=1.6mA 
Voltage 

VoH 2.4 v loH= -200µA 

* Input through current is excluded. 

AC Characteristics 
(Vcc=5 V ± 10 %, VPP=Vcc ±0.6 V, Vss=O V, Ta=25 °C ± 5 'C, unless otherwise notes.) 

Item Symbol Min Max Unit Condition 

Access Time tAcc 500 ns CE=OE=V1L 

CE Output tcE 500 ns OE=V1L 
Delay Time 

OE Output toE 10 150 ns CE=V1L 
Delay Time 

Output Disable toF* 0 105 ns CE=V1L 
Delay Time 

Data Output toH 0 ns CE=OE=V1L 
Hold Time 

* toF is determined when the output reaches open state and output level cannot be referred. 
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Precautions on PROM Program
ming 

Principles of PROM Programming/ 
Erasing 

The ZTAT microcomputer has the same type 
of the memory cell as the EPROM. The PROM 
is programmed by applying high voltage to 
the control gate and drain and injecting hot 
electrons into the floating gate, in the same 
way in the EPROM programming. The elec
trons in the floating gate remains stabilized, 
surrounded by the energy barrier of Si02 film. 
By this electrons, the threshold voltage in the 
memory cell changes and the corresponding 
bit goes to 0. 

The hot electrons are reduced as over time. 
This reduction is caused by: 

1; Ultraviolet light·················· ···The electrons 
are discharged by the ultraviolet light 
(erasure principle) 

2. Heat .................................... Theelectrons, 
which are excited by heat, are discharged 

3. Application of high voltage .. ·The number 
of electrons is reduced due to the high 
voltage which is applied to the control 
gate and drain 

If there is any failure in the oxide film, the 
charge is markedly reduced; however, in 
general, such reduction does' not occur, since 
devices which failed are usually excluded 

.-------., / Control gate 
s,o, 1 r 
~ Floating gate 

Source~~ 

( ~. J l '1'"'" 

during screening tests. 

When the memory cell does not have any hot 
electrons in the floating gate, the corre
sponding bit goes to 1. 

PROM Programming 

PROM programming should be performed 
under specified voltage and timing condi
tions. The higher the program voltage (Vpp) 
and the longer the program pulse width 
(tpw), the more electrons will be injected into 
the memory cell. If an overvoltage is applied, 
a P-N junction may be permanently 
damaged. It is especially important to note 
that an overshoot occurs in the PROM writer. 
Moreover, negative voltage noise causes a 
parasitic transistor effect, which can reduce 
the apparent breakdown voltage. 

During PROM programming, the ZTAT 
microcomputer is electrically connected with 
the PROM writer via the socket adapter. The 
user should ensure the following: 
1. Confirm that the socket adapter is firmly 

connected to the PROM writer before 
beginning PROM. programming. 

2. Do not touch the socket adapter and the 
LSI during programming; this can cause 
faulty contacts, resulting in programming 
errors . 

Control gate 

Floating gate 

Drain 

Programming ( O ) Erasing ( 1 ) 

Figure 47. Cross Section of PROM Memory Cell 
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PROM Reliability after Programming 

In general, semiconductor devices retain 
their reliability, if some initial failures can be 
rejected. Initial failures can be rejected by 
adequate screening. Baking the device·under 
high-temperature conditions is a screening 
method which eliminates initial short-time 
data hold failures in the memory cell. (See 
Principles of PROM Programming/Erasing). 
ZTAT microcomputer devices realize good 
reliability because they have been subjected 
to such screening during the water fabrica
tion process. It is recommended that the user 
expose the device to 150'C at one atmosphere 
after programming in order to verify device 
performance. 

Figure 48. shows the recommended screen
ing procedure. 

Window-Type Package Precautions 

Glass Erasure Window: If the glass win
dow comes in contact with plastic or any
thing with a static charge, the LSI may mal
function due to the electrostatic charge on 
the surface of the window. If this occurs, 
exposing the LSI to ultraviolet light for a few 
minutes neutralizes the charge, and restores 
the LSI to normal operation. However, charge 
stored in the floating gate decreases at the 
same time, so reprogramming is recom
mended. 

Programming 
Verification 

l 
Exposure in high temperature 
without applying any power 
150'C ± 1 O'C, 48 Hr+ 8 Hr* 

- 0 Hr 

I 
Confirmation of reading 
Vcc=4.5 V or 5.5 V 

• Exposure time is the period starting from 
when the temperature in the baking furnace 
reaches 150'C. 

Figure 48. Recommended Screening 
Procedure 

Electrostatic charge buildup on the window 
is a fundamental cause of malfunctions. 
Measures for its prevention are the same as 
those for preventing electrostatic break
down: 

1. Operators should be grounded when 
handling equipment. 

2. Do not rub the glass window with plastics. 
3. Be careful of coolant sprays, which may 

contain a few ions. 
4. The ultraviolet shading label (which 

includes conductive material) effectively 
neutralizes charge. 

Ultraviolet Shading Label: If the LSI is 
exposed to fluorescent light or sunlight, its 
memory contents may be erased by the small 
quantity of ultraviolet light in these sources. 
In strong light, the MCU may fail under the 
influence of photocurrent. To prevent these 
problems, it is recommended that the device 
be used with an ultraviolet shading label 
covering the erasure window after pro
gramming. 

Special labels are sold for this purpose. They 
contain metal to absorb ultraviolet light. 
When choosing a label, note the following: 

1. Adhesion (mechanical intensity)-Re-use 
and dust reduce adhesion. Peeling off a 
label may cause static electricity. There
fore, erasing and rewriting is recom-

(note) If programming errors occur se
quentially during PROM programming, the 
user should suspend programming and 
determine whethe~ there is any trouble with 
the PROM writer or the socket adapter when 
using the window-package-type of the 
EPROM. If programming verification indi
cates errors in programming or after high
temperature exposure, please inform Hitachi 
of the trouble. 
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mended after peeling. Sticking a new label 
over the old one is better than replacing a 
label. 

2. Allowable temperature range-The 
allowable environmental temperature 
range of the label should be noted. If it is 
used under conditions outside this range, 
the paste may stiffen or adhere to the 
label, causing paste to remain on the 

Addressing Mode 

RAM Addressing Mode 

As shown in figure 49, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg-

RAM Address 

window when the label is removed. 
3. Moisture resistance-The allowable mois

ture range and environmental conditions 
of the label should be noted. It is difficult 
to find a shade label applicable to all con
ditions. The proper label should be 
selected depending on the intended use of 
the MCU. 

ister addressing. 

Register Indirect Addressing: The W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

OP Code 

Direct Addressing 

Memory Register Addressing 

Figure 49. RAM Addressing Modes 
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Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 digits from $040 to $04F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four ROM addressing modes, as 
shown in figure 50. 

Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PCo) with 14-bit 
immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 

When BR is on page boundary (256n + 255) 
(figure 52), executing a BR instruction trans
fers the PC contents to the next page accord
ing to the hardware architecture. Conse-

quently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is lo
cated at $0000-$003F. When a CAL instruction 
is executed, 6-bits of immediate data are 
placed in the low-order six bits of the pro
gram counter (PCs to PCo) and Os are placed 
in the high-order eight bits (PC13 to PCs). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 51). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B Register and also 
to the R1 and R2 port output register at the 
same time. 

The P instruction has no effect on the pro
gram counter. 
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Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC1o PC9 PCs PC 7 PCs PC5 PC. PC3 PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 bs bs b• b3 b, b, bo 

Program Counter PC13 PC12 PC11 PC10 PCg PCs PC1 PCs PC5 PC. PC3 PC2 PC1 PCo 

Current Page Ad.dressing 

Instruction 

(CAL) Opcode 

0 0 0 0 0 0 0 0 

Program Counter PC13PC12PC11 PC10 PCg PCs PC1 PCs PC5 PC. PC3 PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

Opcode Register B Accumulator 

0 0 

Program Counter PC13PC12 PC11 PC10 PC9 PCs PC1 PCs PCs PC4 PC3 PC2 PC1 PCo 

Table Data Addressing 

Figure 50. ROM Addressing Modes 
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Instruction 

(P) Opcode P3 p2 p1 
Register B 

Referred ROM Address RA13 RA12 RA 11 RA10RAs RAs RA1 

Address Designation 

Pattern 

Figure 51. P Instruction 

___t:,..----,-,--"'1256(n-1) + 255 
BR AAA 256n 

AAA NOP 

Figure 52. The Branch Destination by 
BR Instruction on the Boundary 
Between Pages 

.HITACHI 

Accumulator 

If ROs=1 

If ROs=1 
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Instruction Set 

(6) Compare instructions The MCU provides 101 instructions which are 
classified into 10 groups as follows: 

(1) Immediate instructions 
(7) RAM bit manipulation.instructions 
(8) ROM address instructions 

(2) Register-to-register instructions 
(3) RAM address instructions 

(9) Input/output instructions 
(10) Control instructions 

(4) RAM register instructions 
(5) Arithmetic instructions 

Tables 28-37 list their functions, and table 38 
is an opcode map. 

Table 28. Immediate Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 0 0 0 iJ iz i, io i -A 1/1 

Load B from Immediate LBI i 0 0 0 0 0 iJ iz i, io i - B 1/1 

Load Memory from LMID i,d 0 0 0 iJ iz ;, io i - M 2/2 
Immediate dg da d1 ds d5 d4 dJ dz d, do 

Load Memory from LMllY i 1 0 1 0 0 1 iJ iz i, io i-M, Y+1-Y NZ 1/1 
Immediate, Increment Y 

Table 29. Register-to-Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B-A 1/1 

Load B from A LBA 0 0 0 0 0 0 0 A-B 1/1 

Load A from W LAW 0 1 0 0 0 0 0 0 0 0 W-A 
2/2 

0 0 0 0 0 0 0 0 0 0 (Note) 

Load A from Y LAY 0 0 0 0 Y-A 1/1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX -A 1/1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY - A 1/1 

Load A from MR LAMR m 0 0 "'3 "'2 m1 ""' MR(m) -A 1/1 

Exchange MR and A XMRAm 0 "'3 "'2 '"1 ""' 
MR(m) -A 1/1 

Note: An operand is provided for the second word of LAW and LWA instruction by assembler 
automatically. 
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Table 30. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWli 0 0 0 0 ii io i-W 1/1 

Load X from Immediate LXI i 0 0 0 0 i3 i2 ii io i - x 1/1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 ii io i - y 1/1 

LoadW from A LWA 0 1 0 0 0 1 0 0 0 0 A-W 
2/2 

0 0 0 0 0 0 0 0 0 0 (Note) 

Load X from A LXA 0 0 0 0 0 0 A-X 1/1 

Load Y from A LYA 0 0 0 0 0 0 A-Y 1/1 

Increment Y IV 0 0 0 0 0 0 Y+1 - Y NZ 1/1 

Decrement Y DY 0 0 0 Y-1 - Y NB 1/1 

AddAtoY AYY 0 0 0 0 0 0 0 Y+A-Y OVF 1/1 

Subtract A from Y SYY 0 0 0 0 0 0 Y-A-Y NB 1/1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1/1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y- SPY 1/1 

Exchange X and SPX,Y XSPXY 0 0 0 0 0 0 0 0 X-SPX. Y-SPY 1/1 
and SPY 

Note: An operand is provided for the second word of LAW and LWA instruction by assembler 
automatically. 
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Table 31. RAM Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Memory LAM(XY) 0 0 0 0 0 0 y x M -A, (X-SPX, Y-SPY) 1 /1 

Load A from Memory LAMD d 0 0 0 0 0 0 0 M-A 2/2 
dg da d1 d5 ds d4 dJ dz d 1 do 

Load B from Memory LBM(XY) 0 0 0 0 0 0 0 y x M ,B, (X-SPX, Y-SPY) 1/1 

Load Memory from A LMA(XY) 0 0 0 0 0 y x A··•M, (X-SPX, Y-·SPY) 1 /1 

Load Memory from A LMAD d 0 0 0 0 0 0 A -- M 2/2 
dg ds d1 d5 ds d4 d3 dz d 1 do 

Load Memory from A, LMAIY(X) 0 0 0 1 0 1 0 0 0 x A-M, Y+ 1-Y (X-SPX) NZ 1/1 
Increment Y 

Load Memory from A, LMADY(X) 0 0 1 1 0 1 0 0 0 x A •M, Y-1-Y (X-SPX) NB 1/1 
Decrement Y 

Exchange Memory and A XMA(XY) 0 0 1 0 0 0 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Exchange Memory and A XMAD d 0 1 1 0 0 0 0 0 0 0 M-A 2/2 
dg ds d1 d5 ds d4 dJ dz d, do 

Exchange Memory and B XMB(XY) 0 0 1 1 0 0 0 0 y x M-B, (X-SPX, Y-SPY) 1/1 

Note: (XY) and (X) have the following meaning: 
(1) The instructions with (XY) have four mnemonics and four object codes for each (example of 

LAM (XY) is given below). 
The op-code X or Y is assembled as follows: 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X - SPX 

LAMY 0 Y - SPY 

LAMXY X-SPX, Y-SPY 

(2) The instructions with (X) have two mnemonics and two object codes for each (example of 
LMAIY(X) is given below). 
The op-code X is assembled as follows: 

Mnemonic x Function 

LMAIY 0 

LMAIYX X - SPX 
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Table 32. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 

Add Immediate to A Al 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMO d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n : Logical AND 
U : Logical OR 
®: Exclusive OR 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

0 

0 0 0 0 0 0 0 B+1 - B 

0 0 0 0 B-1 - B 

0 0 0 0 0 .1 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 A+1 -A 

0 0 000000 B-B 

0 0 0 0 0 0 0 0 

0 0 1 0 1 0 0 0 0 1 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

1 -CA 

0 0 0-CA 

0 0 0 M+A - A 

0 0 0 M+A - A 

0 o· 0 M+A+CA - A 
OVF-CA 

0 0 0 0 0 0 0 M+A+CA-A 
dg ds d1 de ds d4 dJ d2 di do OVF-CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA-A 
NB-CA 

0 1 1 0 0 1 1 0 0 0 M-A-CA-A 
dg ds d1 de ds d4 dJ d2 di do NB-CA 

0 0 0 0 0 0 0 AU B-A 

0 0 0 0 

0 0 0 0 0 0 1 1 0 0 AU M-A 

0 1 0 0 0 0 1 1 0 0 AU M-A 
dg ds d1 de ds d4 dJ d2 di do 

0 0 0 0 0 1 1 1 0 0 A EB M-A 

0 1 0 0 0 1 1 1 0 0 A EB M-A 
dg ds d1 de ds d4 dJ d2 di do 

@HITACHI 

Words/ 

Status Cycles 

OVF 1 /1 

NZ 1 /1 

NB 1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1 /1 

CA 1/1 

OVF 1/1 

OVF 2/2 

OVF 1/1 

OVF 2/2 

NB 1/1 

NB 2/2 

1/1 

NZ 1/1 

NZ 2/2 

NZ 1/1 

NZ 2/2 

NZ 1 /1 

NZ 2/2 
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Table 33. Compare Instructions 
Words/ 

Operation Mnemonic Operation Coda Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 iJ i2 i1 io i * M NZ 1/1 
to Memory 

Immediate Not Equal INEMO i,d 0 1 0 0 1 0 iJ i2 i1 io i * M NZ 2/2 
to Memory dg ds d1 d5 ds d4 d3 d2 d1 do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 1 0 0 A*M NZ 1/1 

A Not Equal to Memory AMEMO d 0 1 0 0 0 0 0 1 0 0 A*M NZ 2/2 
dg ds d1 d5 ds d4 dJ d2 d1 do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B*M NZ 1/1 

Y Not Equal to Immediate YNEI i 0 0 0 iJ i2 i1 io y * i NZ 1/1 

Immediate Less or Equal ILEM i 0 0 0 0 iJ i2 i1 io i;:;; M NB 1/1 
to Memory 

Immediate Less or Equal ILEMO i,d 0 1 0 0 1 1 iJ i2 i1 io i;:;; M NB 2/2 
to Memory ds ds d1 d5 ds d4 dJ d2 d1 do 

A Less or Equal to Memory ALEM 0 0 0 0 0 1 0 1 0 0 A;:;; M NB 1/1 

A Less or Equal to Memory ALEMO d 0 1 0 0 0 1 0 1 0 0 A;:;; M NB 2/2 
dg ds d1 d5 ds d4 ~3 d2 d1 do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B;:;; M NB 1/1 

A Less or Equal to Immediate ALEI i 0 0 iJ i2 i1 io A;:;; i NB 1/1 

Table 34. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Coda Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n1 no - M(n) 1/1 

Set Memory Bit SEMO n,d 0 0 0 0 0 ·1 n1 no - M(n) 2/2 
dg ds d1 d5 ds d4 dJ d2 d1 do 

Reset Memory Bit REM n 0 0 1 0 0 0 1 O n1 no 0 - M(n) 1/1 

Reset Memory Bit REMO n,d 0 1 1 0 0 0 1 0 n1 no 0 - M(n) 2/2 
dg ds d1 d5 ds d4 d3 d2 d1 do 

Test Memory Bit TMn 0 0 1 0 0 0 1 1 n1 no M(n) 1/1 

Test Memory Bit TMD n,d 0 1 1 0 0 0 1 1 n1 no M(n) 2/2 
dg ds d1 d5 ds d4 dJ d2 d1 do 
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Table 35. ROM Address Instructions 
Words/ 

Ope~ Mnemonic Operation Code Function Status Cycles 

Branch on Status 1 BR b 1 1 b1 bs bs b4 b3 b2 bi bo 1/1 

Long Branch on Status 1 BRL u 0 1 0 1 1 1 P3 P2 P1 Po 2/2 
ds ds d1 ds ds d4 d3 d2 di do 

Long Jump Unconditionally JMPL u 0 1 0 1 0 1 P3 P2 P1 Po 2/2 
ds ds d1 ds ds d4 d3 d2 di do 

Subroutine Jump on Status 1 CAL a 0 1 1 1 as a4 a3 a2 a, ao 1/2 

Long Subroutine Jump on CALL u 0 1 0 1 1 0 P3 P2 P1 PO 2/2 
Status 1 ds ds d1 ds ds d4 d3 d2 di do 

Table Branch TBR p 0 0 0 P3 P2 P1 Po 1/1 

Return from Subroutine RTN 0 0 0 0 0 0 0 0 0 1/3 

Return from Interrupt RTNI 0 0 0 0 0 0 0 0 1 -1/E ST 1/3 
CA recovery 

Table 36. Input/Output Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Discrete 1/0 Latch SEO 0 0 0 0 1 0 0 1 - D(Y) 1/1 

Set Discrete 1/0 Latch Direct SEDD m 0 0 1113 m:z mi ~ 1 - D(m) 1/1 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 0- D(Y) 1/1 

Reset Discrete 1/0 Latch Direct REDD m 0 0 01113m:zm,~ 0 - D(m) 1/1 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 D(Y) 1/1 

Test Discrete 1/0 Latch Direct TDD m 1 0 0 0 1113 m:z m1 ~ D(m) 1/1 

Load A from R Port Register LAR m 0 0 0 1 1113 m:z m1 ~ R(m) -A 1/1 

Load B from R Port Register LBR m 0 0 0 0 1113 m:z m1 ~ R(m) - B 1/1 

Load R Port Register from A LRA m 0 0 1 1113 m:z m1 ~ A- R(m) 1/1 

Load R Port Register from B LRB m 0 0 0 1113 m:z m1 ~ B - R(m) 1/1 

Pattern Generation Pp 0 0 1 P3 P2 P1 Po 1/2 

Table 37. Control Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 1/1 

Start Serial STS 0 0 0 0 0 0 0 1/1 

Standby Mode/ 
SBY 0 0 0 0 0 0 1/1 

Watch mode 

Stop Mode/Watch mode STOP 0 0 0 0 0 1/1 
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Table 38. Opcode Map 

~RS 0 1 

2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBM(XY) ~ ----- LAB ----- 18 ~ O>IB ~1 OR ~ STS ~ SBY TO~ 
5 LMAIYIXIL AYY ----- ~ ~ tY ----- JMPL p(4) 

6 F1:..----- RED ----- ~ ----- TC CALL p(4) 

0 7 YNEI i(4) BRL p(4) 

8 XMA(XY) SEM n(2) REM n(2) TM n(2) R~l SEMO n(2) REMO n(2) TMD n(2) 

LMA(XY) ~~~~~~~ ANllD~ 9 LAM(XY) 

B TBR p(4) p p(4) 

C XMB(XY) ~LE~ LBA ---------- DB 

D LMADYIXIL SYY ~ LYA -------- DY 

E TD ------- SEO ~ LXA ~ REC0sec 
CAL al6) 

F LWI i(2) 

0 LBI i(4) 

1 LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

5 LAR m(4) 

6 REDD m(4) 

1 7 LAMR m(4) BR b(B) 

8 Al i(4) 

9 LMllY i(4) 

A TDD m(4) 

B ALEI i(4) 

c LRB m(4) 

D LRA m(4) 

E SEDD m(4) 

F XMRA m(4) 

c=J···1-word/2-cycle c:::J·· 1-word/3-cycle c=J···RAM Direct Address c=J···2-word/2-cycle 
Instruction Instruction Instruction Instruction 

(2-word/2-cyclel 

~ is not available, the undifined instruction. 
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Absolute Maximum Ratings 

Item Symbol Constant Unit Notes 

Supply Voltage Vee -0.3 to+ 7.0 v 

Programming Voltage Vpp -0.3 to + 14.0 v 12 

Terminal Voltage VT -0.3 to Vee + 0.3 v 3 

Vee - 42 to Vee + 0.3 v 4 

Total Allowance of Input Current I lo 50 mA 5 

Total Allowance of Output Current - I lo 150 mA 6 

Maximum Input Current lo ,15 mA 7, 8 

Maximum Output Current - lo 4 mA 9, 10 

30 mA 9, 11 

Operating Temperature Topr -20to + 75 ·c 

Storage Temperature Tstg -55 to+ 125 ·c 

Storage Temperature (bias) Tbias -25 to + 80 ·c 12 

Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation 
should be under the conditions of electrical characteristics. If these conditions are exceed
ed, it may cause a malfunction or affect the reliability of LSI. 

2 .. All voltages are with respect to GND. 
3. Standard pins 
4. High voltage pins 
5. Total allowance of input current is the total sum of input current which flows in from all I/ 

0 pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out 

from Vee to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
8. R4-R8 
9. Maximum output current is the maximum amount of output current from Vee to each 1/0 

pin. 
10. R4-R8 
11. Do-015, RO-R3 
12. HD4074709 
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Electrical Characteristics 

HD404708, HD404709 Electrical Characteristics 

DC Characteristics 
(Vee = 3 V to 6 V, GND = 0 V, Vdisp = Vee - 40 V to Vee, Ta = - 20 to + 75°C, unless otherwise 
noted} 

Item Symbol Pins Min Typ Max Unit Tast Condition Nota 

Input High V1H RESET, 0.8 Vee Vee+ 0.3 v 
Voltage SCK,INTo 

- INT3 

SI 0.7Vcc Vee+ 0.3 v 

osc, Vee - 0.5 - Vee + 0.3 v Vcc=3.5V to 6.0V 

Vee - 0.3 - Vee+ 0.3 v 

Input Low V1L RESET, - 0.3 0.2 Vee v 
Voltage SCK,INTo 

- INT3 

SI - 0.3 0.3 Vee v 

OSC1 - 0.3 0.5 v Vcc=3.5V to 6.0V 

- 0.3 0.3 v 
Output High VoH SCK,SO, Vcc-1.0 v -loH=1.0mA, 
Voltage PWM,BUZZ Vcc=3.5V to 6.0V 

Vcc-0.5 v -loH=0.5mA, 
Vcc=3.5V to 6.0V 

-loH=0.3mA 

Output Low VoL SCK,SO, 0.4 v loL=1.6mA. 
Voltage PWM,BUZZ Vcc=3.5V to 6.0V 

loL=0.4mA 

Input/Output ll1LI RESE!,_ µA V;0 = OV to Vee 
Leakage SC!S_l_NTo 
Current - INT3 

SI.SO, 
PWM,BUZZ 
osc, 

Power Dissipation Ice Vee 5.0 mA Vcc=5V, 2,5,8 
in Active Mode 

8.0 mA 
fosc=4MHz, 

9 
Divide-by-4 

3.0 mA Vcc=3V, 2,5,8 

4.5 mA 
fosc=2MHz, 

9 
Divide-by-4 

Power Dissipation lsev Vee 2.0 mA Vcc=5V, 3,5 
in Standby Mode fosc=4MHz, 

Divide-by-4 

1.0 mA Vcc=3V, 3,5 

fosc=2MHz, 
Divide-by-4 
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Item Symbol Pins 

Power Dissipation lsub 
in Subactive Mode 

Power Dissipation lwatch 
in Watch Mode 

Vee 

Vee 

Min Typ Max 

30 

80 

15 

Unit Test Condition 

µA 

µA 

µA 

Vee=3V,when 
using 32. 768kHz 
crystal 

V;n(TEST) =Vee -
0.3V to Vee. 
V;n(RESET)=OV to 
0.3V 

Vee=3V,when 
using 32. 768kHz 
crystal, 
V;n(TEST) =Vee -
0.3V to Vee. 
V;n(RESET)=OV to 
0.3V 

Note 

4,6,8 

9 

4,6,7 

Power Dissipation lstop 
in Stop Mode 

Vee 10 µA V;n(TEST) =Vee- 4 

Watch Mode Vwatch Vee 3.5 6.0 v 
Retain Voltage 

3.0 6.0 v 
Stop Mode Vstop Vee 2 v 
Retain Voltage 

Notes: 1. Excluding pull-up MOS current and output buffer current. 
2. The MCU is reset and input/ou.!Q!:!!_current does not flow. 

Pin conditions: • RESET, TEST······Vec 
• R4-Rg······Vee 
• Do-D15, RO-R3, RA······Vdisp 

0.3V to Vee. 
V;n(RESET) =OV to 
0.3V 
not using 
32. 768kHz 
crystal 

Vee=3.5V to 6V 6, 7 

not using 
32.768kHz 
crystal 

3. The timer/counter is enabled and input/output current does not flow. 
MCU conditions: • l/O······same as at reset 

• Serial interface······halt 
• Standby mode 

Pin conditions: • RESET·········GND 
e TEST······Vee 
• R4-R9·····-Vee 
• Do-D15, RO-R3, RA······Vd;sp 

4. Excluding pull-down MOS current to Vdisp· 
5. Power dissipation in MCU operation or in Standby mode is in proportion to fose; each 

current value when fose=x[MHz] is given by the following equation: 
Maximum value (fose=x[MHz])=x/4 x Max. value (fose=4[MHz]) 

6. Applied to the product with 32 kHz CPU operation selected by optional function. 
7. Applied to the product with no 32 kHz CPU operation, TIME-BASE operation selected by 

optional function. 
8. HD404708 
9. HD404709 
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Input/Output Characteristics for Standard Pins 

(Vee= 3 V to 6 V, GND = 0 V, Vctisp =Vee - 40 V to Vee, Ta= - 20 to + 75"C, unless otherwise 
noted) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Input High V1H R4-R9 0.7 Vee Vee + 0.3 v 
Voltage 

Input Low V1L R4-R9 - 0.3 0.3 Vee v 
Voltage 

Output High VoH R4-R8 Vee-1.0 v -loH = 1 .OmA, 
Voltage Vee=3.5V to 6.0V 

Vee-0.5 v -loH=0.5mA, 
Vee=3.5V to 6.0V 

-loH=0.3mA 

Output Low Vol R4-R8 0.4 v loL = 1.6mA, 
Voltage Vee=3.5V to 6.0V 

loL=0.4mA 

Input/Output [ l1LI R4-R9 µA V;n=OV to Vee 
Leakage 
Current 

Pull-Up MOS - Ip R4-R9 30 70 150 µA Vee=5V,V;n=OV 2 

Current 
10 20 50 µA Vee= 3V, V;n = OV 

Notes: 1 . Pull-up MOS current and output buffer current are excluded. 
2. Applied to 1/0 pins with pull-up MOS selected by mask option. 
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Input/Output Characteristics for High Voltage Pins 

(Vee = 3 V to 6 V, GND = 0 V, Vc!isp = Vee - 40 V to Vee, Ta = -20 to + 75'C, unless otherwise 
noted) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Input High VrH Do-015,RA, 0.7 Vee Vee+ 0.3 v 
Voltage RO-R3 

Input Low VrL Do-015,RA, Vee-40V 0.3 Vee v 
Voltage RO-R3 

Output High VoH Do-015. Vee-3.0 v -loH=15mA, 
Voltage RO-R3 Vcc=5V±20% 

Vee-2.0 v -loH=10mA, 
Vee=5V±20% 

Vee-1.0 v -loH=4mA 

Output Low Vol Do-015, Vee-34 v Vdisp=Vee-40V 
Voltage RO-R3 

Do-015, Vee-37 v 1 50kO to Vee - 40V 2 

RO-R3 

Input/Output I lrLI Do-015,RA 20 µA V;n=Vee-40V to 3 
Leakage RO-R3 Vee 
Current 

Pull-Down MOS Id Do-015,RA, 200 400 800 µA Vdisp=Vee-35V 4 
Current RO-R3 V;n=Vee 

Notes: 1. Applied to 1/0 pins with pull-down MOS selected by mask option. 
Applied to 1/0 pins without pull-down MOS (PMOS open drain) selected by mask option. 

2. Pull-down MOS current and output buffer current are excluded. 
Applied to 1/0 pins with pull-down MOS selected by mask option. 
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AC Characteristics 

(Vee = 3 V to 6 V, GND = 0 V, Vdisp = Vee - 40 V to Vee, Ta = -20 to + 75"C, unless otherwise 
noted) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Oscillation fose OSC1.0SC2 0.4 4 4.5 MHz Vee=3.5V to 6V 7 
Frequency 

1.6 4 4.5 MHz 
(Divide-by-4) 

0.4 2 2.25 MHz 7 

1.6 2 2.25 MHz 

Oscillation feL CL1,CL2 32. 768 kHz 
Frequency 
(Divide-by-8) 

Instruction tcyc 0.89 10 µS Vee=3.5V to 6V 7 
Cycle Time 

0.89 2.5 µS 

1.78 2 10 µS 7 

1.78 2 2.5 µS 

Instruction tsuecyc 244.14 µS 8 
Cycle Time 

Oscillation tRe OSC1.0SC2 40 ms Vee=3.5V to 6V 
Stabilization 

60 
(Crystal) 

ms 

Oscillation tRe OSC1.0SC2 20 ms Vee=3.5V to 6V 
Stabilization 

60 
(Ceramic Filter) 

ms 

Oscillation tRe CL1 ,CL2 2 s 2,8,9 
Stabilization 

External tepH. osc, 92 ns Vee=3.5V to 6V 3 
Clock High, Low tePL 203 
Level Width 

ns 

External tep,, osc, 20 ns Vee=3.5V to 6V 3 
Clock Rising, tep1 20 
Falling Time 

ns 

INTo High, Low t10H. INTo 2 tcyc/ 4,6,8,9 
Level Width t10L tsuBcyc 

INT1 High, Low t11H, INT1-INT3 2 tcyc 4 
Level Width t11L 

RESET High tRSTH RESET 2 tcyc 5 
Level Width 

Input C;n All pins 30 pF f= 1 MHz,V;n=OV 
Capacitance 

RESET tRSTI RESET 20 ms 5 
Falling Time 

Notes: 1 . Oscillation stabilization time is the time until the oscillator stabilizes after Vee reaches 3.0V 
(3.5V, in case of Vee=3.5V-6.0V) after Power on, or after RESET goes high. RESET must 
be kept high for at least tRe to obtain oscillation time. 
Oscillation stabilization time depends on the crystal or ceramic filter's circuit constant and 
stray capacitance. In employing the resonator, please consult with the engineers of the 
crystal or ceramic filter marker to determine the circuit parameter. 
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GND 

Crystal 

t---..------0SC1 

Cl Rt 

Xtal: Under the equivalent circuit 
R:· 1MQ+20% 
C1: 10pF±20% 
C2: 1 OpF±20% 

GND 

Ceramic Filter 

t---+----<>----40SC1 

R, 

>-------e---+ OSC2 

Ceramic Filter: CSA4.00MG (MURATA) 
n. 'I••,..,. ....Li'lr.nl 
l"\f. I IVI ~l ....L.~V70 

C1: 30pF±20% 
C2: 30pF±20% 

-C3 
Co 

Co=7pF max 
R5 =100Q max 
f =1.0-4.5MHz 

2. Oscillation stabilization time is the time until the oscillator stabilizes after Vee reaches 3. OV 
after power on . 
Oscillation stabilization time depends on the crystal circuit constant and stray capacitance. 
In employing the resonator, please consult with the engineers of the crystal maker to 
determine the circuit parameter. 

>---------1CL1 

Crystal c:J 

1--~------1CL2 

GND 

Xtal: MX38T (Nihon denpa kogyo) 
Right the equivalent circuit 

C1: 15pF±5% 
C2: 15pF±5% 

3. See figure 53. 

Co= 1.5pF typ 
Rs= 14kQ typ 
f = 32. 768kHz 

4. See figure 54. Unit tcyc is applied when MCU is Standby or Active mode. 
5. See figure 55. 
6. See figure 54. Unit tsuBcyc is applied when MCU is in Watch or Sub-Active mode. 

tsuBcyc=244.14µs (when using 32. 768kHz crystal oscillator) 
7. Apply the data in parenthesis when subsystem oscillator is not used. 
8. Applied to the product with 32kHz CPU operation selected by optional function. 
9. Applied to the product with no 32kHz CPU operation, TIME-BASE operation selected by 

optional function. 
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Serial Interface Timing Characteristics 

(Vee = 3V to 6 V, GND = 0 V, Vdisp = Vee - 40 V to Vee, Ta = -20 to + 75°C, unless otherwise 
noted) 

Item Symbol Pina Min Typ Max Unit Teat Condition Note 

Output Transfer tscyc SCK lcvc Loading 1,2 
Clock (note 2) 
Cycle Time 

Output Transfer tscKH. SCK 0.4 tscyc Loading 1,2 
Clock High, Low tsCKL (note 2) 
Level Width 

Output Transfer tscKr. SCK 80 ns Loading 1,2 
Clock Rising, tscKt (note 2) 
Falling Time 

Input Transfer tscKHD SCK tcyc 1,2,3 
Clock Completion 
Detect Time 

Input Transfer tsCKH• SCK 0.4 love 
Clock High, Low tsCKL 
Level Width 

Input Transfer tscKr. SCK 80 ns 
Clock Rising, tscKt 
Falling Time 

Serial Output to so so 600 ns Loading 1,2 
Data Delay (note 2) 
Time 

Serial Input tss1 SI 200 ns 
Data Setup 
Time 

Serial Input tHSI SI 400 ns 
Data Hold 
Time 

Notes: 1 . See figure 56. 
2. See figure 57. 
3. Transfer clock completion detect time is the period of high level after 8 pulses of transfer 

clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before transfer clock completion detect time has passed . 
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(Vee = 3.5 V to 6 V) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Output Transfer tscyc SCK tcyc Loading 1,2 
Clock (note 2) 
Cycle Time 

Output Transfer tscKH, SCK 0.4 tscyc Loading 1,2 
Clock High, Low tscKL (note 2) 
Level Width 

Output Transfer tscK" SCK 40 ns Loading 1,2 
Clock Rising, tscKt (note 2) 
Fa!!!ng Time 

Input Transfer tscKHD SCK tcyc 1,2,3 
Clock Completion 
Detect Time 

Input Transfer tscKH· SCK 0.4 tcyc 
Clock High, Low tscKL 
Level Width 

Input Transfer tscKr. SCK 40 ns 
Clock Rising, tscKt 
Falling Time 

Serial Output to so so 300 ns Loading 1 ,2 
Data Delay (note 2) 
Time 

Serial Input tss1 SI 100 ns 
Data Setup 
Time 

Serial Input tHSI SI 200 ns 
Data Hold 
Time 

Notes: 1 . See figure 56. 
2. See figure 57. 
3. Transfer clock completion detect time is the period of high level after 8 pulses of transfer 

clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before transfer clock completion detect time has passed. 
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Electrical Characteristics 

HD4074709 Electrical Characteristics 

DC Characteristics 
(Vee = 3 V to 5.5 V, GND = 0 V, Vc!isp = Vee - 40 V to Vee, Ta = - 20 to + 75°C, unless otherwise 
noted) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Input High V1H RESET, 0.8 Vee Vee+ 0.3 v 
Voltage SC!S.!_NTo 

- INT3 

SI 0.7Vcc Vee+ 0.3 v 

osc, Vee - 0.5 Vee+ 0.3 v Vcc=3.5V to 5.5V 

Vee - 0.3 - Vee+ 0.3 v 

Input Low V1L RESE!,_ - 0.3 0.2 Vee v 
Voltage SC!S.!_NTo 

- INT3 

SI - 0.3 0.3 Vee v 

osc, - 0.3 0.5 v Vcc=3.5V to 5.5V 

- 0.3 0.3 v 

Output High VoH SCK,SO, Vcc-1.0 v -loH=1.0mA 
Voltage PWM,BUZZ Vcc=3.5V to 5.5V 

Vcc-0.5 v -loH=0.5mA 
Vcc=3.5V to 5.5V 

-loH=0.3mA 

Output Low Vol SCK,SO, 0.4 v loL=1.6mA 
Voltage PWM,BUZZ Vcc=3.5V to 5.5V 

loL=0.4mA 

Input/Output I l1LI RESE!,_ µA V;n=OV to Vee 
Leakage SC!S.!_NTo 
Current - INT3 

SI.SO, 
PWM,BUZZ 
OSC1 

Power Dissipation Ice Vee 8.0 mA Vcc=5V, 2,4 
in Active Mode fosc=4MHz 

Divide-by-4 

4.5 mA Vcc=3V, 2,4 

fosc=2MHz 
Divide-by-4 

Power Dissipation lsev Vee 2.0 mA Vcc=5V, 3,4 
in Standby Mode fosc=4MHz 

Divide-by-4 

1.0 mA Vcc=3V, 3,4 

fosc=2MHz 
Divide-by-4 
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Item Symbol Pins Min Typ Max Unit Test Condition 

Power Dissipation lsub 

in Subactive Mode 

Power Dissipation lwatch 

in Watch Mode 

Power Dissipation lstop 
in Stop Mode 

Watch Mode Vwatch 
Retain Voltage 

Stop Mode Vstop 
Retain Voltage 

Vee 

Vee 

Vee 

Vee 

Vee 

150 µA 

15 µA 

10 µA 

3.5 5.5 v 
3.0 5.5 v 
2 v 

Notes: 1 . Excluding Pull-up MOS current and output buffer current 
2. The MCU is reset and input/ou~current does not flow. 

Pin conditions: • RESET, TEST· .. ··-Vee 
• R4-R9· .... ·Vee 
• Oo-015, RO-R3, RA ...... vdisp 

Vee=3V,when 
using 32. 768kHz 
crystal, 
V;n(TEST) =Vee -
0.3V to Vee. 
\l;n(RESET) = OV to 
0.3V 

Vee=3V,when 
using 32. 768kHz 
crystal, 
Vin\TEST/ =Vee -
0.3V to Vee. 
\l;n(RESET)=OV to 
0.3V 

V;n(TEST,R9o) = 
Vee-0.3V to Vee. 
V;n(RESET)=OV to 
0.3V 
not using 
32. 768kHz crystal 

Vee=3.5Vto 5.5V 

not using 
32. 768kHz crystal 

3. The timer/counter is enabled and input/output current does not flow. 
MCU Conditions: • 1/0·· .. ··same as at reset 

• Serial interface .. ····halt 
• Standby mode 

Pin conditions: • RESET·· ... · .. ·GNO 
• TEST ...... Vee 
• R4-R9 .... ··Vee 
• Oo-015, RO-R3, RA ...... vdisp 

Note 

4. Power dissipation in MCU operation or in Standby mode 1s in proportion to fose; each 
current value when fose=x[MHz] is given by the following equation: 
Maximum value (fose=x[MHz])=x/4 x Max. value (fose=4[MHz]) 
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Input/Output Characteristics for Standard Pins 

(Vee = 3 V to 5.5 V, GND = 0 V, Vdisp = Vee - 40 V to Vee, Ta = -20 to + 75"C, unless otherwise 
noted) 

Item 

Input High 
Voltage 

Input Low 
Voltage 

Output High 
Voltage 

Output Low 
Voltage 

Symbol 

V1H 

V1l 

VoH 

Vol 

Input/Output I 11ll 
Leakage Current 

Pins 

R4-R9 

R4-R9 

R4-R8 

R4-R8 

R4-R8, 
R91-R93 

R9o 

Min 

o. 7 Vee 

- 0.3 

Vee-1.0 

Vee-0.5 

Note: 1. Output buffer current are excluded. 

Typ Max Unit Test Condition 

Vee+ 0.3 V 

0.3 Vee V 

0.4 

20 

V -loH=1.0mA 
Vee=3.5V to 5.5V 

V -loH=0.5mA 

v 

µA 

µA 

Vee=3.5Vto 5.5V 

-loH=0.3mA 

lol=1.6mA 
Vee=3.5V to 5.5V 

lol=0.4mA 

V;n=OV to Vee 

V;n=OV to Vee 

Input/Output Characteristics for High Voltage Pins 

Note 

(Vee= 3 V to 5.5 V, GND = 0 V, Vctisp =Vee - 40 V to Vee, Ta= -20 to+ 75"C, unless otherwise 
noted) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Input High V1H Do-Dis.RA, 0.7 Vee Vee + 0.3 v 
Voltage RO-R3 

Input Low V1l Do-Dis.RA, Vee-40 0.3 Vee v 
Voltage RO-R3 

Output High VoH Do-Dis. Vee-3.0 v -loH=15mA 
Voltage RO-R3 Vee=4V to 5.5V 

Vee-2.0 v -loH=10mA 
Vee=4V to 5.5V 

Vee-1.0 v -loH=4mA 

Output Low Vol Do-Dis. Vee-37 v 1 50kn to Vee -40V 
Voltage RO-R3 

Input/Output I 11ll Do-Dis.RA, - 20 µA V;n = Vce-40V to 
Leakage RO-R3 Vee 
Current 

Note: 1 . Output buffer current are excluded. 
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AC Characteristics 

(Vee = 3 V to 5.5 V, GND = 0 V, Vdisp = Vee - 40 V to Vee, Ta = -20 to + 75°C, unless otherwise 
noted) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Oscillation fose osc,,osc2 0.4 4 4.5 MHz Vee=3.5 to 5.5V 7 
Frequency 

1.6 4 4.5 MHz 
Divide-by-4 

0.4 2 2.25 MHz 7 

1.6 2 2.25 MHz 

Oscillation feL CL1 ,CL2 32. 768 kHz 
Frequency 
(Divide-by-8) 

Instruction tcyc 0.89 10 µS Vee=3.5 to 5.5V 7 
Cycle Time 

0.89 2.5 µS 

1.78 2 10 µS 7 

1.78 2 2.5 µS 

Instruction tsuBcyc 244.14 µS 

Cycle Time 

Oscillation tRe OSC1,0SC2 40 ms Vee=3.5 to 5.5V 
Stabilization 

60 
(Crystal) 

ms 

Oscillation tRe osc,,osc2 20 ms Vee=3.5 to 5.5V 
Stabilization 

60 
(Ceramic Filter) 

ms 

Oscillation tRe CL1,CL2 2 s 2 
Stabilization 

External tepH, osc, 92 ns Vee=3.5 to 5.5V 3 
Clock High, Low 

tePL 203 ns 3 
Level Width 

External tePr. osc, 20 ns Vee=3.5 to 5.5V 3 
Clock Rising, 

tep1 20 ns 3 
Falling Time 

INTo High, Low t10H, INTo 2 tcyq/ 4,6 
Level Width t10L tsuBcyc 

INT1 High, Low t11H, INT1-INT3 2 tcyc 4 
Level Width t11L 

RESET High tRSTH RESET 2 tcyc 5 
Level Width 

Input C;n Except R9o 30 pF f=1MHz,V;n=OV 
Capacitance 

R9o 180 pF f=1MHz,V;n=OV 

RESET tRSTf RESET 20 ms 5 
Falling Time 

Notes: 1. Oscillation stabilization time is the time until the oscillator stabilizes after Vee reaches 3.0V 
(3.5V, in case of Vee=3.5V-5.5V) after Power on, or after RESET goes high. RESET must 
be kept high for at least tRe to obtain oscillation time. 
Oscillation stabilization time depends on the crystal or ceramic filter's circuit constant and 
stray capacitance. In employing the resonator, please consult with the engineers of the 
crystal or ceramic filter marker to determine the circuit parameter. 
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GND 

Crystal 

1---~----~osc, 

D R, 

..._ ___ __.>---_ __, OSC2 

Xtal: Under the equivalent circuit 
R1: 1MQ±20% 
C1 : 10pF±20% 
C2: 1 OpF±20% 

HD404 708 /HD404 709 /HD4074 709 

GND 

Ceramic Filter 

t---+-----4>----- osc, 

CJ R1 

t---+----<>----i OSC2 

Ceramic Filter: CSA4.00MG (MURATA) 
R1: 1MQ±20% 
C1 : 30pF±20% 
C2: 30pF±20% 

c::=i 
Co 

Co=7pF max 
Rs=100Q max 
f =1.0-4.5MHz 

2. Oscillation stabilization time is the time until the oscillator stabilizes after Vee reaches 3.0V 
after power on. 
Oscillation stabilization time depends on the crystal circuit constant and stray capacitance. 
In employing the resonator, please consult with the engineers of the crystal maker to 
determine the circuit parameter. 

c, >----------1 CL, 

Crystal D 

t----------1CL2 

GND 

Xtal: MX38T (Nihon denpa kogyo) 
Right the equivalent circuit 

C1 : 15pF±5% 
C2: 15pF±5% 

3. See figure 53. 

Co= 1.5pF typ 
Rs= 14kQ typ 
f =32.768kHz 

4. See figure 54. Unit tcvc is applied when MCU is Standby or Active mode. 
5. See figure 55. 
6. See figure 54. Unit tsuscvc is applied when MCU is in Watch or Sub-Active mode. 

tsuscyc=244.14µs (When using 32. 768kHz crystal oscillator) 
7. Apply the data in parenthesis when subsystem oscillator is not used. 
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Serial Interface Timing Characteristics 

(Vee = 3 V to 5.5 V, GND = 0 V, Vdisp = Vee - 40 V to Vee, Ta = -20 to + 75"C, unless otherwise 
noted) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Output Transfer tscyc SCK tcyc Loading 1.2 
Clock (note 2) 
Cycle Time 

Output Transfer tscKH. SCK 0.4 tscyc Loading 1.2 
Clock High, Low tscKL (note 2) 
Level Width 

Output Transfer tscKr. SCK 80 ns Loading 1,2 
Clock Rising, tscKt (note 2) 
Falling Time 

Input Transfer tscKHD SCK tcyc 1,2,3 
Clock Completion 
Detect Time 

Input Transfer tscKH. SCK 0.4 tcyc 
Clock High, Low tscKL 
Level Width 

Input Transfer tscKr. SCK 80 ns 
Clock Rising, tscKt 
Falling Time 

Serial Output to so so 600 ns Loading 1,2 
Data Delay (note 2) 
Time 

Serial Input tss1 SI 200 ns 
Data Setup 
Time 

Serial Input tHSI SI 400 ns 
Data Hold 
Time 

Notes: 1 . See figure 56. 
2. See figure 57. 
3. Transfer clock completion detect time is the period of high level after 8 pulses of transfer 

clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before transfer clock completion detect time has passed. 
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(Vee 3.5 V to 5.5 V) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Output Transfer tscvc SCK tcyc Loading 1,2 
Clock (note 2) 
Cycle Time 

Output Transfer tscKH. SCK 0.4 tscyc Loading 1,2 
Clock High, Low tscKL (note 2) 
Level Width 

Output Transfer tscKr. SCK 40 ns Loading 1,2 
Clock Rising, tscKt (note 21 
Falling Time 

Input Transfer tscKHD SCK tcyc 1,2,3 
Clock Completion 
Detect Time 

Input Transfer tscKH· SCK 0.4 tcyc 
Clock High, Low tscKL 
Level Width 

Input Transfer tscKr. SCK 40 ns 
Clock Rising, tsCKf 
Falling Time 

Serial Output to so so 300 ns Loading 1,2 
Data Delay (note 21 
Time 

Serial Input tss1 SI 100 ns 
Data Setup 
Time 

Serial Input tHSI SI 200 ns 
Data Hold 
Time 

Notes: 1. See figure 55. 
2. See figure 56. 
3. Transfer clock completion detect time is the period of high level after 8 pulses of transfer 

clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before transfer clock completion detect time has passed. 
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Vee=3.5-6V, Vee=3.5-5.5V 

osc, 

Vee=3-3.5V 

osc, 

tcPr tcpt 

..-~~~~~~~~~F~igu;;........r_e~5_3_.~0~s_c_il_Ia~tion~S-ta~b-il_i_z_a_ti_o_n~T_i_lll~e~~~~~~~~~--. 

RESET tRSTH 

Figure 54. Interrupt Tillling Figure 55. Reset Tillling 

SCK Vcc-2.0V(O.BVcd' 
0.8V(0.2Vcd' 

so 

SI 

• Vcc-2.0V and O.BV are applied when transfer clock is output. 
0.8 Vee and 0.2 Vee are applied when transfer clock is input. 

Figure 56. Serial Interface Tillling 

Figure 57. Tillling Load Circuit 
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HD404708/HD404709 
Option List 

* Please enter check marks in D, for exam pie •, x or V. 

( 1) ROM size (2) Package type (3) Optional Function 

l D 32kHz CPU operation i 
l D no 32kHz CPU operation j 

D HD404708 D DP-64S 

D HD404709 D FP-648 

(4) ZTAT compatibility 

D 1/0 circuit compatibility with the HD4074709 

D No 1/0 circuit compatibility with the HD4074709 

(Note) ZTAT comapatibitity is enabled only when all pins use C or D type 
circuit. In this case do not check the list item (6) and (7). 

(6) 1/0 option (1/0 options masked by~ are not available) 

Pin name 1/0 
1/0 option 

B C D E 
Pin name 

Do R3 R3o 
c------+77-nwncct---+----<1 

D, R31 

Dz R32 

D3 R33 

D4 R4 R4o 
t-----f--+-t--?t----t----11 

D5 R41 

D5 R42 

D1 R43 

Ds R5 R5o 
f----+~"*'4----+----11 

Ds R51 

D10 R52 

D,1 en R53 
f-----1 c t----t7?5'15577?t----+----111-----t---1 

>---D_1_2___, ·a.1----+-+-=4---+---ll R6 R6o 
D,3 g;, R61 

2 f----tf--!m!+--+--11 
D,4 o R62 

":' l----+--l-b77:8!--+--ll 
D,5 .r: R63 

-~l---l'l--!???;4----l----11---+-__.j 

RO R00 I R7 R7o 

R01 R71 

R02 R72 

R03 R73 
>---+---I 

R1 R1o R8 R8o 

R11 R81 

R12 R9 R9o 

R13 R91 
1-----t---I 

R2 R2o R92 

R21 R93 

R22 RA RAo 

R23 RA1 

Check 1/0 option you select. 

B: with pull-up MOS C: without pull-up MOS 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 
(f) 

[ 1/0 

"O 1/0 
ro 

"O 
c 

"' c;, 
1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

'1l, 
"§i~ ~ f---~~~~-1 

:i: ~ a. Check 171 

D: without pull-down MOS E: with pull-down MOS 

~HITACHI 

Order date 

Company name 

Department 

Name 

ROM code 

LSI type HD40470 

(5) ROM media 

D EPROM: emulator type 

D HD4074709 

D RA1: without pull-down MOS (D) 

D Vctisp 

RA1 /Vdisp has to be selected as Vdisp 
pin exept the case that all high voltage 

pins are option 0. 

Condition 

(1) OSC1 and OSC2 oscillator 

D Ceramic filter f= 

D Crystal f= 

D External clock f= 

(2) CL1 and CL2 oscillator 

D Not used 

MHz 

MHz 

MHz 

D Crystal 1=32. 768 kHz 
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H 0404808/H 04074808/-
H 040L4808/H 0407 L4808 
Description 

The MCU is a 4-bit single chip HMCS400 
series microcomputer providing high pro
grom productivity. It incorporates large size 
memory, LCD driver/controller, voltage 
comparator, and 32 kHz watch oscillator cir
cuit. 
The HD4074808/HD407L4808, incorporating 
PROM, is a ZTAT microcomputer which can 
dramatically shorten system development 
period and smoothly proceed from debug
ging to mass production. 

Features 

• 8192 words of 10-bit ROM 
e 1184 digits of 4-bit RAM 
• 30 I/O pins: 

-Including 10 high-current output pins. 
-CMOS I/O pin circuit configuration 
-Input/output pull-up MOS can be 

selected by software 
• 16-digit LCD driver 
• Three timers/counters 
• Clock synchronous 8-bit serial interface 
• Six interrupt sources 

-External: 2 
-Internal: 4 

• Subroutine stack 
-Up to 16 levels including interrupts 

• Instruction cycle time: 
-1 µs (fosc = 4 MHz for HD404808/ 

HD4074808) 
-5 µs (fosc = 800 kHz for HD40L4808/ 

HD407L4808) 

• Four low power dissipation modes 
-Standby mode 
-Stop mode 
-Watch mode 
-Subactive mode (Functional Option) 

• Internal oscillator: 
-Crystal or ceramic filter 
-External clock is available 

• Voltage comparator (2 channels) 
• Operation modes: 

-MCUmode 
-PROM mode (HD4074808/HD407L4808) 

• Package 
-80-pin flat plastic package (FP-80B) 

(FP-80A) 

Program Development Support 'lbols 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 

• Programming socket adapter for program
ming the EPROM-on-chip device 

Type of Products 

Mask ROM type 

. Clock Freq. 
Part No. (MHz) 

HD404808FS 4 
HD404808H 
HD40L4808FS 0.8 
HD40L4808H 

ZTAT type 

Clock Freq. 
Part No. (MHz) 

HD4074808FS 4 
HD4074808H 
HD407L4808FS 0.8 
HD407L4808H 

Package 
FP-808 
FP-80A 
FP-808 
FP-80A 

Package 
FP-808 
FP-80A 
FP-808 
FP-80A 
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Pin Arrangement 

vc,.,10, 1 
COMP0/0 12 

X1 

X2 

GNO 

SCK!R00 

Sl/R0 1 

SO/A02 

RO, 

R1 0 
R1, 

R1, 

(FP-808) 

(Top View) 

HD404808/HD4074808/HD40L4808/HD40714808 

SEG32 

SEG31 
SEG30 

SEG29 

SEG28 o, 
SEG27 o, 
SEG26 o, 
SEG25 o, 

o, 
SEG23 o, 
SEG22 o,, 

VC,m/D11 
COMPO/D12 

SEG19 
COMP1 /D13 

TEST 
Xl 
X2 

GND 
SCK/ROo 

Sl/R01 
SO/R02 

RO, 
Rlo 
Rl, 
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(FP-80A) 
(Top View) 

SEG30 
SEG29 
SEG28 
SEG27 
SEG26 
SEG25 
SEG24 
SEG23 
SEG22 
SEG21 
SEG20 
SEG19 
SEG18 
SEG17 
SEG16 
SEG15 
SEG14 
SEG13 
SEG12 
SEG11 
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Block Diagram 

GNO-

Vee-
TEST 

RESET 

X1 

X2 

osc, 

OSC2 

R32/INT0 

A33/INT1 

ROo/SCK 
R01/SI 
R02/S0 

v, 

V2 

V3 

:c 
::;; ~ 
~ x 

"' Ol 

;;; 

.§ Q; e g8 E 
0 ;, " u ~o 
E s 
~ 

"' 

Iii 
E 

,j:: 

': 8' 
.§ ~ 
I- l:l 

~ 

'lll <{., 

~"' 

~ ~ t= 

u 
"' 

~ 
0 u 
a 
j 

O..-NM<q- LOCO,....COCJ)O.- NMVLO<O,....QOO> O.-N 
..-NMVU'>CC ...... cocn '"'.'".-.- ........ .................... NN NNNNNNNN MMM 
Cl Cl CH!> Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl 
WWWWWWW WW WWW WW WWWWWWW WWWWWWWW WWW 
VJ VHl'J Vl VJ VJ VJ Cl) UJ U)(/l Cl) Cl) Cl) VJ UHi> VH/H/'J VJ (/) VJC/l VH.IJ VH/HFJ VH/H/) 
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..---~ 

: Do 
'o, 
: 02 
: 03 
'04 
: Os 
: De 
'o, 
: De 

~'?~.J 
010 
D11NCret 
012/COMPO 
013/COMP1 

ROo/SCK 
R01/SI 

R02/SO 

R03 

R1o 

R11 

R12 

R1 3 

R2o 

R2 1 

R22 

R2, 

R3o 

R31/TIMO 

R32/INT0 

R33/INT 1 

:- - - -: High current output 
'---"' . pms 
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Pin Function 

Pin No. Pin No. 
FP-808 FP-80A Pin Name 1/0 FP-808 FP-80A Pin Name 1/0 

1 79 D2 1/0 41 39 SEG9 0 

2 80 D3 1/0 42 40 SEG10 0 

3 1 D4 1/0 43 41 SEG11 0 

4 2 D5 1/0 44 42 SEG12 0 

5 3 D5 1/0 45 43 SEG13 0 

6 4 D1 1/0 46 44 SEG14 0 

7 5 Ds 1/0 47 45 SEG15 0 

8 6 Ds 1/0 48 46 SEG16 0 

9 7 D10 49 47 SEG17 0 

10 8 D1 ,/VCret 50 48 SEG18 0 

11 9 D12/COMPO 51 49 SEG19 0 

12 10 D13/COMP1 52 50 SEG20 0 

13 11 TEST 53 51 SEG21 0 

14 12 X1 54 52 SEG22 0 

15 13 X2 0 55 53 SEG23 0 

16 14 GND 56 54 SEG24 0 

17 15 ROo/SCK 1/0 57 55 SEG25 0 

18 16 R01/SI 1/0 58. 56 SEG26 0 

19 17 R02/SO 1/0 59 57 SEG27 0 

20 18 R03 1/0 60 58 SEG28 0 

21 19 R1o 1/0 61 59 SEG29 0 

22 20 R11 1/0 62 60 SEG30 0 

23 21 R12 1/0 63 61 SEG31 0 

24 22 R13 1/0 64 62 SEG32 0 

25 23 R2o 1/0 65 63 COM1 0 

26 24 R21 1/0 66 64 COM2 0 

27 25 R22 1/0 67 65 COM3 0 

28 26 R23 1/0 68 66 COM4 0 

29 27 R3o 1/0 69 67 v, 
30 28 R3,/TIMO 1/0 70 68 V2 
31 29 R32/INT0 1/0 71 69 V3 
32 30 R33/INT1 1/0 72 70 NUMO 

33 31 SEG1 0 73 71 NUMO 
34 32 SEG2 0 74 72 NUMG 

35 33 SEG3 0 75 73 Vee 
36 34 SEG4 0 76 74 osc, I 
37 35 SEG5 0 77 75 OSC2 0 

38 36 SEG6 0 78 76 RESET I 

39 37 SEG7 0 79 77 Do 1/0 

40 38 SEG8 0 80 78 D1 1/0 

Note: 1/0: Input pin Output pin, I: Input pin, 0: Output pin, NUMO: Open, NUMG:GND 
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Pin Description 

GND, Vee (Power) 

GND and Vee are the power supply pins for 
the MCU. Connect the GND to the ground (0 
V) and apply the Vee power supply voltage to 
Vee. 

TEST is for test purposes only. Connect it to 
Vee. 

RESET 

RESET resets the MCU. Refer to Reset section 
for details. 

OSC1, OSC2 (Oscillator Connections) 

OSC1 and OSC2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. Refer to Internal 
Oscillator for details. 

X1, X2 

Xl and X2 are the watch oscillator 32 kHz 
crystal terminals. 

Port D (Do-Dia) 

Port D consists of 14 1-bit I/O ports. Do·D9 are 
I/O ports and D10-D13 are input ports. Do·D9 
are high current output ports (15 mA max). 
Du·D13 are also available as voltage compar
ators. Refer to Input/Output for details. 

Port R (RO-R3) 

Ports RO-R3 are 4-bit I/O ports. ROo, ROi. R02, 
R31, R32, and R33 are multiplexed with SCK, 
SI, SO, TIMO, INTo, INT1, respectively. 

INTo, INT1 (Interrupts) 

INTo and INT1 are external interrupts for the 
MCU. INT1 can be used as an external event 
input pin for timer B. INTo and INT1 are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 

SCK, SI, SO 

The transfer clock I/O pin (SCK), serial data 
input pin (SI), and serial data output pin (SO) 
are used for serial interface. SCK, SI, and SO 
are multiplexed with ROo, ROi. and R02, 
respectively. For details, see Serial Interface 
section. 

TIMO 

TIMO is a variable duty-cycle pulse waveform 
output pin. See Timer C section for details. 

V1-V3 are power supply pins for the LCD 
driver. As LCD driving resistors are provided 
internally, no line should be connected to 
these pins. The voltage on each pin is Vee~ 
V1~V2~V3~GND. See Liquid Crystal Display 
section for details. 

COM1 to COM4 

These are common signal output pins for LCD 
display. See Liquid Crystal Display section for 
details. 

SEG1 to SEG32 

These are segment signals output pins for 
LCD display. See Liquid Crystal Display sec
tion for details. 

NUMG 

NUMG is not a user pin. Connect to GND. 

NUMO 

NUMO is not a user pin. Do not connect to any 
lines. 

COMPO, COMP1, VCref 

COMPO, COMP1 are analog inputs for the 
voltage comparator. VCret is used as a refer
ence voltage pin to input the threshold volt
age of the analog input pin. 
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Functional Description 

ROM Memory Map 

The MCU includes 8,192 words x 10 bits of 
ROM. ROM is described in the following par
agraphs and the ROM memory map (figure 1). 

Vector Address Area ($0000 to $000F): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After reset 
or interrupt routine is serviced, the program 
is executed from the vector address. 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. Program sequence 
branches to subroutine by CAL instruction. 

Pattern Area ($0000 to $0FFF): Locations 
$0000 through $0FFF are reserved for ROM 
data. P instructions allow the MCU to refer to 
the ROM data as a pattern. 

Program Area ($0000 to $1FFF): Locations 
from $0000 to $1FFF can be used for program 
code. 

RAM Memory Map 

The MCU includes 1184 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are mapped on the RAM mem
ory space. RAM memory map (figure 2) is 
described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessible 
only by a RAM bit manipulation instruction. 
However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($004 to 
$01F, $024 to $03F): The special function 
registers are the mode or data registers for 

the serial interface, timer/counter, LCD, and 
the data control registers for the I/0 ports. 
These registers are classified into three types: 
write-only, read-only, and read/write as 
shown in figure 2. 

SEM/REM, SEMD/REMD instructions are 
available to the LCD control register (LCR). 

Other registers cannot be accessed by RAM 
bit manipulation instructions. 

Register Flag Area ($020-$023): Locations 
$020 through $023 consist of the LSON and 
WDON flags which are bit registers acces
sible by RAM bit manipulation instruction. 
Note that WDON flag can only be set and 
SEM/SEMD instruction is available for this. 

LCD Data Area ($050-$06F): Locations 
$050 to $06F store the LCD data which is 
automatically transmitted to segment as a 
display data. LCD is illuminated with 1 and 
faded with 0. This area can be used as a data 
area. 

Data Area ($040 to $2CF, $100 to $2CF; 
Bank 1): 16 digits of $040 through $04F are 
called memory registers (MR) and are acces
sible by LAMR and XMRA instructions (figure 
4). 464 digits of $100 through $2CF is select 
the bank of location depending on the value 
of V register. 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST), and carry (CA) when sub
routine call (CAL-instruction, CALL-instruc
tion) and interrupts are serviced. This area 
can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI ini>truc
tions. Status and carry are restored only by 
RTNI instruction. This area, when not used for 
a stack, is available as a data area. 
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0 

15 
18 

83 
84 

4095 
4096 

8191 
8192 

18383 

} soooo 
01-

JMPL Instruction _ _ 

Vector Address 1 (Jump to RESET Routine) 

S.OOOF ~t-
JMPL Instruction 

$0010 (Jump to iNTo Routine) -

\ 4 JMPL Instruction _, 
Zero-Page Subroutine 5t- (Jump to iNT, Routine) 

(64Words) 
6 JMPL Instruction S003F 

S0040 7 (Jump to TIMER A Routine) ~ 
Pattern 8 t- J MPL Instruction _, 

(4096 Words) 9 (Jump to TIMER B Routine) 

$0FFF 10 JMPL Instruction 

$1000 11 (Jump to TIMER C Routine)_, 

12f- JMPL Instruction ... Program 
13 (Jump to SERIAL Routine) 

(81 92 Words) 
1_4 

$ 1FFF 1~ 
$2000 

Not Used 

S 3FFF 

Figure 1. ROM Memory Map 
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soooo 
$0001 

$0002 

$0003 

S0004 
S0005 

$0006 

S0007 

sooos 
$0009 

SOOOA 

soooe 
soooc 
soooo 
SOOOE 

SOOOF 
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0 $000 0 $000 

RAM-mapped Register 
Interrupt Control Bits Area 

$001 

63 $03F 2 $002 
64 Memory Register (MR) $040 3 $003 
80 LCD Display Area (32 Digit) $050 4 Port Mode Reg. A (PMRA): w $004 

112 $070 5 Serial Mode Reg. (SMR): w $005 
Data ( 1 44 Digit) I 6 Serial Data Reg. Lower (SRL) : R/W $006 

$100 7 Serial Data Reg. Upper (SRU): R/W $007 

\ 
8 Timer Mode Reg. A (TMA): w $008 

Data (464 Digit x 2) g Timer Mode Reg. B (TMB): w $QQg ,-- V=O (Bank 0) 10 (TC8L/TLRL) : R/W $00A 

V= 1 (Bank 1) 
Timer 8 

(TC8U/TLRU) ~ $008 11 

12 Miscellaneous Reg. (MIS): w $00C 

$2CF 13 Timer Mode Reg. C (TMC): w $00D 

\ 
14 (TCCL/TCRL) : R/W $00E 

Timer C 
(TCCU/TCRU) ~ Not Used 15 $00F 

g5g $38F 16 Not Used $010 
960 $3CO 17 Not Used $011 

Stack (64 Digit) 18 Port Mode Reg. 8 (PMR8): w $012 

1023 $3FF 19 LCD Control Reg. (LCR) : w $013 

20 LCD Mode Reg. (LMR): w $014 

Not Used 
32 $020 

Register Flag Area 
35 $023 

Not Used 

48 Port RO DCR (DCRO): w $030 
4g Port R1 DCR (DCR1) : w $031 

r,:-----------~ 
I 1$100 

50 Port R2 DCR (DCR2): w $032 

51 Port R3 DCR (DCR3): w $033 
L..: Data (464 Digit) Data (464 Digit) : 

I V=1(8ank1) V=O(BankO) I 

I I 
I l~u 
L-------------' Not Used 

*Do not use any area labelled Not Used. 

5g Port Do-D3 DCR (DCR8) : W $038 

60 Port D4-D7 DCR (DCRC) : W $03C 
61 Port D8 , D9 DCR (DCRD) : W $03D 

I Not Used , 

63 V Reg. (V-REG) : R/W $03F 

R: Read Only 10 

W : Write Only 

R/W: Read/Write 11 

Timer /Event Counter 8 Lower 
R 

Timer Load Reg. Lower iw $00A 
(TC8L) (TLRL) 

Timer/Event Counter 8 Upper 
iR 

Timer Load Reg. Upper iw $008 
(TC8U) (TLRU) 

Timer Counter C Lower 
:R 

Timer Load Reg. Lower iw $00E (TCCL) (TCRL) 14 

Timer Counter C Upper 
R 

Timer Load Reg. Upper iw $00F 
(TCCU) (TCRU) 15 

Figure 2. RAM Memory Map 
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bit 3 bit 2 bit 1 bit 0 

IMO IFO RSP l/E 

(IM of INTo) (IF of INTo) (Interrupt Enable Flag) 
0 $000 

(Reset SP Bit) 
!-------

IFTA IM1 IF1 IMTA 

(IF of INTd 
$001 

(IM of Timer A) (IF of Timer A) (IM of INT1) 

IMTC IFTC IMTB IFTB 

(IM of Timer C) (IF of Timer C) (IM of Timer B) (IF of Timer B) 
2 $002 

IMS IFS 
Not Used Not Used 

(IM of SERIAL) (IF of SERIAL) 
3 $003 

IF: Interrupt Request Flag 
JM: Interrupt Mask 
l/E: Interrupt Enable Flag 
SP: Stack Pointer 

Note: Each bit in the interrupt control bits area or register flag area is set by the SEM/SEMD instruction, is 
reset by the REM/REMD instruction, and is tested by the TM/TMD instruction. They are not affected 
by other instructions. Furthermore the interrupt request flag is not affected by the SEM/SEMD 
instruction. 
The content of status becomes invalid when "Not Used" bit and RSP bit are tested by a TM/TMD 
instruction. 

bit 3 bit 2 bit 1 bit 0 

32 Not Used Not Used 1 WOON 1 LSON 
(Watch Dog on Flag) (Low Speed on Flag) $02 0 

Reserved 

SEM/SEMD instruction is available for WOON flag (can be reset only by MCU reset). 

Figure 3. Configuration of Interrupt Control Bit Area and Register Flag Area 

Memory Registers 

64 MR(O) $040 

65 MR(l) $041 

$042 

$043 

66 MR(2) 

67 MR(3) 

68 MR(4) $044 

69 MR(5) $045 

70 MR(6) $046 

71 MR(7) $047 

72 

73 

74 

75 

76 

77 

78 

79 

MR(B) $048 

MR(9) $049 

MR(10) $04A 

MR(11) $048 

MR(12) $04C 

MR(13) $040 

MR(14) $04E 

MR(15) $04F 

Stack Area 

960 Level 16 $3CO 

Level 1 5 

Level 14 

Level 13 

Level 12 

Level 11 

Level 10 

Level 9 

PC13 to PCo: Program Counter 

ST: Status 
CA: Carry 

bit 3 bit 2 bit 1 bit 0 

Level 4 l----+---++----1+1------1 

$3FC 

$3FD ~: ~ v::: :,, ' =~' : =~· : :: 
Level 3 1022 CA PCs PCs PC4 $3FE 

Level 2 l-----+-----'-l-1-----t+----; 
Level 1 $3FF 1023 PCJ J. PC2 J. PC1 J_ PCo 1023 

$3FF 

Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 

The MCU provides ten registers and two flags 
for the CPU operations. They are illustrated in 
figure 5 and described in the following para
graphs. 

Accumulator (A), Register B (B): The 
accumulator and register B are 4-bit registers 
which hold the results of the arithmetic logic 
unit (ALU), and exchange data between 
memories, I/O pins, and other registers. 

Register V (V): Register V, available for 
RAM address expansion, selects the bank of 
location $100-$2CF on the RAM address (464 
digits) depending on its value. Therefore, 
when you access location $100-$2CF on the 
RAM address, specify the value of register V 
(V=$0; Bank 0, V=$1; Bank 1). You can access 
location $000-$0FF and $300-$3FF indepen
dently of register V's value. Register V is 
located in $03F of the RAM address area. 

Register W (W), Register X (X), Register 
Y (Y): Register Wis a 2-bit, and registers X 
and Y are 4-bit registers which address RAM 
indirectly. Register Y is also available for 
addressing port D. 

Register SPX (SPX), Register SPY (SPY): 
Registers SPX and SPY are 4-bit registers 
available for assisting registers X and Y, 
respectively. 

Carry (CA): The carry holds the ALU over
flow generated by an arithmetic operation. It 
is also affected by SEC, REC, ROTL, and ROTR 
instructions. During interrupt servicing, the 
carry is pushed onto the stack and restored 
back from the stack by RTNI instruction. (It is 
unaffected by RTN instructions.) 

Status (ST): The status holds the ALU over
flow, ALU non-zero, and the results of bit test 
instructions for the arithmetic or compare 
instructions. The status is a branch condition 
of the BR, BRL, CAL, or CALL instructions. 
The value of the status remains unchanged 
until an instruction which affects the next 
status is executed. The status becomes 1 after 
the BR, BRL, CAL, or CALL instruction 
whether it is executed or skipped. During 
interrupt servicing, the status is pushed onto 
the stack and restored back from the stack by 
RTNI instruction, not by RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter for holding 
the ROM address. 

Stack Pointer (SP): The stack pointer is a 10-
bit register to indicate the next stacking area 
up to 16 levels. The stack pointer is initialized 
to $3FF on the RAM address at the MCU 
reset. It is decremented by 4 as data is 
pushed onto the stack, and incremented by 4 
as data is restored back from the stack. The 
stack pointer is initialized to $3FF either by 
MCU reset or the RSP bit reset by REM/REMD 
instruction. 
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3 0 

A I Accumulator 

3 0 

B I Register B 

0 Register V 

1 0 

0 Register W 

3 0 

x I Register X 

3 0 

y I Register Y 

3 0 

SPX I Register SPX 

3 0 

SPY I Register SPY 

EJ Carry 

El Status 

13 0 

PC Program 
Counter 

9 5 0 

I 1 I , I 1 I 1 SP I Stack 
Pointer 

Figure 5. Registers and Flags 
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Interrupt 

Six interrupt sources are available on the 
MCU: external requests (INTo. INT1), timer/ 
counter (timers A, B, C), and serial interface 
(serial). For each source, an interrupt request 
flag (IF), interrupt mask (IM), and interrupt 
vector addresses are provided to control and 
maintain the interrupt request. The interrupt 
enable flag (IE) is also used to control inter
rupt operations. 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 
mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 

$000.0 

request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 

l/E !---------------{--.._ 
Sequence Control 
·Push PC,CA,ST 

$000.2 

$001.2 

$003.0 

·Reset l/E 
·Jump to Vector 

Address 

Vector 
Address 

Figure 6. Interrupt Control Circuit Block Diagram 
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Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status, and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
executed after jumping to the vector address. 

In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF, 
which caused the interrupt service, must be 
reset by software in the interrupt service 
program. 

Interrupt Enable Flag (l/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests (table 3). It is reset by 

Table 1. Vector Addresses and Inter-
rupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET $0000 

INTo $0002 

INT1 2 $0004 

Timer A 3 $0006 

Timer B 4 $0008 

Timer C 5 $000A 

SERIAL 6 $000C 

Table 2. Conditions of Interrupt Service 

Interrupt Control Bit INTo 

l/E 

IFO• IMO 

IF1 • IMT 

IFTA • IMTA 

IFTB • IMTB 

IFTC • fMTC 

IFS• IMS 

* Don't care 

* 
* 
* 
* 
* 

INT1 

0 

* 
* 
* 
* 

interrupt serv1cmg and set by the RTNI 
instruction. 

External Interrupts (INTo, INT1): ____TI!e 
external interrupt request inputs (INTo, INT1) 
can be selected by the port mode register 
(PMRA: $004). 

The external interrupt request ~s (IFO,~ 
are set at the falling edge of INTo and INT1 
inputs (table 4). 

The INT1 input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT1 input. When 
using INT1 as timer B external event input, 
external interrupt mask (IM1) has to be set so 
that the interrupt request by INT1 will not be 
accepted (table 5). 

Interrupt Source 

Timer A Timer B Timer C SERIAL 

0 0 0 0 

0 0 0 0 

0 0 0 

* 0 0 

* * 0 

* * * 
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To detect the edge of INTo or INT1, it must 
need more than two instruction cycle times 
level (2tcyc/2tsUBcyc}. 

External Interrupt Request Flags (IFO: 
$000 bit 2, IFl: $001 bit 0): The external 
interrupt request flag~O. IF1) are set at the 
falling edge of the INTo, and INT1 inputs, 
respectively (table 4). 

External Interrupt Masks (IMO: $000 bit 
3, IMl: $001 bit 1): The external interrupt 
masks mask the external interrupt requests 
(table 5). 

Timer A Interrupt Request Flag (IFTA: 
$001 bit 2): The timer A interrupt request 
flag is set by the overflow output of timer A 
(table 6). 

Timer A Interrupt Mask (IMT A: $001 bit 
3): Timer A interrupt mask prevents an 
interrupt request from being generated by 
timer A interrupt request flag (table 7). 

Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 

Instruction 
Cycles 

Instruction 
execution 

Interrupt 
accepted 

Stacking, 
Reset of l/E 

3 

Stacking, 
lvector address 
is generated 

(table 8). 

Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B interrupt request flag (table 9). 

Timer C Interrupt Request Flag (IFTC: 
$002 bit 2): The timer C interrupt request 
flag is set by the overflow output of timer C 
(table 10). 

Timer C Interrupt Mask (IMTC: $002 bit 
3): The timer C interrupt mask prevents the 
interrupt from being generated by timer C 
interrupt request flag (table 11). 

Serial Interrupt Request Flag (IFS: $003 
bit 0): The serial interrupt request flag will 
be set when the octal counter counts eight 
transfer clock signals, or when data transfer is 
discontinued by resetting the octal counter 
(table 12). 

Serial Interrupt Mask (IMS: $003 bit 1): 
The serial interrupt mask masks the interrupt 
request (table 13). 

4 5 

JMPL instruction execution 
on the vector address 

6 

Instruction 
execution at 
starting address 
of the interrupt 
routine 

Figure 7. Interrupt Servicing Sequence 

~HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 989 



HD404808/HD4074808/HD4014808/HD40714808 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag 
(l/E) lntanupt Enable/Disable 

0 Disable 

Enable 

Table 4. External Interrupt Request 
Flag 

External Interrupt Request Flags 
(IFO, IF1 I 

0 

Interrupt Request 

No 

Yes 

Table 5. External Interrupt Mask 

External Interrupt Masks 
(IMO, IM1) Interrupt Request 

O Enable 

Disable (masks) 

Table 6. Timer A Interrupt Request 
Flag 

Timar A Interrupt 
Request Flag (IFTA) 

0 

Interrupt Request 

No 

Yes 

Table 7. Timer A Interrupt Mask 
Timar A Interrupt Mask 

(IMTA) Interrupt Request 

0 Enable 

Disable (Mask) 

Table 8. Timer B Interrupt Request 
Flag 

Timer B Interrupt 
Request Flag (IFTB) 

0 

Interrupt Request 

No 

Yes 

Table 9. Timer B Interrupt Mask 
Timar B Interrupt Mask 

(IMTB) Interrupt Request 

O Enable 

. 1 Disable (Mask) 

Table 10. Timer C Interrupt Request 
Flag 

Timar C Interrupt 
Request Flag (IFTC) 

0 

Interrupt Request 

No 

Yes 

Table 11. Timer C Interrupt Mask 

Timar C Interrupt 
Mask (IMTC) 

0 

Interrupt Request 

Enable 

Disable (mask) 

Table 12. Serial Interrupt Request Flag 

Serial Interrupt 
Request Flag (IFS) 

0 

Interrupt Request 

No 

Yes 

Table 13. Serial Interrupt Mask 

Serial Interrupt 
Mask (IMS) 

0 

Interrupt Request 

Enable 

Disable (Mask) 
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No 

(B) 

Execute 
Instruction 

PC<-(PC)+ 1 

PC<-$0002 

PC<-$0004 

PC<-$0006 

PC<-$0008 

PC+-$000A 

PC.-$000C 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Interrupt 
Accept 

l/E<- 0 

Stack<-(PC) 
Stack<-(CA) 
Stack<-(ST) 

(SERIAL Interrupt) 

Figure 8. Interrupt Servicing Flowchart 
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Serial Interface 

The serial interface transmits/receives 8-bit 
. data in serial. It consists of the serial data 

register, the serial mode register, the port 
mode register A, the octal counter, and the 
multiplexer {figure 9). Pin ROo/SCK and the 
transfer clock signal are controlled by the 
serial mode register. The data of the serial 
data register can be written in or read out by 
software. The data in the serial data register 
can be shifted synchronously with the trans
fer clock signal. 

The STS instruction starts serial interface 
operations aI).d resets the octal counter to $0. 
The octal counter starts to count at the falling 
edge of the transfer clock (SCK) signal and 
increments by one at the rising edge of the 
SCK. When the octal counter is reset to $0 
after eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter
rupt request flag will be set. 

Serial Mode Register (SMR: $005): The 4-
bit write-only serial mode register controls 
the ROo/SCK, prescaler divide ratio, and 
transfer clock source (table 14). 

System 
Clock 

Prescaler ( 11 bit) 

CXl "' "' CXl "' "' "' "' + + + ·I· ·I· 

Serial MPX 

3 
SMR (4 bit) 
Serial Mode 

Reg. 

Internal Bus Line (S2) 

CXl ..,. 
0 

"' + 

PMRA(4bit) 
Port Mode 
Re .A 

2 

ROo/SCK 
Port 

SCK 

SCKI 

The write signal to the serial mode register 
controls the internal state of the serial inter
face . 

The write signal to the serial mode register 
stops the serial data register and octal 
counter from applying the transfer clock, and 
it also resets the octal counter to $0 simulta
neously. Therefore, when the serial interface 
is in the transfer state, the write signal causes 
the serial mode register to cease the data 
transfer and to set the serial interrupt request 
flag. 

Data of the serial mode register will be 
changed at the second instruction after write 
instruction to the serial mode register. 
Therefore, it is required to execute the STS 
instruction after the data in the serial mode 
register has been changed completely. The 
serial mode register will be reset to $0 by 
MCU reset. 

Serial Data Register (SRL: $006, SRU: 
$007): The 8-bit read/write serial data regis
ter consists of low-order digits (SRL: $006) 
and high-order digits (SRU: $007). 

The data in the serial data register will be 

OC(3bit) 
Octal 

Counter 

SROF 
IFS 

Interrupt 
Request Flag 
of Serial Inter
face 

Internal Bus Line (S1) 

4 4 

SR (8 bit) 

Serial Data Register 

4 4 

Internal Bus line (S2) 

Figure 9. Serial Interface Block Diagram 
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output from the SO pin LSB first 
synchronously with the falling edge of the 
transfer clock signal. At the same time, 
external data will be input from the SI pin to 
the serial data register synchronously with 
the rising edge of the transfer clock. Figure 11 
shows the I/O timing chart for the transfer 
clock signal and the data. 

The read/write operations of the serial data 
register should be performed after the com -
pletion of data transmit/receive. Otherwise 
the data may not be guaranteed. 

Selection and Change of the Operation 
Mode: Table 15 shows the serial interface 
operation modes which are determined by a 
combination of the value in the port mode 
register and that in the serial mode register. 

Table 14. Serial Mode Register 

SMR3 ROo/SCK 

0 Used as ROo port input/output pin 

Used as SCK input/output pin 

SMR2 SMR1 SMRO ROo/SCK Port 

0 0 0 SCK 
Output 

0 0 SCK 
Output 

0 0 SCK 
Output 

0 SCK 
Output 

Initialize the serial interface by the write 
signal to the serial mode register in order to 
change the operation mode of the serial 
interface. 

Operating State of Serial Interface: The 
serial interface has three operating states: 
the STS waiting state, SCK waiting state, and 
transfer state (figure 12). 

The STS waiting state is the initialization 
state of the serial interface internal state. The 
serial interface enters this state in one of two 
ways: either by changing the operation mode 
through a change in the data in the port 
mode register, or by writing data into the 
serial mode register. In this state, the serial 
interface does not operate even if the transfer 
clock is applied. If an STS instruction is 
executed then, the serial interface shifts to 

Transfer Clock 

Prescaler System Clock 
Clock Source Divide Ratio Divide Ratio 

Prescaler . 2048 . 4096 

Prescaler . 512 . 1024 

Prescaler 128 256. 

Prescaler 32 64 

~--~--------

0 0 SCK Prescaler 8 . 16 
Output 

0 SCK Prescaler 2 4 
Output 

0 SCK System 
Output Clock 

SCK External 
Input Clock 
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SCK waiting state. 

In this state, the falling edge of the first 
transfer clock causes the serial interface shift 
to transfer state, while the octal ·counter 
counts-up and the serial data register shifts 
simultaneously. As an exception, if the clock 
continuous output mode is selected, the serial 
interface stays in SCK waiting state while the 
transfer clock outputs continuously. The octal 
counter becomes 000 again by 8 external 
transfer clocks or by execution of STS 

Table 15. Serial Interface Operation 
Mode 

Serial Interface 
SMR3 PMRA1 PMRAO Operating Mode 

0 0 Clock Continuous 
Output Mode 

0 Transmit Mode 

0 Receive Mode 

Transmit/Receive 
Mode 

PMRA: $004 

instruction, so that the serial interface returns 
to SCK waiting state, and the serial interrupt 
request flag is set simultaneously. In transfer 
state the octal counter becomes 000 by 8 
internal transfer clock, so that the serial 
interface enters STS instruction waiting state, 
and the serial interrupt request flag is set 
simultaneously. 

When the internal transfer clock is selected, 
the transfer clock output is triggered by the 
execution of an STS instruction, and stops 

SMR: $005 

PMRA3 PMRA2 PMRA1 PMRAO SMR3 SMR2 SMR1 SMRO 

l_ Selects transfer clocks 

'----------Selects ROo/SCK mode 

~-----Selects R0 1/SO pin mode 

~--------Selects R02/SI pin mode 

Transfer 
Clock 

Serial 
Output 
Data 

Figure 10. Configurations and the Functions of the Mode Registers 

1.!.1 , l ' I . I . I . I . I MSB 

8 

Serial Input I I I I I I I I 
~:h Timing. _ ___.___.___.~..__.___,__...___.____ 

Figure 11. Serial Interface 1/0 Timing Chart 
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after 8 clocks. 

Program the SMR again to initialize the 
internal state of the serial interface when the 
PMRA is programmed in the transfer state or 
in the SCK waiting state. Then the serial 
interface goes into the STS waiting state. 

Example of Transfer Clock Error Detec
tion: The serial interface malfunctions when 
the transfer clock is disturbed by external 

noises. In this case, transfer clock error can be 
detected by the procedure shown in figure 
13. 

If more than 8 transfer clocks are applied in 
the SCK waiting state, the state of the serial 
interface shifts in the following sequence: 
first, transfer state, second, SCK waiting 
state, and third, transfer state again. The 
serial interrupt request flag should be reset 
before entering into the STS waiting state by 

STS Waiting State 

(Octal Counter =000 ) 
Transfer Clock Disable 

Transfer Clock 

SCK Waiting State 

(Octal Counter=OOO) 
8 External Transfer Clocks 

STS Instruction 

Transfer State 

(Octal Counter*OOO) 

Figure 12. Serial Interface.Operation State 

Transfer Finished 
(IFS~1) 

Interrupt 
Disable 

IFS~O 

Write to 
SMR 

Normal End 

Yes Transfer Clock 
Error Processing 

Figure 13. Example of Transfer Clock Error Detection 
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writing data to SMR. This procedure causes 
the serial interface request flag to be set 
again. 

Timer 

The MCU provides prescalers S and B (Each 
prescaler has the different input clock source 
individually}, and 3 timers/counters (timers 
A, B, and C}. Figures 14, 15 show their dia
grams. 

Prescaler S: The input to the prescaler S is a 
system clock signal. The prescaler is initial
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except by MCU reset and 
in the stop and watch mode. The prescaler 
provides input clock signals of timers A-C and 
the transfer clock of the serial interface. They 
can be selected by the timer mode registers A 
(TMA}, B (TMB}, C (TMC), and the serial mode 
register (SMR}, respectively. 

Prescaler W: The input to the prescaler W is 
a clock which divides Xl input clock into 8. 
The output of the prescaler W is available as 
an input clock for timer A by controlling the 
timer mode register (TMA). 

Timer A Operation: After timer A is initial
ized to $00 by MCU reset, it counts up at 
every clock input signal. When the next clock 
signal is applied after timer A is counted up 

(tsuacyc) 

fsus 
Prescaler-W (5 bit) 

to $FF, timer A is set to $00 again, and 
generating overflow output. This leads to 
setting timer A interrupt request flag (IFT A: 
$001, bit 2) to 1. Therefore, timer A can fu:nc
tion as an interval timer periodically generat
ing overflow output at every 256th clock 
signal input. 

To use timer A as a watch time base, set 
TMA3 to 1. The timer counter receives pres
caler W output, and timer A generates inter
rupts with an accurate timing (reference 
clock = 32 kHz crystal oscillator}. When you 
use timer A as a watch time base, prescaler W 
and timer counter can be initialized to $0 by 
setting timer mode register A. 

The clock input signals to timer A are 
selected by the timer mode register A (TMA: 
$008). 

Timer B Operation: The timer mode regis
ter B (TMB: $009} selects the auto-reload 
function, input clock source, and the pres
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT1 as INT1 by 
the port mode register (PMR: $004} control to 
prevent an external interrupt request from 
occurring. 

Timer B is initialized according to the data 
written into the timer load register by soft
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 

TCA (8 bit) 

Ttmer Counter A 

Interrupt 
Request Flag 
of Timer A 

tsuacvc= 1 /fsus 
tcyc = 1 /fcyc 

Figure 14. Timer A Block Diagram 
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to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto
reload function is selected timer B is initial
ized according to the value of the timer load 

register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002, bit 0) will be set at this overflow output. 

TMB 14 bit) 

Timer Mode Reg. B 

3 

Timer B MPX 

(X) 

N 
(X) N g 

N .. (X) M 
N :;; N 

+ + + + + ·I· + 

System fcyc Prescaler-S ( 11 bit} 

~C-lo-ck-~ (tcyc) '----~~~-~~~---' 

.. (X) 
(X) N N .. 

N 
N .. (X) 

N :;; 0 0 
M N 

+ + + + + + + + 

Timer C MPX 

3 

TMC (4bit) 
Timer Mode Reg. C 

Internal Bus Line (51) 

4 

TLB (4 bit) 4 
Timer Latch Reg. B 

TCB (8 bit) 
Timer/Event Counter B 

TLR (8 bit) 
Timer Load Reg. B 

4 4 

,__ __ ., IFTB 

Interrupt Request Flag 
of Timer 8 

Internal Bus Line (52) 

Internal Bus Line (51) 

4 

TLC 14 bit) 
Timer Latch Reg. C 

:rCC(Bbit) 

Timer Counter C 

TCR (8 bit) 
Timer Load Reg. C 

4 

4 

4 

PWMO 

Pulse Width Modulation Out 

--~ 
~ Interrupt Request Ll Flag of Timer C 

MPX 

Internal Bus Line (52) 

$020, 1 

WDONI--------' 

(SET only) 

Figure 15. Timer B/Timer C Block Diagram 
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Timer C Operation: The timer mode regis
ter C (TMC: $00D) selects the auto-reload 
function, and the prescaler divide ratio for 
timer C. 

Timer C is initialized according to the data 
written into the timer load register by soft
ware. Timer C counts up at every clock input 
signal. When the next clock signal is applied 
to timer C after it is set to $FF, it will generate 
an overflow output. In this case, if the auto
reload function is selected, timer C is initial
ized according to the value of the timer load 
register. If it is not selected, timer C goes to 
$00. The timer C interrupt request flag (!FTC: 
$002, bit 2) will be set at this overflow output. 

Timer C is also available as a watch dog timer 
for detecting a program out of sequence. An 
MCU reset occurs when the watch dog on 
flag (WDON) is 1 and the counter overflow 
output is generated by the program going 
out of sequence. During timer C is stopped, 
the watchdog timer function is also stopped. 
In the standby mode, the function is enabled. 

Timer C provides a variable duty-cycle pulse 
output function (PWMO). The output 
waveform differs depending on the contents 
of the timer mode register and the timer load 
register C (figure 16). When you select pulse 
output function, set R31/TIMO to TIMO by 
controlling the port mode register B. 

TX (TCR + 1) 

1--1 

During timer C is stopped, this function is also 
stopped. 

Timer Mode Register A (TMA: $008): The 
timer mode register A is a 4-bit write only 
register which controls the timer A operation 
as table 16 shows. The timer mode register A 
is initialized to $0 at MCU reset. 

Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 17. The timer mode register Bis initial
ized to $0 by MCU reset. 

The data of timer B changes at the second 
instruction cycle of write instruction. Initial
ization of timer B by writing data into the 
timer load register should be performed after 
the contents of TMB are changed. 

Timer Mode Register C {TMC: SOOD): The 
timer mode register C is a 4-bit write only 
register which selects the auto-reload func
tion, input clock source, and prescaler divide 
ratio as table 18 shows. The timer mode reg
ister C is initialized to $0 at MCU reset. 

The contents of the timer mode register C can 
be changed at the second instruction cycle of 
write instruction. Therefore, it is required to 
initialize the timer C after the contents of the 

Note: When TCR=$FF, 
always fixed to low. 

TMC3 = 0 u-u 
TMC3 = 1 

~T •I ~ TX256 

TX (256 - TCR) 

T: Input clock to counter (table 18) 
TCR: The value of the timer load register 

Figure 16. Variable Duty-Cycle Pulse Output Waveform 
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Table 16. Timer Mode Register A 

Source prescaler, input clock cycle, 
TMA3 TMA2 TMA1 TMAO operation mode 

0 0 0 0 PSS, 2048 tcyc Timer A mode 

PSS, 1024 tcyc 

0 PSS, 512 tcyc 

PSS, 128 tcyc 

0 0 PSS, 32 tcyc 

PSS, 8 tcyc 

0 PSS, 4 tcyc 

PSS, 2 tcyc 

0 0 0 PSW, 32 tsuscyc Time base mode 

PSW, 1 6 tsuBcyc 

0 PSW, 8 tsuscyc 

PSW, 2 tsuBcyc 

0 0 PSW, TCA reset 

0 

Notes: 1. tsuscvc = 244.14 jls (when 32. 768 kHz crystal oscillation is used) 
2. Timer counter overflow output cycle(s) = Input clock cycle(s) x 256 
3. LCD enters into halt mode when PSW /TCA reset is selected during LCD display (Power 

switch off). To display LCD contnuously, PSW/TCA reset time must be minimized by 
programming. 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 999 



HD404808/HD4074808/HD4014808/HD40714808 

timer mode register C has been changed 
completely. 

Timer.B {TCBL: $00A, TCBU: $00B, TLRL: 
SOOA, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register, and an 8-bit 
read-only timer/event counter. Each of them 
has low-order digits (TCBL: $DOA, TLRL: 
$00A) and high-order digits (TCBU: $00B, 
TLRU: $00B). (Refer to figure 15.) 

The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digits first, and 
then the high-order digits. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 

Table 17. Timer Mode Register B 

TMB3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 

0 0 0 2048 

0 0 512 

0 0 .. 128 

0 32 

0 0 .. 8 

0 .. 4 

0 .. 2 

INT1 (External Event Input) 

initialized to $00 by the MCU reset. 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digits first, and then 
the low-order digits. The count value of the 
low-order digit is obtained when the high
order digit is read. 

Timer C {TCCL: $00E, TCCU: $00F, 
TCRL: $00E, TCRU: $00F): Timer C consists 
of the 8-bit write-only timer load register and 
the 8-bit read-only timer/counter. These 
individually consist of low-order digits (TCCL: 
$00E, TCRL: $DOE) and high-order digits 
(TCCU: $00F, TCRU: $00F). The operation 
mode of timer C is the same as that of timer B. 

Table 18. Timer Mode Register C 

TMC3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMC2 TMC1 TMCO Clock Input Source 

0 0 0 .. 2048 

0 0 .. 1024 

0 0 .. 512 

0 .. 128 

0 0 .. 32 

0 .. 8 

0 4 

.. 2 
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Input/Output 

The MCU provides 26 I/O pins and 4 input 
only pins including 10 high current pins (15 
mA max). 26 I/O pins contain pull-up MOS 
controllable by program. When each I/O is 

Table 19. 1/0 Pin Circuit Type 

1/0 pins 

1/0 common 
pins (with 
pull-up MOS) 

Circuit 

used as an input, the data control register 
(DCR) controls the output buffer. Table 19 
shows I/O pin circuit types. 

The configuration of I/O buffers are shown in 
figure 19. 

Applicable 
pins 

L_ __ ;:::[)o-----lnput data 

Do-D9 
R00-R03 
R1o-R13 
R2o-R23 
R3o-R33 

Output 
pins (with 
pull-up MOS) 

Input 
pins 

Input signal 

Output data SCK (internal) 

'----1 ::------ SCK 

Output data SO or TIMO 

\t::J -1-------•- Input data lf>',____p 
Input signal 

Input signal Input data 

Mode select pin 

Note: Refer to table 20, Note 3 for R02/SO . 

• HITACHI 

so 
TIMO 

INTo 
INT1 
SI 

D10 
D11/VCref 

D12/COMPO 
D13/COMP1 

(
Multiplexed) 
with analog 
inputs 
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Port D: Port D is consisted of 10 1-bit I/O 
ports and 4 input ports. Ports Do-De are high 
current I/O ports (15 mA max). The swn of the 
current for all ports is up to 100mA. Port D can 
be set/reset by SED/RED and SEDD/REDD 
instructions, and can be tested by TD/TDD 
instructions. An output data is stored in the 
port data register. ON/OFF of the output 
buffer for port D can be controlled by the data 
control register for port D (DCRB, DCRC, 
DCRD). The DCR is located on the memory 
address area. Pins Dio-D1a are input only pins. 

Two operation modes are available for pins 
Di2 and Dia: digital input mode and analog 
input mode. The operation modes can be 
selected by the port mode register B (PM 
RB; bits 1, 0). In the digital input mode, these 
pins can be used as input with the same 
characteristics as other I/O pins. In the ana
log input mode, users can read the result of 
the comparison between the reference volt
age as an input data. The reference voltage is 
input through D11/VCref. 

Port R: Port R, consisting of 4 4-bit 1/0 ports, 
can receive/transmit data by LAR/LRA and 
LBR/LRB instructions. An output data is 
stored in data register (PDR) of each pin. 

ON/OFF of the output buffer for port R can be 
controlled by the data control registers for 
port R (DCRO-DCR3). 

The DCR is located on memory address area. 

Pins ROo, R01, R02 are multiplexed with SCK, 
SI, SO, respectively. 

Pins R31, R32, R3a are multiplexed with TIMO, 
INTo, INT1, respectively. Refer to figure 18. 

Controlling the Pull-Up MOS: All I/0 ports, 
except for pins D10-D1a, contain pull-up MOS 
which can be controlled by program. 

Bit 3 of the port mode register B (PMRB3) 
controls activation of all pull-up MOS simul
taneously. Pull-up MOS is controlled by the 
port data register (PDR) of each pin. There
fore, each bit of pull-up MOS can be individ
ually on and off. Refer to table 20. 

Unused I/0 Pins: If unused pins are left 
floating, the LSI may malfunction because of 
noise. The I/0 pins should be fixed as follows 
to prevent this; pull-up with Vee through 
internal pull-up MOS, or pull-up with Vee 
through a 100 kO approx resistor. 

M 
p 

--------------1<J pin 

Mode 
register 

x 

Comparator 

1-----VCre1 

Figure 17. Configuration of D121 Dia 
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SMR (Serial Mode Reg.) ADR=$005 

l 3 l 2 I 1 I 0 J 

ROo/SCK pin mode selection 

PMRA (Port Mode Reg. A) ADR=$004 

l 3 l 2 l 1 l 0 J 
l l R02/SO pin mode selection 

RO,/SI pin mode selection 

R32/INT0 pin mode selection 

R3 3/INT 1 pin mode selection 

PMRB (Port Mode Reg.Bl ADR=$012 

r 
3 I 2 l 1 I 0 J 

l 1 0 12/COMPO pin mode selection 

D13/COMP1 pin mode selection 

R3 1/TIMO pin mode selection 

Pull up MOS ON/OFF selection 

SMR Port 

bit 3 Select 

0 ROo 

1 SCK 

PMRA Port PMRA Port PMRA Port 

bit 3 Select bit 2 Select bit 1 Select 

0 R33 0 R32 0 R01 

1 INT1 1 INTo 1 SI 

PMRB Pull up MOS PMRB Port PMRB. Port 

bit 3 ON/OFF bit 2 Select bit 1 Select 

0 OFF 0 R31 0 013 

1 ON 1 TIMO 1 COMP1 

Figure 18. 1/0 Select Mode Register 
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PMRA Port 

bit 0 Select 

0 R02 

1 so 

PMRB Port 

bit 0 Select 

0 D12 

1 COMPO 
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Table 20. Input/Output by Program Control 

PRMB; bit 3 0 

DCR 0 0 

PDR 0 0 0 0 

PMOS (A) Off Off Off On Off Off Off On 

NMOS (B) Off Off On Off Off Off On Off 

Pull-up MOS Off Off Off Off Off On Off On 

Notes: 1. Combine the values of the above mode registers (PMRB3, OCR, POR) to select input/output 
for PMOS (A). NMOS (B). and the pull-up MOS individually. 
The OCR and the POR control each pin. And the PMRB3 controls ON/OFF of all pull-ups. 

2. The second bit of the miscellaneous register (MIS2) controls R02/SO. When MIS2 is 1, 
PMOS (A) is off. 

R02/SO 
MIS2 PMOS (A) 

0 On 

Off 

3. Each bit of OCR corresponds to each port as follows: 

OCR 

OCR 0 

OCR 1 

OCR 2 

DCR 3 

DCR B 

OCR C 

OCR D 

bit 3 

R03 

Rh 

R23 

R33 

03 

01 

-

Pull-up 
MOS 

bit 2 

R02 

Rh 

R22 

R32 

02 

De 

Vee 

Input Signal 

bit 1 

R01 

R11 

R21 

R31 

01 

05 

Os 

PDR 

,,___ __ Input Data 

Figure 19. Configuration of the Input/Output Buffer 
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bitO 

ROo 

R1o 

R22 

R3o 

Do 

04 

Os 
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Reset other cases, at least two instruction cycles of 
RESET input are required for the MCU reset. 

Bringing the RESET pin high resets the MCU. 
At power-on, or when cancelling stop mode 
for oscillator, apply the RESET input for at 
least tRc for the oscillator to stabilize. In all 

Table 21 shows the parts initialized by MCU 
reset, and each status. 

Table 21. Initial Value After MCU Reset 
Initial value 

Items by MCU reset Contents 

Program Counter (PC) $0000 

Status (ST) 

Stack Pointer (SP) $3FF 

Register V (Bank Register) (V) 0 

Interrupt Interrupt Enable Flag (l/E) 0 

Flag/Mask Interrupt Request Flag (IF) 0 

Interrupt Mask (IM) 

1/0 Port Data Register (PDR) All bits are 1 

Data Control Register (OCR) All bits are 0 

Port Mode Register A (PMRA) 0000 

Port Mode Register B (PMRB) 0000 

Timer/Counter Timer Mode Register A (TMA) 0000 

Serial Interface Timer Mode Register B (TMB) 0000 

Timer Mode Register C (TMC) 0000 

Serial Mode Register (SMR) 0000 

Prescaler S $000 

Prescaler W $00 

Timer Counter A (TCA) $00 

Timer Counter B (TCB) $00 

Timer Counter C (TCC) $00 

Timer Load Register B (TLR) $00 

Timer Load Register C (TCR) $00 

Octal Counter 000 

.HITACHI 

Execute program from the top of the 
ROM address 

Enable to branch with conditional 
branch instructions 

Stack level is 0 

Bank 0 (Memory) 

Inhibit all interrupts 

No interrupt request 

Masks interrupt request 

Enable to transmit high 

Output buffer is off (high impedance) 

See port mode register A 

See port mode register B 

See timer mode register A 

See timer mode register B 

See timer mode register C 

See serial mode register 
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Table 21. Initial Value After MCU Reset (Cont) 

Initial value 
Items by MCU reset Contents 

LCD LCD Control Register (LCR) 000 See LCD control register 

LCD Mode Register (LMR) 0000 See LCD duty/clock control 

Bit Register Low Speed On Flag (LSON) 0 See low power dissipation mode 

Watch Dog Timer ON Flag (WOON) 0 See timer C 

Miscellaneous Register (MIS) 000 See miscellaneous register 

After recovering from STOP After MCU reset except for 
Item mode by MCU reset the left condition 

Carry (CA) The contents of the items before The contents of the items before 
MCU reset are not retained. MCU reset are not retained. 

Accumulator (A) It is necessary to initialize them by It is necessary to initialize them by 

Register B (B) 
software. software. 

Register W (W) 

Registers X/SPX (X/SPX) 

Registers Y /SPY (Y/SPY) 

Serial Data Register (SR) 

RAM The contents of RAM before Same as above 
MCU reset Oust before STOP 
instruction) are retained . 
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Internal Oscillator Circuit OSC1-0SC2. 32.768 kHz crystal oscillator can 
be connected to Xl, X2. External clock oper
ation is available for the system oscillator. Figure 20 gives an internal oscillator circuit 

diagram. Ceramic filter can be connected to 

osc 1 

OSC2 

X1 

X2 

System fose 

oscillator 

Sub-sys
tem 
oscillator 

Divider 
circuit 
1/4 

Divider 
circuit 
1/8 

Timing fcyc 

generator 
circuit 

Timing 
generator 
circuit 

Mode 
control 
circuit 

System clock 
(¢eeul 

System clock 
(¢pER) 

~----~-Time base 

Do 

RESET 

OSC2 

osc, 
Vee 

VT,e1 

GND 

Figure 20. Internal Oscillator Circuit 

TEST 

X1 

GND 

Figure 21. Layout of Crystal and Ceramic Filter 
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clock (¢eLKl 
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Table 22. Examples of Oscillator Circuit 

Circuit Configuration 

Oscillator 

External clock operation 

Open OSC2 

Ceramic filter oscillator GND 

Crystal oscillator 

@HITACHI 

Circuit Constants 

HD404808, HD4074808 
Ceramic filter: CSA4.00MG 
(Murata) 
R1=1 MO± 20% 
C1 =C2=30 pF ± 20% 

HD40L4808, HD407L4808 
Ceramic filter: CSB400P 
(Murata) 
R1=1 MO± 20% 
C1 =C2=220 pF ± 5% 
Ceramic filter: CSB800J 
(Murata) 
R1=1 MO± 20% 
C1 =C2=220 pF ± 5% 

HD404808, HD4074808 
C1: 10~22 pF ± 20% 
C2: 10~22 pF ± 20% 
R1: 1 MO± 20% 
Co: 7 pF max 
R5 : 1000 max 
f= 1 .0-4.2 MHz 
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Circuit Configuration Circuit Constants 

Crystal: 32.768 kHz: MX38T 
c, (Nippon Denpa Kogyo) r.j:IX1 C1=6 pF ± 20% 

Crys~~ 
C2=20 pF ±20% 
R5 =14 kO b X2 Co=1.5 pF 

C2 
Crystal oscillator GND 

--t!J~ 
Co 

Notes: 1 . On the crystal and ceramic filter resonator, the above circuit parameters are the one recom
mended by crystal or ceramic filter maker. The circuit parameters are changed by crystal, 
ceramic filter resonator and the floated capacitance in designing the board. In employing the 
resonator, please consult with the engineers of crystal or ceramic filter maker to determine the 
circuit parameter. 

2. Wiring among OSC1, OSC2 (X1, X2) and elements should be as short as possible, and never 
cross other wiring. Refer to figure 21. 

3. When 32. 768 kHz crystal oscillator is not used, pin X1 must be fixed to Vee and pin X2 must 
be open. 

.HITACHI 
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Liquid Crystal Display (LCD) 

The MCU contains 4 common signal pins, the 
controller, and the driver. The controller and 
the driver drive 32 segment signal pins. The 
controller consists of display data RAM, the 
LCD control register (LCR), and the duty I 
clock control register (LMR) (figure 22). 4 duty 
cycles and LCD clocks are available by pro-

Vee 

I Power Switch 

v,0--....----1 

LCD 
Power 
Supply 
Control 
Circuit 

LMR $014 

Duty/LCD 
Clooek Cont
rol Register 

2 2 

Display ON/OFF 

$050 

) 
Display 
Area 

(Dual Port) 
RAM 

$06F 

C=1 
RAM Area 

gram control. And the MCU contains the dual 
port RAM. Thus displayed data can be trans
ferred to segment signal pins automatically 
without program control. When you select 32 
kHz oscillation clock as an LCD clock source, 
the system allows the LCD display even in 
the watch mode in which the system clock 
halts. 

COM1 

LCD COM2 
Common 

COM3 Driver 
COM4 

LCD 
Clock 

SEG1 

SEG2 

LCD 
Segment 
Driver 

SEG32 

Duty Selection 

Clock Selection System Clock Dividing 
'------------------v;.r--r:;-Output (CL 1-CL3) 

-__,.- 32 kHz Clock Dividing 
LCD: Liquid Crystal Display Output (CLO) 

Figure 22. LCD Driver Configuration 
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LCD Data Area and Segment Data ($050-
$06F): Figure 23 shows the configuration of 
LCD RAM area. Each bit of this area, corre
sponding to 4 types of duty cycles can be 
transmitted to segment as a display data by 
programming the area corresponding to the 
duty cycle. 

segment signal. 

· Power Switch ON/OFF 
OFF: Power switch is off. 
ON: Power switch is on, and V1 is Vee. 

· Watch Mode/Subactive Mode Display 

LCD Control Register (LCR: $013): The 
LCD control register is a 3-bit write only reg
ister which controls the blanking of the LCD, 
activation of the power switch and the dis
play in the watch mode/subactive mode (ta
ble 23). 

OFF: In the watch mode/subactive mode, 
all comm~n/segment pins are fixed to GND. 
And power switch is off. 
ON: In the watch mode/subactive mode, 
LCD RAM data is transmitted as a segment 
signal. 

· Blank/Display 
LCD Duty Cycle/Clock Control Register 
(LMR: $014): The LCD duty cycle/clock con
trol register is a write only register which 
specifies 4 display duty cycles and reference 
clock for LCD (table 24). 

Blank: Segment signal is faded irrespective 
of the LCD RAM data. 
Display: LCD RAM data is transmitted as a 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

M 3 M 2 M 1 M 0 M 3 M 2 M 1 M 0 

SEG 1 SEG 1 SEG 1 SEG 1 $050 96 SEG 17 SEG 1 7 SEG 17 SEG 17 $060 

SEG 2 SEG 2 SEG 2 SEG 2 $051 97 SEG 18 SEG 18 SEG 18 SEG 18 $061 

SEG 3 SEG 3 SEG 3 SEG 3 $052 98 SEG 19 SEG 19 SEG 19 SEG 19 $062 

SEG 4 SEG 4 SEG 4 SEG 4 $053 99 SEG 20 SEG 20 SEG 20 SEG 20 $063 

SEG 5 SEG 5 SEG 5 SEG 5 

SEG 6 SEG 6 SEG 6 SEG 6 

SEG 7 SEG 7 SEG 7 SEG 7 
··-

$054 100 SEG 21 SEG 21 SEG 21 SEG 21 $064 

$055 101 SEG 22 SEG 22 SEG 22 SEG 22 $065 

$056 1 02 SEG 23 SEG 23 SEG 23 SEG 23 $066 

$057 103 SEG 24 SEG 24 SEG 24 SEG 24 $067 SEG 8 SEG 8 SEG 8 SEG 8 

SEG 9 SEG 9 SEG 9 SEG 9 

SEG 10 SEG 10 SEG 10 SEG 10 

SEG 11 SEG 11 SEG 11 SEG 11 

SEG 12 SEG 12 SEG 12 SEG 12 

SEG 13 SEG 13 SEG 13 SEG 13 

SEG 14 SEG 14 SEG 14 SEG 14 

SEG 15 SEG 15 SEG 15 SEG 15 

SEG 16 SEG 16 SEG 16 SEG 16 

COM 4 COM 3 COM 2 COM 1 

t-----t----- r----------t----·---1 
$058 104 SEG 25 SEG 25 SEG 25 SEG 25 $068 

$059 105 SEG 26 SEG 26 SEG 26 SEG 26 $069 

$05A 106 SEG 27 SEG 27 SEG 27 SEG 27 $06A 

$058 107 SEG 28 SEG 28 SEG 28 SEG 28 $068 
t-----+-----+-----+------

$05 C 1 08 SEG 29 SEG 29 SEG 29 SEG 29 $06C 
t-----+-----+-----+-----~ 

$050 1 09 SEG 30 SEG 30 SEG 30 SEG 30 $060 

$05E 110 SEG 31 SEG 31 SEG 31 SEG 31 $06E 
i----t------t-----i-------~ 

$05F 111 SEG 32 SEG 32 SEG 32 SEG 32 $06F 

COM 4 COM 3 COM 2 COM 1 

Figure 23. Configuration of LCD RAM Area (Dual Port RAM) 
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Table 23. LCD Control Register 

LCR 

bit 2 

0 

Watch Mode/ 
Subactive Mode 
Display 

OFF 

ON 

LCR 

bit 1 

0 

Power Switch 
ON/OFF 

OFF 

ON 

LCR 

bitO 

0 

Blank 
/Display 

Blank 

Display 

Note: In case of LCD in the watch mode, use divider output of 32 kHz oscillator as an LCD clock and 
set LCR bit 2 to 1 . When system oscillator divider output is used as an LCD clock, set LCD bit 
2 to 0. 

Table 24. LCD Duty Cycle/Clock Control Register 

LMR 

bit 3 

0 

0 

Note: 

bit 2 bit 1 bit 0 Duty Cycle Select/Input Clock Select 

0 0 1/4 Duty Cycle 

0 1 /3 Duty Cycle 

0 1 /2 Duty Cycle 

Static 

0 CLO (32.768 kHz/64; when 32.768 kHz oscillator is used) 

CL 1 (fcyc/256) 

0 CL2 (fcyc/2048) 

CL3 (Refer to table 25) 

fcvc is a system oscillator divider output. 

'------- Blank/Display 

'---------Power Switch ON/OFF 

~----------Display ON/OFF at Watch Mode 

~-------------(Not Used) 

LMR (LCD Mode Reg.) ADR=$014 

3 2 0 

Figure 24. LCD Control Register 
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Table 25. LCD Frame Fequency 

Duty Cycle: Static 

~ 
bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 
0 0 0 1 1 0 1 1 
CLO CL1 CL2 CL3 * 

10µs 512Hz 390.6Hz 48.8Hz 24.4Hz/64Hz 

1µs 512Hz 3906Hz 488Hz 244Hz/64Hz 

Duty Cycle: 1/2 

~ 
bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 
0 0 0 1 1 0 1 1 
CLO CL1 CL2 CL3 * 

10µs 256Hz 195.3Hz 24.4Hz 12.2Hz/32Hz 

1µs 256Hz 1953Hz 244Hz 122Hz/32Hz 

Duty Cycle: 1/3 

~ 
bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 
0 0 0 1 1 0 1 1 
CLO CL1 CL2 CL3 * 

10µs 170.6Hz 130.2Hz 16.3Hz 8.1 Hz/21 .3Hz 

1µs 170.6Hz 1302Hz 162.6Hz 81.3Hz/21.3Hz 

Duty Cycle: 1/4 

~ 
bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 bit 3 bit 2 
0 0 0 1 1 0 1 1 
CLO CL1 CL2 CL3 * 

10µs 128Hz 97.7Hz 12.2Hz 6.1 Hz/16Hz 

' 1µs 128Hz 977Hz 122Hz 61 Hz/16Hz 

* Division ratio differs depending on the value of bit 3 of the timer mode register (TMA3) (TMA3 = 0/ 
TMA3 = 1). 

TMA3=0 CL3=f!;)'c/4096 
TMA3=1 CL3=32.768 kHz/512 
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Large LCD Panel Driving and Driving 
Voltage (Vtco): When using a large LCD 
panel, lower the dividing resistance by atta
ching external resistors parallely to the 
internal dividing resistors. (See figure 25.) 

Since the liquid crystal display board is 
matrix configuration, the path of the charge/ 
discharge current through the load 
capacitors is very complicated. Moreover, 
since it varies depending on display condi
tion, a value of resistance cannot be simply 
determined by referring to the load 

VeelV1l 

v, c 

V3 

GND 

Vee 
VLco 

Vee 
VLco 

Vee 
VLCD 

Vee 
VLCD 

Vee;;:;; VLeo;;:;; GND 

capacitance of liquid crystal display. A value 
of resistance must be experimentally deter
mined according to the demand for power 
consumption of the equipment in which the 
liquid crystal display is implemented. 
Capacitor C (0.1 to 0.3 µF) is recommended to 
be attached. In general, R is 1 kO to 10 kO. 

Figure 25 shows a connection when chang
ing the liquid crystal driving voltage (VLCo). In 
this case, power supply switch for dividing 
resistor (power switch) must be turned OFF. 
(Bit 1 of the LCR register is 0). 

VeclV,) 

R 

v, 
R 

V3 

R 
C = 0. 1 - 0.3 µF 

GND 

Vee COM1 
1- 1 With 4-digit 
Cl. signal 

v, 
v, 32 

SEG1 
V3 I 

SEG32 
GND 

Static Drive 

COM1 2 ,-, Vee 
COM2 D. 8-digit LCD 

v, 
v, 

32 
V3 SEG1 

I 

GND 
SEG32 

112 Duty, 1 /2 Bias Drive 
3 

Vee COM1 n With 10-digit 
I 0. with signal 

v, COM3 

v, 32 SEG1 
V3 I 

GND 
SEG32 

1 /3 Duty, 1 /3 Bias Drive 

COM1 
4 

Vee B. 16-digit LCD I 
COM4 v, 

V2 
V3 SEG1 

32 

I 
SEG32 

1 /4 Duty, 1 /3 Bias Drive 

Figure 25. An Example of LCD Connection 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has five operation modes. 

Active Mode: In the active mode, the MCU 
operates through clocks generated in the 
oscillator circuits: OSC1 and OSC2. 

Standby mode: Execute SBY instruction to 
put the MCU into the standby mode from the 
active mode. In standby mode, the oscillator 
circuit is active and interrupts, timer/counter, 
and the serial interface continue working. On 
the other hand, the CPU stops since the clock 

related to the instruction execution stops. 
Registers, RAM, and I/O pins retain their 
previous states. 

Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 after instruction 
execution, the interrupt is executed, while if 
it is 0, the interrupt request is put on hold and 
normal instruction execution continues. In 
the latter case, the MCU becomes active and 
executes the next instruction following the 
SBY instruction. (figure 27) 

Table 26. Low Power Dissipation Mode Function 

Condition 

Instruction Peripheral Clock 

Operating Activated System Sub~system execution interrupt interrupt Register/ 

Mode by oscillator oscillator 1.PcPul (o;i\PERI. (o;i\CLKI RAM Flag 1/0 Released by 

Active RESET Active Active Active Active Active Active Active Active3 RESET input 
mode release STOP/SBY 

Interrupt instruction 
request 

Sandby STBY Active Active Stop Active Active Hold Hold Hold RESET input 
mode instruction Interrupt 

request 

Stop TMA3 = 0, Stop Active 1 Stop Stop Stop Hold Reset High RESET input 
mode Stop impedance3 

instruction 

Watch TMA3 ~ 1, Stop Active Stop Stop Active2 Hold Hold Hold3 Reset input 
mode Stop INTo or 

instruction Timer A 
interrupt 
request 

Sub-active4 INTo from Stop Active Active Stop Active2 Active Hold/ Active RESET input 
mode watch mode Active STOP/SBY 

or Timer A instruction 

interrupt 
request 

Notes: 1. To minimize Ice, stop the oscillation by external circuit. 
2. Refer to interrupt frame section for details. 
3. Refer to table 27. 
4. Sub-active mode is a functional option specified via function option list. 
5. On using watch mode or Sub-active mode, 32.768 kHz crystal oscillator is essential for 

MCU. 
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Table 27. 1/0 State in the Low Power Dissipation Mode 

Do-Os 

RO-R3 

Output 

Standby mode, 
Watch mode 

Retained 

Retained 

Stop mode 

High 
impedance 

High 
impedance 

Input 

Active mode, 
Sub-active mode 

Input enable 

Input enable 

Input enable 

Table 28. Operations in the Low Power Dissipation Mode 

Stop 

Functions mode 

CPU Reset 

RAM Hold 

Timer A Reset 

Timer B Reset 

Timer C Reset 

Serial Reset 

LCD Reset 

1/0 Reset1 

Notes: 1 . Output pins are in the high impedance state. 
2. ~: in operation 
3. Sub-active mode is a functional option specified via functional option list. 
4. When a clock is input in the exterral clock mode, transmit-receive operation is performed. 

(lnterrrupt processing stops.) 
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RESET 

Standby Mode Active Mode Stop Mode 

1------------1 liMA3~0-~-----1 

I I I I 
II fosc Oscillate I SBY (Standby) I fosc Oscillate I 

1 fx Oscillate Moo-------H fx Oscillate tt1-------

I ¢cpu = Stop i Interrupt [I ¢cpu = fcye 
: iPcLK = fcyc ¢cLK = fcyc 

I ¢PER= feye ~(TimerA,B,C)l1 ¢PER= feye 
: I SERIAL I ~----r-----~ 
[ INT0 , INT1 I (TMA3=0) 

(TMA3=0) 

STOP fosc Stop 
fx Oscillate 
¢cPu = Stop 

¢CLK = Stop 
¢PER = Stop 

I I 
I I Watch Mode 

: ir(T_M_A_3_=_1l__._ ___ ~ I I J itTMA3-;_;, ..,-,-LSON-::0)-

J fosc Oscillate SBY (Standby) J fosc Oscillate ~-----"1 
I fx Oscillate 1 1 fx Oscillate I 

STOP J fosc 

: fx 

II ¢cpu = Stop I I ¢cpu = f eve [ INTo. I ¢cpu = li Interrupt Li. 
I ¢cLK = fsus t11--. ----- ¢cLK = fsus ------"1 

l~p~~~--f=~----J (~,~~~~·B.C) L~:~=--~y~----'r 
Timer A*' I 

¢CLK = 

-~ INTo, INT, 
r--- -- --- - ----------------.. 
i I 

: fosc: Main Oscillator : 
i fx: Sub Oscillator 1 
I 
I 
I 
I 
I 
I 
I 
I 

: 

for Time-Base 

feye: fosc/4 
fsua: fx/B 
¢cpu = System Clock 
¢cLK = Clock for Time-Base 
¢PER = Clock for other 

Sub Active Mode 

fosc Stop 
fx Oscillate 
¢cpu = fsus 

¢CLK = fsue' 
¢PER = Stop 

¢pm = 

STOP/ [ 
SBY I 

I 
I 
I 

__ STOP I (TMA3 = 1 
INTo. ~ ' 
Timer A* 1 fosc 

I fx 
I ¢cpu = 
I 

STOP/SBY I ¢cLK = 

1 ¢PER = 

Stop 
Oscillate 
Stop 
fsus 
Stop 

LSON=1) 

Stop 
Oscillate 
Stop 

fsus 
Stop 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Peripheral Function 
LSON: Low Speed ON Flag 

L_ -----------

l ________ - ----- ---- --- -____ _.~ * 1): Time-base interrupt 

Active Stop 

Active Active mode Standby mode 

Stop Sub-active mode Watch mode (TMA3 = 1) 

Stop mode (TMA3=0) 

Notes: 1 . </>PER is a clock for peripheral functions other than time 
base. 

2. c/>cPu is a system clock. 

Figure 26. MCU Operation Mode Transfer 
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Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

No 

Restart 
Processor Clocks 

Reset MCU 

WATCH 

Oscillator Stop 
Sub Oscillator Active 
Peripheral clocks Stop 
All Other Clocks Stop 

Yes 

Yes 

Yes 

Restart 
Processor Clocks 

Execute 
Next Instruction 

Interrupt 
Accept 

Figure 27. MCU Operating Flowchart 
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Stop Mode: Execute STOP instruction to put 
the MCU into the stop mode when the MCU is 
in the active mode and TMA3 is 0. In the stop 
mode, oscillator circuit and every function of 
the MCU stops. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 28, 
reset input must be applied at least tRc to 
stabilize oscillation. (Refer to AC Character
istics table.) After stop mode is cancelled, 
RAM retains the previous state, but the 
accumulator, register B, register W, registers 
X/SPX and Y /SPY, and carry may not retain 
their contents. 

Stop mode 

Watch Mode: The MCU enters Watch mode 
by the STOP instruction during Active mode 
and TMA3 = 1 or by the STOP or SBY instruc
tion during Sub Active mode. Watch mode 
can be canceled by the RESET input or timer 
A/INTo interrupt request. For a detailed 
description of the RESET input in canceling 
mode, see Stop mode section. If Watch mode 
is canceled by the timer A/INTo interrupt 
request, the MCU enters either Active mode 
or Sub Active mode depending on the state of 
the LSON bit. When the MCU enters Active 
mode, the interrupt request is delayed for a 
half of the interrupt frame period (tRc) in 
order to wait stabilization of the system 
oscillation (figure 29). In this case, MCU 

Oscillator ,,...,,II II lmml IJllmml 11 lllTTTTTTllllll'"""lllllll II AJllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

STOP instruction execution (more than stabilization time: tRc) 

Figure 28. Timing Chart of Recovering from Stop Mode 

Oscillation 

Act ive mode Watch mode 
J s_tabilization 

time Active mode 

Interrupt 
strobe 

Interrupt 
request 
generatio n 

(only in 
entering 
Active mo de) 

l l 
I 

I 
I 

I 

I 

T ' I tRc 

I 

' I 
' 

T=2 XtRc 

T=2 XtRc: Interrupt frame period 

Figure 29. Interrupt Frame 
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operation is the same as that when canceling 
Standby mode (figure 27). 

Sub-Active Mode: In the sub-active mode, 
the MCU operates with the clock generated 
in the oscillator circuit; X1-X2. Timer A/INT0 

interrupt is generated in this mode with the 
timing synchronously with the interrupt 
frame timing. 

Note that sub-active mode is a functional 
option. Therefore sub-active is available for 
the devices provided with this option. 

Interrupt Frame: In Watch mode and Sub 
Active mode, the time-base clock ( </JcLK) is 
applied to timer A and the INTo circuit. Pres
caler W and timer A operates as the time
base and generate the timeing clock for the 
interrupt frame. The interrupt frame period 

MIS: $00C 

MIS2 MISl MISO 

I } tRc selection 

(T) depends on the state of the miscellaneous 
register as shown in figure 30. 

In Watch mode and Sub Active mode, the 
timer A/INTo interrupt occurs synchronously 
with the interrupt strobe timing clock. When 
the MCU wakes up to Active mode from 
Watch mode, the interrupt request is delayed 
for a half of interrupt frame period (tRc). The 
falling edge of INTo, which is input regardless 
of the interrupt frame clock cycle, is equiva
lent to that synchronous with the interrupt 
strobe clock just after the falling edge. During 
oscillation stabilization (tRc) the falling edge 
of INTo is not recognized. An overflow and 
interrupt request in timer A occurs 
synchronously with the interrupt strobe 
clock. 

MIS Oscillation 
circuit 

.bit 1 bit 0 tRc condition 

0 0 0.12207 ms External clock 
input 

0 31.25 ms ceramic 

0 62.5 ms 
filter, crystal 

(Not Used) Refer to Table 20 Not Used 

IFTA 
(Timer A int. Flag) 

INT0 input 

INTo 
(Internal signal) 

IFO 
(External int. Flag) 

The value of tRc is applied only when using 
32.768 kHz oscillator. 

Figure 30. Miscellaneous Register 

Active mode Watch mode 
Oscillation 
stabilization time Active mode 

( 1) (2) (3) 

(Low) 

Figure 31. INTo Detect Timing 
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Limitation on Use 

Please pay attention to the following items. 

When MCU goes from watch mode to active 
mode by timer A interrupt request under the 
following conditions, the timer A interrupt 
request flag (IFTA) and also the external 
interrupt request flag (IFO) will be set. 

(1) MCU goes from active mode to watch 
mode in INTo low state. 

(2) INTo is low state during watch mode. 
(3) MCU goes from watch mode to active 

mode by timer A interrupt in INTo low 
state. 

Interrupt flag will be set by falling edge of 
INTo input signal and will not be set without 

Power ON 

Yes 

Reset 
MCU 

No 

this edge in regular case. However the· inter
nal INTo signal is initialized during 1st tcyc 
after the MCU transition from watch mode to 
active mode by timer A interrupt, therefore 
the falling edge will be generated internally 
with INTo low state during this 1st tcvc· This 
edge will cause to set IFO. (figure 31) 

The INT0 input must be high if MCU goes from 
watch mode to active mode by the timer A 
interrupt. 

MCU Operating Sequence 

The MCU operates according to the flow
charts shown in figures 32 to 34. 

Note that RESET input is asynchronous. 
Therefore, the MCU is reset immediately after 
the RESET input supply. 

r---- ---, 
I MCU I 
I I I Operation f 
I cycle I 
I I 
L.--------..1 

Figure 32. MCU Operating Sequence (Power On) 
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r-- --, 
I Low Power Mode I 
I Operation I 

Cycle L __ __ J 

IF: Interrupt Request Flag 
IM: Interrupt Mask 
l/E: Interrupt Enable Flag 
PC: Program Counter 
CA: Carry 
ST: Status 

Yes 

MCU Operation 
Cycle 

Instruction 
Execution 

PC<-Next 
location 

Yes 

No 

Yes 

l/E<-0 
Stack<-(PC),(CA) ,(ST) 

PC<-Vector 
address 

Figure 33. MCU Operating Sequence (MCU Operation Cycle) 
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Low Power Mode 
Operation Cycle 

Yes 

Hardware NOP 
Execution 

PC<--Next 
location 

MCU Operation 
Cycle 

No 

HD404808/HD4074808/HD4014808/HD40714808 

SBY/WATCH 
mode STOP mode 

Hardware NOP 
Execution 

PC<--Next 
address 

Instruction 
Execution 

* : For the kind of IF and IM, 
see figure 27 MCU Operating 
Flowchart. 

Figure 34. MCU Operating Sequence (Low Power Mode Operation) 
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Pin Description in PROM Mode 

The HD4074808/HD407L4808 is a ZTAT 
microcomputer incorporating PROM. In the 

PROM mode, the MCU does not operate and 
the HD4074808/HD407L4808 can program 
the on-chip PROM. 

Pin No. MCU Mode PROM Mode Pin No. MCU Mode PROM Mode 

FP-808 FP-llOA Pin Name 1/0 Pin Name 1/0 FP-808 FP-SOA Pin Name 1/0 Pin Name 1/0 

1 79 D2 1/0 41 39 SEG9 0 
2 80 D3 1/0 42 40 SEG10 0 

3 1/0 43 41 SEG11 0 

4 2 Ds 1/0 Os 1/0 44 42 SEG12 0 

5 3 De 1/0 Oe 1/0 45 43 SEG13 0 

6 4 1/0 46 44 SEG14 0 

7 5 Ds 1/0 47 45 SEG15 0 
8 6 Ds 1/0 48 46 SEG16 0 

9 7 D10 Vpp 49 47 SEG17 0 

10 8 As 50 48 SEG18 0 

11 9 D12/COMPO Mo 51 49 SEG19 0 

12 10 52 50 SEG20 0 
13 11 TEST I TEST 53 51 SEG21 0 

14 12 X1 I GND 54 52 SEG22 0 
15 13 X2 0 55 53 SEG23 0 
16 14 GND GND 56 54 SEG24 0 
17 15 ROo/SCK 1/0 57 55 SEG25 0 
18 16 R01/SI 1/0 58 56 SEG26 0 

19 17 59 57 SEG27 0 

20 18 60 58 SEG28 0 
21 19 R1 o 1/0 As 61 59 SEG29 0 
22 20 R11 1/0 Ae 62 60 SEG30 0 
23 21 R12 1/0 63 61 SEG31 0 
24 22 R13 1/0 As 64 62 SEG32 0 

25 23 R2o 1/0 Ao 65 63 COM1 0 

26 24 R21 1/0 66 64 COM2 0 
27 25 67 65 COM3 0 
28 26 68 66 COM4 0 
29 27 R3o 1/0 A,3 69 67 v, 
30 28 R3,/TIMO 1/0 A,4 70 
31 29 R32/INT0 1/0 CE 71 Vee 

32 30 R33/INT1 1/0 OE 72 70 NUMO 0 
33 31 SEG1 0 73 71 NUMO 0 

34 32 SEG2 0 74 72 NUMG Vee 

35 33 SEG3 0 75 73 Vee Vee 
36 34 SEG4 0 76 74 OSC1 I Vee 

37 35 SEG5 0 77 75 0 
38 36 SEG6 0 78 76 RESET I RESET 
39 37 SEG7 0 79 77 Do 1/0 Oo 1/0 
40 38 SEG8 0 80 78 D, 1/0 01 1/0 

Note: 1/0: Input/output pin, I: Input pin, 0: Output pin 
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Pins for PROM Mode (HD4074808) 

Vpp: Apply the programming voltage (12.5 V 
± 0.3 V) to Vpp. 

CE: Program the internal PROM and input 
the control signal to enable verify. 

OE: Input the data output control signal 
when verifying. 

(FP-808) 
(Top View) 

Vpp 

Ao 
Mo 
M, 

'fESf 
GND 

GND 
A1 
Az 
A, 
A• 
A5 
As 

Ao-A14: Ao-A14 are address input pins of the 
internal PROM. 

Oo-07: Oo-07 are data bus I/O pins of the 
internal PROM. 

Mo, Mi: Mo, Mi are for PROM mode specifica
tion. To put the MCU into the PROM mode, 
pull Mo, Mi, and TEST low, and RESET high. 

tu 
en ouu o 

0000~ >>> > 

HD4074808H 
HD407L4808H 

(FP-80A) 
(Top View) 

Figure 35. PROM Mode Pin Arrangement 
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Programmable ROM Operation 

The MCU on-chip PROM is programmed in 
PROM mode (figures 36, 37). PROM mode is 
set by bringing TEST, Mo. and Mi low, and 
RESET high as shown in figure 36. In PROM 
mode, the MCU does not operate. It can be 
programmed like a standard 27256 EPROM 
using a standard PROM programmer and an 
80-to-28-pin socket adapter. Table 30 lists 
recommended PROM programmers and 
socket adapters. 

Since an instruction of the HMCS400 series 
consists of 10 bits, the HMCS400 series mi
crocomputer incorporates a conversion cir
cuit to use a general purpose PROM pro
grammer. By this circuit, an instruction is read 
or programmed using 2 addresses, lower 5 
bits and upper 5 bits as shown in figure 37. 
For example, if 8 kwords of on-chip PROM are 
programmed by a general purpose PROM 
programmer, 16 kbytes of addresses ($0000-
$3FFF) should be specified. 

Programming And Verification 

The MCU can be high-speed programmed 
without causing voltage stress or affecting 
data reliability. 

Table 29 shows how programming and veri-

Table 29. PROM Mode Selection 

Pin 

Mode CE OE Vpp Oo-07 

Programming Low High Vpp Data input 

Verify High Low Vpp Data output 

Programming High High Vpp High 
inhi ited impedance 

fication modes are selected. 

Figure 38 is a programming flowchart, and 
figure 39 is a timing chart. For precautions on 
PROM programming, refer to ZTAT MCU On
Chip PROM Characteristics and Precautions 
for Applications. 

Precautions 

1. Addresses $0000 to $3FFF must be spec
fied if the PROM is programmed by a 
PROM programmer. If addresses of $4000 
or higher are accessed, the PROM may not 
be programmed or verified. Note that the 
plastic package type cannot be erased 
and reprogrammed. Data in unused ad
dresses must be set to $FF. 

2. Be careful that the PROM programmer, 
socket adapter and LSI match. Using the 
wrong programmer of socket adapter may 
cause an overv9ltage and damage the LSI. 
Make sure that the LSI is firmly fixed in 
the socket adapter, and that the socket 
adapter is firmly fixed in the programmer. 

3. The PROM should be programmed with 
Vpp=l2.5 V. Other PROMs use 21 V. If 21 V 
is applied to the MCU, the LSI may be 
permanently damaged. 12.5 V is Intel's 
27256 Vpp. 

Table 30. PROM Programmers and Socket Adapters 

PROM Programmer Socket Adapter 
Maker Type name · Maker Type name Package Type 
-=D-=A-=T"'"A""""'l...,./0=----1~2'""1'""0,..--------- Hitachi HS460ESF01 H FP-808 

AVAL Corp 

----------------· 
298 HS460ESF03H FP-80A 

PKW-1000 Hitachi 
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$0000 

$0001 

$001F 
$0020 

$007F 
$0080 

$1FFF 
$2000 

$3FFF 

$ 7FFF 

HD404808 /HD407 4808 /HD4014808 /HD40714808 

I 

I 

Vee 

Vpp 

RESET 

TEST 

Mo 

M1 

'--------t D10/Vpp 

Vee 

Vee 

GND 

Address 
Ao-Ai• 

-----OE 

....----cr 

Figure 36. PROM Mode Function Diagram 

I ' b1t4 b1t3 b1t2 bit 1 bitO Lower 5 b'.ts } $ OOOO JMPL Instruction 

I I bit9 bitB bit7 bit 6 bit 5 Upper 5 bits {Jump to RESET Routme) 

Vector Address JMPL Instruction 
(Jump to INT 0 Rouitne) 

$000F JMPL Instruction 

Zero-Page Subroutine 

~ 
$0010 (Jump to tNT1 Routine) 

JMPL Instruction 

(64 Words) (Jump to TIMER A Routine) 

JMPL Instruction 
$003F (Jump to TIMER B Routine) 

Pattern 
$W40 JM PL Instruction 

~ 
(Jump to TIMER C Routine) 

(4096 Words) JMPL Instruction 
(Jump to SERIAL Routine) 

Program $ 1000 ' 

(8198 Words) 

$ 1 FFF 

(Note) $2000 

Not Used 

$ 3FFF 

Three bits are not used. 
(Set to 111) 
Note: When reading this address space,$ FF is output. 

Figure 37. PROM Mode Memory Map 
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$0000 

$0001 
$0002 
$0003 
$0004 
$0005 
$0006 

$0007 
$0008 
$0009 
$000A 
$0008 
$OOOe 
$000D 
$000E 
$000F 
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FAIL 

Address 

Data 

Vpp 

Vee 

Vee 
Vee GND 

----
~ 

Start 

Set Prog/Verify mode 
Vee= 12.5·± 0.3 V, Vee= 6.0 ± 0.25 V 

Address + 1 -->Address 

NO 

NOGO 

Figure 38. High Speed Programming Flowchart 

Program Verify 

[ 
tAS .J c 

Data In Stable Data Out Valid 

tos toH toF 
i--:..:_ 

tvps-

tves 

f----1 
~ 

toEs toE 

~ .Ji 

Figure 39. PROM Program/Verify Timing 
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Programming Electrical Characteristics 

DC Characteristics 
(Vcc=6 V ± 0.25 V, Vpp=12.5 V ± 0.3 V, Vss=O V, Ta=25 ·c ± 5 ·c, unless otherwise 
noted.) 

Item Symbol Min Typ Max Unit Test Condition 

Input high voltage Oo-01, Ao-A14, OE, CE V1H 2.2 5.5 v 
Input low voltage Oo-01, Ao-A14, OE, CE V1L -0.3 0.8 v 
Output high voltage Oo-01 VoH 2.4 V loH= -200 µA 

Output low voltage Oo-01 VOL 0.4 V loL=1.6 mA 

Input leakage current Oo-01, Ao-A14, OE, CE llul 2 µA V;n=5.25V/0.5V 

Vee current Ice 30 mA 

Vpp current lpp 40 mA 

AC Characteristics 
(Vcc=6 V ± 0.25 V, Vpp=12.5 V ± 0.3 V, Ta=25 ·c ± 5 ·c, unless otherwise noted.) 

Item Symbol Min Typ Max Unit Test Condition 

Address set-up time tAs 2 µS Figure 38* 

OE set-up time to ES 2 µS 

Data set-up time tos 2 µS 

Address hold time tAH 0 µs 

Data hold time toH 2 µS 

Output disable delay time toF 130 ns 

Vpp set-up time tvps 2 µS 

Program pulse width tPW 0.95 1.0 1.05 ms 

CE pulse width when overprogramming to PW 2.85 78. 75 ms 
---·~--

Vee set-up time tvcs 2 µS 

Data output delay time toE 0 500 ns 

* Input pulse level 0.8 to 2.2 V 
Input rising/falling time~20 ns 

Timing reference level {input: 1.0V,2.0V 
output: 0.8 V, 2.0 V 
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Precautions on PROM Program
ming 

Principles of PROM Programming/ 
Erasing 

The ZTAT microcomputer has the same type 
of the memory cell as the EPROM. The PROM 
is programmed by applying high voltage to 
the control gate and drain and injecting hot 
electrons into the floating gate, in the same 
way in the EPROM programming. The elec
trons in the floating gate remains stabilized, 
surronded by the energy barrier of Si02 film. 
By this electrons, the threshold voltage in the 
memory cell changes and the corresponding 
bit goes to 0. 

The hot electrons are reduced as over time. 
This reduction is caused by: 

1. Ultraviolet light·····················The electrons 
are discharged by the ultraviolet light 
(erasure principle) 

2. Heat ····································The electorns, 
which are excited by heat, are discharged 

3. Application of high voltage·· ·The number 
of electrons is reduced due to the high 
voltage which is applied to the control gate 
and drain 

If there is any failure in the oxide film, the 
charge is markedly reduced; however, in 
general, such reduction does not occur, since 
devices which failed are usually excluded 

..------·/Control gate 
sio2 1 r 

Floating gate 

Source ~ Drain 

\. / 
( ,. J l ,. ( 

Programming (0) 

during screening tests. 

When the memory cell does not have any hot 
electrons in the floating gate, the corre
sponding bit goes to 1. 

PROM Programming 

PROM programming should be performed 
under specified voltage and timing condi
tions. The higher the prgram voltage (Vpp) 
and the longer the program pulse width 
(tpw), the more electrons will be injected into 
the memory cell. If an overvoltage is applied, 
a P-N junction may be permanently 
damaged. It is especially important to note 
that an overshoot occurs in the PROM writer. 
Moreover, negative voltage noise causen a 
parasitic transistor effect, which can reduce 
the apparent breakdown voltage. 

During PROM programming, the ZTAT 
microcomputer is electrically connected with 
the PROM writer via the socket adapter. The 
user should ensure the following: 
1. Confirm that the socket adapter is firmly 

connected to the PROM writer before 
beginning PROM programming. 

2. Do not touch the socket adapter and the 
LSI during programming; this can cause 
faulty contacts, resulting in programming 
errors . 

.. ,::, \j-.....__e __ ..., 
N' e 

Erasing (1) 

Control gate 

Floating gate 

Drain 

Cross-section of EPROM Memory Cell 

Figure 40. Cross Section of PROM Memory Cell 
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PROM Reliability after Programming 

In general, semiconductor devices retain 
their reliability, if some initial failures can be 
rejected. Initial failures can be rejected by 
adequate screening. Baking the device under 
high-temperature conditions is a screening 
method which eliminates initial shorttime 
data hold failures in the memory cell. (See 
Principles of PROM Programming/Erasing). 

Programming 
Verification 

I 
Exposure in high temperature 
without applying any power 
15Q°C ± 1Q°C, 48 Hr+ 8 Hr* 

- 0 Hr 

l 
Confirmation of reading 
Vcc=4.5 V or 5.5 V 

• Exposure time is the period starting from 
when the temperature in the baking furnace 
reaches 1 5Q°C. 

Figure 41. Recommended Screening 
Procedure 

ZTAT microcomputer devices realize good 
reliability because they have been subjected 
to such screenign during the water fabrica
tion process. It is recommended that the user 
expose the device to 150°C at one atmosphere 
after programming in order to verify device 
performance. 

Figure 41 shows the recommended screening 
procedure. 

(note) If programming errors occur se
quentially during PROM programming, the 
user should suspend programming and 
determine whether there is any trouble with 
the PROM writer or the socket adapter. If 
programming verification indicates errors in 
programming or after high-temperature 
exposure, please inform Hitachi of the trou
ble. 
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RAM Addressing Mode 

As shown in figure 42, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: The W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 digits from $040 to $04F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four kinds of ROM addressing 
modes, as shown in figure 43. 

Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PCo) with the 
14-bit immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 

When BR is on a page boundary (256n + 255) 
(figure 44), executing a BR instruction trans
fers the PC contents to the next page accord
ing to the hardware architecture. Conse
quently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bit immediate data 
are placed in the low-order six bits of the 
program counter (PC5 to PCo) and Os are 
placed in the high-order eight bits (PC13 to 
PCG). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data· addressing can be referred to by a P 
instruction (figure 45). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the Rl and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the Rl and R2 port output register at the 
same time. 

The P instruction has no effect on the pro
gram counter. 
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Register W Register X Register Y 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Direct Addressing 

Instruction 

Opcode 

0 0 0 0 0 

Memory Register Addressing 

Figure 42. RAM Addressing Mode 
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(JMPL) 
(BRL) 
(CALL) 

(TBR) 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC. PC3 PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 bs bs b• b3 b2 b1 bo 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC• PC3 PC2 PC1 PCo 

Current Page Addressing 

Instruction 

(CAL) Opcode as a. a3 a2 a1 ao 

00000000 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC4 PC3 PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

Opcode P3 p2 p1 Register 8 Accumulator 

0 0 

Program Counter PC13PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC• PC3 PC2 PC1 PCo 

Table Data Addressing 

Figure 43. ROM Addressing Mode 
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--1:::------,-------1256ln -1 ) + 255 
BR AAA 256n 

AAA NOP 

Figure 44. The Branch Destination by BR Instruction on the Boundary between Pages 

Instruction 

(Pl Opcode 
Register 8 Accumulator 

Referred ROM Address RA13 RA12 RA11 RArnRA9 RAa RA1 

Address Designation 

If ROa= 1 

If R0g=1 

Pattern 
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Instruction Set 6. Compare instruction 
7. RAM bit manipulation instruction 

The MCU provides 101 instructions which are 
classified into 10 groups as follows; 

1. Immediate instruction 
2. Register-to-register instruction 

8. ROM address instruction 
9. Input/output instruction 

10. Control instruction 

3. RAM address instruction 
4. RAM register instruction 

Tables 31-40 list their functions, and table 41 
is an opcode map. 

5. Arithmetic instruction 

Table 31. Immediate Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 0 0 0 i3 i2 i1 io i -·A 1/1 

Load B from Immediate LBI i 0 0 0 0 0 i3 i2 i, io i - B 1/1 

Load Memory from LMID i,d 0 0 0 i3 i2 i, io i - M 2/2 
Immediate dg ds d1 de ds d4 d3 d2 d, do 

Load Memory from LMllY i 1 0 1 0 0 1 i3 i2 t1 io i-~M. Y+1-Y NZ 1/1 
Immediate, Increment Y 

Table 32. Register-to-Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B-A 1/1 

Load B from A LBA 0 0 0 0 0 0 0 A-B 1 /1 

Load A from W LAW 1 0 0 0 0 0 0 0 0 0 W-A 2/2 

0 0 0 0 0 0 0 0 0 0 (Note) 

Load A from Y LAY 0 0 0 0 Y-A 1/1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX - A 1 /1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY - A 1/1 

Load A from MR LAMR m 0 0 "'3 m;z m1 IT() MR(m) - A 1 /1 

Exchange MR and A XMRAm 0 "'3 m;z m1 iro MR(m) - A 1 /1 

Note: An operand is provided for the second word of LAW and LWA instruction by assembler automat-
ically. 
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Table 33. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Coda Function Status Cycles 

Load W from Immediate LWI i 0 0 0 0 i1 io i •W 1/1 
-----------

Load X from Immediate LXI i 0 0 0 0 i3 i2 i1 io i - x 1/1 

Load Y from Immediate LY! i 0 0 0 0 i3 i2 ii io i -· y 1/1 
------------
Load W from A LWA 0 0 0 0 1 0 0 0 0 A •W 2/2 

0 0 0 0 0 0 0 0 0 0 (Note) 

Load X from A LXA 0 0 0 0 0 0 A •X 1 /1 
---·-----------------------------------

Load Y from A LYA 0 0 0 0 0 0 A-· y 1/1 

Increment Y IY 0 0 0 1 0 1 1 0 0 Y+l ~Y NZ 1 /l 

Decrement Y DY 0 0 0 Y-1 .y NB 1 /1 

Add A to Y AYY 0 0 0 0 0 0 0 Y+A -· y OVF 1/1 

Subtract A from Y SYY 0 0 0 0 0 0 Y-A ~ Y NB 1/1 
-------------------------
Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X ·-·SPX 1/1 

------------
Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y - SPY 1 /1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 X••SPX, Y-SPY 1/1 
and SPY 

Note: An operand is provided for the second word of LAW and LWA instruction by the assembler 
automatically_ 
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Table 34. RAM Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Memory LAM(XY) 0 0 1 0 0 1 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Load A from Memory LAMD d 0 1 1 0 0 1 0 0 0 0 M -·A 2/2 
ds ds d1 de d5 d4 dJ d2 d 1 do 

Load B from Memory LBM(XY) 0 0 0 0 0 0 0 y x M-B, (X-SPX, Y-SPY) 1/1 

Load Memory from A LMA(XY) 0 0 0 0 0 y x A-M, (X-SPX, Y-SPY) 1/1 

Load Memory from A LMAD d 0 0 0 1 0 0 0 A-M 2/2 
ds ds d1 de d5 d4 dJ d2 d, do 

Load Memory from A, LMAIY(X) 0 0 0 1 0 1 0 0 0 x k-M, Y+ 1-Y (X-SPX) NZ 1/1 
Increment Y 

Load Memory from A, LMADY(X) 0 0 0 0 0 0 x A-M, Y-1-Y (X-SPX) NB 1/1 
Decrement Y 

Exchange Memory and A XMA(XY) 0 0 0 0 0 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Exchange Memory and A XMAD d 0 0 0 0 0 0 0 0 M-A 2/2 
ds ds d1 de ds d4 dJ d2 d, do 

Exchange Memory and B XMB(XY) 0 0 1 1 0 0 0 0 y x M-B, (X-SPX, Y-SPY) 1/1 

Note: (XY) and (X) have the following meaning: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each (example of 

LAM (XY) is given below). 
The op-code X or Y is assembled as follows. 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X - SPX 

LAMY 0 Y - SPY 

LAMXY X-SPX, Y-SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of 
LMAIY(X) is given below). 
The op-code Xis assembled as follows. 

Mnemonic x Function 

LMAIY 0 

LMAIYX X- SPX 
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Table 35. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMD d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n : Logical AND 
U : Logical OR 
CB : Exclusive OR 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

0 

0 0 0 0 0 0 0 B+1 -· B 

0 0 0 0 B-1 • B 

0 0 0 1 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 A+1 ~A 

0 0 000000 B·B 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 -·CA 

0 0 0 0 0 0 -·CA 

0 0 0 0 

0 0 0 0 0 0 0 0 0 M+A -·A 

0 o o o ·o 0 0 0 M+A ~A 

0 0 0 0 0 1 1 0 0 0 M +A+ CA - A 
OVF-CA 

0 1 0 0 0 1 1 0 0 0 M+A+CA-A 
ds da d1 de ds d4 dJ d2 d, do OVF-CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA-A 
NB-CA 

0 1 1 0 0 1 1 0 0 0 M-A-CA-A 
ds da d1 de ds d4 dJ d2 d, do NB-CA 

0 0 0 0 0 0 0 AU B-A 

0 0 0 0 0 0 A n M-•A 

0 0 0 0 0 An M-A 

0 0 0 0 0 0 0 0 AU M-A 

0 0 0 0 0 0 0 AU M-A 

0 0 0 0 0 0 0 AEBM-A 

0 0 0 0 0 0 AEBM-A 

$HITACHI 

Words/ 

Status Cycles 

OVF 1 /1 

NZ 1 /1 

NB 1 /1 

1 /1 

1 /1 

1 /1 

1 /1 

1 /1 

1 /1 

1/1 

1/1 

CA 1 /1 

OVF 1 /1 

OVF 2/2 

OVF 1/1 

OVF 2/2 

NB 1 /1 

NB 2/2 

1 /1 

NZ 1 /1 

NZ 2/2 

NZ 1 /1 

NZ 2/2 

NZ 1 /1 

NZ 2/2 
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Table 36. Compare Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 i3 iz i1 io i"' M NZ 1 /1 
to Memory 

Immediate Not Equal INEMO i,d 0 1 0 0 1 o i3 iz i1 io i "'- M NZ 2/2 
to Memory dg da d1 ds ds d4 d3 dz d 1 do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 0 0 A"' M NZ 1/1 

A Not Equal to Memory AMEMO d 0 0 0 0 0 0 0 0 A"'- M NZ 2/2 
dg da d1 ds ds d4 d3 dz d, do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B"' M NZ 1/1 

Y Not Equal to Immediate YNEI i 0 0 0 i3 iz i1 io y"' i NZ 1/1 

Immediate Less or Equal ILEM i 0 0 0 0 i3 i2 i1 io i ~ M NB 1 /1 
to Memory 

Immediate Less or Equal ILEMO i,d 0 1 0 0 1 1 i3 iz i1 io i ,, M NB 2/2 
to Memory dg da d1 ds ds d4 d3 dz d, do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A~M NB 1/1 

A Less or Equal to Memory ALEMO d 0 0 0 0 0 0 0 A~M NB 2/2 
dg da d7 ds ds d4 d3 dz d 1 do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B~M NB 1 /1 

A Less or Equal to Immediate ALEI i 0 0 i3 i2 i1 io A :i i NB 1 /1 

Table 37. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n1 ro 1 - M(n) 1/1 

Set Memory Bit SEMO n,d 0 0 0 0 0 n1 ro 1 - M(n) 2/2 
dg da d1 ds ds d4 d3 dz d 1 do 

Reset Memory Bit REM n 0 0 0 0 0 O n1 ro 0 -M(n) 1/1 

Reset Memory Bit REMO n,d 0 0 0 0 O n1 ro 0 - M(n) 2/2 
dg da d1 ds ds d4 d3 dz d, do 

Test Memory Bit TMn 0 0 0 0 0 n1 ro M(n) 1/1 

Test Memory Bit TMO n,d 0 0 0 0 n, ro M(n) 2/2 
dg da d1 ds ds d4 d3 dz d, do 
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Table 38. ROM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Branch on Status 1 BR b b1 b5 b5 b4 b3 b2 b1 bo 1 /1 

Long Branch on Status 1 BAL u 0 0 1 1 1 P3 Pz Pl Po 2/2 
ds da d1 d5 d5 d4 dJ dz d1 do 

Long Jump Unconditionally JMPL u 0 1 0 1 0 1 P3 Pz Pl PO 2/2 
ds da d1 d5 d5 d4 dJ dz d 1 do 

Subroutine Jump on Status 1 CAL a 0 a5 a4 a3 az a1 ao 1/2 

Long Subroutine Jump on CALL u 0 0 1 0 P3 Pz P1 Po 2/2 
Status 1 ds da d1 d5 d5 d4 d3 dz d1 do 

Table Branch TBA p 0 0 1 0 1 1 P3 pz Pl Po 1/1 

Return from Subroutine RTN 0 0 0 0 0 0 0 0 0 1/3 

Return from Interrupt RTNI 0 0 0 0 0 0 0 0 1 -1/E ST 1/3 
CA Restore 

Table 39. Input/Output Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Discrete 1/0 Latch SED 0 0 0 0 1 0 0 - D(Y) 1 /1 

Set Discrete 1/0 Latch Direct SEDD m 0 1 O '"3 mz m1 mo 1 - D(m) 1 /1 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 0 - D(Y) 1 /1 

Reset Discrete 1/0 Latch Direct REDD m 0 0 O '"3 mz m1 mo 0 -· D(m) 1 /1 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 D(Y) 1/1 

Test Discrete 1/0 Latch Direct TDD m 0 0 0 '"3 mz m1 mo D(m) 1/1 

Load A from R Port Register LAA m 0 0 0 1 '"3 mz m1 mo Rim)-· A 1 /1 

Load B from R Port Register LBR m 0 0 0 O '"3 mz m1 mo R(m) - B 1/1 

Load R Port Register from A LAA m 0 0 1 '"3 mz m1 mo A-· R(m) 1/1 

Load R Port Register from B LAB m 0 0 o '"3 mz m1 mo B -· R(m) 1 /1 

Pattern Generation pp 0 0 1 P3 Pz Pl Po 1/2 

Table 40. Control Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 1 /1 

Start Serial STS 0 0 0 0 0 0 0 1/1 

Standby Mode/Watch Mode• SBY 0 0 0 0 0 0 1 /1 

Stop Mode;Watch Mode STOP 0 0 0 0 0 1 /1 

*: Only when shifted from sub-active mode. 
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Table 41. Opcode Map 

CSJ RB 0 1 

R9~0 1 213 4 51617 8 slAlB c olE F 0 1121314 51617 8 slAlB c olElF 

o NOP~Piqxs~x;~~~ __-- AM ~ pRM ~ LAW ~j-i ~~Mo ~ ORMD ~ 
1 RTNRTNIL~LE~ ~ ~Mq ~ ~ ~ LWA ----~ ~ IJIC/' ~ EDRMD ~ 
2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBM(XY) re'1 ~LAB ~ 18 ~ ~-___.--j_oR ~ STS ~ SBY T~ 
5 LMAIY(X)C2: AYY ~ ~ ~l!Y ------- JMPL p(4) 

6 M~ RED ~ ~ ----- TC CALL p(4) 

0 7 YNEI i(4) BRL p(4) 

8 XMA(XY) SEM n(2) REM n(2) TM n(2) R-----J SEMO n(2) REMO n(2) TMD n(2) 

9 LAM(XY) LMA(XY) ~ ~_Ei~R:----E~~ ANMD ~ 
A ~~ ---- }AA1-----J:>A~ ----- LAY LMID i(4) 

B TBR p(4) P p(4) 

C XMB(XY) ~LE~ ~ LBA ----- DB 

0 LMADY(X~ SYY ~ LYA ---- DY 

E TD ~ SEO ------- LXA ~ REcl2:'.Jsec 
CAL a(6) 

F LWI i(2) 

0 LBI i(4) 

1 LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

5 LAR m(4) 

6 REDD ml4) 

1 7 LAMR m(4) BR b(8) 

8 Al i(4) 

9 LMllY i(4) 

A TDD ml4) 

B ALEI i(4) 

c LRB m(4) 

D LRA m(4) 

E SEDD m(4) 

F XMRA m(4) 

[::::::l·t-word/2-cycla c=:J-··1-word/3-cycla c:::J···RAM Direct Address c:::J···2-word/2-cycla 
Instruction lns'b'uction Instruction Instruction 

(2-word/2-cycla) 
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Absolute Maximum Ratings 

HD404808, HD4074808 Absolute. Maximum Ratings 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to+ 7.0 v 

Programming Voltage Vpp -0.3 to + 14.0 v 2 

Terminal Voltage VT -0.3 to Vee + 0.3 v 

Total Allowance of Input Current I lo 100 mA 3 

Total Allowance of Output Current - Ilo 50 mA 4 

Maximum Input Current lo 4 mA 5, 6 

30 mA 5, 7 

Maximum Output Current - lo 4 mA 8, 9 

Operating Temperature Topr -20to + 75 ·c 

Storage Temperature Tstg -55 to+ 125 ·c 

Storage Temperature (bias) Tbias -25 to+ 80 ·c 

Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceeded, 
it may cause a malfunction or affect the reliability of LSI. 

2. D10 (Vpp) of the HD4074808. 
3. Total allowance of input current is the total sum of input current which flows in from all 1/0 

pins to GND simultaneously. 
4. Total allowance of output current is the sum of the output current which flows out from 

Vee to all 1/0 pins simultaneously. 
5. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
6. RO-R3 
7. Do-Dg 
8. Maximum output current is the maximum amount of output current from Vee to each 1/0 pin. 
9. Do-Dg, RO-R3. 
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HD40L4808, HD407L4808 Absolute Maximum Ratings 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to+ 7.0 v 

Programming Voltage Vpp -0.3 to+ 14.0 v 2 

Terminal Voltage Vr -0.3 to Vee + 0.3 v 

Total Allowance of Input Current :i: lo 100 mA 3 

Total Allowance of Output Current - :i: lo 50 mA 4 

Maximum Input Current lo 4 mA 5, 6 

30 mA 5, 7 

Maximum Output Current - lo 4 mA 8, 9 

Operating Temperature Topr -20to + 75 "C 

Storage Temperature Tstg -55 to + 125 "C 

Storage Temperature (bias) Tbias -25to+80 ·c 

Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceeded, 
it may cause a malfunction or affect the reliability of LSI. 

2. D10 (Vpp) of the HD407L4808. 
3. Total allowance of input current is the total sum of input current which flows in from all 1/0 

pins to GND simultaneously. 
4. Total allowance of output current is the sum of the output current which flows out from 

Vee to all 1/0 pins simultaneously. 
5. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
6. RO-R3 
7. Do-Dg 
8. Maximum output current is the maximum amount of output current from Vee to each 1/0 pin. 
9. Do-Dg, RO-R3. 
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Electrical Characteristics 

HD404808, HD4074808 Electrical Characteristics 

DC Characteristics 
(HD404808: Vee = 4 to 6V, HD4074808: Vee = 4 to 5.5V, GND 
75'C, unless otherwise noted.) 

0 V, Ta -2o·c to+ 

Item Symbol Pin Min Typ Max Unit Test Condition Note 

Input High V1H RESET, SCK, 0.8 Vee Vee+ 0.3 v 
Voltage INTo, SI, 

INT1 

OSC1 Vee - 0.5 Vee + 0.3 v 
Input Low V1L RESET, SCK, - 0.3 0.2 Vee v 
Voltage INTo, SI, 

INT1 

OSC1 - 0.3 0.5 v 
Output High VoH SCK, TIMO Vee-1 .0 v -loH= 1.0mA 
Voltage so 
Output Low VoL SCK, TIMO 0.4 v IOL=1.6mA 
Voltage so 
Input/Output i l1LI RESET, SCK, µA V; 0 = 0 V to Vee 
Leakage INTo, INTi, 
Current SI, SO, TIMO, 

osc, 
Stop Mode Vstop Vee 2 v Without 32 kHz 5 
Hold Voltage oscillator 

Current lee1 Vee 3.5 7 mA Vee= 5 V, 2,4 
Dissipation in fosc = 4MHz 
Active Mode lee2 Vee 6 12 mA Vee = 5 v, 4, 6 

bsc = 4MHz,analog 
input mode (D12/D13) 

Current Dissipation in lstby Vee 2 mA Vee= 5 v 3, 4 
Standby Mode fosc = 4 MHz 

Current Dissipation in I sub Vee 150 300 µA Vee= 5 v 
Sub-Active Mode 75 150 LCD: ON 7 

Current Dissipation in lwtc1 Vee 10 20 µA Vee= 5 v 
Watch Mode (1) LCD: OFF 

Current Dissipation in lwtc2 Vee 25 50 µA Vee= 5 V 
Watch Mode (2) LCD: ON 

Current Dissipation in I stop Vee 10 µA Vee= 5 v 
Stop mode Without 32 kHz osc 

Notes: 1 . Excluding output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 

• MCU in reset state 
·RESET, TEST: Vee 
• Do-D13, RO-R3: Vee 

3. The timer operates and input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
• Serial interface: Stop 
·RESET: GND 
·TEST: Vee 
· Do-D13, RO-R3: Vee 

4. When fose = X MHz, estimate the current dissipation as follows: 
Max value fosc = X [MHz]=X/4xmax value (fosc =4 [MHz]) 

5. RAM data retention. 
6. D12/D13 is in the analog input mode. Input/output current does not flow. VC,,1, D12, D13: 

GND 
7. Applies to the HD404808. 
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Input/Output Characteristics for Standard Pin 
(HD404808: Vee = 4 to 6V, HD4074808: Vee = 4 to 5.5V, GND = 0 V, Ta = - 20 °C to + 
75 °C, unless otherwise noted.) 

Item Symbol Pin min typ max Teat Conditions Unit Note 
Input High Voltage V1H Oo-013 0.7 Vee Vee+0.3 v 

RO-R3 

Input Low Voltage VtL Oo-013 -0.3 0.3 Vee v 
RO-R3 

Output High Voltage VoH RO-R3 Vee-1.0 -loH = 1.0 mA v 

Pull-up MOS Cunrrent -Ip RO-R3 30 100 180 Vee = 5V V;n = OV µA 

Output Low Voltage VoL RO-R3 0.4 loL = 1.6 mA v 

Input/Output ll1LI 011-013, V;n = 0 V to Vee µA 
Leakage Current RO-R3 

010 20 

Input High Voltage V1HA 012, 013 VC,01+0.1 v 
(Analog 
Compare 
mode) 

Input Low Voltage V1LA 012, 013 VC,.1-0.1 v 
(Analog 
Compare 
mode) 

Analog Input VC,,,1 VC..e1 0 Vee-1 .2 v 
Reference Voltage 

Note: Output buffer current is excluded. 

Input/Output Characteristics for High Voltage Pin 
(HD404808: Vee = 4 to 6V, HD4074808: Vee = 4 to 5.5V, GND = 0 V, Ta = - 20 °C to + 
75 °C, unless otherwise noted.) 

Item Symbol Pin min typ max Test Conditions Unit Note 

Input High Voltage V1H Oo-Os 0.7 Vee Vee+0.3 v 
Input Low Voltage V1L Oo-Os -0.3 0.3 Vee v 
Output High Voltage VoH Oo-Og Vee-1.0 -loH = 1.0 mA v 

Pull-up MOS Current -Ip Oo-Os 30 100 180 Vee = 5V, \l;n = OV µA 

Output Low Voltage Vol Oo-Os 2.0 loL = 15 mA v 
Vee = 4.5 to 6V 

0.4 loL = 1.6 mA v 

Input/Output Leakage I 11L I V;n = OV - Vee µA 
Current 

Note: Output buffer current is excluded. 
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Liquid Crystal Circuit Characteristics 
(HD404808: Vee= 4 to 6V, HD4074808: Vee= 4 to 5.5V, GND = 0 V, T. = -20'C to+ 
75'C, unless otherwise noted.) 

Item Symbol Pin Min Typ Max Unit Test Condition Note 
Segment Driver Vds SEG1 to 0.6 v Id= 3 µA 1 
Voltage Drop SEG32 
Common Driver Vdc COM1 to 0.3 v Id= 3 µA 
Voltage Drop COM4 
LCD Power Rwell 100 300 900 kO 
Supply Dividing 
Resistance 

LCD VLeD V1 4 Vee v 2 
Voltage 

Note 1: Voltage drops from pins V1, V2, V3, and GND to each segment and common pin. 
2. Keep the relation Vee >V1 >V2 >V3 >GND when VLeo is supplied by external power supply. 
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AC Characteristics 
(HD404808: Vee= 4 to 6V, HD4074808: Vee= 4 to 5.5V, GND = 0 V, Ta= - 2o·c to+ 
76°C, unless otherwise noted.) 

Tast 
Item Symbol Pin Min Typ Max Unit Conditions Note 

Oscillation Frequency fosc OSC1, OSC2 1.6 4.0 4.2 MHz 

X1, X2 32.768 kHz 

Oscillation Frequency fosc OSC1, OSC2 0.25 4.0 4.2 MHz 
(without 32 kHz) 

,_ 

Instruction Cycle tcvc 0.95 2.5 µS 
Time 

0.95 16 without 32 kHz 

Oscillator Stabiliza- tRc OSC1. OSC2 40 ms Crystal 
tion Time 

20 ms Ceramic Filter 
fosc=4 MHz 

X1,X2 3 s T8 =-10to60"C 2 

External tcp OSC1 1.6 4.2 MHz 3 
Clock 
Frequency 0.25 4.2 MHz without 32 kHz 3 

External Clock High tcPH OSC1 110 ns 3 

External Clock Low .tCPL OSC1 110 ns 3 

External Clock Rise tcPr OSC1 20 ns 3 
Time 

External Clock Fall tcPf OSC1 20 ns 3 
Time 

INTo High Level ttOH INTo 2 tcyc/ 4, 6 
Width tsuecvc 

INTo Low Level t10L INTo 2 tcvcl 4, 6 
Width tsuecvc 

INT1 High Level t11H INT1 2 tcvc 4 
Width 

INT1 Low Level t11L INT1 2 tcvc 4 
Width 

RESET High Level tRSTH RESET 2 fcvc 5 
Width 

Input Capacitance C;n 010 90 pF f=1 MHz,V;0 =0 V 8 

All pins 15 pf f=l MHz,Vin=OV 
except 010 

RESET Fall Time tRSTf 20 ms 5 

. Analog Comparator tcsra 012. 013 2 tcyc 7 
Stabilization Time 
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Notes: 1 . Oscillator stabilization time is the time until the oscillator (see Figure 46) stabilizes after Vee 
reaches 4.0V after power-on, or after RESET goes high. At power-on or STOP mode release, 
RESET must be kept high for at least tRe. Since tRe depends on the ceramic filter's circuit 
constant and stray capacitance, please get the manufacturer's advice when designing the 
RESET circuit. 

2. Oscillator stabilization time it the time until the oscillator (see Figure 47) stabilizes after Vee 
reaches 4.0V after power-on. Time required to stabilize the oscillator (tRe) must be obtained. 
Since tRe depends on the crystal circuit constant and stray capacitance, please get the 
manufacturer's advice. 

3. See figure 48. 
4. See figure 49. The unit tcvc is applied when the MCU is in the standby mode or active mode. 
5. See figure 50. 
6. See figure 49. The unit tsuecvc is applied when the MCU is in the watch mode or sub-active 

mode. tsuscvc =244.14 µs (when 32.768 kHz crytal oscillation is used.) 
7. Analong comparator stabilization time is the time until the analog comparator stabilizes and 

correct data can be read after entering 012/013 into analog input mode. 
8. The maximum value of the H0404808 is 15pF. 

$HITACHI 
Hitachi America Ltd.• Hitachi Plaza• 2000 Sierra Point Pkwy.• Brisbane, GA 94005-1819 • (415) 589-8300 1049 



HD404808/HD4074808/HD4014808/HD40714808 

Serial Interface Timing Characteristics 

Transfer Clock Output 
(HD404808: Vee = 4 to 6V, HD4074808: Vee = 4 to 5.5V, GND = 0 V, Ta = - 20°C to + 
75°C, unless otherwise noted.) 

Item 
Transfer Clock 
Cycle Time 
Transfer Clock 
High, Low 
Level Width 
Transfer Clock 
Rise, Fall Time 

Serial Output Data 
Delay Time 

Serial Input Data 
Set-up Time 
Serial Input Data 
Hold Time 

Symbol Pin 

tscvc SCK 

tscKH 
tsCKL 

tscKr 
tscK1 

to so 

tss1 

SCK 

so 

SI 

SI 

Transfer Clock Input 

Item 
Transfer Clock 
Cycle Time 

Transfer Clock 
High, Low 
Level Width 
Transfer Clock 
Rise, Fall Time 

Serial Output Data 
Delay Time 

Serial Input Data 
Set-up Time 
Serial Input Data 
Hold Time 
Transfer Clock 
Completion Detect 
Time 

Symbol Pin 

tscvc SCK 

tscKH 
tscKL 

tscKr 
tscK1 

to so 

tss1 

SCK 

SCK 

so 

SI 

SI 

tscKHD SCK 

Notes: 1. See figure 51. 
2. See figure 52. 

Min Typ Max Unit Test Condition Note 

1:cvc 1.2 

0.5 tscyc 1.2 

100 ns 1.2 

300 ns 1.2 

200 ns 

150 ns 

Min Typ Max Unit Test Condition Note 

love 

0.5 ts eye 

100 ns 

300 ns 1.2 

200 ns 

150 ns 

tcyc 1, 2, 3 

3. Thansfer clock completion detect time is the period of higt level after 8 pulses of transfer 
clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before transfer clock completion detect time has passed . 
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Crystal oscillator 

t-------<t----1 osc, 

Crystal CJ 

t---+----<t----t OSC2 

Crystal : 
R1 : 1MQ ± 20% 
C1 : 10pF ± 20% 
C2 : 1 OpF ± 20% 

Co 

C0 =7pF max 
R5 =100Q max 
f =1.0-4.2 MHz 

GND 

Ceramic filter oscillator 

I-------- osc, 

CeramicD 
Filter 

i------+----i OSC2 

Ceramic filter CSA4.00MG (Murata) 
R, 1MQ ± 20% 
C1 30pF ± 20% 
C2 30pF ± 20% 

Figure 46. Oscillator Circuit 

1---------1X1 

CrystalD 

1---------1 X2 

Crystal 32.768 kHz: MX38T (Nippon Denpa Kogyo) 
C, 6pF ± 20% 
C2 20pF ± 20% 

C0 = 1.5pF typ 
R5 =14kQ typ 
f =32.768kHz 

Figure 47. Oscillator Circuit 
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tcp, tcPf 

Figure 48. Oscillator Timing 

Figure 49. Interrupt Timing 

RESET 

tRSTf 

Figure 50. Reset Timing 
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SCK Vcc-2.0V(0.8Vccl • 
o.av (0.2Vccl • 

so 

SI 

tscvc 

• Vcc-2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8Vcc and 0.2Vcc are the threshold voltage for transfer clock input. 

After 8 pulses 
are inputted. 

-0-
:=x= 
:=>---c 

Figure 51. Timing Diagram of Serial Interface 

Vee 

RL = 2.6 kQ 

15207418) 

or Equiv. 

Figure 52. Timing Load Circuit 
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Electrical Characteristics 

HD40L4808, HD407L4808 Electrical Characteristics 

DC Characteristics 
(HD40L4808: Vee = 2.7 to 6V, HD407L4808: Vee = 3 to 5.5V, GND = 0 V, Ta = -20°C to 
+ 75°C, unless otherwise noted.) 

Item Symbol Pin Min Typ Max Unit Test Condition 

Input High V1H RESET, SCK, o.g Vee Vee+ 0.3 v 
Voltage INTo, SI, 

INT1 

OSC1 Vee - 0.3 Vee+ 0.3 v 
Input Low V1L RESET, SCK, - 0.3 0.2 Vee v 
Voltage INTo, SI, 

INT1 

OSC1 - 0.3 0.3 v 
Output High VoH SCK, TIMO Vee-1 .o v -loH=0.5mA 
Voltage so 
Output Low Vol SCK, TIMO 0.4 v loL =0.4mA 
Voltage so 
Input/Output i l1LI RESET, SCK, µA V;n = 0 V to Vee 
Leakage INTo, INT1, 
Current SI, SO, TIMO, 

osc, 
Stop Mode Vstop Vee 2 v Without 32 kHz 
Hold Voltage oscillator 

Current lee1 Vee 400 1000 µA Vee= 3 v 
Dissipation in lee2 Vee 2 mA Vee = 3 V analog 
Active Mode input mode (D12/D13) 

Current Dissipation in lstby Vee 200 500 µA Vee= 3 v 
Standby Mode 

Current Dissipation in I sub Vee 50 100 µA Vee= 3 v 
Sub-Active Mode 35 70 LCD: ON 

Current Dissipation in lwtc1 Vee 5 15 µA Vee= 3 V 
Watch Mode ( 1) LCD: OFF 

Current Dissipation in lwtc2 Vee 15 35 µA Vee= 3 v 
Watch Mode (2) LCD: ON 

Current Dissipation in I stop Vee 10 µA Vee= 3 v 
Stop mode Without 32 kHz DSC 

Notes: 1. Excluding output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 

• MCU in reset state 
• RESET, TEST: Vee 
• Oo-013, RO-R3: Vee 

3. The timer operates and input/output current does not flow. 
• MCU in standby mode 
• Input/ output in reset state 
·Serial interface: Stop 
·RESET: GNO 
·TEST: Vee 
• Oo-013, RO-R3: Vee 

4. fose = 400 kHz 
5. RAM data retention. 

Note 

5 

2, 4 

4, 6 

3, 4 

7 

6. 012/013 is in the analog input mode. Input/output current does not flow. VC,.1, 012, 013: 
GNO 

7. Applies to the H0404808. 
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Input/Output Characteristics for Standard Pin 
(HD40L4808: Vee= 2.7 to 6V, HD407L4808: Vee= 3 to 5.5V, GND = 0 V, Ta= - 20 ·c 
to + 75 ·c, unless otherwise noted.) 

Item Symbol Pin min typ max Test Conditions Unit Note 
Input High Voltage V1H Oo-013 0.7 Vee Vee+0.3 v 

RO-R3 
Input Low Voltage V1L Oo-013 -0.3 0.3 Vee v 

RO-R3 

Output High Voltage VoH RO-R3 Vee-1.0 -loH = 0.5 mA v 

Pull-up MOS Cunrrent -Ip RO-R3 5 40 90 Vee = 3V \/;n = OV µA 

Output Low Voltage VoL RO-R3 0.4 loL = 0.4 mA v 

Input/Output I hLI 011-013, V;n = 0 V to Vee µA 
Leakage Current RO-R3 

010 20 

Input High Voltage V1HA 012, 013 VCret+0.1 v 
(Analog 
Compare 
mode) 

Input Low Voltage V1LA 012. 013 VCrei-0.1 v 
(Analog 
Compare 
mode) 

Analog Input VCret VCre1 0 Vee-1.2 v 
Reference Voltage 

Note: Output buffer current is excluded. 

Input/Output Characteristics for High Voltage Pin 
(HD40L4808: Vee = 2.7 to 6V, HD407L480S: Vee = 3 to 5.5V, GND = 0 V, Ta = - 20 ·c 
to + 75 ·c, unless otherwise noted.) 

Item Symbol Pin min typ max Test Conditions Unit Note 

Input High Voltage V1H Oo-09 0.7 Vee Vee+0.3 v 

Input Low Voltage V1L Oo-09 -0.3 0.3 Vee v 

Output High Voltage VoH Oo-09 Vee-1.0 -loH = 0.5 mA v 

Pull-up MOS Current -Ip Oo-09 5 40 90 Vee = 3V. V;n = OV µA 

Output Low Voltage VoL Oo-09 2.0 loL = 15 mA v 
Vee = 4.5 to 6V 

0.4 loL = 0.4 mA v 

Input/Output Leakage I hLI Oo-09 V;n = OV - Vee µA 
Current 

Note: Output buffer current is excluded. 
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Liquid Crystal Circuit Characteristics 
(HD40L4808: Vee= 2.7 to 6V, HD407L4808: Vee= 3 to 5.5V, GND = 0 V, Ta= -20°C to 
+ 75°C, unless otherwise noted.) 

Item Symbol Pin Min Typ Max Unit Test Condition Note 

Segment Driver Vds SEG1 to 0.6 v id= 3 µA 
Voltage Drop SEG32 

Common Driver Vdc COM1 to 0.3 v id= 3 µA 
Voltage Drop COM4 

LCD Power Rwell 100 300 goo kn 
Supply Dividing 
Resistance 

LCD VLeD V1 Vee v 2, 3 
Voltage 

Note 1: Voltage drops from pins V1, V2, V3, and GND to each segment and common pin. 
2. Keep the relation Vee > V1 > V2 > V3 > GND when VLeo is supplied by external power supply. 
3. VLeo min= 2.7V (HD40L4808) 

VLeo min= 3 V (HD407L4808) 
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AC Characteristics 
(HD40L4808: Vee= 2.7 to 6V, HD407L4808: Vee= 3 to 5.5V, GND = 0 V, Ta= - 20°C to 
+ 75°C, unless otherwise noted.) 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

Oscillation Frequency fosc OSC1, OSC2 0.25 0.8 0.9 MHz 

X1, X2 32. 768 kHz 

Instruction Cycle tcyc 4.45 5 16 µS 

Time 

Oscillator Stabiliza- tRc OSC1, OSC2 30 ms fosc = 400 kHz 
tion Time 

30 ms fosc = 800kHz 

X1, X2 3 s Ta= -10 to 60"C 2 

External clock fcp osc, 0.25 0.9 MHz 
Fre uenc 

External Clock High tcPH osc, 525 ns 3 

External Clock Low tcPL osc, 525 ns 3 

External Clock Rise tcp, osc, 30 ns 3 
Time 

External Clock Fall tcpf osc, 30 ns 3 
Time 

INTo High Level t10H INTo 2 lcyc/ 4, 6 

Width tsuscvc 

INTo Low Level t10L INTo 2 level 4, 6 

Width tsuBcyc 

INT1 High Level t11H INT1 2 fcyc 4 

Width 

INT1 Low Level t11 L INT1 2 fcyc 4 

Width 

RESET High Level lRSTH RESET 2 fcyc 5 
Width 

Input Capacitance Cin D10 90 pF f=1 MHz,V;n=O V 8 

All pins 15 pF f=1 MHz,V;n=O V 
except D10 

RESET Fall Time tRSTf 20 ms 5 

Analog Comparator tcsTB D12, D13 2 tcyc 7 
Stabilization Time 
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Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches 2. 7 V 
(HD407L4808: Vee is 3.0 V) after power-on, or after RESET goes high. At power-on or 
STOP mode release, RESET must be kept high for at least tRe. Since tRe depends on the 
ceramic filter's circuit constant and stray capacitance, please get the manufacturer's advice 
when designing the RESET circuit. 

2. Oscillation stabilization time it the time until the oscillator stabilizes after Vee reaches 2. 7 V 
(HD407L4808: Vee is 3.0 V) after power-on. Time required to stabilize the oscillator (tRe) 
must be obtained. Since tRe depends on the crystal circuit constant and stray capacitance, 
please get the manufacturer's advice. 

3. See figure 53. 
4. See figure 54. The unit tcyc is applied when the MCU is in the standby mode or active mode. 
5. See figure 55. 
6. See figure 54. The unit tsuscvc is applied when the MCU is in the watch mode or sub-active 

mode. tsuscvc = 244.14 µs (when 32.768 kHz crystal oscillation is used.) 
7. Analong comparator stabilization time is the time until the analog comparator stabilizes and 

correct data can be read after entering D12/013 into analog input mode. 
8. The maximum value of the HD40L4808 is 15pF. 
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Serial Interface Timing Characteristics 

Transfer Clock Output 
(HD40IA808: Vee= 2.7 to 6V, HD407IA808: Vee= 3 to 5.5V, GND = 0 V, Ta= - 2o·c 
to+ 75·c, unless otherwise noted.) 

Item 
Transfer Clock 
Cycle Time 

Transfer Clock 
High, Low 
Level Width 

Transfer Clock 
Rise, Fall Time 

Serial Output Data 
Delay Time 

Serial Input Data 
Set-up Time 

Serial Input Data 
Hold Time 

Symbol Pin 

tscvc SCK 

tscKH 
tscKL 

tscKr 
tscKt 

to so 

SCK 

SCK 

so 

SI 

SI 

Transfer Clock Input 

Item 
Transfer Clock 
Cycle Time 

Transfer Clock 
High, Low 
Level Width 

Transfer Clock 
Rise, Fall Time 

Serial Output Data 
Delay Time 

Serial Input Data 
Set-up Time 

Serial Input Data 
Hold Time 

Transfer Clock 
Completion Detect 
Time 

Symbol Pin 

tscyc SCK 

tscKH 
tscKL 

tscKr 
tscKt 

to so 

tss1 

SCK 

SCK 

so 

SI 

SI 

tscKHD SCK 

Notes: 1. See figure 56. 
2. See figure 57. 

Min Typ Max Unit Test Condition Note 

tcyc 1.2 

0.5 tscvc 1.2 

200 ns 1.2 

500 ns 1.2 

300 ns 

300 ns 

Min Typ Max Unit Test Condition Note 

tcyc 

0.5 tscyc 

200 ns 

500 ns 1.2 

300 ns 

300 ns 

!eve 1, 2. 3 

3. Thansfer clock completion detect time is the period of high level after 8 pulses of transfer 
clock are inputted. SCI interrupt request flag is not set when the next transfer clock is input 
before transfer clock completion detect time has passed . 
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OSC1 

tcPr tcPf 

Figure 53. Oscillator Timing 

INTo, INT1 0.9.Vcc: 
t10H, t11 t10L, t11L 

Figure 54. Interrupt Timing 

RESET 
tRSTH 

tRSTf 

Figure 55. Reset Timing 
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SCK Vee-0.5V,(0.9Ved• 
0.4V(0.1Ved• 

so 

SI 

·vee-0.5V and 0.4V are the threshold voltage for transfer clock output. 
0.9Vee and 0.1Vee are the threshold voltage for transfer clock input. 

After 8 pulses 
are inputted. 

Figure 56. Timing Diagram of Serial Interface 

Vee 

RL = 2.6 kQ 

1S20741j) 

or Equiv. 

Figure 57. Timing Load Circuit 
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HD404808 
Option List 

Date of Order 

Customer 

Dept. 

Name 

ROM Code Name 

LSI Type Number 

Hitachi's Entry HD404808 

NOTE: Please enter check marks in D ( •, ,x , v). 

(1) Functional Option 

D With 32 kHz CPU Operation and with a Watch Time Base 

D Without 32 kHz CPU Operation and with a Watch Time Base 

D Without 32 kHz CPU Operation and without a Watch Time Base 

(2) Package 

I D FP-80A 

D FP-80B 

(3) ROM Code Media 

ROM Code Media 

• EPROM On-Package Microcomputer Type 

(4) Oscillator 

HD404808 

Main D Crystal Oscillator (f= MHz) 
D Ceramic Filter Oscillator (f= MHz) 
D External Clock (f= MHz) 

Sub D 32. 768 kHz Crystal Oscillator 
D Not Used 
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HD40L4808 
Option List 

Date of Order 

Customer 

Dept. 

Name 

ROM Code Name 

LSI Type Number 

Hitachi's Entry HD40L4808 

NOTE: Please enter check marks in D !•. x, v). 

( 1) Functional Option 

D With 32 kHz CPU Operation and with a Watch Time Base 

D Without 32 kHz CPU Operation and with a Watch Time Base 

D Without 32 kHz CPU Operation and without a Watch Time Base 

(2) Package 

I D FP-80A 

D FP-BOB 

(3) ROM Code Media 

ROM Code Media 

• EPROM On-Package Microcomputer Type 

(4) Oscillator 

HD40L4808 

Main D Ceramic Filter Oscillator (f= kHz) 
D External Clock (f= kHz) 

Sub D 32. 768 kHz Crystal Oscillator 
D Not Used 
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HD40491S~~~~~~ 
Description 
The HD404918 CMOS 4-bit single-chip 
microcomputer in the HMCS400 series 
incorporates ROM, RAM, I/O, and timer/ 
counter and contain high-voltage I/O pins 
including high-current output pins. 

Features 

• 4-bit architecture 
• 8192 words of 10-bit ROM 
• 512 digits of 4-bit RAM 
• 35 I/0 pins, including 27 high-voltage I/O 

pins (12 V max) 
• Timer/counter 

-11-bit prescaler 
-8-bit auto-reload timer/event counter 

(timer B) 
• Three interrupt sources 

-External: 2 
-Timer/counter: 1 

• Subroutine stack 
-Up to 16 levels including interrupts 

• Minimum instruction execution time: 
1.78µs 

• Low power dissipation modes 
-Standby: Stops instruction execution 

while allowing clock oscillation and 
interrupt functions to operate 

-Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 

• On-chip oscillator 
--Crystal or ceramic filter 

External Clock input 
• Standard 42-pin dual in-line plastic 

package 
• Instruction set compatible with 

HMCS412; 100 instructions 
• High programming efficiency with 10-bit/ 

word ROM: 78 single-word instructions 
• Direct branch to all RAM areas 
• Direct or indirect addressing of all RAM 

areas 
• Subroutine nesting up to 16 levels includ-

ing interrupts 
• Binary and BCD arithmetic operations 
• Powerful logical arithmetic operations 
• Pattern generation/table lookup capabil

ity 
• Bit manipulation for both RAM and I/0 

Program Development Support Tools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 
HD40P4919 with the following fixed 
options: 
-I/O pin: NMOS open drain 
-Oscillator: ceramic filter oscillator 

(externally drivable) 
-Timing generator divider: Divide by 8 
-Package: standard 42-pin dual in-line 

ceramic package 

Note: Support tools are under development. 

Pin Arrangement 

012 42 011 
013 41 010 
014 40 09 

GND 39 Os 
ROo 38 0.7 
R01 37 De 
R02 05 
RO a 8 04 
R1o 9 Da 
R11 10 33 02 
Rh 11 01 
Rh 12 Do 
R2o 13 Vee 
R21 14 OSC2 
R22 15 OSC1 
R2a 16 TEST" 
R3o 17 RESET 
R31 18 R4a 

R32/INT0 19 R42 
R3a/INT1 20 R41 

GND 21 R4o 

(DP-42) 
(Top View) 
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Block Diagram 

Timer 

Interrupt Control 

RAM 

512X4bit 

External 

Interrupt 

AESET'fESTOSC10SC2Vcc GND 

.--i---i---i---'-. l 1 
System Control 

ROM 

8,192 x 10bit 

Instruction 
SP 

Decoder 

r ----

• !AQ3AQ2R01RDol I D140uD12Dn010 09 De 01 De Os Q4 03 02 01 Do: 
:R4JR42R41R4o R33/~R31A301 R23R22R21R2o AhR12R11R1o !..._ - _____ I 1------- - ----------- - - - - ..J L .. ____ ~ _o __ j 

Notes: 1. When "without pull-up MOS" is selected by mask option. 
0 0-014, RO. R3, and R4 Can be used as high voltage pins. 

2. When "with pull-up MOS" or "CMOS" is selected by mask option, 
0 0-014, RO, R3, and R4 are the same as standard pins. 

3. R 1 and R2 have only "without pull-up MOS" mask option and 
they are high current pins. 
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Pin Description 

GND, Vee (Power Supply) 

GND and Vee are the power supply pins for 
the MCU. Connect the GND to the ground (0 
V) and apply the Vee power supply voltage to 
the Vee pin. 

TEST (Test) 

TEST is for test purposes only. Connect it to V cc. 

RESET (Reset) 

RESET resets the MCU. For details, see Reset 
section. 

OSC1, OSC2 (Oscillator Connections) 

OSC1 and OSC2 are input pins for the internal 
oscillator circuit. They can be connected to a 
crystal resonator, ceramic filter resonator, or 
external oscillator circuits. For details, see 
Internal Oscillator Circuit section. 

Do-014 (D Port) 

The D port is an input/output port addressed 
by the bit. These 15 pins are all input/output 
pins. Do to D14 are high-voltage pins. The 
circuit type for each pin can be selected using 
a mask option. For details, see Input/Output 
section. 

R00-R03, R1o-Rb, R2o-R23, R3o-R3a, 
R4o-R43 (R Ports) 

RO to R4 are 4-bit I/O ports. RO is an output 
port, and R1 to R4 are I/O ports. RO, R3,and R4 
are high-voltage ports, and R1 and R2 are 
high current ports. Each pin has a mask 
option which selects its circuit type. The ~ 
R32, R33 of port R3 are multiplexed with INTo 
and INT1 respectively. For details, see Input/ 
Output section. 

INTo, INT1 (Interrupts) 

INTo and INT1 are external interrupts for the 
MCU. INT1 can be used as an external event 
input pin for timer B. INTo and INT1 are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 
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Functional Description 

ROM Memory Map 

The MCU includes 8192 words x 10 bits of 
ROM. ROM is described in the following par
agraphs and the ROM memory map (figure 1). 

Vector Address Area ($0000 to $000F): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After a 
reset or interrupt routine is serviced, the 
program is executed from the vector address. 

0 

15 
16 

63 
64 

4095 
4096 

8191 
8192 

16383 

> 

$0000 

Vector Address 

$000F 
$0010 

Zero-Page Subroutine \ (64 Words) 

$003F 
$0040 

Program 
Pattern 

(4,096 Words) 

$0FFF 
Program $1000 

(8, 192 Words) $1 FFF 
$2000 

Not Used 
$3FFF 
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Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 

Pattern Area ($0000 to $0FFF): Locations 
$0000 through $0FFF are reserved for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 

Program Area ($0000 to $1FFF): Locations 
from $0000 to $1FFF can be used for program 
code. 

0 
1 

2 
3 

4 
5 

61-
7 

81-
9 

I-
I-

I-

I-
I-

1 

JMPL Instruction 
(Jump to RESET Routine) 

JMPL Instruction 
(Jump to INTo Routine) 

JMPL Instruction 
(Jump to INT1 Routine) 

Not Used 

JMPL Instruction 
(Jump to Timer 8 Routine) 

Not Used 

-

-

-

-

-

-
-
-
-
-

$0000 
$0001 

$0002 
$0003 

$0004 
$0005 

$0006 
$0007 

$0008 
$0009 

$000F 

Figure 1. ROM Memory Map 
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RAM Memory Map 

The MCU includes 512 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are also mapped on the RAM 
memory space. RAM memory map (figure 2) 
is described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessible 
only by a RAM bit manipulation instruction. 

0 

31 
32 

47 
48 

479 
480 

959 
960 

1023 

RAM-Mapped Registers 

Memory Registers (MRI 

-------------- ----

Data 

(448 Digits) 

Not Used 

Stack 

(64 Digits) 

$000 

$01F 
$020 

\ 
$02F 
$030 

$1DF 
$1EO 

$3BF 
$3CO 

$3FF 

However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter
rupt, and the timer/counter. These registers 
are classified into three types: write-only, 
read-only, and read/write as shown in figure 
2. These registers cannot be accessed by 
RAM bit manipulation instructions. 

0 

1 

2 

3 
4 

I-

I-

I-

10 
t-

11 

12 

31 

Interrupt Control Bits 

Port Mode Register (PMR) I w 

-I 

Not Used -I 

-I 

Timer Mode Register B (TMB): w 

Timer B 
(TCBL/TLRL)i R/W 

(Note) (TCBU/TLRU)i R/W 

Not Used 

$000 

$001 

$002 

$003 

$004 

$009 

$00A 

$008 

$00C 

$01F 

Note: Two registers are mapped on same address. 

R: Read Only 

W: Write Only 

R/W: Read/Write 

10 

11 

Timer/Event Counter B Lower! 
R 

Timer Load Reg. Lower w 
(TCBL) (TLRL) 

Timer/Event Counter B Upper: 
R 

Timer Load Reg. Upper : W 
(TCBU) (TLRU) J_ 

Figure 2. RAM Memory Map 

~HITACHI 
1068 Hitachi America Ltd.• Hitachi Plaza• 2000 Sierra Point Pkwy.• Brisbane, CA 94005-1819 • (415) 589-8300 

$00A 

$008 



Data Area ($020 to $1DF): 16 digits, $020 
through $02F, in the data area are called 
memory registers (MR) and are accessible by 
LAMR and XMRA instructions (figure 4). 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST} and carry (CA) when su-

bit 3 

IMO 
0 -

(IM of INTo) 

Not Used 

2 Not Used 

3 Not Used 

IF: Interrupt Request Flag 
IM: Interrupt Mask 
l/E: Interrupt Enable Flag 
SP: Stack Pointer 

bit 2 

IFO 
-

(IF of INTo) 

Not Used 

Not Used 

Not Used 
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broutine calls (CAL-instruction, CALL
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
the RTNI instruction. This area, when not 
used for a stack, is available as a data area. 

bit 1 bit 0 

RSP l/E 

(Reset SP Bit) (Interrupt Enable Flag) 
$000 

IM1 IF1 

(IM of INT1) 
-

(IF of INT1) 
$001 

IMTB IFTB 

(IM of Timer B) (IF of Timer B) 
$002 --

Not Used Not Used $003 

Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/ 
REMO instruction, and is tested by the TM/TMD instruction. They are not affected by other instruc
tions. Furthermore the interrupt request flag is not affected by the SEM/SEMD instruction. 
The content of status becomes invalid when "Not Used" bits or the RSP bit are tested by a TM or TMD 
instruction. 

Figure 3. Interrupt Control Bit Area Configuration 

Memory Registers 

32 MR(O) $020 

33 MR(1) $021 

$022 

$023 

34 MR(21 

35 MR(31 

36 MR(4) $024 

37 MR(5) $025 

38 MR(6) $026 

39 

40 

41 

42 

43 

44 

45 

46 

47 

MR(7) $027 

MR(8) $028 

MR(9) $029 

MR(10) $02A 

MR(11) $028 

MR(12) $02C 

MR(13) $020 

MR(14) $02E 

MR(15) $02F 

Stack Area 
g50 Level 16 $3CO 

Level 1 5 

Level 14 

Level 13 

Level 12 

Level 11 

Level 10 

Level 9 

PC13 to PCo: Program Counter 

ST: Status 
CA: Carry 

bit 3 bit 2 bit 1 

~~ I I I 

bit 0 

Level S 1 021 PC;;J PCo 1 PCs I 

~:::: 867 v1 ofo ST pc,; I PG,2" ~ 
,__L_e-ve_l_4__, ~~~~--1--~~--l,1--~~~,1--~~~ 

1--L-e-ve-I - 3-i 1022 CA PCs 
1 

PCs I 
l--L-e-ve_l_2-l ~~~~--1--~~--ll--~~~,.1--~~~ 

10231--L-ev_e_I -1-•$3FF 1023 PC3 1 PC2 I PC1 

$3FC 

$3FD 

$3FE 

$3FF 

Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 

The MCU has nine registers and two flags for 
CPU operations (figure 5). 

Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/O, and other regis
ters. 

W Register (W), X Register (X), Y Regis
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY assist the X 
and Y registers respectively. 

Carry (CA): The carry (CA) stores the over
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL and ROTR instructions. 

During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 

Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 

13 
I PC 

i1111111i 

3 
I 3 
I 

3 
I 3 
I 3 
I 
t 

test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after the BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic
ing, status is pushed onto the stack and res
tored back from the stack by a RTNI instruc
tion, but not by a RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter which con
trols the sequence in which the instructions 
stored in ROM are executed. 

Stack Pointer (SP): The stack pointer (SP) is 
used to point to the address of the next 
stacking area (up to 16 levels). 

The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 

The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMO instruction. 

A r Accumulator 

0 

8 I 8 Register 

Ww Register 

0 x Ix Register 

y JY Register 

SPX JsPX Register 

SPY r SPY Register 

§I Cany Flag 

§] Status Flag 

r Program Counter 

SP r Stack Pointer 

Figure 5. Registers and Flags 
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Interrupt 

Three interrupt sources are available on the 
MCU: external requests (INTa, INT1), and 
timer/counter (timer B). For each source, an 
interrupt request flag (IF), interrupt mask 
(IM), and interrupt vector addresses are pro
vided to control and maintain the interrupt 
request. The interrupt enable flag (IE) is also 
used to control interrupt operations. 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 

Table 1. Vector Addresses and Inter-
rupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET $0000 

INT a $0002 

INT1 2 $0004 

Timer B 3 $0008 

$002,0 
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mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

Table 2. Conditions of Interrupt Service 

Interrupt Control Bit INTo INT1 Timer B 

l/E 

IFO·IMO 0 0 

IF1 ·IM1 * 0 

IFTB·IMTB * * 
Notes: Don't care 

Sequence 
Control 
·Push PC/CA/ST 
·Reset l/E 
·Jump to Vector 
Address 

Vector Address 
Priority Control PLA 

Figure 6. Interrupt Control Circuit Block Diagram 
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The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 

Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status, and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after the MCU jumps to the 
vector address. 

In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 

Interrupt Enable Flag (I/E: $000 bit 0): 
The interrupt enable flag enables/ disables 
interrupt requests as shown in table 3. It is 

· reset by interrupt servicing and set by the 
RTNI instruction. 

External Interrupts (INTo, INT1): _'!'.!!e 
external interrupt request inputs (INTo, INT1) 
can be selected by the port mode register 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag lntanupt Enable/Disable 

0 

Table 4. 

Disable 

Enable 

External Interrupt Request 
Flag 

Ex Int Req Flags Interrupt Requests 

0 No 

Yes 

(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R3a/INT1 pin and R32/INT0 pin to be 
used as INT1 pin and INTo pin respectively. 

The external interrupt request .fu!gs (IFO, !Fl) 
are set at the falling edge of INTo and INT1 
inputs. (Refer to table 4.) 

The INT1 input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT1 input. When 
INT1 is useal as timer B external event input, 
external interrupt mask (!Ml) has to be set so 
that the interrupt request by INT1 will not be 
accepted. (Refer to table 5.) · 

External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flag~O. !Fl) are set at the 
falling edge of the INTo, and INT1 inputs 
respectively. 

External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 

Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only register 
which controls the R32/ INTo pin, and R3a/ 
INT1 pin as shown in table 6. The port mode 
register will be initialized to $0 by MCU reset. 
These pins are therefore initially used as 
ports. 

Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 

Disable (masks) 

Table 6. Port Mode Register 

PMR3 R33/INT1 Pin 

0 Used as R3a port input/output pin 

Used as INT1 input pin 

PMR2 

0 Used as R32 port input/output pin 

Used as INT o input pin 
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Instruction 

Cycles 

Instruction 
execution 

Interrupt 
accepted 

2 

Stacking, 
Reset of l/E 

3 

Stacking, 

Vector address 
is generated 

4 

JMPL instruction execution on the 

vector address 

Figure 7. Interrupt Servicing Sequence 
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6 

Instruction 
execution at 
starting address 
of the interrupt 
routine 
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Power 
On 

Yes 

Reset MCU 

No 

(A) 

Execute 
Instruction 

PC+- (PC)+1 

PC+-$0002 

PC+-$0004 

Yes 

B) 

No 

Yes 

Yes 

Interrupt 
Accept 

l/E +-0 
Stack+- (PC) 
Stack+- (CA) 
Stack +- (ST) 

No 

PC+-$0008 (Timer B Interrupt) 

Figure 8. Interrupt Servicing Flowchart 
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Timer 

The MCU contains a prescaler and a timer/ 
counter (timer B, figure 9) whose functions 
are the same as HMCS404C's. The prescaler is 
an 11-bit binary counter, and timer Bis an 8-
bit auto-reload timer/ event counter. 

Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig
nals to timer B. The prescaler divide ratio is 
selected by the timer mode register B (TMB). 

Timer B Operation: The timer mode regis
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT1 as INT1 and 
set the external interrupt mask (IM1) to pre
vent an external interrupt request from oc
curring. 

Timer B is initialized according to the data 
written into the timer load register by soft
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto
reload function is selected timer B is initial
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 

Timer Mode Register B 

TMB (4bit) 
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Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 7. The timer mode register B is initial
ized to $0 by MCU reset. 

The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Initialization of timer 
B by writing data into the timer load register 
should be performed after the contents of 
TMB are changed. Configuration and function 
of timer mode register B is shown in figure 10. 

Timer B (TCBL: $00A, TCBU: $00B, TLRL: 
SOOA, TLRU: $00B): Timer B consists of an 8-
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 

The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched when the high-or
der digit is read. 

Internal Bus Line (S 1) 

4 

Figure 9. Timer Block Diagram 
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Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 8). 

Table 7. Timer Mode Register B 

TMB3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 

0 0 0 2048 

0 0 512 

0 0 128 

0 32 

0 0 8 

0 4 

0 2 

INT1 (External Event Input) 

PMR: $004 

PMR3 PMR2 

Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B Interrupt request flag (table 9). 

Table 8. Timer B Interrupt Request 
Flag 

Timer B Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 9. Timer B Interrupt Mask 

Timer B Interrupt Mask Interrupt Request 

0 Enable 

Disable (Mask) 

------------ R32/INT0 pin mode selection 

--------------- R33/INT1 pin mode selection 

TMB: $009 

TMB3 TMB2 TMB1 TMBO 

---------Timer B input clock selection 

---------------Auto-reload function selection 

Figure 10. Mode Register Configuration and Function 
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Input/Output 

The MCU has 35 I/O pins, 8 standard and 27 
high voltage. One of three circuit types can 
be selected by mask option for each high
voltage pin: (A) "without pull-up MOS (NMOS 
open drain)", (B) "with pull-up MOS", or (C) 
"CMOS". High-voltage pins can be used as 
high-voltage I/O pins only when (A) is 
selected, but except Rl and R2. Rl and R2 are 
fixed to (A) mask option. 

When any input/output pin is used as an 
input pin, the mask option and output data 
must be selected in the manner specified in 
table 11. 

Output Circuit Operation With Pull-Up 
MOS Standard Pins: In the standard pin 
option with pull-up MOS, the circuit shown in 
figure 11 shortens the rise time of the output. 

When the MCU executes an output instruc
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps PMOS in the on 
state for one-eighth of the instruction cycle 
time. While the write pulse is 0 , a high output 
level is maintained by the pull-up MOS (C). 

When the HL T signal becomes 0 in stop 
mode, MOS (A) (B) (C) turn off. 

D Port: The D I/O port has 15 discrete I/O 
pins, each of which can be addressed in
dependently. It can be set/reset through 
SEO/RED and SEDD/REDD instructions, and 
can be tested through TD and TDD instruc
tions. See table 10 for the I/O pin circuit types. 

HD404918 

R Ports: The six R ports are composed of 16 
I/0 pins, 4 output-only pins. Data is input 
through LAR and LBR instructions and out
put through LRA and LRB instructions. The 
MCU is not be affected when the input-only 
and/or non-existing ports are written into, 
while invalid data will be read from the 
output-only and/or non-existing ports. 

The R32 and R33 pins are multiplexed with 
the INTo and INT1 pins respectively. See table 
10 for the selectable circuit types for these 
I/O pins. 

Unused 1/0 Pins: If unused I/0 pins are left 
floating, the LSI may malfunction because of 
noise. The I/O pins should be fixed as follows 
to prevent the malfunction. 

High-voltage: select "without pull-up MOS" 
(NMOS open drain) via mask option and 
connect to Vee on the printed circuit board. 

Standard: select "without pull-up MOS" 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 

Reset 

Bringing the RESET pin high resets the MCU. 
At power-on, or when stop mode, is can 
called the reset must satisfy tRc for the oscil
lator to stabilize. In all other cases, at least 
two instructions cycles are required for the 
MCU to be reset. 

Table 12 shows the parts initialized by MCU 
reset, and the status of each. 
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Table 10. I/O Pin Circuit Types 

1/0 
Common 

Pins 

High Current 

High Voltage 

1/0 
Common 

Pins 

High Current 

High Voltage 

Output 
Pins 

High Current 

High Voltage 

Without Pull-Up MOS 

(NMOS Open Drain) (A) 

Input 
data 

_r°'<l" ACT 
~?utput 

data 

Not available 

Available 

Without Pull-Up MOS 

INMOS Open Drain) (A) 

HLT...LJ- Input. 
data 

()J KfjRCT 
Output 
data 

Available 

Not available 

Without Pull-Up MOS 
(NMOS Open Drain) (A) 

_r°'<l" ACT 
~?utput 

data 

Not available 

Available 

With pull-up MOS 
(B) 

Not available 

Not available 

With Pull-Up MOS 
(B) 

CMOS (C) 

Not available 

Not available 

CMOS (C) 

Applicable 

Pins 

Do-014 

R3o-R33 

R4o-R43 

Applicable 

pins 

R1o-R1J 

R2o-R23 

Applicable 
Pins 

~~i~ ciVcc~HLT 
Output ~~utput R00-R03 
data data 

Not available Not available 

Not available Not available 

Notes: 1. When "without pull-up MOS" is selected by mask option, Oo-014, RO, R3, and R4 can be 
used as high voltage pins. 

2. When "with pull-up MOS" or "CMOS" is selected by mask option, Oo-014, RO, R3, and R4 
are the same as standard pins. 

3. R1 and R2 have only "without pull-up MOS" mask option and they are high current pins. 
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Table 11. Data Input from Input/Output Common Pins 

1/0 Pin Circuit Type 

CMOS 

Without pull-up MOS 

(NMOS open drain) 

With pull-up MOS 

Pull-up MOS (C) 

Input Possible Input Pin State 

No 

Yes 

Yes 

_J\___ Write pulse 
(Output 

~~------ instruction) 

L------1-------~HLT 

NMOS(A) 

1 Instruction cycle 

Output instruction execution 

Write pulse 
___ ____.n.____ 

Figure 11. Output Circuit Operation of Pins With Pull-Up MOS Option 
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Table 12. Initial Value After MCU Reset 
Initial Value by 

Items MCU Reset Contents 

Program Counter (PC) $0000 Execute program from the top of ROM 

address 

Status (ST) Enable branch with conditional branch 

instructions 

Stack Pointer (SP) $3FF Stack level is 0 

1/0 Pin (A) Without Pull-Up MOS Enable input 
Output Register 

(B) With Pull-Up MOS Enable input 

(C) CMOS 

Interrupt Flag Interrupt Enable Flag (l/E) 0 Inhibit all interrupts 

Interrupt Request Flag (IF) 0 No interrupt request 

Interrupt Mask (IM) Mask interrupt request 

Mode Register Port Mode Register (PMR) 0000 See port mode register 

Timer Mode Register B (TMB) 0000 See timer mode register B 

Timer/Counter Prescaler $000 

Timer/Event Counter B (TCB) $00 

Timer Load Register (TLR) $00 

Note: MCU reset affects the rest of registers an follows: 

Item 

Carry 

Accumulator 

B Register 

W Register 

X/SPX Registers 

Y /SPY Registers 

RAM 

(CA) 

(A) 

(B) 

(W) 

(X/SPX) 

(Y/SPY) 

After Recovering from Stop 
Mode by MCU Reset 

The contents of the items before 

MCU reset are not retained. 

It is necessary to initialize them by 

software. 

The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 

@HITACHI 

After MCU Reset 
(Non-Stop-Mode) 

The contents of the items before 

MCU reset are not retained. 

It is necessary to initialize them by 

software. 
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Internal Oscillator Circuit 

Figure 12 outlines the internal oscillator cir
cuit. In addition, see figure 13 for the layout of 

the crystal or ceramic filter. In all cases, 
external clock operation is available. 

Do 

Vee 

OSC2 

OSC1 

TEST 

RESET 

Oscillator 

Divider 
circuit 

1/8 

Timing 
generator 
circuit 

Figure 12. Internal Oscillator Circuit 

System 
clock 

Figure 13. Layout of Crystal and Ceramic Filter 
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Table 13. Examples of Oscillator Circuits 

External 
Clock 
Operation 

Ceramic 
Filter 
Oscillator 

Crystal 
Oscillator 

Circuit Configuration 

Oscillator 

Open OSC2 

ce,am;tc, 
filter 

c, 
GNO 

AT cut parallel 
resonance crystal 

osc,--LIJ:~sc, 
Co 

Circuit Constants 

Ceramic filter 
CSA 4.00MG (Murata) 

R1: 1 MO± 20% 
C1: 30 pF ± 20% 
C2: 30 pF ± 20% 

R1: 1 MO± 20% 
C1 : 10-22 pF ± 20% 
C2: 10-22 pF ± 20% 
Crystal: equivalent to circuit shown 

Co: 7 pF max. 
R5 : 100 O max. 
f : 1 .0-4.5 MHz 

Notes: 1. For the crystal and ceramic filter resonator, the upper circuit parameters are recommended by 
the crystal or ceramic filter maker. Crystal, ceramic filter resonator, and the floating 
capacitance change circuit parameters in designing the board. In designig the resonator, 
please consult with the engineers of the crystal or ceramic filter maker to determine the circuit 
parameters. 

2. Wiring between OSC1, OSC2, and elements should be as short as possible, and never cross 
other wires. Refer to the layout of crystal and ceramic filter (figure 13). 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
14). Figure 14 is a mode transition diagram for 
these modes. 

Standby Mode: Executing an SBY instruc-

Table 14. Low Power Dissipation Mode 

Condition Standby Mode 

Instruction SBY instruction 

Oscillator circuit Active 

Instruction execution Stopped 

Register, flag Retained 

Interrupt function Active 

RAM Retained 

Input/output pins Retained (note 2) 

Timer/counter Active 

HD404918 

tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and 1/0 pins retain the 
states they were in just before the MCU went 
into standby mode. 

Stop Mode 

STOP instruction 

Stopped 

Stopped 

Reset (note 1 ) 

Stopped 

Retained 

High impedance 

Stopped 

Recovery method RESET input, interrupt request RESET input 

Notes: 1 . The MCU recovers from stop mode by RESET input. Refer to table 12 for the contents of flags 
and registers. 

2. As 1/0 circuits are active, an 1/0 current may flow in standby mode, depending on the state 
of the 1/0 pins. This is an additional current added to the standby mode current dissipation. 

Figure 14. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 

Figure 15 shows the flowchart of the standby 
mode. 

SBY 

Oscillator active 
Peripheral clocks 
active 
All other clocks 
stop 

Yes 

Restart 
processor clocks 

Reset MCU 

No 

Execute 
instruction 

Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 16, reset 
input must be applied at least to tRc for oscil
lation to stabilize. (Refer to AC Characteris
tics table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y /SPY registers, and car
ry may not retain their contents. 

N 

Yes 

Aesta11 
processor clocks 

Interrupt 
accept 

Figure 15. MCU Standby Mode Operation Flowchart 
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RAM Addressing Mode 

As shown in figure 17, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: The W reg
ister, X register, and Y register contents {10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word {10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register {16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four ROM addressing modes, as 
shown in figure 18. 

Direct addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits {PC13 to PCo) with 14-bit 
immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad-' 
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 

1
.. Stop mode .. I 

HD404918 

When BR is on a page boundary (256n + 255) 
(figure 19), executing a BR instruction trans
fers the PC contents to the next page 
because of the hardware architecture. Con
sequently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low- order six bits of 
the program counter (PC5 to PCo) and Os are 
placed in the high-order eight bits {PC13 to 
PCs). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 20). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the Rl and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the Rl and R2 port output register at the 
same time. 

The P instruction has no effect on the pro
gram counter. 

Oscillator 11111111111111111111111111111 \\1-----"!l~ ............... ~lllJ~lllll ......... llll~lllll""""lllll....,.lllll ......... llll~lllll ........ llll ........ llll~lllJl.......,llll.......,llll ........ llll.........,llJllJ 

lnterna:::::_~---.-----l~l-___,f ~ 
" 1.. t~ .. I 

STOP instruction execution (more than stabilization time: tRc} 

Figure 16. Timing Chart of Recovering from Stop Mode 
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W Register X Register Y Register 
,-~~~~~~ ...... 

W1 Wo X3 X2 X1 Xo Y3 Y2 Y1 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

Opcode ds da d1 ds ds d• d3 d2 d1 do 

RAM Address APs APs AP7 APs AP5 AP• AP3 AP2 AP1 APo 

Direct Addressing 

Instruction 

Opcode 

0 0 0 0 

Memory Register Addressing 

Figure 17. RAM Addressing Mode 

~HITACHI 

0 

m3 m2 m1 mo 
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(JMPL) 
(BRL) 
(CALL) 

HD404918 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC10 PCs PCa PC7 PCs PC5 PC• PC3 PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 bs b5 b• bJ bz bi bo 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PC5 PC. PCJ PC2 PC1 PCo 

Current Page_ Addressing 

Instruction 

(CAL) Opcode 

0 0 0 0 0 0 0 0 

Program Counter PC13 PC12 PC11 PC10 PCs PCa PC1 PCs PC5 PC. PCJ PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

Accumulator 

83 82 81 
0 0 

Program Counter PC13PC12 PC11 PC10 PCs PCe PC1 PCs PC5 PC• PCJ PC2 PC1 PCo 

Table Data Addressing 

Figure 18. ROM Addressing Mode 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 1087 



HD404918 

i-----__,256(n - 1) + 255 
256n BRAAA 

AAA NOP 

BR AAA 256n + 254 
BR BBB 256n + 255 

1--.:::.:..:...:..::c=---1256(n + 1) 

BBB NOP 

Figure 19. BR Instruction Branch Destination on Page Boundary 

Instruction 

(P) Opcode 
B Register Accumulator 

Referred ROM Address RA13 RA12 RA11RA1<1RAe RAe RA1 RAe RAs RA4 RA3 RA2 RA1 

Address Designation 

ROM Data 

If ROe=1 

ROM Data 

If ROs=1 

Pattern 

Figure 20. P Instruction 
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Instruction Set 

6. Compare instruction The HD404918 provides 100 instructions 
which are classified into 10 groups as follows; 7. RAM bit manipulation instruction 

1. Immediate instruction 
2. Register-to-register instruction 
3. RAM address instruction 
4. RAM register instruction 
5. Arithmetic instruction 

8. ROM address instruction 
9. Input/output instruction 

10. Control instruction 

Tables 15-24 list their functions, and table 25 
is an opcode map. 

Table 15. Immediate Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 0 0 0 i3 i2 i1 io i -A 1 /1 

Load B from Immediate LBI i 0 0 0 0 0 i3 i2 i1 io i - B 1/1 

Load Memory from LMID i,d 0 0 0 i3 i2 i1 io i - M 2/2 
Immediate dg da d1 de d5 d4 dJ d2 d 1 do 

Load Memory from LMllY i 1 0 1 0 0 1 i3 i2 i1 io i-M, Y+1-Y NZ 1 /1 
Immediate, Increment Y 

Table 16. Register-to-Register Instructions Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B-A 1 /1 

Load B from A LBA 0 0 0 0 0 0 0 A-B 1 /1 

Load A from W LAW 
0 1 0 0 0 0 0 0 0 0 

W-A 
2/2 

0 0 0 0 0 0 0 0 0 0 (Note) 

Load A from Y LAY 0 0 0 0 Y-A 1 /1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX - A 1 /1 

Load A from SPY LAS PY 0 0 0 1 0 0 0 0 SPY •A 1 /1 

Load A from MR LAMA m 0 0 m:i "'2 m1 rro MR(m) - A 1 /1 

Exchange MR and A XMRAm 0 m:i "'2 m1 rro MR(m) - A 1 /1 

Note :An operand is provided for the second word of LAW and LWA instruction by the assembler 
automatically. 
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Table 17. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWli 0 0 0 0 i1 io i-W 1/1 

Load X from Immediate LXI i 0 0 0 0 i3 i2 i1 io i -x 1 /1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 i1 io i -v 1/1 

Load W from A LWA 
0 1 0 0 0 1 0 0 0 0 

A -:W 2/2 
0 0 0 0 0 0 0 0 0 0 (Note) 

Load X from A LXA 0 0 0 0 0 0 A-X 1/1 

Load Y from A LYA 0 0 0 0 0 0 A-Y 1/1 

Increment Y IV 0 0 0 0 0 0 Y+1 - Y NZ 1 /1 

Decrement Y DY 0 0 0 Y-1 - Y NB 1/1 

AddAtoY AYY 0 0 0 0 0 0 0 Y+A-Y OVF 1 /1 

Subtract A from Y SYY 0 0 0 0 0 0 Y-A-Y NB 1 /1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1 /1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y - SPY 1 /1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 X-SPX, Y-SPY 1 /1 
and SPY 

Note: An operand is provided for the second word of LAW and LW A instruction by assembler 
automatically. 
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Table 18. RAM Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Memory LAM(XY) 0 0 1 0 0 1 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Load A from Memory LAMD d 0 1 1 0 0 1 0 0 0 0 M-A 2/2 
dg ds d1 ds ds d4 dJ d2 d1 do 

Load B from Memory LBM(XY) 0 0 0 0 0 0 0 y x M-B, (X-SPX, Y-SPY) 1/1 

Load Memory from A LMA(XY) 0 0 0 0 0 1 y x A-M, (X-SPX, Y-SPY) 1 /1 

Load Memory from A LMAD d 0 0 0 0 0 0 A-M 2/2 
dg ds d1 ds ds d4 dJ d2 d1 do 

Load Memory from A, LMAIY(X) 0 0 0 0 0 0 0 x A-M, Y+1-Y (X-SPX) NZ 1/1 
Increment Y 

Load Memory from A, LMADY(X) 0 0 0 0 0 0 x A-M, Y-1-Y (X-SPX) NB 1/1 
Decrement Y 

Exchange Memory and A XMA(XY) 0 0 0 0 0 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Exchange Memory and A XMADd 0 0 0 0 0 0 0 0 M-A 2/2 
dg ds d1 ds ds d4 dJ d2 d1 do 

Exchange Memory and B XMB(XY) 0 0 1 1 0 0 0 0 y x M-B, (X-SPX, Y-SPY) 1/1 

Note: (XV) and (X) have the following meaning: 
( 1) The instructions with (XV) have 4 mnemonics and 4 object codes each (example of LAM 

(XV) is given, below). 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X- SPX 

LAMY 0 Y - SPY-

LAMXY X-SPX, Y-SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes each (example of LMAIV 
(X) is given below) . 

Mnemonic x Function 

LMAIY 0 

LMAIYX X- SPX 
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Table 19. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMD d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n : Logical AND 
U : Logical OR 
<±> : Exclusive OR 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

0 0 0 0 i3 i2 i, io A+i - A 

0 0 0 0 0 00 B+1-B 

0 0 0 0 B-1 - B 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 A+ 1 -A 

0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 1 - CA 

0 0 0 0 0 0-CA 

0 0 0 0 

0 0 0 0 0 0 0 0 0 M+A - A 

0 0 0 0 0 0 0 0 M+A - A 

0 0 0 0 0 1 1 0 0 0 M+A+CA - A 
OVF-CA 

0 1 0 0 0 1 1 0 0 0 M+A+CA-A 
dg ds d1 d5 d5 d4 d3 d2 d, do OVF -·CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA-A 
NB·-•CA 

0 1 1 0 0 1 1 0 0 0 M-A-CA-A 
dg ds d1 d5 d5 d4 d3 d2 d, do NB-CA 

0 0 0 0 0 00 AUB-A 

0 0 0 0 1 0 0 AnM-•A 

0 0 0 0 0 0 

0 0 0 0 0 0 0 AUM-A 

0 0 0 0 0 

@HITACHI 

Words/ 

Status Cycles 

OVF 1/1 

NZ 1 /1 

NB 1/1 

1 /1 

1 /1 

1/1 

1/1 

1 /1 

1 /1 

1/1 

1/1 

CA 1/1 

OVF 1/1 

OVF 2/2 

OVF 1/1 

OVF 2/2 

NB 1 /1 

NB 2/2 

1/1 

NZ 1/1 

NZ 2/2 

NZ 1 /1 

NZ 2/2 

NZ 1 /1 

NZ 2/2 
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Table 20. Compare Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 i3 i2 i1 io i * M NZ 1 /1 
to Memory 

Immediate Not Equal INEMO i,d 0 1 0 0 1 0 i3 i2 i1 io i * M NZ 2/2 
to Memory ds da d1 d5 d5 d4 d3 d2 d1 do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 0 0 A*M NZ 1 /1 

A Not Equal to Memory AMEMO d 0 0 0 0 0 0 0 0 A'1'M NZ 2/2 
ds da d1 d5 d5 d4 d3 d2 d, do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B * M NZ 1/1 

Y Not Equal to Immediate YNEI i 0 0 0 i3 i2 i1 io y * i NZ 1 /1 

Immediate Less or Equal ILEM i 0 0 0 0 i3 i2 i, io i ~ M NB 1 /1 
to Memory 

Immediate Less or Equal ILEMO i,d 0 1 0 0 1 1 i3 i2 i1 io i ~ M NB 2/2 
to Memory ds da d1 d5 d5 d4 d3 d2 d, do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A;;;; M NB 1 /1 

A Less or Equal to Memory ALEMO d 0 0 0 0 0 0 0 A;;;; M NB 2/2 
ds da d1 d5 d5 d4 d3 d2 d, do 

B Less or Equal to Memory BLEM 0 0 0 Q_Q 0 0 B ;;;; M NB 1 /1 

A Less or Equal to Immediate ALEI i 0 0 1 i3 i2 i, io A;;£ i NB 1/1 

Table 21. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n, no ~ M(n) 1 /1 

Set Memory Bit SEMO n,d 0 0 0 0 0 n, no _, M(n) 2/2 
ds da d1 d5 d5 d4 d3 d2 d, do 

Reset Memory Bit REM n 0 0 0 0 0 0 n, no 0 -•M(n) 1 /1 

Reset Memory Bit REMO n,d 0 0 0 0 0 n, no 0 -~ M(n) 2/2 
ds da d1 d5 d5 d4 d3 d2 d, do 

Test Memory Bit TM n 0 0 0 0 0 n, no M(n) 1 /1 

Test Memory Bit TMO n,d 0 0 0 0 n, no M(n) 2/2 
ds da d1 d5 d5 d4 d3 d2 d, do 
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Table 22. ROM Address Instructions 

Operation Mnemonic Operation Code 

Branch on Status 1 BR b 

Long Branch on Status 1 BRL u 

Long Jump Unconditionally JMPL u 

Subroutine Jump on Status 1 CAL a 

Long Subroutine Jump on 
Status 1 

Table Branch 

Return from Subroutine 

Return from Interrupt 

CALL u 

TBR p 

RTN 

RTNI 

0 0 1 1 1 P3 P2 P1 Po 
ds da d1 de ds d4 d3 d2 di do 

0 1 0 1 0 1 P3 P2 P1 PO 
ds da d1 de ds d4 d3 d2 di do 

0 

0 0 1 0 P3 P2 P1 Po 
ds da d1 de ds d4 d3 d2 di do 

0 0 0 P3 P2 P1 Po 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

Table 23. Input/Output Instructions 

Operation Mnemonic Operation Code 

Set Discrete 1/0 Latch SED 0 0 0 0 1 0 0 

Set Discrete 1/0 Latch Direc SEDD m 0 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 

Reset Discrete 1/0 Latch Direct REDD m 0 0 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 

Test Discrete 1/0 Latch Direct TDD m 0 0 

Load A from R Port Register LAR m 0 0 011TIJm:zm1mo 

Load B from R Port Register LBR m 0 0 

Load R Port Register from A LRA m 0 

Load R Port Register from B LRB m 0 001TIJm:zm1mo 

Pattern Generation Pp 0 0 1 P3 P2 P1 Po 

Table 24. Control Instructions 

Operation Mnemonic Operation Code 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 

Standby Mode SBY 0 0 0 0 0 0 

Stop Mode STOP 0 0 0 0 0 

Words/ 
Function Status Cycles 

1/1 

2/2 

2/2 

1/2 

2/2 

1/1 

1/3 

1 -1/E ST 1/3 
CA Restore 

Words/ 
Function Status Cycles 

- D(Y) 1 /1 

- D(m) 1 /1 

0 - D(Y) 1 /1 

0 - D(m) 1 /1 

D(Y) 1 /1 

D(m) 1/1 

R(m) -A 1/1 

R(m) - B 1/1 

A- R(m) 1 /1 

B - R(m) 1 /1 

1/2 

Words/ 
Function Status Cycles 

1 /1 

1/1 

1 /1 

Note: HD404918 has no serial interface, so STS (start serial) operates the same as NOP. 
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Table 25. Opcode Map 

~RS 0 1 

2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

SBY TO~ 
5 LMAIYIX~ AYY ~ ~ ~ IY --------- JMPL p(4) 

CALL p(4) 

0 7 YNEI i(4) BAL p(4) 

B XMA(XY) SEM n(2) REM n(2) TM n(2) Ff~ SEMD n(2) REMD n(2) TMD n(2) 

9 LAM(XY) LMA(XY) lM --------- N~-~ R~~ ANMD ~ 
A ~~T ------JoAA1 ~Al ------------ LAY LMID i(4) 

B TBR p(4) P p(4) 

C XMB(XY) ~LE~ --------- LBA --------- DB 

D LMADYIXIZ SYY --------- LYA ------ DY 

E TD ~ SEO --------- LXA --------- RE~ SEC 

F LWI i(2) 

0 

2 

3 

4 

5 

6 

1 7 

8 

9 

A 

B 

c 
D 

E 

F 

LBI 

LYI 

LXI 

LAI 

LBR 

LAR 

REDD 

LAMA 

Al 

LMllY 

TDD 

ALEI 

LAB 

LRA 

SEDD 

XMRA 

i(4) 

i(4) 

i(4) 

i(4) 

m(4) 

m(4) 

m(4) 

m(4) 

i(4) 

i(4) 

m(4) 

i(4) 

m(4) 

m(4) 

m(4) 

m(4) 

CAL a(6) 

BR b(8) 

c=J···1-word/2-cycle c=J· ·1-word/3-cycle CJ· ·RAM Direct Address ~·· 2-word/2-cycle 

Instruction Instruction lns'b'uction Instruction 
(2-word/2-cycle) 
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Absolute Max:imum Ratings 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to+ 7.0 v 

Terminal Voltage Vr -0.3 to Vee + 0.3 v 3 

-0.3 to+ 15 v 4 

Total Allowance of Input Current ~lo 200 mA 5 

Maximum Input Current lo 15 mA 7, 8 

35 mA 7, 10 

Maximum Output Current -lo 4 mA 8, 9 

Total Allowance of Output Current -~lo 50 mA 6 

Operating Temperature Topr -20to + 75 ·c 

Storage Temperature Tstg -55 to+ 125 ·c 

Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceeded, 
it may cause a malfunction or affect the reliability of LSI. 

2. All voltages are with respect to GND. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input current which flows in from all 1/0 

pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out from 

Vee to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
8. Do-014, R3-R4, RO 
9. Maximum output current is the maximum amount of output current from Vee to each 1/0 pin. 

10. R1 -R2. 
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Electrical Characteristics 

DC Characteristics 

(Vee= 4 V to 6 V, GNO = 0 V, Ta= -2o·c to+ 75°C) 

Item Symbol Pin Min Typ Max Unit Test Condition Note 

Input High 
Voltage 

Input Low 
Voltage 

Input/Output 11 IU 
Leakage 
Current 

c·urrent Ice 
Dissipation in 
Active Mode 

Current lsev 
Dissipation in 
Standby Mode 

Current I stop 
Dissipation in 
Stop Mode 

Stop Mode Vstop 
Retain Voltage 

RESET, 
INTo, 
INT1 

OSC1 

RESET, 
INTo. 
INT1 

OSC1 

RESET, 
INTo, 
INT1, 
OSC1 

Vee 

Vee 

Vee 

Vee 

0.8 Vee Vee + 0.3 v 

Vee - 0.5 Vee+ 0.3 V 

- 0.3 0.2 Vee v 

- 0.3 0.5 v 

µA 

2.5 mA 

1.0 mA 

10 µA 

2 v 

Notes: 1. Excluding pull-up MOS current and output buffer current. 

V;n = 0 V to Vee 

Vee= 5 V; 2,5 
fosc = 4 MHz, + 8 

Vee= 5 V; 3,5 
fosc = 4 MHz, + 8 

V,n(TEST) = Vee - 0.3 V to 4 
Vee; Vee. llin(RESET) = 
0 V to 0.3 V 

2. The MCU is in the reset state. Input/output current does not flow. 
• MCU in reset state, operation mode 
• RESET, TEST: Vee 
• Oo-014, RO-R4: Vee voltage 

3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
·RESET: GNO 
·TEST: Vee 
• Oo-014, RO-R4: Vee voltage 

4. Excluding pull-up MOS current. 
5. When fosc = x MHz, estimate the current dissipation as follows: 

Max value@ x MHz= x/4 x (max value@ 4 MHz) 
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Input/Output Characteristics for Standard Use 

(Vcc=4Vto 6V, GND=OV, Ta=-20"C to +75°C) 

Item Symbol Pin Min Typ Max Unit Teat Conditions Nota 

Input High V1H R1-R2 0.7Vcc Vee+ 0.3 v 3 
Voltage 

Oo-014 4 
R3-R4 

Input Low V1l R1-R2 -0.3 0.3Vcc v 3 
Voltage 

Do-014 4 
R3-R4 

Output High VoH Do-014 Vee - 1.0 v - loH = 1.0 mA 
Voltage R3-R4, RO 

Do-014, Vee - 0.5 v - loH = 0.5 mA 
R3-R4, RO 

Output Low Vol Do-014. 0.4 v lol = 1.6 mA 
Voltage R3-R4, RO 

R1-R2 1.0 v Vee = 5 V, lc>l = 25 mA 3 

Input/Output 1111] Do-014. µA V;n = 0 V to Vee 2 
Leakage Current R3-R4, RO 

R1-R2 20 

Pull-Up MOS -Ip Do-014. 30 60 150 µA Vee = 5 V, 'v\n = 0 V 4 
Current R3-R4, RO 

Notes: 1. Applied to 1/0 pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. Applied to 1/0 pins without pull-up MOS mask option. 
4. With pull up MOS is selected by mask option. 

Input/Output Characteristics for High Voltage Use 

(Vee= 4Vto6V, GND = OV, Ta=-20"C to+ 75"C) 

ham Symbol Pin Min Typ Max Unit Test Conditions Note 

Input High V1H Do-014, 0.7Vec 12 v 
Voltage R3-R4 

Input Low V1l Do-014, -0.3 0.3 Vee v 
Voltage R3-R4 

Output High VoH Do-014. 11.5 v 500 kO to 12V 
Voltage R3-R4, RO 

Output Low Vol Do-014. 0.4 v lol = 1.6mA 
Voltage R3-R4, RO 

Input/Output llnJ Do-014, µA V;n = OV to Vee 
Leakage R3-R4, RO 
Current 

Notes: 1 . Applied to 1/0 pins without pull-up MOS by mask option . 
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AC Characteristics 

(Vee = 4 V to 6 V, GND = 0 V, Ta -20°C to+ 75°C) 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

Oscillation Frequency fosc OSC1, OSC2 0.4 4 4.5 MHz Divide by 8 

Instruction Cycle tcyc 1.78 2 20 µS 

Time 

Oscillator Stabiliza- tRC OSC1. OSC2 20 ms 
tion Time 

External clock fcp OSC1 0.4 4.5 MHz 2 
Frequency 

External Clock tcpH, osc, 92 ns Divide by 8 2 
High, Low tcPL 
Level Width 

External Clock Rise tcp, osc, 20 ns 2 
Time 

External Clock Fall tcp1 osc, 20 ns 2 
Time 

Instruction !eve 1.78 20 µS 2 
cycle Time 

INTo High Level t10H INTo 2 tcyc 3 

Width 

INTo Low Level t10L INTo 2 tcyc 3 

Width 

INT 1 High Level t11H INT1 2 tcyc 3 

Width 

INT 1 Low Level t11L INT1 2 tcyc 3 
Width 

RESET High Level tRSTH RESET 2 tcyc 4 
Width 

Input Capacitance Cin All pins 15 pF f =1 MHz, 
V;n = 0 V 

RESET Fall Time tRSTf 20 ms 4 

Notes: 1 . Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches its 
minimum allowable voltage 4 V after power-on, or after RESET goes high. At power-on or 
stop mode release, RESET must be kept high for at least tRe. Since tRe depends on the crystal 
or ceramic filter's circuit constant and stray capacitance, please get the manufacturer's advice 
when designing the RESET circuit. (See figure 21.) 

2. See figure 22. 
3. See figure 23. 
4. See figure 24. 
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Crystal oscillator Ceramic filter oscillator 

C<ystal( 

~' 
GND 

Ce•am;1c, 
filter 

c, 
GND 

Crystal: 4. 194304 MHz NC-18C (Nihon Denpa Kogyo) 
R1: 1MQ±20% 

Ceramic filter: CSA 4.00 MG (Murata) 
R,: 1MQ±20% 

C1 : 22 pF ± 20 % C1 : 30pF ± 20% 
C2 : 22 pF ± 20% C2 : 30pF ± 20% 

Figure 21. Oscillator Circuit 

tcPr tcPf 

Figure 22. Oscillator Timing 

Figure 23. Interrupt Timing 

RESET 
tRSTH 

lRSTf 

Figure 24. Reset Timing 
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HD404g18 Date of Order 

MASK OPTION LIST 
Customer 

Dept. 

Name 

ROM Code Name 

LSI Type Number 
(Hitachi's entry) 

1/0 Option 

Please enter check marks in applicable items for 1/0 option selection. 
A: Without Pull-up MOS (NMOS Open Drain) B: With Pull-up MOS 
C: CMOS (not be used as Input) 

Note: 1/0 options masked by JZI are not available. 

1/0 Option 1/0 Option 
Pin Input/Output Pin Input/Output 

A B c A B c 

Do Input/Output ROo Output 
1---1 

D, Input/Output R0 1 Output 
>---------+----+--+-----1 ROl-----i*2f----·~---+---+--+--~ 

Input/Output R02 Output 
1---1 

Input/Output R03 Output 

Input/Output R1o Input/Output ~ 
1-----1 

De Input/Output R 12 Input/Output 

r--ln_p_u_tl_O_u_t_p_u_t ---j---+----+----1 " ,~ '"'"'10"4>"' Ill 
f---------1* 2 r-------t----t---+-----i 1---1 --D1 Input/Output R 13 Input/Output 

f-----------t--~-+---+----1* 1 t-------------+-----JM_Wlfhlf_Hlflff!. 
Da 

Da 

D,, 

Input/Output R2o Input/Output 

Input/Output 
1---1 --

R21 Input/Output 
r---------+------+--+----< R2 ------1 

I~ Input/Output r• Input/Output 

Input/Output R23 Input/Output ~ 
R3o 

1---1 
R31 

>---------+----+---+-----1 R31-----i 

Input/Output 

Input/Output 

Input/Output R32 
1---1 

R33 

Input/Output 
r--~~~~~--+----r---+----< 

Input/Output 

Input/Output 

Input/Output 
t----+~---f*2t--------+----+--+--~ 

R4o 

1-----1 
R41 

R41---1 
R42 

1-----1 
R43 

Input/Output 

Input/Output 

Input/Output 
i--------------t----+-----f-----1 

Input/Output 

Notes* 1 . Means high current pins. 
* 2. Means high voltage pins only when "A" mask option is selected. 
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ROM Code Media 

Please enter check mark!•. X, v) in applicable item. 

ROM Code Media 

D EPROM: Emulator Type 

D EPROM: EPROM On-Package Microcom-

puter Type 

APPLICATION CHECK LIST 

Oscillator (CPG option) 

Please enter check mark (•. X, v) in applicable item. 

CPG D Ceramic Filter 

Option D Crystal 

D External Clock 
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HD404919~~~~~~ 
Description 
The HD404919 CMOS 4-bit single-chip 
microcomputer in the HMCS400 series 
incorporates ROM, RAM, I/O, and timer/ 
counter and contain high-voltage I/O pins 
including high-current output pins. 

Features 

• 4-bit architecture 
• 16384 words of 10-bit ROM 
e 992 digits of 4-bit RAM 
• 35 1/0 pins, including 27high-voltage1/0 

pins (12 V max) 
• Timer/counter 

-11-bit prescaler 
-8-bit auto-reload timer/event counter 

(timer B) 
• Three interrupt sources 

-External: 2 
-Timer/counter: 1 

• Subroutine stack 
-Up to 16 levels including interrupts 

• Minimum instruction execution time: 
0.89µs 

• Low power dissipation modes 
-Standby: Stops instruction execution 

while allowing clock oscillation and 
interrupt functions to operate 

-Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 

• On-chip oscillator 
-Ceramic filter 

External Clock input 
• Standard 42-pin dual in-line plastic 

package 
• Instruction set compatible with 

HD404918/HD40P4919; 100 instructions 
• High programming efficiency with 10-bit/ 

word ROM: 78 single-word instructions 
• Direct branch to all RAM areas 
• Direct or indirect addressing of all RAM 

areas 
• Subroutine nesting up to 16 levels includ-

ing interrupts 
• Binary and BCD arithmetic operations 
• Powerful logical arithmetic operations 
• Pattern generation/table lookup capabil

ity 
• Bit manipulation for both RAM and I/O 

-Preliminary
Program Development Support Tools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 
HD40P4919 with the following fixed 
options: 
-1/0 pin: NMOS open drain 
-Oscillator: ceramic filter oscillator 

(externally drivable) 
-Timing generator divider: Divide by 8 
-Package: standard 42-pin dual in-line 

ceramic package 

Pin Arrangement 

012 10 011 
013 2 010 
014 Da 

GND 4 De 
ROo 5 D1 
R01 6 De 
R02 7 Os 
R03 8 04 
R1o 9 03 
R11 10 D2 
Rh 11 01 
Rh 12 Do 
R2o 13 Vee 
R21 14 OSC2 
R22 15 OSC1 
R23 16 TEST 
R3o 17 RESET 
R31 18 R43 

R32/INTo 19 R42 
RJ3/iiiiit 20 R41 

GND 21 R4o 

(DP-42) 

(Top View) 
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Block Diagram 

Timer 

Interrupt Control 

RAM 

992 x 4bit 

External 

Interrupt 

r 

RESET'fES'i"OSC10SC2Vcc GNO 

..---L--1----L____._, ! ! 
System Control 

ROM 

16,384 >< 10bit 
Instruction 

Decoder 

1 : II I 
:R43R42A41R4o R33/R32/A31A301 A2JR22A21R2o AhRhR11R1o JR03R02R01ROo: : D14D13012D11D10 09 Da 01 06 Q5 Q4 03 02 01 Do l 

L _____ !N~IN..!o __ J --------' 1-----------------------~ 

Notes: 1. When "without pull-up MOS" is selected by mask option, 
D0-D1., RO, R3, and R4 Can be used as high voltage pins. 

2. When "with pull-up MOS" or "CMOS" is selected by mask option, 
D0-D14, RO, R3, and R4 are the same as standard pins. 

3. R1 and R2 have only "without pull-up MOS" mask option and 
they are high current pins. 
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Pin Description 

GND, Vee (Power Supply) 

GND and Vee are the power supply pins for 
the MCU. Connect the GND to the ground (0 
V) and apply the Vee power supply voltage to 
the Vee pin. 

TEST {Test) 

TESTisfortestpurposes only. Connect it to Vee. 

RESET (Reset) 

RESET resets the MCU. For details, see Reset 
section. 

OSC1, OSC2 (Oscillator Connections) 

OSC1 and OSC2 are input pins for the internal 
oscillator circuit. They can be connected to a 
ceramic filter resonator, or external oscillator 
circuits. For details, see Internal Oscillator 
Circuit section. 

HD404919 

Do-014 (D Port) 

The D port is an input/output port addressed 
by the bit. These 15 pins are all input/output 
pins. Do to 014 are high-voltage pins. The 
circuit type for each pin can be selected using 
a mask option. For details, see Input/Output 
section. 

R00-R03, R1o-R13, R2o-R23, R3o-R33, 
R4o-R43 (R Ports) 

RO to R4 are 4-bit I/O ports. RO is an output 
port, and R1 to R4 are I/O ports. RO, R3,and R4 
are high-voltage ports, and R1 and R2 are 
high current ports. Each pin has a mask 
option which selects its circuit type. The ~s 
R32, R33 of port R3 are multiplexed with INTo 
and INT1 respectively. For details, see Input/ 
Output section. 

INTo, INT1 (Interrupts) 

INTo and INT1 are external interrupts for the 
MCU. INT1 can be used as an external event 

. input pin for timer B. INTo and INT1 are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 
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Functional Description 

ROM Memory Map 

The MCU includes 16384 words x 10 bits of 
ROM. ROM is described in the following par
agraphs and the ROM memory map (figure 1). 

Vector Address Area ($0000 to $000F): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After a 
reset or interrupt routine is serviced, the 
program is executed from the vector address. 

0 

15 
16 

63 
64 

4095 
4096 

16383 

Vector Address 

Zero-Page Subroutine 
(64 Words) 

Program 
Pattern 

(4,096 Words) 

Program 
(16,384 Words) 

[$MOO 

$000F 
$0010 

\ 
$003F 
$0040 

$0FFF 
$1000 

$3FFF 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 

Pattern Area ($0000 to $0FFF): Locations 
$0000 through $0FFF are reserved for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 

Program Area ($0000 to $3FFF): Loca
tions from $0000 to $3FFF can be used for 
program code. 

0 JMPL Instruction 

1 (Jump to RESET Routine) 

2 JMPL Instruction 

3 (Jump to INTo Routine) 

4 JMPL Instruction 

5 (Jump to INT1 Routine) 

61-
7 

Not Used 

81- JMPL Instruction 

9 (Jump to Timer B Routine) 

I-

I-

I- Not Used 

I-

1 
I-

-1 

.., 

-I 

-i 

-i 

-i 

-
-
-
-

$0000 
$0001 

$0002 
$0003 

$0004 
$0005 

$0006 
$0007 

$0008 
$0009 

$000F 

Figure 1. ROM Memory Map 
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RAM Memory Map 

The MCU includes 992 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are also mapped on the RAM 
memory space. RAM memory map (figure 2) 
is described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessible 
only by a RAM bit manipulation instruction. 

0 

31 
32 

47 
48 

959 
960 

1023 

RAM-Mapped Registers 

Memory Registers (MR) 

--- --------- -- - ---

Data 

(928 Digits) 

Stack 

(64 Digits) 

$000 

$01F 
$020 

\ 
$02F 
$030 

$3BF 
$3CO 

$3FF 

HD404919 

However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter
rupt, and the timer/counter. These registers 
are classified into three types: write-only, 
read-only, and read/write as shown in figure 
2. These registers cannot be accessed by 
RAM bit manipulation instructions. 

0 

1 

2 

3 
4 

I-

I-

r-

10 
I-

11 

12 

31 

Interrupt Control Bits 

Port Mode Register (PMR) ' I w 

-i 

Not Used -I 

-I 

Timer Mode Register B (TMBI! w 

Timer B 
(TCBL{TLRLI! R/W 

(Note) (TCBU/TLRUli R/W 

Not Used 

$000 

$001 

$002 

$003 

$004 

$009 

$00A 

$008 

$00C 

$01F 

Note: Two registers are mapped on same address. 

R: Read Only 

W: Write Only 

R;W: Read/Write 

10 

11 

Timer /Event Counter B Lower 
R 

Timer Load Reg. 
(TCBL) (TLRL) 

Timer/Event Counter B Upper Timer Load Reg. 
R 

(TCBU) (TLRU) 

Figure 2. RAM Memory Map 
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Data Area ($020 to $3BF): 16 digits, $020 
through $02F, in the data area are called 
memory registers (MR) and are accessible by 
LAMR and XMRA instructions (figure 4). 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su-

bit 3 

IMO 
0 -

(IM of INTo) 

Not Used 

2 Not Used 

3 Not Used 

IF: Interrupt Request Flag 

IM: Interrupt Mask 
1/E: Interrupt Enable Flag 
SP: Stack Pointer 

bit 2 

11:0 -
-

(IF of INTo) 

Not Used 

Not Used 

Not Used 

broutine calls (CAL-instruction, CALL
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
the RTNI instruction. This area, when not 
used for a stack, is available as a data area. 

bit 1 bit 0 

CCC 1/1: 

$000 
........ ., ~ 

(Reset SP Bit) (Interrupt Enable Flag) 

IM1 IF1 
- -

(IM of INT,) (IF of INT1) 
$001 

IMTB IFTB 

(IM of Timer 8) (IF of Timer B) 
$002 

Not Used Not Used $003 

Note: Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/ 
REMO instruction, and is tested by the TM/TMD instruction. They are not affected by other instruc
tions. Furthermore the interrupt request flag is not affected by the SEM/SEMD instruction. 
The content of status becomes invalid when "Not Used" bits or the RSP bit are tested by a TM or TMD 
instruction. 

Figure 3. Interrupt Control Bit Area Configuration 

Memory Registers 

32 MR(O) $020 

33 MR(1) 

34 MR(2) 

35 MR(31 

$021 

$022 

$023 

36 MR(4) $024 

37 MR(5) 

38 MR(6) 

39 MR(7) 

$025 

$026 

$027 

40 

41 

42 

43 

44 

45 

46 

47 

MR(B) $028 

MR(9) $029 

MR(10) $02A 

MR(11) $028 

MR(12) $02C 

MR(13) $020 

MR(14) $02E 

MR(15) $02F 

Stack Area 
960 Level 16 $3CO 

1023 

Level 15 

Level 14 

Level 13 

Level 12 

Level 11 

Level 10 

Level 9 

PC1a to PCo: Program Counter 

ST: Status 
CA: Carry 

bit 3 bit 2 bit 1 bit 0 

~ i V' ~1---~-:-•o_T+--p-=-:-' -~-IT--:-·:-''__,~!---:-:.-:·__,::: 
Level 3 _L _l 

Level 2 I 
Level 1 $3FF 1023 PC, _l PC2 J_ PC1 _l PCo $3FF 

Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 

The MCU has nine registers and two flags for 
CPU operations (figure 5). 

Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, I/0, and other regis
ters. 

W Register (W), X Register (X), Y Regis
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY assist the X 
and Y registers respectively. 

Carry (CA): The carry (CA) stores the over
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL and ROTR instructions. 

During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 

Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 

13 
I PC 

[1111111 r 

3 
I 3 
I 

3 
I 
[ 
3 
I 
r 
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test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after the BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic
ing, status is pushed onto the stack and res
tored back from the stack by a RTNI instruc
tion, but not by a RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter which con
trols the sequence in which the instructions 
stored in ROM are executed. 

Stack Pointer (SP): The stack pointer (SP) is 
used to point to the address of the next 
stacking area (up to 16 levels). 

The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 

The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMD instruction. 

A r Accumulator 

0 

B is Register 

0w Register 

0 

x Ix Register 

y JY Register 

SPX f sPx Register 

SPY ] SPY Register 

§] Carry Flag 

~ Status Flag 

J Program Counter 

SP r Stack Pointer 

Figure 5. Registers and Flags 
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Interrupt 

Three interrupt sources are available on the 
MCU: external requests (INTo, INT1), and 
timer/counter (timer B). For each source, an 
interrupt request flag (IF), interrupt mask 
(IM), and interrupt vector addresses are pro
vided to control and maintain the interrupt 
request. The interrupt enable flag (IE) is also 
used to control interrupt operations. 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 

Table 1. Vector Addresses and Inter-
rupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET $0000 

INTo $0002 

INT, 2 $0004 

Timer B 3 $0008 

$002,0 

mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

Table 2. Conditions of Interrupt Service 

Interrupt Control Bit INTo 

l/E 

IFO·IMO 

IF1 ·IM1 * 
IFTB·IMTB * 
Notes: Don't care 

Sequence 
Control 
·Push PC/CA/ST 
·Reset l/E 
·Jump to Vector 
Address 

Priority Control PLA 

Timer B 

0 0 

0 

* 

Vector Address 

Figure 6. Interrupt Control Circuit Block Diagram 
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The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 

Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status, and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after the MCU jumps to the 
vector address. 

In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 

Interrupt Enable Flag (l/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 

External Interrupts (INTo, iNT1): __'!'!!e 
external interrupt request inputs (INTo, INT1) 
can be selected by the port mode register 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag Interrupt Enable/Disable 

0 

Table 4. 

Disable 

Enable 

External Interrupt Request 
Flag 

Ex Int Req Flags Interrupt Requests 

0 No 

Yes 

HD404919 

(PMR: $004). Setting bit 3 and bit 2 of PMR 
causes R33/INT1 pin and R32/INT0 pin to be 
used as INT1 pin and INTo pin respectively. 

The external interrupt request .!@gs (IFO, IF1) 
are set at the falling edge of INTo and INT1 
inputs. (Refer to table 4.) 

The INT1 input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT1 input. When 
INT1 is useal as timer B external event input, 
external interrupt mask (IM1) has to be set so 
that the interrupt request by INT1 will not be 
accepted. (Refer to table 5.) 

External Interrupt Request Flags (IFO: 
$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flagiU.IEO, IF1) are set at the 
falling edge of the INTo, and INT1 inputs 
respectively. 

External Interrupt Masks (IMO: $000 bit 
3, IM1: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 

Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only register 
which controls the R32/ INTo pin, and R33/ 
INT1 pin as shown in table 6. The port mode 
register will be initialized to $0 by MCU reset. 
These pins are therefore initially used as 
ports. 

Table 5. External Interrupt Mask 

External lntenupt Masks Interrupt Requests 

0 Enable 

Disable (masks) 

Table 6. Port Mode Register 

PMR3 

0 Used as R33 port input/ output pin 

Used as INT1 input pin 

PMR2 R32/INT0 Pin 

0 Used as R32 port input/output pin 

Used as INTo input pin 
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Instruction 
Cycles 

I 

Instruction 
execution 

Interrupt 
accepted 

2 

Stacking, 
Reset of l/E 

Figure 7. 

3 4 5 6 

I -+ -t 

Stacking, 
Vector address 
is generated 

JMPL instruction execution on the 
vector address 

Instruction 
execution at 
starting address 
of the interrupt 
routine 

Interrupt Servicing Sequence 
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Power 
On 

Yes 

Reset MCU 

No 

(A) 

No 

Execute 
Instruction 

PC<-(PC)+1 

PC <-$0002 

PC <-$0004 

PC <-$0008 

Yes 

(B) 

No 

Yes 

Yes 

HD404919 

Interrupt 

Accef?t 

l/E <-- 0 

Stack<-- (PC) 
Stack<-- (CA) 
Stack<-- (ST) 

No 

(Timer B Interrupt) 

Figure 8. Interrupt Servicing Flowchart 
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Timer 

The MCU contains a prescaler and a timer/ 
counter (timer B, figure 9) whose functions 
are the same as HMCS404C's. The J?rescaler is 
an 11-bit binary counter, and timer Bis an 8-
bit auto-reload timer/ event counter. 

Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig
nals to timer B. The prescaler divide ratio is 
selected by the timer mode register B (TMB). 

Timer B Operation: The timer mode regis
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres
caler divide ratio for timer B. When the 
external event input is used as an in~ clock 
signal to timer B, select R33/INT1 as INT1 and 
set the external interrupt mask (IM1) to pre
vent an external interrupt request from oc
curring. 

Timer B is initialized according to the data 
written into the timer load register by soft
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto
reload function is selected timer B is initial
ized according to the value of the timer load 
register. If it is not selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 

Timer Mode Register B 

TMB (4bit) 

CO N 
N N 
M "' + + + 

Prescaler ( 11 bit) 

Timer Mode Register B (TMB: S009): The 
timer mode register B (TMB) is a 4-bit write
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 7. The timer mode register B is initial
ized to $0 by MCU reset. 

The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Initialization of timer 
B by writing data into the timer load register 
should be performed after the contents of 
TMB are changed. Configuration and function 
of timer mode register B is shown in figure 10. 

Timer B (TCBL: SODA, TCBU: SOOB, TLRL: 
SODA, TLRU: SOOB): Timer B consists of an 8-
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 

The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high-order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched when the high-or
der digit is read. 

Internal Bus Line (S 1) 

4 

4 

4 

Figure 9. Timer Block Diagram 
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Timer B Interrupt Request Flag (IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 8). 

Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B Interrupt request flag (table 9). 

Table 7. Timer Mode Register B Table 8. Timer B Interrupt Request 
Flag 

TMB3 

0 

TMB2 

0 

0 

0 

0 

TMB1 

0 

0 

0 

0 

Auto-reload Function 

No 

Yes 

Prescaler Divide Ratio, 

Timer B Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

TMBO Clock Input Source 
Table 9. Timer B Interrupt Mask 

0 2048 
Timer B Interrupt Mask Interrupt Request 

512 
0 Enable 

0 128 
Disable (Mask) 

32 

0 8 

4 

0 2 

INT 1 (External Event Input) 

PMR: $004 

PMR3 PMR2 

~----------- R3,/INTo pin mode selection 

~-------------- R33/INT1 pin mode selection 

TMB: $009 

TMB3 TMB2 TMB1 TMBO 

~--------Timer B input clock selection 

'---------------Auto-reload function selection 

Figure 10. Mode Register Configuration and Function 
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Input/Output 

The MCU has 35 I/O pins, 8 standard and 27 
high voltage. One of three circuit types can 
be selected by mask option for each high
voltage pin: (A) "without pull-up MOS (NMOS 
open drain)", (B) "with pull-up MOS", or (C) 
"CMOS". High-voltage pins can be used as 
high-voltage I/O pins only when (A) is 
selected, but except R1 and R2. R1 and R2 are 
fixed to (A) mask option. 

When any input/output pin is used as an 
input pin, the mask option and output data 
must be selected in the manner specified in 
table 11. 

Output Circuit Operation With Pull-Up 
MOS Standard Pins: In the standard pin 
option with pull-up MOS, the circuit shown in 
figure 11 shortens the rise time of the output. 

When the MCU executes an output instruc
tion, it generates a write pulse to the R port 
addressed by this instruction. This pulse will 
switch the PMOS (B) on and shorten the rise 
time. The write pulse keeps PMOS in the on 
state for one-eighth of the instruction cycle 
time. While the write pulse is 0 , a high output 
level is maintained by the pull-up MOS (C). 

When the HLT signal becomes 0 in stop 
mode, MOS (A) (B) (C) turn off. 

D Port: The D I/0 port has 15 discrete I/O 
pins, each of which can be addressed in
dependently. It can be set/reset through 
SED/RED and SEDD/REDD instructions, and 
can be tested through TD and TDD instruc
tions. See table 10 for the I/O pin circuit types. 

R Ports: The six R ports are composed of 16 
I/O pins, 4 output-only pins. Data is input 
through LAR and LBR instructions and out
put through LRA and LRB instructions. The 
MCU is not be affected when the input-only 
and/or non-existing ports are written into, 
while invalid data will be read from the 
output-only and/or non-existing ports. 

The R32 and R33 pins are multiplexed with 
the INTo and INT1 pins respectively. See table 
10 for the selectable circuit types for these 
I/O pins. 

Unused 1/0 Pins: If unused I/O pins are left 
floating, the LSI may malfunction becausA nf 
noise. The I/O pins should be fixed as follows 
to prevent the malfunction. 

High-voltage: select "without pull-up MOS" 
(NMOS open drain) via mask option and 
connect to Vee on the printed circuit board. 

Standard: select "without pull-up MOS" 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 

Reset 

Bringing the RESET pin high resets the MCU. 
At power-on, or when stop mode, is can 
called the reset must satisfy tRc for the oscil
lator to stabilize. In all other cases, at least 
two instructions cycles are required for the 
MCU to be reset. 

Table 12 shows the parts initialized by MCU 
reset, and the status of each. 
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Table 10. 1/0 Pin Circuit Types 

1/0 
Common 

Pins 

High Current 

High Voltage 

1/0 
Common 

Pins 

High Current 

High Voltage 

Output 
Pins 

High Current 

High Voltage 

Without Pull-Up MOS 

(NMOS Open Drain) (Al 

_r°<tHLT 
~Output 

. data 

Not available 

Available 

Without Pull-Up MOS 

(NMOS Open Drain) (A) 

HLT.,D-lnput 
- data 

0 ~HIT Output 
data 

Available 

Not available 

Without Pull-Up MOS 
(NMOS Open Drain) (A) 

_r°<tHIT 
~Output 

data 

Not available 

Available 

HD404919 

With pull-up MOS 

(B) 

Not available 

Not available 

With Pull-Up MOS 
IBI 

CMOS (Cl 

Not available 

Not available 

CMOS (C) 

Applicable 

Pins 

Do-014 

R3o-R33 

R4o-R43 

Applicable 

pins 

R1o-R13 

R2o-R23 

Applicable 
Pins 

~~~~ °iVcc~HLT 
Output ~~utput R00-R03 
data data 

Not available Not available 

Not available Not available 

Notes: 1. When "without pull-up MOS" is selected by mask option, Oo-014, RO, R3, and R4 can be 
used as high voltage pins. 

2. When "with pull-up MOS" or "CMOS" is selected by mask option, Oo-014, RO, R3, and R4 
are the same as standard pins. 

3. R1 and R2 have only "without pull-up MOS" mask option and they are high current pins. 
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Table 11. Data Input from Input/Output Common Pins 

1/0 Pin Circuit Type 

CMOS 

Without pull-up MOS 

(NMOS open drain) 

With pull-up MOS 

Pull-up MOS (C) 1 I 
~ 

NMOS(A) 

1 Instruction cycle 

Input Possible Input Pin State 

No 

Yes 

Yes 

_J\__ Write pulse 
(Output 
=--.. -.. - ... :--\ 

,..--;------- 111.;Jl\.IU ..... UVll/ 

Output instruction execution 

Write pulse 
___ ____.n.____ 

Figure 11. Output Circuit Operation of Pins With Pull-Up MOS Option 
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Table 12. Initial Value After MCU Reset 
Initial Value by 

Items MCU Reset Contents 

Program Counter (PC) $0000 Execute program from the top of ROM 

address 

Status (ST) Enable branch with conditional branch 

instructions 

Stack Pointer (SP) $3FF Stack level is 0 

1/0 Pin (A) Without Pull-Up MOS Enable input 
Output Register 

(B) With Pull-Up MOS Enable input 

(C) CMOS 

Interrupt Flag Interrupt Enable Flag (l/E) 0 Inhibit all interrupts 

Interrupt Request Flag (IF) 0 No interrupt request 

Interrupt Mask (IM) Mask interrupt request 
----~--

Mode Register Port Mode Register (PMR) 0000 See port mode register 

Timer Mode Register B (TMB) 0000 See timer mode register B 

Timer/Counter Prescaler $000 

Timer/Event Counter B (TCB) $00 

Timer Load Register (TLR) $00 

Note: MCU reset affects the rest of registers an follows: 

Item 

Carry 

Accumulator 

B Register 

W Register 

X/SPX Registers 

Y /SPY Registers 

RAM 

(CA) 

(A) 

(B) 

(W) 

(X/SPX) 

(Y/SPY) 

After Recovering from Stop 
Mode by MCU Reset 

The contents of the items before 

MCU reset are not retained. 

It is necessary to initialize them by 

software. 

The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 

@HITACHI 

After MCU Reset 
(Non-Stop-Modal 

The contents of the items before 

MCU reset are not retained. 

It is necessa·ry to initialize them by 

software. 
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Intemal Oscillator Circuit 

Figure 12 outlines the internal oscillator cir
cuit. In addition, see figure 13 for the layout of 

,... __ :11_ ... __ 
VO>"'lllOLVI 

Divider 
circuit 

1/8 

the ceramic filter. In this cases, external clock 
operation is available. 

I Tm•e. I 
yt:Jlt:HCilUf 

circuit 

System 
clock 

Figure 12. Intemal Oscillator Circuit 

Do 

Vee 

OSC2 

OSC1 

TEST 

RESET 

Figure 13. Layout of Ceramic Filter 
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Table 13. Examples of Oscillator Circuits 

External 
Clock 
Operation 

Ceramic 
Filter 
Oscillator 

Circuit Configuration 

Oscillator 

Open OSC2 

Ce,amoic, 
filter 

c, 
GND 

Circuit Constants 

Ceramic filter 
CSA 8.00MT (Murata) 

R1: 1 MO± 20% 
C1: 30 pf± 20% 
C2: 30 pf ± 20% 

Notes: 1. For the ceramic filter resonator, the upper circuit parameters are recommended by the ceramic 
filter maker. Ceramic filter resonator, and the floating capacitance change circuit parameters 
in designing the board. In designig the resonator, please consult with the engineers of the 
ceramic filter maker to determine the circuit parameters. 

2. Wiring between OSC1, OSC2, and elements should be as short as possible, and never cross 
other wires. Refer to the layout of ceramic filter (figure 13). 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
14). Figure 14 is a mode transition diagram for 
these modes. 

Standby Mode: Executing an SBY instruc-

Table 14. Low Power Dissipation Mode 

Condition Standby Mode 

Instruction SBY instruction 

Oscillator circuit Active 

Instruction execution Stopped 

Register, flag Retained 

Interrupt function Active 

RAM Retained 

Input/output pins Retained (note 2) 

Timer/counter Active 

tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 
into standby mode. 

Stop Mode 

STOP instruction 

Stopped 

Stopped 

Reset (note 1 ) 

Stopped 

Retained 

High impedance 

Stopped 

Recovery method RESET input, interrupt request RESET input 

Notes: 1. The MCU recovers from stop mode by RESET input. Refer to table 12 for the contents of flags 
and registers . 

2. As 1/0 circuits are active. an 1/0 current may flow in standby mode, depending on the state 
of the 1/0 pins. This is an additional current added to the standby mode current dissipation. 

Figure 14. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 

Figure 15 shows the flowchart of the standby 
mode. 

SBY 

Oscillator active 
Peripheral clocks 

active 
All other clocks 

stop 

Yes 

Restart 

processor clocks 

Reset MCU 

No 

Execute 
instruction 

HD404919 

Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 16, reset 
input must be applied at least to tRc for oscil
lation to stabilize. (Refer to AC Characteris
tics table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y/SPY registers, and car
ry may not retain their contents. 

No 

Yes 

Restart 
processor clocks 

Interrupt 

accept 

Figure 15. MCU Standby Mode Operation Flowchart 
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RAM Addressing Mode 

As shown in figure 17, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: Th.e W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four ROM addressing modes, as 
shown in figure 18. 

Direct addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PCo) with 14-bit 
immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address iD the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 

When BR is on a page boundary (256n + 255) 
(figure 19), executing a BR instruction trans
fers the PC contents to the next page 
because of the hardware architecture. Con
sequently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits of immediate 
data are placed in the low- order six bits of 
the program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PC13 to 
PCs). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 20). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the R1 and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the R1 and R2 port output register at the 
same time. 

The P instruction has no effect on the pro
gram counter. 

I• Stop mode .,I 

Oscillator I J JllJ JJIJJl JJJ JlllJJJIJJJllJ \\ A1TllfllJlll JJ IJ lllJ JIJ J IJlllJJ IJ llJJllllJ JI I JI I I JI IJ JIJ J IJ IJ JJ J J J J JI IJ JI JJ 

lnterna~:l:::_~---.------~1--I _.__.f ~ 
1 .. ·I 

STOP instruction execution (more than stabilization time: tRc) 

Figure 16. Timing Chart of Recovering from Stop Mode 
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W Register X Register Y Register 

W1 Wo XJ X2 X1 Xo YJ Y2 Y1 Yo 

RAM Address AP• APs AP1 APs APs AP• APJ AP2 AP1 APo 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

Opcode dg ds d1 ds ds d4 

Direct Addressing 

Instruction 

Opcode m3 m2 m1 mo 

0 0 0 0 0 

Memory Register Addressing 

Figure 17. RAM Addressing Mode 
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(JMPL) 
(BRL) 
(CALL) 

(TBR) 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PC• PC• PCJ PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 ba b5 b4 b3 b2 b1 bo 

Program Counter PC13 PC12 PC11 PC10 PC• PCs PC1 PCs PC5 PC• PC3 PC2 PC1 PCo 

Current Page Addressing 

(CAL) Opcode 

0 0 0 0 0 0 0 0 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PC5 PC4 PC3 PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

Opcode B Register Accumulator 

0 0 

Program Counter PC1JPC12 PC11 PC10 PC• PCe PC1 PCs PC5 PC• PC3 PC2 PC1 PCo 

Table Data Addressing 

Figure 18. ROM Addressing Mode 
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_1---,------1256(n - 1) + 255 
BR AAA 256n 

AAA NOP 

BR AAA 256n + 254 
BR BBB 256n + 255 

1--..=cc=~--1256(n + 1 ) 

BBB NOP 

Figure 19. BR Instruction Branch Destination on Page Boundary 

Instruction 

(P] Opcode 
B Register Accumulator 

Referred ROM Address RA13 RA12 RA11 RArnRA9 RAa RA7 RA6 RAs RA4 RA3 RA2 RA1 RAo 

Address Designation 

ROM Data ROg ROa R01 ROs ROs R04 ROJ R02 R01 ROo 

If ROa= 1 

I 

ROM Data R09 ROa R01 ROs ROs 

Rb R1i If R0g=1 

Pattern 

Figure 20. P Instruction 
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Instruction Set 

6. Compare instruction The HD404919 provides 100 instructions 
which are classified into 10 groups as follows; 7. RAM bit manipulation instruction 

8. ROM address instruction 
1. Immediate instruction 9. Input/output instruction 
2. Register-to-register instruction 10. Control instruction 
3. RAM address instruction 
4. RAM register instruction 
5. Arithmetic instruction 

Tables 15-24 list their functions, and table 25 
is an opcode map. 

Table 15. Immediate Instructions 
Worcis; 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 0 0 0 iJ i2 i, io i - A 1/1 

Load B from Immediate LBI i 0 0 0 0 0 i3 i2 i, io i-B 1/1 

Load Memory from LMID i,d 0 0 0 iJ i2 i, io i - M 2/2 
Immediate ds da d1 de d5 d4 dJ d2 d 1 do 

Load Memory from LMllY i 1 0 1 0 0 1 iJ i2 i, io i--M, Y+1-Y NZ 1 /1 
Immediate, Increment Y 

Table 16. Register-to-Register Instructions Words/ 
Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B ··A 1 /1 

Load B from A LBA 0 0 0 0 0 0 0 A-B 1 /1 

Load A fromW LAW 
0 1 0 0 0 0 0 0 0 0 

W -A 
2/2 

0 0 0 0 0 0 0 0 0 0 (Note) 

Load A from Y LAY 0 0 0 0 Y-A 1 /1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX - A 1 /1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY 4 A 1/1 

Load A from MR LAMR m 0 0 "'3 mi m1 rT\:J MR(m) - A 1/1 

Exchange MR and A XMRAm 0 "'3 mi m1 rT\:J MR(m) ~A 1/1 

Note :An operand is provided for the second word of LAW and LWA instruction by the assembler 
automatically. 
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Table 17. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWI i 0 0 0 0 i, io i-W 1 /1 

Load X from Immediate LXI i 0 0 0 0 i3 i2 i1 io i - x 1/1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 ii io i 4 y 1 /1 

Load W from A LWA 
0 1 0 0 0 1 0 0 0 0 

A "W 
2/2 

0 0 0 0 0 0 0 0 0 0 (Note) 

Load X from A LXA 0 0 0 0 0 0 A-· X 1 /1 

Load Y from A LYA 0 0 0 0 0 0 A-· y 1 /1 

Increment Y IY 0 0 0 0 0 0 Y+1 • y NZ 1 /1 

Decrement Y DY 0 0 0 Y-1 • y NB 1 /1 

AddAtoY AYY 0 0 0 0 0 0 0 Y+A - Y OVF 1 /1 

Subtract A from Y SYY 0 0 0 0 0 0 Y-A --· Y NB 1 /1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1 /1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y - SPY 1 /1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 X-SPX, Y-SPY 1 /1 
and SPY 

Note: An operand is provided for the second word of LAW and LW A instruction by assembler 
automatically. 
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Table 18. RAM Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Memory LAM(XY) 0 0 0 0 0 0 y x M-A, (X-SPX. Y-SPY) 1/1 

Load A from Memory LAMD d 0 0 0 0 0 0 0 M-A 2/2 
dg ds d7 ds ds d4 dJ d2 di do 

Load B from Memory LBM(XY) 0 0 0 0 0 0 0 y x M-B, (X-SPX, v.-sPY) 1/1 

Load Memory from A LMA(XY) 0 0 0 0 0 y x A-M, (X-SPX, Y-SPY) 1/1 

Load Memory from A LMAD d 0 0 0 0 0 0 A-M 2/2 
dg ds d7 ds ds d4 dJ d2 di do 

Load Memory from A, LMAIY(X) 0 0 0 1 0 1 0 0 0 x A-M. Y+1-Y (X-SPX) NZ 1/1 
Increment Y 

Load Memory from A, LMADY(X) 0 0 1 1 0 1 0 0 0 x A-M, Y-1-Y (X-SPX) NB 1/1 
Decrement Y 

Exchange Memory and A XMA(XY) 0 0 1 0 0 0 0 0 y x M~A, (X-SPX, Y-SPY) 1 /1 

Exchange Memory and A XMAD d 0 1 1 0 0 0 0 0 0 0 M~A 2/2 
dg ds d7 ds ds d4 dJ d2 di do 

Exchange Memory and B XMB(XY) 0 0 1 1 0 0 0 0 y x M~B, (X-SPX, Y-SPY) 1/1 

Note: (XY) and (X) have the following meaning: 
( 1) The instructions with (XY) have 4 mnemonics and 4 object codes each (example of LAM 

(XY) is given, below). 

Mnemonic y x Function 

LAM 0 0 

LAMX 0 X - SPX 

LAMY 0 Y- SPY 

LAMXY X-SPX, Y-SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes each (example of LMAIY 
(X) is given below). 

Mnemonic x Function 

LMAIY 0 

LMAIYX X- SPX 
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Table 19. Arithmetic Instructions 

Operation Mnemonic Operation Coda Function 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMO d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n : Logical AND 
U : Logical OR 
CB : Exclusive OR 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

1 0 1 0 0 0 i3 i2 i1 io A+i - A 

0 0 0 0 0 00 B+1-B 

0 0 0 0 B-1 - B 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 A+ 1 ~A 

0 0 000000 B•B 

0 0 1 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 

0 0 0 0 0 0 "CA 

0 0 0 0 

0 0 0 0 0 0 0 0 0 M+A - A 

0 0 0 0 0 0 0 0 M+A -·A 

0 0 0 0 0 1 1 0 0 0 M+A+CA - A 
OVF•CA 

0 1 0 0 0 1 1 0 0 0 M+A+CA ·A 

ds de d1 d5 d5 d4 d3 dz d, do OVF-·CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA-A 
NB •CA 

0 1 1 0 0 1 1 0 0 0 M-A-CA-"A 

dg de d1 d5 d5 d4 d3 dz d, do NB ~CA 

0 0 0 0 0 

0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

@HITACHI 

0 0 AnM-A 

0 0 AU M-A 

0 0 AU M ·A 

0 0 A® M ·A 

HD404919 

Words/ 

Status Cycles 

OVF 

NZ 

NB 

CA 

OVF 

OVF 

OVF 

OVF 

NB 

NB 

NZ 

NZ 

NZ 

NZ 

NZ 

NZ 

1 /1 

1 /1 

1 /1 

1/1 

1 /1 

1/1 

1/1 

1 /1 

1 /1 

1 /1 

1 /1 

1 /1 

1 /1 

2/2 

1/1 

2/2 

1 /1 

2/2 

1 /1 

1 /1 

2/2 

1 /1 

2/2 

1/1 

2/2 
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Table 20. Compare Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 i3 i2 i, io i * M NZ 1/1 
to Memory 

Immediate Not Equal INEMO i,d 0 1 0 0 1 O i3 i2 i, io i * M NZ 2/2 
to Memory d9 ds d1 de ds d4 d3 d2 d, do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 1 0 0 A*M NZ 1/1 

A Not Equal to Memory AMEMO d 0 1 0 0 0 0 0 1 0 0 A*M NZ 2/2 
d9 da d1 de ds d4 d3 d2 d, do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B*M NZ 1 /1 

Y Not Equal to Immediate YNEI i 0 0 0 i3 i2 i, io y * i NZ 1 /1 

Immediate Less or Equal ILEM i 0 0 0 0 iJ i2 i, io i;:;; M NB 1 /1 
to Memory 

Immediate Less or Equal ILEMO i,d 0 1 0 0 1 1 iJ i2 i, io i;:;; M NB 2/2 
to Memory dg da d1 de ds d4 dJ d2 d, do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A;:;; M NB 1/1 

A less or Equal to Memory ALEMO d 0 0 0 0 0 0 0 A;:;; M NB 2/2 
d9 da d1 de ds d4 dJ d2 d, do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B;:;; M NB 1 /1 

A less or Equal to Immediate ALEI i 0 0 1 iJ i2 i1 io A;:;; i NB 1/1 

Table 21. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n, no - M(n) 1 /1 

Set Memory Bit SEMO n,d 0 0 0 0 0 n, no 1 - M(n) 2/2 
dg da d1 de ds d4 dJ d2 d, do 

Reset Memory Bit REM n 0 0 0 0 0 o n, no 0 -M(n) 1 /1 

Reset Memory Bit REMO n,d 0 0 0 0 o n, no 0 - M(n) 2/2 
d9 da d1 de ds d4 dJ d2 d, do 

Test Memory Bit TMn 0 0 0 0 0 n, no M(n) 1/1 

Test Memory Bit TMO n,d 0 0 0 0 n, no M(n) 2/2 
d9 da d1 de ds d4 dJ d2 d, do 
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Table 22. ROM Address Instructions 

Operation Mnemonic Operation Code 

Branch on Status 1 BR b 

Long Branch on Status 1 BRL u 

Long Jump Unconditionally JMPL u 

Subroutine Jump on Status 1 CAL a 

Long Subroutine Jump on 
Status 1 

Table Branch 

Return from Subroutine 

Return from Interrupt 

CALL u 

TBR p 

RTN 

RTNI 

0 0 1 1 1 P3 P2 Pl PO 
dg da d1 ds ds d4 dJ d1 d 1 do 

0 1 0 1 0 1 P3 P2 Pl Po 
dg da d1 ds ds d4 dJ d1 d1 do 

0 

0 0 1 0 P3 P2 Pl PO 
dg da d1 ds ds d4 dJ d2 d1 do 

0 0 0 P3 P2 Pl Po 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

Table 23. Input/Output Instructions 

Operation Mnemonic Operation Code 

Set Discrete 1/0 Latch SED 0 0 0 0 1 0 0 

Set Discrete 1/0 Latch Direc SEDD m 0 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 

Reset Discrete 1/0 Latch Direct REDD m 0 0 

Test Discrete 1/0 Latch TD 0 0 0 D 0 0 0 

Test Discrete 1/0 Latch Direct TDD m 0 0 

Load A from R Port Register LAR m 0 0 0 

Load B from R Port Register LB R m 0 0 

Load R Port Register from A LRA m 0 0 

Load R Port Register from B LR B m 0 

Pattern Generation Pp 0 0 1 P3 P2 Pl Po 

Table 24. Control Instructions 

Operation Mnemonic Operation Code 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 

Standby Mode SBY 0 0 0 0 0 0 

Stop Mode STOP 0 0 0 0 0 

Function 

1 ~1/E 

CA Restore 

Function 

• D(Y) 

- 4 D(m) 

0 ~ D(Y) 

0 - D(m) 

R(m) ~A 

R(m) ~ B 

A -- R(m) 

B - R(m) 

Function 

HD404919 

Status 

ST 

Words/ 

Cycles 

1/1 

2/2 

2/2 

1/2 

2/2 

1/1 

1/3 

1/3 

Words/ 

Status Cycles 

D(Y) 

D(m) 

Status 

1 /1 

1/1 

1 /1 

1 /1 

1/1 

1/1 

1 /1 

1 /1 

1 /1 

1 /1 

1/2 

Words/ 

Cycles 

1 /1 

1 /1 

1 /1 

Note: HD404919 has no serial interface, so STS (start serial) operates the same as NOP. 
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Table 25. Opcode Map 

~RS 0 1 

2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) ---- SBYT~ 
JMPL p(4) 

CALL p(4) 

4 LBM(XY) ~ ~ LAB ~ IB --------- COMB ~OR 
5 LMAIY(X)z AYY ---------~ ~ IY ---------

6 M~ RED ---- ~ --- TC 

0 7 YNFI i(4) 8R!.. p{'! ~ 

8 XMA(XY) SEM n(2) REM n(2) TM n(2) R ~SEMO n(2) REMO n(2) TMD n(2) 

9 LAM(XY) LMA(XY) Mcl~ ~~Fl~~~ ANMD ~ 
A ~~r -----}AAT ~Al ------ LAY LMID i(4) 

B TBR p(4) P p(4) 

C XMB(XY) ~LE~ ~ LBA ---- DB 

D LMADY(X)~ SYY ~ LYA ---- DY 

E TD ~ SEO ~ LXA ~ REc[2JsEC 
CAL a(6) 

F LWI i(2) 

0 LBI i(4) 

1 LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

5 LAR m(4) 

6 REDD m(4) 

1 7 LAMR m(4) BR b(8) 

8 Al i(4) 

9 LMllY i(4) 

A TDD m(4) 

B ALEI i(4) 

c LRB m(4) 

D LRA m(4) 

E SEDD m(4) 

F XMRA m(4) 

C:=J···1-word/2-cycla c::::::J···1-word/3-cycla c=J···RAM Direct Address C=:::J···2-word/2-cycle 
Instruction Instruction Instruction Instruction 

(2-word/2-cyclel 
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Absolute Maximum Ratings 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to + 7.0 v 
-----------·--------

Terminal Voltage VT -0.3 to Vee + 0.3 v 3 

-0.3 to + 15 v 4 
------------ ------------~---

Total Allowance of Input Current L lo 200 mA 5 
-~-------

Maximum Input Current lo 15 mA 7, 8 

35 mA 7, 10 

Maximum Output Current -lo 4 mA 8, 9 

Total Allowance of Output Current -L lo 50 mA 6 

Operating Temperature Topr -20 to + 75 oc 

Storage Temperature Tstg -55 to + 125 oc 

Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceeded, 
it may cause a malfunction or affect the reliability of LSI. 

2. All voltages are with respect to G ND. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input current which flows in from all 1/0 

pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out from 

Vee to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
8. Do-014, R3-R4, RO 
9. Maximum output current is the maximum amount of output current from Vee to each 1/0 pin. 

10. R1 -R2. 
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Electrical Characteristics 

DC Characteristics 

(Vee = 4 V to 6 V, GNO = 0 V, Ta = -20°C to + 75°C) 

Item Symbol Pin Min Typ Max Unit Test Condition Note 

Input High V1H RESET, 0.85 Vee Vee + 0.3 v 
Voltage 

INTo, 0.8 Vee Vee + 0.3 v 
INT1 

OSC1 Vee - 0.5 Vee+ 0.3 v 

Input Low V1L RESET, - 0.3 0.15Vcc v 
Voltage 

INTo, - 0.3 0.2 Vee v 
INT1 

OSC1 - 0.3 0.5 v 

Input/Output I 11J RESET, µA V;n = 0 V to Vee 
Leakage INTo, 
Current INT1, 

OSC1 

Current Ice Vee 6.5 mA Vee= 5 V; 2,5 
Dissipation in fosc = 4 MHz, + 8 
Active Mode 

Current lsev Vee 1.8 mA Vee= 5 V; 3,5 
Dissipation in fosc = 4 MHz, + 8 
Standby Mode 

Current I stop Vee 10 µA V;n(TEST) = Vee - 0. 3 V to 4 
Dissipation in Vee; Vee, \/;n(RESET) = 
Stop Mode 0 V to 0.3 V 

Stop Mode Vstop Vee 2 v 
Retain Voltage 

Notes: 1 . Excluding pull-up MOS current and output buffer current. 
2. The MCU is in the reset state. Input/output current does not flow. 

• MCU in reset state, operation mode 
• RESET, TEST: Vee 
• Oo-014, RO-R4: Vee voltage 

3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
·RESET: GNO 
·TEST: Vee 
• Oo-014, RO-R4: Vee voltage 

4. Excluding pull-up MOS current. 
5. When fosc = x MHz, estimate the current dissipation as follows: 

Max value @ x MHz = x/4 x (max value@ 4 MHz) 
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Input/Output Characteristics for Standard Use 

(Vcc=4V to 6V, GND=OV, Ta= -20°C to +75°C) 

Item Symbol Pin Min Typ Max Unit Test Conditions Note 

Input High V1H R1-R2 0. 7Vcc Vee + 0.3 v 3 
Voltage 

Do-D14 4 
R3-R4 

Input Low Vtl R1-R2 -0.3 0.3Vee v 3 
Voltage 

Do-D14 4 
R3-R4 

Output High VoH Do-D14 Vee - 1.0 v - loH = 1.0 mA 
Voltage R3-R4, RO 

Do-D14, Vee - 0.5 v - loH = 0.5 mA 
R3-R4, RO 

Output Low Vol Do-D14, 0.4 v lol = 1.6 mA 
Voltage R3-R4, RO 

R1-R2 1.2 v Vee = 5 V, lcil = 25 mA 3 

Input/Output lluJ Do-D14, µA V,n = 0 V to Vee 2 
Leakage Current R3-R4, RO 

R1-R2 20 

Pull-Up MOS -Ip Do-D14, 30 60 150 µA Vee = 5 V, V;n = 0 V 4 
Current R3-R4, RO 

Notes: 1. Applied to 1/0 pins with CMOS output selected by mask option. 
2. Pull-up MOS current and output buffer current are excluded. 
3. Applied to 1/0 pins without pull-up MOS mask option. 
4. With pull up MOS is selected by mask option. 

Input/Output Characteristics for High Voltage Use 

(Vee =.4Vto6V, GND = OV, Ta=-20°C to+ 75°C) 

Item Symbol Pin Min Typ Max Unit Test Conditions Note 

Input High VtH Do-D14, o. 7Vce 12 v 
Voltage R3-R4 

Input Low Vtl Do-D14, -0.3 0.3 Vee v 
Voltage R3-R4 

Output High VoH Do-D14, 11.5 v 500 kn to 12V 
Voltage R3-R4, RO 

Output Low Vol Do-D14, 0.4 v lol = 1.6mA 
Voltage R3-R4, RO 

Input/Output I 11J Do-D14, µA V;n = OV to Vee 
Leakage R3-R4, RO 
Current 

Notes: 1. Applied to 1/0 pins without pull-up MOS by mask option. 
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AC Characteristics 

(Vee = 4 V to 6 V, GND = 0 V, Ta -20°C to+ 75°C) 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

Oscillation Frequency fosc OSC1, OSC2 0.4 8 9 MHz Divide by 8 

Instruction Cycle tcyc 0.89 20 µS 

Time 

Oscillator Stabiliza- IRC OSC1, OSC2 20 ms 
tion Time 

External clock fcp OSC1 0.4 8 9 MHz 2 
Frequency 

External Clock tepH, OSC1 41 ns Divide by 8 2 
High, Low tePL 
Level Width 

External Clock Rise tepr osc, 15 ns 2 
Time 

External Clock Fall tep1 osc, 15 ns 2 
Time 

Instruction !eye 0.89 20 µS 2 
cycle Time 

INTo High Level t10H INTo 2 tcyc 3 
Width 

INTo Low Level t10L INTo 2 tcyc 3 
Width 

INT 1 High Level t11H INT1 2 tcyc 3 
Width 

INT 1 Low Level t11 L INT1 2 tcyc 3 
Width 

RESET High Level tRSTH RESET 2 tcyc 4 
Width 

Input Capacitance Cin All pins 15 pF f =1 MHz, 
V;n = 0 V 

RESET Fall Time tRSTf 20 ms 4 

Notes: 1. Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches its 
minimum allowable voltage 4 V after power-on, or after RESET goes high. At power-on or 
stop mode release, RESET must be kept high for at least tRc. Since tRe depends on the crystal 
or ceramic filter's circuit constant and stray capacitance, please get the manufacturer's advice 
when designing the RESET circuit. (See figure 21.) 

2. See figure 22. 
3. See figure 23. 
4. See figure 24. 
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Ceramic filter oscillator 

Ce<am"~c, 
filter 

c, 
GNO 

Ceramic filter: CSA8.00MT (Murata) 
R,: 1MQ±20% 
C1: 30 pF ± 20 % 
C2: 30pF ± 20% 

Figure 21. Oscillator Circuit 

tcPr tcPi 

Figure 22. Oscillator Timing 

Figure 23. Interrupt Timing 

RESET 
tRSTH 

tRSTf 

Figure 24. Reset Timing 
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HD404919 

HD404919 Date of Order 

MASK OPTION LIST 
Customer 

Dept. 

Name 

ROM Code Name 

LSI Type Number 
(Hitachi"s entry) 

1/0 Option 

Please enter check marks in applicable items for 1/0 option selection. 
A: Without Pull-up MOS (NMOS Open Drain) B: With Pull-up MOS 
C: CMOS (not be used as Input) 

Note: 1/0 options masked by IZI are not available. 

1/0 Option 1/0 Option 
Pin Input/Output Pin Input/Output 

A B c A B c 

Do Input/Output ROo Output 
I-

01 Input/Output R01 Output 
RO ---1 *2 

D2 Input/Output R02 Output 
1----l 

03 Input/Output R03 Output 

04 Input/Output R1o Input/Output I I I-

05 Input/Output R11 Input/Output 
R1 I-

Ds Input/Output R12 Input/Output --*2 I-
D1 Input/Output R13 Input/Output -I *1 -Ds Input/Output R2o Input/Output 

I-

I I Ds Input/Output R21 Input/Output 
R2 I-

010 Input/Output R22 Input/Output 
I----' --D11 Input/Output R23 Input/Output 

012 Input/Output R3o Input/Output 
I-

013 Input/Output R31 Input/Output 
R3 I-

014 Input/Output R32 Input/Output 
I-

R33 Input/Output 
*2 

R4o Input/Output 
I-

R41 Input/Output 
R4 I-

R42 Input/Output 
I-

R43 Input/Output 

Notes* 1. Means high current pins. 
*2. Means high voltage pins only when "A" mask option is selected. 
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ROM Code Media 

Please enter check mark(•. X, v) in applicable item. 

ROM Code Media 

0 EPROM: Emulator Type 
f--~~~~~~~~~~~~~~~-~-~ 

0 EPROM: EPROM On-Package Microcom

puter Type 

APPLICATION CHECK LIST 

Oscillator (CPG option) 

Please enter check mark(•. X, v') in applicable item. 

CPG D Ceramic Filter 

Option D External Clock 

@HITACHI 
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HD40P4919~~~~~~ 
Description 
The HD40P4919 CMOS 4-bit single-chip 
microcomputer in the HMCS400 series 
incorporates ROM, RAM, I/O, and timer/ 
counter and contain high-voltage I/O pins 
including high-current output pins. 

By modyfying the program in the EPROM, the 
HD40P4919 can be used for the evaluation of 
the HD40P4919 and HD404919 on for small
scale production. 

Features 

• 4-bit architecture 
• Application to 8k, 16k words x 10 bits of 

EPROM 
8192 words x 10 bits } ···HN27C256 
16384 words x 10 bits 

e 992 digits of 4-bit RAM 
• 35 I/0 pins, including 27 high-voltage I/0 

pins (12 V max) 
• Timer/counter 

-11-bit prescaler 
-8-bit auto-reload timer/event counter 

(timer B) 
• Three interrupt sources 

-External: 2 
-Timer/counter: 1 

• Subroutine stack 
-Up to 16 levels including interrupts 

• Minimum instruction execution time: 
0.89µs 

• Low power dissipation modes 
-Standby: Stops instruction execution 

while allowing clock oscillation and 
interrupt functions to operate 

-Stop: Stops instruction execution and 
clock oscillation while retaining RAM 
data 

• On-chip oscillator 
-Ceramic filter 

External Clock input 
• Standard 42-pin dual in-line ceramic 

package 
• Instruction set compatible with 

HD404918/HD404919; 100 instructions 
• High programming efficiency with 10-bit/ 

word ROM: 78 single-word instructions 
• Direct branch to all RAM areas 
• Direct or indirect addressing of all RAM 

areas 
• Subroutine nesting up to 16 levels includ-

ing interrupts 
• Binary and BCD arithmetic operations 
• Powerful logical arithmetic operations 
• Pattern generation/table lookup capabil

ity 
• Bit manipulation for both RAM and I/O 

-Preliminary-
Pin Arrangement 

o,, o,, 
o,, D•o 

o .. o, 
GND Da 

ROo D1 
RO, o, 
R02 Os 
RO, o, 
Rlo o, 
Rl, 02 

Rl, o, 
rii3 IJo 

R2o Vee 

R2, OSC2 

R2, OSC1 

R2, TEST 
R3o RESET 

R3, R4, 

A32/INT0 R42 

R33/INT1 R4, 

Vee R4o 

(OC-42P) 

(Top View) 

Program Development Support Tools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 

Recommended Application EPROM 
Program fosc EPROM 

Type No. Memory Capacity (MHz) Type No. 

HD40P4919 8192 words 4 HN27C256G20 
8 HN27C256H85 

16384 words 4 HN27C256G20 
8 HN27C256H85 
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Block Diagram 

R33/ R32/ 
INT1 INTo Vee 

RESET TEST OSC,OSC2 l r~- __ O_n,:~~C~~~e- --~ 
I I 

TIMER EXTERNAL 

INTERRUPT 

INTERRUPT CONTROL 

RAM 992 x 4 bit 

r- - --ir-- -1 
I jl I 
: A43A42 R41 R4o:~A32/RJ1R301 A2 3A2 2R2 1R2o R1 3R1 2R1 1A1 0 

1• 11 1NT1 INT0 • 

... - - - - - - - _J._ - - - - - - - J 
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r- - - - - ~ 

I I 
I I 
I I 
I 

EPROM 

(HN27C256) 

I I 

L '?i!~l~1~Di1_D!.o.£>!.D.!' ~1 ps_D_: P'!...2J_D1 Ei_q_oJ 

r - - -, 
I I 
L---' 

High voltage pins ( + 12V) 
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Pin Description 

GND, Vee (Power Supply) 

GND and Vee are the power supply pins for 
the MCU. Connect the GND to the .ground (0 
V) and apply the Vee power supply voltage to 
the Vee pin. 

TEST (Test) 

TESTisfortestpurposesonly. Connect it to Vee. 

RESET (Reset) 

RESET resets the MCU. For details, see Reset __ _.,: __ 
,;::nJV\o.l.V4.&.o 

OSCi. OSC2 (Oscillator Connections) 

OSC1 and OSC2 are input pins for the internal 
oscillator circuit. They can be connected to a 
ceramic filter resonator, or external oscillator 
circuits. For details, see Internal Oscillator 
Circuit section. 

Do-014 (D Port) 

The D port is an input/output port addressed 
by the bit. These 15 pins are all input/output 
pins. Do to 014 are high-voltage pins. The 
circuit type for each pin can be selected using 
a mask option. For details, see Input/Output 
section. 

R0o-R03, Rlo-Rh R2o-R23, R3o-R33, 
R4o-R43 (R Ports) 

RO to R4 are 4-bit 1/0 ports. RO is an output 
port, and R1 to R4 are 1/0 ports. RO, R3,and R4 
are high-voitage ports, and Ri and R2 are 
high current ports. Each pin has a mask 
option which selects its circuit type. The E!!!S 
R32, R33 of port R3 are multiplexed with INTo 
and INT1 respectively. For details, see Input/ 
Output section. 

INTo, INT1 (Interrupts) 

INTo and INTi are external interrupts for the 
MCU. INT1 can be used as an external event 
input pin for timer B. INTo and INT1 are 
multiplexed with R32 and R33 respectively. 
For details, see Interrupt section. 
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Functional Description 

ROM Memory Map 

The MCU includes 16384 words x 10 bits of 
ROM. ROM is described in the following par
agraphs and the ROM memory map (figure 1). 

Vector Address Area ($0000 to SOOOF): 
Locations $0000 through $000F are reserved 
for JMPL instructions to branch to the start
ing address of the initialization program and 
of the interrupt service programs. After a 
reset or interrupt routine is serviced, the 
program is executed from the vector address. 

EPROM Address 

$0000 

$0001 

$001F 

$0020 

$007F 

$0080 

$1FFF 
$2000 

$7FFF 

0 0 0 bit4 bit3 
0 0 0 bit9 bit8 

Vector Address 

Zero-Page Subroutine . 
(64 Words) 

Pattern 
(4096 Words) 

Program 

( 16384 Words) 

..l ..l ..l 

Not used 
(Set to 111) 

....L ....L 

bit2 bitl bitO 
bit7 bit6 bit5 

..l ....L 

HD40P4919 

Zero-Page Subroutine Area ($0000 to 
$003F): Locations $0000 through $003F are 
reserved for subroutines. CAL instructions 
branch to subroutines. 

Pattern Area ($0000 to SOFFF): Locations 
$0000 through $0FFF are reserved for ROM 
data. P instructions allow referring to the 
ROM data as a pattern. 

Program Area ($0000 to $3FFF): Loca
tions from $0000 to $3FFF can be used for 
program code. 

MCU ROM Address 

Lower 5 bit } $ 0000 
Upper 5 bit 

$000F 

~ 
$0010 

$003F 

~ 
$0FFF 

$1000 " 

$ 3FFF 

JM PL Instruction 
·(Jump to RESET Routine) 
JMPL Instruction 
(Jump to INT o Routine) 

JMPL Instruction 
(Jump to INT 1 Routine) 

JMPL Instruction 
(Jump to TIMER B Routine) 

$0000 

$0001 
$0002 
$0003 
$0004 

$0005 

$0006 
$0007 
$0008 

$0009 
$000A 
$0008 
$000C 
$0000 
$000E 

$000F 

Figure 1. EPROM Memory Map 
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RAM Memory Map 

The MCU includes 992 digits of 4-bit RAM as 
the data and stack area. In addition to these 
areas, interrupt control bits and special func
tion registers are also mapped on the RAM 
memory space. RAM memory map (figure 2) 
is described in the following paragraphs. 

Interrupt Control Bit Area ($000 to $003): 
The interrupt control bit area (figure 3) is 
used for interrupt controls. It is accessible 
only by a RAM bit manipulation instruction. 

0 

31 
32 

47 
48 

959 
960 

1023 

RAM-Mapped Registers 

Memory Registers (MR) 

--- ----------- - ---

Data 

(928 Digits) 

Stack 

(64 Digits) 

$000 

$01F 
$020 

\ 
$02F 
$030 

$3BF 
$3CO 

$3FF 

However, the interrupt request flag cannot 
be set by software. The RSP bit is used only to 
reset the stack pointer. 

Special Function Registers Area ($004 to 
SOOB): The special function registers are the 
mode or data registers for the external inter
rupt, and the timer/counter. These registers 
are classified into three types: write-only, 
read-only, and read/write as shown in figure 
2. These registers cannot be accessed by 
RAM bit manipulation instructions. 

0 

1 

2 

3 
4 

I-

I-

I-

10 
I-

11 

12 

31 

Interrupt Control Bits 

Port Mode Register (PMR) I w 

--! 

Not Used --! 
...., 

Timer Mode Register B (TMBl! w 

Timer B 
(TCBL/TLRL)! R/W 

(Note) (TCBU/TLRU): R/W 

Not Used 

$000 

$001 

$002 

$003 

$004 

$009 

$00A 

$008 

$00C 

$01F 

Note: Two registers are mapped on same address. 

R: Read Only 

W: Write Only 

R/W: Read/Write 

10 

11 

Timer/Event Counter B Lower~ 
R 

Timer load Reg. lower w 
(TCBl) (TlRl) 

Timer/Event Counter B Upper· Timer load Reg. Upper 
: 

(TCBU) 
R 

(TlRU) 
w 

Figure 2. RAM Memory Map 
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Data Area ($020 to $3BF): 16 digits, $020 
through $02F, in the data area are called 
memory registers (MR) and are accessible by 
LAMR and XMRA instructions (figure 4). 

Stack Area ($3CO to $3FF): Locations $3CO 
through $3FF are reserved for LIFO stacks to 
save the contents of the program counter 
(PC), status (ST) and carry (CA) when su-

bit 3 

IMO 
0 -

(IM of INTo) 

Not Used 

2 Not Used 

3 Not Used 

IF· Interrupt Request Flag 

IM: Interrupt Mask 

l/E· Interrupt Enable Flag 

SP· Stack Pointer 

bit 2 

IFO 
-

(IF of INTo) 

Not Used 

Not Used 

Not Used 

HD40P4919 

broutine calls (CAL-instruction, CALL
instruction) and interrupts are serviced. This 
area can be used as a 16 nesting level stack in 
which one level requires 4 digits. Figure 4 
shows the save condition. The program 
counter is restored by RTN and RTNI instruc
tions. Status and carry are restored only by 
the RTNI instruction. This area, when not 
used for a stack, is available as a data area. 

bit 1 bit 0 

RSP l/E 

(Reset SP Bit) (Interrupt Enable Flag) 
$000 

IM1 IF1 
- -

(IM of INT1) (IF of INT1) 
$001 

IMTB IFTB 

(IM of Timer B) (IF of Timer B) 
$002 

--

Not Used Not Used $003 

Note Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/ 
REMO instruction, and is tested by the TM/TMD instruction. They are not affected by other instruc
tions. Furthermore the interrupt request flag is not affected by the SEM/SEM D instruction. 
The content of status becomes invalid when "Not Used" bits or the RSP bit are tested by a TM or TMD 
instruction. 

Figure 3. Interrupt Control Bit Area Configuration 

Memory Registers 

32 MR(O) $020 

33 MR(1) $021 

$022 

$023 

34 MR(21 

35 MR(3) 

36 MR(4) $024 

37 MR(5) $025 

38 MR(6) $026 

39 

40 

41 

42 

43 

44 

45 

46 

47 

MR(7) $027 

MR(8) $028 

MR(9) $029 

MR(10) $02A 

MR(11) $028 

MR(12) $02C 

MR(13) $020 

MR(14) $02E 

MR(15) $02F 

Stack Area 

960 Level 16 $3CO 

1023 

Level 1 5 

Level 14 

Level 13 

Level 12 

Level 11 

Level 10 

Level 9 

PC13 to PCo: Program Counter 

ST: Status 
CA: Carry 

bit 3 bit 2 bit 1 bit 0 

~ ; V:':~l---~-~-'o_+-'-:-:-:-3 _:+--pc,;-::-:-' ---t:--~-::_,,---1::: 
Level 3 _J_ _l_ 

Level 2 I 

Level 1 $3FF ____ 1_0_23-L.._P_c_, _ _l_...__P_c_,_.l.~-P-C-1 _ _.._l __ Pc_0~$3FF 

Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Registers and Flags 

The MCU has nine registers and two flags for 
CPU operations (figure 5). 

Accumulator (A), B Register (B): The 4-bit 
accumulator and B register hold the results of 
the arithmetic logic unit (ALU), and transfer 
data to/from memories, 1/0, and other regis
ters. 

W Register (W), X Register (X), Y Regis
ter (Y): The W register is a 2-bit, and the X 
and Y registers are 4-bit registers used for 
indirect addressing of RAM. The Y register is 
also used for D port addressing. 

SPX Register (SPX), SPY Register (SPY): 
The 4-bit registers SPX and SPY assist the X 
and Y registers respectively. 

Carry (CA): The carry (CA) stores the over
flow from ALU generated by an arithmetic 
operation. It is also affected by SEC, REC, 
ROTL and ROTR instructions. 

During interrupt servicing, carry is pushed 
onto the stack. It is restored by a RTNI 
instruction, but not by a RTN instruction. 

Status (ST): The status (ST) holds the ALU 
overflow, ALU non-zero, and the results of bit 

13 

I PC f,,,,,,, r 

3 

I 
3 

I 

3 

I 
3 

I 
3 

I 
r 

test instruction for the arithmetic or compare 
instructions. It is a branch condition of the BR, 
BRL, CAL, or CALL instructions. The value of 
the status remains unchanged until the next 
arithmetic, compare, or bit test instruction is 
executed. Status becomes 1 after the BR, BRL, 
CAL, or CALL instruction whether it is 
executed or skipped. During interrupt servic
ing, status is pushed onto the stack and res
tored back from the stack by a RTNI instruc
tion, but not by a RTN instruction. 

Program Counter (PC): The program 
counter is a 14-bit binary counter which con
trols the sequence· in which the instructions 
stored in ROM are executed. 

Stack Pointer (SP): The stack pointer (SP) is 
used to point to the address of the next 
stacking area (up to 16 levels). 

The stack pointer is initialized to RAM 
address $3FF. It is decremented by 4 when 
data is pushed onto the stack, and in
cremented by 4 when data is restored from it. 
The stack can only be used up to 16 levels 
deep because the upper 4 bits of the stack 
pointer are fixed at 1111. 

The stack pointer is initialized to $3FF by 
either MCU reset or the RSP bit reset by a 
REM/REMO instruction. 

A r Accumulator 

0 
8 I B Register 

0w Register 

x Jx Register 

y JY Register 

SPX JsPx Register 

SPY ] SPY Register 

§I Carry Flag 

~ Status Flag 

r Program Counter 

SP J Stack Pointer 

Figure 5. Registers and Flags 
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Interrupt 

Three interrupt sources are available on the 
MCU: external requests (INTo, INT1), and 
timer/counter (timer B). For each source, an 
interrupt request flag (IF), interrupt mask 
(IM), and interrupt vector addresses are pro
vided to control and maintain the interrupt 
request. The interrupt enable flag (IE) is also 
used to control interrupt operations. 

Interrupt Control Bits and Interrupt 
Service: The interrupt control bits are 

Table 1. Vector Addresses and Inter
rupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET 

INTo 

INT1 

Timer B 

$000,0 

l/E 

$000,2 

$0000 

$0002 

2 $0004 

3 $0008 

HD40P4919 

mapped on $000 through $003 of the RAM 
space. They are accessible by RAM bit 
manipulation instructions. (The interrupt 
request flag (IF) cannot be set by software.) 
The interrupt enable flag (IE) and IF are 
cleared to 0, and the interrupt mask (IM) is set 
to 1 at initialization by MCU reset. 

Figure 6 is a block diagram of the interrupt 
control circuit. Table 1 shows the interrupt 
priority and vector addresses, and table 2 
shows the interrupt conditions corresponding 
to each interrupt source. 

Table 2. Conditions of Interrupt Service 

Interrupt Control Bit INTo 

l/E 

IFO·IMO 

IFl ·IM1 * 
IFTB·IMTB * 
Notes: Don't care 

Sequence 
Control 
·Push PC/CA/ST 
·Reset l/E 
·Jump to Vector 
Address 

Priority Control PLA 

INT1 Timer B 

0 0 

0 

* 

Vector Address 

Figure 6. Interrupt Control Circuit Block Diagram 
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The interrupt request is generated when the 
IF is set to 1 and IM is 0. If the IE is 1 at this 
time, the interrupt will be activated and 
vector addresses will be generated from the 
priority PLA corresponding to the interrupt 
sources. 

Figure 7 shows the interrupt service 
sequence, and figure 8 shows the interrupt 
service flowchart. If an interrupt is requested, 
the instruction being executed finishes in the 
first cycle. The IE is reset in the second cycle. 
In the second and third cycles, the carry, 
status, and program counter are pushed onto 
the stack. In the third cycle, the instruction is 
re-executed after the MCU jumps to the 
vector address 

In each vector address, program a JMPL 
instruction to branch to the starting address 
of the interrupt service program. The IF 
which caused the interrupt service must be 
reset by software in the interrupt service 
program. 

Interrupt Enable Flag (l/E: $000 bit 0): 
The interrupt enable flag enables/disables 
interrupt requests as shown in table 3. It is 
reset by interrupt servicing and set by the 
RTNI instruction. 

External Interrupts (INTo, INTu: __'!'.Qe 
external interrupt request inputs (INTo, INT1) 
can be selected by the port mode register 

Table 3. Interrupt Enable Flag 

Interrupt Enable Flag lntenupt Enable/Disable 

0 

Table 4. 

Disable 

Enable 

External Interrupt Request 
Flag 

Ex Int Req Flags Interrupt Requests 

0 No 

Yes 

(PMR: $004)~tting bit 3 and bit 2 of PMR 
causes R3a/INT1 pin and R32/INT0 pin to be 
used as INT1 pin and INTo pin respectively. 

The external interrupt request ~s (IFO, IF1) 
are set at the falling edge of INTo and INT1 
inputs. (Refer to table 4.) 

The INT1 input can be used as a clock signal 
input to timer B. Then, timer B counts up at 
each falling edge of the INT1 input. When 
INT1 is useal as timer B external event input, 
external interrupt mask (IM1) has to be set so 
that the interrupt request by INT1 will not be 
accepted. (Refer to table 5.) 

P-+-•-e.1 T-•---··-• n--··--• '1:11--- /TT.:tft---.,-•••-• ............ "".t'" .&'-V"IUVD• .... - Aaya \.&.&" u. 

$000 bit 2, IF1: $001 bit 0): The external 
interrupt request flag~O, IFl) are set at the 
falling edge of the INTo, and INT1 inputs 
respectively. 

External Interrupt Masks (IMO: $000 bit 
3, IMl: $001 bit 1): The external interrupt 
masks mask the external interrupt requests. 

Port Mode Register (PMR: $004): The port 
mode register is a 4-bit write-only register 
which controls the R32/ INTo pin, and R3a/ 
INT1 pin as shown in table 6. The port mode 
register will be initialized to $0 by MCU reset. 
These pins are therefore initially used as 
ports. 

Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

0 Enable 

Disable (masks) 

Table 6. Port Mode Register 

PMR3 R33/INT1 Pin 

0 Used as R33 port input/output pin 

Used as INT1 input pin 

PMR2 R32/INT0 Pin 

0 Used as R32 port input/output pin 

Used as INTo input pin 
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Instruction 
Cycles 

Instruction 

execution 

Interrupt 
accepted 

2 

Stacking, 
Reset of l/E 

3 

Stacking, 
Vector address 
is generated 

4 5 

JMPL instruction execution on the 
vector address 

Figure 7. Interrupt Servicing Sequence 
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6 

Instruction 
execution at 
starting address 
of the interrupt 
routine 
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Power 
On 

Yes 

Reset MCU 

No 

(A) 

No 

Execute 
Instruction 

PC<- (PC)+1 

PC<-$0002 

PC <-$0004 

No 

(B) 

Yes 

Yes 

Interrupt 
Accept 

l/E <-0 
Stack.__ (PC) 
Stack.__ (CA) 

Stack <-- (ST) 

No 

PC<-$0008 (Timer B Interrupt) 

Figure 8. Interrupt Servicing Flowchart 
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Timer 

The MCU contains a prescaler and a timer I 
counter (timer B, figure 9) whose functions 
are the same as HMCS404C's. The prescaler is 
an 11-bit binary counter, and timer B is an 8-
bit auto-reload timer/ event counter. 

Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial
ized to $000 by MCU reset, and it starts to 
count up the system clock signal as soon as 
RESET input goes to logic 0. The prescaler 
keeps counting up except in MCU reset and 
stop mode. The prescaler provides clock sig
nals to timer B. The prescaler divide ratio is 
selected by the timer mode register B (TMB). 

Timer B Operation: The timer mode regis
ter B (TMB: $009) selects the auto-reload 
function, input clock source, and the pres
caler divide ratio for timer B. When the 
external event input is used as an input clock 
signal to timer B, select R33/INT1 as INT1 and 
set the external interrupt mask (IM1) to pre
vent an external interrupt request from oc
curring. 

Timer B is initialized according to the data 
written into the timer load register by soft
ware. Timer B counts up at every clock input 
signal. When the next clock signal is applied 
to timer B after it is set to $FF, it will generate 
an overflow output. In this case, if the auto
reload function is selected timer B is initial
ized according to the value of the timer load 
register. If it is m•t selected, timer B goes to 
$00. The timer B interrupt request flag (IFTB: 
$002 bit 0) will be set at this overflow output. 

Timer Mode Register B 

TMB 14 bit) 

HD40P4919 

Timer Mode Register B (TMB: $009): The 
timer mode register B (TMB) is a 4-bit write
only register which selects the auto-reload 
function, the prescaler divide ratio, and the 
source of the clock input signal, as shown in 
table 7. The timer mode register B is initial
ized to $0 by MCU reset. 

The operation mode of timer B changes at the 
second instruction cycle after the timer mode 
register B is written to. Initialization of timer 
B by writing data into the timer load register 
should be performed after the contents of 
TMB are changed. Configuration and function 
of timer mode register B is shown in figure 10. 

Timer B (TCBL: SOOA, TCBU: SOOB, TLRL: 
SOOA, TLRU: SOOB): Timer B consists of an 8-
bit write-only timer load register and an 8-bit 
read-only timer/event counter. Each of them 
has a low-order digit (TCBL: $00A, TLRL: 
$00A) and a high-order digit (TCBU: $00B, 
TLRU: $00B). (Refer to figure 2.) 

The timer/event counter can be initialized by 
writing data into the timer load register. In 
this. case, write the low-order digit first, and 
then the high-order digit. The timer/event 
counter is initialized when the high-order 
digit is written. The timer load register is 
initialized to $00 by the MCU reset. 

The counter value of timer B can be obtained 
by reading the timer/event counter. In this 
case, read the high~order digit first, and then 
the low-order digit. The count value of the 
low-order digit is latched when the high-or
der digit is read. 

Internal Bus Line (S 1) 

4 

Interrupt 

Request Flag 

of Timer B 

Figure 9. Timer Block Diagram 
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Timer B Interrupt Request Flag {IFTB: 
$002 bit 0): The timer B interrupt request 
flag is set by the overflow output of timer B 
(table 8). 

Table 7. Timer Mode Register B 

TMB3 Auto-reload Function 

0 No 

Yes 

Prescaler Divide Ratio, 
TMB2 TMB1 TMBO Clock Input Source 

0 0 0 2048 

0 0 512 

0 0 128 

0 .. 32 

0 0 .. 8 

0 .. 4 

0 .. 2 

INT 1 (External Event Input) 

PMR: $004 

PMR3 PMR2 

Timer B Interrupt Mask (IMTB: $002 bit 
1): The timer B interrupt mask prevents an 
interrupt request from being generated by 
timer B Interrupt request flag (table 9). 

Table 8. Timer B Interrupt Request 
Flag 

Timer B Interrupt 
Request Flag 

0 

Interrupt Request 

No 

Yes 

Table 9. Timer B Interrupt Mask 

Timer B Interrupt Mask Interrupt Request 

0 Enable 

Disable (Mask) 

~----------- R32/INT0 pin mode selection 

~-------------- R33/INT1 pin mode selection 

TMB: $009 

TMB3 TMB2 TMB1 TMBO 

~-------- Timer B input clock selection 

---------------Auto-reload function selection 

Figure 10. Mode Register Configuration and Function 
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Input/Output 

The MCU has 35 1/0 pins, 8 standard and 27 
high voltage. The Rl and R2 port are high 
voltage pin. 

When any input/output pin is used as an 
input pin, the mask option and output data 
must be selected as follows : when inputting, 
the Input Pin State should be high. 

D Port: The D 1/0 port has 15 discrete 1/0 
pins, each of which can be addressed in
dependently. It can be set/reset through 
SED/RED and SEDD/REDD instructions, and 
can be tested through TD and TDD instruc
tions. See table 10 for the 1/0 pin circuit types. 

R Ports: The six R ports are composed of 16 
1/0 pins, 4 output-only pins. Data is input 
through LAR and LBR instructions and out
put through LRA and LRB instructions. The 
MCU is not be affected when the input-only 
and/or non-existing ports are written into, 
while invalid data will be read from the 
output-only and/or non-existing ports. 

The R32 and R33 pins are multiplexed with 

HD40P4919 

the INTo and INT1 pins respectively. See table 
10 for the selectable circuit types for these 
1/0 pins. -

Unused 1/0 Pins: If unused 1/0 pins are left 
floating, the LSI may malfunction because of 
noise. The 1/0 pins should be fixed as follows 
to prevent the malfunction. 

High-voltage: select "without pull-up MOS" 
(NMOS open drain) via mask option and 
connect to Vee on the printed circuit board. 

Standard: select "without pull-up MOS" 
(NMOS open drain) via mask option and 
connect to GND on the printed circuit board. 

Reset 

Bringing the RESET pin high resets the MCU. 
At power-on, or when stop mode, is can 
called the reset must satisfy tRc for the oscil
lator to stabilize. In all other cases, at least 
two instructions cycles are required for the 
MCU to be reset. 

Table 11 shows the parts initialized by MCU 
reset, and the status of each. 
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Table 10. 1/0 Pin Circuit Types 

1/0 

Common 

Pins 

High Voltage 

1/0 

Common 

Pins 

High Current 

High Voltage 

Output 
Pins 

High Current 

High Voltage 

Without Pull-Up MOS (NMOS Open Drain) (A) 

_r°<}-ITT.T 
~?utput 

data 

Available 

Without Pull-Up MOS (NMOS Open Drain) (Al 

HLT..,D- Input 
,__ - data 

0 ~ITTT Output 
data 

Available 

Not available 

Without Pull-Up MOS (NMOS Open Drain) (A) 

°1~RLT Output 
data 

Not available 

Available 

@HITACHI 

Applicable Pins 

Do-014 

R3o-R33 

R4o-R43 

Applicable Pins 

R10-Rl3 

R2o-R23 

Applicable Pins 

R00-R03 
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Table 11. Initial Value After MCU Reset 

Items 

Program Counter (PC) 

Status (ST) 

Stack Pointer (SP) 

Initial Value by 

MCU Reset Contents 

$0000 Execute program from the top of ROM 

address 

$3FF 

Enable branch with conditional branch 

instructions 

Stack level is 0 

1/0 Pin (A) Without Pull-Up MOS Enable input 
Output Register 

(B) With Pull-Up MOS Enable input 

(C) CMOS 

Interrupt Flag Interrupt Enable Flag (l/E) 

Interrupt Request Flag (IF) 

0 

0 

Inhibit all interrupts 

No interrupt request 

Interrupt Mask (IM) Mask interrupt request 

Mode Register Port Mode Register (PMR) 0000 See port mode register 

Timer Mode Register B (TMB) 0000 See timer mode register B 

Timer /Counter Prescaler $000 

Timer/Event Counter B (TCB) $00 

Timer Load Register (TLR) $00 

Note: MCU reset affects the rest of registers an follows: 

Item 

Carry 

Accumulator 

B Register 

W Register 

(CA) 

(A) 

(B) 

(W) 
-------~-----~-----" -----

X/SPX Registers (X/SPX) 

Y /SPY Registers (Y/SPY) 

RAM 

After Recovering from Stop 
Mode by MCU Reset 

The contents of the items before 

MCU reset are not retained. 

It is necessary to initialize them by 

software. 

The contents of RAM before 
MCU reset (just before STOP 
instruction) are retained. 

~HITACHI 

After MCU Reset 
(Non-Stop-Model 

The contents of the items before 

MCU reset are not retained. 

It is necessary to initialize them by 

software. 
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Internal Oscillator Circuit 

Figure 11 outlines the internal oscillator cir
cuit. In addition, see figure 12 for the layout of 

the ceramic filter. In this cases, external clock 
operation is available. 

Os~!!!3to~ 

Divider 
circuit 

1/8 

I ~~::., I 
circuit 

Figure 11. Internal Oscillator Circuit 

Figure 12. Layout of Ceramic Filter 

@HITACHI 

System 
clock 
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Table 12. Examples of Oscillator Circuits 

External 
Clock 
Operation 

Ceramic 
Filter 
Oscillator 

Circuit Configuration 

Oscillator 

Open OSC2 

c. 

Cocomoct filter 

c, 
GND 

Circuit Constants 

Ceramic filter 
CSA 8.00MT (Murata) 

R1: 1 MO± 20% 
C1 : 30 pF ± 20% 
C2: 30 pF ± 20% 

Notes: 1 . For the ceramic filter resonator, the upper circuit parameters are recommended by the ceramic 
filter maker. Ceramic filter resonator, and the floating capacitance change circuit parameters 
in designing the board. In designig the resonator, please consult with the engineers of the 
ceramic filter maker to determine the circuit parameters. 

2. Wiring between OSC1, OSC2, and elements should be as short as possible, and never cross 
other wires. Refer to the layout of ceramic filter (figure 12). 
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Operating Modes 

Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode and stop mode (table 
13). Figure 13 is a mode transition diagram for 
these modes. 

Standby Mode: Executing an SBY instruc-

Table 13. Low Power Dissipation Mode 

Condition Standby Mode 

Instruction SBY instruction 

Oscillator circuit Active 

Instruction execution Stopped 

Register, flag Retained 

Interrupt function Active 

RAM Retained 

Input/output pins Retained (note 2) 

Timer/counter Active 

tion puts the MCU into standby mode. In 
standby mode, the oscillator circuit is active 
and interrupts and timer/counter working. 
On the other hand, the CPU stops since the 
clock related to the instruction execution 
stops. Registers, RAM, and I/O pins retain the 
states they were in just before the MCU went 
into standby mode. 

Stop Mode 

STOP instruction 

Stopped 

Stopped 

Reset (note 1 ) 

Stopped 

Retained 

High impedance 

Stopped 

Recovery method RESET input, interrupt request RESET input 

Notes: 1. The MCU recovers from stop mode by RESET input. Refer to table 11 for the contents of flags 
and registers. 

2. As 1/0 circuits are active, an 1/0 current may flow in standby mode, depending on the state 
of the 1/0 pins. This is an additional current added to the standby mode current dissipation. 

Figure 13. MCU Operation Mode Transition 
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Standby mode may be cancelled by inputting 
RESET or by asserting an interrupt request. 
In the former case the MCU is reset. If the 
interrupt enable flag is 1 at this time, the 
interrupt is executed, while if it is 0, the 
interrupt request is put on hold and normal 
instruction execution continues. In the later 
case, the MCU becomes active and executes 
the next instruction following the SBY 
instruction. 

Figure 14 shows the flowchart of the standby 
mode. 

SBY 

Oscillator active 
Peripheral clocks 

active 
All other clocks 
stop 

Yes 

Restart 
processor clocks 

No 

HD40P4919 

Stop Mode: Executing a STOP instruction 
brings the MCU into stop mode, in which the 
oscillator circuit and every function of the 
MCU stop. 

Stop mode may be cancelled by resetting the 
MCU. At this time, as shown in figure 15, reset 
input must be applied at least to tRc for oscil
lation to stabilize. (Refer to AC Characteris
tics table.) After stop mode is cancelled, RAM 
retains the state it was in just before the MCU 
went into stop mode, but the accumulator, B 
register, W register, Y /SPY registers, and car
ry may not retain their contents. 

No 

Yes 

Restart 
processor clocks 

Reset MCU 
E"ecute 
instruction 

Interrupt 
accept 

Figure 14. MCU Standby Mode Operation Flowchart 
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RAM Addressing Mode 

As shown in figure 16, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: Th,e W reg
ister, X register, and Y register contents (10 
bits) are used as the RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 digits from $020 to $02F) is 
accessed by executing the LAMR and XMRA 
instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four ROM addressing modes, as 
shown in figure 17. 

Direct addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PCo) with 14-bit 
immediate data. 

Current Page Addressing Mode: The ROM 
memory space is divided into pages, with 256 
words in each page. Page zero begins at ad
dress $0000. By executing a BR instruction, the 
program can branch to an address in the current 
page. This instruction replaces the low-order 
eight bits of the program counter (PC7 to PC0) 

with the 8-bit immediate data. 

I• Stop mode •I 

When BR is on a page boundary (256n + 255) 
(figure 18), executing a BR instruction trans
fers the PC contents to the next page 
because of the hardware architecture. Con
sequently, the program branches to the next 
page when the BR is used on a page bound
ary. The HMCS400 series cross macro assem
bler has an automatic paging facility for ROM 
pages. 

Zero Page Addressing Mode: By executing 
a CAL instruction, the program can branch to 
the zero page subroutine area, which is 
located at $0000-$003F. When a CAL 
instruction is executed, 6-bits "of immediate 
data are placed in the le.,_•:- order sb:: bits of 
the program counter (PCs to PCo) and Os are 
placed in the high-order eight bits (PC13 to 
PCs). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and B 
register. 

P Instruction: ROM data addressed by table 
data addressing can be referred to by a P 
instruction (figure 19). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and B register. 
When bit 9 is 1, 8 bits of ROM data are written 
into the Rl and R2 port output register. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and B register and also 
to the Rl and R2 port output register at the 
same time. 

The P instruction has no effect on the pro
gram counter. 

··-=-~-1111-11111-11111~1111-111111-1 ----"(l:~ _ ____,F11~1 
l 1. t~ ·I 

STOP instruction execution (more than stabilization time: tRc) 

Figure 15. Timing Chart of Recovering from Stop Mode 

@HITACHI 
1162 Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD40P4919 

W Register X Register Y Register 

W1 Wo XJ X2 X1 Xo VJ Y2 Y1 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Direct Addressing 

Instruction 

Opcode 

0 0 0 0 0 

Memory Register Addressing 

Figure 16. RAM Addressing Mode 
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(JMPL) 
(BRL) 
(CALL) 

(TBR) 

Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC7 PCs PCs PC4 PC3 PC2 PC1 PCo 

Direct Addressing 

Instruction 

(BR) Opcode b1 b6 bs b4 b3 b2 bt bo 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PC6 PCs PC4 PC3 PC2 PC1 PCo 

Current Page Addressing 

(CAL) Opcode a4 a3 a2 at ao 

00000000 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC4 PC3 PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

Opcode P3 p2 p1 B Register Accumulator 

0 0 

Program Counter PC13PC12 PC11 PC10 PCs PCs PC1 PC6 PCs PC4 PC3 PC2 PC1 PCo 

Table Data Addressing 

Figure 17. ROM Addressing Mode 
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BR AAA 
t-------1256(n - 1) + 255 

256n 

AAA NOP 

BR AAA 256n + 254 
BR BBB 256n + 255 

1--..=c-==---12 56(n + 1 ) 

BBB NOP 

Figure 18. BR Instruction Branch Destination on Page Boundary 

Instruction 

[P) Opcode 
B Register Accumulator 

Referred ROM Address RA13 RA12 RA 11 RA10RAs RAa RA1 

Address Designation 

If ROa=1 

ROM Data ROs 

If ROs=1 

Pattern 

Figure 19. P Instruction 
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Instruction Set 

6. Compare instruction The HD404919 provides 100 instructions 
which are classified into 10 groups as follows; 7. RAM bit manipulation instruction 

8. ROM address instruction 
1. Immediate instruction 9. Input/output instruction 
2. Register-to-register instruction 10. Control instruction 
3. RAM address instruction 
4. RAM register instruction 
5. Arithmetic instruction 

Tables 14-23 list their functions, and table 24 
is an opcode map. 

Table 14. Immediate Instructions 
'-"!:::~:/ 

Operation Mnemonic Operation Coda Function Status Cycles 

Load A from Immediate LAI i 0 0 0 i3 i2 i1 io i -A 1/1 

Load B from Immediate LBI i 0 0 0 0 0 i3 i2 i, io i -· B 1/1 

Load Memory from LMID i,d 0 0 0 i3 i2 i, io i - M 2/2 
Immediate ds da d1 ds ds d4 d3 d2 d, do 

Load Memory from LMllY i 1 0 1 0 0 1 i3 i2 i1 io i-M, Y+1-Y NZ 1/1 
Immediate, Increment Y 

Table 15. Register-to-Register Instructions Words/ 

Operation Mnemonic Operation Coda Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B-A 1/1 

Load B from A LBA 0 0 0 0 0 0 0 A - B 1/1 

Load A from W LAW 
0 1 0 0 0 0 0 0 0 0 W -•A 

2/2 
0 0 0 0 0 0 0 0 0 0 (Note) 

Load A from Y LAY 0 0 0 0 y -·A 1 /1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX ·A 1/1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY • A 1 /1 
---·-·-

Load A from MR LAMA m 0 0 111J""2ffi1~ MR(m) -A 1/1 

Exchange MR and A XMRAm 0 "'3""2"'1~ MR(m) - A 1 /1 

Note :An operand is provided for the second word of LAW and LWA instruction by the assembler 
automatically. 
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Table 16. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWli 0 0 0 0 i, io i ~w 1/1 

Load X from Immediate LXI i 0 0 0 0 iJ i2 i1 io i -- x 1/1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 i1 io i ~ y 1 /1 

LoadW from A LWA 
0 1 0 0 0 1 0 0 0 0 

A -w 2/2 
0 0 0 0 0 0 0 0 0 0 !Note) 

Load X from A LXA 0 0 1 0 0 0 0 A -· x 1/1 

Load Y from A LYA 0 0 0 0 0 0 A . y 1/1 

Increment Y IY 0 0 0 0 0 0 Y+1 • y NZ 1 /1 

Decrement Y DY 0 0 0 Y-1 -· y NB 1 /1 

Add A to Y AYY 0 0 0 0 0 0 0 Y+A -· y OVF 1 /1 

Subtract A from Y SYY 0 0 0 0 0 0 Y-A •Y NB 1 /1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1 /1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y - SPY 1/1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 X-SPX, Y-SPY 1 /1 
and SPY 

Note: An operand is provided for the second word of LAW and LWA instruction by assembler 
automatically. 
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Table 17. RAM Register Instructions 
Words/ 

Opsation Mnemonic Operation Code Function Status Cycles 

Load A from Memory LAM(XY) 0 0 0 0 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Load A from Memory LAMD d 0 0 0 0 0 0 0 M -A 2/2 
dg ds d1 ds d5 d4 d3 di di do 

Load B from Memory LBM(XY) 0 0 0 0 0 0 0 y x M-B, (X-SPX, Y--SPY) 1/1 

Load Memory from A LMA(XY) 0 0 0 0 0 y x A~M, (X-SPX, Y-SPY) 1/1 

Load Memory from A LMAD d 0 0 0 0 0 0 A-M 2/2 
dg ds d1 ds d5 d4 d3 di di do 

I rnui Mi:'rrtOry from A LM.'\!Y!X} c 0 c 1 " 1 " " " " 
A ._. ' '' .o '' ••• --•-' NZ iii v v v v I"\ ·1v1, 'TI ~r \1\-.::>r""A/ 

Increment Y 

Load Memory from A, LMADY(X) 0 0 1 1 0 1 0 0 0 x A·•M, Y-1 •Y (X-SPX) NB 1/1 
Decrement Y 

Exchange Memory and A XMA(XY) 0 0 1 0 0 0 0 0 y x M-A, (X-SPX, Y-SPY) 1/1 

Exchange Memory and A XMAD d 0 1 1 0 0 0 0 0 0 0 M-A 2/2 
dg da d1 ds ds d4 d3 di di do 

Exchange Memory and B XMB(XY) 0 0 1 1 0 0 0 0 y x M-B, (X-SPX, Y-SPY) 1/1 

Note: (XY) and (X) have the following meaning: 
(1) The instructions with (XY) have 4 mnemonics and 4 object codes each (example of LAM 

(XY) is given, below). 

Mnemonic y 

LAM 

LAMX 

LAMY 

LAMXY 

0 

0 

x Function 

0 

X- SPX 

0 Y - SPY 

X-SPX, Y-SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes each (example of LMAIY 
(X) is given below). 

Mnemonic x Function 

LMAIY 0 

LMAIYX X - SPX 
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Table 18. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 

Add Immediate to A Ali 

Increment B. IB 

Decrement B DB 

Decimal Adjust for Addition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMD d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n : Logical AND 
u : Logical OR 
l±l : Exclusive OR 

SMC 

SMCD.d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

0 0 0 0 iJ i2 i, io A+i - A 

0 0 0 0 0 0 0 B+1 - B 

0 0 0 0 B-1 -· B 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 A+1 ·A 

0 0 000000 B·B 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 ·CA 

0 0 0 0 0 0 ~CA 

0 0 0 0 

0 0 0 0 0 0 0 0 0 M+A -·A 

0 0 0 0 0 0 0 0 M+A - A 

0 0 0 0 0 1 1 0 0 0 M+A+CA - A 
OVF-•CA 

0 1 0 0 0 1 1 0 0 0 M+A+CA·A 
dg ds d1 ds d5 d4 d3 d2 d, do OVF ·CA 

0 0 1 0 0 1 1 0 0 0 M-A-CA ·A 
NB ·CA 

0 1 1 0 0 1 1 0 0 0 M-A-CA-·A 

ds ds d1 ds d5 d4 dJ d2 d, do NB ·CA 

0 0 0 0 0 

0 0 1 0 0 1 1 1 0 0 An M ·A 

0 0 0 0 0 0 

0 0 0 0 0 1 0 0 AU M •A 

0 0 0 0 0 0 0 A® M ·A 

0 0 0 0 0 0 A 1:P M~A 
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Words/ 
Sta- Cycles 

OVF 1/1 

NZ 1 /1 

NB 1 /1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

1 /1 

1 /1 

CA 1 /1 

OVF 1/1 

OVF 2/2 

OVF 1/1 

OVF 2/2 

NB 1/f 

NB 2/2 

1 /1 

NZ 1 /1 

NZ 2/2 

NZ 1 /1 

NZ 2/2 

NZ 1/1 

NZ 2/2 
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Table 19. Compare Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 iJ i2 ii io i * M NZ 1 /1 
to Memory 

Immediate Not Equal INEMO i,d 0 1 0 0 1 o iJ i2 ii io i * M NZ 2/2 
to Memory dg da d1 de ds d4 dJ d2 di do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 0 0 A*M NZ 1 /1 

A Not Equal to Memory AMEMO d 0 0 0 0 0 0 0 0 A* M NZ 2/2 
dg da d1 de ds d4 dJ d2 di do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B * M NZ 1 /1 

Y Not Equal to Immediate YNEI i 0 0 0 iJ i2 ii io y .. i NZ 1/1 

Immediate Less or Equal ILEM i 0 0 0 0 iJ i2 ii io i ,_ M NB 1/1 
to Memory 

Immediate Less or Equal ILEMO i,d 0 1 0 0 1 1 iJ i2 ii io i ,_ M NB 2/2 
to Memory dg da d1 de ds d4 dJ d2 di do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A ,_ M NB 1 /1 

A Less or Equal to Memory ALEMO d 0 0 0 0 0 0 0 A ,_ M NB 2/2 
dg da d1 de ds d4 dJ d2 di do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 -0 B;:;; M NB 1 /1 

A Less or Equal to Immediate ALEI i 0 0 i3 i2 i1 io A~ i NB 1/1 

Table 20. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n, no ·• M(n) 1 /1 

Set Memory Bit SEMO n,d 0 0 0 0 0 n, no • M(n) 2/2 
dg da d1 de ds d4 dJ d2 d, do 

Reset Memory Bit REM n 0 0 0 0 0 O n, no 0 "M(n) 1 /1 

Reset Memory Bit REMO n,d 0 0 0 0 o n, no 0 • M(n) 2/2 
dg da d1 ds ds d4 dJ d2 d 1 do 

Test Memory Bit TM n 0 0 0 0 0 n, no M(n) 1/1 

Test Memory Bit TMO n,d 0 0 0 0 n, no M(n) 2/2 
dg da d1 ds ds d4 dJ d2 di do 
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Table 21. ROM Address Instructions 

Operation Mnemonic Operation Code 

Branch on Status 1 BR b 

Long Branch on Status 1 BRL u 

Long Jump Unconditionally JMPL u 

Subroutine Jump on Status 1 CAL a 

Long Subroutine Jump on 
Status 1 

Table Branch 

Return from Subroutine 

Return from Interrupt 

CALL u 

TBR p 

RTN 

RTNI 

0 0 1 1 1 P3 P2 P1 Po 
d9 ds d1 ds ds d4 dJ dz d, do 

0 1 0 1 0 1 p3 P2 P1 Po 
d9 ds d1 d5 d5 d4 dJ d2 d, do 

0 

0 0 1 0 P3 P2 P1 Po 

0 0 0 P3 P2 P1 Po 

0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

Table 22. Input/Output Instructions 

Operation Mnemonic Operation Code 

Set Discrete 1/0 Latch SED 0 0 0 0 1 0 0 

Set Discrete 1/0 Latch Direc SEDD m 0 

Reset Discrete 1/0 Latch RED 0 0 0 0 0 1 0 0 

Reset Discrete 1/0 Latch Direct REDD m 0 0 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 

Test Discrete 1/0 Latch Direct TDD m 0 0 

Load A from R Port Register LAR m 0 0 0 

Load B from R Port Register LB R m 0 0 OOm:imzm1mo 

Load R Port Register from A LRA m 0 0 

Load R Port Register from B LR B m 0 OOm:imzm1mo 

Pattern Generation pp 0 0 1 P3 P2 P1 Po 

Table 23. Control Instructions 

Operation Mnemonic Operation Code 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 

Standby Mode SBY 0 0 0 0 0 0 

Stop Mode STOP 0 0 0 0 0 

Function 

1 ·l/E 
CA Restore 

Function 

1 • DIYI 

• Dlml 

0 • DIYI 

0 · Dlml 

Rimi ·A 

Rimi • B 

A ·Rimi 

B ·Rimi 

Function 

HD40P4919 

Words/ 

Status Cycles 

ST 

Status 

DIYI 

Dlml 

Status 

1/1 

2/2 

2/2 

1/2 

2/2 

1 /1 

1 /3 

1/3 

Words/ 

Cycles 

1 /1 

1 /1 

1 /1 

1 /1 

1/1 

1 /1 

1 I 1 

1 /1 

1 /l 

l /1 

1/2 

Words/ 

Cycles 

1 /1 

1 /1 

1 /1 

Note: HD404919 has no serial interface, so STS (start serial) operates the same as NOP. 
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HD40P4919 

Table 24. Opcode Map 

~RS 0 1 

2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBM(XY) ~ --------- LAB ------- 18 --------- COMB ~OR SBYT~ 

5 LMAIY(XiZ AYY ------ ~ ------- IY ---------
JMPL p(4) 

6 r~ RED -------~ ---- TC 
CALL p(4) 

0 7 V~E! 

8 XMA(XY) SEM n(2) REM n(2) TM n(2) H ~ SEMO n(2) REMO n(2) TMD n(2) 

9 LAM(XY) LMA(XY) M9~}~------H~~ ~ - -------

B TBA p(4) p p(4) 

C XMB(XY) ~LEM ------- LBA 

D LMADYl~SYY ~LYA 
--- DY CAL a(6) 

E TD ------ SED ------ LXA 

F LWI i(2) 

0 LBI i(4) 

1 LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

5 LAA m(4) 

6 REDD m(4) 

1 7 LAMA m(4) BR b(B) 

8 Al i(4) 

9 LMllY i(4) 

A TDD m(4) 

B ALEI i(4) 

c LAB m(4) 

D LAA m(4) 

E SEDD m(4) 

F XMRA m(4) 

C::::::J·1-word/2-cycle c=::J· ·1-word/3-cycle r::::::::J .. ·RAM Direct Address c:::::J .. 2-word/2-cycle 
Instruction Instruction Instruction Instruction 

(2-word/2-cyclel 
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HD40P4919 

Absolute Maximum Ratings 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to+ 7.0 v 

Terminal Voltage Vr -0.3 to Vee + 0.3 v 3 

-0.3 to + 15 v 4 

Total Allowance of Input Current I lo 200 mA 5 

Maximum Input Current lo 15 mA 7, 8 

35 mA 7' 10 

Maximum Output Current -lo 4 mA 8, 9 

Total Allowance of Output Current -I lo 50 mA 6 

Operating Temperature Topr -20to + 75 ·c 

Storage Temperature Ts19 -55 to+ 125 ·c 

Notes: 1. Permanent damage may occur if Absolute Maximum Ratings are exceeded. Normal operation 
should be under the conditions of Electrical Characteristics. If these conditions are exceeded, 
it may cause a malfunction or affect the reliability of LSI. 

2. All voltages are with respect to GND. 
3. Standard pins. 
4. High-voltage pins. 
5. Total allowance of input current is the total sum of input current which flows in from all 1/0 

pins to GND simultaneously. 
6. Total allowance of output current is the total sum of the output current which flows out from 

Vee to all 1/0 pins simultaneously. 
7. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
8. Do-014, R3-R4, RO 
9. Maximum output current is the maximum amount of output current from Vee to each 1/0 pin. 

10. R1 -R2. 
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HD40P4919 

Electrical Characteristics 

DC Characteristics 

(Vee= 4 V to 6 V, GND = 0 V, Ta= -2o·c to+ 75•c) 

Item Symbol Pin 

Input High 
Voltage 

Input Low 
Voltage 

Input/Output I iiL I 
Leakage 
Current 

Current Ice 
Dissipation in 
Active Mode 

Current lssv 
Dissipation in 
Standby Mode 

RESET, 

INTo, 
INT1 

osc, 

RESET, 

INTo, 
INT1 

osc, 

RESET, 
INTo, 
INT1, 
osc, 

Vee 

Vee 

Min 

0.85 Vee 

0.8 Vee 

Vee - 0.5 

- 0.3 

- 0.3 

- 0.3 

Typ Max Unit Test Condition 

Vee + 0.3 v 

Vee + 0.3 v 

Vee + 0.3 V 

0.15 Vee v 

0.2 Vee v 

0.5 v 

µA V;n = 0 V to Vee 

5 mA Vee = 5 V; 
fosc = 8 MHz, + 8 

2.6 mA Vee = 5 V; 
fosc = 8 MHz, + 8 

Note 

2,5 

3,5 

Current I stop Vee 
Dissipation in 

10 µA \i'in(TEST) =Vee - 0.3 V to 4 
Vee; Vee. V;n(RESET) = 

Stop Mode 

Stop Mode 
Retain Voltage 

Vstop Vee 2 

Notes: 1 . Output buffer current are excluded. 

0 V to 0.3 V 

v 

2. The MCU is in the reset state. Input/output current does not flow. 
• MCU in reset state, operation mode 
• RESET, TEST: Vee 
• Do-014, RO-R4: Vee voltage 

3. The timer/counter operates with the fastest clock. Input/output current does not flow. 
• MCU in standby mode 
• Input/output in reset state 
·RESET: GND 
·TEST: Vee 
• Do-014, RO-R4: Vee voltage 

4. Excluding pull-up MOS current. 
5. When fosc = x MHz, estimate the current dissipation as follows: 

Max value@ x MHz = x/4 x (max value@ 4 MHz) 
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HD40P4919 

Input/Output Characteristics for Standard Use 

(Vee=4V to 6V, GND=OV, Ta= -20°C to +75°C) 

Item Symbol Pin Min Typ Max Unit Test Conditions Note 

Input High V1H R1-R2 0.7Vee Vee+ 0.3 v 
Voltage 

Do-D14 
R3-R4 

Input Low V1l R1-R2 -0.3 0.3Vee v 
Voltage 

Do-D14 
R3-R4 

Output High VoH Do-D14 Vee - 1.0 v - loH = 1.0 mA 
Voltage R3-R4, RO 

Do-D14, Vee - 0.5 v - loH = 0.5 mA 
R3-R4, RO 

Output Low Vol Do-D14, 0.4 v lol = 1.6 mA 
Voltage R3-R4, RO 

R1-R2 .2 v Vee = 5 V, lol = 25 mA 

Input/Output I 11l I Do-D14, µA V;n = 0 V to Vee 
Leakage Current R3-R4, RO 

R1-R2 20 

Note: 1 . Output buffer current are excluded. 

Input/Output Characteristics for High Voltage Use 

(Vee= 4 V to 6 V, GND = 0 V, Ta= -20°C to+ 75°C) 

Item Symbol Pin Min Typ Max Unit Test Conditions Note 

Input High V1H Do-D14, 0.7Vee 12 v 
Voltage R3-R4 

Input Low V1l Do-D14, -0.3 0.3 Vee v 
Voltage R3-R4 

Output High VoH Do-D14, 11.5 v 500 kO to 12V 
Voltage R3-R4, RO 

Output Low Vol Do-D14, 0.4 v lol = 1.6mA 
Voltage R3-R4, RO 

Input/Output I ltl I Do-D14, µA V;0 = OV to Vee 
Leakage R3-R4, RO 
Current 

Note: 1. Output buffer current are excluded. 
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HD40P4919 

AC Characteristics 

(Vee = 4 V to 6V, GND = 0 V, Ta = - 2o·c to + 75·c J 

Test 
Item Symbol Pin Min Typ Max Unit Conditions Note 

Oscillation Frequency fosc OSC1, OSC2 0.4 8 9 MHz Divide by 8 

Instruction Cycle tcyc 0.89 20 µS 
Time 

Oscillator Stabiliza- tRc OSC1, OSC2 20 ms 
tion Time 

External clock fcp osc, 0.4 8 9 MHz 2 
Frequency 

External Clock tepH, osc, 41 ns Divide by 8 2 
High, Low tcPL 
Level Width 

External Clock Rise tePr osc, 15 ns 2 
Time 

External Clock Fall tePt osc, 15 ns 2 
Time 

Instruction fcyc 0.89 20 µS 2 
cycle Time 

INTo High Level t10H INTo 2 tcyc 3 
Width 

INTo Low Level t10L INTo 2 tcyc 3 
Width 

INT 1 High Level t11H INT1 2 tcyc 3 
Width 

INT1 Low Level t11 L INT1 2 tcyc 3 
Width 

RESET High Level tRSTH RESET 2 tcyc 4 
Width 

Input Capacitance Cin All pins 15 pF f=1 MHz, 
V;n = OV 

RESET Fall Time tRSTf 20 ms 4 

Notes: 1 . Oscillator stabilization time is the time until the oscillator stabilizes after Vee reaches its 
minimum allowable voltage 4 V after power-on, or after RESET goes high. At power-on or 
stop mode release, RESET must be kept high for at least tAe· Since tRe depends on the crystal 
or ceramic filter's circuit constant and stray capacitance, please get the manufacturer's advice 
when designing the RESET circuit. (See figure 20.) 

2. See figure 21. 
3. See figure 22. 
4. See figure 23. 
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Ceramic filter oscillator 

Ceramic filter: CSA8.00MT (Murata) 
R,: 1MQ±20% 
C1 : 30pF ± 20% 
C2: 30 pF ± 20 % 

Figure 20. Oscillator Circuit 

tcPr tcPt 

Figure 21. Oscillator Timing 

t10L, t1n 

Figure 22. Interrupt Timing 

RESET 
tRSTH 

tRSTf 

Figure 23. Reset Timing 
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HD40P4919 

Precautions on using EPROM on Pack
age Type Microcomputer 

Since the HD40P4919 has a special structure 
with pin sockets installed on the surface of 
the package, the following should be noted 
when using it. 

(1) Do not apply an electrostatic voltage or 
surge voltage more than the maximum 
ratings to the pin socket pins. This may 
destroy the LSI permanently. 

(2) When installing this LSI in system prod
ucts in the same way as the mask ROM 4-
bit single chip microcomputer, observe 
the following in order to maintain good 
ohmic contact between EPROM pins and 
pin sockets. 

~HITACHI 

(a) When soldering the LSI on a printed 
circuit board, keep pin conditions 
under 250"C within 10 seconds. If 
these conditions are exceeded, the 
solder fixing the pin sockets may melt 
and the pins may fall out. 

(b) Keep out detergent or coater from 
the pin sockets during flux removal or 
board coating. Flux or coater may 
decrease pin socket contactivity. 

(c) Avoid permanent use of this LSI in 
places with excessive vibration. 

(d) Since repeated insertion/removal of 
EPROMs may decrease pin sockets' 
contactivity, it is recommended to 
use new ones for your syste!!!. prod
ucts. 
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(HD44790,HD44795) 
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LCD- III ( HD44 790, H 044795 )-
DESCRIPTION 

The LCD-III is the CMOS 4-bit single chip microcomputer 
which contains ROM, RAM, 1/0, Timer/Event Counter and 
Control Circuit, Direct Drive Circuit for LCD on single chip. 
The LCD-III is designed to drive LCD directly and perform 
efficient controller function as well as arithmetic function for 
both binary and BCD data. With the on-chip crystal oscillator 
for timer, the clock function is easily realized. The CMOS 
technology of the LCD-III provides the flexibility of microcom
puten for battery powered and battery back-up applications in 
combination with low power consuming LCD. 

FEATURES 
• 4-bit Architecture 
• 2,048 Words of Program ROM (10 bits/Word) 

128 Words of Pattern ROM ( 10 bits/Word) 
• 160 Digits of Data RAM and Display Data RAM (4 bits/ 

Digit) 
• Control Circuit and Direct Drive Circuit for LCD 

4 Commons (Duty Radio; Static, 1/2, 1/3, 1/4) 
32 Segments (Externally expandable up to 96 Segments 

using external Drivers H D44100s) 
• 32 1/0 Lines and 2 External Interrupt Lines 
• Timer/Event Counter 
• All Instructions except One Instruction; Single Word and 

Single Cycle 
• BCD Arithmetic Instructions 
• Pattern Generation Instruction 

- Table Look Up Capability -
• Powerful Interrupt Function 

3 Interrupt Sources 

t 2 External Interrupt Lines 
Timer/Event Counter 

Multiple Interrupt Capability 
• Bit Manipulation Instructions for Both RAM and 1/0 
• Option of 1/0 Configuration Selectable on Each Pin; Pull 

Up MOS or CMOS or Open Drain 
• Built-in Oscillator for System Clock (Resistor or Ceramic 

Filter) 
• Built-in Crystal Oscillator for Timer 
• Built-in Power-on Reset Circuit 
• Low Operating Power Dissipation; 2mW typ. 
• Stand-by Mode (Halt Mode); 50µW max. 
• 2 Versions; HD44790 Vee= 5V ± 10%, 10µs Instruction 

Cycle Time 
HD44795 Vee= 2.7V to 5.5V, 20 µs Instruc

tion Cycle Time 

PROGRAM DEVELOPMENT SUPPORT TOOLS 
• Cross assembler and simulator software for use with IBM PCs 

and compatibles 
• In circuit emulator for use with IBM PC 

LCD-Ill 

(FP-801 

• PIN ARRANGEMENT 

ooaoooo6666gEJJJJ 
6 ci 

(Top View) 
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LCD-III (HD4479Q, HD44795) 

• BLOCK DIAGRAM 

t-- I-Cl 

~ ~ 

ROM 
2,048 x 10 bits 

(program memory) 

12Bx10bits 
(pattern memory) 

(4 x 11 bits) 

~ ? ... 
uu w 

(/) Cl (/) (/) w w 
00 a: (/) 

Cl 
w 
(/) 

; ::; ::; ::; ::;; 
w 0 0 0 0 
(/) u u u u 
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r- - - - , 

A,. 
-Ru 

--OVcc 

--OGND 

--om:r 
--OTEST 

: : 1/0 Common 
l..- - __ .J 
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LCD-III (HD44790, HD44795) 

• HD44790 ELECTRICAL CHARACTERISTICS (Vcc=5V±10%) 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to +7.0 v 
Pin Voltage (1) VT1 -0.3 to V cc+0.3 v Applied to all pins except 

those specified in V T2. 

Pin Voltage (2) VT2 0.3 to +10.0 v Applied to open-drain output pins 
and open-drain 1/0 common pins. 

Maximum Total Output Current ( 1) -2:101 45 mA (Note 3) 

Maximum Total Output Current (2) 2:102 45 mA (Note 3) 

Operating Temperature Topr -20 to +75 oc 
Storage Temperature T.,u -55 to +125 oc 

(NOTE) 1. Permanent LS1 damage may occur if maximum ratings are exceeded. 
Normal operation should be under the conditions of .. ELECTRICAL CHARACTERISTICS-1. -2." If these condi
tions are exceeded, it could be cause of malfunction of LSI and affects reliability of LSI. 

2. All voltages are with respect to GND. 
3. Maximum Total Output Current is the total sum of output currents which can flow out or in simultaneously. 
4. Power supply condition V cc~ Vl ~ V2 ~ V3 ~ GND should be maintained. 
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LCD-III (HD44790, HD44795) 

LCD-111----------------------------------

• ELECTRICAL CHARACTERISTICS-1 1Vcc=5V±10%, Ta=-20to+75°C) 

Item Symbol Test Conditions 

Input "Low" Voltage V1L 
Input "High" Voltage (ti V1H1 
Input "High" Voltage (2) V1H2 
Output "Low" Voltage VoL loL =1.6mA 

Output "High" Voltage (1) VoH1 -loH = 1.0 mA 

Output "High" Voltage (2) VoH2 -loH =0.01 mA 

Driver Voltage Descending (COM) vd, ld=0.05mA 

Driver Voltage Descending (SEGI Vd, ld=0.01 mA 

Dividing Resistor of LCD Power 
Rwell Supply 

Interrupt Input Hold Time t1NT 

Interrupt Input Fall Time tflNT 
Interrupt Input Rise Time trlNT 

Output "High" Current loH VoH =10V 

Vin =Oto Vee 
Input Leakage Current l1L 

V;n =Oto 10V 

Pull up MOS Current -Ip Vee=5V 

V;n =Vee. Vee=5V, 
Supply Current (11 lee1 Ceramic Filter Oscillation 

(f0 oc = 400 kHz) 

V;n =Vee. Vee=5V 

Supply Current (21 lef2 
R1 Oscillation 
(foa: = 400 kHz) 
External Clock Operation 
(fcp = 400 kHz) 

Standby 1/0 Leakage Current ILS HLT= 1.0V l V;n =Oto Vee 
j V;n =Oto 10V 

Standby Supply Current ( 1 ) lees1 V;n=Vee. HLT=0.2V 

Standby Supply Current (2) lees2 V;n =Vee. HLT=0.2V 

n = 1 (static) 

Frame Frequency of LCD Drive fF 
n=2 (1/2 Duty) 
n=3 (1/3 Duty) 
n=4(1/4Duty) 

LCD Display Voltage VLeD Vee-V3 

External Clock Operation; System Clock 

External Clock Frequency fcp 

External Clock Duty Duty 

External Clock Rise Time 

External Clock Fall Time 

Instruction Cycle Time T;nst T;nst = 4/fcp 

Internal Clock Operation !Rt Oscillation); System Clock 
--------·---------------- ------- --- --------------··------ -

Clock Oscillation Frequency f 0 ., R1 = 110kn±2% 

Instruction Cycle Time T;nst T;nst = 4/foa: 

. _ l_n~~n~l_C:I~~ ~~r~ti_?~ ~C~~a!"~c_Fi~t!r_~s~i~ati_?~)_'. ~~!e~-C~~c~ _______ _ 
Clock Oscillation Frequency f0 sc Ceramic Filter 

Instruction Cycle Time T;nst T;nst = 4/f0 .. 

Clock Oscillation Frequency foscx Crystal 

@HITACHI 

Value 

min typ 

- -
Vee-1.0 -
Vee-1.0 -

- -
2.4 -

Vee-0.3 -
- -
- -

25 -
2 " Tinst -

- -
- -
- -
- -
- -
45 -

--

--

- -
- -
- -

--
1 

256 x n x T;nst 

2.5 -

40 400 

45 50 

0 
0 

9.1 10 

300 
8.0 

392 

9.8 

32.768 

max 

1.0 

Vee 
10 

0.8 

-
-

0.4 

0.4 

300 

-

50 
50 

3 

1.0 

3 

250 

1.3 

0.6 

1.0 

3 

10 

40 

Vee 

440 

55 

0.2 

0.2 

100 

_5_00_ - -

13.3 

408 

10.2 
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Unit Note 

v 

v (9) 

v (10) 

v 

v (1) 

v (2) 

v (13) 

v (13) 

kn 

µs (15) 

µs (15) 
µs (15) 

µA (3) 

(3),(9) 
µA mnor 
µA 

mA (5) 

mA (5),(121 

µA (6),(9) 

µA (6),(10) 

µA (11 I 

µA (7) 

Hz 

v (8) 

kHz 

% 

µs 

µs 

µs 

kHz 
µs 

kHz 

µs 

kHz 



LCD-III (HD44790, HD44795) 

• ELECTRICAL CHARACTERISTICS - 2 (Ta= -20 to +75°CI 

Item Symbol Test Conditions 
Value 

Unit 
min max 

Halt Duration Voltage VoH HLT=0.2V 2.3 - v 
Halt Current loH 

Vin =Vcc,HLT=0.2V, - 4.0 µA 
VoH = 2.JV 

Halt Delay Time tHD 100 - µs 

Operation Recovery Time tRc 100 - µs 

HCTFallTime tfHLT - 1000 µs 

HL T Rise Time trHLT - 1000 µs 

HL T "Low" Hold Time tHLT 400 - µs 
Rt Oscillation, External 

100 -
HL T "High" Hold Time toPR Clock Operation µs 

Ceramic Filter Oscillation 4000 -
Power Supply Rise Time tree Built-in Reset, H LT = V cc 0.1 10 ms 

Power Supply OFF Time toFF Built-in Reset, HLT =Vee 1 - ms 

External Reset, V cc = 4.5 
to5.5V, HLT =Vee 

1 -(Rt Oscillation, External 
RESET Pulse Width (1) tRST1 Clock Operationl ms 

External Reset, V cc = 4.5 
to 5.5V, HL T =Vee 4 -
(Ceramic Filter Oscillation) 

External Reset, V cc = 4.5 
to 5.5V, HLT =Vee. 

2•Tinst -(Prescaler Clock = System 

RESET Pulse Width (2) tRST2 
Clock) 

External Reset, V cc = 4.5 
µs 

to 5.6V, HLT =Vee. 32x106 / 

(Prescaler Clock = Crystal foscx 
-

Clock) 

RESET Rise Time trRST 
External Reset, HLT =Vee. 
V cc = 4.5 to 5.5V - 100 µs 

RESET Fall Time ttRST 
External Reset, H LT = V cc, 
Vee= 4.5 to 6.5V - 100 µs 

(NOTE) 1. Applied to PMOS load of CMOS output pins and CMOS 1/0 common pins among D and R pins. 
2. Applied to CMOS output pins, CMOS 1/0 common pins, input pins with pull up MOS, and 1/0 common pins with pull up 

MOS among D and R pins. 
3. Applied to open-drain output pins and open-drain 1/0 common pins among D and R pins. 
4. Pull up MOS current is excluded. 
5. Applied to the supply current when the LCD-I I I is in the reset state and the crystal oscillation for timer doesn't operate. 

(Current that flows in the input/oul'E'Mircuit and in the power supply circuit for LCD is excluded). 
Test Conditions: RESET, HLT. =Vee (Reset State) 

INTo, INT1, Roo to Ru, Do to Du= Vee 
D14 /XO, D11 /XI L D,4 (XO, D., (XI =Vee (Crystal oscillation for timer is not selected). 

v,, v,, v, =Vee D,4 1XO =Open, D.,/XI •Vee (Crystal oscillation for timer is selected). 
COM, to COM 4 , SEG 1 to SEG., =Open 

Note 

(14) 

When the crystal oscillation for timer operates, the standby supply current (2) lecs2 flows in addition to lce1 or 1i:;e2· . 
When the LCD·l 11 is installed in the user's system, and in operation current increases according to the external circuitry and 'devices. 
Those are connected to the LCD-II I. User should design the power supply in consideration of this point (The difference between 
the measured current in the above reset state and that measured in the operational state In the user's svstem is the Increased part of 
the supply current). 

6. Standby 110 leakaae current is the leakage current of 1/0 pins in the "Halt" and "Disable" state. 
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LCD-III (HD44790, HD44795) 

7. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current (21 
is the supply current at Vee= 5V±10% in "Halt" state in the case that the crystal oscillation for timer is selected (only the crystal 
oscillator for timer, 5-bit divider and 6-bit prescaler are in operation). 

max. 
40 

30 

I v I 

l v I 
I 
I 
I 

I 
I 
I 

I I typ. Ta= -20 to +75"C 
I .L 
I 

~: I 
I 

iL I 

' I 
I 

20 

r I 
I 

I I 
10 

I I 
I I 
I I 
I 

I I 
I I 
I ' I ' -)j-

3.0 4.0 4.5 5.0 5.5 6.0 

VcclVI 

8. Power supply condition Vee;:;; V1 ;:;; v, ;:;; v,;:;; GND should be maintained. 
9. Applied to the following pins. • 

(1) Input pins, 1/0 common pins with pull up MOS, and CMOS 1/0 common pins among D and R pins. 
(2) RESET, Al:'T'; ose,, INTo and INT1 

10. Applied to open-drain 1/0 common pins among D and R pins. 
11. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current 

is the supply current at V cc = 5V± 10% in ''Halt'' state in the case that the crystal oscillation for timer is not selected. The supply current 
when supply voltage falls to the Halt Duration Voltage is called "Halt Current" (1 0 H). 

12. The supply current changes as follows according to operating frequency. 

max. Vee= 5.5V 
0.8 

0.7 

0.6 

0.5 

< 
i 0.4 
N 
() 

2 
0.3 

0.2 

0 400 500 

fosc or fcp (kHz) 

13. The voltage that drops between the power supply pins (Vee. V1, v,, V3 I and each common or segment output pin. 
14. The supply current at Vee= VpH = 2.3V in "Halt" state, in the cese that the crystal oscillation for timer is not selected. 

Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. 
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LCD-III (HD44790, HD44795) 

15. Interrupt inputs must be retained for two or more cycles at both "High" and "Low" levels. 

INT0 ,INT, 

• HD44795 ELECTRICAL CHARACTERISTICS (Vee= 2.7 to 5.5V) 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 
Supply Voltage Vee -0.3 to +7.0 v 
Pin Voltage (1) Vn -0.3 to V ee+0.3 v Applied to all pins except 

those specified in V T2. 

Pin Voltage (2) VT2 0.3 to +10.0 v ·Applied to open-drain output pins 
and open-drain 1/0 common pins. 

Maximum Total Output Current (1) -l:lo1 45 mA (Note 3) 

Maximum Total Output Current (2) l:lo2 45 mA (Note 3) 

Operating Temperature Topr -20 to +75 •c 
Storage Temperature Tstg -55 to +125 •c 

(NOTE) 1. Permanent LSI damage may occur if maximum ratings are exceeded. 
Normal operation should be under the conditions of "ELECTRICAL CHARACTERISTICS-1, -2." If these 
conditions are exceeded, it could be cause of malfunction of LSI and affects reliability of LSI. 

2. All voltages are with respect to GND. 
3. Maximum Total Output Current is the total sum of output currents which can flow out or in simultaneously. 
4. Power supply condition Vee;;; Vl ;;; V2;;; VJ;;; GND should be maintained. 
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LCD-III (HD44790, HD44795) 

• ELECTRICAL CHARACTERISTICS -1 (Vee= 2.7 to 5.5V, Ta .. -20 to +75°CI 

Item Symbol 
Value 

Unit Note Test Conditions 
min typ max 

Input "Low" Voltage V1L - - 0.4 v 
Input "High" Voltage (11 V1H1 Vcc-0.4 - Vee v (9) 

Input "High" Voltage (2) V1H2 Vcc-0.4 - 10 v (10) 

Output "Low" Voltage VoL loL =0.4 mA - - 0.4 v 
Output "High" Voltage (1) VoH1 -loH = 0.08 mA Vcc-0.4 - - v (11 

Output "High" Voltage (2) VoH2 -loH = 0.01 mA Vcc-0.3 - - v (2) 

Driver Voltage Descending (COM) vd, ld-0.05mA - - 0.4 v (131 

Driver Voltage Descending (SEGI vd, Id= 0.01 mA - - 0.4 v (13) 

Dividing Resistor of LCD Power Rwell 25 - 300 k!l Supply 

Interrupt Input Hold Time tlNT 2• T;nst - - µs (151 

Interrupt Input Fall Time tm~_r_ - - 50 µs (15) 
Interrupt Input Rise Time trlNT - - 50 µs (151 
Output " High" Current loH VoH = 10V - - 3 µA (3) 

V;n -Oto Vee - - 1.0 (3).(9) 
Input Leakage Current l1L 

V;n=Oto10V 3 
µA ~ - -

Pull up MOS Current -Ip Vee= 3V 15 - 80 µA 

V;n =Vee. Vee= 3V 
Rf Oscillation 

Supply Current Ice (f osc = 200 kHz) - - 0.15 mA (5).(12) 
External Clock Operation 
(fcp=200kHzl 

Standby 1/0 Leakage Current HLT l V;n =Oto Vee - - 1.0 µA (6).(9) 
I Ls =0.5V V;n =Oto lOV 3 µA (6), (101 - -

Standby Supply Current ( 1) lccs1 
V;n =Vcc.HLT=0.1V 
Vee= 2.7 to 3.3V - - 6 µA ( 111 

Standby Supply Current (2) lccs2 
V;n =Vee. HCT = 0.1V - - 21 µA (7) 
Vee= 2.7 to 3.3V 
n = 1 (static) 

Frame Frequency of LCD Drive fF 
n = 2 (1/2 Duty) 1 

Hz n = 3 (1/3 Duty) 128 x n x T;nst 
n = 4 (1/4 Duty) 

LCD Display Voitage VLco Vcc-V3 2.5 - Vee v (8) 

External Clock Operation; System Clock ----------------- ------ -------- ----------------·----- - - - - - - - - - . - - - -·-- - - ·- ·- - -· 
External Clock Frequency fcp 40 200 240 kHz 

External Clock Duty Duty 45 50 55 % 

External Clock Rise Time trcp 0 - 0.2 µs 

External Clock Fall Time ttcp 0 - 0.2 µs 
Instruction Cycle Time T;nst T;nst = 4/fcp 16.6 20 100 µs 

Internal Clock Operation (Rf Oscillation); System Clock -------------------- - - -- - - - ---------- ------------- ------- - ·--- . - - - - --- - . T-- - -

Rf= Vee =2.7to 3.3V 150 - 250 
Clock Oscillation Frequency fosc 200k!l±2% Vee =2.7 to 5.5V 150 350 

kHz 
-

Tinst = Vee =2.7 to 3.3V 16 - 26.6 
Instruction Cycle Time T;nst 41fosc Vee =2.7 to 5.5V 11.4 26.6 

µs 
-

Internal Clock Operation (Crystal Oscillation);Clock for Timer 

Clock Oscillation Frequency foscx Crystal 32.768 kHz 
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LCD-III (HD44790, HD44795) 

• ELECTRICAL CHARACTERISTICS-2 1Ta•-20to+75°C) 

Item Symbol Test Conditions 
Value 

Unit Note 
min max 

Halt Duration Voltage VoH HLT=0.2V 2.3 - v 
Halt Current loH 

V;n =Vcc.HLT=0.1V, 
VoH = 2.3V 

- 4.0 µ.A (14) 

Halt Delay Time tHo 100 - µ.s 

Operation Recovery Time tRC 100 - µs 
HCT Fall Time tfHLT - 1000 µs 

HL T Rise Time trHLT - 1000 µs 

HLT "Low" Hold Time tHLT 400 - µs 

HL T "High" Hold Time toPR 
Rt Oscillation, External 

100 - µs 
Cl.ock Operation 

Power Supply Rise Time tree Built-in Reset, HLT =Vee 0.1 10 ms 

Power Supply OFF Time toFF Built-in Reset,Hcr = v cc 1 - ms 

RESET Pulse Width ( 1 I tRST1 External Reset, FRT = V cc 1 .- ms 

External Reset, Vee= 2.7 
to 5.5V, HLT =Vee. 

2•T;nst -(Prescaler Clock = System 
Clock) 

RESET Pulse Width (2) tRST2 
External Reset, Vee= 2.7 

µs 

to 5.5V, HLT =Vee. 32x106/ 
(Prescaler Clock = Crystal foscx 

-
Clock) 

RESET Rise Time trRST 
External Reset, RCT =Vee. - 100 µs 
Vee= 2.7to 5.5V 

RESET Fall Time tfRST 
External Reset,i:fCr =Vee. - 100 µs 
Vee= 2.7 to 5.5V 

(NOTEI 1. Applied to PMOS load of CMOS output pins and CMOS 1/0 common pins among D and A pins. 
2. Applied to CMOS output pins, CMOS 1/0 common pins, input pins with pull up MOS. and 1/0 common pins with pull up MOS 

among D and A pins. 
3. Applied to open-drain output pins and open-drain 1/0 common pins among D and A pins. 
4. Pull up MOS current is excluded. 
5. Applied to the supply current when the LCD-111 is In the reset state and the crystal oscillation for timer doesn't opsrate 

(Currant that flows in the input/ou'~Mircuit and in the po-r supply circuit for LCD is excluded I. 
Test Conditions: RESET, HLT, =Vee (A- State) 

INTo, INT,, Aoo to A.,, Do to Du =Vee 
D14 /XO, D11 /Xl,-D,4 /XO, D.1.1/XI •Vee (Crystal oscillation for timer is nouelectedl 

LD,4 /XO • upan, D11 /XI •Vee (Crvstal oscillation for timer is selected). 
v,,v,,v, •Vee 
COM1 to COM., SEG, to SEGu =Open 

When the crystal oscillation for timer operates, the standby supply current (21 lcCS2 flows in addition to Ice· 
When the LCD·l 11 is installed in the user's system, and in operation currant incra-• according to the external circuitry and devices. 
Those are connected to the LCD-111. User should design the -r supply in consideration of this point (The differance beNM&n 
the meesurad current in the above reset state and that meesurad in the operational state in the user's system ii.the lncreaaed part of 
the supply currant). 

6. Standby 1/0 leakage currant is the leakage current of 1/0 pins in the "Halt" end "Disable" state . 
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1190 

7. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current (2) 
is the supply current at Vee= 3V±10% in "Halt" state in the c- that the crystal oscillation for timer is selected (only the crystal 
oscillator for timer. 5-bit divider and 6-bit prescaler are in operation). 

Ta = -20 to +75° C 

3.0 4.0 4.5 5.0 5.5 6.0 

Vcc<Vl 

8. Power supply condition Vee;,: v, ;,: Va;,: Vs;,: GND should be maintained. 
9. Applied to the following pins. 

(1) Input pin_!,___!£.0 common pins with pull up MOS, and CMOS 1/0 common pins among D and R pins. 
(2) RESET,HLT,OSe1,INT,andlNT1 

10. Applied to open-drain 1/0 common pins among D and R pins. 
11. Current that flows In the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current 

is the supply current at Vee• 3V±10% in "Halt" state in the c- that the crystal oscillation for timer is not selected. The supply current 
when supply voltage falls to the Halt Duration Voltage is called "Halt Current" lloHI· 

12. The supply currant changes as follows according to operating frequency. 

0.6 

max. Vee= 5.5v 
0.5 

0.4 
max. 

< vcc=5V 
Ta= -20 to +75°C 

E typ, 
(J 0.3 
9 

0.2 
max. Vcc=3.3V 

max.} 
typ. Vcc=JV 

0.1 

0 100 200 300 400 500 

fosc or fcp (kHz) 
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LCD-III (HD44790, HD44795) 

13. The voltage that drops between the power supply pins (Vee. V1, V2, V3) and each common or segment output pin. 
14. The supply current at Vee"" VoH ""2.3V in "Halt" state, in the case that the crystal oscillation for timer is not selected. 

Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. 
15. Interrupt inputs must be retained for hvo or more cycles at both "High" and "Low" levels. 

INT0 ,INT, 

• SIGNAL DESCRIPTION 
The input and output signals for the LCD-III shown in PIN 

ARRANGEMENT are described in the following paragraphs. 

• Vccand GND 
Power is supplied to the LCD-III using these two pins. 
Vee is power and GND is the ground connection. 

• RESET 
This pin resets the LCD-III independently of the automatic 

resetting capability (ACL; Built-in Reset Circuit) already in the 
LCD-Ill. The LCD-III can be reset by pulling RESET High. 

Refer to RESET F_UNCTION for additional information. 

• OSC1 and OSC2 
These pins provide control input for the on-chip clock 

oscillator circuit. A resistor, a ceramic filter circuit, or an 
external oscillator can be connected to these pins to provide a 
system clock with various degrees of stability/ cost tradeoffs. 
Lead length and stray capacitance on these two pins should be 
minimized. 

Refer to OSCILLATOR for recommendations about these 
pins. 

• HLT 
This pin is used to enter the LCD-III into the HALT state 

(Stand-by Mode). The LCD-III can be moved into the halt 
state by pulling m::T Low. 

In the halt state the internal clock stops and all the internal 
statuses (RAM, Registers, Carry, Status, Program Counter, etc.) 
are maintained. Consequently power consumption is greatly 
reduced. By pulling HLT high, the LCD-Ill starts operation 
from the status just before the halt state. 

Refer to HALT FUNCTION for details of halt mode. 

• TEST 
This pin is not for user application and must be connected 

to Vee-

• INTo and INT1 
These pins generate interrupt request to the LCD-Ill. 
Refer to INTERRUPT for additional information. 

• V1, V2 and V3 

Power for liquid crystal display are supplied to the LCD-III 
using these pins (Vee~ V1 ~ V2 ~ V3 ~ GND). 

• Roo to Ro3 
These four lines are a 4-bit input channel. 
Refer to INPUT/OUTPUT for additional information. 

• R10 to Ru, R20 to R23 
These 8 . lines are arranged into two 4-bit Input/Output 

common channels. 4-bit registers (data 1/0 register) are attach
ed to these channels. Each channel is directly addressed by the 
operand of an instruction. 1/0 configuration of each pin can be 
specified among Open Drain, With Pull Up MOS, and CMOS 
using a mask option. 

Refer to INPUT/OUTPUT for additional information. 

• R30 to R33 

These four lines are a 4-bit output channel. 4-bit register is 
attached to this channel. This channel is directly addressed by 
the operand of an instruction. 1/0 configuration of each pin can 
be specified among Open Drain and CMOS using a mask option. 

Refer to INPUT/OUTPUT for additional information. 

• Do to D13 
These are 14 discrete signals which can be configured as 

Input/Output lines. 
Refer to INPUT/OUTPUT for additional information. 

• D14/XO, Dis/XI 
D14 /XO and D15 /XI select in the following 3 types with a 

mask option. 
• Discrete 1/0 (common pin) 
• Crystal circuit connecting pins (with internal halt) 
• Crystal circuit connecting pins (no internal halt) 
Refer to INPUT/OUTPUT for additional information. 

• COM1 to COM• 
These pins are common pins for liquid crystal display. 
Refer to LIQUID CRYSTAL DISPLAY for additional in

formation. 

• SEG1 to SEG32 
These are segment pins for liquid crystal display. 
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LCD-III (HD44790, HD44795) 

Refer to LIQUID CRYSTAL DISPLAY for additional in
formation. 

A resistor, a ceramic filter circuit or an external oscillator 
can be connected to OSC 1 and OSC 2 • However, a ceramic 
filter circuit cannot be used on the HD44795. The connection 
methods are shown in Figure I. • OSCILLATOR 

1192 

(1) External Clock 

V1H--~~====:X....l------l..t==== 
112 Vee--__,,.._ ___ ...,... _______ _ 

Oscillator osc, V1L 

Open OSC, 

(2) Resistor 

500 

400 
;:; 
:r 
:!! 300 
ll 
~ 

200 

100 

0 

300 

200 
;;; 
:r 
:!! 

J 
100 

0 

Rt 

trcp tfcp 

•1 Duty = --- x 100% 
Th + T1 

Length of the wirings for OSC, and OSC, 
pins should be minimized because the 
oscillation frequency varies depending 

on the capacitance of these pins. 

~ H044790 

s 
'-.; 

~ 
I---. 

typ, 

100 200 300 400 500 600 

Rf (kSl) 

HD44795 

tvP. <Vee• 5Vl 
tvP· <Vee= av> 

100 200 300 400 500 600 
Rt (kSl) 

Figure 1 Connection Methods for Oscillator (to be continued) 
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• ROM 

LCD-III (HD44790, HD44795) 

(3) Ceramic Filter (This is not applied to HD44795.) 
c, 

~'° il-CJ_.,lllR,._d.._R_f-1 

Ceramic Filter: CSB400P (MURATA) 
Rf 1Mn ± 10% 
C1 330pF ± 10% (ceramic capacitprl 
C. 330pF ± 10% (ceramic capacitor) 
Ra 2.2kn ± 10% 

GND 

Reset at the time of Halt releasing. 
This circuit is the example of the typical use. As the oscillation character· 
istics is not guaranteed, please consider and examine the circuit constant 
carefully on your application. 

Figure 1 Connection Methods for Oscillator 

ROM is used as program and pattern (constants) memory. 
stored in this area. The area is only used to store patterns 
(constants) that are referred in programs by user. 

The instruction used in the LCD-III consists of 10 bits. 

The pattern area is in pages 61 and 62. No program can be 

The program area (instructions can be programmed) consists 
of 2,048 words (64 x 32) of pages 0 to 31. In this area, either of 
programs or patterns can be stored. 

Table 1 ROM Capacity 

Program Area 32 pages 
Pattern Araa 2 pages 
Total Number 2,176words of the words 

(NOTE) 1 page= 64 words 

r----64 words----i 

1F OF 07 30 3E 3F 
Page 0 

1----------l~~P-a.:g~e-1-- Timer/Counter Interrupt Address (Page 0 Address 3F) 
1---------1~~~~-- Input Interrupt Address (Page 1 Address 3FI 

Page 2 

Program Area 

1---""Pa"'t:,;;ta"'r.;.;n..;.A.;;.r.;;aa:....._-11 Page 61 
._ __ .:..;Pa"'tta=r.;.;n.;.A.;;.r;:;aa:....._-1 Page 62 

Reset Address (Page 31Address3F) 

Figure 2 ROM Address Space 
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• PROGRAM COUNTER (PC) 
PC is the counter for addressing the program area of ROM. 

It consists of the page part and the address part as shown in 
Figure 3. 

Page Part ~ r--- Address Part ---..,_ 

Figure 3 PC Structure 

• Page Part (5-bit registerl 
Once a certain value is loaded into a page part, it is unchang

ed until other value is loaded by the program. Any number 
among 0 to 31 can be set in the page part. 

• Addr811 Part (6-bit counter) 
The address part consists of a random sequential counter 

and this counter counts up for each word, that is, one instruc-

Table 2 Sequence of the PC Address Part 

Decimal Hexa- Decimal Hexa- Decimal Hex a-
decimal decimal decimal 

63 3F 5 05 9 09 
62 3E 11 OB 19 13 
61 3D 23 17 38 26 
59 38 46 2E 12 oc 
55 37 28 1C 25 19 
47 2F 56 38 50 32 
30 1E 49 31 37 25 
60 3C 35 23 10 OA 
57 39 6 06 21 15 
51 33 13 OD 42 2A 
39 27 27 18 20 14 
14 OE 54 36 40 28 
29 1D 45 2D 16 10 
58 3A 26 1A 32 20 
53 35 52 34 0 00 
43 28 41 29 1 01 
22 16 18 12 3 03 
44 2C 36 24 7 07 
24 18 8 08 15 OF 
48 30 17 11 31 1F 
33 21 34 22 
2 02 4 04 

Page Fart 

(PCI 

tion cycle. All instructions except the pattern instruction are 
executed in one cycle. (While the pattern instruction is executed 
in two cycles.) 

The sequence indicated in decimal and hexadecimal is shown 
in Table 2. This sequence forms a loop and has neither the 
starting nor ending points. It generates no overflow carry. 
Therefore, instructions on a same page are executed in order 
unless the contents of the page part is unchanged. 

• PATTERN GENERATION 
The pattern (constants) can be assigned into ROM for user's 

reference in program. It can be written both in the program 
area and the pattern area. 

Pattern reference is performed by the instruction of pattern 
(P) in the program. 

ROM Addressing for the pattern reference is performed by 
modifying PC with A, B, C (F/F), and the operand p. The 
modifvin2 scheme is shown in Fi2ure 4. The address oart is re
placed by.the contents of A (Accumulator) and the lower 2 bits 
of B. The page part is logically ORed with the PC, the upper 
2 bits of the operand is for referring to the pattern area. When 
the upper bit is preset to I, the pattern area is referred, and it 
is preset to 0, the program area is referred. Non-existing ROM 
area can not be referred. 

The value of PC is only modified apparently and is not 
changed. Then the address is counted up after the execution 
of P instruction and the next instruction is executed. The 
execution time of this instruction is 2-cycle time. Moreover, 
an instruction just after this instruction is masked. 

The bit pattern of referred ROM address is generated as the 
following two ways. 

(i) The pattern is loaded into A and B. 
(ii) The pattern is loaded into the output ports R2 and R3. 
The command bits (09 , 0 10 ) in the pattern determine which 

way is taken. Mode (i) is performed when 0 9 is "I" and mode 
(ii) is performed when 0 10 is "I". Mode (i) and (ii) are simul
taneously performed when both 09 and 010 are "I". The 
correspondence of each bit of the pattern is shown in Figure 5. 

In the program run, the pattern can not be distinguished 
from the instruction. When the program is running at the 
address written as a pattern by user, the instruction corre
sponding to the pattern bit is executed. 

Therefore, when the pattern is written in the pattern area, 
the instruction must not be executed. 

Address Part --~ 

PC, PC, 

Figure 4 ROM Addressing for Pattern Reference 
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c~~~-~J Bo >.: 81 Bo Ae A, A2 Ao I A and B 

(Note) A's significance is inverted. 

[~~=~~IR~: Ru: R22: Rul Rm: R.: Ra: R.,IR2andR3 

(Note) The significance of R2 and R3 is inverted. 

Figure 5 Correspondence of Each Bit of the Pattern 

• BRANCH 
ROM is accessed according to the PC sequence and the pro

gram is executed. In order to jump to an optional address out 
of the sequence, there are four ways. 

(i) Branch to an address in the same page 
(ii) Page jump 

(iii) Branch to an address in any page (combination of (i) 
and (ii)) 

(iv) Branch referring to the data (Table Branch) 

LCD-III (HD44790, HD44795) 

• Branch to an address in the same page (BR) 
The lower 6 bits of ROM output (operand a, 0 6 to 0 1 ) are 

transferred to the lower 6 bits of PC (address part). This instruc
tion is a conditional statement and executed only when the 
Status is "l ". If it is "O", the instruction is skipped and it be
comes "1" 

ROM : B: R 

• Page Jump (LPUI 

06 _,___,,,, 01 

I : : ~ '. : I 
tt++++ 

The lower bits of ROM output (operand u, 0 1 to 0 5 ) are 
transferred to the upper 5 bits (page part) of PC with delay by 
one cycle time. Therefore, at the cycle just after this instruc
tion, the page remains unchanged and the page jump is perform
ed at the next cycle. 

This instruction is a conditional statement and executed only 
when the Status is "l ". But the Status is unchanged (remains 
"O") even if it is skipped. 

o, --o. 

PC : p~ge ~art: 

(NOTE) Operand u can be 0 to 31 

Interrupt is disabled for one instruction cycle time imme
diately after LPU instruction in spite of interrupt enable condi
tion. Interrupt request is latched into the interrupt request 
F/F. LPU instruction is normally used as a macro instruction 
of BRL and CALL. 

If it is used singly, page is changed after the execution of 
the instruction just after LPU. Address part of PC follows the 
usual sequence. 

• Branch to an Address in Any Page (BRLI 
This is a macro instruction composed of LPU + BR divided 

into two steps as follows. 

BRL a-b-+ LPU a 

(Jump to address b on page a) BR b 

This is also conditional statement like LPU and BR, and 
executed only when the Status is "l ". If it is "0", the instruc
tion is skipped and it becomes "l ". 

• Branch Referring to the Data (TBR : Table Branch) 
PC is modified by accumulator, B register, C(F/F), and the 

operand p. The address part is replaced by accumulator and the 
lower 2 bits of B register. The page part is logically ORed with 
the ·upper 2 bits of B register, C(F/F), and the operand Pt, Po. 
This instruction is executed irrespectively of the Status . 
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( Data for ' 
modification/ 

!PC) Pc. PC, PC, . PC, PCo 

(PC after TBR 
Instruction) 

PC10 PC9 

+p, +p. 

PC, PC, PC6 
B, Bo A3 +C +B, +82 

Figure 6 Modification of FC by TiiR innruction 

The method of the modification of PC by TBR is the same as 
that of pattern instruction. But the content of PC is changed 
because TBR is a jump instruction. Interrupt is disabled for one 
instruction cycle time immediately after TBR instruction inspite 
of interrupt enable condition. Interrupt request is latched into 
interrupt request F/F. 

(NOTE) The upper bit (p,) of the operand p should be "O" 
because it indicates the pattern area. The value of 
operand p should be Oto 3. 

• SUBROUTINE 
There are two kinds of subroutine jump. 
(i) Subroutine jump to an address in a subroutine space 

(CAL) 
(ii) Subroutine jump to an address on any page (CALL) 
Here, the subroutine space means page 0. 

• Subroutine Jump to an Address in a Subroutine Space 
(CALI 
PC is pushed on the stack in the following order. 

PC+ 1 -+ STl -+ ST2 -+ ST3 -+ ST4 

The page part of PC is 0. The lower 6 bits of ROM output 
(Operand a, 0 6 to 0 1 ) are transferred to the lower 6 bits of 
PC (Address Part). 

(NOTE) "PC+!" does not mean the added address by 1, but the 
next address to the CAL instruction address in the 
sequence of PC address part. Refer to the sequence 
(Table 2) in PC address part. 

CAL instruction is a conditional statement. It is executed 
only when the Status is "I". If the Status is ''O", this instruc
tion is skipped and the status becomes "I". Interrupt is disabled 
for one instruction cycle time immediately after CAL instruc
tion in spite of interrupt enable condition. Interrupt request 
is latched into the interrupt request F/F. 

The condition of PC when pushed on the stack during the 
execution of CAL instruction is shown in Fig. 7. 

ROM C!'-L a 

0 0 0 0 0 

PC 
PC+1 

ST1 

ST2 

ST3 

ST4 

Figure 7 The condition of PC when pushed on the stack 
during the execution of CAL instruction 

• Subroutine Jump to an Address on Any Page (CALLI 
This is a macro instruction of LPU+CAL. The subroutine 

jump to any address on the page specified by LPU is possible. 

CALL a..,.b -+ LPU a 

(Subroutine jump to address b on page a) 

CAL b 

This is a conditional instruction like LPU and CAL, and 
executed when the Status is "!". If the status is "0", this 
instruction is skipped and the Status becomes "l ". 

• Raturn IRTNI 
Return from subroutine is performed by RTN instruction in 

the following sequence: 

ST4-+ ST3-+ ST2-+ STl -+PC 
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Since the next address to PC is pushed on the stack register 
(ST!) during the execution of subroutine jump, the address 
next to the subroutine jump instruction (CAL instruction) is 
pulled into the PC at execution of RTN. 

(NOTE) Up to 4 levels are available for subroutine levels (nest
ing) including interrupt level. Note that when counting level 
numbers, interrupt servicing is a kind of subroutine jump and 
should be included in the numbers. (When subroutines are used 
up to the maximum level, interrupt must be disabled condition 
during executing the last level subroutine. An interrupt, if 

Example of Program 

Subroutine $ Subroutine 

~ => I 
I 
I 

~ I 
I 

I I 
I I I 
I I 

~ 
I 

~ 

~ 
I 
I 

K y 15 14 13 12 11 10 9 8 7 6 5 4 3 

x~ 15 14 13 12 11 10 9 8 7 6 5 4 3 

0 0 

- -
N N 

M M 

.. .. 
"' "' 

"' "' 
.... .... 

i "' co 

"' "' .. M N - ~ "' "' .... "' "' .. M 

i "' tc -a: a: a: a: a: a: a: a: a: a: a: a: 
N :::;: :::;: :::;: :::;: :::;: > :::;: :::;: :::;: :::;: :::;: :::;: :::;: 

file No. 

2 

2 

N 

a: 
:::;: 
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occurred, destroys the contents of the stack register. Execution 
of REIE and CAL to make interrupt disabled during the execu
tion of the last level subroutine, is not recommended, because 
the same number of REIE instruction as subroutines is required. 
To solve this problem number of steps can be reduced by 
executing REIE instruction at the start of the subroutine. as 
shown in the following instruction, utilizing the fact that any 
interrupt is disabled for one instruction cycle time immediately 
after CAL instruction. This method is also effective to inhibit 
an interrupt during subroutine execution. 

• RAM 
RAM is the memory used for data storage and register save 

(data RAM) and storage of segment data for liquid crystal 
display (display data RAM). One unit (digit) consists of 4 bits 
and there is a total of 160 digits ( 640 bits). 

(NOTE) Capacity of display data RAM varies corresponding to 
the duty ratio of LCD. 

Addressing of RAM is performed by the matrix of the file 
number and the digit number. There are l 0 files and 16 digits 
in the matrix. Normally the file No. is set in the X register 
and the digit No. is in the Y register, then the matrix of X and 
Y addresses RAM and performs the Read/Write operation. 

Special digits in RAM can be addressed without using X and 
Y. These digits, 16 digits (MRO to MRI 5), are called Memory 
Register (MR). Memory register can be exchanged for A register 
By XAMR instruction. RAM address space is shown in Figure 8. 

1 0 

1 0 

- 0 

a: a: 
:::;: :::;: 

+-digit No. 

* The area marked as C=1 is 
usable only for data. 

* The area marked as c=J is' 
usable for both data and 
display. 

• The file 8 is selected when 
X register has any value among 
8 to 11,and the file 9 is 
selected when 12 to 15 . 

Figure 8 RAM Address Space 
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If an instruction consists of a simultaneous Read/Write 
operations of RAM (exchange of RAM and a register), the 
writing data doesn't affect the reading data because the read 
operation precedes the write operation. 

RAM bit manipulation is usable, which performs any bit 
set, reset or test of the addressed RAM. Bit assignment is made 
by the program as shown below. 

23 22 2' 20 n Bit assignment No. 

: :01 0 M(O) 

:o: I M(l) 

I '11' 
2 

.... ,,... 
I ,LJ, IVl\£1 

10: : 3 M(3) 

The bit test makes the status "I" when the assigned bit is 
"I" and makes it "O" when the assigned bit is "O". 

• REGISTERS 
The LCD-III has six 4-bit registers and two I-bit registers 

available to the programmer. I-bit registers are Carry F/F and 
Status F /F. They are explained in the following paragraphs. 

• Accumulator (A; A Register) and Carry F/F (C) 
The result of ALU operation ( 4 bits) and the overflow of 

the ALU are put into the accumulator and Carry F/F respective
ly. Carry F/F can be set, reset or tested. Combination of the 
accumulator and Carry F /F can be right or left rotated. The 
accumulator is the main register for ALU operation and Carry 
F/F is used to store the overflow generated by ALU operation 
when the calculation of two or more digits (4 bits/digit) is per
formed. 

• B Register (B) 
The result of ALU operation (4 bits) is put into this register. 

B register is used as a sub-accumulator to stack the data tempo
rarily and also used as a counter. 

• X Register (X) 
The result of ALU operation ( 4 bits) is put into this register. 

X register is exchangeable with SPX register and addresses the 
RAM file. 

• SPX Register (SPX) 
SPX register is exchangeable with X register. 

SPX register is used to stack the contents of the X register and 
expand the addressing system of RAM in combination with X 
register. 

• Y Register (Y) 
The result of ALU operation (4 bits) is put into this register. 

Y register iS exchangeable with SPY register. Y register can 
calculate itself simultaneously with transferring the data by bus 
lines, which is usable for the calculation of two or more digits 
(4 bits/digit). Y register addresses th~ R_A_\.!: digits ~!!d !-b!t 
discrete input/output common pins. 

• SPY Register (SPY) 
SPY register is exchangeable with Y register. SPY register 

is used to stack the contents of the Y register and expand the 
addressing system of RAM and I-bit discrete input/output 
common pins in combination with Y register. 

• Status F/F (S) 
Status F /F latches the result of logical or arithmetic opera

tions (Not Zero, Overflow) and bit test operations. Status F/F 
affects conditional instructions (LPU, BR and CAL). These 
instructions are executed only when Status F /F is "I". If it 
is "O'', these instructions are gkipped and Status F /F becomes 
"l". 

• INPUT/OUTPUT 
• Discrete 1/0 (D Pin) 

The discrete I/O is composed of I-bit latch and 1/0 pin. 
Figure 9 shows the basic block diagram. 

Reset signal by reset function 

On 

Figure 9 Discrete 1/0 Block Diagram 
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Reset Signals by Reset Function 

Sat Instruction ---.-i....., 
Reset instruction --T---t o.-o .. 

Set instruction 

Overflow output --<>ill 
pulse from pre. 
scaler 
Untarnal halt 
release signal) 

"O" 

o .. 1xo 

0 15 /XI 

5-blt frequency divider 
Clock for 1.024Hz 
prescaler +32 

Crystal oscillator 
for timer (32.768kHzl 

Figure 10 Mask Option of D14 and D15 

D0 to D13 are discrete I/Os of common for input and output, 
D14 and D1s require 3 types of mask option. 

If there is internal halt mode, latch of D1s is used as a regis
ter for internal halt mode specially. 

In such case, since D15 means internal halt state and D1s = 
"1" means operating state, LSI can be in internal halt state by 

resetting Dis using an instruction. The prescaler keeps its 
operation in internal halt state. Therefore, DIS may be set by 
overflow output pulse from the prescaler to return to operat
ing state. Refer to HALT FUNCTION for details of internal 
halt mode. 

Table 3 Mask Option of D14 /XO and D15 /XI Pins 

Mask Option a b c d Function of Function of D14/XO 
D14/XO and D1s/XI and D15 /XI latch 

1 Unselectable crystal oscillation for short open discrete 1/0 Output Latch timer (no internal halt) (common Pin) 

2 
with internal ------1-- Selectable crystal halt open short Crystal 

oscillation for open short Circuit 

3 timer no internal halt Connecting D15 ; register for 
Pin internal halt 

CNOTEI Usars can specify this mask option in ''The format of 1/0 channels" at ROM order. 

Discrete 1/0 is addressed by Y register, and the set/reset 
instruction is executed for the addressed latch. Level ("O" or 
"1 ") of the addressed pin and 1 bit register can be tested. 
The test is executed by performing wired OR between the out
put of the latch and the pin input. Therefore, in the case of the 

I/O common pins, the output latch should be in the high impe· 
dance state when the test instruction is executed. In order to 
test the pin input, it is necessary the state that the output latch 
should not affect the pin input. 
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/One Instruction Cycl~ 

Dn Set/Reset 
Instruction 

[ 
~~t;O::ion I--

TD Instruction --+---------i---------+-------~"' I-
On Sampling 

Pulse 

Figure 11 Timing Chart of Discrete 1/0 

• Data 1/0 (R Pini 

Table 4 Data 1/0 for the LCD-I I I 

1/0 common channel R1,R2 (2 channels) 

Input channel RO (1 channel) 

4-bit register (data 1/0 register) is attached to each 1/0 
common channel and output channel. No register is attached to 
input channel. Addressing to all channels is performed by 
programs (addressed by operands in instructions). 

Output channel (1 channel) 
Figure 12 shows the block diagram of each channel. 

RJ 

Total 4 channels 

(NOTE) In addition to the abow, R4, R5 and R6 are provided as 
register setting liquid crystal display mode. In these registers, 
there is no pin and exists only data 1/0 register each, 
which controls liquid crystal display mode. Data is transferred 
to R4, R5 and R6 by LAA or LAB instruction, same as data 
transfer to data 1/0 registers of R1, R2 and RJ. For details of 
R4, R5 and R6, refer to LIQUID CRYSTAL DISPLAY. 

Input 

o;.,,., ( o ... Shift clock 
!CL1I 
Alterneting 
1ignal \M) 

,..----... 
I ' : 2•_,:.__ __ _,0 R., 

I :22 : OR02 
A,B I 

Register : 2' 0 R., 

To 

: 2" O Roo 
I ' 
'----~ 

Output 

o ... ( :: ,. 
;> 

G1te for 1xch9nging the output reginer 
1ign11I end the di1pl1y d1U1 1ign1I 1c:cording 
to the contents of Rn 

Output 

ROM pattern or data 
,.. ----------
' I 

To A end 8 ret11t.r 

R4a="1" 
deU 1/0 regi1ter 
1ign1I 

Ru"' "O" 
Di1pl1y dlte 
1ivn1I 

Ru 

] .. -Ru 

Ru 

R .. 

Jn put 

' I 

::: ) R2 .... nnol 

t--i::>o+-.++---<:J R,. 

Cil--11:>o-i,.-1-++-o R. 

~--1----- __ J 

1200 

Setell bits to "1" 
by reset function. 

f'igure 12 Data 1/0 Block Diagram 

~HITACHI 

i -
' ' 

Setallbitsto"1" I '2° 21 22 2': 
by reset function. ~------J 

Input 

To A and 8 rtgitter 
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When expansion of segment signal for liquid crystal display 
is designated by a program (Register ~2 = "O"), RI is used as 
a display data output pin. This prohibits RI to be used as an 
1/0 common channel by users (Refer to Figure 12, RI channel). 

If LRA or LRB instruction is executed at the time, data is 
transferred to data 1/0 register, but the contents of data 1/0 
register is not output from RI. If LAR or LBR instruction is 
executed, display data is input to accumulator (A register) or 
B register. 

Data is transferred from the accumulator (A register) and B 
register to data 1/0 registers Rl, R2, and R3 through the bus 

LAA, LAB [ 
Instruction 

LAA, LBR[ 
Instruction 

-

-

/ ne nstruct1on ye~ 0 I C I 

Rn Output 
Instruction 

Rn 

Pattern Genera" 
tion Instruction 

R2,R3 

LCD-III (HD44790, HD44795) 

line. In addition, ROM bit patterns can be transferred to R2 
and R3 by pattern generation instruction. 

Input instructions input 4-bit data to the accumulator (A 
register) and B register through the channels RO, Rl and R2. 
However, in the case of 1/0 common channels R2 and R3, 
since data 1/0 register outputs are connected to pins, input 
is executed by performing wired OR between the register 
output and the pin input. For this reason, to input pin input 
signal, registers must be set to a state that would not affect 
the pin input. 

(second cycle} 

Rn Input Instruction I--

Rn Sampling Pulse 

Figure 13 Data 1/0 Timing Chart 

Pay attention: When executing an input instruction to 
output channel, the microcomputer reads unstabilized value 
causing malfunction of the program. 

When executing an input instruction (LAR and LBR) from 
the data 1/0, pay attention to time allowance after executing 
an output instruction. At the time, the input sampling pulse 
is generated during the first half of the instruction cycle. 
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1202 

1 Instruction Cycle 
L... ...... 

Dn Set/Reset - Instruction 

On 

Rn Input 
Instruction 

Rn Sampling Pulse 

I ~ 
L Pay attention to time allowance in such system as an external circuit 

is operated by Dn to read the result from Rn. 

Applied Pins: INT0 , INT,, Roo to Ros 

No Pull up MOS 

Vee 
With Pull up MOS (PMOS) 

OIO•~• [~~--r 1/0 Enable _J Enable i PMOS 
I PMos: : 

vcc110 ~--".'i~_!::--~ 

' NMOS 
' ' ' ' 
~---- __ J 

I 
I 

NMOS 
: Input 

, : circuit 
L------.J 

Figure 14 Configuration of Input Pins 

Applied Pins: R., to R., 

No Pull up MOS 

(Open Drain) 

1/0 Enable _i,p 
CMOS Output 

Vee 

110L6 
~~NMO; 

Figure 15 Configuration of Output Pins 
Applied Pins: Do to Du, 014/XO, Du/XI, Rio to Ru, R,o to R,. 

With Pull up MOS IPMOS) 

Vee Vee 

PMOS r--f.--JMOS 
I ' 

---- I 
I I 
I I 
I I 

: N_MOS 
I I 
L.----.J 

NMOS t--:-- ~~~~it 

I Input 
Circuit 

1/0 
Ena~e 

~ 
Figure 16 

1/0 Enable (NOTE) In case that CMOS is chosen, external 
input signal cannot be applied. 

Configuration of Input/Output Pins 
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• TIMER/COUNTER 

LCD-III (HD44790, HD44795) 

Discrete 1/0 
output latch 
~-----1 

' o ~·---o t ___ l:_J 
Discrete 1/0 
output latch 
1-----, 

~-,.-,.-,.-.-, h-.,-,-,.-,.-... -----': 011 
!"": --+--<-:,[i~>-<.r._ _ _..., 

signal (011 output latch '- - - '"' - _. 
set signal) 

5-bit divider 32.768kHz 
Crystal 
circuit 

Figure 17 Timer/Counter Block Diagram 

Timer/Counter Block Diagram is shown in Figure 17. 5-bit 
divider divides the crystal oscillation (32.768kHz) by 32 and 
generates clocks of I ,024Hz in the crystal oscillation mode. 
It does not stop in the halt state. Prescaler divides the system 
clock (instruction frequency) or l ,024Hz cfock by 64 and 
generates overflow output pulse of "Instruction frequency I 
64Hz" or 16Hz. In the crystal oscillation mode, it does not 
stop during halt state. The input of the 4-bit counter is over
flow output pulse of the prescaler or a pulse of INT, pin. 
Input selection is determined by CF state. Data can be ex
changed between the counter and bus by LTI, LTA or LAT 
instruction. TF is a flip-flop which masks the interrupt of 
timer/counter. 

The timer is operable in 2 modes (timer mode and counter 
mode) depending on what to count, and the mode is selected 
by programs. 

• TimerMode 
The 4-bit counter counts prescaler overflow output pulses. 

One of the following two can be selected as the prescaler count 
clock by the mask option. 
1. System clock (Instruction frequency) 
2. l ,024Hz clock (Crystal oscillation for timer is selected.) 

LSI 
state 
Dis output 
latch (internal 
halt register) 
Prescaler 
overflow output 
pulse (internal 
halt release 
signal) 

Internal halt state 

Clock obtained by dividing the crystal oscillation (32.768kHz) 
for timer by 32. Crystal oscillator is constructed between D 
pins of D14 and Dis : 

Note I) In this case, the overflow output pulses from the pre
scaler are I 6Hz. These pulses are counted by the 4-bit 
counter to generate an interrupt (16Hz to !Hz). 

Note 2) In this case, the part marked with~in Figure 17 
Timer/Counter does not stop even in halt state. When 
using "internal halt mode", internal halt state is gener
ated by resetting the register for internal halt mode 
(D latch: D1s) by an instruction (D 1s = "O": internal 
halt state, D1s = "!": operating state), and all the 
operation stop. In this case, overflow output pulse 
from the prescaler work as the internal halt releasing 
signal and set the D1s output latch. 
By utilizing this function, intermittent operation is 
possible, that is, program execution for necessary 
processing (for example, counting for clock function) 
starts after every 62.5 msec (J6Hz) and the LSI stops 
after execution of the program by an instruction 
which makes the LSI into internal halt state. This 
reduces the time in which the LSI operates, resulting 
in power consumption in substance. 

Internal halt state 

LY I 15 and A ED instructions (These are used to reset 0 15 output latch 
and make the LSI internal halt state.I 

Figure 18 Set/Reset Operation Using Crystal Oscillator for Timer 
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• Coun111r Mode 
Counts pulses of INT 1 pin. 

(Note) The width of INT1 pulse in the counter mode must 
be at least 2-cycle time for both the "High" and 
"Low" levels. 

• INTERRUPT 
There are interrupt caused by the timer/counter or the 

INTo 

INT, 

inputs. Each interrupt factor has the interrupt request F/F and 
the request is latched into this flip.flop when it is generated. If 
an interrupt request can be accepted, the interrupt is generated. 

It is controlled by Interrupt Enable F/F (I/E F/F) whether 
an interrupt can be accepted or not. 

Figure 19 shows the interrupt block diagram and Figure 20 
shows the interrupt timing chart. 

Interrupt 
Request 

of Timer/Counter 
IFO or IF1 is flip·flop (F/FI where the set has priority over the reset. 

Figure 19 Interrupt Block Diagram 

The status is unchanged. (The interrupt is different from 
general CAL in regard to this matter.) 

Stacking of registen is performed by the program. Returning 
from the interrupt routine is performed in the same way as that 
from normal subroutine. But it is convenient to use RTNI (Re· 
tum Interrupt) which sets the I/E simultaneously with RTN. 

An interrupt is generated irrespectively of the condition of 
stack registen, so enough stack registen are needed. 

TF, IFO, or IFl is flip.flop where the set has priority over 
the reset. It is not reset when the reset instruction is issued 
simultaneously with OVF of the timer/ counter or the leading 
edge of the input, though the interrupt request is generated 
and latched into I/RI or I/RT. 

. The interrupt servicing caused by the interrupt generation 
is basically the subroutine jump and the jumping location in 
memory is f1Xed as: 

Interrupt of the timer/counter Page O Address 3F (00-3F) 
Interrupt of the inputs Page I Address 3 F (O 1-3 F) 
In addition, 

The saving operation of PC -+ ST! -+: ST2 -+ ST3 -+ ST4. 

l/E reset 

• Interrupt of the Inputs 
Two pins INT 0 and INT 1 have me interrupt request func· 

tions. They have the leading pulse generation circuit and the 

interrupt mask F/F (IFO, IFI). When IFO or IFl is reset, the 
interrupt request is able to generate interrupt mask release. 
When INT 0 or INT 1 changes from "O" to "l" ("Low" level -+ 
"High" level), the leading pulse is generated and generates the 
interrput request. When IFO or IF! is set, the interrupt" is 
masked. 

The interrupt request generated by the leading pulle is 
latched in the interrupt request F /F on the input side (I/RI). 
If interrupt Enable F/F (I/E) is "l", the interrupt is generated 
immediately and I/RI is reset. But if Interrupt Enable F /F 
(I/E) is "O", I/RI is held at "I" level until it gets into the 
Interrupt Enable state. 

IFO, IFl, INT0 and INT1 can be tested by the program. 
Therefore, they can also be used as normal input pins or latch 
pins of momentary pulse input. 

The interrupt pulse width (at both "High" and "Low" 
levels) should be more than two-cycle. 

• ln111rrupt of the Timer/Coun111r 
The int"rrupt request of the timer/counter is latched into 

the interrupt request F/F of the timer (I/RT). Then I/RT 
operates in the same way as I/RI, but the interrupt of the 
input has priority over that of the timer. Therefore, the input 
interrupt is serviced when both I/RI and I/RT are at "I" 
level (interrupt requests are simultaneously generated). During 
the input intemipt, I/RT remains set. Thus, after the input 
interrupt, the timer/counter interrupt can be serviced. 
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J 
15-63 0-0 0-1 0-2 0-3 

n 0 0-3F p q 

Instruction Subroutine Instruction Instruction Instruction 
in Address n Jump in Address in Address p in Address q 

(0-.STl) 0-3F 

)'.. 

/I 

.)'" l\ 

,I'! INT 
Processing l\. 

m n 1-3F p q 

Instruction Subroutine Instruction Instruction Instruction 
in Address m Jump in Address in Address p in Address q 

(!H6T1) 1-3F 

:-: Sampling 
· ~-- clock 

./ 

v 1'.. 

INT 1'.. 
Processing 

Figure 20 Interrupt Timing Chart 

• LIQUID CRYSTAL DISPLAY 

• Liquid Crystal Display Circuit 
The LCD-Ill can directly drive the liquid crystal display 

panel of static, 1/2 duty factor, 1/3 duty factor and 1/4 duty 
factor. 

The LCD-Ill has 4 common signal pins and 32 segment 
signal pins_ Further, if liquid crystal driver LSI (HD44 l OOH) 
is connected to the LCD-III, up to 96 segment signal pins can 
be extended externally. Thus, in addition to the internal 32 
pins, total 128 segment signal pins can be driven. 
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LCD-III (HD44790, HD44795) 
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Figure 21 Liquid Crystal Display Circuit Block Diagram 

Display is automatically executed by writing segment data 
into RAM. The RAM reads segment data bit by bit sequentially 
every one instruction cycle upon receiving address signal from 
the display counter and the control circuit. Every time common 
signal is scanned, the RAM reads 128-segment data (SEG1 to 
SEG128 ), which corresponds to common signal selected at the 
next time. In the HD44790, scan of common signal is executed 
every 256-instruction cycle. Therefore, the data which cones
ponds to 128-segment is read twice at the same time. And in 
the HD44795, scan of common signal is executed every 128-
instruction cycle. Therefore, 128-segment data is read. The 
serial data read is converted to parallel data by the shift register 

and latch, converted to LCD drive signal by the liquid crystal 
driver and the output from a segment pin. 32-segment (SEG1 

to SEG32 ) out of 128-segment serial data is used within the 
LCD-III, and the rest (96-segment) is output to the liquid 
crystal driver LSI HD44 l OOH which is connected to the LCD
III and is converted to the LCD drive signal in the HD44100H 
at the time of designation of with liquid crystal segment output 
extension. Cycle of the latch clock is 256-instruction cycle in 
the HD44790 and 128-instruction cycle in the HD44795. In 
the case of dynamic drive, data at the common side changes 
synchronously with the latch clock. These display operations 
are all executed regardless of program. 
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LCD-III (HD44790, HD44795) 

(H044790) 

256 Instruction Cycle,--------
Ona Instruction Cycle 

Serial Data 

Shift Clock 

Latch Clock 

Alternating _J 
Signal (M) 

(HD44795) 

1-- 128 Instruction Cycle ---I 
One Instruction Cycle 

Serial Data 

Shift Clock 

Latch Clock 

Alternating 
Signal (M) J 1~1-----' 'l._ _ ___,,l__s-

Figure 22 Liquid Crystal Display Circuit Time Chart (To be continued) 
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LCD-III (HD44790, HD44795) 

One Instruction Cycle 

Serial Data 

Shift Clock 

Shift Resister 

Latch Clock 

Segment Data 

HD44790; 256 Instruction cycle-~---

Static ~D4~795; ~2e :u;-;:;uo:-.:k;u \;yi;:c 

COM, 

COM2 

COM3 

COM4 

1 /2 Duty 

COM, 

COM, 

COM, 

COM4 

1/3 Duty 

COM, 
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COM3 

COM. 

1/4 Duty 

COM1 

COM2 

COM, 

Figure 22 Liquid Crystal Display Circuit Time Chart 
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LCD-III (HD44790, HD44795) 

• Liquid Crystal Display Mode Setting Registers 
For selection of the liquid crystal display mode, data 1/0 registers of R4, RS and R6 are used. 

Table 5 Function of Liquid Crystal Display Mode Setting Registers 

R., R40 Function 

0 0 Static 
Selection of liquid crystal 0 1 1/2 duty display duty factor (R40 , R.tl 

1 0 1/3 duty 

1 1 1/4 duty 

Designation of with or without R•2 Function 

I iqu id crystal segment output 0 To be extended (Outputs display data from Channel Rl t 
extension (R42t 1 Not to be extended (Channel Rl becomes an ordinary 4-bit data 1/0.t 

R60 Function 

Liquid crystal display blanking 0 Outputs RAM data for liquid crystal display as segment signals. 
signal ( R60 ) Segment signals become non-selection status (blanking) regardless of 1 

RAM designation for liquid 
crystal display (R 50 , Rstl 

RAM data for liquid crystal display. 

Rs1 Rso Function 

Function varies with liquid crystal display duty factor. 

(NOTE) LiQuid crystal display mode at resetting 
Since all bits of registers R4, R5 and RS are set to "1" by the reset function, display mode after resetting becomes as shown below: 

Liquid crystal display duty factor: 1/4 duty (R 40 = "1 ", R4 , = "1 ") 
Liquid crystal segment output extension: Not extended (A,,.2 = ''1 '') 
Designation of liquid crystal display blanking: Display blanking (R,0 = "1 ") 

• Relation between Display RAM and Segment Data 

In the LCD-III, 4 types of display duty factor (static, l /2 
duty, 1/3 duty, and 1/4 duty) can be selected by programs, and 
correspondence between RAM bits and segment data changes 
according to these duty factors. 

LR., 
[ Roo 

6 

1 

0 
0 

RAM Address 

x 

4 2 I 0 

5 3 1 

I 
0 1 1 

1 0 1 

y 

0 
1 
2 

3 
4 

5 
6 
1 

6 
9 
10 
11 
12 
13 
14 
15 
0 
1 
2 

3 
4 

5 
6 
1 

8 
9 
10 
11 
12 
13 
14 
15 

2' 

SEG .. 
SEGo 
$EGu 
SEG16 

$EG,. 

SEG24 
SEGn 
SEG:n 
SEGn 
SEG.ao 

SE Gu 

SEG,.. 
SEGu 
SEGise 
SE Geo 
SEGt-4 
SE Gee 
SEG12 
SEG1e 
SE Geo 
SEGM 
SE Gu 
SEG12 
SEG11 
SEG100 
SEG104 
SEG1ot 
SEG112 
SEG111 
SEG120 
SEG1H 
SEG121 

(NOTE) 

RAM 

2' 2' 2' 

SEG, Sf.Ga St:G, 
St;G, SEG, SEG, 

SEGu SEG1q SEGt 
SEG1 ;-. SEG,,. S!G11 
SEGt'I SEQ·t• SEGn 
SEG,, sei;,. SEG:t1 
SEG., SEGat SEGn 
SEG:a:1 SEG,. SEGat 
SEG35 SEG,,. SEG33 
SEG31 SEG31 SEG31 

SEG.u SEG,2 SEG"1 
SEG,1 SEG,e SEG-41 
SEGis1 SEG&0 SEG,si 

SEG515 SEGM- SE Gu 
SEG51 SEG&e SEGis1 

SE Gu SEGe2 SEGe1 

SEGe1 SE Gee SE Geis 

SEG11 SEG10 SE Gee 

SEG1s SEG1, SEG73 

SEG11 SEG11 SEG11 
SEG1s SEG12 SEG11 

SEG11 SE Gu SEG15 

SEG11 ~EGoo SEG1t 

SEGH SEG,. SEG13 

SEGn SEG11 SEG11 

SEG103 SEG102 SEG101 
SEG101 SEG1ot SEG1oe 

SEGm SEG110 SEG1ot 
SEG111 SEG11• SEG1u 

SEG111 SEG111 SEG111 

SEGus SEG122 SEG121 
SEG121 SEG121 SEG1215 

The SEG,. to SE G1u are 
ts. extended segmen 

Figure 23 Relation between RAM for LCD & Segment Data (Static) 
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LCD-III (HD44790, HD44795) 

1210 

~--=RA~M~A~d~d~,-.,-,-~~-.---~-- ______ R_A_M-----~ 

6 4 

5 

4 6 

x y 2 3 2 2 2' 2° 

0 

3 

0 

3 

0 

4 

8 
9 

SEG• SEGo SEG. SEa1 I-- COM, 

SEO. sea. SEG2 SEG1 I-- COM2 

SEGe SEG1 SEGa SEO. I-- COM1 
sea. SEG1 SEGe j l>l:lls 1-- COM2 
SEG12 SEa11 SEGto SEO. r COM1 

SEGt2 SEG11 SEG10 $EGJ I-- COM2 
SEG,. SEGt1 sea .. SEG1a f---COM1 
$EGtt SEG,. SEGt• SEGu 1-- COM2 
SEGio SEG,. SEGt1 SEa11 f--COM1 

SEG20 SEGtt SEGtt SEG11 r COM2 
10 SEGao SEGu ,SEGn SEG~1 f---COM1 

11 sea .. sea .. sEGt-T""' r '~' 
12 SEG2t SEGat SEGit 1-- COM1 

1-:--13:0----+SE:::G~at~+=SE=G~2~1+i:S:iEG%2=a:+ r-COM2 

1-:--14;-r;SE;;o;G=u:+.SE::G."',+-se=o= .. =+. I-- COM 1 

1-~1 s~'"', s"'e"'0u-=-<'"'s~e""a'",,+ese"'o"' .. "'+sEG.t 1-- coM2 

0 
1 

2 
3 
4 

5 
6 
7 
8 
9 

1--~o 
11 
12 
13 

14 
15 

0 

seG,e SEG,. SeG,. SEGn l--COM1 
SEG,. SEG,. sea,. sea,, 1-- COM2 

SeG•o SEG39 SEG3a SEG37 r COM1 
SEG40 SEG39 SeG3a SEG,, I-- COM2 

. SE<4. sea., SEG.2 sea., 1-- COM1 
sea.. sea., SEG•2 SEG41 1-- COM2 

sea.. SEG47 SEG.. SEG45 1--COM1 
sea.. SEQ., SEG.. sea .. r- COM2 
seG., SEG01 SEGoo seG•o r COM1 

SEG02 SeGs1 SeGso SeG•o I-- COM2 
SeGse SEGss SEG,. SeG., I-- COM, 

SeG" SeGss SeG,. SeGs3 f--COM2 
SeGao SeG59 SeGsa seG., 1-- COM1 
SEGao sea.. SeGse SeG., r COM2 

SeGe• SEG03 SeGe2 SeGe1 f---COM1 
SEG.. SeGe3 SEG., SEGe1 I-- COM2 

seGea SeGe1 SeGee SeGes l--COM1 
SeGea SeGe;- SeGea SEGes 1-- COM2 
seG12 SeG,, SeG10 SeGeo f---COM1 

SeG12 SEG11 SeG10 SeG .. I-- COM2 
SEG1a SEG10 SeG14 seG,, I-- COM1 

SEG1a SEG,. SEG1• SEG73 1-- COM2 
SeGao SEG10 SEG1a seGn f--COM1 
seGao SEG,. SEG,. SEGn 1-- COM2 

8 SeGa• SEGn SEGa2 seGa1 1-- COM, 
l-----9 SEG.. SEGe, SEGe2 SEGe1 r COM2 

10 SEGaa SEGs1 SEGae seGas f---COM1 

11 SEGaa SEG., SEGae SEGas 1-- COM2 
12 SEG02 SeG., SEGoo SEG .. f--COM1 

l--,3- SeG., SEGt1 SEGto SEGao 1-- COM2 

14 SeGoa SEGos SeG94 SeG,, t--COM1 
15 SEGoa SEG., SEG94 SeG., I-- COM2 

0 SEG100 SEG09 SEGoa SEG01 COM1 
r---; SEG100 SeG90 SeGoa SeG., 1-- COM2 

2 SEG104 SeG103 SEG102 SEG101l--COM1 
3 SEG104 SEG103 SEG102 SEG101l--COM2 

4 SEG1oa SeG101 SEG1oa SEG1osr COM1 
5 SEG1oa SEG101 SEG1oe SEG1osf---COM2 

6 SEG112 SEG111 SEG110 SEG1oof---COM1 
7 SEG112 SEG111 SEG110 SEG1ool-COM2 
8 SEG11e SEGns SEG11• SEG1ut--COM1 

9 SEG111 SEG11s SEG'!2!I SEG1131 COM2 
10 SEG120 SEG,,. SEGm SEG111f---COM1 
11 SEG120 SEG,,. SEG11a SEG111f--- COM2 

12 SEGm SEGm SEG122 SEG121l--COM1 
13 SEG124 SEGm SEG122 SEG121f--COM2 
14 SEG,,. SEGm SEG,,. SEGml-- COM1 

~[-R-.,--+--o->--,o,---<~1--+-1--+-1-5_~s_E_G_12.![l>EG121 SEG,,. SEG125f-- COM2 

LRso 0 1 0 1 

(NOTE) The SEG., to SEG.,, are extended segments. 

Figure 24 Relation between RAM for LCD & Segment Data (1/2 Duty, 1/2 Bias) 
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RAM Address RAM 
x y 2' 2' 2' 

0 $EG1 SEG1 
1 SEG2 SEG2 
2 SEG> SEG, 
3 $EG. SEG• 
4 SEG& SEGg 
5 SEG. SE Go 
6 SEG' SEG' 

6 4 2 0 
7 SEG,, SE Ge 
6 SEG. SEG• 
9 SEG10 $EG10 
10 SEG11 SEG11 
11 SEG12 SEG12 
12 S£G1a SEG1a 
13 SEG1• SEG14 
14 $EG1• SEG11 
15 S£G11 SEG1• 
0 SEG,, SEG" 
1 SEGi1 sro,. 
2 $EGt• SEG10 
3 SEG;o SEG;o 
4 SEG21 SEG,. 
5 SEG., SEG22 
6 SEGn SEG,. 

7 5 3 1 
7 SE Gu SEGu 
8 SE Gu SEG2& 
9 SEG,o SEG,e 
10 SEG21 SEGn 
11 SEG2e SEG,e 
12 SE Ga SEG.i• 
13 SE Gao SEGao 
14 SEG31 SEG,1 
15 SEG., SEG32 
0 SEG33 SEG33 
1 SEG,. SEG34 

2 SEG3s SEG3s 
3 SEG3a SEG3e 
4 SEG37 SEG31 

5 SEGJe SEGJe 

6 SEGa9 SEG39 

4 6 0 2 
7 SEG40 SEG40 
8 SEG41 SEG41 
9 SEG42 SEG42 

I 

10 SEG4a SEG4a 
11 SEG44 SEG44 
12 SEG45 SEG4s 
13 SEG4e SEG4e 

14 SEG41 SEG41 

15 SEG4e SEG4e 
0 SEG4s SEG,s 
1 SEGso SEGso 

2 SEGs1 SEGs1 

3 SEGs2 SEGs2 

4 SEGsa SEGsa 

5 SEGs4 SE Gs• 
6 SEGss SEGss 

7 SEGse SEGse 
5 7 1 3 

8 SEGs;· SEGs1 

9 SEGse SEGse 

10 SEGss SEGss 

2' 

SEG1 
SEG2 
SEG3 
SEG. 
SEGg 
SE Go 
SEG1 
SE Ge 

SEG• 
SEG10 
SEG11 
SEG12 
SEG13 
SEG14 
SEG,. 

SEG1• 
SEG11 
SEGte 
SEG1111 
SEG20 
SEG,. 

SEGn 
SEG,. 

SE Ga• 
SE Ga& 
SE Gae 
SEGn 
seG,. 
SEG,. 
sEG.., 
SEG31 
SEG., 
SEG33 

SEG34 

SEG3s 

SEG3e 

SEG31 

SE Gae 
SE Gas 

SEG40 

SEG41 

SEG42 

SEG4a 

SEG~ 
SEG4s' 

SEG4e 

SEG41 

SEG4e 
SEG49 

SEGso 

SEGs1' 

SEGs2 

SEGsa 

SEGs4 

SEGss 

_SE~ 
SEGs1 

SEGse 

SEGs9 1 

LCD-III (HD44790, HD44795) 

RAM Address 
x 

I 

0 4 

4 6 

RAM 
y 2 3 22 2' 2° 
0 SEG,. SEGeo SEG,. 

SEGes SEGes SEGee 

SEGe1 SEGe1 SEG67 

SEGes SEGss SEGes 

4 SEGe9 SEGe9 SEGe9 

SEG10 SEG10 SEG10 

6 SEG11 SEG11 SEG11 

SEG12 SEG12 SEG12 

SEG73 ~EG73 SEGn 

10 SEG1s SEG1s SEG1s 
11 

12 SEG11 SEG11 SEG11 

13 

14 SEG19 SEG19 SEG19 

15 SEGeo SEGeo SEGso 
SEGe1 SEGe1 SEGe1 

SEGe2 SEGe2 SEGe2 

SEGe3 SEGe3 SEGe3 

SEG.. srn.. sEG .. 
4 SEGes SEGes SEGes 

SEGee SEGse SEGee 

6 SEGe1 SEG97 SEGe1 

I SEGss SEGee SEGee 
SEGeg SEGe9 SEGeg 

SEGoo SEGoo SEGoo 
10 SEG91 SEG91 SEG91 

11 SEG02 SEG02 SEG02 
12 SEG93 SEG93 SEG93 

13 SEG,. SEG,. SEG,. 
14 SEGgs SEGgs SEG9s 

15 SEGoe SEGos SEGoe 
0 SEG91 SEG91 SEG91 

1 SEG9s SEG9s SEG9s 

2 SEG99 SEG99 SEG99 

3 SEG100 SEG100 SEG100 

4 SEG101 SEG101 SEG101 

5 ·sEG102 SEG102 SEG102 

6 SEG103 SEG103 SEG103 

7 SEG104 SEG104 SEG104 

8 SEG1os SEG1os SEG10s 

9 SEG106 SEG10e SEG1oe 

10 SEG101 SEG101 SEG101 

11 SEG10s SEG1oe SEG10e 

!--~ , SEG109 1 SEG109 SEG109 

13 SEG110 SEG110 SEG110 

~-1~4--'l--·-l-SEG111 SEG111 SEG111 
15 SEG112 SEG112 SEG112 

0 SEG113 SEG113 SEG113 

1 SEG114 SEG1u SEG114 

2 SEG11s SEG11s SEG11s 

3 'SEG11e SEG11s SEG11e 

4 SEG111 SEG111 SEG111 

SEG11e SEG11e SEG11e 

SEG119 SEG119~ 
SEG120 SEG120 SEG120 

JJLJ 
11 SEGao SEGeo SE Geo 

12 I SEGs1 , SEGs1 SEGs1 

=t~tr. 13 ' EGs>j_ SEG~~~'O.. 
~ SEG., SEG., 1 SEG~.3_ 

. SEG,. SEG.. S~ 
1 

f I I 
L Roo 0 1 0 1 COM a COM2 COM1 

(NOTE) The SEG., to SEG,,. are extended segments. 

Figure 25 Relation between RAM for Liquid Crystal Display and Segment Data (1/3 Duty, 1/3 Bias Drive) 
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LCD-III (HD44790, HD44795) 

RAM Address RAM 
x x y 2' 2' 2' 2• 

0 SE Geo SEG., SEG15 SE Geo 
1 SE Goe SE Goe SEG11 SEG,. 
2 SEG11 SEG11 SEG11 SEG11 
3 SEGn SEG95 SEG11 SE Goe 
4 SEG19 SEG11 SEG,. SEG11 
5 SEG10 SEG10 SEG10 SEG10 
6 SEG11 SEG11 SEG11 SEG11 

6 4 2 0 2 0 6 4 
7 SEG12 SEG12 SEG12 SEG12 
8 SEG73 SEG13 SEG13 SEG73 
9 SEG,. SEG,. SEG,. SEG1• 

10 SEG75 SEG,. SEG75 SEG75 
11 SEG11 SEG10 SEG10 SEG10 
12 SEG11 SEG11 SEG11 SEG11 
13 SEG10 SEG10 SEG11 SEG11 
14 SEG11 SEG11 SEG11 SEG11 
15 SE Geo SE Goo SE Goo SE Goo 
0 $F~!!!~ SFt:;=! ~~~=~ SE-G:-: 
1 SEGe2 SEG12 SEG12 SEG12 
2 SEG13 SE Gu SE Gu SE Gu 
3 SEG04 SEG94 SEG04 SEGM 
4 SEG,. SEG,. SEGn SEG., 
5 SE Goo SE Goo SE Goo SEG,. 
6 SEG11 SEG11 SEG11 SEG11 

7 5 3 3 1 7 5 
7 SEGn SEGn SEGee SEG11 
8 SE Geo SEGH SEG11 SEGH 
9 SE Geo SE Geo SE Geo SE Goo 

10 SEG01 SE Got SEG91 SEG., 
11 SEG12 SEG92 SEG12 SEG12 
12 SEG93 SEG., SEG., SEG93 
13 SEG94 SEG94 SEG .. SEG94 
14 SEG., SEG., SEG., SEGn 
15 SEG., SEG., SEG91 SEG., 
0 SEG., SEG11 SEG11 SEG., 
1 SEG99 SEG90 SEG., SEG., 

SEG35 2 SEGH SE Goe SEGn SEG91 
3 SEG,. SEG,. SEG3e 3 SEG100 SEG~ SEG_!C>CJ SEG_!C>CI 
4 SEG37 SEG31 SEG31 SEG31 4 SEG101 SEG101 SEG101 SEG101 
5 SEG3e SEG>e SEG3a SEG3a 5 SEG102 SEG102 SEG102 SEG102 
6 SEG39 SEG39 SEG39 SEG39 6 SEG103 SEG103 SEG103 SEG103 

4 6 0 
7 SEG.o SEG.o SEG.o SEG40 
8 SEG., SEG41 SEG41 SEG•1 

0 2 4 6 
7 SEG104 SEG104 SEG104 SEG104 
8 SEG100 SEG100 SEG100 SEG100 

9 SEG•2 SEG42 SEG•2 SEG., 9 SEG100 SEG1oe SEG100 SEG100 
10 SEG43 SEG., SEG., SEG., 10 SEG101 SEG101 SEG101 SEG101 
11 SEG44 SEG44 SEG .. SEG44 11 SEG1oe SEG1oe SEG1oe SEG1oe 
12 SEG•o SEG•s SEG•s SEG•o 12 SEG100 SEG100 SEG100 SEG1oa 
13 SEG•o SEG•o SEG49 SEG., 13 SEG110 SEG110 SEG110 SEG110 
14 SEG., SEG•1 SE Go SEG., 14 SEGm SEGn1 SEGm SEGm 
15 SEG., SEG., SEG., SEG•o 15 SEGm SEG112 SEG112 SEG112 
0 SEG40 SEG•o SEG•o SEG49 0 SEG113 SEGm SEG113 SEGm 

SEGso SEGso SEGso SEGso 1 SEG11• SEG114 SEG11• SEG11• 
2 SEG01 SEG01 SEG51 SEG., 2 SEG111s SEG11s SEG111 SEG110 
3 SEG02 SEG02 SEG02 SEG02 3 SEG11e SEG111 SEGno SEG111 

4 SEG., SEG03 SE Goo SEG., 4 SEG111 SEGm SEG111 SEG111 
5 SEG .. SEG .. SEG54 SEG54 5 SEG11a SEG111 SEG111 SEG111 
6 SEG55 SEG55 SE Goo SE Goo 6 SEGm SEG110 SEGm SEG11t 

5 3, 7 SEG., SEG., SEG51 SEG., 
8 SEG., SEG01 SEGa1 SEG., 

3 5 7 
7 SEG120 SEG120 SEG120 SEG120 

1 
8 SEG121 SEG121 SEG121 SEG121 

9 SEG., SEG., SEGH SEG" 9 SEG122 SEG122 SEG122 SEG122 
10 SEG50 SEG50 SEGso SEG50 10 SEG123 SEGm SEGm SEGm 
11 SE Geo SE Goo SE Goo SE Goo 11 SEG12• SEG12• SEG12• SEG124 
12 SEGe1 SEG11 SEGe1 SEG., 12 SEG120 SEG125 SEG125 SEG12s 
13 SEG12 SEG12 SEGe2 SEG12 13 SEG121 SEG121 SEG121 SEG121 
14 SEGe3 SEG93 SEG13 SEGe3 14 SEGm SEG121 SEG121 SEGm 
15 SEG94 SEG94 SEG84 SEG94 15 SEG121 SEG12a SEG121 SEG12e 

R01 0 0 1 
Rso 0 0 COM, COM3 COM2 COM1 

[ Rso 0 0 1 1 
cdM. cJM, cdM, cJM, l R., 0 1 0 1 

(NOTE) The SEG,. to SEGm are extended segments. 

Figure 26 Relation between RAM for Liquid Crystal Display and Segment Data (1/4 Duty, 1/3 Bias Drive) 
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Vee 

Vee 

VLCD 

Vee 

GND 
COM, 

Vee 
v, 
v, SE1G, 

v, SEG 32 

(Static) 

GND COM1 

COM, 

Vee 
v, 
v, SE1G, 

v, SEG,, 

( 1 /2 duty. 1 /2 bias) 

GND 
COM, 

l 

vcc 
COM, 

v, 
v, S~G 1 
v, SEG 32 

(1 /3 duty. 1 /3 bias) 

------1GND 

------1 Vee 
v, 
v, 

'------I v' 

3 

( 1 /4 duty, 1 /3 bias) 

32 

2 

LCD-III (HD44790, HD44795) 

-, 4 Digits 

Cl. with Symbols 
k.n 
mV 

n 
CJ. 8 Digits 

32 

M n 10 Digits 
E 0. with symbols 

32 

,-, 
0 • 16 Digits LCD 

32 

Figure 27 LCD Wiring Samples 
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LCD-III (HD44790, HD44795) 

• Extension of Display Function 

Number of display digits can be increased by externally con
necting an LCD driver LSI HD44100H to the LCD-III. 

The HD44100H consists of shift registers and latch and 
liquid crystal drive circuit. When connected with the LCD-III, 
the HD44 IOOH is used as a circuit for segment. In the LCD-III, 
128 segments display data is sent to the 32-bit shift register 
from RAM constantly. When R•2 is set to "O", the RI channel 
outputs the 32nd stage output D of the shift register, shift 
clock Cb, latch clock CL1 and AC signal M. Therefore, up to 
96 segment pins of SEG33 to SEG128 can be added by directly 
connecting the HD44100H. 

• RESET FUNCTION 

The LCD-JII can be reset by setting the reset pin to "l" 

HLT=Vee 
RESET= GND 

Vee 

0.2V 

4.5V 

tree 

(High) and its operation starts when the pin is set to "O" (Low). 
Also an automatic reset function (internal reset circuit) that 
operates when power is turned on is provided. 

However, note that in the case of internal reset circuit the 
rise time of a power supply has a restriction. The LCD-III inter
nal state is set as follows by the reset function: 

The program counter is set to'Address 3F of Page 31. 
IR/I, IR/T, I/E and CF are reset to "O". 
IFO, !Fl and TF are set to "l". 
All bits of data I/0 register, discrete I/O output latches 

(RI, R2, R3 and Do to D15 )are set to"l". 
Liquid crystal display . . All bits of display mode setting 

registers (data 1/0 registers) R4, 
RS and R6 are set to "l". 

When internal halt mode, RAM data is not retained after 
reset. 

(NOTE) to FF specifies the period during the power supply is OFF, when 

1214 

a short break occurs or power supply 0 N /0 FF is repeated. 

Figure 28 Power Supply Condition Using the Built-in Reset Circuit 

Vee------' 

(Reset State) 

RESET V1H 

(Operating 
State) 

tfRST 'rRST 

(NOTE) 1. tRST, includes the time required from the power ON until 
the operation gets into the constant state. 

2. tRST2 is applied when the operation is in the constant state. 

Figure 29 Reset Input Condition Using an External Reset Circuit 

VIL 

(Reset State) 

tfRST 

HLT--l~H_a1_1_s_1a_te_l ___ ~ (Operating State) 

Figure 30 RESET Timing when Releasing Halt (Ceramic Filter Oscillation) 
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• HALT FUNCTION 
The LCD-III is provided with halt function. The halt func

tion reduces power consumption in the halt state by temporari
ly stopping all statuses including RAM. When halt is released, 
operation restarts from the state immediately before the halt. 

(Caution at the halt) 

When the LCD-III goes into halt state, segment pins 
(SEG1 to SEG32 ) and common pins (COM, to COM4 ) 

become the same potential and display goes out. However, 
in order to reduce power consumption during halt, dis
connect the voltage applied to liquid crystal power supply 
V 3 • Since there are dividing resistors among V 1 , V 2 , and 
V 3 , current of up to 50µA flows if voltage is applied 
between Vee and V3 in the same way as normal operation. 

The user can select one of the following 1/0 status at the 
time of halt based on the "MASK OPTION LIST" when 
ordering ROM: 
i) All 1/0 statuses are kept as the state immediately before 

the halt. 
ii) All 1/0 statuses are held in the high impedance state 

(both PMOS and NMOS are off, and pull-up MOS is off). 

: 
' ' 

LCD-III (HD44790, HD44795) 

There are the following two types of halt: 
I) External Halt (Halt state is generated by using HLT pin) 

All operations stop when the Hrt pin is set to the "O" 
level (Low). When the HL T pin is set to the "I" level 
(High), operation restarts from the state immediately before 
the halt. 

2) Internal Halt (Halt state is generated by programs) 
The user can select availability of internal halt at ROM order
ing based on the "MASK OPTION LIST". When internal halt 
is selected, timer crystal should be attached externally. 
Therefore, the D14 /XO and D15 /XI pins should not be used 
as general I/Os, but as XO and XI pins for connecting crystal 
oscillator. 
Resetting of the D15 latch by RED instruction generates 
internal halt state. Overflow signals of the prescaler return 
the LCD-III from internal halt. 16Hz overflow signals are 
output from the prescaler if a crystal oscillator of 32.768 
kHz is connected to the D14 /XO and D15 /XI pins. When an 
overflow signal is issued, the D15 latch is set to "I" from 
"O", the LCD-III returns from halt state, adds I to the timer 
register, and executio11 restarts from the instruction next to 
the RED instruction. 
Note that external halt caused by the HIT pin cannot be 
released by prescaler overflow signals. 

I 
I 
I 

LYI 15 

RED 

I Becomes halt state after executing A ED 
instruction and the halt is maintained 

,.------.t---------' until a prescaler overflow signal is issued. 

LYI 0 

L The LCD-111 returns from halt state by a 
TD 
BA 

4>1 

cp.. 

•-4 

lJ 

J L....._ prescaler overflow signal and operation 
restarts from LY I instruction. With this 
program, unless the Do pin is set to "O", 
internal halt state occurs repeatedly. 

Figure 31 Program example in the Internal Halt Mode 

LI LI 

~------
Program~-------
Counter n - 1 n _ ----- n + 1 x 

n n+1 ROM~------

Address ------ x n + 2 x 
n + 1 x n 

Figure 32 Internal Halt Timing Chart 
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LCD-III (HD44790, HD44795) 

Vee 
HLT 

GND 

4.5v ~-- --- -- ----- - -- - --{---4.sv 
·~~~~~~~~·- -·VDH 

tH tRC 

tfHLT trHLT 

Figure 33 External Halt Timing Chart 

• CRYSTAL OSCILLATION CIRCUIT FOR TIMER externally attaching a crystal oscillator of 32.768 kHz to the 
D1 ... /XO u:1d D15 /XI pins, use1 l:an set the prescaier dock to 
l ,024Hz and timer interrupt cycle to max. of I sec. 

The user can specify whether or not the timer cry•tal •hnnlcl 
be externally attached by the "MASK OPTION LIST". By 

No. Halt state 

1 External halt 

2 External halt 

3 Internal and 
external halt 

1216 

This circuit is the example of the typical use. As the oscillation character· 
istics is not guaranteed, please consider and examine the circuit constants 
carefully on your application. 

D,4/XO 
Rd c, 

D15 /XI =;:.4 R 

(NOTE) 

LCD-Ill 

c, = c. = 20pf ± 10% 

The crystal oscillator, resistor R, Rd and load 
capacitor C1 and C2 should be placed as close 
as possible to the LCD-I II. Induction of ex· 
ternal noise to D .. IXO and Du/XI may R = 10MO± 10% 
disturb normal oscillation. 

Rd : 200k0 ± 10% 

Figure 34 Crystal Oscillator Circuit 

With or without 0 14 , 0 15 (XO, XI) Function timer crystal 

Externally attached Pins for attaching Prescaler clock is set to 1,024 Hz and the over-

crystal (32.768 kHz) crystal. Cannot be used flow signal to 16 Hz. Up to 1 second can be set 
as general 1/0. as the timer interruption cycle. 

(Without crystal) The prescaler clock becomes a typ. of 100 kHz, 
Used as general 1/0 and the timer interruption cycle can be set to Internal clock of LSI 

max. of 97.66 Hz. 
Prescaler clock is set to 1,024 Hz and the over-

Externally attached Pins for attaching flow signal to 16 Hz. This signal performs the 

crystal (32. 768 kHz) crystal. Cannot be used LCD-II I return from internal halt. 
as general 1/0. (Return from external halt is not possible by the 

prescaler overflow signal.) 

.HITACHI 
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• MASK OPTION 

The following type mask option is available. 

• 1/0 Pin Format .......... Select one of A, B or C 
A: Without pull-up MOS 
B: With pull-up MOS 
C: CMOS output 

(Note) External input is not permitted if CMOS output is 
selected in the case of 1/0 common pins. 

• 1/0 Status in the Halt State ..... Select Enable or Disable 
Enable 1 Output .... Maintained in the status before halt. 

Pull-up MOS ... ON 
Input ... Unrelated to halt state 
(Since Pull-up MOS is ON, if halt occurs when output 
is '.'0" (Low) level (NMOS; ON), pull-up MOS current 
always flows. If input changes, transient current flows 
through the input circuit. Also, current flows through 
the input pull-up MOS. These currents are added to 
standby power supply current (or halt current).) 

Disable10utput ... NMOS output; OFF 
CMOS output; High impedance 
(NMOS, PMOS; OFF) 

Pull-up MOS ... OFF 
Input ... Input circuit; OFF 
(Both input and output become high impedance 

LCD-III (HD44790, HD44795) 

state. Since the input circuit is turned off, input 
change does not lead to flow other than the standby 
power supply current or halt current.) 

• With or without Externally Attached Timer Crystal 
Without timer crystal ... 

The D14 and D15 can be used as general 1/0 pins. Select 
one of A, B or C in the D14 /D 15 column of the 1/0 format 
specifications. 

With timer crystal ... 
The Di• and Du cannot be used as general 1/0 ter
minals. 
Therefore, leave the D14 /Du column in blank. 

• With or without Internal Halt 
With internal halt ... 

When internal halt is specified, the timer crystal must 
also be specified. 

Without internal halt ... 
Without internal halt can be specified regardless of exist
ing the crystal for timer. 
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LCD-III {HD44790, HD44795) 

• INSTRUCTION 

Instructions are listed according to their functions. 
Each mnemonic code and function is shown in this table. 

Group 

Register 

to Register 

RAM 
Address 

Register 

RAM 

Immediate 

Arithmetic 

Mnemonic code 

LAB 
LBA 
LAY 

LAS PX 
LAS PY 

XAMR 
LXA 
LYA 
LX ! 
L YI i 
IV 
DY 
AYY 
SYY 
XSPX 
XSPY 
XSPXY 

m 

LAM (X Y) 

LB M (X YI 
X MA (XV) 

X MB (XV) 
LMA I Y(X) 
LMA DY (X) 

L M II Y i 

LAI i 

LB I i 

Al i 
IB 

DB 
AMC 
SMC 
AM 
DAA 

DAS 
NEGA 
COMB 
SEC 
REC 
TC 
ROTL 
ROTR 
OR 

B -+ A 
A -+ B 
y -+ A 
SPX-+A 
SPY-+A 
A +->MR (m) 
A -+ X 
A -+ y 

i -+Y 
Y+1-+Y 
Y-1-+Y 
Y+A-+Y 
y -A -+ y 

X+-+SPX 
Y+-> SPY 

Function 

X +->SPX, Y +--> SPY 
M -+ A (X Y +--> S P X'(f 

M -+ B (X Y +--> S P X Y) 
M +-->A (X Y +--> S P X Y) 
M +-> B (X Y +--> S P X Y) 
A -+ M, Y + 1 -+ Y (X +->SPX) 
A-+ M, Y-1-+ Y(X+->SPX) 

i -+ M, Y + 1 -+ Y 

i -+A 

i -+ B 

A+i -+A 
B+1 -+ B 
B-1 -+B 
M +A+ C (F/F) -+ A 

M-A-C (F/F) -+ A 
M+A-+A 
Decimal Adjustment (Addition) 
Decimal Adjustment (Subtraction) 

A+1-+A 
8 -+ B 
1 -+ C (FI F) 

0 -+ C (FI Fl 
Test C (FI Fl 
Rotation Left 
Rotation Right 
AU B-+ A 

@HITACHI 

Status 

NZ 
NB 
c 

NB 

NZ 

NB 

NZ 

c 
NZ 

NB 

c 
NB 

c 

C (FI Fl 

(to be continued) 
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LCD-III (HD44790, HD44795) 

Group Mnemonic code Function Status 

MN EI i M "; i NZ 

Y NE I i y "'i NZ 

ANEM A"; M NZ 

Compare BNEM B "< M NZ 

ALE I i A~ i NB 

ALEM A~M NB 

BLEM B ~M NB 

SE M n 1 --> M (n) 
RAM bit REM n 0 --> M (n) 
Manipulation TM n Test M (n) M (n) 

BR a Branch on Status 1 1 
CAL a Subroutine Jump on Status 1 1 

ROM LPU u Load Program Counter Upper on 

Address Status 1 
TBR p Table Branch 

RTN Return from Subroutine 

SE IE 1 --> l/E 

SE I FO 1 --> IF 0 

SEIF 1 1 --> I F 1 
SETF 1 --> T F 

S E,C F 1 -->CF 

RE IE 0 --> l/E 

RE IF 0 0 --> IF 0 

RE IF 1 0 --> I F 1 
RETF 0 --> T F 

Interrupt RECF 0 -->CF 

TIO Test IN To INTo 

TI 1 Test IN T1 INT1 

TIFO Test IF 0 I Fo 

Tl Fl Test I F 1 I F1 

TTF Test TF TF 

L Tl i i --> Timer/Counter 

LTA A --> Timer/Counter 

LAT Timer/Counter --> A 

RTN I Return Interrupt 

SEO 1 --> D (Y) 

RED 0 --> D (Y) 

TD Test D(Y) D (Y) 

SEDD n 1 --> D (n) 

Input/Output REDD n 0 --> D (n) 

(Display Control) LAR p R (p) --> A 

LBR p R (p) --> B 

LRA p A--> R (p) 

LRB p B --> R.(p) 

Pp Pattern Generation 

NOP No Operation 
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LCD-III (HD44790, HD44795) 

(NOTE) 1. (XYI alter a mnemonic code has four meanings as follows. 
Mnemonic only Instruction execution only 
Mnemonic with X Instruction execution, X +-+SPX 
Mnemonic with Y Instruction execution. Y ++ SPY 
Mnemonic with XY Instruction execution, X ++SPX, Y ++SPY 

[Example] LAM M .... A 
LAMX M-+ A, X ._..SPX 
LAMY M-+ A, Y ._..SPY 
LAMXY M-+ A, x -sPX, y -spy 

2. Status column shows the factor which affects status by the instruction of status change. 
NZ .......... ALU Not Zeto 
C .......... ALU Overflow in Addition/Carry 
NB .......... ALU Overflow in Subtraction/No Borrow 
except above .... Content of status column affects status directly. 

3. Carry flip-flop is not always affected by executing the instruction which affects the Status. 
Instructions which affect Carry flip-flop are eight as follows. 

AMC SEC 
SMC REC 
OAA ROTL 
OAS ROTA 

4. All instructions except for P are executed in single cycle. 
P ::: e~~=:.:-::::d ;;-; Z--o:r·do. 
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LCD-III (HD44790, HD44795) 

LCD-Ill Mask Option List 

0 5V Operation 

D 3V Operation 

1t Mark "V" in "D" for the selected spec. 

(1) l/OOption 

Date 

Customer 

Dept. 

Name 

ROM CODE ID 

LSI Type Name 
(entered by Hitachi) 

Pin Name 1/0 
1/0 Option 

Remarks Pin Name 1/0 
1/0 Option 

A B c 
Do 1/0 Roo I 

01 1/0 Rot I 

°' 1/0 R02 I 

°' 1/0 R03 I 

0. 1/0 Rio 1/0 
Os 1/0 R11 1/0 ----
Do 1/0 R12 1/0 
07 1/0 Rl3 1/0 
Da 1/0 R20 1/0 
0. 1/0 R21 1/0 
Oto 1/0 R22 1/0 
011 1/0 R23 1/0 
012 1/0 R,. 0 
013 1/0 Rll 0 
Dt• 1/0 R32 0 
015 1/0 R33 0 
INTo I 

---------
INT1 I ~ 

• Specify the 1/0 composition with a mark of "O" in the applicable composition column. 

A: No pull up MOS B: With pull up MOS C: CMOS Output 

(2) Other Options 

1/0 State at Halt Mode 0 Enable 

External Crystal for Timer DYes 

(0 NDK: MX-38T ) [ 0 14 and 0 15 become XO and XI. j 
0 Kyocera : KF-3BG Do not enter anything in 1/0 option 

column of 0 14 and Dis. 

Internal Halt DYes 

[When selecting Crystal for Timer J 
and Oscillator except ceramic filter. 

tr Mark "V" in "O" for the selected spec. 

Check List of Applicetion 

[Al Oscillation (for System Clock) 

0 Disable 

ONo 

ONo 

A 

CPG SV Operation 3V Operation 

Resistor 0 Rf= 110k!1±2% 0 Rf= 200k!1±2% 

Ceramic Filter 0 MURATA: CSB400P 

External Clock 0 fcp = 40k to 400kHz 0 fcp = 40k to 220 kHz 

'(;rMark "V" in "D" for the selected oscillation. 

[Bl Halt Functi<>n (Only when Ceramic Filter is selected in [A].) 

Using Ceramic Filter 
External 0 Not used 

Halt Mode 0 Used (Recovery with Reset) 

ti Mark "V" in "O" for the selected spec. 
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LCD- N (HD613901 )----
Description 

The LCD-IV is the CMOS 4-bit single chip microcomputer 
which contains ROM, RAM, I/O, Timer/Event Counter and 
Control Circuit, Direct Drive Circuit for LCD on single chip. 
The LCD-IV is designed to drive LCD directly and. perform 
efficient controller function as well as arithmetic function for 
both binary and BCD data. With the on-chip crystal oscillator 
for timer, the clock function is easily realized. The CMOS 
technology of the LCD-IV provides the flexibility of microcom· 
puters for battery powered and battery back-up applications in 
combination with low power consuming LCD. 

FEATURES 
• 4-bit Architecture 
• 4,096 Words of Program ROM (10 bits/Word) 
• 256 Digits of Data RAM and Display Data RAM (4 bits/ 

Digit) 
• Control Circuit and Direct Drive Circuit for LCD 

4 Commons (Duty Ratio; Static, 1/2, 1/3, 1/4) 
32 Segments (Externally expandable up to 96 Segments 

using external Drivers HD44100Hs) 
• 32 1/0 Lines and 2 External Interrupt Lines 
• Timer/Event Counter 
• All Instructions except One Instruction; Single Word and 

Single Cycle 
• BCD Arithmetic Instructions 
• Pattern Generation Instruction 

- Table Look Up Capability -
• Powerful Interrupt Function 

3 Interrupt Sources 
~ 2 External Interrupt Lines 
L Timer/Event Counter 
Multiple Interrupt Capability 

• Bit Manipulation Instructions for Both RAM and 1/0 
• Option of 1/0 Configuration Selectable on Each Pin; Pull 

Up MOS or CMOS or Open Drain 
• Built-in Oscillator for System Clock (Resistor or Ceramic 

Filter) 
• Built-in Crystal Oscillator for Timer 
• Low Operating Power Dissipation 
• Stand-by Mode (Halt Mode) 
• 2 Versions; • Vee = 5V ± 10%, 5 µs Instruction Cycle 

Time 
• Vee= 2.5Vto5.5V,20µslnstruction 

Cycle Time 

PROGRAM DEVELOPMENT SUPPORT TOOLS 
• Cross assembler and simulator software for use with IBM PCs 

and compatibles 
• In circuit emulator for use with IBM PC 

o, 10 

LCD-IV 

(FP-80) 

• PIN ARRANGEMENT 

0dOd6dCJJJJ§8JJij 
J c5 

(Top View) 
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• BLOCK DIAGRAM 

ROM 

4,096 x 10 bits 

Stack Register 

(4 x 12 bits) 

11 1 
.... - .... · t;; 
2 ~ u u (/) <:J <:J (/) (/) UJ UJ UJ 00 a: (/) (/) 

(32 SEG) 

---------

Instruction 

Decoder 

::;; ::;; ::;; 
8 ooo 
(/) u u u 
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LCD-IV (HD613901) 

R,. 
-Ru 

R,. 
-Au 

,,,.. ____ __,, R oo 

"Ao> 

---<>Vee 
----<> GND 

-----<> HLT 

------<> TEST 

r----, 
: : 1/0 Common 
L ____ .J 

Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 1223 



LCD-IV (HD613901) 

• ELECTRICAL CHARACTERISTICS (Vee= 5V ± 10%) 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltage Vee 

Pin Voltage VT 

Maximum Total Output Current (1) -~101 

Maximum Total Output Current (2) ~102 

Operating Temperature Topr 

Storage Temperature Tstg 

Value Unit Note 

-0.3 to +7.0 v 

-0.3 to V cc +0.3 v 

25 mA (Note 3) 

25 mA (Note 3) 

-20 to +75 oc 
-55 to +125 oc 

(NOTE) 1. Permanent LSI dama~e may nr.r.ur if""!~.!'!"~!!'! !"e!!~;: ::-e e~::::::~da~. ~~orma: upofi\ii.:rr"1 jjiiuuid 011t under the conait1ons 
of "E)..ECTRICAL CHARACTERISTICS-I, -2". If these CQl'lditions are exceeded, it could be cause of malfunction of 
LSI and affects reliability of LSI. 

2. All voltages are with respect to GND. 
3. Maximum Total Output Current is the total sum of output currents which can flow out or in simultaneously. 
4. Power supply condition Vee~ VI ~ V2 ~ V3 ~ GND should be maintained .. 
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LCD-IV (HD613901) 

• ELECTRICAL CHARACTERISTICS - 1 (~c = SV ± 10%, Ta= -20 to +75°C) 

Value 

Item Symbol Test Conditions 
Unit Note 

min typ max 

Input "Low" Voltage V1L -0.3 - 1.0 v 
Input "High" Voltage V1H Vce-1.0 - Vee+0.3 v (12) 

Output "Low" Voltage VoL loL = 1.6 mA - - 0.8 v 
Output "High" Voltage (1) VoH1 -loH = 1.0 mA 2.4 - - v (1) 

Output "High" Voltage (2) VoH2 -loH = 0.01 mA Vee-0.3 - - v (2) 

Driver Voltage Descending (COM) Vd1 Id= 0.05 mA, VLeo = 5V - - 0.4 v (16) 

Driver Voltage Descending (SEG) Vd2 Id = 0.01 mA, VLeo = 5V - - 0.4 v (16) 

Dividing Resistor of LCD Power 
Rwell 25 300 kn Supply -

Interrupt Input Hold Time t1NT 2·Tinst - - µs (14) 

Output "High" Current loH VoH =Vee - - 4 µA (3) 

Input Leakage Current l1L V;n = 0 to Vee - - 2 µA (4). (12) 

Pull up MOS Current -Ip Vee= 5V 45 - 250 µA 

V;n = Vee. Vee = 5V 
Ceramic Filter Oscillation - - 3 mA (5) 

Supply Current ( 1 ) lee1 
(f0 sc = 800 kHz) 

V;n = Vee Vee = 5V 
Ceramic Filter Oscillation - - 1.5 mA (5) 
(f0 sc = 400 kHz) 

V;n =Vee. Vee= 5V 
At Oscillation 
(fosc = 800 kHz) - - 2 mA (5) 
External Clock Operation 

Supply Current (2) lee2 (fcp = 800 kHz) 

V;n =Vee. Vee= 5V 
At Oscillation (fosc = 400 kHz) - - 1 mA (5) 
External Clock Oscillation 
(fcp = 400 kHz) 

Standby 1/0 Leakage Current I Ls H LT= 1.0V, V;n = 0 to Vee - - 1.0 µA (6), (12) 

Standby Supply Current (1) lecs1 V;n =Vee. HLT= 0.2V - - 10 µA (15) 

Standby Supply Current (2) lees2 V;n =Vee. HL T = 0.2V - 50* 120 µA (7) 

LCD Display Voltage VLeD Vce-V3 2.5 - Vee v (11) 

n = 1 (static) 

Frame FreQuency of LCD Drive fF 
n= 2 (1/2 Duty) 1 Hz (13) 
n = 3 ( 1 /3 Duty) 256 x n x Tinst 
n = 4 (1/4 Duty) 

External Clock Operation; System Clock ---------------·---- -- - - ------ -- -,-l30- ---.------- ----
External Clock FreQuency fcp - 1,000 kHz (8). (13) 

External Clock Duty Duty 45 - 55 % (8) 

External Clock Rise Time t,.cp 0 - 0.2 µs (8) 

External Clock Fall Time ttcp 0 - 0.2 µs (8) 

Instruction Cycle Time Tinst Tinst = 4/fcp 4.0 - 30.7 µs (8) 

_!._n~r~a!_ C_!._o~ ~~~~o~ !!i.!... O~c~a_:i~n.!_: ~~t~ ~~~ _______ _ 
Clock Oscillation FreQuency fosc At= 62k!1 ± 2% 600 1,000 kHz (9) 

Instruction Cycle Time Tinst Tinst = 4/fosc 4.0 6.7 µs (9) 

Clock Oscillation FreQuency Ceramic Filter 784 816 kHz (10) 

Instruction Cycle Time Tinst Tinst = 4/f osc 4.9 5.1 µs (10) 

(NOTE) All voltages are with respect to GND. 
•A typical value of Ice~? is a referenc:R vAlllA whAn TA i~ at 25°C. 
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LCD-IV (HD613901) 

• ELECTRICAL CHARACTERISTICS - 2 (Ta= -20 to +75°CI 

Item Symbol Test Conditions 
Value 

Unit 
min max 

Halt Duration Voltage VDH HLT=0.2V 2.3 - v 

Halt Current IDH 
Vin= Vee, HLT = 0.2V, 
VDH = 2.3V 

- 4.0 µA 

Halt Delay Time tHD 100 - µs 

Operation Recovery Time tRC 100 - µs 

HLT Fall Time ttHLT - 1000 µs 

HL T Rise Time trHLT - 1000 µs 

HL T "Low" Hold Time tHLT 400 - µs 

Rf Oscillation, External 
100 -

HL T "High" Hold Time tOPR Clock Operation µs 

Ceramic Fiiter Osciilat1on 4000 -
Rt Oscillation, External 

1 -
RESET Pulse Width (1) tRST1 Clock Operation ms 

Ceramic Filter Oscillation 4 -
RESET Pulse Width (2) tRST2 

External Reset, HLT=Vcc. 
2·Tinst - µs 

Vee= 4.5 to 5.5V 

RESET Rise Time trRST 
External Reset, HL T =Vee, - 100 µs 
Vee = 4.5 to 5.5V 

External Reset, H LT = V cc, 
··-t--· 

RESET Fall Time tfRST Vee = 4.5 to 5.5V - 100 µs 

l~To, INT1 Rise Time trlNT - 50 µs 

INT0 , INT1 Fall Time tttNT - 50 µs 

(NOTEI 1. Applied to PMOS loed of CMOS output pins end CMOS 1/0 common pins am(!ng D and R pins. 
2. Applied to CMOS output pins, CMOS 1/0 common pins, input pins with pull up MOS, end l/D common pins with pull up 

MOS among D and R pins. 
3. Applied to open-drain output pins and open-drain 1/0 common pins among D and R pins. 
4. Pull up MOS current is excluded. 
5. Applied to the supply current when the LCD-IV is In the reset state and the crystal oscillation for timer doesn't operate. 

(Currant that flows in the input/ou'.fet circuit and in the power supply circuit for LCD· is excluded). 
Test Conditions: RESET, H LT, ST= Vee (Reset State) 

INTo, INT,, Roo to R.,, Do to Du• Vee 
D,4 /XO, Du /XIL D14 /XO, D15 /XI= Vee !Crystal oscillation for timer is notselectedl. 

v,, v,, v, =Vee D,.tXO =Open, Du /XI= Vee (Crystal oscillation for timer is selected). 
COM, to COM4 , SEG 1 to SEG., •Open 

Wh_en the crystal oscillation for timer operates, the standby supply current (2) lees2 flows in addition to lec1 or lcc2. 
When the LCD-IV Is Installed in the user's system, and in operation currant increases according to the external circuitry and 
devices. Those are connected to the LCD-IV. User should design the power supply in consideration of this point (The 
difference between the measured current in the above reset state and that measured in the operational state in the user's 
system is the increased part of the supply current). 

6. Standby 1/0 leakage current is the leakage current of 1/0 pins in the "Halt" and "Disable" state. 

Note 

(171 

(171, 
(191 

(171 

(171 

(17) 

(171 

(171 

(171 

(18) 

(181 

(181 

(18) 

(14) 

(14) 

7. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply 
current (2) is the supply current at Vee= 5V ± 10% in "Halt" state in the case that the crystal oscillation for timer is selected 
(only the crystal oscillator for timer, 5-bit divider and 6-bit prescaler are in operation). 
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LCD-IV (HD613901) 

8. Applied to external clock operation (system clock). 

Oscillator OSC 1 

Open OSC, 

T1 
Duty= --- x 100% 

Th+ T1 

9. Applied to internal clock operation using resistor Rf. (system clock) 

Wiring of OSC1 and OSC1 pins should be as short as possible because the oscillation frequency is modified by capaci· 
tance of these pins. 

10. Applied to internal clock operation using ceramic filter. (system clock) 
11. Power supply condition Vee~ V 1 ~ V 2 ~ V 3 ~ GND should be maintained. 
12. Applied to input pins, 1/0 common pins among D and R pins, and RESET, RLT, OSC 1 , INTo, INT1 pins. 
13. Lower limit of operation frequency is determined by liquid crystal display duty. Flutter occurs on liquid crystal display if 

frame frequency is under 32 Hz. Therefore operation frequency should be determined to prevent that frame frequency 
becomes under 32 Hz. 
The following shows the relation between liquid crystal display frame frequency and operation frequency. 

-;; 
r 

1.000,§~~~g~jlE~~~§~ 
5001t------jr--+-+-++tfft-----i--t--+-V Static 

00 

!.L' y 112 duty 

/ v y1/3duty 
L_ L _yy114 duty 

~ Frame Frequency -t==~=~'=t=:t=:l~t:::tlV~~:::i:=;:=::t=1=-:g. Lower Limit y y 
0 

"1{V' 
10-+--~-~~~~~~-~-~~~ 

10 50 100 500 
Operation Frequency fcp· fosc (kHz) 

14. INT0 and INT1 inputs must be retained for two or more instruction cycle time at both "High" and "Low" levels. 

15. Power supply circuit for LCD is excluded. The standby supply current ( 1) is the supply at Vee =:c SV ± 100/o in "Halt" state 
in the case that the crystal oscillation for timer is not selected. The supply current when supply voltage falls to the Halt 
Duration Voltage is called "Halt Current" !IDHl. (shown in ELECTRICAL CHARACTERISTICS-2) 
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LCD-IV (HD613901) 

16. The voltage that drops between the power supply pins !Vee, V,, V,, V 3 I and each common or segment output pin. 
17. External Halt Timing Chart 

Vee 
HLT 

GND 

18. RESET Input Condition 

HLT=Vcc 

Vee 

tfHLT 

4.5V ~--.----- -----------'f---4.5v 
·--------·- -·VDH 

~ ~c 

trHLT 

(Reset State) (Reset State) 

tRST, 

tfRST trRST tfRST 

• tRSTi includes the time that required from the power ON until the operation gets into the constant state. 
• tRsT2 is applied when the operation is in the constant state. 

Reset circuit at power on is not installed. Simple reset circuit at power on is the following. 

Vee 

+ 

RESET 

19. The supply current at Vee= VoH = 2.3V in "Halt" state; in thtt case that the crystal oscillation for timer is not selected. 
Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded . 

• ELECTRICAL CHARACTERISTICS (Vee= 2.5 to 5.5V) 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to +7.0 v 

Pin Voltage VT1 -0.3 to V cc +0.3 v 
Maximum Total Output Current (1) -~101 25 mA (Note 3) 

Maximum Total Output Current (2) ~102 25 mA (Note 3) 

Operating Temperature Topr -20 to +75 oc 
Storage Temperature Tstg -55 to +125 oc 

(NOTE) 1. Permanent LSI damage mav occur if maximum ratings are exceeded. Normal operation should be under the conditions 
of "ELECTRICAL CHARACTERISTICS·1, ·2." If these conditions are exceeded, it could be cause of malfunction of 
LSI and affects reliabilitv of LSI. 

2. All voltages are with respect to GND. 
3. Maximum Total Output Current is the total sum of output currents which can flow out or in simultaneously. 
4. Power supply condition Vee~ V1 ~ V2 ~ V3 ~ GND should be maintained. 
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• ELECTRICAL CHARACTERISTICS- 1 (Vee= 2.5 to 5.5V, Ta= -20 to +75°CI 

Item Symbol Test Conditions 
Value 

Unit Note 
min max 

Input "Low" Voltage V1L -0.3 0.15·Vcc v 

Input "High" Voltage V1H o.85·Vcc Vcc+0.3 v ( 11 I 

Output "Low" Voltage VoL IOL = 0.4 mA - 0.4 v 

Output "High" Voltage (1) VoH1 -IOH = 0.08 mA Vcc-0.5 - v (1) 

Output "High" Voltage (2) VoH2 -IOH = 0.01 mA Vcc-0.4 - v (2) 

Driver Voltage Descending Vd1 Id= 0.05 mA - 0.5 v (15) 
(COM) 

+Vd2 Driver Voltage Descending Id= O.Ql mA - 0.5 v (15) 
(SEG) 

Dividing Resistor of LCD Rwell 25 300 kn 
Power Supply 

·---------·· 
Interrupt Input Hold Time ti NT 2·Tinst - µs (13) 

Output "High" Current IQH VoH =Vee - 4 µA (3) 

Input Leakage Current liL Vin= Oto Vee - 2 µA (4), (11) 

Pull up MOS Current -IP Vee= 3V 10 100 µA 
·-------------- --------

Vin·=vcc. Vee - JV 
------

Rt Oscillation 
Supply Current Ice (fosc = 200 kHz) - 0.3 mA (5) 

External Clock Operation 
(fcp = 200 kHz) 

Standby 1/0 Leakage Current ILS HL T = 0.5V, Vin= 0 to Vee - 1 µA (6), (11) 

Standby Supply Current ( 1) lccs1 
Vin= Vee. HLT = 0.lV, - 6 µA (14) 
Vee= 2.5 to 3.5V 

Standby Supply Current (2) lccs2 
Vin= Vee, HLT = O.lV, - 21 µA (7) 
Vee= 3.0V 

LCD Display Voltage VLCD Vcc-V3 2.5 Vee v (10) 
'-----

n = 1 (static) 
Frame Frequency of LCD n = 2 (1/2 Duty) 1 

Hz 
Drive fF n = 3 (1/3 Duty) 256 x n • Tinst 

(12) 

n = 4 (1/4 Duty) 

External Clock Operation; System Clock -- - - - - - - - - - - - - - - - - - - - - - - - - - -- - -·------ - - - - - - - - - - - - - -------
External Clock Frequency fcp 130 300 kHz (8), (12) 

External Clock Duty Duty 45 55 % (8) 
---- ---·-----

External Clock Rise Time trcp 0 0.2 µs (8) 
--·-----·-·-

External Clock Fall Time tfcp 0 0.2 µs (8) 

Instruction Cycle Time Tinst Tinst = 4/fcp 13.3 30.7 µs (8) 

Internal Clock Operation (Rt Oscillation); System Clock 
--------- - - -- ------ ------ - -- ----- --

~~c =-2:5 to ~sv - -130- - ,----- - - - --- - - - -- -
Clock Oscillation Frequency fosc Rt=270kf2±2% 

270 (9) 
Vee= 2.5to5.5V 130 300 kHz 

Instruction Cycle Time Tinst Ti nst=4/f osc 
Vee= 2.5to3.5V 14.8 30.7 (9) 
Vee= 2.5to5.5V 13.3 30.7 

/J.S 

Clock Oscillation Frequency fosc Rt= 62kf2 ± 2% 
Vee= 4.5 to 5.!>y 600 1000 

kHz 
(9) 

Vee = 2.5 to 5.5V 420 1000 

Instruction Cycle Time 
Vee = 4.5 to 5.5V 4.0 6.7 

Tinst Tinst = 4/fosc Vee = 2.5 to 5.5V 4.0 9.5 
/J.S (9) 

(NOTE) All voltages are with respect to GND . 
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• ELECTRICAL CHARACTERISTICS·2 (Ta= -20 to +75°CI 

Item Symbol Test Condit ions 
Value 

Unit 
min max 

Halt Duration Voltage VoH HLT = 0.2V 2.3 - v 
Halt Current IDH Vin - Vee. HL T = 0.2V. VoH = 2.3V - 4.0 µA 

Halt Delay Time tHD 100 - µs 

Operation Recovery Time tRC 100 - µs 

HLT Fall Time tfHLT - 1000 µs 

HLT Rise Time trHLT - 1000 µs 

HL T "Low" Hold Time tHLT 400 - µs 

HL T "High" Hold Time tOPR 100 - µs 

RESET Pulse Width (11 tRST1 External Reset, HLT =Vee 1 - ms 

RESET Pulse Width (21 tRST2 
txternal Reset, HL T =Vee. 

2·Tinst - µs 
Vcc=2.5V to 5.5V 

RESET Rise Time trRST 
External Reset.~ - Vee - 100 µs 
Vee = 2.5 to 5.5V 

RESET Fall Time tfRST 
External Reset, HIT= Vee - 100 µs 
Vee = 2.5 to 5.5V 

INTo, INT1 Rise Time trlNT - 50 µs 

INT0. INT1 Fall Time tflNT - 50 µs 

(NOTE). 1. Applied to PMOS load of CMOS output pins and CMOS 1/0 common pins among D and R pins. 
2. Applied to CMOS output pins, CMOS 1/0 common pins, input pins with pull up MOS, and 1/0 common pins with pull up 

MOS among D and R pins. 
3. Applied to open-drain output pins and open-drain 1/0 common pins among 0 and R pins. 
4. Pull up MOS current is excluded. 
5. Applied to the supply current when the LCD-IV is in the reset state and the crystal oscillation for timer doesn't operate. 

(Current that flows in input/o~t circuit and in the power supply circuit for LCD is excluded). 
Test Conditions: RESET, HLT =Vee (Reset State),~= Vee 

o,.1xo. o., /XI L o,.1xo. o., /XI= Vee (Crystal oscillation for timer is not selected.) 

v,. v,. v, =Vee o,. IXO =Open, D.,/XI =Vee (Crystal oscillation for timer is selected.I 
COM, to COM•, SEG, to SEG,, =Open 

When the crvstal oscillation for timer operates, the standby supply current (2) lccs2 flows in addition to Ice. 

Note 

(161 

(161. (181 

(161 

(16) 

(161 

(161 

(161 

(161 

(171 

(171 

(17) 

(17) 

(13) 

(13) 

When the LCD-IV is installed in the user's system, and in operation current increases according to the external circuitry and 
devices. Those are connected to the LCD-IV. User should design the power supply in conSideration of this point. (The 
difference between the measured current in the above reset state and that measured in the operational state in the user's 
system is the increased part of the supply current). 

1230 

6. Standby 1/0 leakage current is the leakage current of 1/0 pins in the "Halt" and "Disable" state. 
7. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply 

current (2) is the supply current at Vee ~ 3.0V in "Halt" state in the case that the crystal oscillation for timer is 
selected (only the crystal oscillator for timer, 5-bit divider and 6-bit prescaler are in operation). 
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LCD-IV (HD613901) 

8. Applied to external clock operation. (system clock) 

Oscillator OSC, 

Open OSC, 

9. Applied to internal clock operation using resistor Rf. (System Clock) 

Tt 
Duty = --- x 100% 

Th+ T1 

Wiring OSC1 and OSC2 pins should be as short as possible because the oscillation frequency is modified by capacitance of these pins. 
10. Power supply condition Vee~ V1 ~ V2 ~ Vl ~GND should be maintained. 
11. Applied to input pins, 1/0 common pins among D and A pins, and RESET, HIT, OSC 1 , INT0 , INT, pins. 
12. Lower limit of operation frequency is determined by liquid crystal display duty. Flutter occurs on liquid crystal display 

if frame frequency is under 32 Hz. Therefore operation frequency should be determined to prevent that frame frequency 
becomes under 32 Hz. 
The following shows the relation between liquid crystal display frame frequency and operation frequency. 

500+---+--t-+-+-lc+ttt---+---!-i-bJ,- Static 

100 

..LJ V 1 /2 duty 

/1 v j.1'1/3duty LJ.LJ.b 1 /4 duty 

., z zrz. 
~ ~~ 
~ 50+-~-+---1--11.Li-i.'l-+++1,.,,_L~~-+-+-+ 

i Frame Frequency "1====*=:p!.L.~=l=~J.d~l:jlL~jl!L!::==l==:l==*"=*"-
O Lower Limit i.JI ~ V 

1~ 
o+---'--~~~~~~--_.___..__.__~ 

10 50 100 500 
Operation Frequency fcp. f05c (kHz) 

13. INT0 and INT1 inputs must be retaine1 for two or more instruction cycle time at both "High" and "Low" levels. 
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14. Current that flows in the input/output circuit and_ in the power supply circuit for LCD is excluded. The standby supply 
current (1) is the supply at Vee= 2.5 to 3.SV in "Halt" state in the case that the crystal oscillation for timer is not selected. 
The supply current when supply voltage fails to the Halt Duration Voltage is called ''Halt Current'' (loH). (shown in 
ELECTRICAL CHARACTERISTICS -2). 

15. The voltage that drops between the power supply pins (Vee. Vi, V2 , V 3) and each common or segment output pin. 
16. External Halt Timing Chart 

Vee 
HLT 2.5V~------- -----------f---2 5V 

·--------·- -·VDH 

IHD IRC 

GND 

lfHLT lrHLT 

17_ RFSFT Input rnnrli~i~n 

(Reset State) (Reset State) 

Vee 
lfRST lrRST lfRST 

• tRsT 1 includes the time required from the power ON until the operation gets into the constant state. 
• tRST2 is applied when the operation is in the constant state. 

Reset circuit at power on is not installed. Simple reset circuit at power on is the following. 

Vee 

+ 

RESET 

18. The supply current at Vee= VoH = 2.3V in "Halt" state, in the case that the crystal oscillation for timer is not selected. 
Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. 

• SIGNAL DESCRIPTION 
The input and output signals for the LCD-IV shown in PIN 

ARRANGEMENT are described in the following paragraphs. 

• Vee and GND 
Power is supplied to the LCD-IV using these two pins. 

V cc is power and GND is the ground connection. 

• RESET 
The LCD-IV can be reset by pulling RESET High. 
Refer to RESET FUNCTION for additional information. 

• OSC1 and OSC2 

These pins provide control input for the on-chip clock oscil
lator circuit. A resistor, a ceramic filter circuit, or an external 
oscillator can be connected to these pins to provide a system 
clock with various degreeds of stability I cost trade-offs. Lead 
length and stray capacitance on these two pins should be 
minimized. 

Refer to OSCILLATOR for recommendations about these 

pins. 

• HLT 
This pin is used to enter the LCD-IV into the HALT state 

(Stand-by Mode). The LCD-N can be moved into the halt state 
by pulling RI'f low. 

In the halt state the internal clock stops and all the internal 
statuses (RAM, Registers, Carry, Status, Program Counter, etc.) 
are maintained. Consequently power consumption is greatly 
reduced. By pulling HLT high, the LCD-IV starts operation 
from the status just before the halt state. 

Refer to HALT FUNCTION for details of halt mode. 

• TEST 
This pin is not for user application and must be connected 

to Vee. 

• INT0 and1NT 1 

These pins generate interrupt request to the LCD-IV. 
Refer to INTERRUPT for additional information. 
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• V 1 ,V2 andV 3 

Power for liquid crystal display are supplied to the LCD-IV 
usingthesepins(Vcc?V1 £V2 £V3 ;?GND). 

• Roo to Ro3 
These 4 lines are a 4-bit input channel. 
Refer to INPUT/OUTPUT for additional information. 

• R1otoR13,R20toR23 
These 8 lines are arranged into two 4-bit Input/Output 

common channels. The 4-bit register is attached to these chan
nels. These channels are directly addressed by the operand of 
an instruction. 1/0 configuration of each pin can be specified 
among Open Drain and CMOS using a mask option. 

Refer to INPUT/OUTPUT for additional information. 

• R30 to R" 
These 4 lines are a 4-bit output channel. 4-bit register is 

attached to this channel. This channel is directly addressed by 
the operand of an instruction. 1/0 configuration of each pin can 
be specified among Open Drain and CMOS using a mask option. 

Refer to INPUT/OUTPUT for additional information. 

• Do to Du 
These are 14 discrete signals which can be configured as 

Input/Output lines. 
Refer to INPUT/OUTPUT for additional infonnation. 

• D14/XO, Dis/XI 
0 14 /XO and D1s/XI are selected in the following 3 types 

with a mask option. 
• Discrete 1/0 (common pin) 
• Crystal circuit connecting pins (with internal halt) 
• Crystal circuit connecting pins (no internal halt) 
Refer to INPUT/OUTPUT for additional information. 

• COM 1 to COM4 
These pins are common pins for liquid crystal display. 
Refer to LIQUID CRYSTAL DISPLAY for additional 

information. 

• SEG 1 toSEG,2 
These are segment pins for liquid crystal display. 

• OSCILLATOR 
The user can specify a resistor, or a ceramic filter circuit or 

an external oscillator by "MASK OPTION LIST". 

LCD-IV (HD613901) 

111 External Clock 

Oscillator osc, 

Open OSC, 

12) Resistor 

(3) Ceramic Filter (This is not applied to Low Voltage Operation Version.) 

c, i osc, 
Rf 

~~~~~·c -c::i-+-'1111".,._---1 
osc, 

C, Rd 

GND 
(NOTE) Configuration and constant 

of external parts are depend 
upon each applied ceramic 
filter. 

Reset at the time of halt releasing. 
This circuit is the example of the typical use. As the oscillation character
istics is not guaranteed, please consider and examine the circuit constants 
carefully on your application. 

• ROM 
• ROM Address Space 

ROM is used as a memory for the instructions and the pat
terns (constants). The instruction used in the LCD-IV consists 
of 10 bits. These 10 bits are called "a word", which is a unit 
for writing into ROM. 

The ROM address is split into two banks. 
Each bank is composed of 32 pages (64 words/page). 
The ROM capacity is 4,096 words (I word= 10 bits) in all. 
All addresses can contain both the instructions and the pat-

terns (constants). 
The ROM address space is shown in Figure 1. 
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1234 

r---- 64 words -----t 

lFOF ~3E3F 

r Page 0 

Page 1 

~ . ., \ 

l 
*Subroutine Space .~ 

~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Page 30 

Page 31 

( PageO 

I 
Bank 1 

l Page 29 

Page 30 

Page 31 

"Bank 0 Page 0 (Page 0) is the Subroutine Space. 

(Page O) 

(Page 1) 

, 
(Page 30) 

(Page 31) 

(Page 32) 

' ~~ 

(Page 61) 

(Page 62) 

(Page 631 

Timer/Counter Interrupt Address 
Bank 0 Page 0 Address 3F 

(Page 0 Address 3F) 

Input Interrupt Address 
Bank 0 Page 1 Address 3F 

(Page 1 Address 3F) 

Reset Address 
Bank 1 Page 31 Address 3F 

(Page 63 Address 3F) 

Note; The parenthesized contents are expressions of the Page, combining 
the bank part with the page part. 

Figure 1 ROM Address Space 
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• Program Counter (PCI 
The program counter is used for addressing of ROM. The 

program counter consists of the bank part, the page part, and 
the address part as shown in Figure 2. 

Bank Page Address 

Address 3F 

Address 3E 

lj Page 30 

Page 31 

Bank 0 

Bank 1 

L 
Address OF 

Address 1 F 

Address 3F 

Address 3E 

Address OF 

Address 1F 

Pc,. Pc. PC, PC, PC, PC, PC, PC, PC, PC, PC. 

~---Page---~ ~----Address-----' 
Ban k Part Part 
Part 
~---(Page Part)---~ 

Note: The parenthesized contents are expressions of the 
Page, combining the bank part with the page part. 

Figure 2 Configuration of Program Counter 

The bank part is a I-bit register and the page part is a 5-bit 
register. 

Table 1 Program Counter Address Part Sequence 

Once a certain value is loaded into the bank part or the page 
part, it is unchanged until other value is loaded by a program. 

Decimal 

"O" (the Bank 0) or "1" (the Bank 1) can be set in the bank 
part, and any number among 0 to 31 in the page part. 

The address part is a 6-bit polynomial counter and counts up 
for each instruction cycle time. The sequence in the decimal and 
hexadecimal system is shown in Table I . This sequence forms a 
loop and has neither the starting nor ending point. It doesn't 
generate an overflow carry. Consequently, the program on a 
same page is executed in order unless the value of the bank part 
or the page part is changed. 
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63 
62 
61 
59 
55 
47 
30 
60 
57 
51 
39 
14 
29 
58 
53 
43 
22 
44 
24 
48 
33 

2 

Hex a-
decimal 

3F 
3E 
30 
3B 
37 
2F 
1E 
3C 
39 
33 
27 
OE 
10 
3A 
35 
2B 
16 
2C 
18 
30 
21 
02 

Decimal Hexa-
decimal 

5 05 
11 OB 
23 17 
46 2E 
28 1C 
56 38 
49 31 
35 23 

6 06 
13 OD 
27 18 
54 36 
45 20 
26 1A 
52 34 
41 29 
18 12 
36 24 

8 08 
17 11 
34 22 

4 04 

Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 

Decimal Hexa-
decimal 

9 09 
19 13 
38 26 
12 oc 
25 19 
50 32 
37 25 
10 OA 
21 15 
42 2A 
20 14 
40 28 
16 10 
32 20 

0 00 
1 01 
3 03 
7 07 

15 OF 
31 1F 

1235 
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• Designation of ROM Address and ROM Code 
The bank part of the ROM address is shown in the binary 

system and the page part in the decimal system. The address 
part is divided into 2 bits and 4 bits, and shown in the hexa
decimal system. 

In this case, the Page 0 to the Page 31 in the Bank 1 are shown 
as the Page 3 2 to the Page 63. The examples are shown in Figure 
3. 

It is possible to combine the bank part and the page part and 
show the combined part as the Page (in the decimal system). 

One word (10 bits) of ROM is divided into three parts (2 
bits, 4 bits and 4 bits from the most significant bit OIO in 
order) shown in the hexadecimal system. The examples are 
shown in Figure 3. 

(a) ROM Address 

(Example 1) 

r-- (Page Part) ---~ 

Bank Part /\r--- Page Part r--- Address Part~ 

L, L,_o: o : , : o : o I , : o : o : , : , : o I Bank 1 20-26: Bank 1 Page 20 Address 26 

\__/ '---- Decimal ___; \____/ \___ Hexa- ____J (52-26: Page 52 Address 26) 
Binary ~eec~~al decimal 
'----!Decimal)----' 

(Example 2) 

~---(Page Part)----

Bank Part 
II ,--Page Part--, r---- Address Part ~ 

lolo:O:o: olo>>>:<o 
\__/ ~Decimal----'\____J'--------1 

Binary Hexa· Hexa· 
'-----(Decimal)-----' decimal decimal 

Bank 0 2-0A: Bank 0 Page 2 Address OA 

(2-0A: Page 2 Address OA) 

{bl ROM Code 
{Example 1) 

1236 

o,. 

0 : 1 : 

'-Hexa- J\__ Hexadecimal __}\___Hexadecimal~ 
decimal 

{Example 2) 

o,. o, 

ROM Pattern, Object Code: 1 BS 

LI _o_._: _o_,_ _ _,__o_ .... : __ :._o_:._o__,: _ __._o__,:_o_.I ROM Pattern. Object Code: OA4 

'- Hexa- J\__ Hexadecimal __JI__ Hex~decimal ~ 
decimal 

Figure 3 Designation of ROM Address and ROM Code 
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• PATTERN GENERATION 
The pattern(constant)can be accessed by the pattern instruc

tion (P). The pattern can be written in any address of the 
ROM address space. 
• Reference 

ROM addressing for reference of the patterns is achieved by 
.modifying the program counter with the accumulator, the B 
register, the Carry F /F and the operand p. Figure 4 shows how 
to modify the program counter. The address part is replaced 
with the accumulator and the lower 2 bits of B register, while 
the page part and the bank part are ORed with the upper 2 bits 
of B register, the Carry F /F and the operand p. 

The bank part of the ROM address to be referenced to is 
determined by the logical equation: PC 11 · + P2 (P2 = the MSB of 
the operand p ). 

If the address where the pattern instruction exists is in the 
Bank 1, only the pattern of the Bank 1 can be referenced. 

If the address where the pattern instruction exists is in the 
Bank 0, the pattern of the either Bank 1 or Bank 0 can be refer
enced depending on the value of p2 • The truth table of the bank 
part of the ROM address is shown in Table 2. 

The value of the program counter is apparently modified and 
not changed actually. After execution of the pattern instruction, 
the program counter counts up and the next instruction is 
executed. 

LCD-IV (HD613901) 

The pattern instruction is executed in 2 cycles. 
• Generation 

The pattern of referred ROM address is generated as the fol
lowing two ways: 

(i) The pattern is loaded into the accumulator and B 
register. 

(ii) The pattern is loaded into the Data I/O Registers R2 
and R3. 

The command bits (09 , 0 10 ) in the pattern determine 
which way is taken. 

Mode (i) is performed when 0 9 is "l" and mode (ii) is per
formed when 0 rn is "l ". 

Mode (i) and (ii) are simultaneously performed when both 
0 9 and 0 10 are "l". The correspondence of each bit of the pat
tern is shown in Figure 5. 

Examples of how to use the pattern instruction is shown in 
Table 3. 

CAUTION 

In the program execution, the pattern can not be distinguish
ed from the instruction. When the program is running at the 
address written as a pattern, the instruction corresponding to 
the pattern bit is executed. Take care not to execute a pattern 
as an instruction. 

~---(Page Part)-----"\ 
Bank Part 
~;---Page Part~r-- Address Part-~ 

(PC) Pc.. PC,. Pc. Pc. PC, PC, PC, Pc. PC, PC, PC, Pc. 

(Reference r PC I PC T PC T PCT PC T PC.,. - .,. - ,. - "T - T - , - - 1 
ROM address) l +p:' I +p:• 1 +p: I +c• I +B; I +B: I B, I B0 I A, I A, I A, 1 A0 I 

- ..J. - ".I. - ..I.. - .J. _;...i. - ...I.. -..L - ....L - ..L - ..l. - ....I. - J 

Figure 4 ROM Addressing for Pattern Generation 

Table 2 Bank Part Truth Table of Pattern Gener<ltion 

PC11 P, Bank part of ROM address 
to be referenced to 

1(Bank1) 
1 1(Bank1) 

0 1(Bank1l 

0 (Bank 0) 
1 1(Bank1) 

0 0 (Bank 0) 
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LCD-IV (HD613901) 

ROM Pattern 

Loaded into the accumulator 
and 8 register 

Figure 5 Correspondence of Each Bit of Pattern 

Table 3 Example of how to use Pattern Instructions 

Before Execution Referred ROM ROM After Execution 

PC p c B A Address Pattern B A R2 R3 

Bank 0 0-3F 
1 0 A 0 

Bank 0 10-20 
120 2 B . 

(0-3F) (10-20) - -

Bank 0 0-3F 7 1 4 0 Bank 1 29-00 
220 4 B - -(0-3F) (61·00) 

Bank 1 30-00 4 0/1 *. 0 9 
Bank 1 30-09 

320 2 B 4 B (62-00) (62-09) 

Bank 1 30-00 1 0/1** F 9 
Bank 1 31-39 

223 4 c (62-00) (63-39) - -

" - " means that the value does not change after execution of the instruction. 
"0/1" means that either "O" or "1" may be selected. 

• BRANCH 
ROM is accessed according to the program counter sequence 

and the program is executed. In order to jump to any address 
out of the sequence, there are four ways. They are explained in 
the following paragraphs. 
• BR 

By BR instruction, the program branches to an address in the 
current page. 

The lower 6 bits of ROM Object Code (operand a, 0 6 to 0 1 ) 

are transferred to the address part of the program counter. This 
instruction is a conditional instruction and executed only when 
the Status FIF is "l". lfit is "O", the instruction is skipped and 
the Status F IF becomes" I". The operation is shown in Figure 6. 
• LPU 

By I.PU instruction, a jump between . the bank and page is 
performed. 

The lower S bits of the ROM Object Code (operand u, 0 5 

to o,) are transferred to the page part of the program counter 
with a delay of I instruction cycle time. At the same time, the 
signal R70 (the reversed-phase signal of the Data IIO Register 
R70 ) is transferred to the bank part of the program counter with 
a delay of I instruction cycle time. The operation is shown in 
Figure 7. 

Consequently, the bank and page will remain unchanged in 
the cycle immediately following this instruction. In the next 
cycle, a jump between the bank and page is achieved. 

This instruction (LPU) is conditional, and is executed only 
when the Status FIF is"!". Even after a skip. the Status FIF 

will remain unchanged ("O"). 
LPU instruction is used in combination with BR instruction 

or CAL instruction as the macro instruction of BRL or CALL 
instruction. 

• BRL 
By BRL instruction, the program branches to an address in 

any bank and page. 
This instruction is a macro instruction of -I.PU and BR 

instructions, which is divided into two instructions as follows. 

BRL a-b- LPU a 

BR b 

<Jump to Bank "R70 " Page a - Address b > 
BRL instruction is a conditional instruction because of its 

characteristics of I.PU and BR instructions, and is executed only 
when the Status FIF is "I". If the Stati.s FIF is "O", the 
instruction is skipped and the Status FIF becomes "I". The 
examples of BRL instruction are shown in Figure 8. 
• TBR (Table Branch) 

By TBR instruction, the program branches referring to the 
table. 

The program counter is modified with the accumulator, the 
B register, the Carry F IF and the operand p. 

The method for modification is shown in Figure 9. 
The bank part is determined by the logical equation: PC 11 + 

P2, as shown in Table 4. 
If the address where TBR instruction exists is in the Bank I, 
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LCD-IV (HD613901) 

it is possible to jump to an address only in the Bank 1, not to 
an address in the Bank 0. 

Bank 0 depending on the value of the operand p2 • 

TBR instruction is executed regardless of the Status F/F, and 
does not affect the Status F/F. If the address where TBR instruction exists is in the Bank 0, 

it is possible to jump to an address in either the Bank 1 or the 

Data 1/0 
Register 

Branch to Bank 0 
• LAI 15 
• LAA 7 
~·•LPU 5 ? 

BR 3F 

LAI 15 
LBA 

-LAA 
COMB 

'-•LPU 31 ? 
BR 3F , 

Branch to Bank 1 

• LAI 
•LAA 
:·•LPU 

BR 

LAI 
LTA 

---LAA 
LYI 
XMA 

-•LPU 
BR 

0 
7 

~~ f 

0 

7 
2 

10 
2E 

o6----ol 

ROM I : < A : I : : ~ : : I 
I I I I I I 

Bank Part 

Figure 6 BR Operation 

05 ---o, 

ROM .__I .____..___: LPU ..._: ..._: I..._..._: :.___<~: I 

A,. s '"1'" IA,.= '"O"'I 
BAL 5·3F 
(Branch to Bank 0 5-3F (5-3Fll 

A,.= "'1"' IA,.= "'0'"1 

BAL 31·3F 
(Branch to Bank 0 31·3F (31·3Fll 

A,,= ""O"' (R,0 = '"1'"1 

BRL15·3F 
(Branch to Bank 1 15-3F (47-3Fll 

R,0 = '"O'" <A,,= '"1'"1 

BAL 10-2E 
(Branch to Bank 1 10·2E (42·2Ell 

Figure 8 BRL Example 

Delay by 1 Instruction Cycle Time 

: I : : I 
I 

Bank Part 

Figure 7 LPU Operation 

Table 4 Bank Part Truth Table of TBR Instruction 

PC11 P, 
Bank Part of PC after 
TBA 

1 1 (Bank 11 
1 (Bank 11 

0 1 (Bank 11 

1 1 (Bank 11 
0 (Bank 01 

0 0 (Bank 01 

• SUBROUTINE JUMP 
There are two types of subroutine jumps. They are explained 

in the following paragraphs. 
• CAL 

By CAL instruction, subroutine jump to the Subroutine 
Space is performed. 

The Subroutine Space is the Bank 0 Page 0 (Page 0). 
The address next to CAL instruction address is pushed onto 

the Stack ST! and the contents of the stacks ST!, ST2 and ST3 
are pushed onto the stacks ST2, ST3 and ST4 respectively as 
shown in Figure 10. 

The bank part of the program counter becomes the Bank 0 
and the page part becomes the Page 0. The lower 6 bits 
(operand a, 0 6 to 0 1 ) of the ROM Object Code are transferred 
to the address part of the program counter. 

The LCD-IV has 4 levels of stack (ST!, ST2, ST3 and ST4) 
which allows the programmer to use up to 4 levels of subroutine 
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jumps (including interrupts). 
CAL is a conditional instruction and executed only when the 

Status FIF is"!". If the Status FIF is "O", it is skipped and the 
Status FIF changes to"!". 

CALL a·b ---LPU a 
CAL b 

• CALL <Subroutine Jump to Bank "R 70 ", Page a - Address b > 
By CALL instruction, subroutine jump to an address in any 

CALL instruction is conditional because of characteristics of 
LPU and CAL instructions and is executed when the Status F IF 
is "l ''. If the Status F IF is "O", the instruction is ~kipped and 
the Status FIF changes to "I". The examples of CALL instruc
tion are shown in Figure 11. 

bank and page is performed. 
Subroutine jump to any address can be implemented by the 

subroutine jump to the page specified by LPU instruction in the 
bank designated by the reversed-phase signal Rro. 

This instruction is a macro instruction of LPU and CAL 
instructions, which is divided into two steps as follows. 

~---(Page Part)---~ 

Bank Part I \r-Page.Part~r- Address Part -------

(PC) PC.. Pc.. PC, PC, PC, PC, PC, Pc. PC, PC, PC, PC, 

(Modification) ~ ~' = ~·: ~ : C B, : B, : B, : B, I A, : A, : A, : Ao I 

(PC after TBR C11 Pc,. PC, PC, PC, PC, B, Bo A, A, A, A0 
Instruction~ +p2 +p 1 +p0 +C +8 3 +B, 

Figure 9 Modification of Program Counter by TBR Instruction 

o, ~ o, 

ROM C~L : : : : 
0 0 0 0 0 0 l l l l l Bank j I I I I I 

PC 
Part["" 

I : +ge+ : I : :Addr+ Par: : 
j ! ! ! ! l l l l l l l (PC+ 11 

sn I : : : : : : : : : : 
ST2 

I I 
ST3 : : : : 

I 
ST4 

Figure 10 Subroutine Jump Stacking Order 
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Subroutine Jump to Bank 0 • RAM 
• LAI 15 

,---L.RA 7 
'"'LPU 5 ' 

CAL 3F J 
• LAI 15 

LBA 
•·LRA 
: COMB 
••LPU 31 ' 

CAL 3F J 

R.,0 = "1" (R.,0 = "0") 

CALL 5-3F 
(Subroutine Jump to Bank 0 5-3F (5-3Fll 

R,0 = "1" (R,. = "O"I 

CALL31-3F 
(Subroutine Jump to Bank 0 31-3F (31-3Fll 

RAM is the memory used for data storage and register save 
(data RAM) and storage of segment data for liquid crystal 
display (display data RAM). Its capacity is 256 digits (1,024 
bits) where one digit consists of 4 bits. 
(Note l) Capacity of display data RAM varies correspond

ing to the duty ratio of LCD. 
(Note 2) On the LCD-IV, RAM contents is not broken at 

system reset. 

Subroutine Jump to Bank 1 
Addressing of RAM is performed by a matrix of the file No. 

and the digit No. Normally the file No. is set in the X register 
and the digit No. is set in the Y register, then the matrix of X 
and Y addresses RAM and performs the Read/Write operation. 
Special digits in RAM can be addressed without using X and Y. 
These digits, 16 digits (MRO to MRlS), are called Memory 
Register (MR). Memory Register can be exchanged for A 
register by XAMR instruction. RAM address space is shown in 
Figure 12. 

• LAI 0 
--LRA 7 
~•LPU 15 f 

CAL 3F, 

LAI 0 
LTA 

-LRA 7 
LVI 3 
XMA 

•LPU 10' 
CAL 2d 

., ., 

Cl> Cl> 

: : 

... 
~ ~ 1I 

:; 

i 
)( 

R,0 = "O" (R,. = "1 "l 

CALL 15-3F 
(Subroutine Jump to Bank 1 15-3F (47-3Fll 

R,0 = "O" (R,0 = "1 "l 

CALL 10-2E 
(Subroutine Jump to Bank 1 10-2E (42-2Ell 

Figure 11 CALL Example 

.. M N 0 
Cl> ., ... "' .. .. M N 0 1I 1I 1I 1I 1I a: a: a: a: a: a: a: a: 1I a: 

:; :; :; :; :; :; :; :; :; :; :; :; :; :; :; 

Figure 12 RAM Address Space 

~HITACHI 

(NOTE) The area marked as c:::=:i is usable 
only for data. 
The area marked es - is usable 
for both liquid crystal display and 
data. 

Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 1241 



LCD-IV (HD613901) 

If an instruction consists of a simultaneous Read/Write 
operations of RAM (exchange of RAM and a register), the 
writing data doesn't affect the reading data because the read 
operation precedes the write operation. 

RAM bit manipulation is usable, which performs any bit set 
(SEM), reset (REM) or test (TM) of the addressed RAM. Bit 
assignment is made by the program as shown below. 

2' 2' 21 20 n 

I : : :01 0 M (0) 

I : :o: I 1 M (1) 

I :o: : I 2 M (2) 

'ID. I 3M (3) 

n = Bit assignment No. 

The bit test makes the status "l" when the assigned bit is 
"l" and makes it "0" when the assigned bit is "O". 

• REGISTERS 
The LCD-IV has six 4-bit registers and two I-bit registers 

available to the programmer. I-bit registers are Carry F /F and 
Status F/F. They are explained in the following paragraphs. 

• Accumulator (A; A Register) and Carry F/F (C) 
The result of ALU operation (4 bits) and the overflow of 

the ALU are put into the accumulator and Carry F /F respective
ly. Carry F/F can be set, reset or tested. Combination of the 
accumulator and Carry F/F can be right or left rotated. The 
accumulator is the main register for ALU operation and Carry 
F/F is used to store the overflow generated by ALU operation 
when the calculation of two or more digits (4 bits/digit) is per
formed. 

• B Register (Bl 
The result of ALU operation ( 4 bits) is put into this register. 

B register is used as a sub-accumulator to stack the data tempo
rarily and also used as a counter. 

• X Register (XI 
The result of ALU operation ( 4 bits) is put into this register. 

X register is exchangeable with SPX register and addresses the 
RAM file. 

• SPX Register (SPXI 
SPX register is exchangeable with X register. 
SPX register is used to stack the contents of the X register 

and expand the addressing system of RAM in combination with 
X register. · 

• Y Register (YI 
The result of ALU operation (4 bits) is put into this register. 

Y register is exchangeable with SPY register. Y register can. 
calculate itself simultaneously with transferring the data by bus 
lines, which is usable for the calculation of two or more digits 
( 4 bits/ di11:it). Y rel!:ister addresses the RAM dil!its and I-bit 
discrete input/output common pins. -

• SPY Register (SPYI 
SPY register is exchangeable with Y register. SPY register 

is used to stack the contents of the Y register and expand the 
addressing system of RAM and I-bit discrete input/output 
common pins in combination with Y register. 

• Status F /F (S) 
Status F /F latches the result of logical or arithmetic opera

tions (Not Zero, Overflow) and bit test operations. Status F/F 
affects conditional instructions (LPU, BR and CAL). These 
instructions are executed only when Status F /F is "I". If it 
is "O'', these instructions are skipped and Status F /F becomes 
"!". 

• INPUT/OUTPUT 
• Discrete 1/0 ID Pin) 

The discrete 1/0 is composed of I-bit latch and 1/0 pin. 
Figure 13 shows the basic block diagram. 

Reset signal by reset function 

Set instruction 

Reset instruction-----" 

Output latch Test 

Figure 13 Discrete 1/0 Block Diagram 

On 
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Reset, Signals by Reset Function 

Set instruction ---i--'1-A 

Reset instruction --+---1 

Set instruction-___,__,____,, 
Reset instruction---<----< 

Set instruction 

Overflow output -----o-52 
pulse from pre
scaler instruction 

Do - Dis 

o,.1xo 

D,./XI 

(internal halt 
release signal) 

"O" 
Test------+-'---1 N~ 

Internal halt 
@ . 
--~ 

~© 
Halt signal~ External,-@ 

halt signal '"{, 
"O" 

5-bit frequency divider 

Clock for 1,024Hz 
pre-scaler + 32 

Crystal oscillator 
for timer (32.768kHzl 

Figure 14 Mask Option of D14 and D15 

Do to D13 are discrete I/Os of common for input and output, 
D14 and D1s require 3 types of mask option. If there is internal 
halt mode, latch of D1s is used as a register for internal halt 
mode specially. 

In such case, since D1s means internal halt state and D1s = 
"I" means operating state, LSI ca.1 be in internal halt state by 

resetting Dis using an instruction. The prescaler keeps its 
operation in internal halt state. Therefore, Dis may be set by 
overflow output pulse from the prescaler to return to operat
ing state. For details of internal halt mode, refer to HALT 
FUNCTION. 

Table 5 Mask Option of D14 /XO and Dis/XI Pins 

Mask Option a b c d Function of Function of D14 /XO 
D14 /XO and D1s/XI and D1s/XI latch 

1 
Unselectable crystal oscillation for short open discrete 1/0 Output Latch timer (no internal halt) (common pin) 

with internal 
open short 

============ 
2 

Selectable crystal halt Crystal 
1---

oscillation for open short Circuit 

3 timer no internal halt short open Connecting D 15 ; register for 
Pin internal halt 

(NOTE) Users can specify this mask option in "The format of 110 channels" at ROM order. 

Discrete I/0 is addressed by Y register, and the set/reset 
instruction is executed for the addressed latch. Level ("O" 
or "I") of the addressed pin and I bit register can be tested. 
The test is executed by performing wired OR between the 
output of the latch and the pin input. Therefore, in the case 

of the 1/0 common pins, the output latch should be in the high 
impedance state when the test instruction is executed. In order 
to test the pin input, it is necessary the state that the output 
latch should not affect the pin input. 
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REDO Instruc-

1one Instruction Cycle~ 

On Set/Reset 
Instruction 

SEO,REDSEOO, [-

tion --+---=o'""n""'tL'"'s"'1-p""in"'">-x~:~~:::::::::::::::::::::::::::::::::::: 

[ ~~ ~ 
TO Instruction Instruction n I 

• Datll 1/0 (R Pin) 

~--t~~~~~~~P--~~~~~~-1-~~~·~ ..... ~ .!-+--
On Sampling 

Pulse 

Figure 15 Timing Chart of Discrete 1/0 

Table 6 Data 1/0 for the LCD-IV 

1/0 common channel R 1, R2 12 channels) 

4-bit register (data 1/0 register) is attached to each 1/0 
common channel and output channel. No register is attached 
to input channei. Addressing to aii channeis 1s perfonned by 
programs (addressed by operands in instructions). 

Input channel RO (1 channel) Figure 16 shows the block diagram of each channel. 

Output channel R3 11 channel) 

Total 4 channels 

(NOTE) In addition to the abow, R4, R5 and R6 are provided as 
register setting liquid crystal display mode. In these registers, 
there is no pin and e1<i1ts only data 1/0 register each, 
which controls liquid crystal display mode. Data is transferred 
to R4, R5 and R6 by LRA or LRB instruction. the same as deta 
transfer to deta 1/0 registers of RI. R2 and R3. For details of 
R4, R5 and R6, refer to LIQUID CRYSTAL DISPLAY. 

Input 
,.----1 

'P I 
OR .. 

} "'~·~ 
I 

To I 

2• I OR02 I I 
A,B I 

I 2' OR01 Register 1 
I 

2° ' O Roo 
I o L. ___ ... 

Outpu1 

AOMPIUVnOt'dllte r---------1 

( ... ; .......... Dat1 IOI 
Latch dock 

Display ICL, I 
Data Shih elodl 

ICL,I 
Alterna11n9 
signaltMI 

~( 
,. 
,. 

" .,. 

Output ---------. 
I 
I 

' ' 
:.-+---~--------/ -

Setall blll IO I f 

;~~~~~~t : 20 21 2• 2l : 

t..------" 
To A Mid 8 register 

Gue 100" exc:tt.ntins the output rflti1•r 
signal and the dlspl-v d111 sipt acc:ontint 
to lhe content' of R.1 

R..:::"1" 
datll 1/0 register 
sign.i 

Ou1pu1 

Ra ="0" 
Di1pl9Y dlta 
si....-1 

I ~· --o~J- (~(~ 

1244 

Setallbttsto••t" 
by reset function. 

Figure 16 Data 1/0 Block Diagram 

.HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 

"" }·-... 
Au 

... 

Input 



When expansion of segment signal for liquid crystal display 
is designated by a program (Register ~2 = "O"), RI is used as 
a display data output pin. This prohibits RI to be used as an 1/0 
common channel by users (Refer to Figure 16, RI channel). 

If LRA or LRB instruction is executed at the time, data is 
transferred to data 1/0 register, but the content of data 1/0 
register is not output from RI. If LAR or LBR instruction is 
executed, display data is input to accumulator (A register) or 
B register. 

Data is transferred from the accumulator (A register) and B 
register to data 1/0 registers RI, R2, and R3 through the bus 

LAA, LAB [ 
Instruction 

LAA, LBR [ 
Instruction 

L ~ 
One Instruction Cycle 

- Rn Output 
Instruction 

Rn 

- Pattern Genera-
tion 1 nstruction 

R2, RJ 

LCD-IV (HD613901) 

line. Jn addition, ROM bit patterns can be transferred to R2 
and R3 by pattern generation instructions. 

Input instructions input 4-bit data to the accumulator (A 
register) and B register through the channels RO, RI and R2. 
However, in the case of 1/0 common channels R2 and R3, since 
data 1/0 register outputs are connected to pins, input is execut
ed by performing wired OR between the register output and the 
pin input. For this reason, to input pin input signals, registers 
must be set to a state that would not affect the pin input. 

(second cycle) 

x 
Rn Input Instruction t--

Rn Sampling Pulse 

Figure 17 Data 1/0 Timing Chart 

Pay attention: When executing an input instruction to 
output channel, the microcomputer reads unstabilized value 
causing malfunction of the program. 

When executing an input instruction (LAR and LBR) from 
the data 1/0, pay attention to time allowance after executing 
an output instruction. At the time, the input sampling pulse 
is generated during the first half of the instruction cycle. 

1 Instruction Cycle 
.,L_ _:::-,. 

- Dn Set"'eset 
Instruction 

On 

Rn Input 
Instruction 

Rn Sampling Pulse 

I T. n in such s stem as an external circuit Pav attention to time atlowa ce V 
is operated by Dn to read the result from Rn. 

Applied Pins: INTo, INT,, Roo to R0 , 

No P~_upMOS 

Vee 

,,0 ·~· ! t~--·r· 
: NMOS . . . . . . 
1.. .. --- ---' 

vee110 ~--~i~~--~ 
1/0 Enable ..J Enable i PMOS 

I PMOS : : . . . 
: NMOS 
: I Input 
! : circuit 
1..------.J 

Figure 18 Configuration of Input Pins 
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• TIMER/COUNTER 

1246 

Interrupt 
request 

Applied Pins: R., to R,, 

No Pull up MOS 

(Open Drain) 

110 Enable 

~F 

CMOS output 

Vee 

1/0Er~6 

y~NMO; 
Figure 19 Configuration of Output Pins 

Applied Pins: Do to 0 13 , 0 1./XO, 0 15 /XI, R 10 to Au, Ru to Ra 

i.iu r"uii UJ.1 i'vi05 

Input 
Circuit 

1/0 
Enable 

~ 
(NOTE) In ca~e that CMOS is chosen, external 

input signal cannot. be applied. 

Figure 20 Configuration of Input/Output Pins 

Discrete 1/0 
output latch ,---- .. , 
' ' : o .. :----
' ' 1.-----~ 

Discrete I /O 
output latch r-----, 
' I 

r--,-n,-.,-n-al-h-al-t,-e-le-as-e---~, Du r,--t--o.;i5'..-(]._. __ .._~ 
signal (015 output latch L .. - ..... "" 
set signal I 

System Clock 
(instruction frequency) 

Figure 21 Timer/Counter Block Diagram 
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Timer/Counter Block Diagram is shown in Figure 21. 5-bit 
divider divides the crystal oscillation (32.768kHz) by 32 and 
generates clocks of l ,024Hz in the crystal oscillation mode. 
It does not stop in the halt state. Prescaler divides the system 
clock (instruction frequency) or l ,024Hz clock by 64 and 
generates overflow output pulse of "Instruction frequency I 
64Hz" or l 6Hz. In the crystal oscillation mode, it does not 
stop during halt state. The input of the 4-bit counter is over
flow output pulse of the prescaler or a pulse of INT i pin. 
Input selection is determined by CF state. Data can be ex
changed between the counter and bus by LTI, LTA or LAT 
instruction. TF is a flip-flop which masks the interrupt of 
timer/counter. 

The timer is operable in 2 modes (timer mode and counter 
mode) depending on what to count, and the mode is selected 
by programs. 

• TimerMode 
The 4-bit counter counts prescaler overflow output pulses. 

One of the following two can be selected as the prescaler count 
clock by the mask option. 
I . System clock (Instruction frequency) 
2. l ,024Hz clock (Crystal oscillation for timer is selected.) 

Internal halt state 

LCD-IV (HD613901) 

Clock obtained by dividing the crystal oscillation (32.768kHz) 
for timer by 32. Crystal oscillator is constructed between D 
pins of Di4 and Du : 

Note I) In this case, the overflow output pulses form the pre
scaler are l 6Hz. These pulses are counted bv the 4-bit 
counter to generate an interrupt of l 6Hz - !Hz. 

Note 2) In this case, the part marked with rlZZI in Figure 21 
Timer/Counter does not stop even in halt state. When 
using "internal halt mode", internal halt state is gener
ated by resetting the register for internal halt mode (D 
latch: Dis) by an instruction (Dis = "O": internal 
halt state, Du = "I": operating state), and all the 
operation stop. In this case, overflow output pulses 
from the prescaler work as the internal halt releasing 
signal and set the D15 output latch. 
By utilizing this function, intermittent operation is 
possible, that is, program execution for necessary 
processing (for example, counting for clock function) 
starts after every 62.5 msec (16Hz) and the LSI stops 
after execution of this program by an instruction 
which makes the- LSI into internal halt state. This 
reduces the time in which the LSI operates, resulting 
in power consumption in substance. 

Internal halt state 

LSI Operating state Operating state Operating state state 
0 15 output 
latch (internal 
halt register) 
Prescaler 
overflow output 
pulse (internal 
halt release 
signal) 

• Counter Mode 

----+-::----=!- - - - -- - - -- -- - - - - - - --- --- --- - - -- - - - --~-- - --
Set Reset Reset Set 

l YI 15 and RED instructions (These are used to reset 0 15 output latch 
and make the LSI internal halt state.) 

Figue 22 Set/Reset Operation Using Crystal Oscillator for Timer 

levels. 
Counts pulse of INT 1 pin. 

(Note) The width of INTi pulse in the counter mode must be 
at least 2-cycle time for both the "High" and "Low" 

The relation between the specified value of the counter and 
specified time in the Timer Mode are shown in Table 7 and 8. 

Table 7 Timer Range (Prescaler clock: system clock) 

Specified Cycles •Time (ms) Specified Cycles •Time (ms) Value Value 

0 1,024 5.12 8 512 2.56 
1 960 4.80 9 448 2.24 

2 896 4.48 10 384 1.92 
3 832 4.16 11 320 1.60 
4 768 3.84 12 256 1.28 

5 704 3.52 13 192 0.96 
6 640 3.20 14 128 0.64 
7 576 2.88 15 64 0.32 

•Time is based on instruction frequency 200kHz. (One Instruction Cycle Time (Tinst> = Sµs) 
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LCD-IV (HD613901) 

Table 8 Timer Range (Prescaler clock: 1,024 Hz) 

Specified *Time (ms) Frequency (Hz) 
Value 

0 1,000 1 

1 937.5 1.07 

2 875 1.04 

3 812.5 1.23 

4 750 1.33 

5 687.5 1.45 

6 625 1.60 

7 562.5 1.78 

*Time is based on crystal oscillation for timer 32.768 kHz. 

• INTERRUPT 
There are interrupt caused by the timer/counter or the in

puts. Each interrupt factor has the interrupt request F/F and 
the request is latched into this flip-flop when it is generated. 
If an interrupt can be accepted, the interrupt is generated. 

4>2 

Specified *Time (ms) Frequency Value 

8 500 2 

9 437.5 2.29 

10 375 2.67 

11 312.5 3.20 

12 250 4 

13 187.5 5.33 

14 125 8 
15 62.5 16 

It 1.~ ror!~ro!!~d by !n!err!!pt E:-:::b!e F/F {!/E F/F) wh\;th€i 
on interrupt can be accepted or not. 

Figure 23 shows the interrupt block diagram and Figure 24 
shows the interrupt timing chart. 

Interrupt 
Request 
from Timer/ 
Counter 

l/E 

SEIE S 

INT 

(Refer to Figure 21) 

IFO, IF1 Set has priority over Reset. 

D F/F I Delayed by One Instruction Cyclel 

Figure 23 Interrupt Circuit Block Diagram 

The status is unchanged. (The interrupt is different from 
general CAL in regard to this matter.) 

Stacking of registers is performed by the program. Returning 
from the interrupt routine is performed in the same way as that 
from normal subroutine. But it is convenient to use RINI (Re
turn Interrupt) which sets the I/E simultaneously with RTN. 

An interrupt is generated irrespectively of the condition of 
stack registers, so enough stack registers are needed. 

TF, IFO, or lFl is flip-flop where the set has priority over 
the reset. It is not reset when the reset instruction is issued 
simultaneously with OVF of the timer/counter or the leading 

edge of the input, though the interrupt request is generated 
and latched into I/RI or I/RT. 

The interrupt processing caused by the interrupt generation 
is basically the subroutine jump and the jumping location in 
memory is fixed as: 

Interrupt of the timer/counter 
Bank 0 page 0 address 3F (00-3F) 

Interrupt of the inputs 
Bank 0 page l address 3 F (O 1-3 F) 

In addition, 
The saving operation of PC -+ STl -+ ST2 -+ ST3 -+ ST4. 
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l/E reset 

• Interrupt of the Inputs 
Two pins INT 0 and INT 1 have the interrupt request func

tions. They have the leading pulse generation circuit and the 
interrupt mask F/F (IFO, !Fl). When IFO or !Fl is reset, the 
interrupt request is able to generate interrupt mask release. 
When INT 0 or INT 1 changes from "O" to "I" ("Low" level -+ 
"High" level), the leading pulse is generated and generates the 
interrupt request. When IFO or !Fl is set, the interrupt is 
masked. 

The interrupt request generated by the leading pulse is 
latched in the interrupt request F/F on the input side (I/RI). 
If interrupt Enable F /F (l/E) is "I", the interrupt is generated 
immediately and I/RI is reset. But if Interrupt Enable F /F 
(I/E) is "O", I/RI is held at "I" level until it gets into the 

One I nstruc-
tion Cycle 

_L _:,._ 

l Timer/Counter Interrupt 

Timer/ 
Prescal 

p 

Counter-
er 15-62 
c m 

J 
15-63 

n 

0-0 

0 

LCD-IV (HD613901) 

Interrupt Enable state. 
IFO, !Fl, INT0 and INT, can be tested by the program. 

Therefore, they can also be used as normal input pins or latch 
pins of momentary pulse input. 

The interrupt pulse width (at both "High" and "Low" 
levels) should be more than two-cycle. 

• Interrupt of the Timer/Counter 
The interrupt request of the timer/counter is latched into 

the interrupt request F /F of the timer (I/RT). Then I/RT 
operates in the same way as I/RI, but the interrupt of the 
input has priority over that of the timer. Therefore, the input 
interrupt is serviced when both I/RI and I/RT are at "l" level 
(interrupt requests are simultaneously generated). During the 
input interrupt, I/RT remains set. Thus, after the input inter
rupt, the timer/counter interrupt can be serviced. 

0-1 0-2 0-3 

0-3F p q 

Exec 
Instr 

ution Instruction Instruction Subroutine Instruction Instruction Instruction 
uction in Address m in Address n Jump in Address in Address p 

(o-.6T1) 0-3F 

Tim er/OVF x 1'. 

TF 

/RT 

NT 

/E 

r Input Interrupt J 
p c 

Exe 
Inst 

cution 
ruction 

INT o Input 

Leading 
p ulse 

IFO 

/RI 

NT 

/E 

I 

Instruction 
in Address I 

. ..11 

J' I\. 

_)'iNT 
Processing ~ 

I\. 

m n 1-3F p 

Instruction Subroutine Instruction Instruction 
in Address m Jump in Address in Address p 

(IH6T1) 1-3F 

!Ff Sampling 
clock 

1\. 

../ INT 1\. 
Processing 

Figure 24 Interrupt Timing Chart 
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LCD-IV (HD613901) 

• LIQUID CRYSTAL DISPLAY 

• liquid Crystal Display Circuit 
The LCD-IV can directly drive the liquid crystal display 

panel of static, 1/2 duty factor, 1/3 duty factor and 1/4 duty 
factor. 

R50 , Ru A40, A41 R .. X,Y 
t-
(.) 

t- w 
(.) ..J 
w w :..: 
..J Cl) z w >- < 
"' t- ..J 
::;; ::> ., 
< 0 
a: 
>-
< 
..J 
a. Cl!S?!....AY 
~ 
0 COUNTER & 

CONTROL 
CIRCUIT 

t:> z 
Vj ., 
w 
a: 
0 
0 
< 

The LCD-IV has 4 common signal pins and 32 segment 
signal pins. Further, if liquid crystal driver LSI (HD441 OOH) is 
connected to the LCD-IV, up to 96 segment signal pins can be 
extended externally. Thus, in addition to the internal 32 pins, 
total 128 segment signal pins can be driven. 

Sl BUS S2 BUS 

RAM 

SERIAL DATA 

ALTERNATING 
SIGNAL (Ml 

LATCH CLOCK 
COMMON CATA 

LCD DRIVER 
CIRCUIT 

32-BIT SHIFT REGISTER 

32·BIT LATCH 

SEGMENT DATA 

LCD DRIVER CIRCUIT 

<5 <3 w w 
Cl) Cl) 

R 
t:> 
w 
Cl) 

SERIAL SEGMENT DATA 
(D) 

Figure 25 liquid Crystal Display Circuit Block Diagram 

Display is automatically executed by writing segment data 
into RAM. The RAM reads segment data bit by bit sequentially 
every one instruction cycle upon receiving address signal from 
the display counter and the control circuit. Every time common 
signal is scanned, the RAM reads 128-segment data (SEG 1 to 
SEG128 ), which is correspond to common signal selected at 
the next time. Scan of common signal is executed every 256-
instruction cycle. Therefore, the data which corresponds to 
128-segment is read twice at the same time. The serial data read 
is converted to parallel data by the shift register and latch, con
verted to LCD drive signal by the liquid crystal driver and the 

output from a segment pin. 32-segment (SEG 1 to SEG32 ) out 
of 128-segment serial data is used within the LCD-N, and the 
rest (96-segment) is output to liquid crystal driver LSI HD-
441 OOH which is connected to the LCD-IV and is converted to 
LCD drive signal in the HD441 OOH at the time of designation 
of with liquid crystal segment output extension. Cycle of the 
latch clock is 256-instruction cycle in the LCD-N. In the case 
of dynamic drive, data at the common side changes synchro
nously with the latch clock. These display operations are all 
executed regardless of program. 
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A., 

LCD-IV (HD613901) 

Display Data 

External Shift 
Clock (CL, l 

i------------- 256 Instruction Cycle----------

One Instruction Cycle 

External Latch n n 
Clock (CL, l __._j ~,r-----.......,--;7------11\1r---------'~ 1------

Alternating 
Signal (Ml 

D 

CL, 

CL, 

M 

--
One Instruction Cycle 

SEG,. SEG29 SEG,. 

Figure 26 Display Data Timing Chart 
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LCD-IV (HD613901) 

One Instruction Cycle 

Shift Clock 

Latch Clock 

Segment Data 

Static 

COM, 

COM, 

COM4 

1/2 Duty 

COM, 

COM2 

COM, 

COM4 

1/3 Duty 

COM, 

COM2 

COM, 

co11.1. 

1/4 Duty 

COM1 

COM2 

COM, 

COM4 

~-+~~~~.;....~~~-+~~~_,,,....~.J 

r-1 r-1 r-1 ...., ...., ...., r-'I ,..., ' 
.....J L...J L...J LJ W LJ LJ LJ L 

All outputs are available 
because of the same 
waveform outputs 

]
Common 
Symbol 

Symbol ]
Common 

Common 
Symbol 

) 

Both groups 
are available 
because of 
the same 
waveform 
outputs 

Figure 27 Liquid Crystal Display Circuit Timing Chart 
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LCD-IV (HD613901) 

• Liquid Crystal Display Mode Setting Registen 
For selection of the liquid crystal display mode, data 1/0 registers of R4, RS and R6 are used. 

Table 9 Function of Liquid Crystal Display Mode Setting Registers 

R., R40 Function 

0 0 Static 

Selection of I iquid crystal 0 1 1/2 duty 
display duty factor ( R40, R41 l 1 0 1/3 duty 

1 1 1/4 duty 

Designation of with or without R•2 F•Jnction 

liquid crystal segment output 0 To be extended (Outputs display data from Channel Rl) 
extension ( R.2 I 1 Not to be extended (Channel R 1 becomes an ordinary 4-bit data 1/0.) 

R60 Function 

Liquid crystal display blanking 0 Outputs RAM data for liquid crystal display as segment signals. 
signal ( R 60 I Segment signals become non-selection status (blanking) regardless of RAM 1 

RAM designation for liquid 
crystal display ( R50 , Rs1 l 

R63 R62 
Selection of 

~ 0 halt function 
and oscillation ~ 0 
circuit for ..------ 1 
timer 

-------
1 

110 state 0 ___,..,.. 
at halt 1 ~ 

data for liquid crystal display. 

Rso Function 

Function varies with liquid crystal display duty factor. 

R61 R60 Function 

0 

----
Do not set in this state. 

1 ___,..,.. With crystal for timer, with internal halt, XI, XO 

0 ..------ Without crystal for timer, D14 and D15 are general 1/0. 

1 ----
With crystal for timer, without internal halt, XI, XO. 

..------ ---- Enable: 

~ ~ Disable: 

(NOTE) Liquid cry1t1I dl1pl1y mode at reaettlng. 
Since 111 bits of regl1t1r1 R4, RS and R8 are aet to "1" by the reaet function, dl1pley mode after reaettlng beccm11111hown below: 

Liquid cry1tal dl1pl1y duty factor: 1 /4 duty IR40 • "1 ", R41 • "1 ") 
Liquid cry1t1l aegment output 1xt1n1lon: Not extended IR., • "1 "I 
Oulgn1tion of liquid cry1t1I dl1play blanking: Ol1pl1y blanking IR 60 • "1 "I 
011lgn1tlon of RAM for liquid cry1tal dl1pl1y: Varl11 corre1pond touch liquid cry1t1I di1pl1y duty factor. IR10 • "1'', Ru • "1"1 
011ign1tlon of cry1t1I for timer and lnttrn1I halt: With cry1111 for timer, without lnt1rn1I hilt IR11 • "1 ", R., ••"1 "I. 
1/01111111 hilt: 1/0 1t1t1 at halt becom11 dl11bl1 (Ru • "1 "I . 
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LCD__:.IV {HD613901) 

• Relation between Display RAM and Segment Data RAM Address 

In the LCD· IV, 4 types of display duty factor (static, 1 /2 x 
duty, 1/3 duty, and 1/4 duty) can be selected by programs, COM1 

and correspondence between RAM bits and segment data COM2 
COM1 

changes according to these duty factors. COM2 
- shows segment signal output from the LCD-IV. COM, 

-COM2 
-COM, 

RAM Address 6 4 0 
-COM, 
-COM, 

x -COM2 
-COM, 
-COM2 
-COM, 
-COM2 

COM1 
COM2 
COM1 

4 0 
COM1 

3 SEG.o SEG39 COM2 
10 SEG,2 SEG•1 4 SEG,, SEG,3 SEG., COM1 
11 SEG.1 SEG.41 SEG.q SEG.1 

5 SEG .. SEG., SEG•2 COM2 12 SEG12 SEG1u SEGso sea •• 
13 SEG,. SEG51 seG .. SEGs3 

6 SEG .. SEG., seG •• COM1 

14 SE Geo SEG19 SEG51 SEG57 7 SEG•o S~G., SEG41 COM2 
5 

8 SEG52 SEG01 SEG50 COM1 15 sea .. SEG13 SEG12 SEG11 

0 SE Gee SEG11 SE Gee SEG11 SEG., SE!Js1 SEGso COM2 

SEGn SEG11 SEG10 SEGea 10 SEGso SEG55 SEGs. COM1 

SEG11 SEG1s sea,. SEG13 11 SEG&o SEGss SE Gs• COM2 

SE Geo sea,, SEG11 SEGn 12 SE Gao SEG., SEGsa COM1 

4 sea ... SEG13 SEG12 SEG11 13 SE Goo SEG&o SEG58 COM2 
5 SE Gu SEG11 SE Gu SEG15 14 SEG,. SEG., SEG12 COM1 

SEG12 SEG91 SE Goo SE Get 15 SEG,. SEG., SEG02 COM2 
SEG,. SEGts SEG,. SEG13 0 SEG1e SEG., SEG,. COM1 
SEG100 _SEG1tt SE Gae SEG11 SE Gee SE Gu SE Geo COM2 

9 SEGuw SEG103 SEG102 SEG101 SEG12 SEG,, S~G10 COM1 
10 SEG1oe SEG101 SEG1oe SEG1os 3 SEG12 SEG,, SEG10 COM2 
11 SEG112 SEG111 SEG110 SEG1ot 4 SEG,. SEG,. SEG14 COM1 
12 SEG111 SEG115 SEG11• SEG1u 5 SEG1e SEG1s SEG,, COM2 
13 SEG120 SEG111 SEG111 SEG111 6 SE Geo SEG10 SEG1s COM1 
14 SEG12• SEG123 SEG122 SEGm 

7 SE Geo SEG,. SEG1e 
15 SEG121 SEG121 SEG12e SEG12s 4 6 0 2 

8 SEG04 SE Ga, SEGe2 
R,o 0 1 0 (NOTE) The SEG,. to SEG,,. are 9 SEG14 SEG13 SEGs2 R., 0 0 extended segments. 10 SE Gee SEG., SE Gee SEGss r-COM1 

Relation between RAM for LCD & 
11 SE Gao SEG., SE Ge• SEGss ~COM2 

Figure 28 12 SEG02 SEG01 SE Goo SEGeo !--COM1 
Segment Data (Static) 13 SEG92 SEG01 SE Goo SEGeo !--COM2 

14 SE Goe SE Gos SEG94 SEGoJ COM1 
15 SEG91 SE Gos SEG .. SEG93 !--COM2 
0 SEG100 SEGgg SE Goe SEG91 1- COM1 

SEG100 SE Goo SE Goo SEG,, !--COM2 
SEG104 SEG103 SEG102 SEG101 COM1 
SEG104 SEG103 SEG1021 SEG1011-COM2 

4 1 SEG10s SEG101 SEG1os SEG1oor COM1 
5 SEG1oe SEG101 SEG1oe SEG1osf--COM2 
6 SEG112 SEG111 SEG110 SEG1091-COM1 

3 
SEG112 SEG111 SEG110 SEG109 COM2 

8 SEG11e SEG115 SEG114 SEG113 COM1 
SEG11e SEG115 SEG11• SEG113 COM2 

10 SEG120 SEG11s SEG11a SEG111 COM1 
11 SEG120 SEG11s SEG11a SEG111 COM2 
12 SEG12• SEG123 SEG122 SEG121 COM1 
13 SEG12• SEG12a SEG122 SEG121 COM2 
14 SEG12a SEG121 SEG12e SEG125 COM1 
15 SEG12s SEG121 SEG12e SEG12s COM2 

R,o 0 1 0 
R,, 0 0 

Figure 29 Relation between RAM for LCD & 
Segment Data (1/2 Duty, 1/2 Bias) 
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LCD-IV (HD613901) 

RAM Address RAM Address RAM 
x y 2' x y 

0 0 SEG,. SEGoo SEGoo 
SEGee SEGoo SEGeo 

2 SEG11 SEG., SEG01 
3 SEGoa SEGea SEGoa 
4 4 SEGos SEG09 SEG09 
5 
6 6 SEG11 SEG11 SEGn 

6 0 
8 

4 2 0 6 
7 SEG12 SEG12 SEG12 

4 
8 SEG13 SEG13 SEG,, 

9 9 SEG1• SEG,. SEG1• 
10 10 SEG;s SEGn SEG10 
11 11 SEChe SEG1e SEGn 
12 12 SEGn SEGn SEGn 
13 13 SEG1a SEG1a SEG10 
14 14 SEG,. SEG,. SEG,. 
15 15 SEGao SEGao SEGoo 
0 0 SEGa1 SEGa1 SEGa1 

SEG02 SEGa2 SEGa2· 
SEGa3 SEG., SEG,, 

3 SEG94 srn.. SEG94 
4 4 SEGas SEGao SEGao 

5 SEGae SEGaa SEGao 
6 6 SEGa1 SEGa1 SEG., 

8 
7 3 

SEGaa SEGaa SEGoa 
8 SEGao SEG99 SEGao 

9 9 SEGoo SEGoo SEGoo 
10 10 SEG., SEG11 SEG01 
11 1 1 SEG02 SEG12 SEG02 

l2 12 SEG93 SEG93 SEG,, 
13 13 SEG94 SEG94 SEG94 
14 14 SEG,. SEG., SEGos 
15 15 SEGoo SEG99 SEGoo 

0 0 SEG11 SEG11 SEG11 
1 SEG91 SEGoo SEGH 
2 SEG11 SEG11 SEG11 

3 SEG100 SEG100 SEG100 
4 4 SEG101 SEG101 SEG101 

6 SEG102 SEGt02 SEG102 

8 8 SEG10• SEG10• SEG103 

0 4 8 4 0 
7 SEG104 SEG104 SEG104 
B SEG101 SEG101 SEG101 

8 

9. SEG109 SEG1os SEG~ 

10 SEG101 SEG10• SEGtoT 

h1 SEG101 SEG101 SEG101 

F-"~ Z SEGIOI llEG101 BEG101 
13 SEG110 SEG110 8EG110 

_1.4 !J&.·a··-".' sea,,, se.o,,, 16 SEC!nt SEO 

~- ~~~~~~~-~~ 
1 SEG11• 
2 iiEG m SEG' ;; 
-f SEG1il 8EC!1o1 
4 SEG,,, SEGn BEG,,, 

5 SEG 111 SEG"' SEG"' 
e 8 SEO"' SEG 11 t SEG"' 

3 
8 

3 
7 SEG 120 SEG 120 SEG t2o 
8 SEG111 SEG121 SEGm 

9 9 SEG122 SEGm SEGm 
10 10 SEG m SEG"' SEG m 
11 11 SEG124 SEGm SEGm 

12 1 2 SEG m SEG m SEG 1201 

13 13 SEG 121 SEG 121 SEG 121 

14 14 'SEGm SEGm seo,., 
16 16 'SEGm SEGm SEG1211 

Rio 0 0 [Rio 0 1 0 1 
R11 o 0 1' COM, COM2 COM1 L~R~"~-0~'~0-~_1~~1~ COM3 COM2 COM1 

Figure 30 Relation between RAM for LCD & Segment Data (1/3 Duty, 1/3 Bias) 
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LCD-IV (HD613901) 

1256 

RAM Address 
~--~~~----~---~~~-------, 
I RAXM Address RAM 

x 

4 

4 0 

0 

0 

12 SEG4s SEG45 SEG45 SEG4s 

13 SEG4a SEG4s SEG4a SEG4s 

14 SEG41 SEG41 SEG41 SEG41 · 

15 SEG4e SEG4e SEG4e SEG4a 

0 SEG•s SEG4s SEG49 SEG49 

SEGso SEGso SEGso SEGso 
2 SEGs1 SEGs1 SEGs1 

3 SEG., SEG52 

4 SEG., SEG., 

t.__ 5 SEGs4 SEGs4 SEGs4 SEGs4 

I 6 SEGss SEGss SEGss SEGss 

3 >-~ SEGss SEGss 

8 SEGs1 SEGs1 
9 SEGsa SEGsa SEGsa 

~ SEGs9 SEGss SEGss SEGsg 

' 11 SEGso SEGso SEGso SEG~o 
12 SEGs1 SEGs1 SEGs1 SEGs1 

13 SEG02 SEGs2 SEG02 SEG02 

f---14 SEGs3 SEGs3 SEGs, SEG., 
1 5 SEG64 SEGs4 SEGs4 SEGs4 

I v 23 22 2' 20 
i--r--n-f---0-+-S,-E_G_s_s +S-E_G_s_s+-SE_G_s_s+---5-E_G_"---< 

1 SEGss SEGes SEGes SEG.ss 

2 SEGs1 SEGe1 SEGs1 SEG., 

1

1 , 3 SEGse SEGsa SEGae SEGee 

4 SEGsg SEGs• SEGe• SEGs• 

5 SEG10 SEG10 SEG10 SEG10 

6 SEG11 SEG11 SEG11 SEG11 

0 4 
7 SEG12 SEG12 SEG12 SEG12 

8 SEG,, SEG,, SEG,, SEG73 
6 

9 SEG14 SEG14 SEG1, SEG14 
10 SEG1s SEG1s SEG1s SEG1s 
11 SEG1e SEG1e SEG1e SEG1e , 

12 SEGn SEG11 SEGn SEGn 
13 SEG10 SEG1s SEG10 SEG1a 

14 SEG10 SEG19 SEG19 SEG19 

15 SEGso SEGeo SEGso SEGao 1 

0 SEGa, SEGa, SEGa, SEGa• 

1 SEGa2 SEG02 SEGa2 SEG02 
2 SEGsa SEGs3 SEGea SEGaa 

3 SEGe, SEGe• SEGe, SEGe, 
4 SEGss SEGas SEGas SEGss 

5 SEGas SEGae SEGas SEGae 

6 SEGa1 SEG01 SEG01 SEGa1 

7 SEGea SEGaa SEGaa SEGaa 

8 SEGa• SEGao SEGe• SEG., 

I
I 9 SEGoo SEGoo SEGoo SEGoo 

[ 10 SEG91 SEG91 SEG91 SEG91 

I 111 SEG92 SEG92 SEG92 SEG92 

~ )-I -~-+!-l-l-!-1-+-El~ E~ E~ 
I Ei SEG9a SEGga SEGga SEGga 

SEG99 SEG99 SEG99 SEGeg 

I SEG100 SEG100 SEG100 SEG100 

I 
SEG101 SEG101 SEG101 SEG101 

I 5r-;~-EG102 SEG102 SEG102 

I I 6 SEG103 SEG103 SEG103 SEG103 

I 

4 6 ~7 SEG104 SEG104 SEG104 SEG104 

O 

1 

2 I 8 SEG>es SEG>es SEG,os SEG>es 
9 SEG1os SEGto6 SEG1os SEG10s 

0 SEG101 SEG101 SEG101 SEG101j 

I 
11 SEG1oe SEG1os SEG1os SEG1osi 

I 
r--12 SEG109 SEG109 SEG109 SE~ 

13 SEG110 SEG110 SEG110 SEG11~ 

I ! - I I 14 SEG,,, SEG,,, SEG,,, SEG,,cj IT 15 SEG112 SEG112 SEG112 SEG~ 
~~G11J SEG113 SEG113 seG3 
~~EG114 SEG114 SEG114 SEG114I 

I I 2 SEG11s SEG11s SEG 11 s SEG~ 

I I 
II I ~- SEG,,. SEG ... SEG,,. SEG ... 

4 SEG111 SEG111 SEG111 SEG111: 

, I j 5 SEG11a SEG1;s SEGna SEG11~ 

1 I 3 I 5 

I I 

1 
0 

I 6 SEG119 SEG119 SE~_~.!..!,! 

7 ~~- SEG120 SEG120 SEG120 SEG120 
~-~SiG121 SEG121 SEG121 SEG121 

, 9 SEG122 SEG122 SEG122 SE~-~ 
liQ SEG123 SEG123 SEG123 SEG123 

SEG124 SEG124 SEG124 SEG124 

SEG12s SEG12s SEG12s SEG12s 

13 SEG12s SEG12s SEG12e SEG12a 

f--f4+-se-G121 SEG121 SEG121 SEG121 

15 SEG12e SEG12a SEG12a SEG12s 

~ 0 1 
~+, -o-+--o-+---+----< I ! 

COM, COM, COM2 COM, 
1 T I I 

COM, COM, COM2 COM, [ R., 0 0 

Figure 31 Relation between RAM for LCD & Segment Data (1/4 Duty, 1/3 Bias) 
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LCD-IV (HD613901) 

GND -, 4 Digits 
COM, Cl. with Symbols 

kf! 
Vee mV 

Vee 

VLCD 
v, 32 
v, sep. 
v, SEG 32 

(Staticl 

GND COM, 2 0 
COM, 0. B Digits 

Vee 
v, 
v, se1G, 32 

v, SEG,, 

( 1 /2 duty, 1 /2 biasl 

vcc 
GND 3 /If 8. 10 Digits COM, 

1 E with symbols 

Vee 
COM, 

VLCD 
v, 32 
v, S~G 1 
v, SEG 32 

(1 /3 duty, 1 /3 biasl 

Vee 

GND COM, 4 ,-, 
1 

COM4 0. 16 Digits LCD 

Vee 
v, 32 
v, SEG1 

1 v, SEG 32 

( 1 /4 duty, 1 /3 bias I 

Figure 32 LCD Wiring Samples 
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LCD-IV (HD613901) 

• Extension of Display Function 
Number of display digits can be increased by externally con

necting an LCD driver LSI HD44100H to the LCD-IV. 
The HD44 l OOH consists of shift registers and latch ·and 

liquid crystal drive circuit. When connected with the LCD-IV, 
the HD44100H is used as a circuit for segment. In the LCD-

IV, 128 segments display data is sent to the 32-bit shift register 
from RAM constantly. When ~2 is set to "0", the RI channel 
outputs the 32nd stage output D of the shift register, shift clock 
CL2 , latch clock CL1 and AC signal M. Therefore, up to 96 seg
ment pins of SEG39 to SEG121 can be added by directly 
connecting the HD44100H. 

-----------256·1nstruction Cycles-----------..i 

R1 Display 
~ !2!.!! 

Rl 3 Serial Segment 
Date CD I 

External Shift Clock 

1 Instruction Cycle 

~. 

R11 (CL2) 

External Latch Clock 

R12 

R.10' 

(CL1) 

Alternating 
Signal (M) 

___ n~--c:--~---1~~---1~~__,~ 

'-----(t-------1-~ 
• RESET FUNCTION 

The reset is performed by setting the RESET pin to "I " 
("High" level) and the LCD-IV gets into operation by setting 
it to "0" ("Low" level). 

Internal state of the LCD-IV are specified as follows by the 
reset function. 
• Program Counter (PC) is set to Bank 1 Page 63 Address 3F. 
• JR/I, IR/T, l/E and CF are reset to "O". 
• IFO, IF! and TF are set to "I". 
• Data 1/0 Registers and Discrete 1/0 Latches (RI, R2, R3, 

Do to D15 ) are all set to "I". 
• Bank Register R70 is set to "I" (Jumps to Bank 0 by execu

• tion of LPU instruction after the reset). 
• Liquid Crystal Display ..... all bits of display mode setting 

register (Data 1/0 Register) R4, RS, R6 are set to "I". 
(Note) All the other logic blocks (the Stack Registers, the 

Status F /F, the accumulator, the Carry F /F, the 
registers, the Timer/Counter, RAM) are not. cleared 
by the reset function. 

• HALT FUNCTION 
The LCD-IV is provided with halt function. The halt func

tion reduces power consumption in the halt state by tempo
rarily stopping all statuses including RAM. When halt is released, 
operation restarts from the state before the halt. 

HALT state is kept 16-instruction after receiving ha! t releas
ing signal. (Internal, External) 

The user can select one of the following 1/0 status at the 
time of halt based on the "MASK OPTION LIST" when 
ordering ROM: 

i) All 1/0 statuses are kept as the state immediately before 
the halt. 

ii) All I/O statuses are held in the high. impedance state (both 
PMOS and NMOS are off, and pull-up MOS is off). 

There are the following two types of halt : 
1) External Halt (Halt state is generated by using HtT pin) 

All operations stop when the RtT pin is set to the "O" 
level (Low). When the m:T pin is set to the "1" level (High), 
operation restarts from the state immediately before the halt. 

.2) Internal Halt (Halt state is generated by programs) 
The user can select availability of internal halt at . ROM 
ordering based on the "MASK OPTION LIST". When 
internal halt is selected, timer crystal should be attached 
externally. Therefore, the D14/XO and D15/XI pins should 
not be used as general I/Os, but as XO and XI pins for con
necting crystal oscillator. 
Resetting of the Du latch by RED instruction generates 
internal halt state. 16Hz overflow signals are output from the 
prescaler if a crystal oscillator of 32.768kffz is connected to 
the D14/XO and D15/XI pins. When an overflow signal is 
issued, the Du latch is set to "1" from ''O", the LCD-IV 
returns from halt state, adds 1 to the timer register, and 
execution restirts from the instruction next to the RED 
instruction. 
Note that external halt caused by the 1U'f pin cannot be 
released by prescaler overflow signals. 

(Caution at the halt) 

When the LCD-IV goes into halt state, segment pins 
(SEG1 to SEG,2) and common pins (COM1 to COM4 ) 

become the same potential and display goes out. However, 
in order to reduce power consumption during halt, dis
connect the voltage applied to liquid crystal power supply 
V, . Since there are dividing resistors among V 1 , V 2 , and 
V,, current of up to SOµA flows if voltage is applied be
tween Vee and V 3 in the same way as normal operation. 

Overflow signals of the prescaler return the LCD-IV from 
internal halt. 
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LCD-IV (HD613901) 

I Becomes halt state after executing RED 
instruction and the halt is maintained 

.---L_v_i _ __,11-5---------' until a prescaler overflow signal is issued. 
RED -

LYI 0 t-L TD 
BR •--4 

The LCD-IV returns from halt state by a pre
scaler overflow signal and operation restans 
from LY I instruction. With this program, . 
unless the Do pin is set to "O", internal 
halt state occurs repeatedly. 

Figure 33 Program example in the Internal Halt Mode 

u LI 

x Program~-------
Counter ~ ... ----- _n_+ __ , _______ __, '---"-+_2_ 
ROM~-----

Address~-----------x n+2 x 
n + 1 x 

ROM J ~Halt St~~.-~'-------- ____ __,X n + 1 

Halt Signal - -----

Prescaler 
Overflow-----------· r----------------
S1gnal 

Figure 34 Internal Halt Timing Chart 

• CRYSTAL OSCILLATION CIRCUIT FOR TIMER 
The user can specify whether or not the timer crystal should 

be externally attached by the "MASK OPTION LIST". By 
externally attaching a crystal oscillator of 32.768kHz to the 

0 14/XO and D1s/XI pins, user can set the prescaler clock to 
l ,024Hz and timer interrupt cycle to max. of 1 sec. 

No. Halt state 

1 External halt 

2 'External halt 

external halt 
31 nternal and 

D,.1xo 

LCD-IV 

D15 /XI 

R 

Rd c, 

XTAL ~ c:::J c, 
32.768kHz 

(NOTE) 
The crystal oscillator, resistor R, Rd and load 
capacitor Ca and C2 should be placed as close 
as possible to the LCD-IV. Induction of ex
ternal noise to 0 14 /XO and Du /XI may 
disturb normal oscillation. 
Th is circuit is the example of the typical use. 
As the oscillation characteristics is not guar
anteed, please consider and examine the 
circuit constants carefully on your application. 

Figure 35 Crystal Oscillator Circuit 

With or without D14, Dis (XO, XI) Function timer crystal 

Externally attached 
Pins for attaching Prescaler clock is set to 1,024 Hz and the over-

crystal (32.768 kHz) crystal. Cannot be flow signal to 16 Hz. Up to 1 second can be set 
used as general 1/0. as the timer interruption cycle. 

(Without crystal) The prescaler clock becomes a typ. of 

Internal clock of LSI Used as general 1/0 lOOkHz, and the timer interruption cycle 
can be set to maximum of 97 .66Hz. 

---~---

Prescaler clock is set to 1,024 Hz and the over-

Externally attached Pins for attaching flow signal to 16 Hz. This signal performs the 

crystal (32.768 kHz) crystal. Cannot be LCD-IV return from internal halt. 
used as general 1/0. (Return from external halt is not possible by the 

prescaler overflow signal.) 
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• MASK OPTION 
The following type mask option is available. 

• 1/0 Pin Format •...•.•... Select one of A, B or C. 
A: Without pull-up MOS 
B: With pull-up MOS 
C: CMOS output 

(Note) External input is not permitted if CMOS output is 
selected in the case of 1/0 common pins. 

• 1/0 Status in the Halt State •.•. Select Enable or Disable. 
Enable 1 Output .... Maintained in the status before halt. 

Pull-up MOS ... ON 
Input ... Unrelated to halt state 
(Since Pull-up MOS is ON, if halt occurs when out· 
put is "O" (Low) level (NMOS; ON), pull-up MOS· 
current always flows. If input changes, transient 
current flows through the input circuit. Also, current 
flows through the input pull-up MOS. These currents 
are added to standby power supply current (or halt 
current).) 

Disable1 Output ... NMOS output; OFF 
CMOS output; High impedance 
(NMOS, PMOS; OFF) 

Pull-up MOS ... OFF 
Input ... Input circuit; OFF . 
(Both input and output become high impedance 
state. Since the input ci'rcuit is turned off, input 
change does not lead to flow other than the standby 
power supply current or halt current.) 

• PRECAUTION WHEN USING HALT FUNCTION 

I. Please set the LCD-IV halt state before resetting it in timing shown 
below, when resetting the LCD-IV under condition below: 

Liquid crystal display duty: Static or 1/2 duty, 
Display RAM file (Register R51 , R50): (0,0) or (0,1) or (1,0). 

• With or without externally attached Timer Crystal 
Without timer crystal ... 

The 0 14 and D15 can be used as general 1/0 pins. 
Select one of A, B or C in the D14/D15 column of the 
1/0 format specifications. 

With timer crystal ..• 
The 0 14 and D15 cannot be used as general 1/0 pins. 
Therefore, leave the D14 /D15 column in blank. 

• With or without Internal Halt 
With internal halt ... 

When internal halt is specified, the timer crystal must 
also be specified. 

Without internal halt ... 
"Without internal halt" can be specified regardless of 
existing the crystal for timer. 

• OSCILLATION CIRCUIT 
The user can specify a resistor, or a ceramic filter or an 

external oscillator. 

-~-vn.~2=·r~~·1<_v~--''1..-.: --..i~---
BLT signal 

RESET signal 

2. REASON 

tRsTi 
(Note) • tRSTl: RESET pulse width (I) 

• Tinst: Instruction cycle time 

RAM data is destroyed at resetting according to the setting way of 
liquid crystal displav duty or display RAM file (refer to the table 
below). 

Liquid crystai 
display modE RAM data destroyed RAM data retained 

Liquid crystal Static or 1/2.duty 1/3 or 1/4 duty 
display duty (Registers R41, R40 (Registers R41, R40 

•O, 0 or 0, 1) •l_._ 0 or l_, l) 
Display RAM Registers R.51, R.50 Registers R.51, R.50 
file •Q, 0 or 0 1 or l_, 0) •l_. 1 
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• INSTRUCTION 

Instructions are listed according to their functions. 
Each mnemonic code and function is shown in this table. 

Group 

Register 

to Register 

RAM 

Address 

Register 

RAM 

Immediate 

Arithmetic 

Mnemonic code 

LAB 

LBA 

LAY 

LASPX 

LAS PY 

XAM Rm 

LXA 

LYA 

LX I i 

LY I i 

IY 

DY 

AYY 

SYY 

XSPX 

XSPY 

XSPXY 

LAM (X Y) 

LB M (X YI 
X M A(X Y) 

X MB (X Y) 

LM A I Y (X) 

L MADY (X) 

LMllY i 

LA I i 

LB I j 

Al i 

IB 

DB 

AMC 

SMC 

AM 

DAA 

DAS 

NEGA 

COMB 

SEC 

REC 

TC 

ROTL 

ROTA 

OR 

Function 

B -+ A 

A -+ B 
y -+ A 
SPX-+A 

SPY-+A 

A +-+MR (m) 

A -+ X 
A -+ y 
i .... x 
i .... y 

Y+l-+Y 

Y-1-+ Y 

Y+A-+Y 

Y-A -+Y 

X+-+SPX 

Y+-+SPY 

X +-+SPX, Y +-+SPY 

M -+ A (X Y +-+SP X YI 

M -+ B (X Y +-+ S P X YI 

M +-+A (X Y +-+ S P X Y) 

M +-+ B (X Y +-+ S P X Y) 

A -+ M, Y + 1 -+ Y (X +--+SPX) 

A-+ M, Y-1-+ Y(X+-+SPX) 

i -+ M, Y+ 1-+Y 

i -+A 
i .... B 

A+ i -+A 

B + 1 -+ B 

B - 1 -+ B 

M +A+ C (F/F) .... A 

M-A-C(F/F) .... A 

M + A -+ A 

Decimal Adjustment (Addition) 

Decimal Adjustment (Subtruction) 

A+ 1 -+ A 

B -+ B 
1 -+ C (FI Fl 

O -+ C (FI F) 

Test C (FI F) 

Rotation Left 

Rotation Right 

AU B-+ A 

@HITACHI 

Status 

NZ 

NB 

c 
NB 

NZ 

NB 

NZ 

c 
NZ 

NB 

c 
NB 

c 

C (FI F) 

(to be continued) 
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Group Mnemonic code Function Status 

MN EI i M °" i NZ 

YN EI i y "'i NZ 

ANEM A°" M NZ 

Compare BNEM B °" M NZ 

ALE I i A~ i NB 

ALEM A~M NB 

BLEM B S: M NB 

S EM n 1 -> M(n) 
RAM bit REM n 0-> M (n) 
Manipulation TM n Test M (n) M (n) 

BR a Branch on Status 1 1 

CAL a Subroutine Jump on Status 1 1 

ROM LPU u Load Program Counter Upper on 

Address Status 1 

TBR p Table Branch 

RTN Return from Subroutine 

SE IE 1 .... 1/E 

SEIF 0 1 -+ IF 0 

SEIFl 1 -+ IF 1 

SETF 1 -+ T F 

SECF 1 ->CF 

RE IE 0 .... 1/E 

RE IF 0 0 -> IF 0 

RE IF 1 0 -> IF 1 

RETF 0 -> TF 
Interrupt RECF 0 -+CF 

TIO Test IN To INTo 

TI 1 Test I NT1 INT1 

TI FO Test IF 0 I Fo 
Tl Fl Test IF 1 I Fa 
TTF Test TF TF 

LT I i -> Timer/Counter 

L TA A -+ Timer/Counter 

LAT Timer/Counter -> A 

RTN I Return Interrupt 
SEO 1 .... D (Y) 

RED 0 -> D (YI 

TD Test D(Y) D(Y) 

SEDD n 1 .... D (n) 

Input/Output REDD n 0 -+ D (nJ 
(Display Control) LAR p R (p) .... A 

LBR p R (p) .... B 
LRA p A-> R (p) 

LRB p B -+ R (p) 

Pp Pattern Generation 

NOP No Operation 

!NOTE) 1. IXY) after a mnemonic code has four meanings as follows. 
Mnemonic only Instruction execution only 
Mnemonic with X Instruction execution, X - SPX 
Mnemonic with V Instruction execution, V ..... SPY 
Mnemonic with XV Instruction execution, x- SPX, v-spy 

!Example] LAM M-> A 
LAMX M-+ A, X -SPX 
LAMY M-+ A, V -SPY 
LAMXV M-> A. X ._,.SPX. V +-+SPY 
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2. Status column shows the factor which affects status by the instruction of status change. 
NZ .......... ALU Not Zeto 
C ..... ALU Overflow in Additi<io/Carry 
NB .......... ALU Overflow in Subtraction/No Borrow 
except above .... Content of status column affects status directly. 

3. Carry flip-flop is not always affected by executing the instruction which affects the Status. 
lnstructioncwhich affect Carry flip-flop are eight as follows. 

AMC SEC 
SMC REC 
DAA ROTL 
DAS ROTR 

4,. All instructions except for Pare executed in single cycle. 
P is executed in 2 cycles. 

The Difference between LCD-Ill and LCD-IV 

No. Item LCD-Ill LCD-IV 

(Program Memory) (Program Memory) 

1 ROM 
2,048 words 4,096 words 

(Pattern Memory) (Includes Pattern Memory) 

128 words 

2 RAM 160 digits 256 digits 

3 
Cycle Time 10µs/cycle 5µs/cycle 
(Vee= 5V±10%) (fcp = 400 kHz) (fcp = 800 kHz) 

Stored Reset 
4 Circuit (Power- Yes No 

on Reset) 

Select Option Selected by Mask Option List When ordering ROM, selected by Mask 

(Note) But when program evalua- Option List or by program using internal 

tion with HD44797E, set register R6. 

up the option with the (Mask Option List+ Program) 
register as LCD-IV. 

5 
Crystal for R61 = 0 (No crystal for timer) 
Timer R61 = 1 (With crystal for timer) 

Internal l'_J R62 = 0 (With internal halt) 
Halt R62 = 1 (No internal halt) 

1/0 Condition R6, = 0 (Enable) 
at "Halt" state R63 = 1 (Disable) 

Refer to the manual as for circuit Circuit constants of resistor oscillation and 
constant of resistor oscillation and ceramic oscillation are undecided. 

6 Oscillator ceramic oscillation. (As for low voltage operation board 
(Vee= 2.5 to 5.5V), undecided that 
seramic filter can be used or not.) 

7 Reset Address 31-3F 63-3F (Bank 1) 

ROM is divided in 2 Banks. 

8 Bank Register No Bank Register r Ban kl 63-3F When call or branch 
(ROM 

"' ) to other Bank, execute 
Addressing) "' CALL or BRL after 

::;: (2k words 32-00 changing Bank Register 0 Banko 31-3F 
~ (R7). 

l 12k Words 
) ( R7 = 0 (Bank 1 side) ] 

0-00 R7 = 1 (Bank 0 side) 

9 Absolute Maximum 
Rating VT2 for 
Pin Voltage of 

-0.3 to [+tO:oYJ -0.3to I Vee+ 0.3VI 
Open Drain Configu-
ration Output Pins (same as VT) 
and 1/0 Common 
Pins 

(to be continued) 
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No. Item LCD-Ill LCD-IV 

Input "High" level 
Voltage V1H of min typ max min typ max 

10 Open Drain Con· 
figuration Output Vee-1.0 - 10 Vee-1.0 - Vee+o.3 
Pins and 1/0 Com· 
mon Pins. 

11 
RAM Contents 

With RAM destruction No RAM destruction Destruction at Reset 

Maximum Total 
12 Output Current ( 1 ) 45mA 25mA 

-Elo1 

Maximum Total 
13 Output Current(21 45mA 25mA 

EI02 

14 
Supply Current(1) 

1.3 mA max (fosc = 400kHzl 
3 mA max (fooc = BOOkHz) 

Ice 1 (Vee = 5Vl ' 1.5 mA max (fosc - 400kHz) 

15 Supply Current(2) 
0.6 mA max (f0 oc = 400kHz) 

2 mA max (fooc = BOOkHz) 
lee2 (Vee = 5V) 1 mA max (f09e = 400kHz) 

Supply Current(2) 
16 Current(2) 40µAmax 120µAmax 

lces2 

Pull up MOS 
17 Current Vee =3V, 15 'l>-tp 'l>BOµA Vee = 3V, 10 'l> -Ip 'l> 100 µA 

-Ip 

Supply Current Ice 
18 Vee = 3V, fooc = 

200kHz, R1 Oscilla· 
0.15mA 0.3mAmax 

tion, External clock 

Standby Supply 
19 Current(2) Vee= 2.7 to 3.3V;21 µA max Vee =3.0V;21 µA 

lccs2 
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LCD-IV Mask Option List 

D 5V Operation 

D 3V Operation 

ff Mark".../" in "D" for the selected spec 

111 1/0 Option 

Pin Name 1/0 
1/0 Option 

A B 

Do 1/0 
01 1/0 

°' 1/0 

°' 1/0 
0. 1/0 
Ds 1/0 
0. 1/0 
[h 1/0 
0. 1/0 
Do 1/0 
010 1/0 
On 1/0 
On 1/0 

r--Pu 1/0 
o •• 1/0 
DIS 1/0 
INTo I 
INT1 I 

c Remarks Pin Name 

Roo 
R01 
Rm 
R., 
Rio 
Rn 

----

Ru 
Rn 
R,o 
R,. 
R,, 
R,, 
R>0 
R,. 
Rn 
R33 

------~ 
•Specify the 1/0 composition with a mark of "O" in the applicable composition column. 

A: No pull up MOS B; With pull up MOS C: CMOS Output 

(2) Other Options 

1/0 

I 
I 
I 
I 

1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
0 
0 
0 
0 

1/0 State at Halt Mode D Enable 0 Disable 

External Crystal for Timer OYes ONo 

(NDK ; MX-3BT) [0 14 and 0 15 become XO and XI. j 
Do not ente~ anything in 1/0 option 
column of 0 14 and D 1s. 

Internal Halt 0 Yes DNo 

(When selecting Crystal for Timer J 
and Oscillator except ceramic filter. 

tr Mark "J" in "D" for the selected spec. 

Check list of Application 

[A] Oscillation (for System Clock) 

Date 

Customer 

Dept. 

Name 

ROM CODE ID 

LSI Type Name 
(entered by Hitachi) 

l/OOption 
A B 

------
-----
::::::::: 
~ 

CPG 5V Operation 3V Operation 

Resistor 0 Rt=62kU ± 2% 

Ceramic Filter 0 800 kHz: 0400 kHz 

External Clock Dfcp = 130K to 1000 kHz 

i'lMark "J" tn "O" for the selected oscillation. 

[8] External Halt 

External 

Halt Mode 

0 Not used 

0 Used (Recovery with Reset) 

0 Used (Cannot be recovered) 

"t'l Mark ''J" in ''O" for the selected spec. 

0 Rt • 270kn ± 2% 

D fcp = 130K to 300 kHz 

@HITACHI 

c Remarks 

~---
~ 

~ 

---

Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. •Brisbane, CA 94005-1819 • (415) 589-8300 1265 





-Advance Information-

HD404508, HD4074509---

Descripti()n 
The HD404508, HD4074509 is a CMOS 4-bit 
single-chip HMCS400 series microcomputer 
providing high program productivity. It is 
suitable for a digital tuning system by virtue 
of its PLL frequency synthesizer with 160 
MHz prescaler, IF counter, AID converter, 
and LCD driver incorporated in addition to 
ROM, RAM, I/O, timer, and serial interface. 
The HD4074509 is a ZTAT microcomputer 
incorporating PROM. It can dramatically 
shorten system development period and 
provide a smooth transition debugging to 
mass production. 

Features 

• 4-bit CPU (HMCS400) 
• 8192 words x 10 bits ROM (HD404508) 
• 16384 words x 10 bits programmable 

ROM (HD4074509) (Program specification 
is compatible with 27256 type.) 

• 512 digits x 4 bits RAM 
• I/O ports 

-I/O ports: 29 
-Input ports: 2 
-Output ports: 16 (multiplexed with the 

LCD segment pins) 
• PLL with prescaler (max. 160 MHz) 

-12 programmable reference frequency 
-2-modulus prescaler (1/32, 1/33) 
-Phase comparator 
-PLL lock detection circuit 

• LCD driver 
-Display duty: static, 1/2, 1/3 
-Segment signal output pins: 28 (includ-

ing 16 multiplexed pins with R ports) 
-Common signal output pins: 3 

• IF counter 
---Gate time: 1 ms, 4 ms, 8 ms, co ms 
-Maximum input frequency: 15 MHz 

• Two clock synchronous SCis 
• AID converter (8 bits x 2 channels) 
• Three timer/counters 

-8-bit timer (multiplexed with reload, 
event, PWM) 

-8-bit timer (multiplexed with reload, 
event) 

-20-bit timer (free-running, 125 ms 
interrupt) 

• Instruction cycle time: 1.8 µs 

• Subroutine stack: 16 levels including 
interrupts 

• Five external and six internal interrupts 
• Package: 80-pin flat plastic package (FP-

80B) 

Program Development Support Tools 

• Cross assembler and simulator software for 
use with IBM PCs and compatibles 

• In circuit emulator for use with IBM PC 

• Programming socket adapter for program
ming the EPROM-on-chip device 

Ordering Information 

Part No. ROM (Words) Package 

HD404508FS 8192 FP-808 
(Mask ROM) 

HD4074509FS 16384 
(PROM) 
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Pin Arrangement 

A No 
Vl 
V2 
V3 
IF 

¢1 

"'' Vec(PLL) 
PLL(D) 
PLL(P) 

RESET 
GND(PLL) 

INT,/Do 
INT3/D1 
INT4/D2 

03 
o. 
Ds 

(FP-808) 

(Top View) 

.HITACHI 

SEG11 
SEG10 
SEG9 
SEGB 
SEG7 
SEG6 
SEG5 
SEG4 

Vee 
R41/INT1/Tb 
R4o/INT o/TI, 
R3 2/TO, 
R3, 
R3o 
R23 
R22. 
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Pin Function 

Power supply 

Vee: Power supply voltage ( +5 V) is applied 
to Vee. · 
GND: Connected to the ground (0 V). 
Vee(PLL): Connected to power supply for 
PLL (+5 V). 
GND(PLL): Connected to the ground for PLL 
(OV). 

Test 

TEST: Input for a factory test mode . 
. Connected to the Vee for normal operation. 

Reset 

RESET: RESET resets the MCU. 

Oscillation 

OSCl, OSC2: Input pins for the crystal oscil
lator circuits. Connected to the 4.5 MHz crys
tal resonator. 

Ports 

D port (Do-Dia): The D port is an input/out
put port accessed on a bit basis. All Do-D13 are 
input/output pins. Do, D1 and D2 are multi
plexed with INT2, INT3 and INT4, respectively. 
De to D13 are multiplexed with SCK1, Sit. S01, 
SCK2, Sh and S02, respectively. 

R ports (RO-RB): The R ports are input/out
put ports accessed in 4-bit units. 
However, R3 is a 3-bit port and R4 a 2-bit 
port. RO to R3 are I/O ports; R5 to R8 output 
ports; and R4 an input port. The pins R32, 
R50,-R83, R4o, and R41 are multiplexed with 
T01, SEG28-SEG13, INT0/TI1, and INT1/Th, 
respectively. 

Interrupt 

INTo, INT1, INT2, INTa, INT4: External 
interrupts for the MCU. These five pins are 
multiplexed with R40/TI1, R41/Th. Do, D1 and 
D2, respectively. 

Serial communication interface 

SCK1, Sli. S01, SCK2, Sh, S02: These are 
transmit clock input/output pins (SCK1, SCK2), 
serial data input pins (SI1, SI2), and serial data 
output pins (S01, S02) used for serial inter
face. SCK1. SCK2, SI1, Sh, S01, and S02 are 

multiplexed with De, D11, Ds, D12, D10, and D13, 
respectively. 

Timer 

TI1, Th, T01: These are external clock input 
pins (TI1, TI2) and timer output pin (T01) used 
for the timer. TI1, Th, and T01 are multiplexed 
with R4o/INTo, R41/INT1, and R32, respective
ly. 

Liquid crystal display 

COMl, COM2, COM3, SEG1-SEG28: Thes 
are the common signal output pins (COM1-
COM3) and segment signal output pins 
(SEG1-SEG28) used for the LCD driver. The 
sixteen pins from SEG13 to SEG28 are multi
plexed with R83-R80, R73-R7o. R63-R60, and 
R5a-R5o, respectively. 
V1, V2, V3: Power supply pins for the LCD. 

PLL 

PLL (P): An input pin for 160 MHz max. of 
local oscillation output (VCO output). This pin 
becomes active when pulse swallow mode is 
selected during PLL enable. Since an alter
nating current amplifier is incorporated, local 
oscillation output should be latched after 
being filtered through a capacitor. 

PLL (D): An input pin for 20 MHz max. of 
local oscillation output (VCO output). This pin 
becomes active when direct dividing mode is 
selected during PLL enable. Since an alter
nating current amplifier is incorporated, local 
oscillation output should be latched after 
being filtered through a capacitor. 

¢1, ¢2: These pins are outputs of a phase 
comparator used by the PLL function. The 
same signal is output from ¢1 and </>2. 

IF counter 

IF: An input pin for intermediate frequency 
measurement. Since an alternating current 
amplifier is incorpc:'"ated, local oscillation 
output must be latched after being filtered 
through a capacitor. 

AD converter 

ANo, AN1: These pins are the AD converter 
input pins . 
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Memory Map 

ROM Memory MAP 

ROM memory map is shown in figure 1 and is 
explained below. 

Vector address area ($0000 to $000F): 
Locations $0000 through $000F are reserved 
for JMPL instruction to branch to the start 
addresses of the reset routine and the inter
rupt service routine. After reset or interrupt 
routine is serviced, the program is executed 
from the vector address. 

Zero page subroutine area ($0000 to 
$003F): Locations $0000 through $003F are 

0 

15 
16 

63 
64 

4095 
4096 

8191 
8192 

16383 

!- Vector Address 

Zero-Page Subroutine 
(64 Words) 

Pattern 

(4096 Words) 

HD404508 

Program 

(8192 Words) 

HD4074509 

Program 

(16384 Words) 

$0000 

$000F 
$0010 

$003F 
$0040 

\ 
$0FFF 
$1000 

$1 FFF 
$2000 

$3FFF 

HD404508, HD4074509 

reserved for subroutines. The program 
branches to the subroutine in $0000-$003F by 
the CAL instruction. 

Pattern area ($0000 to $0FFF): The ROM 
data in locations $0000 through $0FFF can be 
referred to by the P instruction. 

Program area 
( $0000 to $1FFF: HD404508,)· 

$0000 to $3FFF: HD4074509 · 
Locations $0000 through $1FFF, $3FFF can 
be used for program code. 

0 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15\I 

JMPL Instruction 
(Jump to RESET Routine) 

JMPL Instruction 
(Jump to TIMER3 Routine) 

JMPL .Instruction 
(Jump to INTo Routine) 

JMPL Instruction 
(Jump to INT1 Routine) 

JMPL Instruction 
(Jump to TIMER 1/INT2 Routine) 

JMPL Instruction 
(Jump to INT3/AD Routine) 

JMPL Instruction 
(Jump to TIMER 2/INT4 Routine) 

JMPL Instruction 
(Jump to SERIAL 2/SERIAL 
1 Routine) 

$0000 

$0001 
$0002 

$0003 
$0004 

$0005 
$0006 

$0007 
$0008 

$0009 
$000A 

$0008 
$000C 

$0000 
$000E 

$000F 

Figure 1. ROM Memory Map 
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RAM Memory MAP 

The MCU contains 512 digits x 4 bits RAM 
comprising data area and stack area. In addi
tion to these areas, interrupt control bits, 
special registers, and display data RAM are 
mapped to the same RAM memory space. 
RAM memory map (figure 2) is described in 
the following paragraphs. 

Interrupt control bit area ($000 to $003, 
$020 to $023): The interrupt control bit area 
(figure3) is used to control interrupt. It can be 
accessed only by the RAM bit manipulation 
instruction. However, the interrupt request 
fiag cannot be set by software. The RSP bit is 
used only to reset the stack pointer. 

Special registers area ($004 to $01F, $024 
to $03F): The special registers are the mode 
registers for external interrupt, serial inter
face, and timer, data direction and data reg
isters for I/O ports. As shown in figure 2, 
these registers can be classified into three 

types: write-only, read-only, and read/write 
registers. 
Note that some of these registers cannot be 
accessed by the RAM bit manipulation 
instruction. 

Data area ($040 to $01FF): The memory 
register (MR), 16 addresses deep ($040-$04F), 
can be accessed by the LAMR and XMRA 
instructions (figure 4). 

Stack area ($03CO to $03FF): The stack 
area is used for saving the contents of the 
program counter (PC), status (ST), and carry 
(CA). This area can be used as a 16-nesting
level subroutine stack in which one level 
requires 4 digits. The data to be saved and 
save conditions are shown in figure 4. The 
program counter is restored by the RTN and 
RTNI instructions. Status and carry are res
tored by the RTNI instruction only. Any space 
not used is available data storage. 

@HITACHI 
1272 Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD404508, HD4074509 

0 $000 0 Interrupt Control Bits ( 1 I B $000 

RAM-mapped Register 3 $003 

63 $03F 4 Miscelaneous Reg. (MIS); R/W $004. 3 

64 $040 5 PLL Control Reg. A (PCRA): w $005 

Memory Register (MR) 6 PLL Control Reg.B.C(PCRB/PCRC) ; R/W $006•1•3 

79 ............. 11.6di\jits) $04F 7 PLL Data Reg. A (PORA): w $007 

80 $050 8 PLL Data Reg. B (PDRB) ; w $008 

DATA 9 PLL Data Reg. c (PDRC); w $009 

10 PLL Data Reg. D (PORO): w $00A 
(448 Digits) 11 , $00B 

12 A/D Mode Reg. (AMR): w $00C 

13 AID Data Reg. Lower (ADRL) : R $000. 3 

511 $1FF 14 A/D Data Reg. Upper (ADRU); R $00E • 3 

$200 15 $00F 

16 Serial Mode Reg. 1 ISMR1) ; R/W $010. 2. 3 

17 Serial Clock Reg. 1 (SCR1): w $011. 2 

18 Serial Data Reg.1 Lower (SR1 L) : R/W $012. 3 

927 $39F 19 Serial Data Reg.1 Upper (SR1 U) ; R/W $013. 3 

$3AO 20 Serial Mode Reg. 2 (SMR2): R/W $014. 2. 3 

21 Serial Clock Reg. 2 (SCR2) ; w $015. 2 

22 Serial Data Reg. 2 Lower (SR2L) : R/W $016. 3 

$3BB 23 Serial Data Reg .2 Upper (SR2U) ; R/W $017. 3 

$3BC 24 Timer Mode Reg. 1 (TMR1); w $018. 2 

$3BF 25 Timer Output Reg. 1 (TOR1) ; R/W $019. 2. 3 

960 $3CO 26 Timer 1 (TC 1 L/TL 1L) ; R/W $01A• 1•3 

27 Timer 1 (TC1U/TL1 U) : R/W $01B. 1. 3 

Stack 2B Timer Mode Reg. 2 (TMR2); w $01C • 2 
(64 Digits) 29 Timer Output Reg. 2 (TOR2); R/W $010. 2. 3 

1023 $3FF 30 Timer 2 (TC2L/TL2L) ; R/W $01E • 1 • 3 

31 Timer 2 (TC2U/TL2U) ; R/W $01F • 1 • 3 

B : Bit Set/Reset 32 Interrupt Control Bits (2) B $020 

R : Read Only 35 $023 

w : Write Only 36 LCD Output Reg. (LOR); w $024 

R/W: Read/Write 37 LCD Control Reg. (LCR) ; w $025 

• 1: Two registers are mapped 38 LCD Mode Reg. w $026 

on the same address. 39 

$0061 PCRC R 1. PCRB wJ 40 IF Control Reg.1 

41 IF DATA Reg. A 

$01A I TC1L :1 TL1 L .:1 42 IF DATA Reg. B 

$01B TC1U TL1U 43 IF DATA Reg. c $02B. 3 

44 IF DATA Reg. D $02C • 3 

$01 EI TC2L 

. : I 
TL2L :1 45 $020 

$01F TC2U TL2U 46 Port Mode Reg. A $02E 

47 $02F 
$028 I IFC2 RI IFC1 wl 48 Port RO DOR (DORO): w $030 

49 Port R1 DOR (DDR1): w $031 
• 2: SEM/SEM D and 50 Port R2 DOR (DDR2); w $032 

REM/REMO instructions 51 $033 

can be used for 52 $034 

these registers. 

• 3: TM /TM D instruction 58 $03A 

can be used for 59 $03B 

these registers. 60 w $03C 

~: Reserved. Expandable. 61 Port D DOR 2 (DDRD2): w $030 

62 Port D DDR 3 (DDRD3): w $03E 

63 $03F 

Figure 2. RAM Memory Map 
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bit 3 bit 2 bit 1 bit 0 

IMT3 IFT3 RSP l/E 
llM of TIMER 3) llF of TIMER 3) !Reset SP Bit) !Interrupt Enable Flag) 

0 $000 

IM1 IF1 IMO IFO 
llM of INT,) llF of INT1) 

-- --
llM of INTo) llF of INTo) 

$001 

IM3 IF3 IMT1 IFT1 
llM of INT3) llF of INT3) llM of TIMER 1) llF of TIMER 1) 

2 $002 

IMS2 IFS2 IMT2 IFT2 
llM of SERIAL 2) llF of SERIAL 2) llM of TIMER 2) llF of TIMER 2) 

3 $003 

bit 3 bit 2 bit 1 bit 0 

32 $020 

33 $021 

34 
IMAD IFAD IM2 IF2 

$022 
llM of A/D) llF of A/D) llM of INT2) llF of INT2) 

35 
IMS1 IFS1 IM4 IF4 

$023 
llM of SERIAL 1) llF of SERIAL 1) llM of INT4) llF of INT 4) 

IF : Interrupt Request Flag 

IM : Interrupt Mask 

l/E : Interrupt Enable Flag 

SP : Stack Pointer 

(Note) Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, reset by the REM/REMO instruction, and is 

tested by the TM/TMO instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 

affected by the SEM/SEMD instruction. The content of status becomes invalid when "Reserved" bit and ASP bit are tested 

by a TM or TMD instruction. ~ : Reserved 

Figure 3. Configuration of Interrupt Control Bit Area (RAM Space) 

Memory Register 

64 $040 MR 10) 

65 $041 MR (1) 

66 $042 MR (2) 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

MR 13) 

MR (4) 

MR (5) 

MR (6) 

MR 17) 

MR 18) 

MR (9) 

MR (10) 

MR (11) 

MR 112) 

MR (13) 

MR 114) 

MR (15) 

$043 

$044 

$045 

$046 

$047 

$048 

$049 

$04A 

$048 

$04C 

$04D 

$04E 

$04F 

960 

1023 

Stack Area 

level 16 $3CO 

level 15 

level 14 

level 13 

level 12 

level 11 

level 10 

level 9 

level 8 
/ 

1020 
level 7 

level 

l!'" level 

level 
1022 

level 3 

level 2 1023 
level 1 $3FF 

PC13-PCo; Program Counter 
ST; Status 
CA; Carry 

bit 3 bit 2 bit 1 bit 0 

ST PC13 PC12 PE11 

PC10 PCg PCs PC7 

CA PC5 PC5 PC4 

- -

PC3 PC2 PC1 PCo 

$3FC 

$3FD 

$3FE 

$3FF 

Figure 4. Configuration of Memory Register, Stack Area and Stack Position 
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Functional Description 

Registers and Flags 

The MCU has nine registers and two flags for 
the CPU operations. They are illustrated in 
figure 5 and described in the following para
graphs. 

Accumulator (A), B register (B): The 4-bit 
register accumulator and B resgister are used 
to hold the results from the arithmetic logic 
unit (ALU), and to transfer data to/from 
memories, I/O, and other registers. 

W register (W), X register (X), Y register 
(Y): W register is a 2-bit, and X and Y regis
ters are 4-bit registers used for register in
direct RAM addressing. Y register is also used 
for D-port addressing. 

SPX register (SPX), SPY register (SPY): 
The 4-bit registers SPX and SPY are used to 
assist the X and Y registers, respectively. 

Carry (CA): Carry (CA) stores ALU overflow 
generated by the arithmetic operation. It is 
affected by the SEC, REC, ROTL, and ROTR 
instructions. Carry is pushed onto the stack 
during interrupt servicing, and popped from 
the stack by the RTNI instruction, but not by 
the RTN instruction. 

HD404508, HD4074509 

Status (ST): Status (ST) latches ALU over
flow generated by the arithmetic and com
pare instructions, Not Zero from ALU, and 
results of bit tests. It is a branch condition of 
the BR, BRL, CAL, and CALL instructions. The 
contents of the status remain unchanged 
until the next arithmetic, compare, or bit test 
instruction is executed. ST becomes 1 after 
the BR, BRL, CAL, or CALL instruction is 
executed irrespective of whether it is 
executed or skipped. The contents of the 
status are pushed onto the stack during 
interrupt servicing, and popped from the 
stack by the RTNI instruction, but not by the 
RTN instruction. 

Program counter (PC): The 14-bit program 
counter is a binary counter which holds a 
ROM address. 

Stack pointer (SP): The 10-bit stack pointer 
contains the address of the next stack area. 
SP is initialized to $3FF by MCU reset. It is 
decremented by 4 .when data is pushed onto 
the stack, and is incremented by 4 when data 
is popped from the stack. 
Since the upper 4 bits of SP are fixed to 1111, 
the stack can be used for up to 16 levels. 
SP is initialized to $3FF in two ways; MCU 
reset and RSP bit reset with the REM or 
REMD instruction. 
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3 0 
Accumulator (A) I Valid I 

* * * * (Initial value) 

R/W (Read/Write) 

3 0 
B register ( B) I Valid I 

* * * * (Initial value) 

R/W (Read/Write) 

1 0 
W register (W) ~ 

* * (Initial value) 

FliW ifleadtWritei -
3 0 

X register (X) I Valid I 
* * * * (Initial value) 

R/W (Read/Write) 

3 0 
Y register (Y) I Valid I 

* * * * (Initial value) 

R/W (Read/Write) 

3 0 
SPX register (SPX) I Valid I 

* * * * (Initial value) 

R/W (Read/Write) 

3 0 
SPY register (SPY) I Valid I 

* * * * (Initial value) 

R/W (Read/Write) 

Valid 
Carry(CA) D 

* (Initial value) 

R/W (Read/Write) 

Valid 
Status (ST) D 

* (Initial value) 

R/W (Read/Write) 

13 0 
Program counter (PC) I Valid I 

0 (Initial value) 
(PC cannot be 
read/written) 

9 5 0 
Stack pointer (SP) 1~111111 Valid I 

Fixed_./ 1 (Initial value) 

(SP cannot be read/written) 

Figure 5. Registers and Flags 
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Reset 

Power-on reset: 

At power-on, the MCU automatically enters 
reset state for approximately 60 to 65 ms to 
assure oscillation stabilization time, and then 
the MCU recovers from that state. 

Reset by RESET pin (reset from active 
mode, standby mode): 

The MCU is reset at the rising edge of the 
reset signal. This signal should be asserted 
high for at least 3.6 µs. The MCU is then reset 
for one instruction cycle time, after which 
reset is cancelled. 

HD404508, HD4074509 

Reset by RESET pin (reset from stop 
mode): 

The MCU is reset at the rising edge of the 
reset signal. This signal should be asserted 
high for at least 20 ms. At the beginn.ing of 
oscillation, the MCU automatically enters re
set state for 60 to 65 ms to assure oscillation 
stabilization time, and then reset is cancelled. 

Read function: 

The accessible RESET pin is mapped to the 
bit 0 ($004, 0) of the miscellaneous register 
(MLS). 
Note that from power-on to the begining of 
normal oscillation, the 1/0 pins are undefined 
since the 1/0 data direction registers are not 
initialized.Values initialized by MCU reset are 
shown in table 1 and table 2 . 

• HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 1277 



HD404508, HD4074509 

Table 1. Initial Value by MCU Reset 

Initial Value 
by MCU Reset Contents 

Program Counter (PC) $0000 Execute program from the top of 
ROM address 

Status (ST) 

Stack Pointer (SP) $3FF 

Interrupt 
Flag/Mask 

PLL 

AID 

Serial 
Interface 

Timer/ 
Counter 

LCD 

IF 

1/0 

Interrupt Enable Flag (l/E) 

!ntcrr:..:pt Rcq:..:c:;t F!~g {! F} 

Interrupt Mask (IM) 

PLL Control Register A, B, C 
(PCRA, PCRB, PCRC) 

A/D Mode Register (AMR) 

Serial Mode Register 1, 2 (SMR1, 
SMR2) 

Serial Clock Register 1. 2 (SCR1, 
SCR2) 

Timer Mode Register. 1, 2 (TMR1, 
TMR2) 

Timer Output Register 1 , 2 (TOR1, 
TOR2) 

Timer/Event Counter 1, 2 Lower, 
Upper (TC1 L, TC1 U, TC2L, TC2U) 

Timer 3 

LCD Output Register (LOR) 

0 

0 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

Note 1 

Note 2 

LCD Control Register (LCR) 0000 

LCD Mode Register (LMR) 0000 

IF Control Register 1, 2 (IFC1, IFC2) 0000 

IF Counter Data Register A, B, C, D 0000 
(IFDA, IFDB, IFDC, IFDD) 

Port D Data Register 

Port RO-R3 Data Register 

Port RO-R3 DDR (DDRO, DDR1, 
DDR2, DDR3) 

Port D DDR (DDRDO, DDRD1, 
DDRD2, DDRD3) 

Port Mode Register A (PMRA) 

Note 3 

Note 4 

0000 

0000 

Note 1 : Initial value of timer 3 by MCU reset 

Enable to branch with conditional 
branch instruction 

Stack level is 0 

After reset is cancelled. duty must 
be set by program 

The initial value of depends on the value of the data retention bit (MIS3: $004, 3). 
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Item 

Timer 3 

Reset when power-on reset 
or data retention bit is 0 

All bits become 0 and are initialized 
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Reset when data retention 
bit is 1 

Not initialized 

Note 2: Initial value of the LCD output register by MCU reset 

Item 

The initial value of the LCD output register depends on the value of the data retention bit (MIS3: 
$004, 3). 

Reset when power-on resat 
or data retention bit is 0 

Reset when data retention 
bit is 1 

LCD output register LCD output register becomes 0000 
and SEG/R-port pins become R port 

Retained 
(SEG/R port is not changed) 

Note 3: Initial value of the port RO-R3 data register by MCU reset 

Item 

The initial value of the port RO-R3 data register depends on the value of the data retention bit 
(MIS3: $004, 3). 

Reset when power-on reset 
or data retention bit is 0 

Reset when data retention 
bit is 1 

Port RO-R3 data register Retained 

Note 4: Initial value of the R port data direction register by MCU reset 

Item 

Initial value of the R port data direction register depends on the value of the data retention bit (MIS3: 
$004, 3). 

Reset when power-on reset 
or deta retention bit is 0 

Reset when data retention 
bit is 1 

R port data direction register The R port data direction register 
becomes 0000 and R port becomes 
input port 

Retained 
(1/0 of the R port is not changed) 
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Table 2. Values of the Registers except for Table 1 after the Reset 

Items 

Carry (CA) 

Accumulator (A) 

B Register (B) 

W Register (W) 

X/SPX Register 
(X/SPX) 

Y /SPY Register 
(Y/SPY) 

PLL Data Register 
(PORA, PDRB, 
PDRC, PDRD) 

A/D Data Register 
Lower, Upper 
(ADRL, ADRU) 

Serial Data Register 1 , 
2 Lower, Upper 
(SR1 L, SR1 U, SR2L, 
SR2U) 

Initial Value by 
MCU Reset from 
Active Mode 

The contents of the 
items just before 
MCU reset are not 
assured. 
It is necessary to 
initialize them by 
software again. 

Initial Value by 
MCU Reset from 
Standby Mode 

Initial Value by 
MCU Reset from 
Oscillation Stop 
Mode 

RAM The contents of RAM just before MCU reset are retained 

Miscellaneous MIS3 The contents of MIS3 just before MCU reset are retained 

Initial Value by 
MCU Reset from 
Power-on 

Same as above 

0 
Register (MIS)----------------------------------

MISo MISo reads RESET pin level at read operation 
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Interrupt 

Eleven interrupt sources are available on the 
MCU: external requests ( INTo, INT1, INT2, INT3, 
IN%), timers (TIMER 1, TIMER 2, TIMER 3), 
AID converter, and serial interfaces (SERIAL 
1, SERIAL 2). For each source, an interrupt 
request flag (IF) and interrupt mask (IM) are 
provided to control and maintain the inter
rupt requests. To control the entire interrupt 
process, the interrupt enable flag (I/E) is 
provided. 
Since the vector addresses are shared 
between timer 1 and INT2, between AID and 
INT3, between timer 2 and IN%, and between 
serial 1 and serial 2, determining which 
request occurs must be done by software. 

Interrupt control bits and interrupt 
processing: The interrupt control bits are 
mapped to addresses $000 through $003, and 
$020 through $023 of RAM space and are 
accessed by the RAM bit manipulation 
instruction. 
However, interrupt request flag IF cannot be 
set by software. 
The interrupt enable flag (I/E) and interrupt 
request flag (IF) are set to 0, and the interrupt 
mask (IM) is initialized to 1 by MCU reset. 
An interrupt control circuit block diagram is 
shown in figure 6. Interrupt priority and 
vector addresses are shown in table 3, and 
the interrupt processing conditions for 11 
different interrupt types in table 4. 
When interrupt request flag is 1 and interrupt 
mask is 0, an interrupt request is generated. If 
the interrupt enable flag is 1 at that time. 
interrupt processing activates. Then a vector 
address corresponding to the interrupt 
request is generated from priority PLA. 
An interrupt processing sequence and flow
chart are shown in figures 7 and 8 respec
tively. When an interrupt is received, the 
current instruction execution finishes at the 
first cycle, I/E is reset at the second cycle, 
then the contents of the carry, status, and 
program counter are pushed onto the stack in 
the second and third cycles, and the program 
jumps to the vector address to restart 
instruction execution in the third cycle. For 
each vector address area, the JMPL instruc
tion must be programmed to branch the 
starting address of interrupt routine. The 
interrupt request flag which causes interrupt 
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processing must be reset by software in an 
interrupt routine. 

Interrupt enable flag (l/E: $000, 0): The 
interrupt enable flag controls enable/disable 
of all interrupt requests. It is reset by inter
rupt processing and set by the RTNI instruc
tion. (See table 5.) 

External interrupts (INTo, INTi. INT2, 
INT3, INT4): Five external interrupt pins are 
provided for the MCU. The external interrupt 
request flag is set at the falling edge of the 
INT0 input. It is set at the rising edge of the 
INT1, INT2, INT3, and INT4 inputs. When using 
INT0 and INT1. interrupt input should be 
enabled by setting the external interrupt 
enable bit of the timer output register (TOR1: 
$019, TOR2: $01D). If the interrupt enable bit 
is reset, the external interrupt request flag is 
not set and interrupt processing is not per
formed since input signal itself is maskes. 
(See section "Timer".) 
When using INT2, INT3, and INT4, the corre
sponding bits of port mode register A (PMRA: 
$02E) select external interrupt input. If port 
mode register A is set, the corresponding 
data direction register bit is reset automati
cally to input. If port mode register A is reset, 
external interrupt request flag is not set in 
spite of external interrupt signal input and 
interrupt processing is not performed since 
the external interrupt input signal is masked. 

External interrupt requrst flags (IFO: 
$001,0IF1:$001,2IF2:$022,0IF3:002,2 
IF4: $023, 0): External interrupt request flag 
IFO is set at the falling edge of the INTo input. 
IF1-IF4 are set at the rising edge of INT1-INT4. 
(See table 6.) 

External interrupt masks (IMO: $001, 1 
IM1: $001, 3 IM2: $022, 1 IM3: $022, 3 IM4: 
$023,1): The external interrupt request 
masks mask the interrupt request from the 
external interrupt request flag. (See table 7.) 

Port mode register A (PMRA: $02E): Port 
mode register A is a 3-bit write-only register 
which controls the D0 /INT2, Di/INT3, and D2/ 
INT4 pins as shown in figure 9. 
Port mode register A is initialized to $0 by 
MCU reset, so that these pins are all set to D 
port I/O pins after reset. 
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Table 3. Vector Addresses and Inter-
rupt Priority 

Reset, interrupt Priority Vactor address 

RESET $0000 

TIMER3 $0002 

INTo 2 $0004 

INT1 3 $0006 

TIMER1 /INT2 4 $0008 

INT3/A/D 5 $000A 

T!MER2/1!\JT4 6 $0COC 

SERIAL2/SERIAL 1 7 $000E 

Table 4. Interrupt Servicing Conditions 

Interrupt Source 

Interrupt TIMER1 INT3 TIMER2 SERIAL1 
Control Bit TIMER3 INTo INT1 /INT2 /A/D /INT4 /SERIAL2 

l/E 1 1 1 1 1 
IFT3•1MT3 0 0 0 0 0 0 
IFO•IMO * 0 0 0 0 0 
IF1 • IM1 * * 0 0 0 0 
IFT1 •IMT1 + IF2 • IM2 * * * 0 0 0 
IF3•1M3+ IFAD•IMAD * * * * 0 0 
IFT2•1MT2+1F4•1M4 * * * * * 0 
IFS2•1MS2+1FS1 ·IMS1 * * * * * * * : Both 0 and 1 do not affect operation 
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Interrupt 
Enable 

TIMER3 

INTo 

INT, 

TIMER1 

INT2 

A/D 

INT3 

TIMER2 

INT4 

SERIAL1 

SERIAL2 

l/E 

IFT3 

IMT3 

IFO 

IMO 

IF1 

IM1 

IFT1 

IMT1 

IF2 

IM2 

IFAD 

IMAD 

IF3 

IM3 

IFT2 

IMT2 

IF4 

IM4 

IFS1 

IMS1 

IFS2 

IMS2 
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Sequence Control 
• PUSH PC/CA/ST 
·RESET l/E 
·JUMP to Vector 

Address ---

Priority 
control 
PLA 

Figure 6. Interrupt Control Circuit Block Diagram 
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Vector 
Address 
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Instruction 
Cycles 

Instruction 
execution 

Interrupt 
acknowledged 

2 

Stacking, 
Reset of l/E 

3 

Stacking, 
Vector address 
is generated 

4 5 

JMPL instruction execution on th~ 
vector address 

Figure 7. Interrupt Servicing Sequence 
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Instruction 
execution at 
starting address 
of the interrupt 
routine 

1284 Hitachi America Ltd.• Hitachi Plaza• 2000 Sierra Point Pkwy.• Brisbane, CA 94005-1819 • (415) 589-8300 



·Power 

ON 

No 

YES 

(A) 

Reset 

No 

Execute 
Instruction 

YES 

(B) 
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No 

MCU 

PC-IPC)+ 1 

PC-$0002 

PC-$0004 

PC-$0006 

PC-$0008 

PC-$000A 

PC•-$000C 

PC-$000E 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

1/E- 0 
Stack- (PC) 
Stack- (CA) 
Stack- (ST) 

SERIAL2/SERIAL 1 

Figure 8. Interrupt Servicing Flowchart 
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Table 5. Interrupt Enable Flag ($000,0) 

Interrupt Enable 
Flag (I/El 

0 
1 

lnitiafvalue 0, R/W 

Interrupt Enable 
/Disable 

Disable 
Enable 

Table 6. External Interrupt Request 
Flag ($001,0, $001,2, $002,2, 
$022,0, $023,0) 

External Interrupt 
Request Flag 
(IFO, IF1, IF2, IF3, IF4) 

0 
1 

Interrupt Requests 

No 
Yes 

Initial value 0, R/W (cannot be set to 1) 

3 2 1 0 

Table 7. External Interrupt Mask ($001, 
1, $001,3, $002,3, $022,1, $023,1) 

External Interrupt Mask 
(IMO, IM1, IM2, IM3, IM4) Interrupt Requests 

0 
1 

Initial value 1 , R/W 

Enable 
Disable (masks) 

I PMRA2 I PMRA, I PMRAo I 
0 

w 
0 

w 

Notes: • '-': reserved bit 

0 

w 
(Initial value) 

(Read/Write) 

0 1/0 pin Do 

Input pin INT2 

0 1/0 pin D1 

Input pin INT3 

0 1/0 pin D2 

Input pin INT4 

• SEM/SEMD and REM/REMO instructions cannot be used. 

Figure 9. Port Mode Register A (PMRA: $02E) 
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Low Power Dissipation Mode 

The MCU has two low power dissipation 
modes, standby mode, stop mode. The func
tion of the low power dissipation mode is 

Table 8. Low Power Dissipation Mode 
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shown in table 8. CPU state transition 
between low power dissipation modes is 
shown in figure 10. 

Conditions 

Timer 1,2,3 
Serial 

Interface 1, 

2, A/D, Low 

Power 

Dissipation lnstruc-

Instruction Interrupt 

Oscillator Execution Function 
Input/ 

Register, Output 

IF counter, 

LCD,PLL 

(t/>PER*3) Mode ti on circuit (q,CPU*2) (q,PER* 3 ) RAM Flag Pin 

Standby 
Mode 

Stop 
Mode 

SBY 

instruction 

Stop 
instruction 

Active Stop 

Stop Stop 

Active 

Stop 

Retained Retained Retained Active 

Retained Reset * 1 R port: 
retained 
D port: 
high 
impedance 

Stop 

* 1) The MCU recovers from STOP mode by Reset input. Refer to table 1 of section "Reset" for the 
contents of the flags and registers. 

* 2) ,PCPU: System clock 
* 3) ,PPER: Interrupt, peripheral function clock 
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fosc: Oscillate 
lllcpu: Stop 
l'IPER: fcyc 

STBY instruction 

Power On 

Oscillation 
stabilization 
time 

RESET 

RESET 

~ 

fosc: Oscillate 
· lllcpu: fcyc 

l'IPER: fcyc 

STOP instruction 

._ _______ Jlnterrupt request.__ _______ J 

Standby Mode 

f osc: Oscillator 
fcyc: fosc/8 

Active Mode 

Figure 10. CPU State Transition 
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fosc: Stop 
lllcPu: Stop 
l'IPER: Stop 

Stop Mode 
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Active Mode: In active mode, the MCU 
operates depending on the clock generated 
from the OSC1 and OSC2 oscillator circuits. 

Standby Mode: The MCU enters standby 
mode when a SBY instruction is excuted. In 
this mode, an oscillator, interrupt, timer, serial 
interface, A/D, LCD, PLL, and IF counter con
tinue to operate, but all instruction-related 
clocks stop. 
This in turn stops the CPU, retains all RAM 
and register contents, and maintains current 
I/O pin status. 

The standby mode is terminated by a RESET 
or interrupt request. After an interrupt 
request, the MCU resumes by executing the 
next instruction following the SBY instruc
tion. Then, if the interrupt enable flag is 1, the 
interrupt is processed. If the interrupt enable 
flag is 0, the interrupt request is left pending 
and normal instruction execution continues. 

MCU operating flowchart in standby mode is 
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shown in figure 11. 

Stop Mode: The MCU enters stop mode 
when a stop instruction is executed. In this 
mode, the oscillator stops, causing all MCU 
functions to also stop. 

The stop mode is terminated by a RESET 
input as shown in figure 12. Reset must be 
High for at least 20 ms to stabilize oscillation. 
During stop mode, all RAM contents are 
retained. 

When the MCU resumes after stop mode, the 
accuracy of the contents of the accumulator, 
B register, W register, X/SPX register, Y /SPY 
register, carry, and serial data register cannot 
be guaranteed. 

MCU Operation Sequence: The MCU 
operates according to the flowcharts shown 
in figures 13 and 14. The RESET is an asyn
chronous input, which resets the MCU 
regardless of the MCU state. 
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SBY 

Oscillator 
<lcPU 

\6PER 

Restart 
Processor Cioct<s 

Reset MCU 

Active 
STOP· 
Active 

Execute 
Next Instruction 

Restart 
Processor Clocks 

Figure 11. A Standby Mode Flowchart 
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1 • 
Stop mode 

oscillator -111-uu-11111-1111-1111-1111-1111 ''. 

Internal clock~ 

RESET t 
STOP instruction execution (more than 20 ms) 

Figure 12. Timing Diagram When Canceling Stop Mode 
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Yes 

LOW POWER 

r------ --- ---, 
t Low Power Mode : 
: Operation l .______ -----~ 

ACTIVE 

RECOVER 

Instruction 
Fetch 

PC 
-Next 

location 

Instruction 
Excution 

No 

Yes 

No 

Yes 

No 

INTERRUPT 

r------ -----. 
I I 
1 Interrupt I 
: Operation : 
L----- ______ J 

Figure 13. MCU Operation Sequence (MCU Operation Cycle) 
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LOW POWER 

Yes 

Hardware NOP 
Execution 

RECOVER 

No 

Restart 
Processor Clocks 
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SBY/STOP 

SBY /STOP mode 

Figure 14. MCU Operation Sequence (Low Power Mode Operation) 
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PLL Function 

The PLL function performs phase comparison 
between an external input signal and an 
internal reference signal, and outputs a 
comparison result signal. Block diagram is 
shown in figure 15. 

PLL Features: 
· 12 programmable reference frequencies (1, 

2, 5, 6.25, 9, 10, 12.5, 18, 20, 25, 50, 100 kHz) 
· Two dividing modes 

-Pulse swallow mode 
divide ratio: 1024 to (215 1) 

-Direct mode 
divide ratio: 4 to (215 - 1) 

· Two independent comparison output signal 
pins 

· PLL lock detection function 

Reference frequency generator: The ref
erence frequency generator divides source 
oscillation (4.5 MHz) to generate twelve dif
ferent reference frequencies f,: 1, 2, 5, 6.25, 9, 
10, 12.5, 18, 20, 25, 50, and 100 kHz. Any of 
them can be selected by programming bit O 
to bit 3 of PLL control register A (PCRA0 -

PCRA3). 

Variable divider: The variable divider is a 
down-counter composed of a 5-bit M counter 
and a 10-bit A counter. In direct dividing 

mode, the variable divider functions as a 15-
bit down-counter with connected M and A 
counters to perform the auto-reload function. 
In pulse swallow dividing mode, both M and 
A counters function as down-counters which 
input 2-modulus prescaler (mode 1/33) out
put. When the M counter reaches 0, 2-
modulus prescaler mode changes from 1/33 
to 1/32, and the A counter continues to count. 
When the A counter reaches 0, the M and A 
counters are auto-reloaded and start count
ing again. The dividing mode (direct or pulse 
swallow) can be selected by programming bit 
2 of PLL control register B (PCRB2). Divide 
value should be set in the PLL data register . 
The value is set in the PLL reload register via 
the PLL data register. The contents of the 
PLL data register (15 bits) are loaded in the 
PLL reload register automatically by the 
write instruction to the lower four bits of the 
PLL data register (PDRA register). Therefore, 
data must be written in the registers in the 
following order: PDRD, PDRC, PDRB, and 
PDRA. 

Phase comparator: The phase comparator 
detects phase difference between the refer
ence frequency (f,) and the output signal (fv) 
from the variable divider. The result is output 
from the ,Pl and ,P2 pins, as shown in figure 
16, figure 17. 
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I PLL(P) 

~ PLL(O) 

D 4.5 
MHz 

PLL control 
register A 
(4bits) 

4 

Reference 
frequency 
generator 
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2-modulus 
prescaler 
(1/32, 1/33) 

5 

A counter 
(10 bits) 

10 

PLL reload register (15 bits) 

bitO 
15 

PLL data register ( 1 5 bits) 

4 4 4 3 Internal bus (S 1) 

Internal bus (S2) 

Lock 
PLL control PLL control detec-

ti on 
register B register C 
(4bits) (1 bit) 

fv 
2 

fw " l fr 

~2 

Phase 
comparator 

VCO LPF 
(External) (External) 

Figure 15. PLL Function Block Diagram 
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~ 1 , ~2 Outputs Phase Comparator Input 

Low Level 

High-Impedance 

High Level 

Figure 16. State Diagram (Phase Comparator) 
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f, _J 1l L_ 
I 

I 

I 

I 
I I 

I I 

fv n r:i l\ n 
I 

I 
I ,_1 
I 

41>,. '1>2 

Phase lag Phase lead Stable state 

Figure 17. Input/Output Waveform (Phase Comparator) 
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Lock detection circuit: If the phase differ
ence between the reference frequency (fr) 
and a signal (fv) generated by dividing an 
external input signal through the variable 
divider is less than a specified value ±a, PLL 
is assumed to be locked and bit 3 of the PLL 
control register C (PCRC3) is set. The set 
condition of PCRC3 is shown in figure 18. 
PCRC3 is reset automatically after being read. 
Note: Value a varies with programming bit 0 
and bit 1 of PLL control register B (PCRBo, 
PCRB1). 
When entering the stop mode, set PCRB3 to 0 
and PLL is disabled. PLL (P) and PLL (D) are 
pulled down to the GND so that current is not 
consumed by the alternate amplifier. 

Reference frequency (f,) 

Window signal (fw) I. 
I 
I 

Output signal of 
(fvl t variable divider 

+a 

PLL control register A (PCRA: $005): PLL 
control register A is a 4-bit write-only register 
(figure 19). 

PLL control registers B, C (PCRB: $006, 
PCRC: $006): PLL control register Bis a 4-bit 
write-only register. PLL control register C is a 
1-bit read-only register(figure 20). 

PLL data register A (PDRA: $007) 
PLL data register B (PDRB: $008) 
PLL data register C (PDRC: $009) 
PLL data register D (PDRD: $00A): PLL 
data registers A, Band Care 4-bit write-only 
registers, and PLL data register D is a 3-bit 
write-only register (figure 21). 

I 
I 
I J .1 .. -a 

I I 
I 

f 
Figure 18. PCRC3 SET Condition 

3 2 0 

PCRA, PCRA2 PCRA1 PCRA0 

4------0----- (Initial value) 

-----W (Read/Write) 

Reference frequency selection 

PCRA3 PCRA2 PCRA1 PCRAo Reference frequency (kHz) 

0 0 0 0 1 

0 0 0 1 5 

0 0 1 0 6.25 

0 0 1 1 9 

0 1 0 0 10 

0 1 0 1 12.5 

0 1 1 0 25 

0 1 1 1 50 

1 0 0 0 2 

1 0 0 1 10 

1 0 1 0 12.5 

1 0 1 1 18 

1 1 0 0 20 

1 1 0 1 25 

1 1 1 0 50 

1 1 1 1 100 

SEM/SEMD and REM/REMO instructions cannot 
be used. 

Figure 19. PLL Control Register A (PCRA: $005) 
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3 2 1 0 

0 (Initial value) 

w (Read/Write) 

+ + a value selection 

Dividing mode selection 

3 2 0 

I PCRC,, 

0 

~ 
(Initial value) 

(Read/Write) 

~---------- Lock detection 
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PCRA, PCRA2 PCRA1 PCRAo PCRB1 PCRBo a(us) 

0 0 10 

0 1 . 20 
0 0 0 0 

0 40 

40 

0 0 1.11 

0 1 2.22 
* * * * 0 4.44 

4.44 

PCRB2 Dividing mode Divide ratio 

0 Direct division 4to215 -1 

Pulse swallow division 1024 to 215 -1 

PCRB, PLL enable/disable 

0 PLL disable 

PLL enable 

Notes: 1. *;At least one of the bit among PCRA0 to PCRA, is ·1·. 

2. - ; Reserved bit 

l SEM/SEMD and REM/REMO J 
instructions cannot be used. 

Figure 20. PLL Control Register B, C (PCRB: $006, PCRC: $006) 
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2 

14 

9 

PORO 
($00A) O 3 

II 

PORC 
($009) 0 3 

II 

PORB 
($008) 0 3 

II 

PORA 
($007) 0 

* * (Initial value) 
W-----------<.- (Read/Write) * * 

0 

PLL reload register 

A counter 

Note: *; Undefined 
-; Reserved bit 

04 0 

M counter 

SEM/SEMD and REM/REMO 
instructions cannot be used. 

Figure 21. PLL Data Register and PLL Reload Register 
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IF Counter 

IF Counter Features: 
· Resolution: 16 bits 
• Gate time: 1, 4, 8, oo ms . 
· Input signal: 15 MHz ma:ii. 

IF Counter Function: The IF counter is a 16-
bit binary counter whose data can be read. It 
is used to detect a stop signal during auto
search tuning; if a desired IF frequency range 
is found by counting the input frequency of 
the IF pin during auto-search tuning, it can 
be assumed that a radio station exists on the 
received frequency. The block diagram of the 
IF counter is shown in figure 22. 
Count time (gate signal) of the IF counter can 
be selected from among 1, 4, 8 and oo ms by 
the IF counter control register. After all, the 
frequency input to the IF pin can be mea
sured by counting the number of pulses input 
to the IF counter within the selected count 
time. 
The IF counter is reset by clearing the IF clear 
stan bit of the IF counter control register, and 
initiates counting by setting the IF clear stan 

IF Amplifire 

Gate !signal 
generator 
1,4,8,oo ms 

2 
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bit. When the IF clear stan bit is ~et, the busy 
bit is set, and when counting is terminated, it 
is cleared. Accordingly, whether or not 
counting is being performed can be acknow
ledged by software. Note that when entering 
into the stop mode, IFCl3 must be set to 0 and 
the IF counter must be disabled. The IF pin is 
pulled down to the GND, so that current is 
not consumed by the alternate amplifier. 

IF conter control register 1 (IFC1: $028): 
IF counter control register 1 is a 4-bit write
only register (figure 23). 

IF counter data register A (IFDA: $029) 
IF counter data register B (IFDB: $02A) 
IF counter data register C (IFDC: $02B) 
IF counter data register D (IFDD: $02C).: 
IF counter data registers A to D are 4-bit 
read-only registers. The most significant digit 
is IFDD, the other bits are, in order: IFDC, 
IFDB, and IFDA (figure 24). 

IF counter control register 2 (IFC2: 
$028): IF counter control register 2 is a 1-bit 
read-only register (figure 25). 

IF Counter 
Data Register 

(16 bits) 

4 4 4 

lhternal Bus (51) 

Internal Bus (52) 

4 

IF Counter Control 
Register (4 bit) 

IF Counter Control 
Register ( 1 bit) 

Internal Bus (51) 

4 

Figure 22. IF Counter Block Diagram 
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Gate Signal: The IF counter's gate signal 
time is specified by the IF counter control 
register 1. The basic clock timing is a 1 ms 
pulse generated asynchronously with an 
instruction. Dividing this clock produces a 1, 4, 
or 8 ms gate signal. (Gate signal is selected 
among 1, 4, 8, oo ms.) Accordingly, even if the 
IF clear start bit of the IF counter control 
register 1 is set to initiate counting, the IF 
counter does not start counting until the first 
basic clock is generated after executing the 
current instruction. Time difference between 
the busy bit and the actual gate signal is max. 
1 ms, independent of the specified gate time, 
since basic clock timing is 1 ms. 
Note: Precautions when gate signal oo is 
selected. 
When gate signal oo is selected, the counter 
always operates by the IF input signal. Con
sequently, if data is read at counter update 
wrong data may be read. Thus, a gate must 

3 2 0 

IFC13 IFC12 IFC1 1 IFC1o 

0 (Initial value) 

w 
l _! 

(Read/Write) 

be closed once before data is read. To close a 
gate in the oo mode, a value other than oo 
should be set in the gate signal selection bits 
(bit 1, 0) during setting of the IF enable bit 
(bit 3) and IF clear start bit (bit 2) of the IF 
counter control register 1 to 1. 
To continue counting after data read, the oo 
mode should be set again. Make certain that 
the counter does not operate while the gate 
is being closed. 
Accordingly, gate closure time should be 
considered when counting continues after 
data read. 
When gate signal oo is selected, the IF 
counter does not start counting until the first 
basic clock is generated after executing the 
current instruction (max. 1 ms) even if the IF 
clear start bit of the IF counter control regis
ter is set to initiate counting. 
Busy signal is invalid for the gate signal oo 
mode. 

IFC1 1 IFC1o Gate signal (ms) 

0 0 1 l Gate signal selection 
0 1 4 

,_____ IF clear start l 
IF enable 

1 0 8 

1 1 00 

IFC12 IF Clear start 

0 IF ·counter data register reset 

1 Start counting 

IFC13 IF enable 

0 IF disable 

1 IF enable 

SEM/SEMD and REM/REMD 
instructions cannot be used. 

Figure 23. IF Counter Control Register 1 (IFCl: $028) 
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3 IFDD 03 IFDC 03 IFDB 03 IFDA 0 

I II II II I 
0 (Initial value) 

R (Read/Write) 

Figure 24. IF Counter Data Register (IFDA: $029, IFDB: $02A,IFDC: $02B, 
IFDD: $02C) 

0 

R 

0 

(Initial value) 

(Read/Write) 

~------------..__,• Busy signal 

Note: ·-· : reserved bit 

Figure 25. IF Counter Control Register 2 (IFC2: $028) 

.HITACHI 
Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 1303 



HD404508, HD4074509 

Serial Interface 

The serial interface is used to transmit/ 
receive 8-bit data serially. The MCU has two 
serial interfaces, serial 1 and serial 2. The 
serial interfaces consist of the serial data 
registers (SRl, SR2), the serial mode registers 
(SMRl, SMR2), the serial clock registers (SCRl, 
SCR2), the octal counter, and the multiplexer 
as illustrated in figure 26. 
Pins De/SCK1, D11/SCK2, Ds/Sl1, D12/Sl2, D10/ 
SO 1 , D 13/SO 2 , and STS instruction are 
controlled by the serial mode register. The 
serial clock register controls the transfer 
clock. The contents of the serial data register 
can be written into or read out by software. 
The data in the serial data register can be 
shifted synchronously with the transfer clock 
signal. 
Serial interface operation is initiated by the 
STS instruction while the enable bit of the 
target serial interface (bit 3 of the serial mode 
register of each serial interface) is set. The 
octal counter is reset to $0 by the STS 
instruction. The counter starts to count at the 

PRESCALERI 11 bit) 

SERIAL MPX 

3 

SCR1 ,SCR213bitJ 
SERIAL CLOCK 
REG. 

SCK1, 2 

falling edge of the transfer clock signal (SCK1, 
SCK2) and increments by one at the rising 
edge of the signals. 
When the octal counter is reset to $0 after 
eight transfer clock signals, or when a 
transmit/receive operation is discontinued by 
resetting the octal counter, the serial inter
rupt request flag will be set. 
To control two serial interfaces by executing 
the STS instruction once, an enable bit (bit 3) 
of the serial mode register is provided for 
each serial interface. When the STS instruc
tion is executed, the serial interface of which 
an enable bit is set starts to operate. If both 
enable bits are reset, the serial interface does 
not operate even if the STS instruction is 
executed. If both enable bits are set, two 
serial interfaces can be operated by execut
ing the STS instruction once. 
The enable bit is reset after the STS instruc
tion execution automatically. 
Consequently, to operate the serial interface, 

·the STS instruction should be executed after 
setting an enable bit. 

oc~c~;.~14 bit! 1---- IFSl 

COUNTER IFS2 

Sh 
S'2 

4 

4 

SR1 ,SR218bit) 
SERIAL DATA REGISTER 

4 4 

INTERRUPT 
REQUEST FLAG 
of SERIAL INTER
FACE 

IS1) 

INTERNAL BUS LINE IS2J 

so, 
so, 

Figure 26. Serial Interface Block Diagram 
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Serial Mode Registers (SMR1: $010, SMR2: 
$014): The 4-bit write-only serial mode reg
isters control the serial interface operation 
and the pins SCK1, SCK2, SI1, Slz, S01, and S02 
as shown in figure 27. 
The write signal to the serial mode register 
initializes the operating state of the serial 
interface. 
The write signal to the serial mode register 
stops the serial data register and octal 
counter from applying transfer clock, and it 
also resets the octal counter to $0 simultane
ously. Therefore, when the serial interface is 
in the "Transfer State", the write signal 
causes the serial mode register to cease the 
data transfer and to set the serial interrupt 
request flag. 
The contents of the serial mode register is 
invalid until the second instruction is 
executed after a write instruction. Therefore, 
it will be necessary to execute the STS 
instruction after the data in the serial mode 
register has been changed completely. The 
serial mode register will be reset to $0 by 
MCU reset. 
Bit 3 of the serial mode register is an enable· 
bit for the serial interface. To operate the 
serial interface, this bit should be set before 
executing the STS instruction. 
If the STS instruction is executed while the 
enable bit is set, the serial interface starts to 
operate. If the STS instruction is executed 
while the enable bits of both serial interfaces 
are set, two serial interfaces start to operate. 
The internal clocks of SERIAL 1 and SERIAL 2 
are asynchronous each other. 

HD404508, HD4074509 

The enable bit is automatically reset after the 
STS instruction execution. 

Serial Clock Registers (SCR1: $011, SCR2: 
$015): The serial clock register is a 3-bit 
write-only register which controls the trans
fer clock source and prescaler divide ratio as 
shown in figure 28. A write signal to the serial 
clock register initializes internal state of the 
serial interface. A write signal to the serial 
clock register stops the serial data register 
and octal counter from applying transfer 
clock, and it resets the octal counter. There
fore, when the serial interface is in the trans
fer state, the write signal to the serial clock 
register stops the data transfer and sets the 
serial interrupt request flag. 

Serial Data Registers (SR1L: $012, SR1U: 
$013, SR2L: $016, SR2U: $017): The 8-bit 
read/write serial data register consists of a 
lower digit (SRlL: $012, SR2L: $016) and a 
higher digit (SRlU: $013, SR2U: $017). 
The data in the serial data register will be 
output from the S01 and S02 pins, from LSB to 
MSB, synchronously with the falling edge of 
the transfer clock. At the same time, external 
data will be input from the SI1 and Siz pins to 
the serial data register, to LSB first, 
synchronously with the rising edge of the 
transfer clock. Figure 29 shows the I/0 timing 
chart for the transfer clock signal and the 
data. The read/write operations of the serial 
data register should be performed after the 
completion of data transmit/receive. 
Otherwise the data may not be guaranteed. 
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Bit3 Bit2 Bit 1 BltO 

------0 (Initial vatue) 
SMR1.SMR2 

R/W (Read/Write) BitO D1a/S01. D1:s/S02 C 0 l/OponsD,.,D,, 

1 Output pins SO,, S02 

Note: When bit 0 of SMR1 or SMR2 1a 981:, 010 or 013 
becomel output pm automabCllty. 

SMR1,SMR2 
Bitf Ds/SJi,0121'$12 

0 l/Opi.-. 0,, D12 

Input pins Sli, 512 

Note: When bit 1 of SMR 1 or SMR2 is set. 0, or 0 12 

becomes input ptn automatically. 

SMR1,SMR2 

Blt2 

0 1/0 pins 08, D11 

Input or output pins ~1.SCR; 

Note: When bit 2 of SMR1 or SMR2 is set. if internal 
Clock '9 selected. Da °' 011 becomes ~ or 
'SC'K; output automatically. If external clock is 
selected at this time. these pins become SCK; or 
~input. 

SMR1.SMR2 

Bit3 

0 

STS instruction 

Disabled lnot affect _.ning 81atel 

Enabled (transfer clock wait statel 

Note: Bit 3 of SMR1 and SMR2 is reset automatically 
after the STS instruction execution. 

Bit3 a:~R~i~~M:~o Serial interface operation mode 

1 1 0 0 Clocke continuous output mode 

0 1 Transmit mode 

0 Receivemoda 

1 Tranemit/receive mode 

Figure 27. Serial Mode Register (SMRl: $010, SMR2: $014) and Operation Mode Selec
tion 
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Table 9. Serial Interrupt Request Flag 
(IFS2: $003,2, IFSl: $023,2) 

Serial Interrupt 
Request Flag 

0 

Initial value: 0, R/W 

Interrupt Requests 

No 

Yes 

Note: Reset by the REM and REMO instruc
tions. 1 cannot be set by software. 
Tested by the TM and TMO instructions. 

Bit2 Bit 1 BitO 

0 !Initial value) 

w (Read/Write) 

+ + + 

SCR1, SCR2 

Bit 2 Bit 1 BitO 

0 0 0 

0 0 

0 0 

0 

0 0 

0 1 

0 
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Table 10. Serial Interrupt Mask (IMS2: 
$003, 3, IMSl: $023, 3) 

Serial interrupt mask Interrupt Requests 

0 Enabled 

Masked (held) 

Initial value: 1, R/W 
Note: REM, REMO, SEM, SEMO, TM, and 

TMO instructions can be used. 

Da/SCK, Prescaler System 
Clock source divide clock 

D11 /SCK2 ratio divide ratio 

SCK 1, SCK2 output Prescaler + 2,048 + 4,096 

SCK 1, SCK2 output Prescaler 512 + 1,024 

SCK 1, SCK2 output Prescaler 128 256 

SCK 1, SCK2 output Prescaler 32 64 

SCK,, SCK2 output Prescaler 8 16 

SCK 1, SCK2 output Prescaler 2 4 

SCK,, SCK2 output System clock 

SCK 1, SCK2 Input External clock 

Note: ' - · ; reserved bit. 

Figure 28. Serial Clock Register (SCRl: $011, SCR2: $015) 

Transfer Clock 

Serial Output Data 

Serial Input Data 
Latch Timing 

2 3 4 5 6 7 8 

I I I I I I I 
Figure 29. Serial Interface I/O Timing Chart 
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Serial Interrupt Request Flag (IFS1: $023 
bit 2, IFS2: $003 bit 2): The serial interrupt 
request flag is set when the octal counter 
counts eight transfer clock signals, or when 
data transfer is discontinued by resetting the 
octal counter. See table 9. 

Serial Interrupt Mask (IMS1: $023 bit 3, 
IMS2: $003 bit 3): The serial interrupt mask 
masks the interrupt request. See table 10. 

Selection and Change of the Operation 
Mode: The serial interface operation modes 
which are determined by a combination of 
the value in the serial mode register are 
shown in figure 27. 

Operating State of Serial Interface: The 
serial interface has four operating states, 
transfer disable state, STS waiting state, 
transfer clock waiting state, and transfer 
state, as shown in figure 30. 
The transfer disable state is the initialization 
state of the serial interface. In this state, the 
serial interface does not operate even if the 
STS instruction is executed or the transfer 
clock is applied. Setting the enable bit of the 
desired serial interface enters it into STS 
waiting state. 
When the STS instruction is executed in this 
state, the serial interface becomes transfer 
clock waiting state and serial transfer is 
enabled. When both enable bits of the serial 
interface 1 and 2 are set before executing the 
STS instruction, two serial interfaces start to 

operate. If the transfer clock is applied during 
the transfer clock waiting state, the serial 
interface changes to transfer state, while the 
octal counter counts up and the serial data 
register changes simultaneously. However, if 
the consecutive clock output mode is 
selected, only transfer clock is output con
secutively without transfer. 
In the transfer state, the octal counter 
becomes 000 by 8 transfer clocks and the 
serial interrupt flag is set. At this time, if 
internal clock is selected, the serial interface 
changes to the transfer disable state, and if 
external clock is selected, it changes to the 
transfer clock waiting state. A write signal to 
the serial mode register during the transfer 
state resets the octal counter to 000 to stop 
transfer and sets the interrupt request flag 
simultaneously. 

Example of Transfer Clock Error Detec
tion: The serial interface malfunctions when 
the transfer clock is disturbed by external 
noises. In this case, transfer clock error can be 
detected by the procedure shown in figure 
31. If more than 8 transfer clocks are applied 
in the transfer clock waiting state, the state 
of the serial interface changes as the follow
ing sequence: first, transfer state, second, 
transfer clock waiting state, and third, trans
fer state again. The serial interrupt flag 
should be reset before entering into the STS 
waiting state by writing data to the serial 
mode register. This procedure causes the 
serial interrupt request flag to be set again . 
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Write to SMR (Reset 
bit 3) 
Write to SCR 

Write to SMR 
(Set bit 31 

Transfer clock waiting 
state 
·Reset bit 3 of SMR 
· STS instruction invalid 
• Octal counter = 000 

Transfer disable 
state 
· STS instruction invalid 
· Octal counter = 000 
·Transfer clock disable 

Write to SM R 1 
(Reset bit 3) 

j Write to SMR 
(Set bit 3) 

STS waiting state 
· STS instruction 

valid 
• Octal counter = 000 
·Transfer clock disable 

Transfer clock 

8 transfer clocks 
(External clock) 

Write to SMR 
(Set bit 3) 

(IFS~1) 

Write to SMR (Reset bit 3) 
8 transfer clocks (Internal 

clock) 
Write to SCR 

(IFS~1) 

Transfer state 
• STS instruction 

invalid 
• Octal counter * 000 

Figure 30. Operating State of Serial Interface 

Transmit/Receive 
(IFS<-1) 

Interrupt 
Disable 

IFS<- 0 

Write to 
SMR 

Normal End 

(Set bit 3) 

Yes Transfer Clock 
Error Processing 

Figure 31. Example of Transfer Clock Error Detection 
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Timer 

The MCU contains a prescaler, two timer/ 
counters (timer-1, 2) and time-base prescaler 
(timer 3).Figures 32, 33 and 34 show the block 
diagrams of the timers. 

Prescaler: The input to the prescaler is a 
system clock signal. The prescaler is initial
ized to $000 by MCU reset before dividing the 
system clock. The prescaler k~eps counting 
up except in MCU reset and stop mode. Timer 
input clock and serial transfer clock are 
selected by the timer mode registers (TMR1, 
TMR2) and serial clock registers (SCR1, SCR2) 
among prescaler outputs. 

Operation of Timer 1, Timer 2: Timer 1 and 
2 are multifunctional timers. They can be 
used as a free-running timer, event counter, 
reload timer, or PWM circuit (Timer 2 does not 
have a PWM function). Each function is 
selected by the timer mode register (TMR1, 
TMR2) and timer output register (TOR1, 
TOR2). 
The timer/counter (TC1, TC2) is initialized to 
$00 by MCU reset, and it starts to count up 
every input signal. As an input clock, the 
clock divided by the prescaler and an exter
nal clock can be used. When an external clock 
input is selected, external interrupt must be 
inhibited by setting the external interrupt 
mask bit (IMO or IM1) since the external clock 
input pin -is multiplexed with the external 
interrupt pin. (External interrupt cannot be 
inhibited by setting the interrupt enable bit 
of the timer output register.) If an input clock 
is applied after the timer counter reaches 
$FF, the timer interrupt request flag (IFT1, 
IFT2) is set. If an auto-reload function is not 
selected, timer 1 and 2 function as free-run-

ning timer/event counter and continue to 
count up after returning to $00. If the auto
reload function is selected, they are reload 
timers. 
The timers initiate counting up from the 
timer load register (TLR1, TLR2) value loaded 
in the timer counter for each clock input after 
the timer counter reaches $FF. 
Timer 1 has a timer output circuit. This circuit 
changes output level when a clock is input 
after the timer counter reaches $FF. An 
optional cycle clock signal can be output by 
combining this circuit and the reload timer. 
Also this output circuit becomes PWM output 
circuit if PWM function is specified by the 
timer output register. One cycle of the PWM 
output is 256 input clocks. The output 
becomes 1 during the time for the number of 
clocks set in the timer load register, and 
becomes 0 during the other time. 
To obtaine the voltage level in proportion to 
the value set in the timer load register, PWM 
output should be combined with low-pass 
filter. 

Timer 3 Operation: Timer 3 is a prescaler 
which sets interrupt request flag (IFT3) every 
125 ms. 
· Timer interrupt request flag (IFT3: $000 bit 

2) 
· Timer interrupt mask (IMT3: $000 bit 3) 

The timer interrupt mask masks the timer 3 
interrupt request. 

Timer 3 is initialized in the following condi
tion. 
· Power-on Reset 
· MCU Reset when the data retention bit 

(MIS3: $004,3) is 0. 
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INTERNAL BUS LINE (S2) INTERNAL BUS LINE (Sl I 

N 
·I· 

4 

TMR1 
(4bit) 

3 

Timer 

N 

" "' (') 

+ + + 

MPX 

"' N 
N :;; 
+ + 

PRESCALER ( 11 b1tl 

4 

"' " 0 
N 
·I· 

Reload 

Control 
Circuit 

4 
TL 1 
(4bit) 

4 

(Timer Latch Reg.) 

TC1 (8 bit) 

(Timer Load Register) 

4 

4 

4 

INTERNAL BUS LINE (S2) 

Figure 32. Timer 1 Block Diagram 

INTERNAL BUS LINE (S2) INTERNAL BUS LINE (Sl I 

N 

+ 

4 

TMR2 
(4b1t) 

Timer 

N 
(') 

·I· 
"' N 

4 

TOR2 
(4bit) 

MPX 

"' ·I· 

"' " 0 
N .,. 

PRESCALER (11 bit) 

Reload 
Control 

Circuit 

4 

TL2 
(4bit) 

4 

(Timer Latch Reg.) 

(Timer Load Register) 

4 

4 

4 

INTERNAL BUS LINE (52) 

Figure 33. Timer 2 Block Diagram 

~ =c_ 4.5MHz 

L~ Prescaler 

I ~1 IFT3 

I 
(20 bits) 125ms 

Figure 34. Timer 3 Block Diagram 
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Timer Mode Register 1, 2 (TMR1: $018, 
TMR2: $01C): The timer mode register is a 4-
bit write-only register which selects the 
autoreload function, input clock, and pres
caler divide ratio as shown in figure 35. 
The timer mode register is initialized to $0 by 
MCU reset. 
The operation mode of the timer mode regis
ter is changed at the second instruction cycle 
after the timer mode register is written to. 
Initialization of the timer by a write to the 
timer mode register should be performed 
after the operation mode is completely 
changed. 

Timer Output Register (TOR1: $019, 
TOR2: $01D): The timer output register is a 
4-bit read/write register which controls the 

bit3 bit 2 bit 1 bitO 

. timer output mode, PWM output, and exter
nal interrupts as shown in figure 36. 
If bit 0 and 1 of the timer output register are 
set in the mode except for timer output dis
able mode, the pin becomes timer output pin 
automatically. 
Combination of these modes and each mode 
of the timer 1 to 3 can produce optional fre
quency and optional duty clock signal. When 
PWM output is set, the timer output pin 
becomes PWM output pin independently of 
the timer output mode. 
The timer output register is initialized to $0 
by MCU reset. 
The operation mode of the timer output reg
ister is changed at the second instruction 
cycle after the timer output register is writ
ten to. 

0 (Initial value) 

j 
w 

t t 
(Read/Write) 

TMR1, TMR2 

Bit2 Bit 1 BitO 

0 0 0 + 2,048 

0 0 512 

0 0 128 

0 1 32 

0 0 8 

0 1 4 

0 2 

Tl,, Tl2 
(External 
event input) 

TMR1, TMR2 Auto-reload 
Bit 3 function 

0 No 

Provided 

Figure 35. Timer Mode Register 1, 2 (TMR1: $018, TMR2: $019) 
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Timer 1, 2 (TClL: $01A, TClU: $01B, TLlL: 
$01A, TLlU: $01B, TC2L: $01E, TC2U: 
$01F,TL2L:$01E,TL2U:$01F):Tiiner1and 
2 consist of write-only tiiner load register (8 
bits) and read-only timer/event counter (8 
bits) respectively. Each of them has a lower 
digit (TC1L: $01A, TC2L: $01E) and a higher 
digit (TC1U: $01B, TC2U: $01F). 
The timer/event counter can be initialized by 
writing data into the timer load register. In 
this case, write the lower digit first, and then 
the higher digit. The tiiner load register is 
initialized to $00 by the MCU reset. 
The counter value of the tiiner can be 
obtained by reading the timer/event counter. 
In this case, read the higher digit first, and 
then the lower digit. The count value of the 

Table 11. Timer Interrupt Request Flag 
Timer Interrupt 
Request Flag 

0 

Initial value: 0, R/W 

Interrupt Request 

No 

Yes 

HD404508, HD4074509 

lower digit is· latched at the time when the 
higher digit is read. 

Timer Interrupt Request Flag (IFTl: 
$002 bit 0, IFT2: $003 bit 0): The timer 
interrupt request flag is set by the overflow 
output of tiiner 1 or tiiner 2. If the PWM func
tion is selected, the timer interrupt request 
flag is not set even if the overflow output 
generates. 
See table 11. 

Timer Interrupt Mask (IMTl: $002 bitl, 
IMT2: $003 bit 1): The timer interrupt mask 
masks an interrupt request from timer 1 or 
timer 2. 
See table 12. 

Table 12. Timer Interrupt Mask 

Timer Interrupt Mask Interrupt Request 

0 Enabled 

Disabled (masks) 

Initial value: 1, R/W 

.HITACHI 
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TOR2 

TORI 

1314 

bit3 

0 (Initial value) 

R/W (Read/Write) 

bit3 bit2 bit I bitO 

0 (Initial value) 

R/W 

t t 
(Read/Write) 

External interrupt enable bit l 
~ 

TORI 

Bit 1 BitO 
Timer Output Mode 

0 0 Timer output disabled 

Outputs reverse level signal synchronously 
0 1 with the input clock after TC reactes $FF 

(Toggle output mode) 

Output 0 synchronously with the input 
1 0 clock after TC reaches $FF 

(0 output mode) 

Outputs 1 synchronously with the input 
1 1 clock after TC reaches $FF 

( 1 output mode) 

Note: When bit 1 and bit 0 of TOR1 are set to other than '00', 
R32 becomes output automatically. 

TOR1 
PWM Function 

Bit2 

0 Normal timer operation 

1 
PWM operation 
Output from TO, pin 

Note: When bit 2 of TOR 1 is set, R32 becomes outpuf automatically. 

TORI, TOR2 External Interrupts 

Bit3 INTO, INTI 

0 INTO, INT1 disabled 

1 INTO, INTI enabled 

Note: When an external event input is specified by bits 0-3 of 
the timer mode register, an external interrupt is enabled 
irrespectively of the value of bit 3 of TOR. 
·-· : reserved bit 

Figure 36. Timer Output Register 
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Operating Mode of Timer 1, Timer 2: be set in the timer mode register and timer 
output register for the selected operating 
state. 

Since timer 1 and timer 2 can select several 
functions as free-running, reload, PWM (timer 
1 only), and can control clock input and timer 
output, various operating states can be spec
ified by combination of these functions as 
shown in figure 37, 38. Required data should 

Example of the timer output waveform is 
shown in figure 39. The waveform depends 
on the operation mode. 

TMR1 :$018 TOR1: $019 

bit 3 bit2 I bit 1 bitO II bit3 bit 2 I bit 1 bitO 

------- 0 --------------0-----.- (Initial value) 

-------W R/W (Read/Write) 

t 1 1 1 1 1 1 

TMR1 TOR1 

Bit 3 Bit 2 Bit 1 Bit 0 Bit 3 Bit 2 Bit 1 Bit 0 

0 *3 *3 *3 0 0 0 0 

J 

Timer 
input pin 

R4o 

Timer 
output pin 

Timer 1 
Function 

0 *3 *3 *3 0 0 *2 *2 R4o T01 Free-
1---+---+---+---+----1--+---+---+-----+------1 running 

0 *3 *3 *3 0 0 0 INTo R32 timer 

0 *3 *3 *3 0 *2 *2 INTo T01 

1--o-+---+---+---+-*-1-+-_o_+--o-+--o--+-T-l,_._1N_T_o_*_5+--R-3_2_-1Event 
0 -*1 0 *2 *2 Ti;',INTo*s T01 counter 

*3 *3 *3 0 0 0 0 R4o 

1---+-*-3-+-_*_3-+_*_3--+-o--+_o_+--*-2-+_*_2 ___ R_4_0_-+ __ T_o_,_-1 Reload 

*3 *3 *3 0 0 0 INTo R32 timer 

*3 *3 *3 0 *2 *2 INTo T01 

* 1 0 0 O TI,. INT 0 • 5 R32 Event counter 
1---+---+---+---+---+--+---+---+-----+------1 (with reload 

* 1 0 *2 *2 Ti;',INT0 *5 T01 function) 

*1 *3 *3 *3 0 *1 *1 R4o T01 
1---+---+---+---+---+--t---+---+-----+------1PWM*4 

*1 *3 *3 *3 *1 *1 INTo T01 

*1 *1 Tl,,INTo* 5 T01 PWM ,{,external 
clock"'.'.!. 

* 1 Both 0 and 1 ao not affect the operation. 
* 2 Either or both of the bit 0 and bit 1 of TOR is 1 . 
*3 One, two, or three bits of bit 0, 1, 2 of TMR are 0. 
* 4 When the timer load register is set to $ 00 while PWM output is selected, 

the timer functions in the same way as the free-running timer. 
*5 When Tl 1 is selected, INT0 interrupt mask bit must have been set since 

INT 0 is simultaneosly selected. 

Figure 37. Combination of Timer 1 Operation Modes 
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TMR2 TOR2 

bit 3 bit2 I bit 1 bitO II bit3 bit2 I bit 1 bitO 

~ 0 0 (Initial value) 

w 
1R/W1 

(Read/Write) 

l 1 1 1 1 j 
J 

TMR2 TOR2 Timer Timer 2 

Bit3 Bit2 Bit 1 BitO Bit3 Bit2 Bit 1 BitO input pin function 

0 *2 *2 *2 0 *1 *1 *1 R41 
Free-
running 
timer 

0 *2 *2 *2 * 1 *1 *1 INT, 

0 *1 *1 *1 *1 Tl2,INT1°3 Event 
counter 

*2 *2 *2 0 * 1 *1 *1 R41 
Reload 
timer 

*2 *2 *2 *1 *1 * 1 INT, 

Event counter 
*1 *1 *1 *1 Tl2,INT1* 3 (with reload 

function) 

* 1 Both 0 and 1 do not affect the operation. 
*2 One, two, or three bits of bit 0, 1, 2 of TMR are 0. 
*3 When Tl2 is selected, INT1 interrupt mask bit must have been set since INT1 is simultaneously selected. 

Figure 38. Combination of Timer 2 Operation Modes 
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Reload timer output mode: Toggle output 
Timer load register data: N 

(A) Free-running timer 

_J 
, .. 

256 clocks 256 clocks 

(B) Reload timer 

_J 
1 .. 

(256-N) clocks (256-N) clocks "I 

(C) PWM 

(256-N) clocks N clocks 

256 clocks 

(Note) Clock input source and divide ratio are controlled 
by the timer mode register. 

..1 

Figure 39. Examples of Timer Output Waveform 
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A/D Converter 

The MCU incorporates an AID converter 
operating in the sequential .comparison 
method with a resistor ladder. It can measure 
two analog inputs with 8-bit resolution. 
A block diagram of the AID converter is 
shown in figure 40. 

The AID converter is composed of the follow· 
ing registers and bit. 

A/D mode register {AMR: $00C): The AID 
mode register is a write-only register, Bits 0 
and 1 select an AID conversion period, and 
bits 2 and 3 select a channel (figure 41). 

A/D data register (ADRU: $00E, ADRL: 
SOOD): The AID data register is a read-only 
register. 
Data read during AID conversion is not 
guaranteed. After completion of a conversion, 

Internal Bus (S2) 

AMR (4bit) 
(A/D Mode Reg) 

ADSF 
(1 bit) 

resulting data is maintained until the follow· 
ing conversion starts (figure 42). 

A/D start bit, status flag (ADSF: $020, 0): 
Writing 1 into the AID start bit initiates AID 
conversion. On completion of AID conversion, 
the converted data is stored in the AID data 
register simultaneously with setting the AID 
interrupt flag, and the AID start flag is clear· 
ed. 

Note that writing into ADSF should be par· 
formed by bit manipulation instruction SEM 
or SEMD. It is invalid with the REMIREMD 
instructions. ADSF must not be written to 
during AID conversion. The configuration of 
ADSF is shown in figure 43. 

Precautions on A/D converter use: 
Port output instructions should not be 
executed during AID conversion to allow the 
AID converter to operate stably. 

ADR (B bit) 
(AID Data Reg) 

2 (A/D Start Bit, Status Flag) 

A No 

AN 1 

Vee 

GND 

IFAD 

Counter 

Figure 40. A/D Converter Block Diagram 
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I I The SEM/SEMD and REM/REMO I bit 3 I bit 2 I bit 1 bitO instructions cannot be used. 

0 (Initial value) 

w (Read/Write) 

L, Bit 1 BitO Conversion Time 

0 0 61 µs 

0 1 122 µs 

1 0 244µs 

1 1 488µs 

{ 
Bit 3 Bit2 Channel Selection 

0 0 ANO 

0 1 AN1 

1 0 Neither ANO or AN 1 is selected 

1 1 

Figure 41. A/D Mode Register (AMR: $00C) 

7 6 5 4 3 2 0 
(ADRU) 
$00E 

bit 3 bit2 bit 1 bitO II bit 3 bit 2 bit 1 bit 0 (ADR~ 
$00 

* * * * * * * * (Initial value) 

R R (Read/Write) 

*;Undefined 

Figure 42. AID Data Register (ADRU: $00E, ADRL: SOOD) 
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bit3 bit2 

- : Reserved bit 

bit 1 bitO 

ADSF 

0 (Initial value) 

R/W (Read/write) 

L bitO 

0 

1 

A/D start Bit ,Status Flag 

Indicate A/D conversion end 

Start A/D conversion 

Instructions other than RAM bit manipulation 
instructions cannot be used. ADSF is set with 
the SEM/SEMD instructions and tested by the 
TM/TMD instructions. REM and REMD are 
invalid. 

Figure 43 A/D Start Bit, Status Flag (ADSF: $020,0) 
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Liquid Crystal Display Circuit 

A LCD circuit can directly drive a liquid crys
tal in three drive systems. static, 1/2 duty, and 
1/3 duty with its three common signal pins 
and 28 segment signal pins. The LCD circuit is 
comprised of RAM, controller, and driver as 
shown in figure 44. 

RAM ($3A0-$3BB): RAM in the LCD circuit 
is dual-port RAM which sends display data to 
the segment signal pin without software. 
Relation between display RAM area and 
segment signal is shown in figure 45. By 
writing data in RAM area, the corresponding 

Yee 

V2 u--.---. Liquid 
crystal 

V3 u--.---. power 
supply 

Control 
register 
(4 bit) 

Mode 
register 
(4bit) 

LCD: Liquid Crystal Display 

HD404508, HD4074509 

segment pin automatically outputs it as dis
play data. 1 means light on, and 0 means light 
off. 

Control Section: The control section con
sists of the following three registers: 
· LCD output register (LOR: $024) (figure 46) 
·LCD control register (LCR: $025) (figure 47) 
· LCD mode register (LMR: $026) (figure 48) 

LCD Driver: The LCD driver has three 
common signal pins and 28 segment signal 
pins. 16 segment pins SEG13 to SEG28 are 
multiplexed with output ports RS, R7, R6, and 
R5. 

RAM area 

LCD 
segment 
driver 

data 
----.. R5 to RS 

I 
•-----OCOM1 
•-------<O COM2 
•-----0 COM3 

I I 
SEG28/R5a 

Output 
register 

Output { 

-~,_ _ __. 

(4 bit) t-------~ 

Figure 44. LCD Circuit Block Diagram 
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BIT 3 BIT 2 
- SEG 1 
- SEG 2 
- SEG 3 
- SEG 4 
- SEG 5 
- SEG 6 
- SEG 7 
- SEG 8 
- SEG 9 
- SEG 10 
- SEG 11 
- SEG 12 
- SEG 13 
- SEG 14 
- SEG 15 
-~ SEG 16 
- SEG 17 
- SEG 18 
- SEG 19 
- SEG 20 
- SEG 21 
- SEG 22 
- SEG 23 
- SEG 24 
- SEG 25 
- SEG 26 
- SEG 27 
- SEG 28 

COM3 

BIT 1 

SEG 1 
SEG 2 
SEG 3 
SEG 4 
SEG 5 
SEG 6 
SEG 7 
SEG 8 
SEG 9 
SEG 10 
SEG 11 
SEG 12 
SEG 13 
SEG 14 
SEG 15 
SEG 16 
SEG 17 
SEG 18 
SEG 19 
SEG 20 
SEG 21 
SEG 22 
SEG 23 
SEG 24 
SEG 25 
SEG 26 
SEG 27 
SEG 28 

COM2 

Address 
BIT 0 (Hexadecimal) 

SEG 1 
SEG 2 
SEG 3 
SEG 4 
SEG 5 
SEG 6 
SEG 7 
SEG 8 
SEG 9 
SEG 10 
SEG 11 
SEG 12 
SEG 13 
SEG 14 
SEG 15 
SEG 16 
SEG 17 
SEG 18 
SEG 19 
SEG 20 
SEG 21 
SEG 22 
SEG 23 
SEG 24 
SEG 25 
SEG 26 
SEG 27 
SEG 28 

COM1 

$3AO 
$3A1 
$3A2 
$3A3 
$3A4 
$3A5 
$3A6 
$3A7 
$3A8 
$3A9 
$3AA 
$3AB 
$3AC 
$3AD 
$3AE 
$3AF 
$3BO 
$3B1 
$3B2 
$3B3 
$3B4 
$3B5 
$3B6 
$3B7 
$3B8 
$3B9 
$3BA 
$3BB 

Note: Some areas do not correspond to a segment signal. 
They can be read/written to. 

Figure 45. LCD RAM Area and Segment Signals 
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The SEM/SEMD and REM/REMO instructions 
cannot be used. 

.----- (Note)-----+- (Initial value) 

------- W (Read/Write) 

Note: Initial value of the LCD output register by MCU reset 
depends on the value of the data retention bit (MIS3: 
$004,3). 

bit3 bit2 bit 1 

MCU reset by power-on MC U reset when data 
Item reset or when data retention bit is 1 

retention bit is 0 

LCD output 
0000 Retained 

register 
SEG/R port pins become (SEG/R port is not 
R port pins. changed.) 

0 R5o-R53 (output data) 

SEG28-SEG25 (segment data) 

0 R6o-REh (output data) 

SEG24-SEG21 (segment data) 

0 R7 o-R7 3 (output data) 

SEG20-SEG17 (segment data) 

0 RBo-RB, (output data) 

SEG 16-SEG13 (segment data) 

Figue 46. LCD Output Register (LOR: $024) 

bitO 

The SEM/SEMD and REM/REMO instructions 
cannot be used. 

------- 0 ------+- (Initial value) 

------- W (Read/Write) 

y L Display ON/OFF control 
,---,...----..., 

0 Display OFF 

Display ON 

Fixed to 0 
Power Switch ON/OFF control 

0 On-chip liquid crystal power switch (power switch) OFF 

On-chip liquid crystal power switch (power switch) ON, v,~Vcc 

Figure 47. LCD Control Register (LCR: $025) 

@HITACHI 
Hitachi America Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 1323 



HD404508, HD4074509 

bit3 bit2 bit 1 bitO 

0 

w 

y t j 

Fixed to 0 

~1 

(Initial value) 

(Read/Write) 

r The SEM/SEMD and REM/REMO instructions J 
cannot be used. 

Display duty selection 

Bit Bit 
Contents 

0 

0 0 Cannot be selected (Note 1) 

0 1 1/3 DUTY 

}-0 1/2 DUTY 

STATIC 

Frame Frequency 

~1 
Duty Frame Frequency 

STATIC 274.6 Hz 

1/2 duty 137.3 Hz 

1/3 duty 91.6 Hz 

Note 1: During MCU reset, bits 0 and 1 are 0. accordingly, 
the mode register must be setto 1 /3 duty, 1 /2 duty, 
or STATIC after reset. 

Figure 48. LCD Mode Register (LMR: $026) 
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Large LCD Panel Driving and Driving 
Voltage (VLCo): When using the large LCD 
panel, lower the dividing resistance by im
plementing the external resistors parallel to 
the internal dividing resistors as shown in 
figure 49. 

Since the liquid crystal display board is of 
matrix configuration, the path of the charge/ 
discharge current through the load 
capacitors is very complicated. Moreover, as it 
varies depending on display condition, a val
ue of resistance cannot be simply determined 
by referring to the load capacitance of liquid 

HD404508, HD4074509 

crystal display. A value of resistance must be 
experimentally determined according to the 
demand for power consumption of the 
equipment in which the liquid crystal display 
is implemented. (A capacitor,C=0.1 to 0.3 µF 
can be used if necessary.) In general, R is 1 kO 
to 10 kO. 

The following figure shows a connection 
when changing the liquid crystal driving 
voltage CVLco). In this case, power supply 
switch for dividing resistor (power switch) 
should be turned OFF. (Bit 1 of the LCR regis
ter is 0). 

Vcc(V1) --------1VcdV1) 

V2 

V3 

GND 

Vee 

Vee 

Vee 

c 

r-------1Vee 

..--.....---tV1 

V,eo 
V2 
V3 

----+----tGND 

V1 
V2 
V3 

._ ______ -tGND 

c~o.1-0.3µF 

COM1t----
1- 1 3-digit with 
Cl. signal kQ 

mv 

SEG1 
I 

SEG28 

COM1 

28 

Static Drive 

2 

COM2 t---+--
n 
0. 

SEG1 28 

7-digit LCD 

I t---+----~ 
SEG28 

1 /2 Duty, 1 /2 Bias Drive 

----- 3 ----------. 9-digit with ...-------!Vee 

VLCo 

V1 
V2 

V3 

L----+---tGND 

co
1
M1,__ ___ n 

COM3 0. signal 
L----.,.....----' 

SEG1 
I 

SEG28 

28 

VccOi:VLCoOi:GND 1/3 Duty, 1/3 Bias Drive 

Figure 49. An Example of LCD Connection 
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Input/Output Port 

The MCU has 47 I/O pins comprising 29 I/O 
pins, 2 input pins, and 16 outp:ut pins (multi
plexed with SEG pins). The I/O ports (D, RO
R3) have individual data direction registers so 
that data direction (I/O) can be selected for 
each bit.Port R4 is an input port. All ports are 
standard ports.The registers which control 
the I/O ports of each module are shown in 
figure 52. 

Port D (Do-D13): The D port is an I/O port 
composed of 14 I/O pins accessed on a bit 
basis. All bits of the port D data register are 
set to 1 by MCU reset. Data direction (input/ 
output) of each pin can be selected by the 
data direction register provided for each bit 
(0: input, 1: output). The data direction regis
ter is cleared by reset, so that the D port 
becomes an input port by reset. (See figure 
50.) The D port can be set and reset by the 
SED/RED and SEDD/REDD instructions, and 
can be tested by the TD/TDD instructions. 
Pins Do-D2 and Da-D13 are multiplexed with 
INT2, INT3, INT4, SCK1, SI1, S01, SCK2, SI2, and 
S02, respectively. 

Ports RO-R3: These are the I/O ports acces
sed in 4-bit units. The initial value of the port 
R data register by MCU reset depends on the 
value of the data retention bit. When it is 0, 
register value is 1, when it is 1, the register 
value before reset is retained. Data direction 
(input/output) of each bit of port R can be 
controlled by the port R data direction regis
ter (DDRO-DDR3) (0: input, 1: output). Since 
the data direction register is cleared by reset, 
the R port becomes an input port by reset. 
However, when the data retention bit is 1, II 
O direction of the R port remains unchanged 
since the previous data is maintained without 
being cleared. (See figure 51.) 
Data is input as well as output through ports 
RO-R3 by the LAR and LBR instruction. 
Pin R32 of port R3 is multiplexed with timer 
output pin T01. T01 is an output pin of timer 
1, which can output optional frequency clock 
and PWM output signal utilizing reload func
tion. For details, see section "Timer". 
Circuit types of I/O pins are shown in table 
13. 

Port R4: Port R4 is an input port accessed in 
2-bit units. Pin R4o is multiplexed with 
external interrupt input INTo and timer input 
TI1, and R41 is multiplexed with external 
interrupt input INT1 and timer input TI2. 
Operation mode of each pin is selected by the 
timer mode register and timer output regis-

ter. (for details, see section "Timer".) 
Data is input through port R4 by the LAR and 
LBR instructions. 
Circuit types of the R4 port pins are shown in 
table 13. 

Ports R5-R8: These ports are output ports 
accessed in 4-bit units. Pins R50-R63 are 
multiplexed with SEG28-SEG25; R60-R63, 
with SEG24-SEG21; R7o-R73 with SEG20-
SEG17; and R80-R83, with SEG16-SEG13, 
respectively. Operation mode of each pin is 
selected by the LCD output register (for 
details, see section "LCD Circuit"). 
During reset, these ports are used as R ports 
and 1 is output. However, when the data 
retention bit is 1, these pins are not switched 
to R ports and 1 is not set in the data register, 
so that the previous data is maintained. 
Circuit types of the R5-R8 pins are shown in 
table 13. 

Data Direction Register ($030-$033, 
$03B-$03E): The data direction register 
(DDR) is a 4-bit write-only register which 
controls input and output of the I/0 ports. 
Each I/O port bit has a DDR and data direc
tion can be selected on a bit basis. Data is 
input from each pin when a port is an input 
port. For an output port, data is accessed from 
the data register. 
The I/O ports become input ports when DDR 
is cleared by reset. However, the R port data 
direction register is not cleared by reset 
when the data retention bit is 1, so that the 
previous data is retained. 

D port data direction register (DDRDO: 
$03B, DDRD1: $03C, DDRD2: $03D, 
DDRD3: $03E): This register can select D 
port data direction on a bit basis. RAM bit 
manipulation instruction cannot be used. The 
D port becomes an input port by reset (figure 
50). 

R port data direction register (DDRO: 
$030, DDR1: $031, DDR2: $032, DDR3: 
$033): This register can select data direction 
for ports RO-R3 on a bit basis. RAM bit 
manipulation instruction cannot be used. 
When the R port data direction register is 
cleared by MCU reset, the R ports become 
input ports. However, if the data retention bit 
is 1, this register is not cleared by reset and 
the previous data is retained (figure 51). 
Note: I/O pins unused on the user system. 
If unused I/0 pins are left floating, the LSI 
may malfunction because of noise. To prevent 
this, unused pins should be pulled up to Vee 
through a resistor of approximately 100 kn: 
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DDRDO 
($038) 

DDRD1 
($03CI 

DDRD2 
($030) 

DDRD3 
($03E) 

DORO 
($030) 

DDR1 
($031) 

DDR2 
($032) 

DDR3 
($033) 

3 2 

03 02 o, 
DOR DOR DOR 

0 

w 
3 2 

D1 Do o, 
DOR DOR DOR 

0 

w 
3 2 

011 010 o. 
DOR DOR DOR 

0 

w 
3 2 

o,, 
DOR 

0 

w 

0 

Do 
DOR 

(Initial value) 

(Read/Write) 

0 

o. 
DOR 

(Initial value) 

(Read/Write) 

0 

Da 
DOR 

(Initial value) 

(Read/Write) 

0 

012 
DOR 

0 (Initial value) 

w (Read/Write) 

HD404508, HD4074509 

The SEM/SEMD and REM/REMO 
instructions cannot be used. 

Port 1/0 selection 

Data direction 
Function 

register 

0 Input 

1 Output 

Note:·-·: Reserved bit 

3 2 

RO, R02 
DOR DOR 

* * 

3 2 

Rh Rh 
DOR DOR 

* * 

3 2 

R2> R22 
DOR DOR 

* * 

3 2 

R32 
DOR 

* 

Figure 50. D Port Data Direction Register 

0 

R01 ROo 
DOR DOR 

* * 
w 

0 

Rli R1o 
DOR DOR 

* * 
w 

0 

R21 R2o 
DOR DOR 

* * 
w 

0 

R31 R3o 
DOR DOR 

* * 
w 

(Initial value) 

(Read/Write) 

(Initial value) 

(Read/Write) 

(Initial value) 

(Read/Write) 

(Initial value) 

(Read/Write) 

Port 1/0 selection 

Data direction 
Function 

register 

0 Input 

1 Output 

Note 1 : * ; The initial value of the 
A port data direction 
register by MCU reset 
depends on the value 
of the data retention 
bit (MIS3: $004,3). 

Reset when Reset when 

Item 
power on reset data retention 
and when data bit is 1 
retention bit is O 

R port 0000 Retained 
data R port becomes ( R port function 
direction input port does not change) 
register 

Note 2: - ; Reserved bit 

The SEM/SEMD and REM/REMO 

instructions cannot be used. 

Figure 51. R Port Data Direction Register 
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Table 13. Circuit Type of 1/0 Pins 

1/0 Pins Circuit Type 

1/0 common pin Input Signa~lD---<1• Input data 
-J" 

Input signa~ Input data 

.---~Dc1---~'Sc'K" 

~l~v STOP 

Ctaf-.__-r-3_,I lfO Select signal 

. ';},. SCK (internal) 

Output pin 
Vee 

J~'"'" """'"'"" 
""" ~ Output data 

Vee 

J~5TOP 
..,,, ~~ Outputdata 

Input pin 
lnp~ Input data 

$HITACHI 

Applied Pins 

RO-R3 

R5-R8 

SO,, S02. 
T01 (STOP="l ") 

R4 

INTo. INT1, INT2 
INT3, INT4, Sl1 
Sl2. Tl1, Tl2 
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SMR1 (Serial mode register 1) 

I 3 I 2 o 

----- 0 -----
------ A/W----• 

SMR2 (Serial mode register 2) 

ADA= $010 

(Initial value) 

(Read/Write) 

D10/S01 pin selection 

09/Sl1 pin selection 

Ds/SCK 1 pin selection 

ADA=$014 

TOR2 (Timer output register 2) ADA=$01D 

I I 0 

-----0 {Initial value) 

------ A/W ----• {Read/Write) 

'------------ R4i/INTi/T'2 pin selection 

LOR (LCD output register) ADA= $024 

I I 0 

{Initial value) 

-----W (Read/Write) I I I 0 

------0-----
-----A/W-------

l L= 
(Initial value) 

(Read/Write) 

D13/S02 pm selection 

i t l___ A5o-A5,/SEG28-SEG25 p.in select.ion 

I L__ A6o-A6,/SEG24-SEG21 pm selection 

R7 0 -R7 3/SEG20-SEG17 pm selection 

R80-R83/SEG 16-SEG 13 pin selection 

TMRl (Timer mode register 1) 

I o 

------- 0 -----

D12/Sl2 pin selection 

D11/SCK2 pin selection 

ADA=$ 018 

(Initial value) 

-+----- W (Read/Write) 

L __ t __ _.=} R4o/INTo/Tu pin selection 

TM R2 (Timer mode register 2) ADA=$01C 

I I I I 0 

-------0------- (Initial value} 

W ----L_- (Read/Write) 

L __ '.:=:====} R4i/INTi/T12 pin selection 

TOR 1 (Timer output register 1) ADA= $019 

I I I I 0 

-------o----__,~ (Initial value) 

-+-----A/W----• (Read/Write) 

L _ _.:t===L_=} R32/T01 pin selection 

R4o/INT o/Th pin selection 

_P_M_A_A_(c..P_ort_m_o_de_1e-"g-ist_e_1 _A_I __ ADA = $ 02E 

I I 0 I 
.-.--- 0 - (Initial value) 

....,___ W --------------- (Read/Write) 

Item 

LCD 
output 
register 

PMAA 
~ 

bit2 

0 

1 

l__ Do/lNT2 pin selection 

~---- D1/INT3 pin selection 

~------- D2/INT4 pin selection 

Reset by power-on reset Reset when data 
or when data retention retention bit MIS3 is" 1" 
bit MIS3 is "O". 

0000 Retained 
SEG/R port pins become (SEG/R port does not 
R port pins change) 

Pin PMAA Pin PMAA 
f--- f---

selection bit 1 selection bitO 

D, 0 D, 0 

INT4 1 INTJ 1 

Notes: 1. Initial value of the LCD output register depends on the value of the data retention bit 
2. "-":Reserved bit 
3. See section "Serial Interface" for SMR1 and SMR2, section "Timer" 

for TMR1, TMA2, TOR1, and TOR2, and section "LCD circuit" for LOA 

Figure 52. 1/0 Mode Selection Registers 
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Oscillation Circuit 

The oscillation circuit configuration is shown 
in figure 53. 

Figure 54 shows an internal oscillation circuit 
block diagram. 4.5 MHz crystal) should be 
attached. 

Figure 55 is an example of a crystal oscillation 
circuit, and its layout example is shown in 
figure 56. 

STOP 
signal 

osc, 

Notes: 1. The circuit parameters are changed 
by crystal resonator and the float
ing capacitance in the board. In 
employing a resonator, please con
sult with the engineers of the crys
tal maker to determine the actual 
circuit parameter. 

2. Wiring between OSC1, OSC2, and 
elements should be as short as pos
sible, and never cross other wires. 
(See figure 56.) 

n------~ To divide 
circuit 

Figure 53. Oscillator 

c, 

0Crvstal 
4.5MHz 

Oscillator 

Divide 
circuit 
(divide-by-8) 

Timing 
generator 

Figure 54. Internal Oscillation Circuit 

Crystal : 4.5 MHz 
C1 :TBD 
C2 : TBD 

System clock 
(562.5 kHz) 

Figure 55. Crystal Oscillation Circuit 

Figure 56. Crystal Oscillation Circuit 
Layout 
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Miscellaneous Register 

The function of the miscellaneous register, 
shown in figure 57, is described below. 

RESET: The RESET pin level can be read by 
reading the MISo bit. 

3 2 

MIS: $044 MIS3 

(0 at power-on,) 
retained in any 
other cases. 

R/W 

t 

HD404508, HD4074509 

Data retention bit: This bit is cleared if Vee 
voltage supply stops. This bit is set before the 
MCU enters into stop mode. Then, if this bit is 
set when the MCU recovers from stop mode 
by MCU reset, Vee voltage is applied during 
stop mode and RAM data is retained. 

0 

MISo 

(Initial value) 

R (Read/Write) 

L RESET pin level 

Data retention bit 

0 
RAM data invalid after 
stop mode 

1 
RAM data valid after 
stop mode 

Notes: 1. MIS0 cannot be written to. When the miscellaneous register 
is written to, MIS0 does not change. 

2. "-":Reserved bit. 
3. The TM/TMD instructions can be used. The SEM/SEMD and REM/REMD 

instructions can not be used. 

Figure 57. Miscellaneous Register 
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PROM Mode Pin Description 

The HD4074509 is a ZTAT microcomputer PROM. PROM mode signals are listed in table 
incorporating PROM. When the MCU enters 14, and PROM mode pin assignment· is in 
PROM mode, the MCU stops to program the figure 58. 

Table 14. PROM Mode Signals 

MCU mode PROM mode MCU mode PROM mode 

Pin No. Pin name 1/0 :Pin name 1/0 Pin No. Pin name 1/0 Pin name 1/0 

A No Mo 41 R22 1/0 A11 

2 V1 42 R23 1/0 A12 

3 V2 43 R3o 1/0 A13 

4 VJ 44 R31 1/0 A1• 

5 IF 45 R32/T01 1/0 

6 TEST TEST 46 R4o/INTo/Th Vpp 

7 ~· 0 47 R4,/INT1 /Tl2 I As 

8 ~2 0 48 Vee Vee 

9 Vee (PLL) Vee 49 SEG1 0 Oo 1/0 

10 PLL(D) 50 SEG2 0 01 1/0 

11 PLL(P) 51 SEG3 0 02 1/0 

12 RESET RESET 52 SEG4 0 03 1/0 

13 GND (PLL) GND 53 SEG5 0 o. 1/0 

14 INT2/Do 1/0 Oo 1/0 54 SEG6 0 Vee 

15 INT3/D1 1/0 o, 1/0 55 SEG7 0 

16 INT4/02 1/0 02 1/0 56 SEG8 0 

17 03 1/0 03 1/0 57 SEG9 0 

18 04 1/0 o. 1/0 58 SEG10 0 

19 Ds 1/0 Os 1/0 59 SEG11 0 

20 Ds 1/0 Os 1/0 60 SEG12 0 

21 D1 1/0 01 1/0 61 SEG13/R83 0 

22 SCK1/Ds 1/0 OE 62 SEG14/R82 0 

23 Sh/De 1/0 CE 63 SEG15/R81 0 

24 S01/D10 1/0 Vee 64 SEG16/R8o 0 

25 SCK2/D11 1/0 Vee 65 SEG17/R73 0 

26 Sl2/D12 1/0 66 SEG18/R72 0 

27 S02/D13 1/0 67 SEG19/R71 0 

28 OSC2 0 68 SEG20/R7o 0 

29 osc, 69 SEG21/R63 0 

30 GND GNO 70 SEG22/R62 0 

31 ROo 1/0 A, 71 SEG23/R61 0 

32 R01 1/0 A2 72 SEG24/R6o 0 

33 R02 1/0 A3 73 SEG25/R53 0 

34 R03 1/0 Ao 74 SEG26/R52 0 

35 R1o 1/0 As 75 SEG27/R51 0 

36 R11 1/0 As 76 SEG28/R5o 0 

37 R12 1/0 A1 77 COM1 0 

38 R13 1/0 As 78 COM2 0 

39 R2o 1/0 Ao 79 COM3 0 

40 R21 1/0 A10 80 AN1 M1 

Notes: 1. 1/0: Input/output pin, I: Input pin, 0: Output pin 
2. Pins Oo to 04 each have two pins. Each pair must be closed when using. 
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Pins for PROM mode 

Vpp: Vpp applies program voltage (12.5 V ± 
0.3VL 
CE: CE inputs the control signal which 
enables PROM programming and verifying. 
OE: OE inputs the data output control signal 
for verify. 

I~ 

Vee 

RESET 
GND 

o, 

HD404508, HD4074509 

Ao-A14: These are the address input pins of 
on-chip PROM. 
Oo-07: These are the data I/O pins of on-chip 
PROM. 
Mo. M1: These are used for setting PROM 
mode. PROM mode is set by bringing Mo, M1, 
and TEST pins to low and RESET pin to high. 

Vee 
o. 
03 
02 
o, 
Oo 
Vee 
A, 
v •• 

A12 
A11 

u 

> 
Q~Nl"'l'<t"IDI0,.._0000 

z<C <C <C<C<C <C <C <C <C <{ 
(!) 

Figure 58. Pin Arrangement in PROM Mode 
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Programmable ROM Programming 

The MCU enters into PROM mode by setting 
TEST, Mo, Mi, to low, and RESET pin to high 
(figure 59). 
The specification of the on-chip PROM is the 
same as that of EPROM 27256. It can be 
programmed by the standard PROM pro
grammer using a 80-to-28 pin socket adapter. 
In order to program the PROM using a 
general-purpose PROM programmer, the 
HD4074509 incorporates the conversion cir
cuit which divides a 10-bit HMCS400 series 
instruction into 5 higher bits and 5 lower bits 
as shown in figure 60. One MCU address is 
assigned to two PROM addresses. For exam
ple, in programming an 16 k word PROM with 
a general-purpose PROM programmer, the 
user should assign 32 kbyte address locations 
($0000-$7FFF). 

Precautions 

1. Addresses $0000 to $7FFF should be 
specified if the PROM is programmed by 
the PROM programmer. If addresses of 
$8000 or higher is accessed, the PROM 

Table 15. Mode Selection 

Pin 

Mode CE OE Vpp Oo-01 

Programming Low High Vpp Data input 

Verify High Low Vpp Data output 

Programming High High Vpp High impedance 
inhibited 

may not be programmed or verified. Note 
that the plastic package type cannot be 
erased and reprogrammed. Unused 
address data must be set to $FF. 

2. Be careful that an index of the PROM 
programmer socket, socket adapter, and 
LSI match. Using the wrong programmer 
of socket adapter may cause an over
voltage and damage the LSI. Make sure 
that the LSI is firmly fixed in the socket 
adapter, and that the socket adapter is 
firmly fixed in the programmer. 

3. The PROM should be programmed with 
Vpp = 12.5 V. Other PROMs also use 21 V. 
If 21 V is applied to the HD4074509, the 
LSI may be permanently damaged. 
12.5 V is Intel's 27256 Vpp. 

Programming and verification 
The HQ4074509 can accomplish high-speed 
programming without causing voltage stress 
or degrading data reliability. The flowchart is 
shown in figure 61. For details, see "Charac
teristics and Applications of PROM". 

Table 16. PROM Programmers and 
Socket Adapters 

PROM Programmer Socket Adapters 

Maker Type name Maker Type name 

DATA 1/0 22 B Hitachi HS450ESF01H 
29 B 

AVAL Corp PKW-1000 Hitachi HS450ESF01H 
PKW-7000 
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Vee 

RESET 

TEST 

Mo 

M, 

Vee 

Vee 

Oo 

07 

Ao 
I 

At4 

Data 
Oo-07 

Address 

Ao-A14 

14----0E 

-----Cf 

GND 

Figure 59. PROM Mode 

Vector Address 

$001F 
$0020 H-H~--------------------1 

Zero- Paqe Subroutine 

164 Words! 

S007F f++'------------------1 
$0080 

Panern 
14096 Words1 

$ffFF 1¥--------------------1 
$2000 

Program 
( 16384 Words) 

(Note) 

$7FFF c=:::::::;;::::::'::::=C::---'--~--~-~-
Three bits are not used. 

(Set to 111) 

Note: When this address space 1s read. $FF is output 

$000F 

$0010 

$003F 

$0040 

$0FFF 

$1000 

$3F-FF 

Figure 60. PROM Mode Memory Map 
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Start 

Set Prog./Verify Mode 
Vpp = 12.5±0.3 V. Ve = 6.0±0.25 V 

NOGO 
Address + 1 - Address 

No No 

Set Read Mode 
Vee= 5.0±0.5 v. Vpp = Vee ±0.6 v 

Fail 
NOGO 

Figure 61. A Sequence of High Speed Programming 
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Characteristics and Applications of PROM 

Principles of Programming/Erasing 

The configuration of the ZTAT micros' mem
ory cells are the same as that of an EPROM's 
(figure 62). Therefore they are programmed 
by applying high voltage to control gates and 
drains, which injects hot electrons into the 
floating gate. The stored electrons become 
stable since they are surrounded by an 
energy varrier of Si02 film. Such a cell 
becomes a 0 bit due to the memory threshold 
voltage change. A cell with so condensed 
electrons at its floating gate appears as a 1 
bit. 

.--------.. / Control gate 
s,o, 1 r 
~ ====/ Floating gate 

Source~~ 

( ~. J l ·/c 
Programming ( 0 ) 

The electron charge in memory cells may 
decrease as time goes by. This can be caused 
by: 
(!) Ultraviolet light, discharged by photo

emitting 'electrons (erasure principle) 
® Heat, discharged by thermal emitting 

electrons 
@ High voltage, discharged by a high elec-

tric field at the control gate or drain 
If the oxide film covering a floating gate is 
defective, the erasure rate is great. Normally, 
electron erasure does not occur, because such 
defective devices are found and removed 
during testing . 

Erasing ( 1 ) 

Figure 62. Cross-section of PROM Memory Cell 
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Programming precautions 

The PROM memory cells should be pro
grammed under specific voltage and timing 
conditions. The higher the progr~ voltage 
and the longer the program pulse is applied, 
the more electrons will be injected into the 
floating gate. However, if an overvoltage is 
applied to Vpp, the p-n junction may be per
manently damaged. Pay particular attention 
to PROM programmer overshot. Negative 
voltage noise will cause a parasitic transistor 
effect, which may reduce break-down volt
age. 
The ZTAT micros are connected electrically 
to the PROM programmer through a socket 
adapter. Therefore, pay attention to the fol
lowings: 
(!) Confirm that the socket adapter is firmly 

fixed on the PROM programmer. 

@ Do not touch the socket adapter or the 
LSI during programming. 
Misprogramming can be caused by poor 
contacts. 

On-chip PROM reliability after pro
gramming 

Generally, semiconductors are reliable except 
for initial failures. To avoid failures, screening 
can be performed. Exposure to high temper
ature is a kind of screening which removes 
PROM memory cells with data hold failures in 
a short time. This is done to the ZT A Ts in the 
wafer stage, so ZTAT data hold characteris
tics are high. Exposing the LSI to 150 ·c after 
user programming can effectively upgrade 
these characteristics. Figure 63 shows the 
recommended screening flow. 

Programming 
Verification 

1 
Exposure in high temperature 
without applying any power 

1 so·c ± 1 o·c. 48Hr + 8Hr• 
15o·c ± 1 o·c, 48Hr - OHr• 

1 
Confirmation of reading 
Vee = 4.5 V or 5.5 V 

* Exposing time is the time after the temperature 
in fireplace reaches 1 5o·c. 

Note: If programming erros occur continuously during programming with one PROM programmer, stop pro
gramming and check the PROM programmer or socket adapter. 
If trouble occurs in verification after programming, or after exposure to high temperatures, please inform a 
Hitachi engineer. 

Figure 63. Recommended Screening Flow 
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RAM Addressing Mode 

As shown in figure 64, the MCU has three 
RAM addressing modes: register indirect ad
dressing, direct addressing, and memory reg
ister addressing. 

Register Indirect Addressing: Contents of 
registers W, X, and Y (10 bits) are used as the 
RAM address. 

Direct Addressing: A direct addressing 
instruction consists of two words, with the 
word (10 bits) following the opcode used as 
the RAM address. 

Memory Register Addressing: The mem
ory register (16 addresses; from $040 to $04F) 
is accessed by executing the LAMR and 
XMRA instructions. 

ROM Addressing Mode and P Instruc
tions 

The MCU has four ROM addressing modes, as 
shown in figure 65. 

Direct Addressing Mode: The program can 
branch to any address in the ROM memory 
space by executing a JMPL, BRL, or CALL 
instruction. These instructions replace the 14 
program counter bits (PC13 to PCo) with the 
14-bit immediate data. 

Current Page Addressing Mode: A page is 
256 words. By executing a BR instruction, the 
program can branch to an address in the 
current page. This instruction replaces the 
low-order eight bits of the program counter 
(PC1 to PCo) with the 8-bit immediate data . 

HD404508, HD4074509 

When BR instruction is on a page boundary 
(256n + 255) (figure 67), executing a BR 
instruction transfers the PC contents to the 
next page according to the hardware archi
tecture. Consequently, the program branches 
to the next page when BR is used on a page 
boundary. The HMCS400-series cross macro 
assembler has an automatic paging facility 
for ROM pages. 

Zero-Page Addressing Mode: By execut
ing a CAL instruction, the program can 
branch to the zero-page subroutine area, 
which is located at $0000-$003F. When a CAL 
instruction is executed, 6 bits of immediate 
data are placed in the low-order 6 bits of the 
program counter (PC5 to PCo) and Os are 
placed in the high-order 8 bits (PC13 to PCs). 

Table Data Addressing: By executing a 
TBR instruction, the program can branch to 
the address determined by the contents of 
the 4-bit immediate data, accumulator, and 
register B. 

P Instruction: ROM data accessed by table 
data addressing can be referred to by a P 
instruction (figure 66). When bit 8 in the 
referred ROM data is 1, 8 bits of ROM data are 
written into the accumulator and register B. 
When bit 9 is 1, 8 bits of ROM data are written 
into the Rl and R2 port data registers. When 
both bits 8 and 9 are 1, ROM data are written 
into the accumulator and register B and also 
to the Rl and R2 port data registers at the 
same time. 

The P instruction has no effect on the pro
gram counter. 

• HITACHI 
Hitachi America Ltd. •Hitachi Plaza• 2000 Sierra Point Pkwy. •Brisbane, CA 94005-1819 • (415) 589-8300 1339 



HD404508, HD4074509 

Register W Register X Register Y 
,-~~~~~-....,-~~~~~---... 

W1 Wo X3 X2 X1 Xo V3 Y2 Y1 Yo 

Register Indirect Addressing 

Instruction 1st Word Instruction 2nd Word 

Opcode 

RAM Address AP9 APe APe APs AP• AP3 AP2 AP1 APo 

Direct Addressing 

Instruction 

Opcode 

0 0 0 0 0 

Memory Register Addressing 

Figure 64. RAM Addressing Modes 
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(JMPLJ 
(BRLJ 
(CALL] 

(TBRl 
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Instruction 1st Word Instruction 2nd Word 

Opcode 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PC6 PC5 PC. PC3 PC2 PC, PCo 

Direct Addressing 

Instruction 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC• PC3 PC2 PC1 PCo 

Current Page Addressing 

Instruction 

(CAL] Opcode 

0 0 0 0 0 0 0 0 

Program Counter PC13 PC12 PC11 PC10 PCs PCs PC1 PCs PCs PC4 PC3 PC2 PC1 PCo 

Zero Page Addressing 

Instruction 

Opcode Register B Accumulator 

0 0 

Program Counter PC13PC12 PC11 PC10 PCs PCs PC1 PCo PCs PC• PC3 PC2 PC1 PCo 

Table Data Addressing 

Figure 65. ROM Addressing Mode 
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Instruction 

(P) Opcode p3 p2 p1 
Register B Accumulator 

Referred ROM Address RA13 RA12 RA11 RA10RA0 RAa RA7 RA6 RAs RA4 RA3 RA2 RA1 RAo 

Address Designation 

I 

ROM Data ROo ROa R01 ROs ROs R04 

Output Register R 1 , R2 

Pattern 

Figure 66. P Instruction 

t---::-=--:....,....,.--t256 (n - 1) + 255 
BR AAA 256n 

AAA NOP 

BR AAA 256n + 254 
~-'B""R-'-""B"'"B"'"B--1256n + 255 

256 (n + 1) 

Figure 67. Branch Destination of BR 
Instruction on the Boundary 
between Pages 

.HITACHI 

If ROa=1 

If R0•=1 
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Instruction Set 6. Compare instructions 
7. RAM bit manipulation instructions 

The MCU provides 101 instructions which are 
classified into 10 groups as follows: 

1. Immediate instructions 
2. Register-to-register instructions 

8. ROM address instructions 
9. Input/output instructions 

10. Control instructions 

3. RAM address instructions 
4. RAM-register instructions 

Tables 17-26 list their functions, and table 27 
is an opcode map. 

5. Arithmetic instructions 

Table 17. Immediate Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from Immediate LAI i 0 0 0 i3 i2 i1 io i ·A 1 /1 

Load B from Immediate LBI i 0 0 0 0 0 i3 i2 i1 io i ·B 1/1 

Load Memory from LMIO i,d 0 0 0 i3 i2 i, io i ·M 2/2 
Immediate ds da d1 d5 ds d4 dJ dz d1 do 

Load Memory from LMllY i 1 0 1 0 0 1 i3 i2 i1 io i •M, Y+1 •Y NZ 1/1 
Immediate, Increment Y 

Table 18. Register-to-Register Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load A from B LAB 0 0 0 0 0 0 0 0 B ·A 1/1 

Load B from A LBA 0 0 0 0 0 0 0 A •B 1 /1 

Load A from W LAW 0 1 0 0 0 0 0 0 0 0 w ·A 2/2 
0 0 0 0 0 0 0 0 0 0 (Note) 

Load A from Y LAY 0 0 0 0 y ·A 1 /1 

Load A from SPX LAS PX 0 0 0 0 0 0 0 SPX ·A 1 /1 

Load A from SPY LAS PY 0 0 0 0 0 0 0 SPY ·A 1/1 

Load A from MR LAMA m 0 0 m3 m2 m1 mo MR(m) ·A 1 /1 

Exchange MR and A XMRA m 0 m3m2m1 mo MR(m) ··A 1 /1 

Note: An operand is automatically provided for the second word of LAW and LW A instruction by assembler. 
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Table 19. RAM Address Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Load W from Immediate LWli 0 0 0 0 i, io i •W 1/1 

Load X from Immediate LXI i 0 0 0 0 i3 i2 i1 io i ~x 1/1 

Load Y from Immediate LYI i 0 0 0 0 i3 i2 h io i •Y 1/1 

Load W from A LWA 0 0 0 0 0 0 0 0 A •W 2/2 
0 0 0 0 0 0 0 0 0 0 (Note) 

Load X from A LXA 0 0 0 0 0 0 A ·X 1/1 

Load Y from A LYA 0 0 0 0 0 0 A • y 1 /1 

Increment Y IY 0 0 0 0 0 0 Y+1 • y NZ 1 /1 

Decrement Y DY 0 0 0 Y-1 • y NB 1/1 

Add A.to Y AYY 0 0 0 0 0 0 0 Y+A • y OVF 1/1 

Subtract Afrom Y SYY 0 0 0 0 0 0 Y-A •Y NB 1/1 

Exchange X and SPX XSPX 0 0 0 0 0 0 0 0 0 X - SPX 1 /1 

Exchange Y and SPY XSPY 0 0 0 0 0 0 0 0 0 Y - SPY 1 /1 

Exchange X and SPX, Y XSPXY 0 0 0 0 0 0 0 0 X-SPX, Y-SPY 1 /1 
and SPY 

Note: An operand is automatically provid8d for the second word of LAW and LWA instruction by the assembler. 
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Table 20. RAM-Register Instructions 

Operation 

Load A from Memory 

Load A from Memory 

Load B from Memory 

Load Memory from A 

Load Memory from A 

Load Memory from A, 
Increment Y 

Load Memory from A, 
Decrement Y 

Exchange Memory and A 

Exchange Memory and A 

Exchange Memory and B 

Mnemonic Operation Code Function 

LAM(XY) 0 0 1 0 0 1 0 0 y x M • A, 
(X-SPX, Y··SPY) 

LAMD d 0 1 1 0 0 1 0 0 0 0 M • A 
dg da d1 ds d5 d4 dJ d2 di do 

LBM(XY) 

LMA(XY) 

LMAD d 

LMAIY(X) 

LMADV(X) 

XMA(XY) 

XMAD d 

XMB(XY) 

0 0 0 1 0 0 0 0 y x M • B, 
(X-SPX, Y-SPY) 

0 0 1 0 0 1 0 1 y x A • M, 
(X--SPX, Y-SPY) 

0110010100 A·M 
dg ds d1 ds d5 d4 dJ d2 di do 

0 0 0 1 0 1 0 0 0 x A • M, Y+ 1 •Y 
(X-SPX) 

0 0 1 1 0 1 0 0 0 x A • M, Y-1 •Y 
(X-SPX) 

0 0 1 0 0 0 0 0 y x M - A, 
IX-SPX, V-SPV) 

0110000000 M-A 

dg ds d1 ds d5 d4 dJ d2 di do 

0 0 1 1 0 0 0 0 y x M - B, 
(X-SPX, Y-SPY) 

Note: (XV) and (X) have the following meaning: 

Words/ 

Status Cycles 

1 /1 

2/2 

1/1 

1 /1 

2/2 

NZ 1 /1 

NB 1 /1 

1/1 

2/2 

1 /1 

(1) The instruciions with (XV) have 4_ mnemonics and 4 object codes for each (example of LAM (XV) is given below). 

The op-code X or V is assembled as follows: 

Mnemonic v x Function 

LAM 0 0 

LAMX 0 X - SPX 

LAMY 0 Y - SPY 

LAMXY X-SPX, Y-SPY 

(2) The instructions with (X) have 2 mnemonics and 2 object codes for each (example of LMAIY(X) is given below). 

The op-code X is assembled as follows: 

Mnemonic x Function 

LMAIY 0 

LMAIYX X - SPX 
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Table 21. Arithmetic Instructions 

Operation Mnemonic Operation Code Function 

Add Immediate to A Ali 

Increment B IB 

Decrement B DB 

Decimal Adjust for Adc)ition DAA 

Decimal Adjust for Subtraction DAS 

Negate A NEGA 

Complement B COMB 

Rotate Right A with Carry ROTR 

Rotate Left A with Carry ROTL 

Set Carry SEC 

Reset Carry REC 

Test Carry TC 

Add A to Memory AM 

Add A to Memory AMD d 

Add A to Memory with Carry AMC 

Add A to Memory with Carry AMCD d 

Subtract A from Memory 
with Carry 

Subtract A from Memory 
with Carry 

OR A and B 

AND Memory with A 

AND Memory with A 

OR Memory with A 

OR Memory with A 

EOR Memory with A 

EOR Memory with A 

Note: n : Logical ANO 
U : Logical OR 
~'f;: Exclusive OR 

SMC 

SMCD d 

OR 

ANM 

ANMD d 

ORM 

ORMD d 

EORM 

EORMD d 

0 0 0 0 iJ i2 i, io A + i ~ A 

0 0 0 0 0 00 B+1-B 

0 0 0 0 B - 1 -• B 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 00000 A+ 

0 0 OOOOOOB·B 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 •CA 

0 0 0 0 0 0 ·CA 

0 0 0 0 

0 0 0 0 0 0 000 M+A·A 

0000011 000 M+A+CA •A 
OVF •CA 

0100011 000 M+A+CA •A 
dg ds d1 da ds d4 dJ d2 d, do OVF • CA 

0010011 000 M-A-CA •A 
NB •CA 

0 1 1 0 0 1 1 0 0 0 M - A - CA • A 
ds ds d1 dads d4 dJ d2 d, do NB • CA 

0 0 0 0 0 00 AUB-·A 

0 0 0 0 

0 0 0 0 0 0 OOAUM-A 

0 0 0 0 0 00 AUM•A 

0000011100 A$M·A 

0100011100 AffiM•A 
dg ds d1 de ds d4 d3 d2 d, do 

.HITACHI 

Words/ 

Status Cycles 

OVF 1/1 

NZ 1/1 

NB 1/1 

1/1 

1 /1 

1/1 

1/1 

1/1 

1/1 

1/1 

1/1 

CA 1/1 

OVF 1/1 

OVF 2/2 

OVF 1/1 

OVF 2/2 

NB 1 /1 

NB 2/2 

1/1 

NZ 1/1 

NZ 2/2 

NZ 1/1 

NZ 2/2 

NZ 1 /1 

NZ 2/2 
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Table 22. Compare Instructions 
WOl'ds/ 

Operation Mnemonic Operation Code Function Status Cycles 

Immediate Not Equal INEM i 0 0 0 0 1 0 iJ i2 i1 io i"' M NZ 1/1 
to Memory 

Immediate Not Equal INEMD i,d 0 1 0 0 1 o iJ i2 ii io i"' M NZ 2/2 
to Memory ds da d1 ds ds d4 dJ d2 d 1 do 

A Not Equal to Memory ANEM 0 0 0 0 0 0 0 0 0 A"' M NZ 1 /1 

A Not Equal to Memory ANEMD d 0 0 0 0 0 0 0 0 A"' M NZ 2/2 
ds da d1 ds ds d4 dJ d2 d1 do 

B Not Equal to Memory BNEM 0 0 0 0 0 0 0 0 B"' M NZ 1 /1 

Y Not Equal to Immediate YNEI i 0 0 0 iJ i2 ii io y"' i NZ 1 /1 

Immediate Less or Equal ILEM i 0 0 0 0 iJ i2 ii io i ~ M NB 1 /1 
to Memory 

Immediate Less or Equal ILEMD i,d 0 1 0 0 1 1 iJ i2 ii io i ~ M NB 212 
to Memory ds da d1 ds ds d4 dJ d2 di do 

A Less or Equal to Memory ALEM 0 0 0 0 0 0 0 0 A~M NB 1 /1 

A Less or Equal to Memory ALEMD d 0 0 0 0 0 0 0 A~M NB 2/2 
ds da d1 ds ds d4 d3 d2 d1 do 

B Less or Equal to Memory BLEM 0 0 0 0 0 0 0 B~M NB 1/1 

A Less or Equal to Immediate ALEI i 0 1 0 i3 i2 i1 io A~ i NB 1 /1 

Table 23. RAM Bit Manipulation Instructions 
Words/ 

Operation Mnemonic Operation Code Function Status Cycles 

Set Memory Bit SEM n 0 0 0 0 0 0 n1 no • M(n) 1/1 

Set Memory Bit SEMD n,d 0 0 0 0 0 n1 no - M(n) 2/2 
ds da d1 ds ds d4 dJ d2 d1 do 

Reset Memory Bit REM n 0 0 0 0 0 0 n, no 0 •M(n) 1/1 

Reset Memory Bit REMD n,d 0 0 0 0 0 n1 no 0 • M(n) 2/2 
dg da d1 ds ds d4 dJ d2 d 1 do 

Test Memory Bit TM n 0 0 0 0 0 n1 no M(n) 1/1 

Test Memory Bit TMD n,d 0 0 0 0 n1 no M(n) 2/2 
ds da d1 ds ds d4 dJ d2 di do 
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Table 24. ROM Address Instructions Words/ 
Operation Mnemonic Operation Code Function Status Cycles 

Branch on Status 1 BR b b1 bs bs b4 bJ b2 bi bo 1/1 

Long Branch on Status 1 BRL u 0 0 1 1 1 P3 P2 P1 Po 2/2 
dg ds d1 ds ds d4 dJ d2 di do 

Long Jump Unconditionally JMPL u 0 1 0 1 0 1 P3 P2 P1 Po 2/2 
dg ds d1 ds ds d4 dJ d2 di do 

Subroutine Jump on Status 1 CAL a 0 as a4 a3 a2 a1 ao 1/2 

Long Subroutine Jump on CALL u 0 0 1 0 P3 P2 P1 Po 2/2 
Status 1 dg ds d1 ds ds d4 dJ d2 d 1 do 

Table Branch TBR p 0 0 0 P3 P2 P1 PO 1/1 

Return from Subroutine RTN 0 0 0 0 0 0 0 0 0 1/3 

Return from Interrupt RTNI 0 0 0 0 0 0 0 0 1 -1/E ST 1/3 
CA Restore 

Table 25. Input/Output Instructions Words/ 
Operation Mnemonic Operation Code Function Status Cycles 

Set Discrete 1/0 Latch SEO 0 0 0 0 1 0 0 • D(Y) 1/1 

Set Discrete 1/0 Latch Direct SEDD m 0 0 m3 m2 mi mo • D(m) 1/1 

Reset Discrete 1/0 Latch RED 0 0 0 1 0 0 1 0 0 0 -· D(Y) 1/1 

Reset Discrete 1/0 Latch Direct REDD m 0 0 0 m3 m2 mi mo 0 • D(m) 1/1 

Test Discrete 1/0 Latch TD 0 0 0 0 0 0 0 D(Y) 1/1 

Test Discrete 1/0 Latch Direct TDD m 0 0 O m3 m2 mi mo D(m) 1/1 

Load A from R Port Register LAR m 0 0 0 1 m3 m2 mi mo R(m) -A 1/1 

Load B from R Port Register LBR m 0 0 0 O m3 m2 mi mo R(m) - B 1/1 

Load R Port Register from A LRA m 0 0 1 m3 m2 mi mo A -• R(m) 1/1 

Load R Port Register from B LRB m 0 0 0 m3 m2 mi mo B -· R(m) 1/1 

Pattern Generation Pp 0 0 1 P3 P2 P1 PO 1/2 

Table 26. Control Instructions Words/ 
Operation Mnemonic Operation Code Function Status Cycles 

No Operation NOP 0 0 0 0 0 0 0 0 0 0 1/1 

Start Serial STS 0 0 0 0 0 0 0 1 /1 

Standby Mode SBY 0 0 0 0 0 0 1/1 

Stop Mode STOP 0 0 0 0 0 1/1 
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Table 27. Opcode Map 

RB 0 1 [SJ 
R9 ~ o 1 2J3 4 5I6J7 s sJAJB c oIE F 0 1I2J3 4 5 I 611 8 sJ A J B c olEJF 

NoFtsP*s3:x~; ~~ ~ AM ~ ORM -------
ANEJ 0 LAW ~ MD ------

fMtj 

-------
[OR 
MD ~ 

1 RTN RTNllL~LE~ ~M~ ~ ------- LWA 

------
ALE 

------
AM 

-------
[EOR 

------
MD CD MD 

2 INEM i(4) INEMD i(4) 

3 ILEM i(4) ILEMD i(4) 

4 LBM(XY) P™ ---- LAB 

---- IB ----
co ----

OR ---- STS ----
SBYT~ MB 

5 LMAIY(X)~ AYY 

------~ ------- IV ----

JMPL p(4) 

6 ~~------ RED 

-------
~ 

---- TC 
CALL p(4) 

0 7 YNEI i(4) BRL p(4) 

8 XMA(XY) SEM n(2C(:REM n(2) TM n(2) ~------ SEMO n(2)I REMO n(2) TMD n(2) 

9 LAM(XY) LMA(XY) SMC ------~M -------R___...E.----~~~ 
A ROT ROT 

------ fAA[__,--joAsl---- LAY LMID i(4) 

B TBR p(4) p p(4) 

c XMB(XY) BLEM 

------
LBA ---- DB 

D LMADYIXI~ SYY ---- LYA ---- DY 
CAL a(6) 

E 

TD -----

SEO ---- LXA ---- RECZ SEC 

F LWI i(2) 

0 LBI i(4) 

1 LYI i(4) 

2 LXI i(4) 

3 LAI i(4) 

4 LBR m(4) 

~ 5 LAA m(4) 

6 REDD m(4) 

1 7 LAMA m(4) BR b(B) 

8 Al i(4) 

9 LMllY i(4) 

A TDD m(4) 

B ALEI i(4) 

c LAB m(4) lZ D LRA m(4) 

E SEDD m(4) 

F XMRA m(4) 

C:::::::::l·1-word/2-cycla c::::::::::J .. ·1-word/3-cycla l'::::::::::::J ·RAM Direct Address I':::::::::::::· ·2-word/2-cycla 
Instruction Instruction Instruction Instruction 

(2-word/2-cycla) 
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Absolute Maximum Ratings 

Item Symbol Constant Unit Notes 

Supply Voltage Vee -0.3 to+ 7.0 v 

Programming Voltage Vpp -0.3 to + 14.0 v 2, 8 

Terminal Voltage IJ-r -0.3 to Vee + 0.3 v 

Total Allowance of Input Current I lo 50 mA 3 

Total Allowance of Output Current - I lo 50 mA 4 

Maximum Input Current lo 4 mA 5, 7 

Maximum Output Current - lo 4 mA 6, 7 

Operating Temperature Topr -40 to+ 85 ·c 

Storage Temperature T,,9 -55 to+ 125 ·c 

Storage Temperature (bias) Tbias -45 to +90 ·c 8 

Notes: 1. Permanent damage may occur if absolute maximum ratings are exceeded. Normal operation 
should be under the conditions of electrical characteristics. If these conditions are exceed
ed, it may cause a malfunction or affect the reliability of LSI. 

2. R4o/INTo/T'1 (Vpp) 
3. Total allowance of input current is the total sum of input current which flows in from all I/ 

0 pins to GND simultaneously. 
4: Total allowance of output current is the total sum of the output current which flows out 

from Vee to all 1/0 pins simultaneously. 
5. Maximum input current is the maximum amount of input current from each 1/0 pin to GND. 
6. Maximum output current is the maximum amount of output current from Vee to each 1/0 

pin. 
7. RO-R3, R5-R8, Do-013, ~1. ~2. 
8. Applied for the HD4074509. 
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Electrical Characteristics 

DC Characteristics 
(Vee = 5 V ± 10 %, GND 0 V, Ta = -40 to + 85°C, unless otherwise noted) 

Item 

Input High 
Voltage 

Symbol Pins 

RESET, 

INTo. INT1, 
INT2. INT3, 

INT 4, TIL 
Tlz, SCK1, 
SCK2, Sl1, 
Sl2 

Min 

0.8 Vee 

----------------
Input low 
Voltage 

Output High 
Voltage 

VoH 

- 0.3 

SCK1.SCK2, Vcc-1 .0 
S01, S02, 
T01 

¢1' ¢2 0.5 Vee 

Typ Max Unit Test Condition Note 

Vee + 0.3 V 

0.2 Vee v 

v -loH=1.0mA 

--------------~------·------------

v -loH=2mA 
--------------~----------------------

Output Low 
Voltage 

Vol SCK1.SCK2, 
SOL S02, 
T01 

¢1' ¢2 

0.4 v loL = 1 .6mA 

0.4 v loL =2mA 
·------------------------- ----------------

Input 
Leakage 
Current 

Three-state 
Current 

Power Dissipation 
in CPU Operation 

I 11L I 

llTsl 

Ice 

RESET, 
INTo. INT1, 
INT2, INT3, 

INT 4, Tl1, Tl2, 
sCK;°,SCK2 

¢1' ¢2 

Vee 

-------------
Power Dissipation Ice Vee 
in PLL Operation 

Power Dissipation lssv Vee 
in Standby Mode 

Power Dissipation I stop Vee 
in Stop Mode 

Stop Mode Vstop Vee 
Retain Voltage 

TBD TBD 

TBD TBD 

10 

2 

Notes: 1 . Output buffer current is excluded. 

~HITACHI 

µA 

µA 

mA 

mA 

mA 

µA 

v 

V,n = OV to Vee 

V;n = OV to Vee 

Vcc=5V, 
fosc=4.5MHz 
PLL halts 

Vce=5V, 
CPU, PLL operating 
(Ip= 1 60M Hz) 

lose=4.5MHz 

Vce~5V, 

losc=4.5MHz 
----

Vce=5V 
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Input/Output Characteristics for Standard Pins 
(Vee= 5 V ± 10 %, GND = 0 V, Ta= -40 to+ 85°C, unless otherwise noted) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Input High V1H Do-D13 0.7 Vee Vee+ 0.3 v 
Voltage RO-R4 

Input Low V1L - 0.3 0.22 Vee v 
Voltage 

Output High VoH1 Do-D13 Vee-1 .0 v -loH= 1.0mA 
Voltage 11) RO-R3 

Output Low Vou 0.4 v IOL = 1.6mA 
Voltage 11) 

Output High VoH2 R5-R8 Vee-1.0 v -loH=0.2mA 
Voltage 12) 

Output Low VoL2 0.4 v loL=0.3mA 
Voltage 12) 

Input/Output I 11LI Do-D13 µA V;n = OV to Vee 
Leakage RO-R3, R41 
Current 

R4o IVpp) TBD µA V; 0 = OV to Vee 

Notes: 1 . Output buffer current is excluded. 

A/D Converter Characteristics 
(Vee= 5 V ± 10 %, GND = 0 V, Ta= -40 to + 85°C, unless otherwise noted) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Resolution 8 bit 

Absolute ±6 LSB 
Accuracy 

Liquid Crystal Circuit Characteristics 
(Vee = 5 V ± 10 %, GND = 0 V, Ta = -40 to + 85°C, unless otherwise noted) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Segment Driver Vds SEG1-SEG28 0.6 v ld=3µA 
Descending 
Voltage 

Common Driver Vdc COM1-COM3 0.3 v -ld=3µA 
Descending 
Voltage 

LCD Power RwELL TBD TBD TBD kn Vee=5V 
Supply Dividing 
Resistor 

LCD Frame fF SEG1-SEG28 274.6 Hz STATIC 

Frequency 
COM1-COM3 137.3 Hz 1 /2 duty 

91.6 Hz 1/3 duty 

Note 1: Descending voltage from power supply pins V1 , V2, V3, and GND to the segment and 
common pins. 
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PLL and IF Circuit Characteristics 
(Vee= 5 V ± 10 %, GND=GND (PLL) = 0 V, Ta= -40 to + 70°C, unless otherwise noted) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

PLL Power Vee Vee (PLL) Vee-0.3 Vee Vce+0.3 v 
Supply Voltage (PLL) 

Input Frequency f;n1 PLL(P) 20 160 MHz V;n = 0.3 Vp-p 

Input Frequency f;n2 PLL(D) 0.4 20 MHz V;n = 0.3 Vp-p 

Input Frequency fin3 IF 0.4 15 MHz V;n = 0.3 Vp-p 

AC Characteristics 
(Vee = 5 V ± 10 %, GND = 0 V, Ta = -40 to + 85°C, unless otherwise noted) 

Item Symbol Pins Min Typ Max Unit Test Condition Note 

Clock fose OSC1. OSC2 4.5 MHz 
c Oscillation 0 - ·.;:; Frequency ca ca ... = 

~·~ Instruction tcyc 1.78 µS Divide-by-8 
uo Cycle Time 

External Interrupt t1H, INTo, INT1, 2 tcyc 
Signal High, Low t1L INT2, INT3, 
Width INT4 

RESET High tRSTH RESET 2 tcyc Other than stop 2 
Width mode 

20 ms Stop mode 

RESET Rise tRSTr RESET TBD ms 2 
Time 

Input Capacity Cin All pins other 15 pF f= 1 MHz, 

than R4o(Vpp) V;n=OV, 

R4o(Vpp) TBD 
Ta=25 C 

Power Supply tree TBD TBD ms 3 
Voltage Rise 
Time 

Notes: 1 . See figure 68 
2. See figure 69 
3. See figure 70 
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Serial Interface Timing Characteristics 
(Vee= 5 V ± 10 %, GND = 0 V, Ta= -40 to+ 85°C, unless otherwise noted.) 

• At Transfer Clock Output 

Test 

Item Symbol Pins Min Typ Max Unit Condition Note 

Transfer Clock Cycle Time tscyc SCK1, SCK2 tcyc Load 1,2 

circuit 

Transfer Clock "High" tscKH SCK1, SCK2 0.4 tscyc in Fig. 1,2 
Level Width 72 

Transfer Clock "Low" tscKL sci<;", SCK2 0.4 tscyc 1,2 
Level Width 

Transfer Clock Rise Time tscKr SCK1, SCK2- 100 ns 1,2 

Transfer Clock Fall Time tscKt SCK1, SCK2- 100 ns 1,2 

Serial Output Data to so S01, S02 300 ns 1,2 
Delay Time 
----
Serial Input Data tss1 Sl1, Sl2 300 ns 
Set-up Time 

Serial Input Data 1HSI SI,, Sl2 150 ns 
Hold Time 

• At Transter Clock input 

Pin Test 
Item Symbol Name Min Typ Max Unit Condition Note 

Transfer Clock tscKHD SCK1, SCK21 tcyc 1, 3 
End Detection Time 

Transfer Clock "High" tscKH SCK1, SCK2 0.4 tcyc 
Level Width 

Transfer Clock "Low" tscKL SCK1, SCK2 0.4 tcyc 
Level Width 

Transfer Clock Rise Time tscKr SCK1, SCK2 - 100 ns 

Transfer Clock Fall Time tscKt SCK1, SCK2- 100 ns 

Serial Output Data to so S01, S02 250 ns Load 1,2 
Delay Time circuit in 

Fig. 72 

Serial Input Data tss1 Sl1, Sl2 300 ns 
Set-up Time 

Serial Input Data tHSI Sl1, Sl2 150 ns 
Hold Time 

Notes: 1. See figure 71 
2. See figure 72 
3. Transfer clock end detection time is an input transfer clock high level width after 8 transfer 

clock inputs. If the following clock is input before this, the serial interrupt request flag may 
not be set. 
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INT0 ,INT,, 
INT2 ,INT3, 
INT4 

RESET 

HD404508, HD4074509 

Figure 68. Interrupt Timing 

0.8Vee 

0.2 Vee 

Figure 69. Reset Timing 

4.5V 

Vee 

Figure 70. Supply Voltage Rise Time 

@HITACHI 
Hitachi America Ltd. •Hitachi Plaza• 2000 Sierra Point Pkwy. •Brisbane, CA 94005-1819 • (415) 589-8300 1355 



HD404508, HD4074509 

SCK1, SCK2 Vcc-2.0V(0.8Vcd' 
0.8V(0.2Vcc)' 

S01• S02 

tscKHD 

• Vee-2.0V and 0.8 V are the threshold voltage for transfer clock output. 
0.8 Vee and 0.2 Vee are the threshold voltage for transfer clock input. 

Figure 71. Serial Interface Timing 

Figure 72. Timing Load Circuit 

@HITACHI 
1356 Hitachi America Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy.• Brisbane, CA 94005-1819 • (415) 589-8300 



HD404508, HD4074509 

Programming Electrical Characteristics for HD4074509 

DC Characteristics 
(Vee = 6 V ± 0.25 V, VPP = 12.5 V ± 0.3 V, Vss = 0 V, Ta = 25°C ± 5°C, unless otherwise 
noted) 

Item Symbol Min Typ Max Unit Test Condition 

Input high voltage Oo-01, Ao-A14, OE, CE V1H 2.2 Vcc+0.3 v 
Input low voltage Oo-01, Ao-A14, OE, CE V1L -0.3 0.8 v 
Output high voltage Oo-01 VoH 2.4 v loH= -200 µA 

Output low voltage Oo-01 VoL 0.4 v loL=l .6 mA 

Input leakage current Oo-01, Ao-A14, OE, CE llul 2 µA V;n =5.25 V/0.5 V 

Vee current Ice 30 mA 

Vpp current lpp 40 mA 

AC Characteristics 
(Vee = 6 V ± 0.25 V, VPP = 12.5 V ± 0.3 V, T. = 25°C ± 5°C, unless otherwise noted) 

Item Symbol Min Typ Max Unit Test Condition 

Address set-up time tAS 2 µS Fig. 73 
Input Pulse level: 

OE set-up time to ES 2 µs 0.8-2.2 v 
Input rise/fall 

Data set-up time tos 2 µS time~ 20 ns 
Timing reference 

Address hold time tAH 0 µS level 
( input: 1.0 V, ·2.0 V 

Data hold time toH 2 µs l output: 0.8 v. 2.0 v 

Data output disable time toF 130 ns 

Vpp set-up time tvps 2 µS 

Program pulse width tPW 0.95 1.0 1.05 ms 

CE pulse width when overprogramming to PW 2.85 78.75 ms 

Vee set-up time tvcs 2 µS 

Data output delay time toE 0 500 ns 
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p rogram Verify 

Address 
...... 

l -
tAS c 

Data Data In Stable Data Out Valid 

IDS tDH tDF 

I--
v •• 

v •• 
Vee tvPS 

Vee 
Vee 

GND tvcs 

~ 

~ 
toes IOE 

tOPW J ~ 

Figure 73. PROM Programming/Verify Timing 
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Package Dimensions 

FP-808 

I 24 

Z9maJ 
(0.114mall) 

_J_j__ 0 Js±o 1 !! !ilo.1s(o.00&>@l _L 
0.8(0.031) (0014±0004) 01i;,•OO'Ei 

tooo& ~ o ooz) 

~L =10·-io· 
1z±o.z ~~~ (o.041 ± o.oos) 01 o. 1s<o.006) I 
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Unit: mm (inch) 
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Hitachi America, Ltd. 
SEMICONDUCTOR and IC DIVISION 
Hitachi America, Ltd. 
Semiconductor & IC Division 
Hitachi Plaza 
2000 Sierra Point Parkway 
Brisbane, CA 94005-1819 
Telephone: 415-589-8300 
Telex: 17-1581 
Twx: 910-338-2103 
FAX: 415-583-4207 

REGIONAL OFFICES 

MID-ATLANTIC REGION 
Hitachi America, Ltd. 
1700 Galloping Hill Rd. 
Kenilworth, NJ 07033 
201 /245-6400 

NORTHEAST REGION 
Hitachi America, Ltd. 
5 Burlington Woods Drive 
Burlington, MA 01803 
617/229-2150 

NORTH CENTRAL REGION 
Hitachi America, Ltd. 
500 Park Blvd., Suite 415 
Itasca, IL 60143 
312/773-4864 

DISTRICT OFFICES 
Hitachi America, Ltd. 
3800 W. 80th Street 
Suite 1050 
Bloomington, MN 55431 
612/896-3444 

Hitachi America, Ltd. 
21 Old Main Street, Suite 104 
Fishkill, NY 12524 
914/897-3000 

NORTHWEST REGION 
Hitachi America, Ltd. 
2000 Sierra Point Parkway 
Brisbane, CA 94005-1819 
415/589-8300 

SOUTH CENTRAL REGION 
Hitachi America, Ltd. 
Two Lincoln Centre, Suite 865 
5420 LBJ Freeway 
Dallas, TX 75240 
214/991-4510 

SOUTHWEST REGION 
Hitachi America, Ltd. 
18300 Von Karman Avenue, 
Suite 730 
Irvine, CA 92715 
714/553-8500 

Hitachi America, Ltd. 
6161 Savoy Dr., Suite 850 
Houston, TX 77036 
713/97 4-0534 

Hitachi (Canadian) Ltd. 
2625 Queensview Dr. 
Ottawa, Ontario, Canada K2A 3Y 4 
613/596-2777 

@)HITACHI® 

SOUTHEAST REGION 
Hitachi America, Ltd. 
4901 N.W. 17th Way, Suite 302 
Fort Lauderdale, FL 33309 
305/491-6154 

AUTOMOTIVE 
Hitachi America, Ltd. 
6 Parklane Blvd., #558 
Dearborn, Ml 48126 
313/271-4410 

Hitachi America, Ltd. 
401 Harrison Oaks Blvd. 
Suite #317 
Cary, NC 27513 
919/481-3908 




