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QUICK REFERENCE GUIDE 
• CMOS 4-BIT SINGLE-CHIP MICROCOMPUTER HMCS40 SERIES 

Family Name HMCS44CL 
(HD44808) 

(Type Name) HMCS44C 
(HD44801) 

!3 Supply Voltage (V) 3/5 

:~ Power Dissipation (typ.) (mW) 0.4/0.9 
II) 

~ Max. I/O Terminal Voltage (V) Vcc+0.3 

~ Operating Temperature Range *1 (oC) -20 to+75 

(,J Package DP42, DP-42S 

ROM (bits) 2,048 x 10 
Memory 128x10*2 

RAM (bits) 160 x 4 

Registers 8 

Stack Registers 4 

'" 4-Bit Data Input -c: 
0 
.~ 

I/O Ports 
4-Bit Data Output -

c: 
;::, Discrete Output 32 -u. 

4-Bit Data Input/Output 4x4 

Discrete Input/Output 1 x 16 

External 2 
Interrupts 

Timer/Counter 1 

Instructions 
Number of Instructions 71 

Cycle Time u,ts) 20/10 

Built-in Clock Pulse Generator 

Power on Reset No/Yes 

Battery Back-up Halt 

Evaluation Chip HD44850E 
HD44857E 

Reference Page 174 

*' Wide Temperature Range (-40 to + 85°C) version is available, except LCD·IV 
* 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 4x32 Matrix (1/4 Duty) 

Expandable using the LCD Driver HD44100H. 
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HMCS45CL 
(HD44828) 
HMCS45C 
(HD44820) 

3/5 

0.4/0.9 

Vcc+0•3 

-20to+75 

FP-54, DP-64S 

2,048 x 10 
128x10*2 

160x 4 

6 

4 

-
4x1 

44 -
4x6 

1 x 16 

2 

1 

71 

20/10 

No/Yes 

Halt 

HD44850E 
HD44857E 

196 



QUICK REFERENCE GUIDE -----------------------------

HMCS46CL HMCS47CL LCD-m· 3 

LCD_IV·' (HD44848) (HD44868) 
(HD44795, HMCS46C HMCS47C (HD613901) 

(HD44840) (HD44860) HD44790) 

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

0.4/9 0.4/9 0.4/6 0.8/13.5 

VCC+0•3 Vcc+0.3 VCC+0•3 Vcc+0.3 

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

DP-42, Dp·42S FP-54, DP-64S FP-BO FP-BO 

4,096 x 10 4,096 x 10 2,048 x 10 
4,096 x 10 128 X 10d 

256x4 256 x 4 160x4 256x4 

8 6 6 6 

4 4 4 4 

- - 4x1 4x1 

- 4x1 4x1 4x1 

32 - 44 - 32 - 32 -
4x4 4)(6 4x2 4x~ 

1 x 16 1 x 16 1 x 16 1 x 16 

2 2 2 2 

1" 1 1 1 

71 71 71 71 

20/5 20/5 20/10 20/5 

Yes 

NolYes NolYes Yes No 

Halt Halt Halt Halt 

HD44857E HD44857E HD44797E HD44797E 

218 244 273 310 
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QUICK REFERENCE GUIDE 

• CMOS 4·BIT SINGLE·CHIP MICROCOMPUTER HMCS400 SERIES 

Familv Nama (TVpe Name) (~~~~~~~) HMCS404AC* HMQS404CL* HD614POSOSt 

tl SupplV Voltage (V) 4to 6 4.5 to 6.0 2.7 to 6.0 4.5 to 5.5 
:; Power Dissipation (typ) (mW) 9.0 13.5 4.5 9.0 

iii! Max. I/O Terminal Voltage (V) VCC-40 VCC-40 VCC-40 VCC-40 oJu 

~ Operating Temperature Range (OC) -20 to +75 -20to +75 -20 to +75 -20 to +75 
6 Package FP-64, DP-64S FP-64, DP-64S FP·64, DP-64S DC-64SP 

°4,096-word x 10-bit 
with standard 
EPROM 2764 

Memory ROM (bits) 4096 x 10 4096 x 10 4096 x 10 o8,192-word x 10-bit 
with standard 
EPROM 27128 

RAM (bits) 256x4 256 x 4 256x4 576x4 
Registers 7 7 7 7 
Stack Registers 16 16 16 16 

l!; 4xl 4xl 4xl 4xl 0 4-Bit Input 
.~ 2xl 2 xl 2 xl 2xl 
c 4-Bit Output 4x4 :I I/O Ports 58 IL. 58 4x4 58 4x4 58 4x4 

4-Bit Input/Output 4x5 4x5 4x5 4x5 
l-Bit Input/Output 1 x 16 1 x 16 1 x 16 1 x 16 
External 2 2 2 2 

Interrupts Timer/Counter 2 2 2 2 
Serial Interface 1 1 1 1 
Number of Instructions 99 99 99 99 Instructions 
Cvcle Time U.s) 2 1.33 4 1.33 

Built-in Clock Pulse Generator Yes (External drive is possible) 
Others Low Power Dissipation Mode (Stop mode, Stand-bv mode) 

Reference Page 357 394 396 398 

* Under Development 
t EPROM on the Packege TVpe 
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INTRODUCTION OF PACKAGES 

Hitachi microcomputer devices are offered in a variety of 
packages, to meet various user requirements. 

1. Package Classification 
When selecting suitable packaging, please refer to the 

Package Classifications given in Fig. I for pin insertion, surface 
mount, and multi-function types, in plastic and ceramic. 

Package Classification 

Pin Insertion Type 

Surface Mounting Type 

Multi·function Type 

DIP; DUAL IN LINE PACKAGE 
S·DIP; SHRINK DUAL IN LINE PACKAGE 
PGA: PIN GRID ARRAY 
FLAT·DIP; FLAT DUAL IN LINE PACKAGE 
FLAT·QUIP; FLAT QUAD IN LINE PACKAGE 
CC: CHIP CARRIER 
SOP;SMALL OUTLINE PACKAGE 
FPP; FLAT PLASTIC PACKA.GE 
PLCC;PLASTIC LEADED CH1P CARRIER 
LCC ; LEADLESS CHIP CARRI·ER 

Plastic DIP 

Ceramic DIP 

Shrink Type Plastic DIP 

Shrink Type Ceramic DIP 

SOP (Plastic) 

FPP (Plastic) 

PLCC (Plastic) 

LCC 
(Glass Sealed Ceramic) 

Fig. 1 Package Classification according to Material and Printed Circuit Board Mounting Type 
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INTRODUCTION OF PACKAGES------------------------

2. Type No. and Package Code Indication 
The Hitachi type No. for 4-bit single-chip microcomputer devices 

is followed by package material and outline specifications, as shown 
below. The package type used for each device is identified by code as 

Type No. Indication 

follows, illustrated in the data sheet of each device. 
When ordering, please write the package code next to the type 

number. 

HDxxxxxS 
T 

Package Code Indication 

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

Package Classification 

HMCS40 Series 
No Indication; Plastic DIP 

S; Shrink Type Plastic DIP 

HMCS400 Series 
F; FPP 
P; Plastic DIP 
S; Shrink Type Plastic DIP 

DP-64S 
Additional Outline 

S; Shrink type 
SP; EPROM on the shrink package type 
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3, Package Dimensional Outline 
Hitachi 4-bit single-chip microcomputer devices employ the pack­

ages shown in Table I according to PCB mounting method. 

Table 1 Package List 

Mounting method Package classification 

Standard outline (DIP) 

Pin insertion type 

Shrink outline (S-DIP) 

FPP 
Surface mounting type Flat package 

FPC 

Multi·function type EPROM on the package type 

Plntie DIP 

• OP-28 

051 .... h1 51_ 

0' -15' k--'\..O.20-0.31 

• DP-42 13.4 

21 22 

~ '.H~ 1l0.-1~ \ 
13 

Package material Package code 

Plastic DP-28 
DP-42 

DP-28S 

Plastic DP-42S 

DP-64S 

FP·54 

Plastic Fp·64 
Fp·80 
FP-100 

Ceramic FC·80 

Ceramic DC·64SP 

(Unit:mml 

(Unit: mm) 
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Shrink Type PII.tic DIP 

• DP·28S 

B.B 
5.1 mix 

14 

(Unit: mm) 

• DP-42S 
140 11.1 miX. 

I 0 ~ 

21 22 

(Unit: mm) 
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• DP·64S 

(Unit: mm) 

I Flat Plastic Package I 

• FP·54 

(Unit: mm) 

(Unit: mml 
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• FP-IO 

• FP·100 

I Flat Package of Ceramic I 
• Fe·80 

28.0 

0"5 

2.9mB. 

2.5I1111X. 

0.2 to 0.38 

16 

(Unit: mm) 

(Unit: mm) 

(Unit: mm) 
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.DC-64SP 

I 

~. 0.",0.11 

-L~4 ~. L ,-"."'"­
',-==-

¥ ! -_0.05 

~ ""' .., 

4. Mounting Method 
Package lead pins are surface treated with solder coating or 

plating to facilitate PCB mounting. The lead pins are connected 
to the package by eutectic solder. Common connecting method 
of leads and precautions are explained as follows: 

4.1 Mounting Methods of Pin Insertion Type Package 
Insert lead pins into the PCB through-holes (usually about 
4>0.8mm). Soak leads in a wave solder tub. 

Lead pins held by the through-holes enable handling of the 
package through the sqldering process, and facilitate automated 
soldering. When soldering leads in the wave solder tub, do not 
get solder on the package. 

4.2 Mounting Method of Surface Mount Type Package 
Apply the specified quantity of solder paste to the pattern on 

any printed board by the screen printing method, to temporarily 
fix the package to the board. The solder paste melts when heated 
in a reflowing furnace, and package leads and the pattern of the 
printed board are fixed by the surface tension of the melted 
solder and self alignment. 

The size of the pattern where leads are attached should be 1.1 
to 1.3 times the leads' width, depending on paste material or 
furnace adjustment. 

The temperature of the reflowing furnace is dependent on 
packaging material and type. Fig. 2 lists the adjustment of the 
reflowing furnace for FPP. Pre-heat the furnace to 1500 C. Sur­
face temperature of the resin should be kept at 2350 C maximum 
for JO minutes or less. 

(I) The temperature of the leads should be kept at 260° for 10 minutes 
or less. 

(2) The temperature of the resin should be kept at 235 0 for 10 minutes 
or less. 

(3) Below is shown the temperature profile when soldering a package 
by the reflowing method. 
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Fig.2 Reflowing Furnace Adjustment 
for FPP 

IUnit:mm) 

Time~ 

Employ adequate heating or temperature control equipment 
to prevent damage to the plastic package epoxy-resin material. 
When using an infrared heater, avoid long exposure at tempera­
tures higher than the glass transition point of epoxy-resin (about 
1500 C), which may cause package damage and loss of reliability 
characteristics. Equalize the temperature inside and outside of 
packages by reducing the heat of the upper surface of the 
packages. 

FPP leads may easily bend in shipment or during handling, 
and impact soldering onto the printed board. Heat the bent leads 
again with a soldering iron to reshape them. 

Use a rosin flux when SOldering, Do not use chloric flux 
because the chlorine in the flux has a tendency to remain on the 
leads and reduce reliability. Use alcohol, chlorothene orfreon to 
wash away rosin flux from packages. These solvents should not 
'remain on the packages for an excessive length of time, because 
the package markings may disappear. 





QUALITY ASSURANCE 

1. VIEWS ON QUALITY AND RELIABILITY deSign, device design, layout design, etc. There-
fore, as long as standardized proceSSing and 

Basic views on quality at Hitachi are to meet the materials are used the reliability risk is extremely 
individual uers' required quality level and maintain a small even in the case of new development 
general quality level equal to or above that of the devices, with the exception of special require-
general market. The quality required,by the user may ments imposed by functional needs. 
be specified by contract, or may be indefinite. In either 
case, efforts are made to assure reliable performance 
in actual operating circumstances. Quality control 
during the manufacturing process, and quality aware­
ness from design through production lead to product 
quality and customer satisfaction. Our quality assur­
ance technique consists basically of the following 
steps: 
(1) Build in reliability at the design stage of new 

product development. 
(2) Build in quality at all steps in the manufacturing 

process. 
(3) Execute stringent inspection and reliability con­

firmation of final products. 
(4) Enhance quality levels through 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 to meet users' requirements. 

2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 

2.1 Reliability Targets 
The reliability target is an important factor in sales, 
manufacturing, performance, and price. It is not ade­
quate to set a reliability target based on a single set of 
common test conditions. The reliability target is set 

based on many factors: 
(1) End use of semiconductor device. 
(2) End use of equipment in which device is used. 
(3) Device manufacturing process. 
(4) End user manufacturing techniques. 
(5) Quality control and screening test methods. 
(6) Reliability target of system. 

2.2 Reliability Design 
The following steps are taken to meet the reliability 
targets: 
(1) Design Standardization 

As for design rules, critical items pertaining to 
quality and reliability are always studied at circuit 
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(2) Device Design 

It is important for the device deSign to consider 
total balance of process, structure, circuit, and 
layout design, especially in the case where new 
processes and/or new materials are employed. 
Rigorous teChnical studies are conducted prior to 
device development. 

(3) Reliability Evaluation by Functional Test 
Functional Testing is a useful method for design 
and process reliability evaluation of IC's and LSI 
devices which have complicated functions. 

The objectives of Functional Test are: 

• Determining the fundamental failure mode. 
• Analysis of relation between failure mode and 

manufacturing process. 

• AnalysiS of failure mechanism. 
• Establishment of QC points in manufacturing 

process. 

2.3 Design Review 
Design Review is an organized method to confirm that 
a design satisfies the performance required and 
meets design specifications. In addition, design review 
helps to insure quality and reliability of the finished 
products. At Hitachi, design review is performed from 
the planning stage to production for new products, 
and also for design changes on existing products. 
Items discussed and considered at design review are: 
(1) Description of the products based on design 

documents. 
(2) From the standpoint of each participant, design 

documents are studied, and for points needing 
clarification, further investigation will be carried 

out. 
(3) Specify quality control and test methods based on 

design documents and drawings. 
(4) Check process and ability of manufacturing line to 

achieve design goal. 
(5) Preparation for production. 
(6) Planning and execution of sub-programs for 

design changes proposed by individual specialists, 
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for test, experiments, and calculations to confirm 
the design changes. 

deSign, as described in section 2. Our views on quality 
approval are: 

(7) Analysis of past failures with similar devices, dis­
cussion of methods to prevent them, and planning 
and execution of test programs to confirm success. 

(1) A third party executes approval objectively from 
the standpoint of the customer. 

3. QUAUTV ASSURANCE SYSTEM 

3.1 Activity of Quality Assurance 

(2) Full consideration is given to past failures and 
information from the field. 

(3) No deSign change or process change without QA 

approval. 
General views of overall quality assurance in Hitachi 
are as follows: 

(4) Parts, materials, and processes are closely 
monitored. 

(1) Problems in each individual process should be 
solved in Jhe process. Therefore, at the finished 
product stage the potential failure factors have 
been removed. 

(5) Control points are established in mass production 
after studying the process abilities and variables. 

3.3 Quality and Reliability Control at Ma .. 
Production 

(2) Feedback of information is used to insure a satis­
factory level of ability process. 

Quality control is accomplished through division of 
functions jn manufacturing, quality assurance, and 
other related departments. The total function flow is 
shown in Fig. 2. The main points are described below. 

3.2 Quality Appl'OVl!ll 
To insure quality and reliability, quality approval is 
carried out at the preproduction stage of device 

Step Contents 

tTerget I 
Design Review 

Specification 

• I Design 
Characteristics of Material and 

Trial Material., Parts II Parts 
Production Approval H Appearance 

Dimension 
Heat R .. istance 
Mechanical 
Electricel 
Othan 

ICharsctarlstlcs Approval Electrical 
Characteristics 

Function 
Voltage 
Currant 
Temperature 
Others 

Appearance, Dimension 

I~uality ApprovaII1J Reliability T .. t 
Life T .. t 
Thermal Stress 
Moisture R .. istance 
Mechanical Stress 
Others 

19ualit-;« Approval ~~ Reliability T .. t 

~ 
Process Check .. me .. 
Quality Approval (1) 

I=uctlon I Figure 1 Flow Chart of Quality Approval, 
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Purpo .• 

Confirmation of 
Characteristics end 
Reliability of Materials 
and Paru 

I Confirmation of Tlfllt 
Spec. Mainly about 
Electrical Characteristics 

Confirmation of QUality 
and Reliability In Delign 

I Confirmation of Quality 
end Rallability in MIll 
Production 



I 
I 
I 
I 
I 
~----

Quality Control 

Inspection on Material and 
Parts for Semiconductor 
Devices 

Manufacturing Equipment, 
Environment, Sub-material, 
Worker Control 

Inner Process 
Quality Control 

100% Inspection on 
Appaarance and Elactrical 
Characteristics 

Sampling Inspection on 
Appaarance and Electrical 
Characteristics 

Reliability Test 

r- ---------------, 
: Quality Information I 

I Claim : 
: Field Experience 
I General Quality 

Information I 

~----------------~ 

QUALITY ASSURANCE 

Method 

Lot Sampling, 
Confirmation of 
Quality Level 

Confirmation of 
Quality Level 

Lot Sampling, 
Confirmation of 
Quality Level 

Telting, 
Inspection 

Confirmation of 
Quality Level, Lot 
Sampling 

Feedback of 
Information 

Fig~re 2 Flow Chart of Quality Control in Manufacturing Process 
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3.3.1 Quality Control of Parts and Material. 
As semiconductor devices tend towards higher per­
formance and higher reliability. the importance of 
quality control of parts and materials becomes para­
mount. Items such as crystals. lead frames. fine wire 
for wire bonding. packages. and materials needed in 
manufacturing processes such as masks and chemi­
cals. are all subject to rigorous inspection and control. 
Incoming inspection is performed based on the pur­
chase specification and drawing. The sampling is exe­
cuted based mainly on Mll-STD-105D. 

The other activities of quality assurance are as 
follows: 
(1) Outside vendor technical information meeting. 
(2) Approval and guidance of outside vendors. 
(3) Chemical analysis and test. 

The typical check points of parts and materials are 
shown in Table 1. 

Mlttrill. 
Plrtl 

Wlfer 

Milk 

Fine 
Wirlfor 
Wirl 
Bonding 

Pilltic 

Impol'Ulnt 
Control It,ml 

Apptlr_ 

Dimension 
ShtttRllilt_ 
D.ttct Denlity 
Cryltll Axis 
Appelrlnce 
Dimension 
Rlliltorllion 
Grldltion 

Appelrlnce 

DimenSion 
Purity 
Elongltion Ratio 
Appnr_ 
Dimenllon 
PrOCllling 

Accuracy 
Pllting 
Mounting 

Chlrtcterilties 
Appelr_ 
Dimension 
L.ak Rlliltanee 
Pllting 
Mountiftg 

Char_rilties 
Eltctrical 
Char_rilties 

Mechanical 
Strlngth 

Composition 

Electrical 
Chartctariitici 

Thermll 
Chartcterilties 

Molding 
Performlnce 

Mounting 
Chlrtcttrilties 

Point for Check 

DIlNglInd Conttmlna· 
tion on Surftct 

Flit"... 
RlliltlllCt 
D.fect Numbers 

Defect Numben. Scrltch 
Dimenlion Level 

Uniformity of ,Grldltion 

Contlminltion. Scrltch. 
Bend. Twilt 

Purity Level 
Mechanical Str.ngth 

Contaminltion. Scratch 
Dimenlion Level 

Bondabilitv. Solderability 
Helt RllilOtlnee 

Contlminltion. Scratch 
Dimenlion Level 
Airtightn ... 
BondlbilitV. Solderlbilitv 
He.t Rlliltlnce 

Mechlnical Strlngth 

CharlCtirilties of 
Pilitic Mlterill 

Molding Performance 

Mounting Char_risties 
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3.3.2 Inner Process Quality Control 
Inner Process Quality Control performs very important 
functions in quality assurance of semiconductor 
devices. The manufacturing Inner Process Quality 
Control is shown in Fig. 3. 

(1) Quality Control of Semi-final Products and Final 
Products 
Potential failure factors of semiconductor devices 
are removed in the manufacturing process. To 
achieve this. check points are set-up in each pro­
cess and products which have potential failure 
factors are not moved to the next process step. 
Manufacturing lines are rigidly selected and tight 
inner process quality controls are executed-rigid 
checks in each process and each lot. 100% inspec­
tion to remove failure factors caused by manufac­
turing variables and high temperature aging and 
temperature cycling. Elements of inner process 
quality control are as follows: 
• Condition control of equipment and worker. 

environment and random sampling of semi­
final products. 

• Suggestion system for improvement of work. 

• Education of workers. 
• Maintenance and improvement of yield. 
• Determining quality problems. and implement· 

ing countermeasures. 

• Transfer of quality information. 

(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 
Manufacturing equipment is improving as higher 
performance devices are needed. At Hitachi. the 
automation of manufacturing equipment is en­
couraged. Maintenance Systems maintain opera­
tion of high performance equipment. There are 
daily inSpections which are performed based on 
related specifications. Inspection points are listed 
in the specification and are checked one by one to 
prevent any omission. As for adjustment and 
maintenance of measuring equipment. specifica­
tions are checked one by one to maintain and 
improve quality. 

(3) Quality Control of Manufacturing Circumstances 
and Sub-Materials 
The quality and reliability of semiconductor devices 
are highly affected by the manufacturing process. 
Therefore. controls of manufacturing circum-



stances such as temperature, humidity and dust, 
and the control of submaterials,like gas, and pure 
water used in a manufacturing process, are inten­
sively executed. 

Dust control is essential to realize higher integra­
tion and higher reliability of devices. At Hitachi, 
maintenance and improvement of cleanliness at 
manufacturing sites is accomplished through 
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attention to buildings, facilities, air conditioning 
systems, delivered materials, clothes, work envir­
onment, and periodic inspection of floating dust 
concentration. 

3.3.3 Final Product Inspection and Reliability 
Assurance 

(1) Final Product Inspection 
Lot inspection is done by the quality assurance 

Process Control Point Purpose of Control 

Purchase of Material 

Wafer, 

I-- Surface Oxidation 

Frame 

Package 

Inspection on Surface 
Oxidation 
Photo Resist 

Inspection on Photo Resist 
<> Pac Level Check 

Diffusion 

Inspection on Diffusion 
<> pac Level Check 

Evaporation 

Inspection on Evaporation 
<> Pac Level Check 

Wafer Inspection 

Inspection on Chip 
Electrical Characteristics 
Chip Scribe 
Inspection on Chip 
Appearance 

<> Pac Lot Judgement 

Assembling 

<> Pac Level Check 

Inspection after 
Assembling 

<> Pac Lot Judgement 

Sealing 

<> pac Level Check 
Final Electrical Inspection 

<> Failure Analysis 

Appearance Inspection 
Sampling Inspection on 
Products 
Receiving 

Shipment 

Wafer 

Oxidation 

Photo 
Resist 

Diffusion 

Evapora· 
tion 

Wafer 

Chip 

Characteristics, Appearance 

Appearance, Thickness of 
Oxide Film 

Dimension, Appearance 

Diffusion Depth, Sheet 
Resistance 
Gate Width 
Characteristics of Oxide Film 
Breakt.:own 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, Mechanism 

Figure 3 Example of Inner Process Quality Control 
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Scratch, Removal of Crystal 
Defect Wafer 
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 VIH 
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 Infor· 
mation 



I 
I 
I 
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QUALITY ASSURANCE ----------------------

quality factors. lot inspection is executed based 
on Mll-STO-1050. 

department for products which were judged good 
in 100% test ... the final process in manufac­
turing. Though 100% yield is expected, sampling 
fnspection is executed to prevent mixture of bad 
product by mistake. The inspection is executed not 
only to confirm that the products have met the 
users' requirements but also to consider potential 

(2) Reliability Assurance Tests 

Report 

Quality Assurance Dept. 

Report 

To assure the reliability of semiconductor devices, 
reliability tests and tests on individual manufac­
turing lots that are required by the user, are peri­
odically performed. 

Failure Analysis 

Countermeasure 
Execution of 
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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RELIABILITY TEST DATA 

1. INTRODUCTION 
Microcomputers provide high reliability and quality to meet 

the demands of increased functions, enlarging scale, and wid­
ening application. Hitachi has improved the quality level of 
microcomputer products by evaluating reliability, building 
quality into the manufacturing process, strengthening inspection 
techniques, and analyzing field data. 

The following reliability and quality assurance data for 
Hitachi 8-bit single-chip microcomputers indicates results from 
test and failure analysis. 

(1) Plastic DIP 

Bonding wire 

2. PACKAGE AND CHIP STRUCTURE 
2.1 Packaging 

Production output and application of plastic packaging con­
tinues to increase, expanding to automobile measuring and con­
trol systems, and computer terminal equipment operating under 
severe conditions. To meet this demand, Hitachi has significantly 
improved moisture resistance and operational stability in the 
plastic manufacturing process. 

Plastic and side-brazed ceramic package structures are shown 
in Figure I and Table I. 

(2) Plastic Flat Package 

Figure 1 Package Structure 

Table 1 Package Material and Properties 

Item Plastic DIP Plastic Flat Package 

Package Epoxy Epoxy 

Lead Solder dipping Alloy 42 Solder plating Alloy 42 

Die bond Au·Si or Ag paste Au·Si or Ag paste 

Wire bond Thermo compression Thermo compression 

Wire Au Au 
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RELIABILITY TEST DATA OF MICR')COMPUTER------------------

2.2 Chip Structure 
density. The HMCS40 family is produced in low power CMOS technol­

ogy. The Si-gate process is used because of high reliability and high Chip structure and basic circuitry are shown in Figure 2. 

Si·Gate CMOS 

SiO. Source Drain 

FET2 

P<hannel 
EMOS 

N<hennel 
EMOS 

Figure 2 Chip Structure and Basic Circuit 

3. QUALITV QUALIFICATION AND EVALUATION 
3.1 Reliability Test Methods 

Reliability test methods shown in Table 2 are used to qualify and evaluate the new products and new process. 

Table 2 Reliability Test Methods 

Test Items Test Condition MIL·STD·883B Method No. 

Operating Life Test 12SoC,1000hr looS,2 

High Temp, Storage Tstg max, 1000hr 1.008,1 
Low Temp, Storage Tstg min, l000hr 
Steady State Humidity 6SoC 9S%RH, l000hr 
Steady State H~midity Biased 8SoC 8S%RH, l000hr 

Temperature Cycling -SSoC - 150°C, 10 cycles 1010,4 
Temperature Cycling -20°C"" 12SoC,'2oo cycles 
Thermal Shock O°C"" 100°C, 100 cycles 1011,3 
Soldering Heat 260°C, 10 sec 
Mechanical Shock lSooo 0.5 msec, 3 times/X, V, Z 2002,2 
Vibration Fatigue 60Hz 200, 32hrs/X, V, Z 2005,1 
Variable Frequency 2o-2000Hz 200, 4 minIX, V, Z 2007,1 
Constant Acceleration 20000G,1 min/X, V, Z 2001,2 
Lead Integrity (DIP) 225gr, 90° 3 times 2004.3 
Lead Integrity (FPP) 22Sgr,900 1 time 2004 
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------------------ RELIABILITY TEST DATA OF MICROCOMPUTER 

3.2 Reliability Test Results 
Reliability Test Results or 4-bit single-chip microcomputer de­

vices is shown in Table 3 to Table 7. 

Table 3 Dynamic Life Test 

Device Package Sample Size 

HMCS47C DP·64S 90 

FP-54 90 

HMCS46C DP-42 90 

DP-42S 45 

HMCS45C DP-64S 45 

FP-54 120 

HMCS44C DP-42 162 

DP-42S 45 

LCD-III FP-80 90 

Table 4 High Temperature, High Humidity Test (Moisture Resistance Test) 
(1) 85°C 85%RH Bias Test 

Package 168 hrs 500 hrs 

DIP-type 0/205 0/205 

FP-type 0/185 0/185 

Condition;C MOS: VCC" 5.5V 

(2) High Temperature High Humidity Storage Life Test 

a) 65°C/95%RH 

Package 168 hrs 500 hrs 

DIP-type 0/870 0/870 

FP-type 0/545 0/545 

1000 hrs 

1*/205 

1*/185 

1000 hrs 

1*/870 

1*/545 
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Component Hours Failure 

90000 0 

90000 0 

90000 0 

45000 0 

45000 0 

120000 1 * 

162000 1 ** 

45000 0 

90000 0 

• Surface contamination 
•• Aluminum metallization open 

• Aluminum corrosion 

·Aluminum corrosion 

(to be continued) 



RELIABILITY TEST DATA OF MICROCOMPUTER------------------

Package 

DIP-type 

FP-type 

(3) Pressure Cooker Test 

(121°C, 2 atm) 

Package 

DIP-type 

FP·type 

168 hrs 

0/220 

0/165 

40hrs 

0/55 

0(55 

(4) MI L-STD-8838 Moisture Resistance Test 

(-65°C - _10°C, 90%RH or more) 

Package 10 cycles 

DIP-type 0/50 

FP·type 0/22 

Table 5 Temperature Cycling Test 

(_55°C - 150°C) 

Package 10 cycles 

DIP·type 0/1637 

FP·type 0/1514 

500hrs 1000 hrs 
0/220 1·/220 

0/165 1·/165 

60hrs 100 hrs 

0/55 0/55 

0/55 0/55 

20 cycles 40 cycles 

0/50 0/50 
0/22 0/22 

100 cycles 200 cycles 

0/1637 0/1637 

0/1514 0/1514 

Table 8 High Temperature, Low Temperature Storage Life Test 

Package Temperature 168 hrs 500 hrs 

DIP·type 
150°C 0/43 0/43 
... 55°C 0/50 0/50 

FP·type 
150°C 0/53 0/53 
_55°C 0/40 0/40 
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• Aluminum corrosion 

200 hrs 

0/55 

1·/55 ·Current leakage 

1000 hrs 

0/43 

0/50 

0/53 

0/40 



------------------RELIABILITY TEST DATA OF MICROCOMPUTER 

Table 7 Mechanical and Environmental Test 

Test Item Condition 
Plastic DIP Flat Plastic Package 

Sample Size Failure Sample Size Failure 

Thermal Shock 
OOC -100°C 

150 0 100 0 10 cycles 

Soldering Heat 260°C, 10 sec. 140 0 160 0 

Salt Water Spray 35°C, NaCI 5% 
40 0 40 0 24 hrs 

Solderability 230°C, 5 sec. 
34 0 34 0 Rosin flux 

Drop Test 75cm, maple board 38 0 38 0 3 times 

Mechanical Shock 1500G,0.5ms 45 0 45 0 3 times/X, Y, Z 

Vibration Fatigue 60 Hz, 20G 
120 0 45 0 32hrs/X, Y, Z 

Vibration Variable Freq. 100-2oooHz 
45 0 45 0 20G, 4 times/X, Y, Z 

225g, 90° 
45 0 - -

Lead Integrity 
Bonding 3 times 

225g, 90° - - 45 0 
Bonding 1 time 
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-------------------------- RELIAB I LlTY TEST DATA 

4. PRECAUTIONS 

4.1 Storage 

To prevent deterioration of electrical characteristics, solder­
ability, appearance or structure, Hitachi recommends semicon­
ductor devices be stored as follows: 
(I) Store in ambient temperatures of 5 to 30°C, with a relative 

humidity of 40 to 60%. 
(2) Store in a clean, dust- and active gas-free environment. 
(3) Store in conductive containers to prevent static electricity. 
(4) Store without any physical load. 
(5) When storing devices for an extended period, store in an 

unfabricated form, to minimize corrosion of pre-formed 
lead wires. 

(6) Unsealed chips should be stored in a cool, dry, dark and 
dust-free environment. Assembly should be performed 
within 5 days of unpacking. Devices can be stored for up to 
20 days in dry nitrogen gas with a dew point at -30° C or less. 

(7) Prevent condensation during storage due to rapid tempera­
ture changes. 

4.2 Transportation 

General precautions for electronic components are appli­
cable in transporting semiconduCtors, units incorporating semi­
conductors, and other similar systems. In addition, Hitachi 
recommends the following: 
(I) When transporting semiconductor devices or printed circuit 

boards, minimize mechanical vibration and shock. Use con­
tainers or jigs which will not induce static electricity as a 
result of vibration. Use of an electrically conductive con­
tainer or aluminum foil is recommended. 

(2) To prevent device deterioration from clothing-induced static 
electricity, workers should be properly grounded while hand­
ling devices. Use of a I M ohm resistor is recommended to 
prevent electric shock. 

(3) When transporting printed curcuit boards containing semi­
conductor devices, suitable preventive measures against 
static electricity must be taken. Voltage build-up can be 
avoided by shorting the card-edge terminals. When a belt 
conveyor is used, apply some surface treatment to prevent 
build-up of electrical charge. 

(4) Minimize mechanical vibration and shock when trans­
porting semiconductor devices or printed circuit boards. 
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4.3 Handling for Measurement 

Avoid static electricity, noise and voltage surge when meas­
uring or mounting devices. Precaution should be taken against 
current leakage through terminals and housings of curve tracers, 
synchroscopes, pulse generators, and DC power sources. 

When testing devices, prevent voltage surges from the tester, 
attached clamping circuit, and any excessive voltage possible 
through accidental contact. 

In inspecting a printed circuit board, power should not be 
applied if any solder bridges or foreign matter is present. 

4.4 Soldering 

Semiconductor devices should not be exposed to high 
temperatures for excessive periods. Soldering must be performed 
consistent with temperature conditions of 260° C for 10 seconds, 
350° C for 3 seconds, and at a distance of I to 1.5mm from the end 
of the device package. 

A soldering iron with secondary voltage supplied through a 
grounded transformer is recommended to protect against 
leakage current. Use of alkali or acid flux, which may corrode the 
leads, is not recommended. 

4.5 Removing Residual Flux 

Detergent or ultrasonic removal of residual flux from circuit 
boards is necessary to ensure system reliability. Selection of 
detergent type and cleaning conditions are important factors. 

When chloric detergent is used for plastic packaged devices, 
care must be taken against package corrosion. Extended 
cleaning periods and excessive temperature conditions can cause 
the chip coating to swell due to solvent permeation. Hitachi 
recommends use of Lotus and Dyfron solvents. Trichloroeth­
ylene solvent is not suitable. 

The following conditions are advisable for ultrasonic 
cleaning: 

Frequency: 28 to 29 k Hz (to avoid device resonation) 
• Ultrasonic output: 15W/f 
• Keep devices from making direct contact with power 

generator 
• Cleaning time: Less than 30 seconds. 



DESIGN PROCEDURE AND SUPPORT TOOLS 
FOR 4-BIT SINGLE-CHIP MICROCOMPUTER 

The cross assembler and the hardware simulator using various 
types of computer are prepared by Hitachi as supporting systems to 
develop user's programs. 

ered as the LSI by the company. 
Fig. 1 shows the typical program design procedure and Table I 

shows the system development support tools for 4-bit single-chip 
microcomputer family used in these processes. User's programs are mask programmed into the ROM and deliv-

No 

IExplanation) 

<D 

®J 
(3 

T'lt Editor' CRr Editor 
Evaluation Kit 
H68SD5 
Intel MDS 

EXORciser 
IBM370 

~ Cross Auembler 
Evaluation Kit 
H68SD5 
Intel MDS 
EXORciser 
IBM370 

Evaluation Kit 
Evaluation Board 
H68SD5 
EPROM on the Package Type 
Microcomputer 
HD614P080S 

CD When the user programs the system, the predetermined functions are 
assigned to the 110 pin and the RAM before the programming. 

@ A flow chart is designed to achieve the predetermined functions and the flow 
chart is coded by using the mnemonic code. 

@ The coded flow chart is punched into the card or the paper tape or written into 
the floppy disk, to generate a source program. 

@ The source program is assembled by the evaluation kit or the H68SD5, 
to generate the object program. In this case, errors during the assembling are 
also detected. 

@) Hardware simulation is performed to confirm the program. 
The company provides four kinds of hardware, the H68SD5, the evaluation kit, 
the evaluation board and the EPROM on the package type microcomputer. The 
consumers are able to choose the best suitable tool. 

® The completed program is sent to the company in the form of EPROM or the 
object tape. 

o Options such as ROM is masked by the company, LSI is testatively produced 
and the sample is handed in to the user. After the user has evaluated the 
sample and confirmed that the program is correct, mass production is 
started. 

Figure 1 Program Design Procedure 
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DESIGN PROCEDURE AND SUPPORT TOOLS 
FOR 4-BIT SINGLE-CHIP MICROCOMPUTERS ------------------

Table 1 System Development Support Tools 

Relident SYltem 

Family No. -2 Evaluation EPROM on Evaluation Kit Board the Package 

HMCS44C 
H40EVKIT2 H45CEVOO 

HMCS45C H47CEVOO -

HMCS46C H40EVKIT2 H47CEVOO -HMCS47C 

LCD-III H40EVKIT4-1 ~:gtg~~:-, -
LCD-IV H40EVKIT4-1 H40LCEV04-' -
HMCS404C - - HD614POBOS 

HMCS404CL -, - - -, 
HMCS404AC-' 

-1 Under Development 
-2 Crou Aaambler Is Supplied with Evaluation Kit. 
-3 Croll AlI8mbler Is Supplied with Emulator. 
-4 MDS I. a regls.red trade mark of Mohorwk Data Science Corp. 

ISIS-II is a regl •• red trade mark of Intel Corp. 
CP/M I. a registered trade mark of Digital Re.arch Inc. 
EXORcl.r I. a regl •• red trade mark of Motorola Inc. 

H68SD5 + 
Emulator IIt- S IBM370 

(Hardwara+Software ) 

H68SD5+H40MIX1 S40XAM1-T 

H68SD5+H40MIX 1 -

H68SD5+H40MIX2 S40XAM1-T H68SD5+H4OM I X4- 1 

H68SD5+H4OMIX4 -I -
H68SD5+H400cMIX1 -

-, -
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Cross System 

Intel MDS220/230 

ISIS-II CP/M EXORcillr·1I 

S4OMDS1-F - S40EXR1-F 

S40MDS1-F - S40EXR1-F 

S40MDS1-F - S40EXR1-F 

S40MDS1-F - S40EXR1-F 

S400MDS1F S400MDS2F -

S400MDS1F S400MDS2 F -



• SINGLE-CHIP MICROCOMPUTER DEVELOPMENT SYSTEM 
The H6XSD5 is a development system filr Hitachi 4-bit and X-bit 

single-chip microcomputers. 
It is compact HD6XOO-based CRT/Key board microcomputer 

terminal. with two Floppy disk drivers. and has standard interface 
filr the TTY (RS-2J2C or TTL level) and printer (Centronics parallel 
interface). An optional EPROM Writer is available. 

Features 

• Supports system development for 8-bit and 4-bit single chip 

microcomputers 

System Configuration 

H68S05 
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DESIGN PROCEDURE AND SUPPORT TOOLS 
FOR 4-BIT SINGLE-CHIP MICROCOMPUTERS 

• 0 isk based low cost system 

• Provides the CRT Editor, Assembler, Emulator and EPROM 

Writer controlled by FOOS-III 

• 56k-byte RAM 

• Allows linking between the H68S05 and the I/O devices 

(TTY and Printer) 

• Easy to debug user's prototype system using the Emulator 

Module 

•••• 
• HrrACHI 

EPROM Writer 

la-bit single-chip miCrO-) 
Emulator Module computer family 

HMCS40 series 
HMCS400 series 





DATA 
SHEETS 

4-BIT SINGLE-CHIP 
MICROCOMPUTER 
HMCS40 SERIES 





Preliminary data sheets herein contain information on new products. Specifications 
and information are subject to change without notice. 

Advance I..,formation data sheets herein contain information on a product under 
development. Hitachi reserves the right to change or discontinue these products 
without notice. 



HMCS44C(HD44801 ) 
HMCS44CL(HD44808) 

The HMCS44C is the CMOS 4-bit single chip microcomputer 
which contains ROM, RAM, 110 and Timer/Event Counter on 
single chip. The HMCS44C is designed to perform efficient con­
troller function as well as arithmetic function for both binary and 
BCD data. The CMOS technology of the HMCS44C provides the 
flexibility of microcomputers for battery powered and battery 
back-up applications. 

• FEATURES 
• 4-bit Architecture 
• 2,048 Words of Program ROM (10 bits/Word) 

128 Words of Pattern ROM (10 bits/Word) 
• 1 60 Digits of Data RAM (4 bits/Digit) 
• 32 I/O Lines and 2 External Interrupt Lines 
• Timer/Event Counter 
• Instruction Cycle Time: HMCS44C; 10 ILs 

HMCS44CL; 20 ILs 
• 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 I/O 
• Option of I/O Configuration Selectable on Each Pin; Pull Up 

MOS or CMOS or Open Drain 
• Built-in Oscillator 
• Built-in Power-on Reset Circuit (HMCS44C only) 
• Low Operating Power Dissipation; 2mW typo 
• Stand-by Mode (Halt Mode); 50 IL W max. 
• CMOS Technology 
• Single Power Supply: HMCS44C; 5V± 1 0% 

HMCS44CL; 2.5V to 5.5V 
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HMCS44C,HMCS44CL 

(DP·42) 

HMCS44C,HMCS44CL 

(DP-42S) 

• PIN ARRANGEMENT 

o 

HMCS44C, 
HMCS44CL 

(Top View) 



--------------------------------------------------------HMCS44C,HMCS44CL 

• BLOCK DIAGRAM 

AOM 
2.048 x 10 bit 
(program memory) 
128x 10bit 
(pattern memory) 

i 
PC (ll'bit) 

<r 11 
Stack Aegister 

(4x 11 bit) 

~ A B X 

In. SPX 

IT 
Timer/Counter 

/ I 

'rj Interrupt , 
) 

(NOTEl~ AS A4 

r-----
, ~[ 

-, 

:lJ A,o 
-A" 

~J. 

Instruction 
Decoder 

-.. ~ -

Jj 
~ 
...I 
< 

y ,,~ 
Spy 

;ddressi llll 

'"--
e 
0 

AAM 'j 

160 x4 bit 1 
'2 

iii~ 

[NOTE) A4 and AS of the HMCS44C 
can be used as genaral 
purpose registen. 
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* Power-on Reset Circuit 
(ACL) is not built in HMCS44CL, 



HMCS44C,HMCS44CL--------------------------------------------------------

.HMCS44C ELECTRICAL CHARACTERISTICS (Vcc=5V j 10%) 
eABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage Vcc -0.3 to + 7.0 V 
~--------------------f__-- "-'-'---f---'.-~-.~-' .------. r·----·--- . 

Remarks 

Terminal Voltage (1) Vn -0.3 to Vcc+0.3 V Except for terminals specified by VT2 
-----.--------------I-.~.----f__-~--.- .. ~. --~f__ .. -.~.~- ApPITed~to only open dra,n output pins,' 
~_T __ e __ rm_in_a_I_V_o_l_ta_g_e_(2_) ____ . ______ I__'\I"':.~-.-. -0.3 to_+ 1 0.0 . __ V op .. ,:,~.rain I/0 common pins .... 

Maximum Total Output Current (1) -~IOI 45 
----------------.. -f--.-----~-.-t_ .. 

Maximum Total Output Current (2) ~lo2 45 

Operating Temperature Topr -20 to + 75 
~-------------------t_---. ---~.-

Storage Temperature TSIQ -55 to +125 

mA 

mA 

"C 

"C 

[NOTE 3[ 

[NOTE 3[ 

1 NOTE 11 Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under the conditions of ooELECTRICAL 
CHARACTERISTICS-1, _2.00 If these conditions are exceeded, it could affect reliability of LSI. 

1 NOTE 21 All voltages are with respect to GND. 
1 NOTE 31 Maximum Total Output Current is total sum of output currents which can flow out (or flow in) simultaneously. 
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----------------------------------------------------------HMCS44C,HMCS44CL 

• ELECTRICAL CHARACTERISTICS-1 (Vcc=5V± 10%, Ta=-20"C to + 75"C) 

Value 
Item Symbol Test Conditions 

min. typo 

Input "Low·' Voltage VIL -

Input "High" Voltage (1) VIHl Vcc- 1.0 -

Input "High" Voltage (2) VIH2 Vcc- 1.O 

Output "Low" Voltage VOL IOL=1.6mA --

Output "High" Voltage (1) VOHl -loH=1.0mA 2.4 -

Output "High" Voltage (2) VOH2 -loH=0.01 mA Vcc-0 .3 -

Interrupt Input Hold Time tiNT 2·Tinst -

Interrupt Input Fall Time tflNT - -

Interrupt Input Rise Time triNT - -

Output "High" Current IOH VOH=10V - -

Vin=O to Vcc 
Input Leakage Current IlL 

Vin=O to 10V -

Pull up MOS Current -Ip Vcc=5V 60 

Vin=Vcc, 

Supply Current (1) Icel Ceramic Filter 

Oscillation 

V;n=Vcc, 

Supply Current (2) lee2 RI Oscillation, 

External Clock Operation 

HL T = 1.0V I V;n=O to Vcc Standby I/O Leakage Current Its I Vin=O to 10V -

Standby Supply Current Ices Vin=Vcc, RI'T=0.2V --

External Clock Operation 

External Clock Frequency fcp 200 400 

External Clock Duty Duty 45 50 

External Clock Rise Time trcp 0 

External Clock Fall Time tfcp 0 

Instruction Cycle Time Tinst Tinst= 4/fcp 9.1 10 

Internal Clock Operation (RIOsciliation) 

Clock Oscillation Frequency RI=91kn±2% 

Clock Oscillation Frequency Ceramic Filter Circuit 

Instruction Cycle Time Tinst= 4/fosc 

[NOTE 1 J All voltages are with respect to GND. 
[NOTE 2J This is applied to RESET. HLT. OSC1. INTo. INTl and the With Pull up MOS or CMOS type of I/O pins. 
[NOTE 3J This is applied to the Open Drain type of I/O pins. 
[NOTE 4J This is applied to the CMOS type of I/O or Output pins. 
[NOTE 5J This is applied to the With Pull up MOS or CMOS type of I/O or Output pins. 
[NOTE 6J This is applied to the Open Drain type of I/O or Output pins. 
[NOTE 7J I/O current is excluded. 
[NOTE 8J The Standby I/O Leakage Current is the I/O leakage current in the Halt and Disable State. 
[NOTE 9J I/O current is excluded. 

Unit Note 
max. 

1.0 V 
-

Vec V 2 
-_ .. -

10 V 3 
--- ._----

0.8 V 
---

- V 4 
.- - -~--

V 5 
------

J.lS 
--~ 

50 J.lS 

50 J.lS 
-_. 

3 J.lA 6 
-----

1.0 2 
J.lA :-------

3 3 
._---

250 J.lA 
._------ -

2 mA 7 

----------

1.0 mA 7 

-------
1 J.lA 2, 8 

3 J.lA 3.8 

10 J.lA 9 
-----.-

440 kHz 

55 % 

0.2 J.lS 
--_. 

0.2 J.lS 

20 J.lS 

The Standby Supply Current is the supply current at Vcc=5V± 10% in the Halt State. The supply current in the case where the supply 
voltage falls to the Halt Duration Voltage is called the Halt Current (loH). and it is shown in ··ELECTRICAL CHARACTERISTICS-2." 
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eELECTRICAL CHARACTERISTICS-2 (Ta=-20 to +75'C) 
Reset and Halt 

Item Symbol Test Conditions 

Halt Duration Voltage VOH Hti=0.2V 

Halt Current IOH 
Vin=Vcc 
HLT=0.2V.VoH=2.3V 

Halt Delay Time tHO 
Operation Recovery Time tRC 

HIT Fall Time tfHLT 

'RtT Rise Time trHLT 
HIT "Low" Hold Time tHLT 

R, Oscillation. External 

HIT "High" Hold Time tOPR 
Clock Operation 

Ceramic Filter 

Oscillation 

Power Supply Rise Time 
Built-in Reset. 

trCC 
HLT=Vcc 

Power Supply OFF Time 
Built-in Reset. 

tOFF 
HLT=Vcc 
External Reset. 

Vcc=4.5 to 5.5V.Hti=Vcc 

(R, Oscillation. External 

RESET Pulse Width (1) tRsn 
Clock Operation) 

External Reset 

Vcc=4.5 to 5.5V.HLT=Vcc 
(Ceramic Filter 

Oscillation) 

RESET Pulse Width (2) tRST2 
External Reset 

Vcc=4.5 to 5.5V.RIT=Vcc 

RESET Rise Time trRST 
External Reset 

Vcc=4.5 to 5.5V.m:T=Vcc 

RESET Fall Time tfRST 
External Reset 

Vcc=4.5 to 5.5V. HLT=Vcc 

[NOTE) All voltages are with respect to GND . 

• HMCS44CL ELECTRICAL CHARACTERISTICS (Vcc=2.5 to 5.5V) 
eABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage Vcc -0.3 to +7.0 V 

Value 
Unit 

min. max. 

2.3 - V 

- 10 J.lA 

100 - J.lS 

100 - J.ls 
- 1000 J.ls 

- 1000 J.lS 

400 - J.ls 

0.1 -
ms 

4 -

0.1 10 ms 

1 - ms 

1 -

ms 

4 -

2· 
- J.lS 

Tinst 

- 20 ms 

- 20 ms 

Remarks 

Terminal Voltage (1) Vn -0.3 to Vcc+0.3 V Except for terminals specified by VT2 

Terminal Voltage (2) VT2 -0.3 to + 1 0.0 V Applied to only open-drain output pins 
and open-drain I/O common pins. 

Maximum Total Output Current (1) -Ilol 45 mA (Note 3) 

Maximum Total Output Current (2) IIo2 45 mA (Note 3) 

Operating Temperature Topr -20 to +75 'C 
Storage Temperature Tstg -55 to +125 'C 

[NOTE'] Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under the conditions of "ELECTRICAL 
CHARACTERISTICS-'. -2." If these conditions are exceeded. it could affect reliability of LSI. 

[NOTE 2) All voltages are with respect to GND. 
[NOTE 3] Maximum Total Output Current is total sum of output currents which can flow out (or flow in) simultaneously. 
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• ELECTRICAL CHARACTERISTICS-' (Vcc=2.5 to 5.5V, Ta=-20 to + 75'C) 

Value 
Item Symbol Test Conditions 

min. typo 

Input "Low" Voltage VIL ~ ~ 

Input "High" Voltage (1) VIHl 0.S5·Vee -

Input "High" Voltage (2) VIH2 0.S5·Vee -

Output "Low" Voltage VOL IOL=0.4mA ~ ~ 

Output "High" Voltage VOH -loH=O.OSmA Vcc-0.4 -

Interrupt Input Hold Time tiNT 2·Tinst -

Interrupt Input Fall Time tflNT ~ ~ 

Interrupt Input Rise Time trlNT ~ ~ 

Output "High" Current 10H VOH=10V - ~ 

Input Leakage Current 
Vin=O to Vec - -

IlL 
Vin=O to 10V ~ ~ 

Pull-up MOS Current -Ip Vec=3V 10 ~ 

Vin=Vee, Vec=3V 

Supply Current Icc 
(fosc/fcp=200kHz) 

~ ~ 

Rt Oscillation, External 

Clock Operation 

Standby I/O Leakage Current 
HLT Vin=O to Vcc - ~ 

ILs 
=0.5V Vin=O to 10V ~ ~ 

Standby Supply Current 
Vin=Vcc Vce=2.5 to 3.5V ~ ~ 

Ices 
RTI=O.1V Vee=2.5 to 5.5V ~ ~ 

External Clock Operation 

External Clock Frequency fcp 130 200 

External Clock Duty Duty 45 50 

External Clock Rise Time trcp 0 -

External Clock Fall Time tfcp 0 -

Instruction Cycle Time Tinst Tinst=4/fcp 16.S 20 

Internal Clock Operation (R, Oscillation) 

R, lS0kO±2% 
130 ~ 

Clock Oscillation Frequency fose 
Vec=2.5 to 3.5V 

RI = lS0kO± 2% 
130 -

Vcc=2.5 to 5.5V 

Tinst= 4/fosc, 
16 ~ 

Instruction Cycle Time Tinst 
Vcc=2.5 to 3.5V 

Tinst = 4/fosc, 
11.4 -

Vcc=2.5 to 5.5V 

I NOTE 1] All voltages are with respect to GND. 
INOTE 2] This is applied to RESET. RLr. OSC,. INTo. INT, and the With Pull up MOS or CMOS type of 1/0 pins. 
INOTE 3] This is applied to the Open Drain type of I/O pins. 
INOTE 4] This is applied to the CMOS type of I/O or Output pins. 
INOTE 5] This is applied to the Open Drain type of 1/0 or Output pins. 
INOTE 6] I 0 current is excluded. 
I NOTE 7] The Standby 10 Leakage Current is the 1/0 leakage current in the Halt and Disable State. 
INOTE 8] I 0 current is excluded. 

Unit Note 
max. 

0.15·Vee V 
/ 

Vce V 2 

10 V 3 

0.4 V 
~ V 4 
~ J.ls 

50 J.lS 

50 J.lS 

3 J.lA 5 

1.0 2 

3 
J.lA 

3 

SO J.lA 

140 J.lA 6 

1 J.lA 2, 7 

3 J.lA 3, 7 

6 J.lA 
S 

10 J.lA 

240 kHz 

55 % 

0.2 J.lS 

0.2 J.ls 

30.S J.lS 

250 

kHz 

350 

30.S 

J.ls 

30.S 

The Standby Supply Current is the supply current at Vcc= 2.5V to 5.5V in the Halt State. The supply current in the case where the supply 
voltage falls to the Halt Duration Voltage is called the Halt Current (loHI. and it is shown in "ELECTRICAL CHARACTERISTICS·2." 
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• ELECTRICAL CHARACTERISTICS-2 (Ta = - 20 to + 7 5 "C) 

Reset and Halt 

Item Symbol 

Halt Duration Voltage VOH 

Halt Current IOH 

Halt Delay Time tHD 
Operation Recovery Time tRC 

RITFall Time tfHLT 

Ff[T Rise Time trHLT 

RIT "Low" Hold Time tHLT 

RlT "High" Hold Time tOPR 

RESET Pulse Width (1) tRsn 

RESET Pulse Width (2) tRST2 

RESET Fall Time tfRST 

RESET Rise Time trRST 

[NOTE) All voltages are with respect to GND. 

• SIGNAL DESCRIPTION 
The input and output signals for the HMCS44C, shown in 

PIN ARRANGEMENT, are described in the following para­
graphs. 

• Vcc and GND. ., 
Power is supplied to the HMCS44C usmg these two pms. Vee 

is power and GND is the ground connection. 

• RESET 
This pin allows resetting of the HMCS44C at times other than 

the automatic resetting capability (ACL; Built-in Reset Circuit) 
already in the HMCS44C, 

The HMCS44C can be reset by pulling RESET high. Refer to 
RESET FUNCTION for additional information. 

• OSC, and OSC2 
These pins provide control input for the built-in oscillator cir­

cuit. Resistor and capacitor , ceramic filter circuit, or an external 
oscillator can be connecteG 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 place the HMCS44C in the Halt State. 
Refer to HALT FUNCTION for details of the Halt Mode. 

• TEST This pin is not for user application and must be connected to 
Vee· 

Value 
Unit Test Conditions 

min. max. 

HLT=0.2V 2.0 V 

Vin=Vcc, RIT=0.1V 
10 /-I A -

VOH=2.0V 

200 - /-IS 

200 /-Is 
- 1000 /-Is 
- 1000 /-IS 

800 /-IS 

Rf Oscillation, External 

Clock Operation 0.2 - ms 

Vcc= 2.5 to 5.5V 

External Reset. 
Vcc=2.5 to 5.5V, RIT=Vcc 

2 -
(Rf Oscillation, External 

ms 

Clock Operation) 

External Reset. 
2· 

Vcc= 2.5 to 5.5V - /-IS 

HLT=Vcc 
Tinsl 

HLi=vcc - 20 ms 

HLT=Vcc - 20 ms 

44 

• INTo and INT, . 
These pins provide the capability for asynchronously applymg 

external interrupts to the HMCS44C. 
Refer to INTERRUPTS for additional information. 

• Roo to Ro3' R,o to R'3' R20 to R23, R30 to R33 
These 16 lines are arranged into four 4-bit Data Input/Output 

Common Channels. 
The 4-bit registers (Data I/O Register) are attached to these 

channels. Each channel is directly addressed by the operand of 
input/output instruction. Refer to INPUT/OUTPUT for addi­
tional information. 

• Do toD'5 
These lines are 16 I-bit Discrete Input/Output Common Pins. 

The I-bit latches are attached to these pins. Each pin is addressed 
by the Y register. The Do to 0 3 pins are also addressed directly 
by the operand of input/output instruction. Refer to INPUT/ 
OUTPUT for additional information. 

• ROM 
• ROM Address Space 

ROM is used as a memory for the instructions and the pat­
terns (constants). The instruction used in the HMCS44C consists 
of 10 bits. These 10 bits are called "a word", which is a unit for 
writing into ROM. 

The ROM address is composed of the program area (0 page 
to 31 page) and the pattern area (61, 62 page) (64 words/page). 

The ROM capacity is 2,176 words (1 word = 10 bits) in all. 
Only the program area can contain both the instructions and 

the patterns (constants). 
The ROM address space is shown in Figure 1. 
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• Program Counter (PC) 

!---64 words------! 

1F OF 07_ 3D 3E 3F (Hexa-decimal) 

ftJi 0 

ri 1 
2 

Program Area 

30 

ri 31 

1--64 words-----l 

page 
page 
page 

( 

page 
page 

Timer/counter Interrupt Address (0 page 3F address) 
Input Interrupt Address(1 page 3F address) 

Reset Address (31 page 3F address) 

1 F OF 07 _ 3D 3E 3F (Hexa-decimal) 

Pattern Area 
Pattern Area 

61 page 
62 page 

Figure 1 ROM Address Space 

The program counter is used for addressing of ROM. It con­
sists of the page part and the address part as shown in Figure 2. 

Once a certain value is loaded into a page part, the content is 
unchanged until other value is loaded by the program. The setta­
ble value of a page part is any number between 0 to 31. 

Page Part ,---- Address Part ---...... 

PCe 

Figure 2 Configuration of Program Counter 

The address part is a 6-bit polynomial counter and counts up 
for each instruction cycle time_ The sequence in the decimal and 
hexa-decimal system is shown in Table 1. This sequence is cir­
culating 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 page part 
is changed. 

Table 1 Program Counter Address Part Sequence 

Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadecimal 
63 3F 5 05 9 09 
62 3E 11 OB 19 13 
61 30 23 17 38 26 
59 3B 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 00 42 2A 
39 27 27 1B 20 14 
14 OE 54 36 40 28 
29 10 45 20 16 10 
58 3A 26 1A 32 20 
53 35 52 34 0 00 
43 2B 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 
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• Designation of ROM Address and ROM Code 
The page part of the ROM address is represented by decimal 

and the address part is divided into 2 parts (2 bits and 4 bits) and 
represented by hexa-decimal. 

One word (IO bits) is divided into three parts (2 bits, 4 bits 
and 4 bits from the most significant bit 0 10) and represented by 
hexadecimal. The examples are shown in Figure 3. 

(a) ROM Address 

(b) ROM Code 

010- 01 

I 0: : : 0: : : 0: : 0 : 1 I~~:c~~:e;:.: 1B5 
\.... Hexa· ~ Hexa-decimal ~ Hexa-decimal ~ 

decimal 

Figure 3 Designation of ROM Address and ROM Code 

• PATTERN GENERATION 
The pattern (constants) can be accessed by the pattern in­

struction (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 reg­
ister, the Carry FIF 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 is ORed with the upper 2 bits of B register, the Carry FIF 
and the operand p (po, pI). The upper bit (P2) of the operand is 
for referring to the pattern area. 

The value of the operand p is 0 to 7. 
The content of the program counter is only modified ap­

parently and is not changed. Then the address is counted up after 
the execution of the pattern instruction and the next instruction 
is executed. 

The execution time of this instruction is 2-cycle time. 
Even when interrupt is enable, interrupt is disabled in the sec­

ond cycle of the pattern instruction. However, the interrupt re­
quest is latched into the interrupt request FIF. 

• 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. 

Selection is determined by the command bits (09 , 0 10) in the 
pattern. 

Mode (j) is performed when 0 9 is "1" and mode (ij) is per­
formed when 010 is "1". 

Mode (i) and mode (ij) are simultaneously performed when 
both 0 9 and 010 are "1" . 

The correspondence of each bit of the pattern is shown in 
Figure 5. 

Examples of the pattern instruction usage is shown in Table 2. 

Figure 4 ROM Addressing for Pattern Generation 

I 0 10: Os : 08 : 07 : 06 : 05 : 04 : OJ : 02 : 01 I ROM Pattern 

r---r 
I 
I 
I L __ ...J 

I B3 : B2 : Bl : Bo I Ao : Al : A2 : A31 ~~:d;dr~~~:t;CCumulator 

I R20 : R21 : R22: R231 R30: R31 : R32 : R331 Loaded into R2 and R3 registers 

Figure 5 Correspondence of Each Bit of Pattern 
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Table 2 Example of Pattern Instruction Usage 

Before Execution Referred After Execution 
ROM Pattern 

PC Value P C B A Address B A R2 R3 

0-3F 1 0 A 0 10-20 12D 2 B 

0-3F 7 1 4 0 61-00 22D 4 B 

30-00 4 0/1 0 9 62-09 32D 2 B 4 B 

30-00 4 0/1 F 9 63-39 

"-" means that the value is unchanged after the execution. 
"0/1" means that either "0" or "1" will do. 

• 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 lower 6 bits of the program counter. This 
instruction is a conditional instruction and executed only when 
the Status F IF is "1". If it is "0", the instruction is skipped and 
the Status F IF becomes "1". The operation is shown in Figure 
6. 

• LPU 
By LPU instruction, the jump of page is performed. 
The lower 5 bits of the ROM Object Code (operand u) are 

transferred to the page part of the program counter with a delay 
of 1 instruction cycle time. Therefore, the cycle just after the 
issuing of this instruction is on the same page and the page jump 
is performed at the next cycle. 

This instruction is a conditional instruction and performed 
only when the Status is "1". But the Status is unchanged (re­
mains "0") even if it is skipped. The operation is shown in 
Figure 7. 

ROMI ~R: 

Figure 6 BR Operation 

• BRL 

05 ~O, 

ROM I ~P~: I : : u: : I 
~delaYbY 
~ 1-cycletime 

Figure 7 LPU Operation 

By BRL instruction, the program branches to an address in 
any page. 

This instruction is a macro instruction of LPU and BR in­
structions, which is divided into two instructions as follows. 

BRL a - b-LPU a 
< Jump to b address on a page> BR b 

BRL instruction is a conditional instruction because of charac­
teristics of LPU and BR instructions, and is executed only when 
the Status F IF is "1". If the Status F IF is "0", the instruction is 
skipped and the Status FIF becomes "1". 

• TBR (Table Branch) 
By TBR instruction, the program branches by the table. 
The program counter is modified with the accumulator, the B 

register, the Carry FIF, the operand p. The method for modifica-
tion is shown in Figure 8. , 

The accumulator and the lower 2 bits of B register are as­
signed into the address part of the program counter. The upper 2 
bits of B register, Carry FIF, and the operand PI, po are ORed 
with the page part of the program counter. 

TBR instruction is executed regardless of the Status FIF, and 
does not affect the Status F/F. 

r----Page Part ---, r----Address Part---_____ 

(PC) PClO PCg PCs PC7 PC6 PC5 PC4 PC3 PC2 PC, PCo 

r--- T ---T -

I I : : 
Data for I P2 : P, : Po C B3 B2 B, Bo A3 A2 A, Ao 
Modification I (0) I I L __ ....J ___ ..L 

(Modified PC) PC,o PCg PCs PC7 PC6 
B, Be A3 A2 A, Ao 

+p, +Po +C +B3 +B2 

Figure 8 Modification of Program Counter by TBR Instruction 
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• SUBROUTINE JUMP 
There are two types of subroutine jumps. They are explained 

in the following paragraphs. 

• CAL 
By CAL instruction, subroutine jump to an address in the 

Subroutine Page. 
The Subroutine Page is 0 page. 
The address next to CAL instruction address is pushed onto 

the stack STl and the contents of the stacks STl, ST2 and ST3 
are pushed onto the stacks ST2, ST3 and ST4 respectively as 
shown in Figure 9. 

06 0, 

ROM : CAL: I : : ~ : : I 

1f11rJJJJJJ 
PC I : Pa?8 Par~ I ~d~r8ss Part I 

l l l ! l ! ! l l l ! (PC + 1) 

snl : : : : : : : : : : I 
'+ii""i" 

ST21 : : : : : : : : : : I 
'iiiiiillii 

ST3\: :::::::: I 
"'i""'" ST41 ::::::::: I 

Figure 9 Subroutine Jump Stacking Order 

The page part of the program counter is o. The lower 6 bits 
(operand a, 0 6 to 01) of the ROM Object Code is transferred to 
the address part of the program counter. 

The HMCS44C has 4 levels of stack (STl, ST2, ST3 and 
ST4) which allows the programmer to use up to 4 levels of sub­
routine jumps (including interrupts). 

CAL is a conditional instruction and executed only when the 
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Status FIF is "1". If the Status FIF is "0", it is skipped and the 
Status FIF changes to "1 ". 

• CALL 
By CALL instruction, subroutine jump to an address in any 

page. 
Subroutine jump to any address can be implemented by the 

subroutine jump to the page specified by LPU instruction. 
This instruction is a macro instruction of LPU and CAL in­

structions, which is divided into two instructions as follows. 

CALL a - b-LPU a 
< Subroutine jump to b address on a page> CAL b 

CALL instruction is conditional because of characteristics of 
LPU and CAL instructions and is executed when the Status FIF 
is "1". Ifthe Status F IF is "0", it is skipped and the Status F IF 
changes to "1". 

• RAM 
RAM is a memory used for storing data and saving the con­

tents of the registers. Its capacity is 160 digits (640 bits) where 
one digit consists of 4 bits. 

Addressing of RAM is performed by a matrix of the file No. 
and the digit No. 

The file No. is set in the X register and the digit No. in the Y 
register for reading, writing or testing. Specific digits in RAM can 
be addressed not via the X register and Y register. These digits 
are called "Memory Register (MR)", 0 to 15 (16 digits in all). 
The memory register can be exchanged with the accumulator by 
XAMR instruction. 

The RAM address space is shown in Figure 10. 
In an instruction in which reading from RAM and writing to 

RAM coexist (exchange between RAM and the register), reading 
precedes writing and the write data does not affect the read data. 

The RAM bit manipulation instruction enables any addressed 
RAM bit to be set, reset or tested. The bit assignment is speci­
fied by the operand n of the instruction. 

The bit test makes the Status F IF "1" and makes it "0" 
when the assigned bit is "0". 

Correspondence between the RAM bit and the operand n is 
shown in Figure 11. 
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'" X 

0 

.-

N 

M 

.q-

It) 

co 

,... 

.-

.-
I 

00 

Ln 
.-
I 

N .... 

y 

~ 

0 

.-

N 

M 

.q-

It) 

co 

,... 

00 

C1> 

i 
file No. 

15 14 13 12 11 

15 14 13 12 11 

LO .q- M N .-
~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ 

10 9 8 7 6 5 4 3 2 1 0 

10 9 8 7 6 5 4 3 2 1 '0 +- digit No. 

0 

~ C1> 00 ,... co LO .q- M N ~ 
0 

a: a: a: a: a: a: a: a: a: 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

* The file 8 is selected when X register has any value in 8 to 11, and the file 
9 is selected when 12 to 15. 

M(O) 

o M(l) 

o 2 M(2) 

10 3 M(3) 

n=Bit assignmen No. 

Figure 10 RAM Address Space 

• REGIS:TER 
The ,HMCS44C has six 4-bit registers and two I-bit registers 

available to the programmer. The I-bit registers are the Carry FI 
F and the Status F/F. They are explained in the following para­
graphs. 

• Status F/F (S) 
The Status FIF latches the result of logical or arithmetic oper­

ations (Not Zero, Overflow) and bit test operations. The Status 
F/F affects conditional instructions (LPU, DR and CAL instruc­
tions). These instructions are executed only when the Status FIF 
is "1". If it is "0", these instructions are skipped and the Status 
F/F becomes "I". 

Figure 11 RAM Bit and Operand n 
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• Accumulator (A; A Register) and Carry F/F (C) 
The result of the Arithmetic Logic Unit (ALU) operation (4 

bits) and the overflow of the ALU are loaded into the accumula­
tor and the Carry F/F. The Carry F/F can be set, reset or tested. 
Combination of the accumulator and the Carry F/F can be right 
or left rotated. The accumulator is the main register for ALU op­
eration and the 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 performed. 

• 8 Register (8) 
The result of ALU operation (4 bits) is loaded into this regis­

ter. The B register is used as a sub-accumulator to stack data 
temporarily and also used as a counter. 

• X Register (X) 
The result of ALU operation (4 bits) 'is loaded into this regis­

ter. The X register has exchangeability for the SPX register. The 
X register addresses the RAM file and is composed of 4-bit regis­
ter. 

• SPX RegilJ,ter (SPX) 
The SPX register has exchangeability for the X register. 
The SPX register is used to stack the X register and expand 

the addressing system of RAM in combination with the X regis­
ter. It is composed of 4-bit register. 

• V Register (V) 
The result of ALU operation (4 bits) is loaded into this regis­

ter. The Y register has exchangeability for the SPY register. The 
Y register can calculate itself simultaneously with transferring 
data by the bus lines, which is usable for the calculation of two 
or more digits (4 bits/digit). The Y register addresses the RAM 
digit and I-bit Discrete I/O. 

• SPY Register (SPV) 
The SPY register has exchangeability for the Y register. The 

SPY register is used to stack the Y register and expand the ad­
dressing system of RAM and I-bit Discrete I/O in combination 
with the Y register. 

LRA. LRB [ 
Instruction 

LAR. LBR [ 
Instruction 

-

-

----
One Instruction 
Cycle ---.. 
Rn Output 

Instruction 

Rn 

Pattern Instruction 

R2.R3 

• INPUT/OUTPUT 
• 4-bit Data Input/Output Channel (R) 

The HMCS44C has four 4-bit Data I/O Common Channels 
(RO, RI, R2, R3). 

The 4-bit registers (Data I/O Register) are attached to RI, R2 
and R3 channels. 

Each channel is directly addressed by the operand p of input! 
output instruction. 

The data is transferred from the accumulator and the B regis­
ter to the Data I/O Registers RO to R3 via the bus lines. Pattern 
instruction enables the patterns of ROM to be taken into the 
Data I/O Registers R2 and R3. 

Input instruction enables the 4-bit data to be sent to the ac­
cumulator and the B register from RO to R3. Note that, since the 
Data I/O Register output is directly connected to the pin even 
during execution of input instruction, the input data is wired 
logic of the Data I/O Register output and the pin input. 

Therefore, the Data I/O Register should be set to 15 (all bits 
of the Data I/O Register is "I") not to affect the pin input be­
fore execution of input instruction. 

The block diagram is shown in Figure 12. The 1/0 timing is 
shown in Figure 13. 

Output Function 
r-------- --, 

I 
Rn3 

Rn2 

Data 

Rnl 

RnO 

Reset Function 

Figure 12 4-bit Data I/O Block Diagram 

(second cycle) 

Rn Input r--
Instruction 

Rn Sampling Clock 

Figure 13 4-bit Data I/O Timing 

• '-bit Discrete Input/Output Common Terminals (D) 
The HMCS44C has 16 I-bit Discrete I/O Common Terminals. 
The I-bit Discrete I/O Common Terminal consists of a I-bit 

latch and an I/O common pin. 
The I-bit Discrete I/O is addressed by the Y register. The ad­

dressed latch can be set or reset by output instruction and "0" 
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and "1" a level can be tested with the addressed pin by input in­
struction. 

Note that, since the latch output is directly connected to the 
pin even during execution of input instruction, the input data is 
wired logic of the latch output and the pin input. Therefore, the 
latch should be set to "1" not to affect the pin input before ex-
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ecution of input instruction. 
The Do to D3 terminals are also addressed directly by the op­

erand n of input/output instruction and can be set or reset. 
The block diagram is shown in Figure 14 and the 110 timing 

is shown in Figure 15. 

SED. RED.SEDD. [ 
REDO Instruction 

TO ( 
Instruction 

One Instruction Cycle 

~ 

- On Set/Reset 
Instruction 

n lSI Din X 

Set Signal by the reset function 

Set Instruction 

Reset Instruction ___ -t On 

latch 

Figure 14 1-bit Discrete I/O Block Diagram 

On Test ~ 
Instruction .n... 

r--
On Sam lin p g 
Clock 

Figure 15 1-bit Discrete I/O Timing 

• I/O Configuration 
The 110 configuration of each pin can be specified among 

Open Drain and With Pull up MOS using a mask option as 
shown in Figure 16. 

Applied Pins; Do to 0,5. Roo to R03. R,o to R,3. R20 to R23. R30 to R33 
No Pull up MOS With Pull up MOS (PMOS) CMOS 

(Open Drain) 

Vcc 

I/O Enable--f--~' S I PMO 
I i 

I 
I I 
I I 

: NMOS 
I I L ____ J 

Input circuit 

I-r 
I/~ Enable 

* When "Disable" is specified for the I/O State at the Halt State. 
the I/O Enable signal shown in the figure turns off the input circuit. 
Pull up MOS and NMOS output and sets CMOS output to high 
impedance (PMOS. NMOS; OFF). 

Figure 16 I/O Configuration 

• TIMER/COUNTER 
The timer/counter consists of the 4-bit counter and the 6-bit 

prescaler as shown in Figure 17. The 4-bit counter may be loaded 
under program control and is incremented toward 15 by the pre­
scaler overflow output pulse or the input pulse of INTI pin (its 
leading edge is counted). The clock input to the counter is 
selected by the CF F/F. When the CF F/F is "0", the clock 
input is the prescaler overflow output pulse (Timer Mode). 
When the CF F/F is "I", the clock input is the input pulse of 
INTI pin (Counter Mode). When the counter reaches zero (re­
turns from 15 to zero), the overflow output pulse is generated 
and the counter continues to count (14 - 15 - 0 - 1 - 2 
· .. ). 

The TF F/F is a flip-flop which masks interrupts from the 
timer/counter. It can be set and reset by interrupt instruction. If 
the overflow output pulse of the counter is generated when the 
TF F/F is reset ("0"), an interrupt request occurs and the TF F/ 
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F becomes "1". If the overflow output pulse is generated when 
the TF F/F is set ("I "), no interrupt request occurs. The TTF 
instruction enables the TF F /F to be tested. 

The prescaler is a 6-bit frequency divider. It divides a system 
clock (instruction frequency) by 64 into the overflow output 
pulses of "instruction frequency + 64". 

The prescaler is cleared when data is loaded into the counter 
(by L T A or L TI instruction). The frequency division is 0 when 
the prescaler is cleared. At the 64th clock, an overflow output 
pulse is genl:rated from the prescaler. During operation of the 
LSI, the prescaler is operating and cannot be stopped. The rela­
tion between the specified value of the counter and specified time 
in the Timer Mode is shown in Table 3. 

The pulse width of the INTI pin in the Counter Mode must 
be at least 2-cycle time for both "High" and "Low" levels as 
shown in Figure 18. 
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Data Bus 

TF: Set has priority over the reset. 

Interrupt request of Timer/Counter 

Clear 

'-4-__________ INT1 Pulse 

Clock 
(100kHz typo 

Instruction 
Frequency) 

Figure 1 7 Timer /Counter Block Diagram 

Table 3 Timer Range 

Specified Number of Specified Number of 
Time (ms) Time (ms) 

Vah,Je cycles Value cycles 

0 1,024 10.24 8 512 5.12 

1 960 9.60 9 448 4.48 

2 896 8.96 10 384 3.84 

3 832 8.32 11 320 3.20 

4 768 7.68 12 256 2.56 

5 704 7.04 13 192 1.92 

6 640 6.40 14 128 1.28 

7 576 5.76 15 64 0.64 

[NOTE] Time is based on instruction frequency 100kHz. (one instruction cycle = lOps) 

Figure 18 The Pulse Width of the INTI pin in 
the Counter Mode 

• INTERRUPT 
The HMCS44C can be interrupted in two different ways: 

through the external interrupt input pins (INTo, INTI) and the 
timer/counter interrupt request. When any interrupt occurs, pro­
cessing is suspended, the Status F/F is unchanged, the present 
program counter is pushed onto the stack STl and the contents 
of the stacks STl, ST2 and ST3 are pushed onto the stacks ST2, 
STJ and ST4 respectively. At that time, the Interrupt Enable F/F 
(I/E) is set and the address jumps to a fixed destination (Inter­
rupt Address), and then the interrupt routine is executed. Stack­
ing the registers other than the program counter must be per­
formed by the program. The interrupt routine must end with 
RTNI (Return Interrupt) instruction which sets the liE F/F si­
multaneously with the RTN instruction. 

The Interrupt Address: 
Input Interrupt Address ..... 

1 Page 3 F Address 
Timer/Counter Interrupt Address ..... 

o Page 3F Address 
The input interrupt has priority over the timer/counter inter­

rupt. 
The INTo and INTI pin have an interrupt request function. 
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Each terminal consists of a circuit which generates leading 
pulse and the interrupt mask F/F (lFO, IF!). An interrupt is 
enabled (unmasked) when the IFO' F/F or IFI F/F is reset. 
When the INTo or INTI pin changes from "0" to "I" (from 
"Low" level to "High" lev~I), a leading pulse is generated to 
produce an interrupt request. At the same time, the IFO F/F or 
IFI F/F is set. When the IFO F/F or IFI F/F is set, the interrupt 
masking for the pin will result. (If a leading pulse is generated, 
no interrupt request occurs.) 

An interrupt request generated by the leading pulse is latched 
into the input interrupt request F/F (I1RI) on the input side. If 
the Interrupt Enable F /F (I/E) is "1" (Interrupt Enable State), 
an interrupt occurs immediately and the IIRI F/F and the liE F/ 
F are reset. If the liE F/F is "0" (Interrupt Disable State), the II 
RI F/F is held at "I" until the HMCS44C gets into the Interrupt 
Enable State. 

The IFO F/F, the IFI F/F, the INTo pin and the INTI pin can 
be tested by interrupt instruction. Therefore, the INTo and the 
INTI can be used as additional input pins with latches. 

The INTo pin and INTI pin can be provided with Pull up 
MOS using a mask option as shown in Figure 19. 

An interrupt request from the timer/counter is latched into 
the timer interrupt request F/F (I/RT). The succeeding opera­
tions are the same as an interrupt from the input. Only the ex­
ception is that, since an interrupt from the input precedes a 
timer/counter interrupt, the input interrupt occurs if both the II 
RI F/F and the I1RT F/F are "I" (when the input interrupt and 
the timer/counter interrupts are generated simultaneously). Dur­
ing this processing, the IIRT F/F remains "I". The timer/coun­
ter interrupt can be implemented after the input interrupt pro­
cessing is achieved. 

The interrupt circuit block diagram is shown in Figure 20. 
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No Pull up MOS 

Vcc 
I/O Enable--r------j 

I . o---K PMOS 

I • 
I I 
L ______ J Input circuit 

With Pull up MOS (PMOS) 

Vcc 

I 
I 
I 
I 
I 
I I 
I I 
L ______ J Input circuit 

* When "Disable" is specified for the I/O State at the Halt State. 

INTo 

• RESET FUNCTION 

the I/O Enable signal shown in the figure turns off the input circuit and 
Pull up MOS. 

Figure 19 Configuration of INTo and INT, 

IFO. IFl : Set has priority over reset. 

Figure 20 Interrupt Circuit Block Diagram 

reset function. 
The reset is performed by setting the RESET pin to "1" 

("High" level) and the HMCS44C gets into operation by setting 
it to "0" ("Low" level). Refer to Figure 21. Moreover, the 
HMCS44C has the automatic reset function (ACL; Built-in Reset 
Circuit). The Built-in Reset Circuit restricts the rise condition of 
the power supply. Refer to Figure 22. When the Built-in Reset 
Circuit is used, RESET should be connected to V ss. 

Program Counter (PC) is set to 3F address on 31 page (31-
3F). 
URI, IIRT, liE and CF are reset to "0". 
IFO, IFI and TF are set to "1". 
Reset/Set of 110 latch and register (Do to DIS' RO to R6) are 
set to "1". 
Note that other blocks (Status, Register, Timer/Counter, 

RAM, etc.) are not cleared. Internal state of the HMCS44C are specified as follows by the 

Vee 

• tRSTl 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. 

Figure 21 RESET Timing 
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O.2V 
Vcc----'I 

tOFF specifies the period when the power supply is OFF in the case that a short break 
of the power supply occurs and the power supply ON/OFF is repeated. 

Figure 22 Power Supply Timing for Built-in Reset Circuit 

• HALT FUNCTION 
When the HLT pin is set to "0" ("Low" level), the internal 

clock stops and all the internal statuses (RAM, the Registers, the 
Carry FIF, the Status FIF, the Program Counter, and all the in­
ternal statuses) are held. Because all internal logic operation stop, 
power consumption is reduced. There are two input/output 
statuses in the Halt State. The user should specify either "En­
able" or "Disable" using a mask option at the time of ordering 
ROM. 
"Enable" 1 Output ........ The Status before the Halt State 

is held. 
Pull up MOS ... ON 
Input. ......... No relation to "Halt" 
Since Pull up MOS is ON, Pull up MOS current 
flows with output "0" ("Low" level) in the Halt 
State (NMOS;ON). When an input signal changes, 
transmission current flows into an input circuit. 
Also, current flows into Pull up MOS. These cur-

Vcc ________ ~ 

m:T 

rents are added to the Stand-by Supply Current 
(or Halt Current). 

"Disable"1output ........ High Impedance 
(NMOS, PMOS: OFF) 

Pull up MOS ... OFF 
Input. ......... Input Circuit: OFF 
Both input and output are at high impedance 
state. Since an input circuit is OFF, any current 
other than the Stand-by Supply Current (or Halt 
Current) does not flow even if an input signal 
changes. 

When the HLT pin is set to "I" ("High" level), the HMCS-
44C gets into operation from the status just before the Halt State. 

The halt timing is shown in Figure 23. 

CAUTION 
If, during the Halt State, the external reset input is applied 

(RESET = "I" ("High" level), the internal status is not held. 

~-------------------tHLT--------------~ .. 

Figure 23 Halt Timing 
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• OSCILLATOR 
The HMCS44C contains its own oscillator and frequency di­

vider (CPO). The user can obtain the desired timing for opera­
tion of the LSI by merely connecting an resistor Rf or ceramic 
filter circuit (Internal Clock Operation). 

The OSCI clock frequency is internally divided by four to pro­
duce the internal system clocks. 

The user may exchange the external parts for the same LSI to 
select either of these two operational modes as shown in Figure 
24. There is no need of specifying it by using the mask option. 

(a) Internal Clock Operation Using Resistor Rt 

Wiring of OSC. and OSCz terminals should be as short as 
possible because the oscillation frequency is 
modified by capacitance of these terminals. 

(b) Internal Clock Operation Using Ceramic Filter Circuit (Built-in CPG ; Ceramic Filter Oscillator) 
(This is not applied to HMCS44Cl.) 

Ceramic pC' 
Filter 

C2 

GND 

OSC. Ceramic Filter: CSB400P (MURATA) 

At : lMO:!:10% 
C. : 2200pF± 10% (ceramic capacitor) 
C2 : 4 70pF:!: 10% (ceramic capacitor) 

F
C

• _-....... --10SC. 

~~~~mic ~ 
C2 

--+--IOSCz 

'-----

Ceramic Filter: FCR-400K (TDK) 
R, : lMO±10% 

C. l000pF:!: 10% (ceramic capacitor) 
C2 : l000pF:!: 10% (ceramic capacitor) 

The. ceramic filter oscillation does not apply when using "Halt" and 
not resetting at the time of "Halt" cancellation. 
This circuit is the example of the typical use. As the oscillation 

characteristics is not guaranteed. please consider and examine the 
circuit constants carefully on your application. 

Figure 24 Clock Operation Mode 
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• INSTRUCTION LIST 
The instructions of the HMCS44C are listed according to their 

functions, as shown in Table 4. 

Table 4 Instruction List 

Group Mnemonic Function 

LAB B-+A 

LBA A-+B 

Register • Register LAY Y-+A 

Instruction LASPX SPX -+ A 

LASPY SPY -+ A 

XAMRm A .... MR (m) 

LXA A-+X 

LYA A-+Y 

LXI i i -+ X 

LYI i i -+ Y 

IY Y+1 -+ Y 
RAM Address Register 

DY Y-1 -+ Y 
Instruction 

AYV Y+A -+ Y 

SYY V-A -+ Y 

XSPX X .... SPX 

XSPY Y .... Spy 

XSPXY X .... SPX. Y .... SPY 

LAM (XY) M -+ A (XY ..... SPXY) 

LBM (XY) M -+ B (XY ..... SPXY) 

RAM • Register XMA (XY) M <-+ A (XY ..... SPXY) 

Instruction XMB (XY) M .... B (XY ..... SPXY) 

LMAIY (X) A -+ M, Y + 1 -+ Y (X <-+ SPX) 

LMADY (X) A -+ M, Y -1 -+ Y (X <-+ SPX) 

LMIlYi 
Immediate Transfer 

i -+ M. Y+1 -+ Y 

LAI i i -+ A 
Instruction 

LBI i i -+ B 

AI i A+i -+ A 

IB B+ 1 -+ B 

DB B-1 -+ B 

AMC M+A+C (F/F) -+ A 

SMC M-A-C(F/F) -+A 

AM M+A -+ A 

DAA Decimal Adjustment (Addition) 

DAS Decimal Adjustment (Subtraction) 
Arithmetic Instruction 

A+1 -+ A NEGA 

COMB B-+B 

SEC "1" -+ C (F/F) 

REC "0" -+ C (F/F) 

TC Test C (F/F) 

ROTL Rotation Left 

ROTR Rotation Right 

OR AUB-+A 
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Status 

NZ 

NB 

C 

NB 

NZ 

NB 

NZ 

C 

NZ 

NB 

C 

NB 

C 

C (F/F) 

(to be continued) 
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Group Mnemonic Function Status 

MNEI i M* i NZ 

YNEI i Y * i NZ 

AN EM A*M NZ 

Compare Instruction BNEM B*M NZ 

AlEI i A ;;; i NB 

AlEM A;;;M NB 

BlEM B;;;M NB 

SEM n "'" -- M (n) RAM Bit Manipulation 
REM n "0" -- M (n) 

Instruction 
TM n Test M (n) M(n) 

BR a Branch on Status , , 
ROM Address 

CAL a Subroutine Jump on Status , 1 

lPU u load Program Counter Upper on Status 1 
Instruction 

TBR p Table Branch 

RTN Return from Subroutine 

SEIE "'" -- I/E 
SEIFO "'" -- IFO 
SElF' "'" -- IF' 
SETF "'" -- TF 
SECF "'" -- CF 
REIE "0" -- I/E 

REIFO "0" -- IFO 

REIF, "0" -- IF' 

RETF "0" -- TF 

Interrupt Instruction RECF "0" -- CF 

TIO Test INTo INTo 

TI' Test INT, INT, 

TIFO Test IFO IFO 

TIF, Test IF' IF1 

TTF Test TF TF 

lTI i i -- Timer/Counter 

lTA A -- Timer/Counter 

lAT Timer /Counter -- A 

RTNI Return Interrupt 

SED "'" -- D (Y) 
RED "0" -- D (Y) 

TD Test D (Y) D(Y) 

SEDD n "'" -- D (n) 
Input/Output REDD n "0" -- D (n) 

Instruction 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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[NOTE) 1. (XV) aft.r a mn.monic code has four m.anings as follows. 
Mnemonic only Instruction .xecution only 
Mn.monic with X Aft.r instruction .xecution, X - SPX 
Mn.monic with Y Aft.r instruction .xecution, Y - Spy 
Mn.monic with XY Aft.r instruction .xecution, X - SPX, Y - Spy 

[Exampl.) LAM M - A 
LAMX M - A, X - SPX 
LAMY M - A, Y - Spy 
LAMXY M - A, X - SPX, Y - SPY 

2. StatUI column shows the factor which brings the Status F /F "1" under judg.ment instruction or instruction accompanying the judgem.nt. 
NZ ........ ·ALU Not Z.ro 
C ........ ·ALU Overflow in Addition, that is, Carry 
NB ........ ·ALU Overflow in Subtraction, that is, No Borrow 
Except above ........ ·Cont.nts of the status column affects the Status F/F directly. 

3. The Carry F/F (C(F/F)) is not always affected by executing the instruction which affects the Status F/F. 
Instructions which affect the Carry F/F ar •• ight as follows. 

AMC SEC 
SMC REC 
DAA ROTL 
DAS ROTR 

4. All instructions exc.pt the patt.rn instruction (P) are ex.cut.d in 1 instruction cycl.. Th. pattern instruction (P) is executed 
in 2 instruction cycles. 
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I HMCS44C Mask Option list I 

(1) I/O Option 

Pin I/O Option Pin 
I/O Remarks 

Name A B C Name 

Do I/O Roo 

01 I/O ROI 

02 I/O R02 

03 I/O R03 

04 I/O RIO 

05 I/O Rll 

06 I/O R12 

07 I/O R13 

08 I/O R20 

09 I/O R21 

010 I/O R22 

011 I/O R23 

012 I/O R30 

013 I/O R31 

014 I/O R32 

015 I/O R33 

INTo I 

-------INTI I ----* Specify the I/O composition with a mark of ·0" in the applicable composition column. 
A : No pull up MOS B : With pull up MOS C : CMOS Output 

(2) Oscillator & Halt 

~ Not Used 
Oscillator 

Resistor 

Ceramic Resonator 

External Clock 

* Please check one section on the above chart. 

(3) I/O State at "Halt" Mode 

I/O State 

0 Enable 

0 Disable 

* Mark "y" in "0" for the selected I/O 
state. 

(4) Supply Voltage (Vee! 

Supply Voltage (Vee! 

0 5±O.5V 

0 2.5V to 5.5V 

* Mark·y" in ·0· for the selected supply 
voltage. 

Used (Reset is applied 

when Halt release) 
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Date 

Customer's Name 

ROM CODE 10 

Hitachi P /N 

I/O Option 
I/O 

A B 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

Used (Reset is not applied 

when Halt release) 

~ 

(5) Package 

Package 

0 OP-42 

0 OP-42S 

* Mark V ., in "0" for 
the selected package. 

C 
Remarks 



HMCS45C(H044820)---­
H M CS45CL( H 044828) 

The HMCS45C is the CMOS 4-bit single chip microcomputer 
which contains ROM, RAM, I/O and Timer/Event Counter on 
single chip. The HMCS45C is designed to perform efficient con­
troller function as well as arithmetic function for both binary and 
BCD data. The CMOS technology of the HMCS45C provides the 
flexibility of microcomputers for battery powered and battery 
back-up applications. 

• 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 (4 bits/Digiti 
• 44 I/O Lines and 2 External Interrupt Lines 
• Timer/Event Counter 
• Instruction Cycle Time: HMCS45C; 10 p's 

HMCS45CL; 20 p.s 
• 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 I/O 
• Option of I/O Configuration Selectable on Each Pin; Pull Up 

MOS or CMOS or Open Drain 
• Built-in Oscillator 
• Built-in Power-on Reset Circuit (HMCS45C only) 
• Low Operating Power Dissipation; 2mW typo 
• Stand-by Mode (Halt Mode); 50 p. W max. 
• CMOS Technology 
• Single Power Supply: HMCS45C; 5V± 1 0% 

HMCS45CL; 2.5V to 5.5V 

HMCS45C,HMCS45CL 

(FP-54) 

HMCS45C,HMCS45CL 

(DP-64S) 

• PIN ARRANGEMENT 

GND 22 
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HMCS45C, 
HMCS45CL 

D.~ 0 
D, 

D, 3 

D, 

D, 

D, 

<NC> 

<NC> 

<NC> 8 

D" ~ 
DII " 
D,. 1 

D .. 

D tt 1 

0,.1 

R •• 

Roll 1 

R •• 1 

R ... 1 

R .. 

R" 1 

R .. 

R .. 

RESET 

<NC> 

<NC> 

GND 

OSC, 

OSC, 

JIlT 
'fRf 1 

Vee 

(Top View) 

D, 

D. 

D, 

1 Do 

R .. 

<NC> 

<NC> 

<NC> 

R .. 

R" 
R .. 

R .. 

R .. 

, R.I' 

R .. 

R .. 

HMCS45C, 
R .. 

R .. 

HMCS45CL R .. 

flNT, 

INTo 

" .. 
R .. 

1 <NC> 

<NC> 

<NC> 

R" 

R,. 

R .. 

R .. 

R .. 

R .. 
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• BLOCK DIAGRAM 

AOM 
2.048 x 10 bit 
Iprogram memory) 
128 x 10 bit 
lpattern memory) 

f) 
PC 111 bid 

~I n 
Stack Aegister 

14 x 11 bid 

~ A B X 

In, SPX 

IT 
Timer/Counter I 

/'" I 
Ij Interrupt ~ 

l 

y 

Spy 

addressing 

AAM 
160 x 4 bit 

:~ 
~I 

:.ri 
~I 
~ 

; 
~~ 
~I ,.., 
H 

.. -- - - --- -- - --- ------, , , 
I , .... 

A6 , , AS A4 , 
L __ - - - --

M ... 
I ~ ..1 

J I 

~ {} 

Instruction 
Oecoder 

-
-~ - -

Jj 
;:) 
..J 
« 

,,~ 

7 

r----
c: "-0 
.~ 

'3 a. 
'c 

~:i 

,r_ 
I 
I 
I 

a: , 
I , , 
I 
I -- ~l , , L ____ 

-~ 
;----

,..---- -, 
:~ , 
, I , 
I 

I I 
I 

, 
, :c : I 

~ I 
I : , 
~ I : I 

I 0 : I 
I 
I , 
I , ..... 
:n---- j 

... 
c: 

'~ --
'0 ---g 

-
II) II) 
;:) ;:) 
III III -N 

1ii II) 

E!-
-" 

B= 
-----

I/O Common 

::I 

A,. 
-A .. 

J 

;;;. 
l-

l 
f--<> 
f--<> 

f-o 

--0 

--0 

f--<> 
~ 

0 .. 
0 ,• 
0" 

VCC 

GND 

AESET 

OSC, 

osc, 

* Power-on Reset Circuit 
(ACL) is not built in HMCS45CL. 
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• HMCS46C ELECTRICAL CHARACTERISTICS (Vee = 5V± 1 0%) 
eABSOLUTE MAXIMUM RATINGS 

Item Symbol Value 

Supply Voltage Vee -0.3 to +7.0 

Terminal Voltage (1) VT1 -0.3 to Vee+0.3 

Terminal Voltage (2) VT2 -0.3 to + 1 0.0 

Maximum Total Output Current (1) . -~IOI 45 

Maximum Total Output Current (2) ~lo2 45 

Operating Temperature Top, -20 to +75 

Storage Temperature Tstg -55 to +125 

Unit Remarks 

V 

V Except for terminal.s specified by VT2 

V :~SI;:~e~~dC:~I~ rro'::-:~~o~~,~~.t pins 
mA [NOTE 3] 

mA [NOTE 3J 

"C 

"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 affect reliability of LSI. 

[NOTE 2] All voltages are with respect to GND. 
[NOTE 3] Maximum Total Output Current is total sum of output currents which can flow out (or flow in) simultaneously. 
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• ELECTRICAL CHARACTERISTICS-1 (Vee=5V±10%. Ta=-20'C to +75'C) 

Value 
Item Symbol Test Conditions 

min. typo 

Input "Low" Voltage V,L - -

Input "High" Voltage (1) V,HI Vee- 1.O -

Input "High" Voltage (2) V,H2 Vee- 1.O -

Output "Low" Voltage VOL IOL=1.6mA - -

Output "High" Voltage (1) VOHI -loH=1.0mA 2.4 -

Output "High" Voltage (2) VOH2 -loH=O.Ol mA Vec-0.3 -

Interrupt Input Hold Time tiNT 2·Tinst -

Interrupt Input Fall Time tfiNT - -

Interrupt Input Rise Time trlNT - -

Output "High" Current IOH VOH=10V - -

Vin=O to Vce - -

Input Leakage Current IlL 
Vin=O to 10V - -

Pull up MOS Current -Ip Vcc=5V 60 -

Vin=Vcc• 

Supply Current (1) Icc I Ceramic Filter - -

Oscillation 

Vin=Vcc• 

Supply Current (2) Icc2 Rf Oscillation. ~ ~ 

External Clock Operation 

--_ .1 Vin=O to Vcc - -

Standby I/O Leakage Current ks HLT -1.0V1 . -0 10V V,n- to ~ -

Standby Supply Current Ices Vin=Vcc• HLT=0.2V - -

External Clock Operation 

External Clock Frequency fcp 200 400 

External Clock Duty Duty 45 50 

External Clock Rise Time trcp 0 -

External Clock Fall Time tfcp 0 -

Instruction Cycle Time Tinst Tinst=4/fcp 9.1 10 

Internal Clock Operation (Rf Oscillation) 

Clock Oscillation Frequency Rf=91kO±2% 

Clock Oscillation Frequency Ceramic Filter Circuit 

Instruction Cycle Time Tinst=4/fosc 

[NOTE 1) All voltages are with respect to GND. 
[NOTE 2) This is applied to RESET. HIT. OSC,. INTo. INTt and the With Pull up MOS or CMOS type of I/O pins. 
[NOTE 3) This is applied to the Open Drain type of I/O pins. 
[NOTE 4) This is applied to the CMOS type of I/O or Output pins. 
[NOTE 5) This is applied to the With Pull up MOS or CMOS type of I/O or Output pins. 
[NOTE 6) This is applied to the Open Drain type of I/O or Output pins. 
[NOTE 7) I/O current is excluded. 
[NOTE 8) The Standby I/O Leakage Current is the I/O leakage current in the Halt and Disable State. 
[NOTE 9) I/O current is excluded. 

Unit 
max. 

1.0 V 

Vee V 

10 V 

0.8 V 

- V 

- V 

- J.l.s 

50 J.l.S 

50 J.l.S 

3 J.l.A 

1.0 

3 
J.lA 

250 J.lA 

2 mA 

1.0 mA 

1 J.l.A 

3 J.lA 

10 J.l.A 

440 kHz 

55 % 

0.2 J.l.S 

0.2 J.l.s 

20 J.l.S 

The Standby Supply Current is the supply current at Vcc = 5V ± 10% in the Halt State. The supply current in the case where the supply 
voltage falls to the Halt Duration Voltage is called the Halt Current (lOH). and it is shown in "ELECTRICAL CHARACTERISTICS-V' 
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eELECTRICAL CHARACTERISTICS-2 (Ta=-20 to +75'C) 
Reset and Halt 

Item Symbol Test Conditions 

Halt Duration Voltage VOH HLT=0.2V 

Halt Current IOH 
Vin=Vcc 

HLT=0.2V.VoH=2.3V 

Halt Delay Time tHO 

Operation Recovery Time tRC 

AIl Fall Time tfHLT 

HIT Rise Time trHLT 

RIT "Low" Hold Time tHLT 

Rt Oscillation. External 

HIT "High" Hold Time tOPR 
Clock Operation 

Ceramic Filter 

Oscillation 

Power Supply Rise Time trCC 
Built-in Reset. 

HLT=Vcc 

Power Supply OFF Time 
Built-in Reset. 

tOFF 
HLT=Vcc 

External Reset. 

Vcc=4.5 to 5.5V.HIT=Vcc 

(Rt Oscillation. External 

RESET Pulse Width (1) tRST1 
Clock Operation) 

External Reset 

Vcc=4.5 to 5.5V.HLT=Vcc 

(Ceramic Filter 

Oscillation) 

RESET Pulse Width (2) tRST2 
External Reset 

Vcc=4.5 to 5.5V.HIf=vcc 

External Reset 
RESET Rise Time trRST 

Vcc=4.5 to 5.5V.HLT=Vcc 

RESET Fall Time tfRST 
External Reset 

Vcc=4.5 to 5.5V. m:T=Vcc 

[NOTE) All voltages are with respect to GND . 

• HMCS45CL ELECTRICAL CHARACTERISTICS (Vcc=2.5V to 5.5V) 

eABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage Vee -0.3 to + 7.0 V 

Terminal Voltage (1) VT1 -0.3 to Vcc+0.3 V 

Terminal Voltage (2) VT2 -0.3 to + 1 0.0 V 
Maximum Total Output Current (1) -1101 45 mA 

Maximum Total Output Current (2) 1102 45 mA 

Operating Temperature Top, -20 to +75 'C 

Storage Temperature Tstg -55 to +125 'C 

Value 
Unit 

min. typo max. 

2.3 - - V 

- - 10 J-lA 

100 - - J-lS 

100 - - J-lS 

- - 1000 J-lS 

- - 1000 J-lS 

400 - - J-lS 

0.1 - -

ms 

4 - -

0.1 - 10 ms 

1 - - ms 

, - -

ms 

4 - -

2· 
- - J-lS 

Tinst 

- - 20 ms 

- - 20 ms 

Remarks 

Except for terminals specified by VT2 
Applied to only open-drain output pins 
and open-drain I/O common pins. 

(Note 3) 

(Note 3) 

[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 affect reliability of LSI. 

[NOTE 2] All voltages are with respect to GND. 
[NOTE 3] Maximum Total Output Current is total sum of output currents which can flow out (or flow in) simultaneously. 
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• ELECTRICAL CHARACTERISTICS-' (Vcc=2.5 to 5.5V, Ta= -20 to + 75"C) 

Symbol Test Conditions 
Value 

Unit Item 
min. typo max. 

Input "Low" Voltage VIL - - 0.15·Vcc V 

Input "High" Voltage (1) VIHI 0.S5·Vcc - Vcc V 

Input "High" Voltage (2) VIH2 0.S5·Vcc - 10 V 

Output "Low" Voltage VOL IOL=0.4mA - - 0.4 V 

Output "High" Voltage VOH -loH=O.OSmA Vcc-0 .4 - - V 

Interrupt Input Hold Time tiNT 2·Tinst - - J.ls 

Interrupt Input Fall Time tflNT - - 50 J.lS 

Interrupt Input Rise Time trlNT - - 50 J.ls 

Output "High" Current IOH VOH=10V .- - 3 J.lA 

Vin=O to Vcc - - 1.0 
Input Leakage Current ilL 

Vin=O to 10V 3 
J.lA 

- -

Pull-up MOS Current -Ip Vcc=3V 10 - SO J.lA 

Vin=VCC, Vcc=3V 

Supply Current Icc 
(fosc/fcp=200kHz) 

- - 140 J.lA 
Rf Oscillation, External 

Clock Operation 

HIT Vin=O to Vcc - - 1 J.lA 
Standby I/O Leakage Current ILs 

=0.5V Vin=O to 10V 3 J.lA - -

Standby Supply Current 
Vin=Vcc Vcc=2.5 to 3.5V - - 6 J.lA 

Ices 
RI'f=0.1V Vcc=2.5 to 5.5V 10 - - J.lA 

External Clock Operation 
.- .... ................ - ....... .... . 

External Clock Frequency fcp 130 200 240 kHz 

External Clock Duty Duty 45 50 55 % 

External Clock Rise Time trcp 0 - 0.2 J.lS 

External Clock Fall Time tfcp 0 - 0.2 J.lS 

Instruction Cycle Time Tinst Tinst=4/fcp 16.S 20 30.S J.lS 

Internal Clock Operation (Rf Oscillation) 
--------- ... .......... ..... -------

Rf=1S0k!l± 2% 
130 -

Clock Oscillation Frequency fosc 
Vcc=2.5 to 3.5V 

1----' 
Rf = 1'SOk!l ± 2% 

130 -
Vcc=2.5 to 5.5V 

Tinst = 4/fosc , 
16 -

Instruction Cycle Time Tinst 
Vcc=2.5 to 3.5V 

Tinst=4/f OSC' 
11.4 -

Vcc=2.5 to 5.5V 

INOTE 11 All voltages are with respect to GND. 
INOTE 21 This is applied to RESET, R[T, OSC" INTo, INT, and the With Pull up MOS or CMOS type of 1/0 pins. 
INOTE 31 This is applied to the Open Drain type of I/O pins. 
I NOTE 41 This is applied to the CMOS type of I/O or Output pins. 
INOTE 51' This is applied to the Open Drain type of I/O or Output pins. 
INOTE 61 I/O current is excluded. 
INOTE 71 The Standby I/O Leakage Current is the I/O leakage current in the Halt and Disable State. 
INOTE 81 I/O current is excluded. 

250 

kHz 

350 

30.S 

J.lS 

30.S 

Note 

2 

3 

4 

5 

2 

3 

6 

2, 7 

3, 7 

S 

----_ .. -...... 

The Standby Supply Current is the supply current at Vcc=2.5V to 5.5V in the Halt State. The supply current in the case where the supply 
voltage falls to the Halt Duration Voltage is called the Halt Current (IDHI, and it is shown in "ELECTRICAL CHARACTERISTICS-2." 
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• ELECTRICAL CHARACTERISTICS-2 (Ta = - 20 to + 75 'C) 

Reset and Halt 

Value 
Item Symbol Test Conditions Unit 

min. max. 

Halt Duration Voltage VOH HlT=0.2V 2.0 - V 

Halt Current IOH 
Vin=Vcc, RIT=0.1V 

10 JlA -
VOH=2.0V 

Halt Delay Time tHD 200 - JlS 
Operation Recovery Time tRC 200 - JlS 
RIT Fall Time tfHlT - 1000 JlS 
RIT Rise Time trHlT - 1000 Jls 
RIT "low" Hold Time tHLT 800 - JlS 

Rt Oscillation, External 
RIT "High" Hold Time tOPR Clock Operation 0.2 - ms 

Vcc=2.5 to 5.5V 

External Reset, 

RESET Pulse Width (1) tRST1 
Vcc=2.5 to 5.5V, HIT=Vcc 

2 -
(Rt Oscillation, External 

ms 

Clock Operation) 

External Reset, 
2· 

RESET Pulse Width (2) tRST2 Vee = 2.5 to 5.5V - JlS 

HlT=Vcc 
RESET Fall Time tfRST Hli=vcc 
RESET Rise Time trRST HlT=Vcc 

[NOTE) All voltages are with respect to GND. 

• SIGNAL DESCRIPTION 
The input and output signals for the HMCS45C, shown in 

PIN ARRANGEMENT, are described in the following para­
graphs. 

• Vee and GND 
Power is supplied to the HMCS45C using these two pins. Vee 

is power and GND is the ground connection. 

• RESET 
This pin allows resetting of the HMCS45C at times other than 

the automatic resetting capability (ACL; Built-in Reset Circuit) 
already in the HMCS45C. 

The HMCS45C can be reset by pulling RESET high. Refer to 
RESET FUNCTION for additional information. 

• OSC I and OSC 2 
These pins provide control input for the built-in oscillator cir­

cuit. Resistor and capacitor, 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. 

• RtT This pin is used to place the HMCS45C in the Halt State. 
Refer to HALT FUNCTION for details of tpe Halt Mode. 

• TRT 
This pin is not for user application and must be connected to 

Vee 

• INTo and INT I 
These pins provide the capability for asynchronously applying 

external interrupts to the HMCS45C. 
Refer to INTERRUPTS for additional information. 
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Tins, 

.- 20 ms 
- 20 ms 

• Roo to R03' RIO to R,3' R20 to R23• R30 to R33' R40 to R43• 
R50 to R53 
These 24 lines are arranged into six 4-bit Data Input/Output 

Common Channels. 
The 4-bit registers (Data I/O Register) are attached to these 

channels. Each channel is directly addressed by the operand of 
input/output instruction. Refer to INPUT/OUTPUT for addi­
tional information. 

• R60 to R63 
These 4 lines are the 4 bit Data Output Channel. 
The 4-bit register (Data I/O Register) is attached to this chan­

nel. This channel is directly addressed by the operand of input/ 
output instruction. Refer to INPUT/OUTPUT for additional in­
formation. 

• Do to D'5 
These lines are 16 I-bit Discrete Input/Output Common Pins. 

The I-bit latches are attached to these pins. Each pin is addressed 
by the Y register. The Do to 0 3 pins are also addressed directly 
by the operand of input/output instruction. Refer to INPUT/ 
OUTPUT for additional information. 

• ROM 
• ROM Address Space 

ROM is used as a memory for the instructions and the pat­
terns (constants). The instruction used in the HMCS45C consists 
of 10 bits. These 10 bits are called "a word", which is a unit for 
writing into ROM . 

The ROM address is composed of the program area (0 page 
to 31 page) and the pattern area (61, 62 page) (64 words/page). 

The ROM capacity is 2,176 words (1 word = 10 bits) in all. 
Only the program area can contain both the instructions and 

the patterns (constants). 
The ROM address space is shown in Figure 1. 
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• Program Counter (PC) 

1---64 words~ 

1F OF 07_ 3D 3E 3F (Hexa-decimal) 

JJ 0 
JJi 1 

2 

Program Area 

30 

page 
page 
page 

( 

I 
page 

Timer/counter Interrupt Address (0 page 3F address) 
Input Interrupt Address (1 page 3F address) 

fji 31 page 
1---64 words---f Reset Address (31 page 3F address) 
1 F OF 07 _ 3D 3E 3F (Hexa-decimal) 

Pattern Area 61 page 
Pattern Area 62 page 

Figure ROM Address Space 

The program counter is used for addressing of ROM. It con­
sists of the page part and the address part as shown in Figure 2. 

Once a certain value is loaded into a page part, the content is 
unchanged until other value is loaded by the program. The setta­
ble value of a page part is any number between 0 to 31. 

Page Part ~--- Address Part ---..... 

PCe 

Figure 2 Configuration of Program Counter 

The address part is a 6-bit polynomial counter and counts up 
for each instruction cycle time. The sequence in the decimal and 
hexa-decimal system is shown in Table 1. This sequence is cir­
culating 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 page part 
is changed. 

Table 1 Program Counter Address Part Sequence 

Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadecimal 
63 3F 5 05 9 09 
62 3E 11 08 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 00 42 2A 
39 27 27 18 20 14 
14 OE 54 36 40 28 
29 10 45 20 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 

67 



HMCS45C,HMCS45CL--------------------------------------------------------

• Designation of ROM Address and ROM Code 
The page part of the ROM address is represented by decimal 

and the address part is divided into 2 parts (2 bits and 4 bits) and 
represented by hexa-decimal. 

One word (Io bits) is divided into three parts (2 bits, 4 bits 
and 4 bits from the most significant bit 0 10) and represented by 
hexadecimal. The examples are shown in Figure 3. 

(a) ROM Address 

,-Page Part-y---Address Part~ 

11 : 0 : 1 : 0 : 0 11 : 0 : 0 : 1 : 1 : 0 IA:::f~:26 
\ A Hexa- A . d26 address) 
~Decimal~L ....JL- Hexa-declmal--' 

deCimal 

(b) ROM Code 

I :":-: :0: : :0: : 0: ~'I ~~~'~~'::·1.5 
L Hexa· ~ Hexa·decimal ~ Hexa.decimal--.l 

decimal 

Figure 3 Designation of ROM Address and ROM Code 

• PATTERN GENERATION 
The pattern (constants) can be accessed by the pattern in­

struction (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 reg­
ister, the Carry F IF 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 is ORed with the upper 2 bits of B register, the Carry FIF 
and the operand p (po, p.). The upper bit (1'2) of the operand is 
for referring to the pattern area. 

The value of the operand p is 0 to 7. 
The content of the program counter is only modified ap­

parently and is not changed. Then the address is counted up after 
the execution of the pattern instruction and the next instruction 
is executed. 

The execution time of this instruction is 2-cycle time. 
Even when interrupt is enable, interrupt is disabled in the sec­

ond cycle of the pattern instruction. However, the interrupt re­
quest is latched into the interrupt request F/F. 

• Generation 
The pattern of referred ROM address is generated as the fol­

lowing two ways: 
(j) The pattern is loaded into the accumulator and B register. 
(ij)The pattern is loaded into the Data 110 registers R2 and R3. 

Selection is determined by the command bits (09 , 0 10) in the 
pattern. 

Mode (i) is performed when 0 9 is "1" and mode (ij) is per­
formed when 010 is "1". 

Mode (i) and mode (ii) are simultaneously performed when 
both 0 9 and 010 are "1" . 

The correspondence of each bit of the pattern is shown in 
Figure 5. 

Examples of the pattern instruction usage is shown in Table 2. 

Figure 4 ROM Addressing for Pattern Generation 

I 010: 09 : Os : 07 : 06 : 05 : 04 : 03 : 02 : 01 I ROM Pattern 

r---, 
I 
I 
I L __ -J 

I B3 : B2 : Bl : Bo I Ao : Al : A2 : A31 ~~:d;dr~;::t;CCumulator 

I R20 : R21: R22: R231 R30: R31 : R32 : R331 Loaded into R2 and R3 registers 

Figure 5 Correspondence of Each Bit of Pattern 
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Table 2 Example of Pattern Instruction Usage 

Before Execution Referred After Execution 
ROM Pattern 

PC Value P C B A Address B A R2 R3 

0-3F 1 0 A 0 10-20 120 2 B - -

0-3F 7 1 4 0 61-00 220 - - 4 B 

30-00 4 0/1 0 9 62-09 320 2 B 4 B 

30-00 4 0/1 F 9 63-39 

"-" means that the value is unchanged after the execution. 
"0/'" means that either "0" or "'" will do. 

• 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. 

o 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 lower 6 bits of the program counter. This 
instruction is a conditional instruction and executed only when 
the Status F IF is "1". If it is "0", the instruction is skipped and 
the Status F IF becomes "1". The operation is shown in Figure 
6. 

06 __ 0, 

ROMI ~R: I : : ~ : : I 

""" 
Figure 6 BR Operation 

• LPU 
By LPU instruction, the jump of page is performed. 
The lower 5 bits of the ROM Object Code (operand u) are 

transferred to the page part of the program counter with a delay 
of 1 instruction cycle time. Therefore, the cycle just after the 
issuing of this instruction is on the same page and the page jump 
is performed at the next cycle. 

This instruction is a conditional instruction and performed 

only when the Status is "1". But the Status is unchanged (re­
mains "0") even if it is skipped. The operation is shown in 
Figure 7. 

• BRL 

05 _______ 0, 

ROM I ~P~: I : : u: : I 
~delaYbY Yiffl '-cycle time 

Figure 7 LPU Operation 

By BRL instruction, the program branches to an address in 
any page. 

This instruction is a macro instruction of LPU and BR in­
structions, which is divided into two instructions as follows. 

BRL a - b-LPU a 
<Jump to b address on a page> BR b 

BRL instruction is a conditional instruction because of charac­
teristics of LPU and BR instructions, and is executed only when 
the Status FIF is "1". Ifthe Status FIF is "0", the instruction is 
skipped and the Status F IF becomes "1". 

• TBR (Table Branch) 
By TBR instruction, the program branches by the table. 
The program counter is modified with the accumulator, the B 

register, the Carry FIF, the operand p. The method for modifica­
tion is shown in Figure 8. 

,-------Page Part ---"" r----Address Part ----.. 

(PC) 

r--- T ---,---

: : 
Data for I P2 : PI : 
Modification LJ~J ____ LP~-' C B3 B2 B, Bo A3 A2 A, Ao 

(Modified PC) PC,o PCg PCs PC7 PCe 
B, Bo A3 A2 A, Ao 

+p, +Po +C +B3 +B2 

Figure 8 Modification of Program Counter by TBR Instruction 
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The accumulator and the lower 2 bits of B register are as­
signed into the address part of the program counter. The upper 2 
bits of B register, Carry FIF, and the operand PI, po are ORed 
with the page part of the program counter. 

TBR instruction is executed regardless of the Status FIF, and 
does not affect the Status F/F. 

• SUBROUTINE JUMP 
There are two types of subroutine jumps. They are explained 

in the following paragraphs. 

• CAL 
By CAL instruction, subroutine jump to an address in the 

Subroutine Page. 
The Subroutine Page is 0 page. 
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 9. 

06----01 

ROM I : : ~ : : I 

111111 
PC I pape ~ar~ I Address Part 

l l l ! l l l l l l l (PC + 1) 

STll : : : : : : : : : : 

t t t t t t tit t t 
ST21 : : : : : : : : : : 

ttttttttttt 
ST3I: :::::::: 

tttttttttti 
ST4 1 : : : : : : : : : : 

Figure 9 Subroutine Jump Stacking Order 

The page part of the program counter is O. The lower 6 bits 
(operand a, 0 6 to 0 1) of the ROM Object Code is transferred to 
the address part of the program counter. 

The HMCS45C has 4 levels of stack (ST!, ST2, ST3 and 
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ST4) which allows the programmer to use up to 4 levels of sub­
routine jumps (including interrupts). 

CAL is a conditional instruction and executed only when the 
Status F IF is "1". If the Status F IF is "0", it is skipped and the 
Status F/F changes to "I". 

• CALL 
By CALL instruction, subroutine jump to an address in any 

page. 
Subroutine jump to any address can be implemented by the 

subroutine jump to the page specified by LPU instruction. 
This instruction is a macro instruction of LPU and CAL in­

structions, which is divided into two instructions as follows. 

CALL a - b-- LPU a 
< Subroutine jump to b address on a page> CAL b 

CALL instruction is conditional because of characteristics of 
LPU and CAL instructions and is executed when the Status F/F 
is "I". If the Status F/F is "0", it is skipped and the Status F/F 
changes to "1" 

• RAM 
RAM is a memory used for storing data and saving the con­

tents of the registers. Its capacity is 160 digits (640 bits) where 
one digit consists of 4 bits. 

Addressing of RAM is performed by a matrix of the file No. 
and the digit No. 

The file No. is set in the X register and the digit No. in the Y 
register for reading, writing or testing. Specific digits in RAM can 
be addressed not via the X register and Y register. These digits 
are called "Memory Register (MR)", 0 to 15 (16 digits in all). 
The memory register can be exchanged with the accumulator by 
XAMR instruction. 

The RAM address space is shown in Figure 10. 
In an instruction in which reading from RAM and writing to 

RAM coexist (exchange between RAM and the register), reading 
precedes writing and the write data does not affect the read data. 

The RAM bit manipulation instruction enables any addressed 
RAM bit to be set, reset or tested. The bit assignment is speci­
fied by the operand n of the instruction. 

The bit test makes the Status F/F "1" and makes it "0" 
when the assigned bit is "0". 

Correspondence between the RAM bit and the operand n is 
shown in Figure 11. 
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In 'Ct C") N .... 0 
a: a: a: a: a: a: 
::E ::E ::E ::E ::E ::E 

9 8 7 6 5 4 3 2 1 0 

9 8 7 6 5 4 3 2 1 0 <- digit No. 

--

0) co " co In 'Ct C") N a: 0 
a: a: a: a: a: a: a: a: a: 
::E ::E ::E ::E ::E ::E ::E ::E ::E ::E 

• The file 8 is selected when X register has any value in 8 to 11, and the file 
9 is selected when 12 to 15. 

23 22 2' 20 n 

I 01 0 

o 11 

o 

10: 3 

n = Bit assignment No 

Figure 10 RAM Address Space 

M(O) 

M(l) 

M(2) 

M(3) 

• REGISTER 
The HMCS45C has six4-bit registers and two I-bit registers 

available to the programmer. The I-bit registers are the Carry FI 
F and the Status F/F. They are explained in the following para­
graphs. 

• Status F/F (5) 
The Status F/F latches the result of logical or arithmetic oper­

ations (Not Zero. Overflow) and bit test operations, The Status 
F/F affects conditional instructions (LPU. BR and CAL instruc­
tions), These instructions are executed only when the Status F/F 
is "t". If it is "0". these instructions are skipped and the Status 
F/F becomes "t", 

Figure 11 RAM Bit and Operand n 
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• Accumulator (A; A Register) and Carry F/F (C) 
The result of the Arithmetic Logic Unit (ALU) operation (4 

bits) and the overflow of the ALU are loaded into the accumula­
tor and the Carry F/F. The Carry F/F can be set, reset or tested. 
Combination of the accumulator and the Carry F/F can be right 
or left rotated. The accumulator is the main register for ALU op­
eration and the 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 performed. 

• 8 Register (8) 
The result of ALU operation (4 bits) is loaded into this regis­

ter. The B register is used as a sub-accumulator to stack data 
temporarily and also used as a counter. 

• X Register IX) 
The result of ALU operation (4 bits) is loaded into this regis­

ter. The X register has exchangeability for the SPX register. The 
X register addresses the RAM file and is composed of 4-bit regis­
ter. 

• SPX Register (SPX) 
The SPX register has exchangeability for the X register. 
The SPX register is used to stack the X register and expand 

the addres3ing system of RAM in combination with the X regis­
ter. It is composed of 4-bit register. 

• Y Register (Y) 
The result of ALU operation (4 bits) is loaded into this regis­

ter. The Y register has exchangeability for the SPY register. The 
Y register can calculate itself simultaneously with transferring 
data by.the bus lines, which is usable for the calculation of two 
or more digits (4 bits/digit). The Y register addresses the RAM 
digit and I-bit Discrete I/O. 

• Spy Register (SPY) 
The SPY register has exchangeability for the Y register. The 

SPY register is used to stack the Y register and expand the ad­
dressing system of RAM and I-bit Discrete I/O in combination 
with the Y register. 

• INPUT/OUTPUT 
• 4-bit Data Input/Output Channel (R) 

Output Function 
r - - - - - - - - --, 

D~ ( 

23 

22 

21 

20 

The HMCS45C has four 4-bit Data 110 Common Channels 
(RO, Rl, R2, R3). 

The 4-bit registers (Data 110 Register) are attached to Rl, R2 
and R3 channels. 

Each channel is directly addressed by the operand p of input/ 
output instruction. 

The data is transferred from the accumulator and the B regis­
ter to the Data I/O Registers RO to R3 via the bus lines. Pattern 
instruction enables the patterns of ROM to be taken into the 
Data 110 Registers R2 and R3. 

Input instruction enables the 4-bit data to be sent to the ac­
cumulator and the B register from RO to R3. Note that, since the 
Data 110 Register output is directly connected to the pin even 
during execution of input instruction, the input data is wired 
logic of the Data 110 Register output and the pin input. 

Therefore, the Data 110 Register should be set to 15 (all bits 
of the Data 110 Register is "1") not to affect the pin input be­
fore execution of input instruction. 

The block diagram is shown in Figure 12. The 110 timing is 
shown in Figure 13. 

• 1-blt Discrete Input/Output Common Terminals (D) 
The HMCS45C has 16 I-bit Discrete 110 Common Terminals. 
The I-bit Discrete 110 Common Terminal consists of a I-bit 

latch and a 110 common pin. 
The I-bit Discrete 110 is addressed by the Y register. The ad­

dressed latch can be set or reset by output instruction and "0" 
and "1" a level can be tested with the addressed pin by input in­
struction. 

Note that, since the latch output is directly connected to the 
pin even during execution of input instruction, the input data is 
wired logic of the latch output and the pin input. Therefore, the 
latch should be set to "1" not to affect the pin input before ex­
ecution of input instruction. 

The Do to D3 terminals are also addressed directly by the op­
erand n of input/output instruction and can be set or reset. 

The block diagram is shown in Figure 14 and the 110 timing 
is shown in Figure 15. 

• I/O Configuration 
The 110 configuration of each pin can be specified among 

Open Drain and With Pull up MOS using a mask option as 
shown in Figure 16. 

Rn3 

Rn2 

Rnl 

Rno 

Figure 12 4-bit Data I/O Block Diagram 
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LRA,LRB [ 
Instruction 

LAR. LBR [ 
Instruction 

-

-

----

One Instruction 
Cycle --
Rn Output 
Instruction 

Rn 

Pattern Instruction 

R2,R3 

HMCS45C, HMCS45CL 

(second cycle) 

Rn Input 
~ 

Instruction 

Rn Sampling Clock 

Figure 13 4-bit Data I/O Timing 

Set Signal by the reset function 

Set Instruction 

Reset Instruction ___ --I 
On 

SED, REO.SEDO. [ 
REDO Instruction 

TO ( 
Instruction 

-

Latch 

Figure 14 1-bit Discrete I/O Block Diagram 

One Instruction Cycle ..,....----.... 
I~~t~u~/;~~set 
On (LSI Din X 

On Test I--
Instruction It. ~ 

On Sampling 
Clock 

Figure 15 1·bit Discrete I/O Timing 
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(a) Configuration of Output Pin 

Applied Pins; Reo to Re3 
No Pull up MOS 
(Open Drain) 

IF 
(b) Configuration of I/O Pin 

Applied Pins; Do to 0,5, Roo to R03, R,o to R13, 

R20 to R23, R30 to R33, A40 to R43, R50 to R53 
No Pull up MOS With Pull up MOS (PMOS) CMOS 
(Open Drain) 

Vcc Vcc 

I/O Enable--r--~' I PMOS 
I i 

,..----+1 -+ I 
I I 

: NMOS 
I I L ____ J 

Input circuit 

I-a--
I/j Enable 

I/O Enable-r--~~. OS I 0 Vcc 

: ~MO ~I/OI Enable 

: NMOS • 
1 I 
L ___ J NMOS 

Input circuit 

.When "Disable" is specified for the I/O State at the Halt State, 
the I/O Enable signal shown in the figure turns off the input circuit, 
Pull up MOS and NMOS output and sets CMOS output to high 
impedance(PMOS, NMOS; OFF). 

Figure 16 I/O Configuration 

• TIMER/COUNTER 
The timer/counter consists of the 4-bit counter and the 6-bit 

prescaler as shown in Figure 17. The 4-bit counter may be loaded 
under program control and is incremented toward 15 by the pre­
scaler overflow output pulse or the input pulse of INTI pin (its 
leading edge is counted). The clock input to the counter is 
selected by the CF F/F. When the CF F/F is "0", the clock 
input is the prescaler overflow output pulse (Timer Mode). 
When the CF F/F is "1", the clock input is the input pulse of 
INTI pin (Counter Mode). When the counter reaches zero (re­
turns from 15 to zero), the overflow output pulse is generated 
and the counter continues to count (14 - 15 - 0 - 1 - 2 ... ). 

The TF FIF is a flip-flop which masks interrupts from the 
timer/counter. It can be set and reset by interrupt instruction. If 
the overflow output pulse of the counter is generated when the 
TF F/P is reset ("0"), an interrupt request occurs and the TF F/ 

Data Bus 

TF: Set has priority over the reset. 

Interrupt request of Timer/Counter 

F becomes "I". If the overflow output pulse is generated when 
the TF F IF is set (" 1"), no interrupt request occurs. The TIF 
instruction enables the TF F IF to be tested. 

The prescaler is a 6-bit frequency divider. It divides a system 
clock (instruction frequency) by 64 into the overflow output 
pulses of "instruction frequency + 64". 

The prescaler is cleared when data is loaded into the counter 
(by LT A or L TI instruction). The frequency division is 0 when 
the prescaler is cleared. At the 64th clock, an overflow output 
pulse is generated from the prescaler. During operation of the 
LSI, the prescaler is operating and cannot be stopped. The rela­
tion between the specified value of the counter and specified time 
in the Timer Mode is shown in Table 3. 

The pulse width of the INTI pin in the Counter Mode must 
be at least 2-cycle time for both "High" and "Low" levels as 
shown in Figure 18. 

Clear 

....... +-__________ INT, Pulse 

Clock 
(100kHz typo 

Instruction 
Frequency) 

Figure 1 7 Timer /Counter Block Diagram 
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Table 3 Timer Range 

Specified Number of Specified Number of 
Time (ms) Time (ms) 

Value cycles Value cycles 

0 1,024 10.24 8 512 5.12 

1 960 9.60 9 448 4.48 

2 896 8.96 10 384 3.84 

3 832 8.32 11 320 3.20 

4 768 7.68 12 256 2.56 

5 704 7.04 13 192 1.92 

6 640 6.40 14 128 1.28 

7 576 5.76 15 64 0.64 

[NOTE] Time is based on instruction frequency 100kHz. (one instruction cycle =1 Ops) 

Figure 18 The Pulse Width of the INT, pin 
in the Counter Mode 

• INTERRUPT 
The HMCS45C can be interrupted in two different ways: 

through the external interrupt input pins (~NTo, INTI) and the 
timer/counter interrupt request. When any mterrupt occurs, pro­
cessing is suspended, the Status F/F is unchanged, the present 
program counter is pushed onto the stack STl and the contents 
of the stacks STl, ST2 and ST3 are pushed onto the stacks ST2, 
ST3 and ST4 respectively. At that time, the Interrupt Enable F/F 
(I/E) is set and the address jumps to a fixed destination (Inter­
rupt Address), and then the interrupt routine is executed.Stack­
ing the registers other than the program co~nter must be p~r­
formed by the program. The interrupt routme must end Wit? 
RTNI (Return Interrupt) instruction which sets the liE F/F SI­

multaneously with the RTN instruction. 
The Interrupt Address: 

Input Interrupt Address ..... 
1 Page 3F Address 

Timer/Counter Interrupt Address ..... 
o Page 3F Address 

The input interrupt has priority over the timer/counter inter­
rupt. 

No Pull up MOS 

The INTo and INTI pin have an interrupt request function. 
Each terminal consists of a circuit which generates leading 

pulse and the interrupt mask F/F (IFO, 1Ft). An interrupt is 
enabled (unmasked) when the IFO F/F or IFI F/F is reset. 
When the INTo or INT. pin changes from "0" to "I" (from 
"Low" level to "High" level), a leading pulse is generated to 
produce an interrupt request. At the same time, the IFO F/F or 
IFI F/F is set. When the IFO F/F or IFI F/F is set, the interrupt 
masking for the pin will result. (If a leading pulse is generated, 
no interrupt request occurs.) 

An interrupt request generated by the leading pulse is latched 
into the input interrupt request F/F (IIRI) on the input side. If 
the Interrupt Enable F/F OlE) is "I" (Interrupt Enable State), 
an interrupt occurs immediately and the IIRI F/F and the liE FI 
F are reset. If the liE F/F is "0" (Interrupt Disable State), the II 
RI F/F is held at "I" until the HMCS45C gets into the Interrupt 
Enable State. 

The IFO F/F, the IFI F/F, the INTo pin and the INT. pin can 
be tested by interrupt instruction. Therefore, the INTo and the 
INT. can be used as additional input pins with latches. 

The INTo pin and INT. pin can be provided with Pull up 
MOS using a mask option as shown in Figure 19. 

An interrupt request from the timer/counter is latched into 
the timer interrupt request F/F (I/RT). The succeeding opera­
tions are the same as an interrupt from the input. Only the ex­
ception is that, since an interrupt from the input precedes a 
timer/counter interrupt, the input interrupt occurs if both the II 
RI F/F and the IIRT F/F are "I" (when the input interrupt and 
the timer/counter interrupts are generated simultaneously). Dur­
ing this processing, the IIRT F/F remains "I". The timer/coun­
ter interrupt can be implemented after the input interrupt pro­
cessing is achieved. 

The interrupt circuit block diagram is shown in Figure 20. 

With Pull up MOS (PMOS) 

Vcc 

, , 
______ J Input circuit 

* When "Disable" is specified for the I/O State at the Halt State. 
the I/O Enable signal shown in the figure turns off the input circuit and 
Pull up MOS. 

Figure 19 Configuration of INTo and INT, 
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INT, 

INTo 

IFO, IF1 : Set has priority over reset. 

Figure 20 Interrupt Circuit Block Diagram 

• RESET FUNCTION 
The reset is performed by setting the RESET pin to "1" 

("High" level) and the HMCS45C gets into operation by setting 
it to "0" ("Low" level). Refer to Figure 21. Moreover, the 
HMCS45C has the automatic reset function (ACL; Built-in Reset 
Circuit). The Built-in Reset Circuit restricts the rise condition of 
the power supply. Refer to Figure 22. When the Built-in Reset 
Circuit is used, RESET should be connected to V ss. 

Internal state of the HMCS45C are specified as follows by the 

(Reset Statel 

Vee 

reset function. 
Program Counter (PC) is set to 3F address on 31 page (31-
3F). 
IIRI, IIRT, liE and CF are reset to "0". 
IFO, IFI and TF are set to "1". 
Reset/Set of I/O latch and register (Do to 0 15, RO to R6) are 
set to "1". 
Note that other blocks (Status, Register, Timer/Counter, 

RAM, etc.) are not cleared. 

(Reset Statel 

tfRST 
• tRsn 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. 

Figure 21 RESET Timing 

O.2V 
Vcc----"I 

tOFF specifies the period when the power supply is OFF in the case that a short break 
of the power supply occurs and the power supply ON/OFF is repeated. 

Figure 22 Power Supply Timing for Built-in Reset Circuit 

• HALT FUNCTION 
When the HLT pin is set to "0" ("Low" level), the internal 

clock stops and all the internal statuses (RAM, the Registers, the 
Carry F/F, the Status F/F, the Program Counter, and all the in­
ternal statuses) are held. Because all internal logic operation stop, 
power consumption is reduced. There are two input/output 
statuses in the Halt State. The user should specify either "En­
able" or "Disable" using a mask option at the time of ordering 
ROM. 
"Enable"1output ........ The Status before the Halt State 

is held. 
Pull up MOS ... ON 
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LInput. ......... No relation to "Halt" 
Since Pull up MOS is ON, Pull up MOS current 
flows with output "0" ("Low" level) in the Halt 
State (NMOS;ON). When an input signal changes, 
transmission current flows into an input circuit. 
Also, current flows into Pull up MOS. These cur­
rents are added to the Stand-by Supply Current 
(or Halt Current). 

"Disable" 10utput ........ High Impedance 
(NMOS, PMOS: OFF) 

Pull up MOS ... OFF 
Input. ......... Input Circuit: OFF 
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Both input and output are at high impedance 
state. Since an input circuit is OFF, any current 
other than the Stand-by Supply Current (or Halt 
Current) does not flow even if an input signal 
changes. 

45C gets into operation from the status just before the Halt State. 
The halt timing is shown in Figure 23. 

CAUTION 
If, during the Halt State, the external reset input is applied 

(RESET = "1" ("High" leve!), the internal status is not held. When the Hr:T pin is set to "1" ("High" level), the HMCS-

Vcc ________________ ~ 

HIT 

~------------------tHLT--------------~ .. 

Figure 23 Halt Timing 

• OSCILLATOR 
The HMCS45C contains its own oscillator and frequency di­

vider (CPO). The user can obtain the desired timing for opera­
tion of the LSI by merely connecting an resistor Rf or ceramic 
filter circuit (Internal Clock Operation). 

The OSCI clock frequency is internally divided by four to pro­
duce the internal system clocks. 

The user may exchange the external parts for the same LSI to 
select either of these two operational modes as shown in Figure 
24. There is no need of specifying it by using the mask option. 

(a) Internal Clock Operation Using Resistor Rf 

Wiring of OSC, and OSC2 terminals should be as short as 

possible because the oscillation frequency is 
modified by capacitance of these terminals. 

(b) Internal Clock Operation Using Ceramic Filter Circuit (Built-in CPG ; Ceramic Filter Oscillator) 
(This is not applied to HMCS45Cl.) 

~
C' __ --.--IOSC, 

~i~::rmic c::I 

C2 -+----, OSC2 

GND ~------

Ceramic Filter: CSB400P (MURATA) 

R, : 1MO:!:10% 
C, : 2200pF:!: 10% (ceramic capacitor) 
C2 : 47OpF:!: 10% (ceramic capacitor) 

F
C

' _-_-IOSC, 

~~:e~miC c::I Rf 

C2 
..... --....... -IOSC2 

L.--__ 

Ceramic Filter: FCR-400K (TDK) 
RI : 1MO:!:10% 
C, 1 000 pF !: 10% (ceramic capacitor) 

C2 : 1000pF! 10% (ceramic capacitor) 

The ceramic filter oscillation does not apply when using "Half' and 

not resetting at the time of "Halt" cancellation. 
This circuit is the example of the typical use. As the oscillation 
characteristics is not guaranteed, please consider and examine the 
circuit constants carefully on your application. 

(c) Exte,.o' C'ock Ope'O.O" (E.te,.o' CP~ T., T'J-= 
~n ::: 2=~ 3:; V 

Duty= _T_I_ x 100% 
Th+TI 

Figure 24 Clock Operation Mode 
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• INSTRVCTION LIST 
The instructions of the HMCS45C are listed according to their 

functions, as shown in Table 4. 

Table 4 Instruction list 

Group Mnemonic Function 

LAB B~A 

LBA A~B 

Register • Register LAY Y~A 

Instruction LASPX SPX~A 

LASPY SPY~A 

XAMRm A .... MR(m) 

LXA A~X 

LYA A~Y 

LXI i i~X 

LYI i i~Y 

IY Y+1 ~Y 
RAM Address Register 

DY Y-1 ~Y 
Instruction 

AYV Y+A~r 

SYY Y-A~Y 

XSPX X .... SPX 

XSPY Y .... Spy 

XSPXY X .... SPX, Y .... SPY 

LAM (XY) M ~ A (XY ..... SPXY) 

LBM (XY) M ~ B (XY .... SPXY) 

RAM • Register XMA (XY) M .... A (XY .... SPXY) 

Instruction XMB (XY) M .... B (XY .... SPXY) 

LMAIY (X) A ~ M, Y + 1 ~ Y (X .... SPX) 

LMADY (X) A~M. Y-1 ~Y(X .... SPX) 

Immediate Transfer 
LMIIYi i~M. Y+1 -+ Y 

LAI i i~A 
Instruction 

LBI i i~B 

Ali A+i~A 

IB B+ 1 -+ B 

DB B-1 ~ B 

AMC M+A+C (F/F) ~ A 

SMC M-A-C(F/F) ~A 

AM M+A~A 

DAA Decimal Adjustment (Addition) 

Arithmetic Instruction 
DAS Decimal Adjustment (Subtraction) 

NEGA A+1 ~A 

COMB B~B 

SEC "1" ~ C (F/F) 

REC "0" ~ C (F/F) 

TC Test C (F/F) 

ROTL Rotation Left 

ROTR Rotation Right 

OR AUB~A 
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Status 

NZ 

NB 

C 

NB 

NZ 

NB 

NZ 

C 

NZ 

NB 

C 

NB 

C 

C (F/F) 

(to be continued) 
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Group Mnemonic Function Status 

MNEI i M* i NZ 

YNEI i Y * i NZ 

ANEM A*M NZ 

Compare Instruction BNEM B*M NZ 

ALEI i A ~ i NB 

ALEM A~M NB 

BLEM B~M NB 

SEM n "1" ~ M (n) 
RAM Bit Manipulation 

REM n "0" ~ M (n) 
Instruction 

TM n Test M (n) M(n) 

BR a Branch on Status 1 1 

CAL a Subroutine Jump on Status 1 1 
ROM Address 

LPU u Load Program Counter Upper on Status 1 
Instruction 

TBR p Table Branch 

RTN Return from Subroutine 

SEIE "1" ~ liE 

SEIFO "1" ~ IFO 

SEIF1 "1" ~ IF1 

SETF "1" ~ TF 

SECF "1" ~ CF 

REIE "0" ~ liE 

REIFO "0" ~ IFO 

REIF1 "0" ~ IF1 

RETF "0" ~ TF 

Interrupt Instruction RECF "0" ~ CF 

TIO Test INTo INTo 

TI1 Test INT, INT, 

TIFO Test IFO IFO 

TIF1 Test IF1 IF1 

TTF Test TF TF 

LTI i i ~ Timer ICol;lnter 
LTA A ~ Timer ICounter 
LAT Timer ICounter ~ A 

RTNI Return Interrupt 

SED "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) 

Instruction 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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[NOTE] 1. (XV) after a mnemonic code has four meanings as follows. 
Mnemonic only Instruction execution only 
Mnemonic with X After instruction execution, X ... SPX 
Mnemonic with Y After instruction execution, Y ... SPY 
Mnemonic with XY After 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 brings the Status F/F "1" under judgement instruction or instruction accompanying the judgement. 
NZ ...... ···ALU Not Zero 
C····· ····ALU Overflow in Addition, that is, Carry 
NB ..... ····ALU Overflow in Subtraction, that is, No Borrow 
Except above ·········Contents of the status column affects the Status F/F directly. 

3. The Carry F/F (C(F/F)) is not always affected by executing the instruction whicll affects the Status F/F. 
Instructions which affect the Carry F/F are eight as follows. 

AMC SEC 
SMC REC 
DAA ROTL 
DAS ROTR 

4. All instructions except the pattern instruction (P) are executed in 1 instruction cycle. The pattern instruction (P) is executed 
in 2 instruction cycles. 
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Date 

I HMCS45C Mask Option List I Customer's Name 

ROM CODE ID 

Hitachi P /N 
(1) I/O 

Pin I/O Option Pin I/O Option 
I/O Remarks I/O Remarks 

Name A B C Name A B C 

Do I/O Roo I/O 

Dl I/O ROI I/O 

D2 I/O R02 I/O 

D3 I/O R03 I/O 

D4 I/O RIO I/O 

Ds I/O Rl1 I/O 

D6 I/O R12 I/O 

D7 I/O R13 I/O 

D8 I/O R20 I/O 

D9 I/O R21 I/O 

DIO I/O R22 I/O 

Dll I/O R23 I/O 

D12 I/O R30 I/O 

D13 I/O R31 I/O 

D14 I/O R32 I/O 

DIS I/O R33 I/O 

R40 I/O 

R41 I/O 

R42 I/O 

R43 I/O 

Rso I/O 

RSI I/O 

RS2 I/O 

RS3 I/O 

Rso 0 ~ 
RSI 0 ~ 

INTo I ~ RS2 0 

-----INTI I 

-----
RS3 0 ----~ Specify the I/O composition with a mark of "0" in the applicable composition column. 

A : No pull up MOS B : With pull up MOS C : CMOS Output 

(2) Oscillator & Halt 

~ Oscillator 
Not Used 

Resistor 

Ceramic Resonator 

External Clock 

t,. Please check one section on the above chart. 

(3) I/O State at "Halt" Mode 

I/O State 

0 Enable 

0 Disable 

'~l Mark "" " in "0" for the selected I/O 
state. 

Used (Reset is applied Used (Reset is not applied 

when Halt release) when Halt release) ------
(4) Supply Voltage (Vccl 

Supply Voltage (Vcc) 

0 5±O.5V 

0 2.5V to 5.5V 

.t... Mark "v" in "0" for the selected supply 
voltage. 
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(5) Package 

Package 

0 FP-54 

0 DP-64S 

'* Mark "v" in "0" for 
the selected package. 



HMCS46C(HD44840),---­
HMCS46CL(HD44848) 

The HMCS46C is the CMOS 4-bit single chip microcomputer 
which contains ROM, RAM, I/O and Timer/Counter on single 
chip. The HMCS46C is designed to perform efficient controller 
function as well as arithmetic function for both binary and BCD 
data. The CMOS technology of the HMCS46C provides the 
flexibility of microcomputers for battery powered and battery 
back·up applications. 

• FEATURES 
• 4·bit Architecture 
• 4,096 Words of Program ROM and Pattern ROM (10 bits/ 

Word) 
• 256 Digits of Data RAM (4 bits/Digit) 
• 32 I/O Lines and 2 External Interrupt Lines 
• Timer/Counter 
• Instruction Cycle Time; 

H MCS46C: 5",s 
HMCS46CL: 20ps 

• 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/Counter 
Multiple Interrupt Capability 

• Bit Manipulation Instructions for Both RAM and I/O 
• Option of I/O Configuration Selectable on Each Pin; With 

Puil up MOS or CMOS or Open Drain 
• Built-in Oscillator 
• Built-in Power-on Reset Circuit (HMCS46C only) 
• Low Operating Power Dissipation; 3.3mW typo 
• Stand-by Mode (Half Mode); 66",W max. 
• CMOS Technology 
• Single Power Supply; 

HMCS46C: 5V ± 10% 
HMCS46CL: 2.5V to 5.5V 

82 

HMCS46C, HMCS46CL 

(DP-42) 

HMCS46C, HMCS46CL 

(DP-42S) 

• PIN ARRANGEMENT 

o 

HMCS46C 
HMCS46CL 

D2 
1 DI 

Do 
R33 

Rn 
7 RlI 

R30 

. Rl3 

4 Rl2 

3 R21 

R lO 

1 INTI 
INTo 
Rll 

Ru 
7 R11 

R to 
R03 

4 R02 

3 Rot 
~ ______ --Jr- Roo 
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• BLOCK DIAGRAM 

ROM 
4.096 x 10 bit 
(program memory and 

Pattern memory) 

<"r 
PC (12bitl 

ft ~1 
Stack Register 

(4 x 1·2 bit) 

~ A B X 

In, SPX 

IT 
I Timer/Counter 1 
/" I 
/j ~ Inter-

rupt 

l 

. 
R5 

~7 

Instruction 
Decoder 

Jll 
-!1= -

~[J A 

... 
:::> 
...J 
<{ 

A-

Y '---~ 
Spy 

..: ~ddressin~ '7 

f--
c 
0 
.~ 

RAM :; 
256x 4 bit 0. 

'c 
~~ 

. R4 and R6 can be used 
as general purpose registers • 

•• Power-on Reset Circuit (ACL) 
is not built in HMCS46CL. 
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-
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B= 
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:J 

l 

\ 

) 
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R,. 
-R" 

D. 
0, 
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-0 
0 
0 

~V cc 

NO ~G 

~H LT 

~T 

--OR ESET 

0 SC, 

~O SC, 

: : I/O Common 
'- ____ .J 
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• HMCS46C ELECTRICAL CHARACTERISTICS (Vee= 5V ± 10%) 
• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Remarks 
Supply Voltage Vee -0.3 to +7.0 V 

Terminal Voltage (1) VT1 -0.3 to Vee + 0.3 V Except for the terminals 
specified by VT2 

Applied to the Open Drain 
Terminal Voltage (2) VT2 -0.3 to +10.0 V type of Output pins and Open 

Drain type of I/O pins. 

Maximum Total Output Current (1) -~lo1 45 mA [NOTE 31 
Maximum Total Output Current (2) ~I02 45 mA [NOTE 31 
Operating Temperature Top. -20 to +75 °c 
Storage Temperature TstII -55 to +125 °c 

[NOTE 11 Parmanent LSI damage may occur if "Maximum Ratings" are exceeded. Normal operation should be under the conditions of "ELECTRICAL 
CHARACTER ISTICS ·1, ·2." If these conditions are exceeded, it could be cause of malfunction of LSI and affects reliability of LSI. 

[NOTE 21 All voltages are with respect to GND. 

[NOTE 31 The Maximum Total Output Current is total sum of output currents which can flow out (or flow in) from or into the I/O pins and Output 
pins simultaneously. 
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• ELECTRICAL CHARACTERISTICS-1 (Vee = SV ± 10%, Ta = _20°C to +7SoCI 

Item Symbol Test Conditions 
Value 

min. typo 

Input "Low" Voltage V IL - -
Input "High" Voltage (11 VIHl Vee - 1.0 -
Input "High" Voltage (21 VIH2 Vee - 1.0 -
Output "Low" Voltage VOL IOL = 1.6mA - -
Output "High" Voltage (1) VOHl -IOH = 1.0mA 2.4 -
Output "High" Voltage (2) VOH2 -loH = 0.01mA Vee - 0.3 -
Interrupt Input Hold Time tiNT 20Tinst -
Interrupt Input Fall Time tflNT - -
Interrupt Input Rise Time trlNT - -
Output "High" Current IOH VOH = 10V - -

Input Leakage Current 
Vin = Oto Vee - -

IlL 
Vin = 0 to 10V - -

Pull up MOS Current -Ip Vee = 5V 60 -
Vin = Vee, Vee = 5V, 

Supply Current (1) leel Ceramic Filter - -
Oscillation, 
(fasc = 800kHz) 

Vin = Vee, Vee = 5V 

Rt Oscillation, 
Supply Current (2) lee2 (fasc = 800kHz) - -

External Clock 
Operation (fcp = 800kHz) 

Standby I/O Leakage HLT I V in = 0 to Vee - -
Current ILS = 1.0V I V in = 0 to 10V - -
Standby Supply Current Ices Vin =Vee , HLT = 0.2V - -
External Clock Operation 

External Clock Frequency fcp 350 -
External Clock Duty Duty 45 50 

External Clock Rise Time t rcp 0 -
External Clock Fall Time ttcp 0 -
Instruction Cycle Time T inst T inst = 4/fcp 4.7 -
Internal Clock Operation (Rt Oscillation) 

Clock Oscillation Frequency Rt = 51kU ± 2% 

Clock Oscillation Frequency Ceramic Filter Circuit 

Instruction Cycle Time T inst = 4/fasc 

[NOTE 11 All voltages are with respect to GND. 

[NOTE 21 This is applied to RESET, HLT, OSC" INTo, INT, and the with Pull up MOSorCMOStype of I/O pins. 
[NOTE 31 This is applied to the Open Drain type of I/O pins. 
[NOTE 41 This is applied to the CMOS type of I/O pins. 
[NOTE 51 This is applied to the with Pull up MOS or CMOS type of I/O pins. 
[NOTE 61 This is applied to the Open Drain type of I/O pins. 
[NOTE 71 I/O current is excluded. 
[NOTE 81 The Standby I/O Leakage Current is the I/O leakage current in the Halt and Disable State. 
[NOTE 91 I/O current is excluded. 

Unit Note 
max. 

1.0 V 

Vee V 2 

10 V 3 

0.8 V 

- V 4 

- V 5 

- p.s 

50 p.s 

50 p.s 

3 p.A 6 

1 2 

3 
p.A 

3 

250 p.A 

2.0 mA 

0.85 mA 7 

1 p.A 5,8 

3 p.A 6,8 

12 p.A 9 

850 kHz 

55 % 

0.2 p.s 

0.2 p.s 

11.4 p.s 

The Standby Supply Current is the supply current at Vee = 5V ± 10% in the Halt State. The supply current in the case where the 
supply voltage falls to the Halt Duration voltage is called the Halt Current (lOHl. and it is shown in"ELECTRICAL CHARACTERISTICS -2." 
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• ELECTRICAL CHARACTERISTICS-2 (Ta = _20°C to +75°C) 

Reset and Halt 

Item Symbol Test Conditions 

Halt Duration Voltage VOH HLT= 0.2V 

Halt Current IOH Vin = Vee 
HLT = 0.2V, VOH = 2.3V 

Halt Delay Time tHO 
Operation Recovery Time t Re 
HLT Fall Time tfHLT 
HL T Rise Time trHLT 
HLT "Low" Hold Time tHLT 

Rf Oscillation, External Clock 
HL T "High" Hold Time tOPR Operation 

Ceramic Filter Oscillation 
Power Supply Rise Time tree Built-in Reset, H[T = Vcc 

Power Supply OFF Time tOFF 
Built·in Reset 
HLT=Vee 
External Reset 
Vee = 4.5 to 5.5V, HLT = Vee 
(Rf Oscillation, External Clock 

RESET Pulse Width (1) 
Operation) 

t RSTt External Reset 
Vee = 4.5 to 5.5V, HLT = Vee 
(Ceramic Filter Oscillation) 

External Reset 
RESET Pulse Width (2) tRST2 Vee = 4.5 to 5.5V, 

RLT= Vee 
RESET Fall Time t fRST 
RESET Rise Time t rRST 

[NOTE) All voltages ara with raspact to GND. 

• HMCS46CL ELECTRICAL CHARACTERISTICS (2.6V to 6.6V) 
• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage Vee -0.3 to +7.0 V 

Terminal Voltage (1) VT, -0.3 to Vee + 0.3 V 

Terminal Voltage (2) Vn -0.3 to +10.0 V 

Maximum Total Output Current (1) -tlo, 46 mA 

Maximum Total Output Current (2) tlo2 46 mA 

Operating Temperature Topr -20 to +76 °c 
Storage Temperature T_ -66 to +126 °c 

Value 
Unit 

min. max. 

2.3 - V 

- 12 IlA 

100 - Ils 
100 - IJ.S 

- 1000 IlS 

- 1000 IJ.S 
400 - IJ.S 

0.1 -
ms 

4 -
0.1 10 ms 

1 - ms 

1 -

ms 

4 -

2·Tinst - Ils 

- 20 ms 

- 20 ms 

Remarks 

Except for the terminals 
specified by VT2 

Applied to the Open Drain 
type of Output pins and Open 
Drain type of 1/0 pins. 

[NOTE 3J 
[NOTE 3] 

(NOTE 1) Permanant LSI demage may occur If "Maximum Ratings" areexcaeded. Normal operation should be under the conditions of "ELECTRI· 
CAL CHARACTERISTICS -1. -2." If the. conditions ere exceeded, It could be cause of malfunction of LSI and affects reliability of 
LSI. 

(NOTE 2) All voltages ara with respect to GND. 
(NOTE 3) The Maximum Total Output Currant is total sum of output currants which cln flow out (or flow In) from or Into the 1/0 pins .nd Output 

pins simultaneously. 
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• ELECTRICAL CHARACTERISTICS - 1 (Vee = 2.5 to 5.5V, Ta = -20 to +75°C) 

Item Symbol Test Condition 
min. 

Value 

typo max. 

Input "Low" Voltage VIL - - 0.15·Vce 

Input "High" Voltage (1) VIH1 0.S5- Vee - Vce 

Input "High" Voltage (2) VIH2 0.S5- Vee - 10 

Output "Low" Voltage VOL 10L = 0.4mA - - 0.4 

Output "High" Voltage VOH -IOH = O.OS mA Vee-O.4 - -
Interrupt Input Hold Time tiNT 2'Tinst - -
Interrupt Input Fall Time tflNT - - 50 

Interrupt Input Rise Time trlNT - - 50 

Output "High" Level 
10H VOH = 10V - - 3 

Current 

Vin = 0 to Vee - - 1.0 
Input Leakage Current IlL 

Vin = 0 to 10V - - 3 

Pull up MOS Current -Ip Vee = 3V 10 - SO 

Vin=Vee, Vee=3V 
(fose/fcp = 200kHz) 

Supply Current Icc Rf Oscillation, - - 140 
External Clock 
Operation 

Vin=O to Vec - - 1 
Standby I/O Leakage HIT 
Current ILS =0.5V 

Vin=O to 10V - - 3 

Vin = Vee=2.5 to - - 6 
Standby Supply Current Ices Vec 3.5V 

RIT= Vce=2.5 to - - 10 
0.1 V 5.5V 

External Clock Operation ---------- ,------------------- r-200--240-External Clock Frequency fcp 130 

External Clock Duty Duty 45 50 55 

External Clock Rise Time t rcp 0 - 0.2 

External Clock Fall Time tfcp 0 - 0.2 

Instruction Cycle Time Tinst Tinst = 4/fcp 16.S 20 30.S 

Internal Clock Operation (Rf Oscillation) ---------- ---- At = 20Okn±2% - - -
----;--- ----

fose 130 - 250 
Clock Oscillation Vee=2.5 to 3.5V 
Frequency 

fose 
Rt= 200kil±2% 130 350 
Vee=2.5 to 5.5V 

-

Tinst 
Tlnst=4/fose 16 - 30.S 
Vee=2.5 to 3.5V 

Instruction Cycle Time 
Tinst=4/fosc 

Tinst Vee=2.5 to 5.5V 
11.4 - 30.S 

(NOTE 1 I All voltages are with respect to GND. 

(NOTE 21 This is applied to RESET, HLT, ose., INTo, INT. and the with Pull up MOS or CMOS type of I/O pins. 
(NOTE 31 This is applied to the Open Drain type of I/O pins. 
(NOTE 41 This is applied to the CMOS type of I/O pins. 

(NOTE 51 This is applied to the with Pull up MOS or CMOS type of I/O pins. 
(NOTE 61 This is applied to the Open Drain type of I/O pins. 
(NOTE 71 I/O current is excluded. 
(NOTE 81 The Standby I/O Leakage Current is the I/O leakage current in the Halt and Disable State. 
(NOTE 91 I/O current is excluded. 

Unit Note 

V 

V 2 

V 3 

V 

V 4 

IlS 

IlS 

Ils 

IlA 6 

2 
IlA r---

3 

IlA 

IlA 7 

IlA 5,S 

IlA 6,S 

IlA 
9 

IlA 

--- ---
kHz 

% 

IlS 

IlS 

IlS 

,-- ----
kHz 

kHz 

IlS 

IlS 

The Standby Supply Current is the supply current at VCC=2.5 to 5.5V in the Halt State. The supply current in the case where the supply 
voltage falls to the Halt Duration voltage is called the Halt Current (lDHI, and it is shown in "ELECTRICAL CHARACTERISTICS-2." 

87 



HMCS46C,HMCS46CL------------------------------------------------------

• ELECTRICAL CHARACTERISTICS-2 (Ta - -20 to +75°C) 
R ... tand Halt 

Value 
Unit Item Symbol Test Conditions 

min. max. 

Halt Duration Voltage VOH HLT= 0.2V 2.0 - V 

Halt Current IOH ~Vee, VOH=2.0V 
H = 0.1V - 12 IlA 

Halt Delay Time tHO 200 - Il5 

Operation Recovery Time tRe 200 - IlS 

HLT Fall Time tf.Hl T - 1000 Il5 

HLT Rise Time trHl T - 1000 Il5 

HL T "Low" Hold Time tHlT 800 - Il5 

Rf Oscillation, 

HLT "High" Hold Time tOPR 
External Clock 0.2 ms -Operation, 
Vce=2.5 to 5.5V 

External Reset 
~=2.5 to 5.5V 

RESET Pulse Width (1) tRST1 HLT=Va; 
Rf Oscillation, 2 - ms 

External Clock 
Operation 

External Reset 
RESET Pulse Width (2) tRsT2 ~2.5t05.5V 2·Tinst - Il5 

= Vee 

RESET Fall Time tfRST FfCi'= Vee - 20 ms 

RESET Rise Time trRST RIT=Vee - 20 ms 

(NOTE) All voltages are with respect to GNO. 

• SIGNAL DESCRIPTION 
The input and output signals for the HMCS46C, shown in 

PIN ARRANGEMENT, are described in the following para­
graphs. 
• Vee andGND 

Power is supplied to the HMCS46C using these two pins. 
Vee is power and GND is the ground connection. 
• RESET 

This pin allows resetting of the HMCS46C at times other 
than the automatic resetting capability (ACL; Built·in Reset 
Circuit) already in the HMCS46C. The HMCS46C can be reset 
by pulling RESET high. Refer to RESET FUNCTION for addi­
tional information. 
• OSCI and OSC2 

These pins provide control input for the built-in oscillator 
circuit. A resistor, 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 place the HMCS46C in the Halt State 

(Stand-by Mode). 
The HMCS46C can be moved into the Halt State by pulling 

'RLflow. 
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In the Halt State, the internal clock stops and all the internal 
statuses (the RAM, the registers, the Carry F/F, the Status 
F/F, the Program Counter, and all the internal statuses) are 
held. 

Consequently, the power consumption is reduced. By pulling 
HLT high, the HMCS46C starts operation from the state just 
before the Halt State. 

Refer to HALT FUNCTION for details of the Halt Mode. 
• TEST 

This pin is not for user application and must be connected 
to Vee. 
• INTo and INT, 

These pins provide the capability for asynchronously apply­
ing external interrupts to the HMCS46C. 

Refer to INTERRUPTS for additional information. 
• Roo - Ro3 , R,o - Ru, R20 - R23 , R30 - R33 

These 16 lines are arranged into four 4-bit Data Input/Out· 
put Common Channels. 

The 4-bit registers (Data I/O Register) are attached to these 
channels. Each channel is directly addressed by the operand of 
input/output instruction. Refer to INPUT/OUTPUT for addi­
tional information. 
• Do - 015 

These lines are 16 I-bit Discrete Input/Output Common 
Terminals. 
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The I-bit latches are attached to these terminals. Each ter­
minal is addressed by the Y register. The Do to D3 terminals are 
also addressed directly by the operand of input/output instruc­
tion. Refer to INPUT/OUTPUT for additional information. 
• ROM 
• ROM Address Space 

ROM is used as a memory for the instructions and the pat­
terns (constants). The instruction used in the HMCS46C consists 

of 10 bits. These 10 bits are called "a word", which is a unit 
for writing into ROM. 

The ROM address has been split into two banks. 
Each bank is composed of32 pages (64 words/page) . 

The ROM capacity is 4,096 words (1 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 I. 

1----- 64 words----i 

1FOF _3E3F 

·Subroutine Space 11o
."" (1 Page) 

I 

1\( 
I 
I 
I 
I 
I 
I 
I 
I 
I , 

(30 Page) 

(31 Page) 

(32 Page) 

(33 Page) 

I 
I 
I 
I 
I 
I 
I 
I 

(61 Page) 

(62 Page) 

E (63 Page) 

·Bank 0 0 Page (0 Page) is the Subroutine Space. 

Timer/Counter Interrupt Address 
Bank 0 0 Page 3F Address 

(0 Page 3F Address) 

Input Interrupt Address 
Bank 0 1 Page 3F Address 

(1 Page 3F Address) 

Reset Address 
Bank 1 31 Page 3F Address 

(63 Page 3F Address) 

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 (PC) 
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 

L....---....;.0 p----,age I} I 
~ ..... L 

30 Page 

31 Page 

Address 

3F Address 

3E Address 

Bank '----- ~:~ ___ -J '-----~:res. 
{art 

1.... ---(PagePartl~ 

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 S·bit 
register. 

Table 1 Program Counter Address Part Sequence 

Once a certain value is loaded into the bank part or the page 
part, the content is unchanged until other value is loaded by a 
program. 

The settable value is "0" (the Bank 0) or "1" (the Bank 1) 
for the bank part, and 0 to 31 for 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 
hexa·decimal system is shown in Table 1. This sequence is cir· 
culating 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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Decimal 

63 
62 
61 
69 
66 
47 
30 
60 
67 
61 
39 
14 
29 
68 
63 
43 
22 
44 
24 
48 
33 

2 

Hexa· Decimal decimal 

3F 6 
3E 11 
3D 23 
3B 46 
37 28 
2F 66 
1E 49 
3C 36 
39 6 
33 13 
27 27 
OE 64 
10 46 
3A 26 
36 62 
28 41 
16 18 
2C 36 
18 8 
30 17 
21 34 
02 4 

Hexa· Decimal Hexa· 
decimal decimal 

06 9 09 
OB 19 13 
17 38 26 
2E 12 OC 
1C 26 19 
38 60 32 
31 37 26 
23 10 OA 
06 21 16 
00 42 2A 
1B 20 14 
36 40 28 
20 16 10 
1A 32 20 
34 0 00 
29 1 01 
12 3 03 
24 7 07 
08 15 OF 
11 31 1F 
22 
04 
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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. 

It is possible to combine the bank part and the page part and 
show the combined part as the Page (in the decimal system). 

(a) ROM Address 

;---- (Page Part! ~ 

Bank Part 

In this case, the 0 Page to the 31 Page in the Bank 1 are shown 
as the 32 Page to the 63 Page. The examples are 'shown in Figure 
3. 

One word (10 bits) of ROM is divided into three parts (2 
bits, 4 bits and 4 bits from the most significant bit 010 in order) 
shown in the hexa-decimal system. The examples are shown in 
Figure 3. 

/\r- Page Part----.' ~Address Part~ 

1111:°:1:°:°1 :0:0:1:1:°1 
Bank 1 20-26: Bank 1 20 Page 26 Address 

(52-26: 52 Page 26 Address) '---.I~ Decimal ------1''-----.1 '---- Hexa- ~ 
Binary He~a- decimal 
~---(Decimal) ___ ~I decImal 

(b) ROM Code 

°'0 _0, 

° : 1 : 1 : ° : 1 : ° : 1 I ROM Pattern, Object Code: 1B5 

L Hexa- -1'--- Hexa-decimal ~'---- Hexa-decimal---1 
decimal 

Figure 3 Designation of ROM Address and ROM Code 

• PATTERN GENERATION 
The pattern (constant) can be accessed by the pattern in­

struction (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 value of the operand p (P2 , PI, Po) is 0 to 7 (decimal). 
The bank part of the ROM address to be referenced to is 

determined by the logical equation: PC ll + 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 
does not change actually. After execution of the pattern instruc­
tion, the program counter counts up and the next instruction is 
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executed. 
The pattern instruction is executed in 2-cycle time. 

• 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. 
(li) The pattern is loaded into the Data I/O Registers R2 

and R3. 
Selection is determined by the command bits (09 , 010) in 

the pattern. 
Mode (i) is performed when 0 9 is "1" and mode (ii) is per­

formed when 010 is "1 ". 
Mode (i) and (ii) are simultaneously performed when both of 

0 9 and 010 are "1". The correspondence of each bit of the pat­
tern is shown in Figure 5. 

Examples of the pattern instruction usage is shown in Table 
3_ 

CAUTION 
In the program execution, the pattern can not be distinguish­

ed from the instruction. When the program is executed at the 
addresses into which pattern is written, the instruction corres­
ponding to the pattern bit is executed_ Take care that a pattern 
is not executed as an instruction. 
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I (Page Part) ~ 
Bank Part {\ r-- Page Part ~;---- Address Part ~ 

(Data for Modification) ~ ~.= :1= :0 I C I B, : B. : BI : Bo I A, : A.: AI : Ao I 
r-"-T-T-T-T-T-T-,-"T-"T-'--' 

(Reference I PCII I PCIO PC. I PC. I PC, I PC, I BIB I A I A I A I A I 
ROM address) L +~ • ..1 ~~ 1 +~0..1.. +: .J. +~~ +~ • ..L _1..1 _0..L _' .J. _'.L _I ..... _0.J 

Figure 4 ROM Addressing for Pattern Generation 

Table 2 Bank Part Truth Table of Pattern Generation 

PC 11 p. Bank part of ROM address 
to be referenced to 

1 (Bank 1) 
1 1 (Bank 11 

0 1 (Bank 11 

o (Bank 01 
1 1 (Bank 11 

0 o (Bank 01 

I 0. 0 : o. : o. : 0, : 0, : 05 : 0 4 : 0 3 : O. : O. I Pattern of ROM 

Loaded into the accumulator 
and B register 

[~: ~ "'I,-R-'-OT:-R-.-. r: -R-"-':-R-u-,,r--R-30.,:r-R-,-.T:-R-3-' r: -R-,",I ;~~::~sinto the R2 and R3 

Figure 5 Correspondence of Each Bit of Pattern 

Table 3 Example of Pattern Instructions Usage 

Before Execution Referred ROM ROM After Execution 

PC p C B A Address 

Bank 00·3F 
1 0 A 0 Bank 010-20 

(0·3F) (10·20) 

Bank 00·3F 7 1 4 0 
Bank 1 29-00 

(0·3F) (61·00) 

Bank 130-00 4 0/1** 0 9 Bank 1 30-09 
(62·00) (62·09) 

Bank 1 30-00 
1 0/1** F 9 Bank 1 31·39 

(62·00) (63·39) 

• "-" meens thet the velue doel not chenge after axecutlon of tha Instruction. 
•• "0/1" means thet either "0" or "1" mev be selected. 
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Pattern B A R2 

120 2 B -
220 - - 4 

320 2 B 4 

223 - - 4 

R3 

* -

B 

B 

C 
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• 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 F/F is "I". If it is "0", the instruction is skipped and 
the Status F/F becomes "1". The operation is shown in Figure 6. 

• LPU 
By LPU instruction, the jump of the bank and page is per-

formed. 
The lower 5 bits of the ROM Object Code (operand u, as 

to 0 1 ) are transferred to the page part of the program cou~ 
with a delay of 1-cycle time. At the same time, the signal R'70 
(the reversed-phase signal of the Data 1/0 Register R'70) is 
transferred to the bank part of the program counter with a 
delay of 1-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 of the bank and page is achieved. 

This instruction (LPU) is conditional, and is executed only 
when the Status F/F is "I". Even after a skip, the Status F/F 
will remain unchanged ("0"). 

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 LPU and BR in­

structions, which is divided into two instructions as follows. 

BRL a-b-LPU a 
BR b 

< Jump to Bank "R70 ",a Page - b Address > 

BRL instruction is a conditional instruction because of 
characteristics of LPU and BR instructions, and is executed only 
when the Status F/F is "1". If the Status F/F is "0", the instruc­
tion is skipped and the Status F IF becomes "1". The examples 
of BRL instruction are shown in Figure 8. 
• TBR (Table Branch) 

By TBR instruction, the program branches by the table. 
The program counter is modified with the accumulator, the 

B register, the Carry F/F and the operand p. 
The method for modification is shown in Figure 9. 
The bank part is determined by the logical equation: PC11 + 

P2, as shown in Table 4. 
If the address where TBR instruction exists is in the Bank 1, 

it is possible to jump to an address only in the Bank 1, not to 
an address in the Bank O. 

If the address where TBR instruction exists is in the Bank 0, 
it is possible to jump to an address in either the Bank I or the 
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 IF. 

ROM I: B : R: I : : ~ : : I 

Data 1/0 
Register 

, , , , , , 

Figure 6 BR Operation 

0.-0. 

I 
Bank Part 

Figure 7 LPU Operation 

93 

Delay by 1 -Cycle Time 

: I 
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Branch to Bank 0 
• LAI 16 
·--LRA 7 
~-.LPU 6 ~ 

BR 3F J 

LAI 16 
LBA 

·--LRA 7 
: COMB 
L-_LPU 31 ~ 

BR 3F j 

R,o • "1" (R'O • "0"1 

BRL 6-3F 
(Branch to Bank 0 5-3F (6-3FII 

R,o ,. "1" (R'O • "0"1 

BRL 31-3F 
(Branch to Bank 0 31-3F (31-3FII 

• CAL 
By CAL instruction, subroutine jump to the Subroutine 

Space is performed. 
The Subroutine Space is the Bank 0 0 Page (0 Page). 
The address next to CAL instruction address is pushed onto 

the stack STl and the contents of the stacks STl, ST2 and ST3 
are pushed onto the stacks ST2, ST3 and ST4 respectively as 
shown in Figure 10. 

Branch to Bank 1 

The bank part of the program counter becomes the Bank 0 
and the page part becomes the 0 Page. The lower 6 bits (operand 
a, 06 to 01) of the ROM Object Code is transferred to the 
address part of the program counter. 

LAI 0 
r--LRA 7 
~-.LPU 16' 

BR 3F J 
LAI 0 
LTA 

.--LRA 7 
: LVI 3 
I XMA 
~-·LPU 10 ~ 

BR 2E j 

R,o • "0" (R,o - "1"1 
BRL 16-3F 
(Branch to Bank 1 16-3F (47-3FII 

R,o ,. "0" (R,o ,. "1"1 

BRL 10-2E 
(Branch to Bank 1 10-2E (42-2EII 

Figure 8 BRL Example 

The HMCS46C has 4 levels of stack (S1I, ST2, ST3 and ST4) 
which allows the programmer to use up to 4 levels of subroutine 
jumps (including interrupts). 

CAL is a conditional instruction and executed only when the 
Status F/F is "I". If the Status F/F is "0", it is skipped and the 
Status F/F changes to "1". 
• CALL 

By CALL instruction, subroutine jump to an address in any 
bank and page is performed. 

Table 4 Bank Part Truth Table of TBR Instruction 

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 R?O of the Data 
I/O Register R?O. 

This instruction is a macro instruction of LPU and CAL 
instructions, which is divided into two instructions as follows. 

PC .. P2 Bank Part of PC after 
TBR 

1 (Bank 11 
1 1 (Bank 1) 

0 1 (Bank 11 

CALL a-b_LPU a 
CAL b 

1 1 (Bank 11 
o (Bank 01 

0 o (Bank 01 

< SubroutineJump to Bank "R7o ", a Page - b Address> 

• SUBROUTINE JUMP 

CALL instruction is conditional because of characteristics of 
LPU and CAL instructions, and is executed when the Status F/F 
is "1" If the Status F/F is "0", the instruction is skipped and 
the Status F /F changes to "1". The examples of CALL instruc­
tion are shown in Figure 11. 

There are two types of subroutine jumps. They are explained 
in the following paragraphs. 

/ (Page Pard \ 

Ban~a; r-- Page Part ~;--- Address Part ~ 

(PCI PC.. PC.. PC. PC, PC, PC. PCs PC. PC, PC2 PC. PC. 

'--'-T-
(Modification) I P2 p. p. C B, B2 B. B. I A, : A2 : A. : A. I 

L _ ~ _ ~ _ ~ __ ~ __ L-__ L-~~~_L-~_~-L_~-L ___ ~. 

(PC after TBR 
Instructionl 

Figure 9 Modification of Program Counter by TBR Instruction 
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O. _________ a. 

ROM : : ; : : 

STl I : : : : : : : : : : 
ST2 

ST3 : : 
ST4 : : 

Figure 10 Subroutine Jump Stacking Order 

Subroutine Jump to Bank 0 
• LAI 15 

r-LRA 7 
~·LPU 5) 

R,o = "1" (R,o = "0") 

CALL 5-3F CAL 3F J (Subroutine Jump to Bank 0 5-3F (5-3F)) 

• LAI 15 
LBA 

'-LRA 
: COMB 
'.LPU 31 1 

R,o = "1" (R,o = "0") 

CALL 31-3F CAL 3F J 
(Subroutine Jump to Bank 0 31-3F (31-3F)) 

Subroutine Jump to Bank 1 
• LAI 0 

r-LRA 7 
:.LPU 15 f R,o = "0" (R,o = "1") 

CALL 15-3F CAL 3F) 
(Subroutine Jump to Bank 1 15-3F (47-3F)) 

LAI 0 
LTA 

r-LRA 7 
: LVI 3 

R,o = "0" (R,o = "1") 

: XMA 
~.LPU 10 1 CALL 10-2E 

CAL 2E J (Subroutine Jump to Bank 1 10-2E (42-2E) 

Figure 11 CALL Example 

• RAM 
RAM is a memory used for storing data and saving the con­

tents of the registers. Its capacity is 256 digits (l,024 bits) 
where one digit consists of 4 bits. 

Addressing of RAM is performed by a matrix of the file 
No. and the digit No. 

The file No. is set in the X register and the digit No. in the 
Y register for reading, writing or testing. Specific digits in RAM 
can be addressed not via the X register and Y register. These 
digits are called "Memory Register (MR)", 0 to 15 (l6 digits in 
all). The memory register can be exchanged with the accumu­
lator by XAMR instruction. 
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The RAM address space is shown in Figure 12. 
In an instruction in which reading from RAM and writing to 

RAM coexist (exchange between RAM and the register), reading 
precedes writing and the write data does not affect the read 
data. 

The RAM bit manipulation instruction enables any addressed 
RAM bit to be set, reset or tested. The bit assignment is specified 
by the operand n of the instruction. 

The bit test makes the Status F IF "1" when the assigned bit 
is "1" and makes it "0" when the assigned bit is "0". 

Correspondence between the RAM bit and the operand n is 
shown in Figure l3. 



HMCS46C,HMCS46CL-------------------------------------------------------
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Figure 12 RAM Address Space 

23 22 21 2° n 

:01 0 M(O) 

: :0: M(1) 

:0: 2 M(2) 

10: : 3 M(3) 

n .. Bit Assignment No. (Operand) 

Figure 13 RAM Bit and Operand n 
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• REGISTER 
The HMCS46C has eight 4-bit registers and two I-bit registers 

available to the programmer. The I-bit registers are the Carry 
F/F and the Status F/F. They are explained in the following 
paragraphs. 
• Status F/F (S) 

The Status F /F latches the result of logical or arithmetic 
operations (Not Zero, Overflow) and bit test operations. The 
Status F/F affects conditional instructions (LPU, BR and CAL 
instructions). These instructions are executed only when the 
Status F /F is "1". If it is "0", these instructions are skipped and 
the Status F/F becomes "1". 
• Accumulator (A; A Register) and Carry F/F (C) 

The result of the Arithmetic Logic Unit (ALU) operation (4 
bits) and the overflow of the ALU are loaded into the accumula­
tor and the Carry F/F. The Carry F/F can be set, reset or tested. 
Combination of the accumulator and the Carry F/F can be right 
or left rotated. The accumulator is the main register for ALU 
operation and the Carry F /F is used to store the overflow gener­
ated by ALU operation when the calculation of two or more 
digits (4 bits/digit) is performed. 
• 8 Register (8) 

The result of ALU operation (4 bits) is loaded into this 
register. The B register is used as a sub-accumulator to stack 
data temporarily and also used as a counter. 
• X Register (X) 

The result of ALU operation (4 bits) is loaded into this 
register. The X register has exchangeability for the SPX register. 
The X register addresses the RAM file. 
• SPX Register (SPX) 

The SPX register has exchangeability for the X register. 
The SPX register is used to stack the X register and expand 

the addressing system of RAM in combination with the X 
register. 
• Y Register (Y) 

The result of ALU operation (4 bits) is loaded into this 
register. The Y register has exchangeability for the Spy register. 
The Y register can calculate itself simultaneously with transfer­
ring data by the bus lines, which is usable for the calculation of 
two or more digits (4 bits/digit). The Y register addresses the 
RAM digit and I-bit Discrete I/O. 
• Spy Register (Spy) 

The Spy register has exchangeability for the Y register. The 
Spy register is used to stack the Y register and expand the 
addressing system of RAM and I-bit Discrete I/O in' combina­
tion with the Y register. 

The Data I/O Registers R4 and R5, which are not connected 
to the LSI pin; can be used for general purpose registers. 
• R4 Register (R4) 

The contents of the accumulator and the B register are trans­
ferred by LRA and LRB instructions, respectively. The con­
tents of the R4 register are sent to the accumulator and the B 

register by LAR and LBR instructions, respectively. 
• R5 Register (R5) 

The contents of the accumulator and the B register are trans­
ferred by LRA and LRB instructions, respectively. The contents 
of the R5 register are sent to the accumulator and the B register, 
respectively. 

• INPUT/OUTPUT 
• 4-bit Data Input/Output Common Channel (R) 

The HMCS46C has four 4-bit Data I/O Common Channels 
(RO, RI, R2 and R3). 

The 4-bit registers (Data I/O Register) are attached to these 
channels. 

Each channel is directly addressed by the operand p of 
input/output instruction. 

The data is transferred from the accumulator and the B 
register to the Data I/O Registers RO to R3 via the bus lines. 
Pattern instruction enables the patterns of ROM to be loaded 
into the Data I/O Registers R2 and R3. 

Input, instruction enables the 4-bit data to be sent to the 
accumulator and the B register from RO to R3. Note that, since 
the Data I/O Register's output is directly connected to the pin 
even during execution of input instruction, the input data is 
wired logic of the Data I/O Register's output and the pin input. 
Therefore, the Data I/O Register should be set to 15 (all bits 
of the Data I/O Register is "1") not to affect the pin input 
before execution of input instruction, and Open Drain or With 
Pull up MOS should be specified for the I/O configuration of 
these pins. 
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The block diagram is shown in Figure 14. The I/O timing is 
shown in Figure 15. 
• 1-bit Discrete Input/Output Common Terminal (D) 

The HMCS46C has 16 I-bit Discrete I/O Common Terminals. 
The I-bit Discrete I/O Common Terminal consists of a I-bit 

latch and an I/O common pin. 
The I-bit Discrete I/O is addressed by the Y register. The 

addressed latch can be set or reset by output instruction and 
"0" and "1" level can be tested with the addressed pin by input 
instruction. 

Note that, since the latch output is directly connected to the 
pin even during execution of input instruction, the input data 
is wired logic of the latch's output and the pin input. Therefore, 
the latch should be set to "1" not to affect the pin input before 
execution of input instruction and Open Drain or With Pull up 
MOS should be specified for the I/O configuration of this pin. 

The Do to D3 terminal are also addressed directly by the 
operand n of input/output instruction and can be set or reset. 
The block diagram is shown in Figure 16 and the I/O timing is 
shown in Figure 17. 
• I/O Configuration 

The I/O configuration of each pin can be specified among 
Open Drain, With Pull up MOS and CMOS using a mask option 
as shown in Figure 18. 
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LSI 
Internal 

Tock (tI>1 

~tI>2 

LRA. LRB [ 
Instruction 

Pattern [ 
Instruction 

LAR. LBR [ 
Instruction 

Output Function ,. - --- ---- ------, n = 0 - 3 

Rn, 

Data 

---f------------ Input Function 

All bits are 
set to "1" by the 
reset function To the accumulator and the B register 

Figure 14 4-bit Data I/O Block Diagram 

/ o ne nstructlon C I yce 
'\ 

I I I I 

- r--l r---J r-l r-L 

- Rn Output Instruction 

Rn 

- Pattern Instruction (second cycle) 

R2.R3 

Rn Input 
Instruction 

r---L 
Rn Sampling Clock 

Figure 15 4-bit Data I/O Timing 

Set Signal by the reset function 

Set Instruction 
On 

Reset Instruction ------t 

Latch 
Test 

IN 

Figure 16 1-bit Discrete I/O Block Diagram 
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LSI 
Intemel 
Clock 

I r tl>1 

ltl>2 

SED. RED.[ SEDD. 
REDO 
Instruction 

TO [ Instruc· 
tion 

/ 
o ne nstructlon C I yce\ 

M i"""""""1 

- r----l r-----l 

- On Set/Reset 
Instruction 

On (LSI pin) 

Figure 17 1·bit Discrete I/O Timing 

Applied pins; Do to 0 15 , Roo to R03 ' R,O to Ru. 
R20 to Ru. R30 to Ru 

No Pull up MOS 
(Open Drain) 

I/O Enable ~- -'!.~CC-l 
: PMOS 

,..------t:...... : 
I : 
I I 
I I 
: N,MOS 
I I L ______ J 

Input circuit 

~ 
I/O Enable 

With Pull up MOS (PMOS) 

Vee I/O vee 
I/O Enable--f---~--1 
E bl J I PMOS 

na e1 PMOS I I 
I I ..... ----t-.. I 
I I 
I I 
I NMOS 
I . 
I I 
I I L _____ .I 

Input circuit 

t 
I/O Enable 

• When "Disable" is specified for the I/O State at the Halt State. 
the I/O Enable signal shown in the figure turns off the input circuit. 
Pull up MOS. and NMOS output and sets CMOS output to high 
impedance (PMOS. NMOS; OFF), 

Figure 18 I/O Configuration 

r--t 

On Test 
Instruction 

CMOS 

h 

On 
Sampling 
Clock 

r---L-

I I ee 
~~blei--~~~s:-plos V 

I/O I I 

r-------t-~ : PMOS 

NMOS 
I 
I 

I I L ______ .J 

Input circuit 

~ble 

~NMOS 

• TIMER/COUNTER The TF F /F is a flip-flop which masks interrupts from the 
timer/counter. It can be set and reset by interrupt instruction. 
If the overflow output pulse of the counter is generated when 
the TF F IF is reset (''0''), an interrupt request occurs and the 
TF F/F becomes "1". If the overflow output pulse is generated 
when the TF F IF is set ("I "), no interrupt request occurs. The 
TTF instruction enables the TF F/F to be tested. 

The timer/counter consists of the 4-bit counter and the 6-bit 
pre scaler as shown in Figure 19. The 4-bit counter may be 
loaded under program control and is incremented toward 15 by 
the prescaler overflow output pulse or the input pulse of INT 1 

pin (its leading edge is counted). The clock input to the counter 
is selected by the CF F/F. When the CF F/F is "0", the clock 
input is the prescaler overflow output pulse (Timer Mode). 
When the CF F/F is "1", the clock input is the input pulse of 
INTI pin (Counter Mode). When the counter reaches zero 
(returns from 15 to zero), the overflow output pulse is gener­
ated and the counter continues to count (14 -+ 15 -+ 0 -+ 1 -+ 2 
... ). 
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The prescaler is a 6-bit frequency divider. It divides a system 
clock (instruction frequency) by 64 into the overflow output 
pulses of "instruction frequency -:- 64". 

The prescaler is cleared when data is loaded into the counter 
(by LTA or LTI instruction). The frequency division is 0 when 
the prescaler is cleared. At the 64th clock, an overflow output 
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pulse is generated from the prescaler. During operation of the 
LSI, the prescaler is operating and cannot be stopped. (In the 
Halt state, it stops.) The relation between the specified value of 
the counter and specified time in the Timer Mode is shown in 
Table S. 

The pulse width of the INTI pin in the Counter Mode must 
be at least 2-cycle time for both "High" and "Low" levels as 
shown in Figure 19. 
• INTERRUPT 

The HMCS46C can be interrupted in two different ways: 
through the external interrupt input pins (INTo, INT I) and the 
timer/counter interrupt request. When any interrupt occurs, 
processing is suspended, the Status F/F is unchanged, the 
present program counter is pushed onto the stack STI and the 
contents of the stacks STl, ST2 and ST3 are pushed onto the 
stacks ST2, ST3 and ST4 respectively. At that time, the Inter­
rupt Enable F /F (I/E) is set and the address jumps to a fixed 
destination (Interrupt Address), and then the interrupt routine 
is executed. Stacking the registers other than the program 
counter must be performed by the program. The interrupt 

Interrupt 
Request 
from Timer/ 
Counter 

(Refer to Figure 21) 

To the Status F/F 

Data bus 

TF: Set has priority over Reset 

INT, Pulse 

routine must end with RTNI (Return Interrupt) instruction 
which sets the I/E F /F simultaneously with the RTN instruc­
tion. 

The Interrupt Address~ 
Input Interrupt Address ........ Bank 0 1 Page 3F Address 

(1 Page 3F Address) 
Timer/Counter Interrupt Address··· Bank 0 0 Page 3F Address 

(0 Page 3F Address) 
The input interrupt has priority over the timer/counter inter­

rupt. 
The INTo and INTI pin have an interrupt request function. 

Each terminal consists of a circuit which generates leading pulse 
and the Interrupt mask F/F (IFO, IFI). An interrupt is 
enabled (unmasked) when the IFO F/F or IFI F/F is reset. 
When the INTo or INTI pin changes from "0" to "I" (from 
"Low" level to "High" level), a leading pulse is generated to 
produce an interrupt request. At the same time, the IFO F/F 
or IFI F/F is set. When the IFO F/F or IFI F/F is set, the inter­
rupt masking for the pin will result. (If a leading pulse is gen­
erated, no interrupt request occurs.) 

Prescaler 
Overflow Output 
Pulse 

I 

SECF 

RECF 

6·bit Prescaler 

INT, Leading Pulse 
(Refer to Figure 21) 

System 
Clock 

( InstructionJ 
Frequency 

tiNT ~ 2·Tinlt 
(Tinst-One Instruction Cycle Time) 

Figure 19 Timer/Counter Block Diagram 

Table 5 Timer Range 

Specified Number of *Time (ms) Specified Number of *Time (ms) Value Cycles Value Cycles 

0 1024 5.12 B 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 (Tlnst) .. 5$ls) 
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An interrupt request generated by the leading pulse is latched 
into the input interrupt request F/F (I/RI) on the input side. If 
the Interrupt Enable F/F (I/E) is "I" (Interrupt Enable State), 
an interrupt occurs immediately and the I/RI F /F and the I/E 
F /F are reset. If the I/E F /F is "0" (Interrupt Disable State), the 
I/RI F /F is held at "1" until the HMCS46C gets into the Inter­
rupt Enable State. 

The IFO F/F, the IFI F/F, the INTo pin and the INTI pin 
can be tested by interrupt instruction. Therefore, the INTo and 
the INTI can be used as additional input pins with latches. 

The INTo pin and INTI pin can be provided with Pull up 
MOS using a mask option as shown in Figure 20. 

No Pull up MOS 

.. ___ ~~S_ ... 
I/O Enable---.l I 

I 

PMOS 

I 
I 

________ J Input circuit 

An interrupt request from the timer/counter is latched into 
the timer interrupt request F /F (I/RT). The succeeding opera­
tions are the same as an interrupt from the input. Only the ex­
ception is that, since an interrupt from the input precedes a 
timer/counter interrupt, the input interrupt occurs if both the 
I/RI F/F and the I/RT F/F are "I" (when the input interrupt 
and the timer/counter interrupts are generated simultaneously). 
During this processing, the I/RT F/F remains "1". The timer/ 
counter interrupt can be implemented after the input interrupt 
processing is achieved. 

The interrupt circuit block diagram is shown in Figure 21. 

Vee I/O 

With Pull up MOS (PMOS) 

I 
I 
I , 
I , 

~ ________ ~ Input circuit 

* When "Disable" i~ specified for the I/O State at the Halt State, the 
I/O Enable signal shown in the figure turns off the input circuit and 
Pull up MOS. 

INT, 

IFO,IF1 

Figure 20 Configuration of INTo and INTI 

To the Status F/F 

..... ---+--...... ---I/RI 

(Interrupt 
Mask Signal) 

INT 

~-----4--------4_-I/RT 

Set has priority over Reset. 

D F/F (Delayed by One Instruction Cycle) 

Figure 21 Interrupt Circuit Block Diagram 
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• RESET FUNCTION 
The reset is perfonned by setting the RESET pin to "1" 

("High" level) and the HMCS46C gets into operation by setting 
it to ''0'' ("Low" level); Refer to Figure 22. Moreover, the 
HMCS46C has the power-on reset function (ACL; Built-in Reset 
Circuit). The Built-in Reset Circuit restricts the rise condition 
of the power supply; Refer to Figure 23. When the Built-in 
Reset Circuit is used, RESET should be connected to GND. 

HMCS46CL doesn't have the power-on reset function. 
Internal state of the HMCS46C are specified as follows by 

the reset function. 
o Program Counter (PC) is set to Bank 1 31 Page 3F 

Address (63 Page 3F Address). 
Data I/O Registers R'lO is set to "1" (Jumps to Bank 0 by 
execution of LPU instruction after the reset). 

o I/RI, IIRT, I/E and CF are reset to ''0''. 
o IFO, 1Ft, and TF are set to "1". 
o Data I/O Registers (RO to RS) and Discrete I/O Latches 

(Do to 015) are all set to "I". 
Note that all the other logic blocks (the Stack Reg­
isters, the Status F/F, the accumulator, the Carry F/F, 
the registers, the Timer/Counter, RAM) are not cleared 
by the reset function. The user should initialize these 
blocks by software. Because the Status F/F after the 
reset is not defined, set the Status F/F to "0" or "1" 
before the first execution of the conditional instruc­
tions (LPU, CAL and BR instructions). 

(Reset State) 

RESET 

Vee 

• HALT FUNCTION 
When the HLT pin is set to ''0'' ("Low" level), the internal 

clock stops and all the internal statuses (RAM, the Registers, the 
Carry F/F, the Status F/F, the Program Counter, and all the 
internal statuses) are held. Because all internal logic operation 
stop, power consumption is reduced. There are two input/ 
output statuses in the Halt State. The user should specify either 
"Enable" or "Disable" using a mask option at the time of order­
ingROM. 

"Enable"~OutPut ....... The status before the 
Halt State is held 

Pull up MOS '" ON 
Input ........ Independent of the Halt 

State or Operating State 
(Input Circuit is ON) 

Since Pull up MOS is ON, Pull up MOS 
current flows with output "0" ("Low" 
level) in the Halt State (NMOS; ON). 
When an input signal changes, transi­
tion current flows into an input circuit. 
Also, current flows into Pull up MOS. 

* tRST1 includes the time required from the power ON until the 
operation gets into the constant state. 

HLT = Vee 
RESET-GND 

O.2V 
Vec-----J 

tRST2 is applied when the operation is in the constant state. 

Figure 22 RESET Timing 

4.5V 

tOFF trce 

* tOFF specifies the period when the power supply if OFF in the case that a 
short break of the power supply occurs and the power supply ON/OFF is repeated. 

Figure 23 Power Supply Timing for Built-in Reset Circuit 
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These currents and added to the Stand· 
by Supply Current (or Halt Current). 

.. Disable"1outp.ut ....... NMOS Output: OFF 
CMOS Output: 

High Impedance 
(NMOS, PMOS: 
OFF) 

Pull up MOS ... OFF 
Input ......... Input Circuit: OFF 
Both input and output are at high 
impedance state. Since an input circuit 
is OFF, any current other than the Stand· 
by Supply Current (or Halt Current) does 
not flow even if an input signal changes. 

When the m::T pin is set to "I" ("High" level), the HMCS46C 
gets into operation from the status just before the Halt State. 

The halt timing is shown in Figure 24. 

CAUTION 

If, during the Halt State, the external reset input is applied 
(RESET = "I" ("High" level», the internal status is not held. 

• OSCILLATOR 
The HMCS46C contains its own oscillator and frequency 

divider (CPG). The user can obtain the desired timing for opera. 
tion of the LSI by merely connecting an resistor Rf or ceramic 
filter circuit (Internal Clock Operation). Also an external oscil· 
lator can supply a clock (External Clock Operation). 

The OSC I clock frequency is internally divided by four to 
produce the internal system clocks. 

The user may exchange the external parts for the same LSI 
to select either of these two operational modes as shown in 
Figure 25. There is no need of specifying it by using the mask 
option. 

The typical value of clock oscillation frequency (fose) varies 
with a oscillation resistor Rf as shown in Figure 26. 

I------------Halt State-------------., 

vcc--------~~----------~ 
HL T'-------

tfHLT trHLT 

OPR 

Figure 24 Halt Timing 

(a) Internal Clock Operation Using Resistor Rf 

Wiring of OSC. and OSC2 terminals should 
R be 81 short 81 possible because the oscillation c(SC. 

f frequency Is modified by capacitance of 
OSC

2 
these terminals. 

(b) Internal Clock Operation Using Ceramic Filter Circuit (This is not applied to HMCS46CL.) 

c. 

~~:~iC~~~~'-~ 

}C
2 

Ceramic Filter; CSB800A (MURATA) 
R. 1MO ± 10% 
C. 100pF ± 10% (Ceramic Capacitor) 
C2 100pF ± 10% (Ceramic Capacitor) 

GND 

The ceramic filter oscillation does not apply when using "Halt" and not 
resetting at the time of "Halt" cancallation. 
Thil circuit il the exemple of the typical u •. AI the oscillation character· 
istics il not guaranteed. plea. consider and examine the circuit constants 
carefully on your application. 

Figure 25 Clock Operation Modes (to be continued) 
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(c) External Clock Operation 

Figure 25 Clock Operation Modes 

900 

t 
Vee = SV 
Ta = +2SoC 

" 

" '" " ~ -......... ~ r--.. 
700 

:l! 
~ 
~ 

..9 
500 

300 
---~ --r--- typ 

~, so 70 90 110 130 1S0 

Figure 26 Typical Value of Oscillation Frequency vs. Rf 
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• INSTRUCTION LIST 
The instructions of the HMCS46C are listed according to 

their functions, as shown in Tabie 6. 

Table 6 Instruction List 

Group Mnemonic Function 

LAB B ~ A 
LBA A ~ B 

Register' Register LAY Y ~ A 
Instruction LASPX SPX ~ A 

LASPY Spy ~ A 
XAMR m A ++ MR (m) 

LXA A ~ X 
LYA A ~ Y 
LXI i i ~ X 
LYI i i ~ Y 

RAM Address Register 
IY Y+1 ~ Y 
DY Y-1 ~ Y 

Instruction AYY Y+A ~ Y 
SYY V-A ~ Y 
XSPX X ++ SPX 
XSPY Y ++ Spy 
XSPXY X ++ SPX. Y ++ Spy 

LAM (XY) M ~ A (XY ++ SPXY) 
LBM (XY) M ~ B (XY ++ SPXY) 

RAM' Register XMA (XY) M ++ A (XY ++ SPXY) 
Instruction XMB (XY) M ++ B (XY ++ SPXY) 

LMAIY (X) A ~ M. Y+1 ~ Y (X ++ 

LMADY (X) A ~ M. Y-1 ~ Y (X ++ 

Immediate Transfer 
LMIIY i i -t M. Y+1 ~ Y 

Instruction LAI i i ~ A 
LBI i i ~ B 

AI i A+i ~ A 
IB B+1 ~ B 
DB B-1 ~ B 
AMC M+A+C (F/F) ~ A 
SMC M-A-C (F/F) ~ A 
AM M+A ~ A 
DAA Decimal Adjustment (Addition) 

Arithmetic Instruction 
DAS Decimal Adjustment (Subtraction) 
NEGA A+1 ~ A 
COMB "B ~ B 
SEC "1" -+ C (F/F) 
REC "0" ~ C (F/F) 
TC Test C (F/F) 
ROTL Rotation Left 
ROTR Rotation Right 
OR A UB ~ A 
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Status 

NZ 
NB 
C 
NB 

SPX) NZ 
SPX) NB 

NZ 

C 
NZ 
NB 
C 
NB 
C 

C (F/F) 

(to be continued) 
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Group Mnemonic Function 

MNEI i M ~ i 
VNEI i V ~ i 
ANEM A ~ M 

Compare Instruction BNEM B ~ M 
ALEI i A :s;:: i 
ALEM A ~ M 
BLEM B ~ M 

RAM Bit Manipulation 
SEM n "1" -. M (n) 
REM n "0" -. M (n) 

Instruction 
TM n Test M (n) 

BR a Branch on Status 1 
CAL a Subroutine Jump on Status 1 

ROM Address LPU u Load Program Counter Upper on Status 
Instruction TBR p Table Branch 

RTN Return from Subroutine 

SEIE "1" -. I/E 
SEIFO "1" -. IFO 
SEIFl "1" -. IFl 
SETF "1" -. TF 
SECF "1" -. CF 
REIE "0" -. I/E 
REIFO "0" -. IFO 
REIFl "0" -. IFl 

Interrupt Instruction RETF "0" -. TF 
RECF "0" -+ CF 
TIO Test INTo 
Til Test INT, 
TIFO Test IFO 
TlFl Test IFl 
TTF Test TF 
LTI i i -. Timer/Counter 
LTA A -. Timer/Counter 
LAT Timer/Counter ..... A 
RTNI Return Interrupt 

"---

SED ~'1" ~ o (V) 
RED "0" -. o (V) 
TO Test o (V) 
SEOO n "1" -. o (n) 

Input/Output REDO n "0" -. o (n) 
Instruction LAR p R(p) -+ A 

LBR p R(p) -+ B 
LRA P A -. R (p) 
LRB p B -. R (p) 
P p Pattern Generation 

NOP No Operation 

[NOTE) 1. (XV) after a mnemonic code has four meanings as follows. 
Mnemonic only 
Mnemonic with X 
Mnemonic with V 
Mnemonic with XV 

[Example) lAM 
lAMX 
lAMY 
lAMXV 

Instruction execution only 
After instruction execution, X ++ SPX 
After instruction execution, V ++ SPY 
After instruction execution, X ++ SPX, V ++ SPY 
M A 
M A, X ++ SPX 
M A, V ++ SPY 
M A, X ++ SPX, V ++ Spy 

Status 

NZ 
NZ 
NZ 
NZ 
NB 
NB 
NB 

M(n) 

1 
1 

1 

INTo 
INT, 
IFO 
IFl 
TF 

O(V) 

2. Status column shows the factor which brings the Status F/F "1" under judgement instruction or instruction accompanying the judgement. 
NZ .... AlU Not Zero 
C ..... AlU Overflow in Addition, that is, Carry 
NB .... AlU Overflow in Subtraction, that is, No Borrow 
Except above ....... Contents of the status column affects the Status F/F directly. 

3. The Carry F/F (C(F/F)) is not always affected by executing the instruction which affects the Status F/F. 
Instructions which affect the Carry F/F are eight as follows. 

AMC SEC 
SMC REC 
DAA ROTl 
DAS ROTR 

4. All instructions except the pattern instruction (P) are executed in 1-cycle. The pattern instruction (P) is executed 
in 2-cycye. 
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I HMCS46C Mask Option List I Date 
Customer's Name 
ROM CODE 10 
Hitachi PIN 

(1) I/O Option 

Pin Name I/O 
I/O Option 

Remarks Pin Name I/O 
I/O Option 

Remarks 
A B C A B C 

Do I/O Roo I/O 

01 I/O ROI I/O --
02 I/O Roo I/O 

03 I/O R03 I/O 

04 I/O RIO I/O 
05 I/O RlI I/O 

06 I/O RI2 I/O 

07 I/O RI3 I/O --c--
Os I/O R20 I/O 

09 I/O R:u I/O 

010 I/O R22 I/O 
1------- - -- --- - --

Oil I/O R23 I/O 
---~--- ------ ----- ---~-~-~ '------~ ----- -

012 I/O R30 I/O 
-- f--- ----- ----

013 I/O R31 I/O 
-r--- ----- . ---

014 I/O R32 I/O 
-- --------------

015 I/O R33 I/O 
-----
~ 

-~~----- ----
INTo I 

~ 
--t------ --

INTI I 
• Specify the I/O composition with a mark of "0" in the applicable composition column. 

A: No pull up MOS B: With pull up MOS C: CMOS Output 

(2) Oscillator & Halt 

~ Not used Used (Reset is applied when Halt release) Used (Reset is not applied when Halt release) 
Oscillator 

Resistor 

Ceramic Resonator 

External Clock 

• Please check one section on the above chart. 

(3) I/O State at "Halt" mode 

I/O State 
o Enable 

o Disable 

• Mark ".,; .. in "0" for the selected I/O state. 

(4) Supply Voltage {Vcd 
Supply Voltage (VCC) 

0 5 ± O.5V 
0 2.5V to 5.5V 

• Mark ".,;" in "0" for the selected supply voltage. 
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(5) Package 

Package 
o OP.42 

o Op.42S 

• Mark ".,;" in "0" for the selected package. 

(6) Evchip used for Program Evaluation 

Evchip 
o H044855E 

o H044857E 

• Mark ".,;" in "0" for the evchip used for program evaluation. 



HMCS4 7C(HD44860) ,---­
HMCS47CL(HD44868) 

The HMCS47C is the CMOS 4·bit single chip microcomputer 
which contains ROM, RAM, I/O and Timer/Counter on single 
chip. The HMCS47C is designed to perform efficient controller 
function as well as arithmetic function for both binary and BCD 
data. The CMOS technology of the HMCS47C provides the 
flexibility of microcomputers for battery powered and battery 
back·up applications. 

• FEATURES 
• 4-bit Architecture 
• 4,096 Words of Program ROM and Pattern ROM (10 

bitslWord) 
• 256 Digits of Data RAM (4 bits/Digit) 
• 44 I/O Lines and 2 External Interrupt Lines 
• Timer/Counter 
• Instruction Cycle Time; 

HMCS47C : 5Jls 
HMCS47CL : 20Jls 

• 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 
LTimer/ Counter 
Multiple Interrupt Capability 

• Bit Manipulation Instructions for Both RAM and I/O 
• Option of I/O Configuration Selectable on Each Pin; 

With Pull up MOS o~ CMOS or Open Drain 

HMCS47C, HMCS47CL 

(FP-54) 

HMCS47C, HMCS47CL 

(DP·64S) 
----

• Built·in Oscillator • PIN ARRANGEMENT O. ~ 0 0, 
• Built·in Power·on Reset Circuit (HMCS47C only) 
• Low Operating Power Dissipation; 3.3mW typo 
• Stand-by Mode (Halt Mode); 66 JlW max. 
• CMOS Technology 
• Single Power Supply; 

HMCS47C 5V±10% 
HMCS47CL : 2.5V to 5.5V 

o~oo~o~o' 

1\ 
U 
Z ~ .. - 0 

v 0 0010 

HMCS47C 
HMCS47CL 

(Top View) 
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0, ~ 0, 
O. ~ 0, 
0, ~ 1 D. 
O. ~ A., 
O. 8 <NC> 

: ~~ ~i ~~g~ 
< NC >~ A., 

O,.E A., 
0,," A.o 
0,,'2 A" 
0" 1 An 
0,.' 1 All 
0" 1 A,. 
A •• ' HMCS47C A" 
A.,' HMCS47CL A12 
A.,1 All 
A.,1 A,. 
As. INT, 
A" 1 INT. 
An A" 
A" All 

RESET , < NC > 
< NC > < NC > 
< NC > <NC> 

GNO 7 A" 
asc, 7 A,. 
asc, A., 

HIT A., 
TEST~ A., 

Vee -i2 _______ --'r- A o. 

(Top View) 
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• BLOCK DIAGRAM 

ROM 
4.096 x 10 bit 
(program memory and 
pattern memory) 

{f>. 
PC (12 bit) 

11 1; ~ 
Stack Register 

(4x 12 bit) 

~ A B X Y 

in, SPX Spy 

n addressing 

Timer/Counter I 

~ 
l 

l Inter- RAM 
rupt 256x4 bit 

~ 
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<i 
5!a; 

a;1 ,... 

~ 

s. rr.'" 
a;1 

( 

r -- ------
, 
I , 
I R5 , , 

,... 
I-

-------------, 
I 
I 
I 

R4 I 
I 
I L __ 

------ - - - --, I 

~~ 

Instruction 
Decoder 

-
S( 

-r-

ljA 

::::l 
..J 
« 

"l 

;. 

-c: 

.~ A 
:; '" c. ·c 

~~ 

, 
: ~ 2r 

I 

, I , 

~ 
I 

~ ~I 
I 

I 
, 
I 

: a: , 
I , , 

I I 
I I , , 

ii , , 
, I , I 

I 
, , , 

r--
, 0 : , a;1 
, , 
'----- -' 
.---
r---

r.:..::.---- i 
I 
I 
I I 
I , 
I 

ii 
I , I 

I 

~ 
I , , , .r. 
, 

I !:! I , 
.!!! I 

I I 

I 0 , 
I 

, , , 
:- , jf ____ J 

C> 
c: 

~ 
-

-c -
~ 

--
(I) (I) 
::::l ::::l 
al al 

'" en -CIl 

Et-
'- ~B= 

r-----, , 
~ ____ J I/O Common 

( J 

J R,o 
-R ll 

) 
R,o 
-R" 

\ 

f-o 
f-o 

f-o 

f-o 

Do 
0, 
0, 

Oil 
0,. 
0" 

Vee 

GND 

--OR ESET 

--01 OSC, 

OSC, f-o 

• Power-on Reset Circuit 
(ACL) is not built in HMCS47CL. 
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• HMCS47C ELECTRICAL CHARACTERISTICS (Vee - 5V ± 10%) 
• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Remarks 

Supply Voltage Vee -0.3 to +7.0 V 

Terminal Voltage (1) VT1 -0.3 to Vee + 0.3 V Except for the terminals 
~pecified by VT2 

Applied to the Open Drain 
Terminal Voltage (2) VT2 -0.3 to +10.0 V type of Output pins and Open 

Drain type of I/O pins. 

Maximum Total Output Current (1) -l:lo1 45 mA [NOTE 3] 

Maximum Total Output Current (2) l:I02 45 mA [NOTE 3] 

Operating Temperature Topr -20 to +75 °c 
Storage Temperature Tstg -55 to +125 °c 

[NOTE 1) Permanant 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. 

[NOTE 2) All voltages are with respect to GND. 

[NOTE 3) The Maximum Total Output Current is total sum of output currents which can flow out lor flow in) from or into the 1/0 pins and Output 
pins simultaneously. 
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• ELECTRICAL CHARACTERISTICS-1 (Vee - 5V ± 10%, Ta - _20°C to +75°C) 

Item Symbol Test Conditions 
Value 

min. typo 
Input "Low" Voltage V1L - -
Input "High" Voltage (1) V1Hl Vee - 1.0 -
Input "High" Voltage (2) V1H2 Vee - 1.0 -
Output "Low" Voltage VOL IOL = 1.6mA - -
Output "High" Voltage (1) VOHl -l oH = 1.0mA 2.4 -
Output "High" Voltage (2) VOH2 -loH = 0.01 mA Vee - 0.3 -
Interrupt Input Hold Time tiNT 20Tinst -
Interrupt Input Fall Time tflNT - -
Interrupt Input Rise Time trlNT - -
Output "High" Current IOH VOH = 10V - -

V in = Oto Vee - -
Input Leakage Current IlL 

V in = 0 to 10V - -
Pull up MOS Current -Ip Vee = 5V 60 -

V in = Vee. Vee = 5V. 
Supply Current (1) leel Ceramic Filter - -

Oscillation 
(folC = 800kHz) 

V in = Vee. Vee = 5V 

Rf Oscillation 
Supply Current (2) lee2 (folC = 800kHz) - -

External Clock 
Operation (fcp = 800kHz) 

Standby I/O Leakage HLT I V in = 0 to Vee - -
Current ILS = 1.0V I V in = Oto 10V - -
Standby Supply Current Ices V in =Vee. HLT = 0.2V - -
External Clock Operation 

External Clock Frequency fcp 350 -
External Clock Duty Duty 45 50 

External Clock Rise Time trcp 0 -
External Clock Fall Time ttcp 0 -
Instruction Cycle Time T inst T inst = 4/fcp 4.7 -
Internal Clock Operation (Rt Oscillation) 

Clock Oscillation Frequency Rt = 51kn ± 2% 

Clock Oscillation Frequency Ceramic Filter Circuit 

Instruction Cycle Time T inst = 4/f(JfK; 

[NOTE 1 I All voltages are with respect to GND. 

[NOTE 21 This is applied to RESET. HLT. OSC,. INTo. INT, and the With Pull up MOS or CMOS type of I/O pins. 

[NOTE 31 This is applied to the Open Drain type of I/O pins. 

[NOTE 41 This is applied to the CMOS type of I/O or Output pins. 

[NOTE 51 This is applied to the With Pull up MOS or CMOS type of I/O or Output pins. 

[NOTE 61 This is applied to the Open Drain type of I/O or Output pins. 

[NOTE 71 I/O current is excluded. 

[NOTE 81 The Standby I/O Leakage Current is the I/O leakage current in the Halt and Disable State. 

[NOTE 91 I/O current is excluded. 

Unit Note 
max. 

1.0 V 

Vee V 2 

10 V 3 

0.8 V 

- V 4 

- V 5 

- p.s 

50 p.s 

50 p.s 

3 p.A 6 

1 2 

3 
p.A 

3 

250 p.A 

2.0 mA 7 

0.85 mA 7 

1 p.A 5.8 

3 p.A 6.8 

12 p.A 9 

850 kHz 

55 % 

0.2 p.s 

0.2 p.s 

11.4 p.s 

The Standby Supply Current is the supply current at VCC=5V ± 10% in the Halt State. The supply current in the case where the supply 
voltage falls to the Halt Duration voltage is called the Halt Current (lDH). and it is shown in "ELECTRICAL CHARACTERISTICS -2." 
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• ELECTRICAL CHARACTERISTICS-2 (Ta = _20°C to +75°C) 

Reset and Halt 

Item Symbol Test Conditions 

Halt Duration Voltage VOH HLT= 0.2V 

Halt Current IOH ~=Vee 
HL T = 0.2V, VOH = 2.3V 

Halt Delay Time tHO 
Operation Recovery Time tRe 
HLT Fall Time tfHLT 
HL T Rise Time trHLT 
HL T "Low" Hold Time tHLT 

Rf Oscillation, External Clock 
HL T "High" Hold Time tOPR Operation 

Ceramic Filter Oscillation 

Power Supply Rise Time tree Built-in Reset, HL T = Vee 

Power Supply OFF Time tOFF 
Built-in Reset 
HL T = Vee 

External Reset 
Vee = 4.5 to 5.5V, HL T = Vee 
(Rf Oscillation, External Clock 

RESET Pulse Width (1) 
Operation) 

tRST1 External Reset 
Vee = 4.5 to 5.5V, HLT = Vee 
(Ceramic Filter Oscillation) 

External Reset 
RESET Pulse Width (2) tRST2 Vee = 4.5 to 5.5V, 

HLT = Vee 

RESET Fall Time tfRST HLT = VCC 

RESET Rise Time trRsT HLT=Vcc 

[NOTE) All voltages are with respe~t to GND. 
• HMCS47CL ELECTRICAL CHARACTERISTICS (2.5V to 5.5V) 
• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 
Supply Voltage Vee -0.3 to +7.0 V 

Terminal Voltage (1) Vn -0.3 to Vee + 0.3 V 

Terminal Voltage (2) VT2 -0.3 to +10.0 V 

Maximum Total Output Current (1) -I:lo1 45 mA 
Maximum Total Output Current (2) I:lo2 45 mA 
Operating Temperature Topr -20 to +75 °c 

Storage Temperature Tstg -55 to +125 °c 

Value 

min. 
Unit 

max. 

2.3 - V 

- 1 2 IlA 

100 - Ils 
100 - Ils 
- 1000 IlS 

- 1000 IlS 
400 - IlS 

0.1 -
ms 

4 -
0.1 10 ms 

1 - ms 

1 -

ms 

4 -

2· Tinst - IlS 

- 20 ms 

- 20 ms 

Remarks 

Except for the terminals 
specified by VT2 

Applied to the Open Drain 
type of Output pins and Open 
Drain type of I/O pins. 

[NOTE 3) 

[NOTE 3) 

[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. 

[NOTE 21 All voltages are with respect to GND. 
[NOTE 31 The Maximum Total Output Current is total sum of output currents which can flow out (or flow in) from or into the I/O pins and Output 

pins simultaneously. 
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• ELECTRICAL CHARACTERISTICS - 1 (Vee = 2.5 to 5.5V. Ta = -20 to +75°C) 

Test Conditions 
Value 

Item Symbol 
min. typo max. 

Input "Low" Voltage VIL - - 0.15·Vee 

Input "High" Voltage (1) VIHl 0.S5·Vee - Vee 

Input "High" Voltage (2) VIH2 0.S5·Vee - 10 

Output "Low" Voltage VOL IOL = 0.4 rnA - - 0.4 

Output "High" Voltage VOH -IOH = O.OS rnA Vee- O.4 - -
Interrupt Input Hold Time tiNT 2'Tinst - -
Interrupt Input Fall Time tfiNT - - 50 

Interrupt Input Rise Time trlNT - - 50 

Output "High" Level 
IOH VOH = 10V - - 3 

Current 

Yin = Oto Vee - - 1.0 
Input Leakage Current IlL 

Yin = 0 to 10V - - 3 

Pull up MOS Current -Ip Vee = 3V 10 - SO 

Vin=Vee. Vee=3V 
(fosc/fcp = 200kHz) 

Supply Current Icc Rf Oscillation, 
External Clock 

- - 140 

Operation 

Vin=O to Vee - - 1 
Standby I/O Leakage 

ILS 
HIT 

Current =0.5V 
Vin=O to 10V - - 3 

Yin - Vee=2.5 to - - 6 
Standby Supply Current Ices Vee 3.5V 

RtT= Vee=2.5 to - - 10 
0.1 V 5.5V 

External Clock Operation ----------r-----r-------------- t--- -240--External Clock Frequency fcp 130 200 

External Clock Duty Duty 45 50 55 

External Clock Rise Time t rcp 0 - 0.2 

External Clock Fall Time tfcp 0 - 0.2 

Instruction Cycle Time TiNt Tinst = 4/fcp 16.S 20 30.S 

Internal Clock Operation (Rf Oscillation) ---------- ---- --------- ----,---- ----
fOle 

Rf = 200kil ± 2% 
Clock Oscillation Vee=2.5 to 3.5V 

130 - 250 

Frequency 
fosc 

Rf=2ookil ± 2% 
130 350 

Vee=2.5 to 5.5V 
-

Tinst 
Tlnst=4/fOlC 16 - 30.S 
Vee= 2.5 to 3.5V 

Instruction Cycle Time 
Tinst=4/fosc 

Tinst Vee=2.5 to 5.5V 
11.4 - 30.S 

[NOTE 11 All voltages are with respect to GND. 
[NOTE 21 This is applied to RESET, HLT, OSC., INTo, INT. and the With Pull up MOS or CMOS type of I/O pins. 
[NOTE 31 This is applied to the Open Drain type of I/O pins. 
[NOTE 41 This is applied to the CMOS type of I/O or Output pins. 
[NOTE 51 This is applied to the With Pull up MOS or CMOS type of I/O or Output pins 
[NOTE 61 This is applied to the Open Drain type of I/O or Output pins. 
[NOTE 71 I/O current is excluded. 
[NOTE 81 The Standby I/O Laakage Current is the I/O leakage current in the Halt and Disable State. 
[NOTE 91 I/O currant is excluded. 

Unit Note 

V 

V 2 

V 3 

V 

V 4 

Jls 

JlS 

JlS 

JlA 6 

2 
JlA r----

3 

JlA 

JlA 7 

JlA 5,S 

JlA 6,S 

JlA 
9 

JlA 

--- ---
kHz 

% 

Jls 

Jls 

JlS 

r-- r---

kHz 

kHz 

JlS 

IlS 

The Standby Supply Current is the supply current at VCC=2.5 to 5.5V in the Halt State. The supply current in tile case where the 
supply voltage falls to the Halt Duration voltage is called the Halt Current (IDHI, and it is shown in "ELECTRICAL CHARACTERISTICS 
-2." 
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• ELECTRICAL CHARACTERISTICS - 2 (Ta = -20 to +75°C) 
Reset and Halt 

Value 
Unit Item Symbol Test Conditions 

min. max. 

Halt Duration Voltage VOH HLT = 0.2V 2.0 - V 

Halt Current IOH 
~Vee, VOH=2.0V - 12 #J,A 
HLT=0.1V 

Halt Delay Time tHO 200 - #J,s 

Operation Recovery Time tRe 200 - #J,s 

HLT Fall Time tfHLT - 1000 #J,s 

HIT Rise Time trHLT - 1000 #J,s 

HLT "Low" Hold Time tHLT 800 - #J,s 

Rf Oscillation, 

HLT "High" Hold Time tOPR 
External Clock 

0.2 ms -Operation, 
Vee=2.5 to 5.5V 

External Reset 

RESET Pulse Width (1) tRST1 

*tf=2.5 to 5.5V 
L = Voc 2 ms 

Rf Oscillation, -
External Clock 
Operation 

External Reset 
RESET Pulse Width (2) tRST2 ~=2.5 to 5.5V 2'Tinst - #J,s 

= Vee 

RESET Fall Time tfRST RIT = Vee - 20 ms 

RESET Rise Time trRST ALi = Vee - 20 ms 

(NOTE) All voltages are with respect to GN O. 

• SIGNAL DESCRIPTION 
The input and output signals for the HMCS47C, shown in 

PIN ARRANGEMENT, are described in the following para­
graphs. 
• Vee and GND 

Power is supplied to the HMCS4 7C using these two pins. 
Vee is power and GND is the ground connection. 
• RESET 

This pin allows resetting of the HMCS47C at times other 
than the automatic resetting capability (ACL; Built-in Reset 
Circuit) already in the HMCS47C. The HMCS47C can be reset 
by pulling RESET high. Refer to RESET FUNCTION for addi­
tional information. 
• OSC, and OSC2 

These pins provide control input for the built-in oscillator 
circuit. A resistor, 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. 
• R[T 

This pin is used to place the HMCS47C in the Halt State 
(Stand-by Mode). 

The HMCS47C can be moved into the Halt State by pulling 
HLTlow. 

In the Halt State, the internal clock stops and all the internal 
statuses (the RAM, the registers, the Carry F/F, the Status 
F/F, the Program Counter, and all the internal statuses) are 
held. 

Consequently, the power consumption is reduced. By pulling 
HLT high, the HMCS47C starts operation from the state just 
before the Halt State. 

Refer to HALT FUNCTION for details of the Halt Mode. 

• TEST 
This pin is not for user application and must be connected 

to Vee. ' 

• INTo and INTI 
These pins provide the capability for asynchronously apply­

ing external interrupts to the HMCS47C. 
Refer to INTERRUPTS for additional information. 

• Roo - Ro3 , RIO - Ru , R20 - R23 , R30 - R33 , R40 - R43 , 
Rso - RS3 
These 24 lines are arranged into six 4·bit Data Input/Output 

Common Channels. 
The 4-bit registers (Data I/O Register) are attached to these 

channels. Each channel is directly addressed by the operand of 
input/output instruction. Refer to INPUT/OUTPUT for addi­
tional information. 
• R60 - R63 

These 4 lines are the 4-bit Data Output Channel. 
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The 4·bit register (Data I/O Register) is attached to this 
channel. 

The channel is directly addressed by the operand of output 
instruction. 

Refer to INPUT/OUTPUT for additional infonnation. 

• Do - 0 15 
These lines are 16 l·bit Discrete Input/Output Common 

Tenninals. 
The l·bit latches are attached to these tenninals. Each ter· 

minal is addressed by the Y register. The Do to D3 tenninals are 
also addressed directly by the operand of input/output instruc· 
tion. Refer to INPUT/OUTPUT for additional infonnation. 

• ROM 
• ROM Address Space 

ROM is used as a memory for the instructions and the pat· 
terns (constants). The instruction used in the HMCS47C consists 
of 10 bits. These 10 bits are called "a word". which is a unit 
for writing into ROM. 

The ROM address has been split into two banks. 
Each bank is composed of 32 pages (64 words/page). 
The ROM capacity is 4,096 words (1 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. 

t----- 64 words----l 

1F OF _3E3F 

r 
0 Page 

1 Page 

.'"'0 \ 

l 
*Subroutine Space 1'°''''1 (1 Page) 

1\1\ 
/ 

(30 Page) 

(31 Pagel 

30 Page 

31 Page 

r 
0 Page 

1 Page 

_kI ~ 
l 

(32 Page) 

(33 Pagel 

(61 Page) 

(62 Page) 

E (63 Page) 

29 Page 

30 Page 

31 Page 

*Bank 0 0 Page (0 Page) is the Subroutine Space. 

Timer/Counter I r.terrupt Address 
Ban k 0 0 Page 3F Address 

(0 Page 3F Address) 

Input Interrupt Address 
Bank 0 1 Page 3F Address 

(1 Page 3F Address) 

Reset Address 
Bank 1 31 Page 3F Address 

(63 Page 3F Address) 

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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• Progrem Counter (PC) 
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. 

~ Page Address 

3F Address 

3E Address 

Bank '----- ~:, ___ ..J \..----~:ress-----J 

{art -.-1 
\... ---(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 as-bit 
register. 

Table 1 Program Counter Address Part Sequence 

Once a certain value is loaded into the bank part or the page 
part, the content is unchanged until other value is loaded by a 
program. 

The settable value is "0" (the Bank 0) or "I" (the Bank 1) 
for the bank part, and 0 to 31 for 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 
hexa-decimal system is shown in Table 1. This sequence is cir­
culating 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. 

116 

Decimal 

63 
62 
61 
59 
55 
47 
30 
60 
57 
51 
39 
14 
29 
58 
53 
43 
22 
44 
24 
48 
33 

2 

Hexa- Decimal decimal 

3F 5 
3E 11 
3D 23 
3B 46 
37 28 
2F 56 
1E 49 
3C 35 
39 6 
33 13 
27 27 
OE 54 
10 45 
3A 26 
35 52 
2B 41 
16 18 
2C 36 
18 8 
30 17 
21 34 
02 4 

Hexa- Decimal Hexa-
decimal decimal 

05 9 09 
OB 19 13 
17 38 26 
2E' 12 oc 
1C 25 19 
38 50 32 
31 37 25 
23 10 OA 
06 21 15 
00 42 2A 
1B 20 14 
36 40 28 
20 16 10 
1A 32 20 
34 0 00 
29 1 01 
12 3 03 
24 7 07 
08 15 OF 
11 31 1F 
22 
04 
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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. 

It is possible to combine the bank part and the page part and 
show the combined part as the Page (in the decimal system). 

tal ROM Address 

In this case, the 0 Page to the 31 Page in the Bank 1 are shown 
as the 32 Page to the 63 Page. The examples are shown in Figure 
3. 

One word (10 bits) of ROM is divided into three parts (2 
bits, 4 bits and 4 bits from the most significant bit 010 in order) 
shown in the hex a-decimal system. The examples are shown in 
Figure 3. 

r--- IPage Part) ---"""'\ 

Bank Part "r- Page Part---___ \r---Address Part~ 

I 11: ° : 1 : ° : ° 11 : ° : ° : 1: : ° I Bank 1 20-26: Bank 1 20 Page 26 Address 

'-..-J~ Decimal ~'----.-I '--- Hex8- --I 152-26: 52 Page 26 Address) 
Binary He~a· decimal 
'-----IDecimal)---....J1 decimal 

(b) ROM Code 

LI_0-..J:L.---I_~_o__'_: _ .... :L.-1-..J:L.-0__'_: _ ........ : _0_ ... : _1~1 ROM Pattern, Object Code: 1 B5 

\.. Hex8- .1"--Hexa-decimal---1L- Hexa-decimal---1 
decimal 

Figure 3 Designation of ROM Address and ROM Code 

• 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 val\1e of the ooerand P (P2. PI. Po) is 0 to 7 (decimal). 
The bank part of the ROM address to be referenced to is 

determined by the logical equation: PCll + p:z (P:z = 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 p:z. 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 
does not change actually. After execution of the pattern instruc­
tion, the program counter counts up and the next instruction is 
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executed. 
The pattern instruction is executed in 2-cyc1e time. 

• 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 

andR3. 
Selection is determined by the command bits (09 , 0 10) in 

the pattern. 
Mode (i) is performed when 0 9 is "1" and mode (ii) is per­

formed when 010 is "I". 
Mode (i) and (ii) are simultaneously performed when both of 

0 9 and 010 are "I". The correspondence of each bit of the pat­
tern is shown in Figure 5. 

Examples of 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 executed at the 
addresses into which pattern is written, the instruction corres­
ponding to the pattern bit is executed. Take care that a pattern 
is not executed as an instruction. 
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I (PagePartl~ 
Bank Part 
I\~ Page Part~ r--- Address Part 

Figure 4 ROM Addressing for Pattern Generation 

Table 2 Bank Part Truth Table of Pattern Gener"tion 

PC .. P2 

1 (Bank 1) 
1 

0 

o (Bank 0) 
1 

0 

Bank part of ROM address 
to be referenced to 

1 (Bank 1) 

1 (Bank 1) 

1 (Bank 1) 

o (Bank 0) 

Pattern of ROM 

Loaded into the accumulator 
and B register 

Figure 5 Correspondence of Each Bit of Pattern 

Table 3 Example of Pattern Instructions 

Before Execution Referred ROM ROM After Execution 

PC p C B A Address 

Bank 00-3F 
1 0 A 0 Bank 010-20 

(0-3F) (10-20) 

Bank 00-3F 
7 1 4 0 Bank 1 29-00 

(0-3F) (61-00) 

Bank 1 30-00 4 0/1** 0 9 Bank 1 30-09 
(62-00) (62-09) 

Bank 1 30-00 
1 0/1** F 9 Bank 1 31-39 

(62-00) (63-39) 

• "-" means that the value does not change after execution of the instruction. 
"0/1" means that either "0" or "1" may be selected. 
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Pattern B A R2 

120 2 B -

220 - - 4 

320 2 B 4 

223 - - 4 

R3 

* -

B 

B 

C 
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• 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 F/F is "I". Ifit is "0", the instruction is skipped and 
the Status F IF becomes" 1". The operation is shown in Figure 6. 
• LPU 

By LPU instruction, the jump of the bank and page is per-
formed. 

The lower 5 bits of the ROM Object Code (operand u, Os 
to 0 1) are transferred to the page part of the program counter 
with a delay of I-cycle time. At the same time, the signal R~ 
(the reversed-phase signal of the Data 1/0 Register R'lO) is 
transferred to the bank part of the program counter with a 
delay of I-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 of the bank and page is achieved. 

This instruction (LPU) is conditional, and is executed only 
when the Status F IF is "1". Even after a skip, the Status F IF 
will remain unchanged ("0"). 

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 LPU and BR 

instructions, which is divided into two instructions as follows. 

BR L a·b --- LPU a 
BR b 

<Jump to Bank "R 70 ",a Page - b Address> 

BRL instruction is a conditional instruction because of 
characteristics of LPU and BR instructions, and is executed only 
when the Status F/F is "1". If the Status F/F is "0", the instruc­
tion is skipped and the Status F IF becomes" 1 ". The examples 
of BRL instruction are shown in Figure 8. 
• TBR (Table Branch) 

By TBR instruction, the program branches by the table. 
The program counter is modified with the accumulator, the 

B register, the Carry F/F and the operand p. 
The method for modification is shown in Figure 9. 
The bank part is determined by the logical equation: PCn + 

Pz, as shown in Table 4. 
If the address where TBR instruction eKists is in the Bank 1, 

it is possible to jump to an address only in the Bank 1, not to 
an address in the Bank O. 

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 
Bank 0 depending on the value of the operand pz. 

TBR instruction is executed regardless of the Status F IF, and 
does not affect the Status F IF. 

D.-D. 

Data I/O 
Register 

ROM I : B>: I : : ~ : : I 
l , l l I l 

PC I \ I : pa?e p~rt : 

\ 
Bank Part 

Figure 6 BR Operation 

0 5 -0. 

I 
Bank Part 

Figure 7 LPU Operation 
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Delay by 1·Cycle Time 

: I 
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Branch to Bank 0 
• LAI 15 
r--LRA 7 
~-.LPU 5 ~ 

BR 3F ) 

• LAI 15 
LBA 

r--LRA 
: COMB 
'-.LPU 31' 

BR 3F J' 
Branch to Bank 1 

LAI 0 
~-- LRA 7 
·-·LPU 15 ' 

BR 3F ! 
LAI 0 
LTA 

'-"-LRA 7 
: LVI 2 
, XMA 
~·.LPU 10 ' 

BR 2E ; 

R70 ., "1" (R,o .. "0") 
BRL 5-3F 
(Branch to Bank 0 5·3F (5·3FII 

R,o = "1" (R,o = "0") 

BRL 31-3F 
(Branch to Bank 0 31·3F (31-3FII 

R,o = "0" (R,o = "1") 

BRL 15-3F 
(Branch to Bank 1 15-3F (47-3F» 

R,o = "0" (R,o = "1") 

BRL 10·2E 
(Branch to Bank 1 10-2E (42-2EII 

Figure 8 BRL Example 

• 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 0 Page (0 Page). 
The address next to CAL instruction address is pushed onto 

the Stack STl and the contents of the stacks STl, 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 0 Page. The lower 6 bits (operand 
a, 06 to 01) of the ROM Object Code is transferred to the ad­
dress part of the program counter. 

The HMCS4 7C has 4 levels of stack (STl, ST2, ST3 and ST4) 
which allows the programmer to use up to 4 levels of subroutine 
jumps (including interrupts). 

CAL is a conditional instruction and executed only when the 
Status F/F is "1". If the Status F/F is "0", it is skipped and the 
Status F/F changes to "1", 
• CALL 

By CALL instruction, subroutine jump to an address in any 
bank and page is performed. 

Table 4 Bank Part Truth Table of TBR Instruction 
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 R70 of the Data 
I/O Register R7o . 

PCIt 

1 (Bank 1) 

o (Bank 0) 

P2 
Bank Part of PC after 
TBR 

1 1 (Bank 1) 

0 1 (Bank 1) 

1 1 (Bank 1) 

0 o (Bank 0) 

I (Page Partl \ 

This instruction is a macro instruction of LPU and CAL 
instructions, which is divided into two instructions as follows. 

CALL a·b - LPU a 
CAL b 

< Subroutine Jump to Bank "R 70 ", a Page - b Address> 

CALL instruction is conditional because of characteristics of' 
LPU and CAL instructions and is executed when the Status F IF 
is "1". If the Status F IF is "0", the instruction is skipped and 
the Status F /F changes to "1". The examples of CALL instruc­
tion are shown in Figure 11. 

Ban~a!\. r--- Page Part ~ r--- Address Part ~ 

(PC) 

(PC after TBR 
Instruction) 

Figure 9 Modification of Program Counter by TBR Instruction 

120 



--------------------------------------------------------HMCS47C,HMCS47CL 

0. _____ 0, 

ROM : : ; : : 

ST1 I : : : : : : : : : : 
ST2 

ST3 : : : : 
ST4 

Figure 10 Subroutine Jump Stacking Order 

Subroutine Jump to Bank 0 
• LAI 15 

,-i...RA 7 
~~PU 5' 

R,o = "1" (R,o = "0") 
CALL 5-3F 

CAL 3F; (Subroutine Jump to Bank 0 5-3F (5-3F)) 

• LAI 15 
LBA 

'-LRA 7 
: COMB 
'-LPU 31' 

R,o = "1" (R,o = "0") 

CALL 3-3F CAL 3F J (Subroutine Jump to Bank 0 31-3F (31-3F)) 

Subroutine Jump to Bank 1 
• LAI 0 

'-LRA 7 
~.LPU 15 ~ 

R,o = "0" ('Fr,;; = "1") 

CALL 15-3F CAL ,3F) (Subroutine Jump to Bank 1 15-3F (47-3F)) 

LAI 0 
LTA 

,-LRA 7 
: LVI 3 

R,o = "0" (R,o = "1") 

: XMA 
'·LPU 10 ' CALL 10-2E CAL 2E J (Subroutine Jump to Bank 1 10-2E (42-2E)) 

Figure 11 CALL Example 

• RAM 
RAM is a memory used for storing data and saving the con­

tents of the registers. Its capacity is 256 digits (1,024 bits) 
where one digit consists of 4 bits. 

Addressing of RAM is performed by a matrix of the file No. 
and the digit No. 

The file No. is set in the X register and the digit No. in the Y 
register for reading, writing or testing. Specific digits in RAM 
can be addressed not via the X register and Y register. These 
digits are called "Memory Register (MR)", 0 to 15 (I6 digits in 
all). The memory register can be exchanged with the accumu­
lator by XAMR instruction. 
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The RAM address space is shown in Figure 12. 
In an instruction in which reading from RAM and writing to 

RAM coexist (exchange between RAM and the register), reading 
precedes writing and the write data does not affect the read 
data. 

The RAM bit manipulation instruction enables any addres­
sed RAM bit to be set, reset or tested. The bit assignment is 
specified by the operand n of the instruction. 

The bit test makes the Status F IF "I" when the assigned bit 
is "1" and makes it "0" when the assigned bit is "0". 

Correspondence between the RAM bit and the operand n is 
shown in Figure 13. 
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"V 15 14 

X~ 15 14 

0 0 

- -
N N 

M M 

or or 

It) It) 

(I) (I) 

" " 

co co 

al al .. 

~ ~ 

:: :: 

~ ~ 

~ ~~ 
~ 

~ 
~ ~~ 

It) or 
!!! !!! it it 

2 2 

13 12 11 10 9 8 7 6 5 4 3 

13 12 11 10 9 8 7 6 5 4 3 

M N ... 0 
al co " (I) It) or M it it it it a: a: a: a: a: a: a: 

2 2 2 2 2 2 2 2 2 2 2 

Figure 12 RAM Address Space 

23 22 21 2° n 

: :01 0 M(O) 

: :0: I M(1) 

:0: I 2 M(2) 

10: I 3 M(3) 

n • Bit Assignment No. (Operand) 

Figure 13 RAM Bit and Operand n 
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• REGISTER 
The HMCS47C has six 4-bit registers and two I-bit registers 

available to the programmer. The I-bit registers are the Carry 
F/F and the Status F/F. They are explained in the following 
paragraphs. 
• Status F/F (S) 

The Status F /F latches the result of logical or arithmetic 
operations (Not Zero, Overflow) and bit test operations. The 
Status F /F affects conditional instructions (LPU, BR and CAL 
instructions). These instructions are executed only when the 
Status F/F is "1 ".If it is "0", these instructions are skipped and 
the Status F/F becomes "I". 
• Accumulator (A; A Register) and Carry F/F (C) 

The result of the Arithmetic Logic Unit (ALU) operation (4 
bits) and the overflow of the ALU are loaded into the accumula­
tor and the Carry F/F. The Carry F/F can be set, reset or tested. 
Combination of the accumulator and the Carry F /F can be right 
or left rotated. The accumulator is the main register for ALU 
operation and the Carry F /F is used to store the overflow gener­
ated by ALU operation when the calculation of two or more 
digits (4 bits/digit) is performed. 
• B Register (B) 

The result of ALU operation (4 bits) is loaded into this 
register. The B register is used as a sub-accumulator to stack 
data temporarily and also used as a counter. 
• X Register (X) 

The result of ALU operation (4 bits) is loaded into this 
register. The X register has exchangeability for the SPX register. 
The X register addresses the RAM file. 
• SPX Register (SPX) 

The SPX register has exchangeability for the X register. 
The SPX register is used to stack the X register and expand 

the addressing system of RAM in combination with the X 
register. 
• Y Register (Y) 

The result of ALU operation (4 bits) is loaded into this 
register. The Y register has exchangeability for the Spy register. 
The Y register can calculate itself simultaneously with transfer­
ring data by the bus lines, which is usable for the calculation of 
two or more digits (4 bits/digit). The Y register addresses the 
RAM digit and I-bit Discrete I/O. 
• Spy Register (SPY) 

The Spy register has exchangeability for the Y register. The 
Spy register is used to stack the Y register and expand the 
addressing system of RAM and I-bit Discrete I/O in combina­
tion with the Y register. 
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• INPUT/OUTPUT 
• 4-bit Data Input/Output Common Channel (R) 

The HMCS47C has five 4-bit Data I/O Common Channels 
(RO, RI, R2, R3, R4 and R5) and one 4-bit Data Output Chan­
nel (R6). 

The 4-bit registers (Data I/O Register) are attached to these 
channels. 

Each channel is directly addressed by the operand p of 
input/output instruction. 

The data is transferred from the accumulator and the B 
register to the Data I/O Registers RO to R6 via the bus lines. 
Pattern instruction enables the patterns of ROM to be loaded 
into the Data I/O Registers R2 and R3. 

Input instruction enables the 4-bit data to be sent to the 
accumulator and the B register from RO to R5. Note that, since 
the Data I/O Register's output is directly connected to the pin 
even during execution of input instruction, the input data is 
wired logic of the Data I/O Register's output and the pin input. 
Therefore, the Data I/O Register should be set to 15 (all bits 
of the Data I/O Register is "I") not to affect the pin input 
before execution of input instruction, and Open Drain or With 
Pull up MOS should be specified for the I/O configuration of 
these pins. 

The block diagram is shown in Figure 14. The I/O timing is 
shown in Figure 
• '-bit Discrete Input/Output Common Terminal (D) 

The HMCS47C has 16 I-bit Discrete I/O Common Terminals. 
The I-bit Discrete I/O Common Terminal consists of a I-bit 

latch and an I/O common pin. 
The I-bit Discrete I/O is addressed by the Y register. The 

addressed latch can be set or reset by output instruction and 
"0" and "I" level can be tested with the addressed pin by input 
instruction. 

Note that, since the latch output is directly connected to the 
pin even during execution of input instruction, the input data 
is wired logic of the latch's output and the pin input. Therefore, 
the latch should be seno "I" not to affect the pin input before 
execution of input instruction and Open Drain or With Pull up 
MOS should be specified for the I/O configuration of this pin. 

The Do to D3 terminals are also addressed directly by the 
operand n of input/output instruction and can be set or reset. 
The block diagram is shown in Figure 16 and the I/O timing is 
shown in Figure 17. 
• I/O Configuration 

The I/O configuration of each pin can be specified among 
Open Drain, With Pull up MOS and CMOS using a mask option 
as shown in Figure 18. 
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(a) RO to R5 

(b) R6 

LSI 
Intllnal 

TOCk (q,1 

~q,2 

LRA. LRB [ 
Instruction 

p,ttern [ 
Instruction 

LAR,LBR [ 
Instruction 

Output Function 
:--------------~ n-Oto5 

2' ~ ~~'--------~--~ Rn, 

2' Rn, 
Data 

2' Rn, 

, , 
I I ,.. __ _ 

I 'I 

L--t-----------'" : I Input Function 
. I 2u 21 22 23: 

All botsare ~ _________ .J 

set to "I" by the 
reset function To the accumulator and the B register 

~( 

/ 

2, 

2, 

2, 

2. 

Output Function 
r- - ---- - ---------1 

, , 

, 
I 

~ ___ ~----_-----_J 
All billare 
set to "0" by the 
_function 

Figure 14 4·bit Data I/O Block Diagram 

o Itt' C I ne n. rue Ion VC e \ 

- r---1 r---l r----I 

- Rn Output Instruction 

Rn 

- Plttern I n.!ructlon (,econd eve lei 

R2. R3 

r---1 

Rn Input 
I n.truction 

Rn Sampling Clock 

Figure 15 4·bit Data I/O Timing 

Set Signel by the reset function 

Set Instruction 
On 

R_t Instruction-----I 

Figure 16 1·bit Discrete I/O Block Diagram 
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LSI 
Internal 
Clock 

4 <Pl 

<P2 

SED, REO, [ 
SEDD, 
REDO 
Instruction 

TO [ Instruc· 
tion 

/ 
o I ne nstructlon C I yce '\ 

JL J--"l h 
r---L r-----, r---t -

On SetlReset - Instruction 

On (LSI pin) 

On Test 
Instruction 

Figure 17 1-bit Discrete I/O Timing 

(a) Configuration of Output Pin 

Applied Pins; R.o to R .. 

No Pull up MOS 
(Open Drain) 

I/O Enable 

~F 
(b) Configuration of I/O Pin 

Applied pins; Do to 0.,. Roo to RO)' RIO to Ru. 

R10 to R2l' R)O to Au. R.o to R,n. Rso to RS) 

No Pull UP MOS 
(Opon Drain) 

I/O Enable -f- -'!.~CC-l 
I PMOS 

r-__ ......... 1 .... ! , , , , 
, I 

: N,MOS , , 
L ______ J 

Input circuit 

With Pull up MOS (PMOS) 

~~able~cc ~~able_r_~-~C_C-~MOS 
1 PMOS' , ---+: .. ! , , 

: NjMOS 

L _____ J 
Input circuit 

• When "Disable" is specified for the I/O State at the Halt State, 
the 1/0 Enable signal shown in the figure turns off the input circuit, 
Pull up MOS and NMOS output and sets CMOS output to high 
inpedance (PMOS, NMOS; OFF). 

CMOS 

"TI~ 
Y~N_ -

CMOS 

Figure 18 I/O Configuration 

...II. 
t""L-

f---

On 
Samplin 
Clock 

I/O 

U
ble 

~NMOS 

• TIMER/COUNTER The TF F/F is a flip-flop which masks interrupts from the 
timer/counter. It can be set and reset by interrupt instruction. 
If the overflow output pulse of the counter is generated when 
the TF F /F is reset ("0"), an interrupt request occurs and the 
TF F/F becomes "1". If the overflow output pulse is generated 
when the TF F /F is set ("1 "), no interrupt request occurs. The 
TIF instruction enables the TF F /F to be tested. 

The timer/counter consists of the 4-bit counter and the 6-bit 
pre scaler as shown in Figure 19. The 4-bit counter may be 
loaded under program control and is incremented toward 15 by 
the prescaler overflow output pulse or the input pulse ofINT 1 

pin (its leading edge is counted). The clock input to the counter 
is selected by the CF F/F. When the CF F/F is "0", the clock 
input is the prescaler overflow output pulse (Timer Mode). 
When the CF F /F is "1", the clock input is the input pulse 0 f 
INT ~ pin (Counter Mode). When the counter reaches zero 
(returns from 15 to zero), the overflow output pulse is gener­
ated and the counter continues to count (14 -+ 15 -+ 0 -+ 1 -+ 2 .. , ). 
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The prescaler is a 6-bit frequency divider. It divides a system 
clock (instruction frequency) by 64 into the overflow output 
pulses of ''instruction frequency + 64". 

The prescaler is cleared when data is loaded into the counter 
(by LTA or LTI instruction). The frequency division is 0 when 
the prescaler is cleared. At the 64th clock, an overflow output 



HMCS47C,HMCS47CL--------------------------------------------------------

pulse is generated from the prescaler. During operation of the 
LSI, the prescaler is operating and cannot be stopped. (In the 
Halt state, it stops.) The relation between the specified value of 
the counter and specified time in the Timer Mode is shown in 
Table S. 

The pulse width of the INTI pin in the Counter Mode must 
be at least 2-cycle time for both "High" and "Low" levels as 
shown in Figure t9. 
• INTERRUPT 

The HMCS47C can be interrupted in two different ways: 
through the external interrupt input pins (INTo, INTI) and the 
timer/counter interrupt request. When any interrupt occurs, 
processing is suspended, the Status F /F is unchanged, the 
present program counter is pushed onto the stack STl and the 
contents of the stacks STl, ST2 and ST3 are pushed onto the 
stacks ST2, ST3 and ST4 respectively. At that time, the Inter­
rupt Enable F /F (I/E) is set and the address jumps to a fixed 
destination (Interrupt Address), and then the interrupt routine 
is executed. Stacking the registers other than the program count­
er must be performed by the program. The interrupt routine 

Interrupt 
Request 
from Timer/ 
Counter 

(Refer to Figure 21) 

To the status F/F 

Counter Overflow 
Output Pulse 

(LAT) 

Data bus 

TF: Set has priority over Reset 

INT, Pulse 

must end with RTNI (Return Interrupt) instruction which sets 
the I/E F /F simultaneously with RTN instruction. 

The Interrupt Address: 
Input Interrupt Address ........ Bank 0 1 Page 3F Address 

(1 Page 3F Address) 
Timer/Counter Interrupt Address ........ Bank 0 0 Page 

3F Address 
(0 Page 3F Address) 

The input interrupt has priority over the timer/counter inter­
rupt. 

The INTo and INTI pin have an interrupt request function. 
Each terminal consists of a circuit which generates leading pulse 
and the Interrupt mask F/F (IFO,IFI). An interrupt is 
enabled (unmasked) when the IFO F/F or IFI F/F is reset. 
When the INTo or INTI pin changes from "0" to "I" (from 
"Low" level to "High" level), a leading pulse is generated to 
produce an interrupt request. At the same time, the IFO F/F or 
1Ft F/F is set. When the IFO F/F or 1Ft F/F is set, the inter­
rupt masking for the pin will result. (If a leading pulse is gener­
ated, no interrupt request occurs.) 

Prescaler 
Overflow Output 
Pulse 

I 

SECF 

RECF 

6·bit Prescaler 

INT, Leading Pulse 
(Refer to Figure 21) 

System 
Clock 

(
"I nstructiOn) 
Frequency 

tiNT ~ 2·Tinst 
(Tinst = One Instruction Cycle Time) 

Figure 19 Timer/Counter Block Diagram 

Table 5 Timer Range 

Specified Number of *Time (ms) Specified Number of *Time (ms) Value Cycles Value Cycles 

0 1024 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) = 5~s) 
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An interrupt request generated by the leading pulse is latched 
into the input interrupt request F/F (I/RI) on the input side. If 
the Interrupt Enable F /F (I/E) is "I" (Interrupt Enable State), 
an interrupt occurs immediately and the I/RI F/F and the liE 
F/F are reset. If the liE F/F is "0" (Interrupt Disable State), the 
I/RI F/F is held at "I" until the HMCS47C gets into the Inter­
rupt Enable State. 

The IFO F/F, the IFI F/F, the INTo pin and the INTI pin 
can be tested by interrupt instruction. Therefore, the INTo and 
the INTI can be used as additional input pins with latches. 

The INTo pin and INTI pin can be provided with Pull up 
MOS using a mask option as shown in Figure 20. 

No Pull up MOS 

r----'!Ef-., 
I/O Enable---' I 

I 

PMOS 

I 
I _______ .J Input circuit 

An interrupt request from the timer/counter is latched into 
the timer interrupt request F/F (I/RT). The succeeding opera­
tions are same as an interrupt from the input. Only the excep­
tion is that, since an interrupt from the input precedes a timer/ 
counter interrupt, the input interrupt occurs if both the I/RI 
F/F and the I/RT F IF are "1" (when the input interrupt and 
the timerlcounter interrupts are generated simultaneously). 
During this processing, the I/RT F/F remains "1". The timer/ 
counter interrupt can be implemented after the input interrupt 
processing is achieved. 

The interrupt circuit block diagram is shown in Figure 21. 

Vee I/O 

With Pull up MOS (PMOS) 

I 
I 
I I 
I I 

~ _______ .J Input circuit 

* When "Disable" is specified for the I/O State at the Halt State, the 
I/O Enable signal shown in the figure turns off the input circuit and 
Pull up MOS. 

IFO,IF1 

Figure 20 Configuration of INTo and INTI 

To Status F/F 

liE 

SEIE S 

Q 

REIE 
R 

~---I---l-----I/RI 

(Interrupt 
Mask Signal) 

INT 

L-------~--------+__I/RT 

Set has priority over Reset. 

D F/F (Delayed by One Instruction Cycle) 

Figure 21 Interrupt Circuit Block Diagram 
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• RESET FUNCTION 
The reset is perfonned by setting the RESET pin to "1" 

("High" level) and the HMCS47C gets into operation by setting 
it to "0" ("Low" level); Refer to Figure 22. Moreover, the 
HMCS47C has the power-on reset function (ACL; Built-in Reset 
Circuit). The Built-in Reset Circuit restricts the rise condition of 
the power supply; Refer to Figure 23. When the Built-in Reset 
Circuit is used, RESET should be connected to GND. 

HMCS47CL doesn't have the power-on reset function. 
Internal state of the HMCS47C are specified as follows by 

the reset function. 
• Program Counter (PC) is set to Bank 1 31 Page 3F 

Address (63 Page 3F Address). 
• Data I/O Register R,o is set to "1" (Jumps to Bank 0 by 

execution ofLPU instruction after the reset). 
I/RI, I/RT, I/E and CF are reset to ''0'' 

• IFO, IFl, and TF are set to "I" 
Data I/O Registers (RO to R6) and Discrete I/O Latches 
(Do to DIS) are all set to "1" 

Note that all the other logic blocks (the Stack Reg­
isters, the Status F/F, the accumulator, the Carry FIF, 
the registers, the Timer/Counter, RAM) are not cleared 
by the reset function. The user should initialize these 
blocks by software. Because the Status FIF after the 
reset is not defined, set the Status F/F to "0" or "1" 
before the first execution of the conditional instruc­
tions (LPU, CAL and BR instructions). 

(Reset State) 

RESET 

Vee -------' 

• HALT FUNCTION 
When the HLT pin is set to "0" ("Low" level), the internal 

clock stops and all the internal statuses (RAM, the Registers, the 
Carry FIF, the Status FIF, the Program Counter, and all the 
internal statuses) are held. Becuase all internal logic operation 
stop, power consumption is reduced. There are two inputl 
output statuses in the Halt State. The user should specify either 
"Enable" or "Disable" using a mask option at the time of order­
ingROM. 

"Enable"tOutput ....... The status before the 
Halt State is held. 

Pull up MOS ... ON 
Input ........ Independent of the Halt 

State or Operating State 
(Input Circuit is ON) 

Since Pull up MOS is ON, Pull up MOS 
current flows with output "0" ("Low" 
level) in the Halt State (NMOS; ON). 
When an input signal changes, transi­
tion current flows into an input 
circuit. Also, current flows into Pull 

• tRST1 includes the time required from the power ON until the 
operation gets into the constant state. 

HLT=Vee 
RESET = GND 

O.2V 
Vee-----" 

tRST2 is applied when the operation is in the constant state. 

Figure 22 RESET Timing 

4.SV 

• tOFF specifies the period when the power supply is OFF III the 
case that a short break of the power supply occurs and the power 
supply ON/OFF is repeated. 

Figure 23 Power Supply Timing for Built-in Reset Circuit 
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CAUTION up MOS. These currents are added to 
the Stand-by Supply Current (or Halt 
Current). 

If, during the Halt State, the external reset input is applied 
(RESET = "I" ("High"level)), the internal status is not held. 

"Disable"1output ....... NMOS Output: OFF 
CMOS Output: 

High Impedance 
(NMOS, PMOS: 
OFF) 

Pull up MOS ... OFF 
Input ......... Input Circuit: OFF 

• OSCILLATOR 
The HMCS47C contains its own oscillator and frequency 

divider (CPG). The user can obtain the desired timing for opera­
tion of the LSI by merely connecting an resistor Rf or ceramic 
filter circuit (Internal Clock Operation). Also an external oscil­
lator can supply a clock (External Clock Operation). 

Both input and output are at high 
impedance state. Since an input circuit 

The OSC I clock frequency is internally divided by four to 
produce the internal system clocks. 

is OFF, any current other than the Stand­
by Supply Current (or Halt Current) does 

__ not flow even if an input signal changes. 
When the HLT pin is set to "I" ("High" level), the HMCS47C 

gets into operation from the status just before the Halt State. 

The user may exchange the external parts for the same LSI 
to select either of these two operational modes as shown in 
Figure 25. There is no need of specifying it by using the mask 
option. 

The halt timing is shown in Figure 24. 
The typical value of clock oscillation frequency (fose) varies 

with a oscillation reSistor Rf as shown in Figure 26. 

t--------------HaltState------------~ 

vcc----------+-------____ ~ 
HlT----. 

GND---------

tfHLT frHLT 

tOPR 

Figure 24 Halt Timing 

(a) Internal Clock Operation Using Resistor Rt 

c{SC, 
Wiring of asc, and asc, terminals should 

Rt be as short as possible because the oscillation 
frequency is modified by capacitance of 

asc, these terminals. 

(b) Internal Clock Operation Using Ceramic Filter Circuit (This is not applied to HMCS47CL.) 

c, 

~~~:~iCrt--...... _ ...... ~ 
}C

2 

Ceramic Filter; CSB800A (MURATA) 
R, 1MO ± 10% 
C, 100pF ± 10% (Ceramic Capacitor) 

C2 100pF ± 10% (Ceramic Capacitor) 

GND 
The ceramic filter oscillation does not apply when using "Halt" and not 
resetting at the time of "Halt" cancellation. 
This circuit is the example of the typical use. As the oscillation charac· 
teristics is not guaranteed, please consider and examine the circuit 
constants carefully on your application. 

Figure 25 Clock Operation Mode (to be continued) 
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(c) External Clock Operation 

Open OSC, 

Figure 25 Clock Operation Mode 

900 

I 
Vee = SV 
Ta = +2SoC 

'''" "-
'-
~ 
~ 

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

"'-

700 

:X! 
:! 
~ 
~ 

600 

300 
---t---t--- t--- typ 

y, 
so 70 90 110 130 1S0 

Figure 26 Typical Value of Oscillation Frequency vs. Rf 
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• INSTRlJCTION LIST 
The instructions of the HMCS4 7C are listed according to 

their functions, as shown in Table 6 . 

Table 6 Instruction List 

Group Mnemonic Function 

LAB B ~ A 
LBA A ~ B 

Register· Register LAY Y ~ A 
Instruction LASPX SPX ~ A 

LASPY Spy ~ A 
XAMR m A ~ MR(m) 

LXA A ~ X 
LYA A ~ Y 
LXI i i ~ X 
LYI i i ~ Y 

RAM Address Register 
IY Y+1 ~ Y 
DY Y-1 ~ Y 

Instruction AYY Y+A ~ Y 
SYY V-A ~ Y 
XSPX X ~ SPX 
XSPY Y ~ Spy 
XSPXY X ~ SPX. Y ~ Spy 

LAM (XY) M ~ A (XY ~ SPXY) 
LBM (XY) M ~ B (XY ~ SPXY) 

RAM • Register XMA (XY) M ~ A (XY ~ SPXY) 
Instruction XMB (XY) M ~ B (XY ~ SPXY) 

LMAIY (X) A ~ M, Y+1 ~ Y (X ~ 
LMADY (X) A ~ M, Y-1 ~ Y (X ~ 

LMIIY i i ~ M. Y+1 ~ Y 
Immediate Transfer LAI i i ~ A 
Instruction LBI i i ~ B 

AI i A+i ~ A 
IB B+1 ~ B 
DB B-1 ~ B 
AMC M+A+C (F/F) ~ A 
SMC M-A-C (F/F) ~ A 
AM M+A ~ A 
DAA Decimal Adjustment (Addition) 

Arithmetic Instruction 
DAS Decimal Adjustment (Subtraction) 
NEGA A+1 ~ A 
COMB B ~ B 
SEC "1" -+ C (F/F) 
REC "0" ~ C (F/F) 
TC Test C (F/F) 
ROTL Rotation Left 
ROTR Rotation Right 
OR AUB ~ A 
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Status 

NZ 
NB 
C 
NB 

SPX) NZ 
SPX) NB 

NZ 

C 
NZ 
NB 
C 
NB 
C 

C (F/F) 

(to be continued) 
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Group Mnemonic Function 

MNEI i M .... i 
VNEI i V !::o;. i 
ANEM A .... M 

Compare Instruction BNEM B .... M 
ALE I i A s::: i 
ALEM A s: M 
BLEM B s: M 

RAM Bit Manipulation SEM n "'" -+ MinI 
REM n "0" -+ MinI Instruction TM n Test MinI 

BR a Branch on Status 1 

ROM Address CAL a Subroutine Jump on Status , 
LPU u Load Program Counter Upper on Status 

Instruction TBR p Table Branch 
RTN Return from Subroutine 

SEIE "'" -+ I/E 
SEIFO "1" -+ IFO 
SElF' "'" -+ IF' 
SETF "'" -+ TF 
SECF "'" -+ CF 
REIE "0" -+ I/E 
REIFO "0" -+ IFO 
REIF1 "0" -+ IF' 

Interrupt Instruction RETF "0" -+ TF 
RECF "0" -+ CF 
TIO Test INTo 
TI' Test INT. 
TIFO Test IFO 
TIF' Test IF1 
TTF Test TF 
LTI i i -+ Timer/Counter 
LTA A -+ Timer/Counter 
LAT Timer/Counter -+ A 
RTNI Return Interrupt 

SED "1" -+ o IVI 
RED "0" -+ o IVI 
TO Test o IVI 
SEOO n "1" -+ o Inl 

Input/Output REDO n "0" -+ o Inl 
Instruction LAR p Rlpl -+ A 

LBR p Rlpl -+ B 
LRA p A -+ R Ipl 
LRB p B -+ R Ipl 
P p Pattern Generation 

NOP No Operation 

[NOTE) ,. (XVI after a mnemonic code has four meanings as follows. 
Mnemonic only 
Mnemonic with X 
Mnemonic with Y 
Mnemonic with XV 

[Example) LAM 
LAMX 
LAMV 
LAMXY 

Instruction execution only 
After instruction execution, X ... SPX 
After instruction execution, V ... SPY 
After instruction execution, X ... SPX, y ... SPY 
M .... A 
M .... A, X ... SPX 
M .... A, y ... SI>V 
M .... A, X ... SPX, Y ... Spy 

Status 

NZ 
NZ 
NZ 
NZ 
NB 
NB 
NB 

MinI , 
1 , 

INTo 
INT. 
IFO 
IF' 
TF 

OIVI 

2. Status column shows the factor which brings the Status F/F "'" under judgement instruction or instruction accompanying the judgement. 
NZ .... ALU Not Zero 
C ..... ALU Overflow in Addition, that is, Carry 
NB .... ALU Overflow in Subtraction, that is, No Borrow 
Except above ....... Contents of the status column affects the Status F/F directly. 

3. The Carry F/F (C(F/FII is not always affected by executing the instruction which affects the Status F/F. 
Instructions which affect the Carry F/F are eight as follows. 

AMC SEC 
SMC 
OAA 
OAS 

REC 
ROTL 
ROTR 

4. All instructions except the pattern instruction (PI are executed in 1-cycle. The pattern instruction (PI is executed in 2-cycle. 
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HMCS47C Mask Option List I ~-
Customer's Name 
ROM CODE 10 

(1) I/O Option Hitachi PIN 

Pin Name I/O 
I/O Option 

Remarks Pin Name I/O 
I/O Option 

Remarks 
A B C A B C 

Do I/O Roo I/O 
01 I/O R01 I/O 
02 I/O R02 I/O 
03 I/O Roo I/O 
04 I/O RIO I/O 
05 I/O R11 I/O 
06 I/O R12 I/O 
07 I/O R13 I/O 
08 I/O R20 I/O 
09 I/O Rll I/O 
010 I/O R22 I/O 
011 I/O R23 I/O 
012 I/O R30 I/O 
013 I/O R31 I/O 
014 I/O Rn I/O 
015 I/O R33 I/O 

R40 I/O 
R41 I/O 
R42 I/O 
R43 I/O 
Rso I/O 
RS1 I/O 
RS2 I/O 
RS3 I/O 
R60 0 

-------R61 0 

-------INTo I ---- R62 0 ----INTI I ---- R63 0 

------* Specify the I/O composition with a mark of "0" in the applicable composition column. 
A: No pull up MOS B: With pull up MOS C: CMOS Output 

(2) Oscillator & Halt 

~ Not used Used (Reset is applied when Halt release) Used (Reset is not applied when Halt release) 
Oscillator 

Resistor 

Ceramic Resonator 

External Clock 
* Please check one section on the above chart. 

(3) I/O State at "Halt" mode 

I/O State 
0 Enable 
0 Disable 

* Mark .. ...; .. in "0" for the selected I/O state. 

(4) Supply Voltage (VCC) 

Supply Voltage (VCC) 
0 5 ±O.5V 
0 2.5V to 5.5V 

* Mark "V" In"o" for the selected supply voltage. 
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(5) Package 

Package 
0 Fp·54 
0 OP·64S 

* Mark "V" in "0" for the selected package. 

(6) Evchip used for Program Evaluation 

Evchip 
0 H044855E 
0 H044857E 

* Mark "V" in "0" for the evchip used for program evaluatIon. 
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LCD-IIHHD44790,HD44795)-
The LCD-III 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-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
puters 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 bitslWord) 

128 Words of Pattern ROM (10 bitslWord) 
• 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 HD44100s) 
• 32 I/O 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 I/O 
• Option of I/O 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 typo 
• Stand-by Mode (Halt Mode); 50IlW max. 
• 2 Versions; HD44790 VCC = 5V ± 10%, 10llS Instruction 

Cycle Time 
HD44795 VCC = 2.7V to 5.5V, 20lls Instruc· 

tion Cycle Time 

LCD·1I1 

(FP·80) 

• PIN ARRANGEMENT 
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• BLOCK DIAGRAM 

1-- 1-° 

~ ~ 

ROM 
2.048 x 10 bit 
(program memory) 
128 x 10 bit 
(pattern memory) 

(4x 11 bit) 

)j tp 
I-

UU w 
(!)(!) III 

III III w w w 
00 a: III III 
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• HD44780 ELECTRICAL CHARACTERISTICS (VCC-5V±10%) 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vee ~.3to+7.0 V 

Terminal Voltage (1) VT1 ~.3 to V cc+O.3 V Applied to all terminals except 
those specified in VT2 • 

Terminal Voltage (2) VT2 0.3 to +10.0 V Applied to open~rain output pins 
and open~rain I/O common pins. 

Maximum Total Output Current (1) -1:101 45 mA (Note 3) 

Maximum Total Output Current (2) 1:102 45 mA (Note 3) 

Operating Temperature Topr -20 to +75 °c 
Storage Temperature TItg -55 to +125 °c 

(NOTE) 1. Stresses above those listed under "ABSOLUTE MAXIMUM RATINGS" may cause permanent damage to the device. Normal opera· 
tion should be limited to those conditions specified under "ELECTRICAL CHARACTERISTICS ·1" and "·2". The use beyond these 
conditions may ceuse LSI's malfunction and at the seme time affects device reliability. 

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 ee ~ V1 ~ V2 ~ V3 ~ GND should be maintained. 
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• ELECTRICAL CHARACTERISTICS - 1 (Vee -5V±10%, T.- -20 to +76°C) 

Item Symbol Test Conditions 
Value 

Unit Note 
min. typo max. 

Input "Low" Voltage V IL - - 1.0 V 

Input "High" Voltage (1) VIH1 Vee-1•O - Vee V (9) 

Input "High" Voltage (2) VIH2 Vee-LO - 10 V (10) 

Output "Low" Voltage VOL IOL = 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-O·3 - - V (2) 

Driver Voltage Descending (COM) Vd l 
Id=0.05mA - - 0.4 V (13) 

Driver Voltage Descending (SEG) Vd2 
Id=O.Ol mA - - 0.4 V (13) 

Dividing Resistor of LCD Power Rwell . 25 - 300 kG Supply 

Interrupt Input Hold Time tiNT 2· Tinst - - IJ.S (15) 

Interrupt Input Fall Time ttlNT - - 50 IJ,s (15) 

Interrupt Input Rise Time trlNT - - 50 IJ,s (15) 

Output "High" Current IOH VOH = 10V - - 3 IJ,A (3) 

Yin =Oto Vee - - 1.0 (3),(9) 
I nput Leakage Current IlL 

Yin =Oto 10V 3 
IJ,A 
~ - -

Pull up MOS Current -Ip Vee=5V 45 - 250 IJ,A 

Yin =Vee, Vee=5V, 
Supply Current (1) lee1 Ceramic Filter Oscillation - - 1.3 mA (5) 

(folC = 400 kHz) 

Yin =Vee , Vee=5V 

Supply Current (2) lee2 
Rf Oscillation 
(folC = 400 kHz) - - 0.6 mA (5),(12) 
External Clock Operation 
(fcp = 400 kHz) 

Standby I/O Leakage Current 
-- I Yin =0 to Vee - - 1.0 IJ,A (6),(9) 

ILS HLT=1.0V I Vin= 0 to 10V - - 3 IJ,A (6),(10) 

Standby Supply Current (1) lecs1 Vin=Vee, HLT=0.2V - - 10 IJ,A (11 ) 

Standby Supply Current (2) ICCS2 Vin=Vee , HLT=0.2V - - 40 IJ,A (7) 

n = 1 (static) 

Frame FreQuency of LCD Drive f F · 
n=2 (1/2 Duty) 1 

Hz n=3 (1/3 Duty) 256 x n x Tinst 
n=4 (1/4 Duty) 

LCD Display Voltage VLeD Vee-V3 2.5 - Vee V (8) 

External Clock Operation; System Clock 

External Clock Frequency fcp 40 400 440 kHz 

External Clock Duty 50 55 % 

External Clock Rise Time trcp 0 0.2 IJ,s 

External Clock Fall Time t~ 0 0.2 IJ.S 

Instruction Cycle Time Tinst Tinst = 4/fcp 9.1 10 100 IJ,s 

Internal Clock Operation (Rt Oscillation); System Clock 
. -clock -osclliaiion Frequency· - - .. Ri';;' 82-k-n±2% - .. - - - - - - - -

Instruction Cycle Time Tjnst Tjnst =4/folC 

Clock Oscillation Frequency Ceramic Filter 

Instruction Cycle Time Tinst Tinst =4/fOlC 

Internal Clock Operation (Crystal Oscillation); Clock for Timer 
--cloCkosCiilatiOnF~equencY-----I-fo~--I--c~~al-----------------r--------ii768------r-kH;-r------
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• ELECTRICAL CHARACTERISTICS - 2 (T. - -20 to +7SoC) 

Item Symbol Test Conditions 
Value 

Unit 
min. max. 

Halt Duration Voltage V OH HLT=0.2V 2.3 - V 

Halt Current IOH 
Vin = Vee, HLT = 0.2V, - 4.0 #J.A V OH = 2.3V 

Halt Delay Time tHO 100 - #J.S 
Operation Recovery Time tRe 100 - #J.s 

Her Fall Time tfHLT - 1000 #J.s 

HL T Rise Time trHLT - 1000 #J.s 

HL T "Low" Hold Time tHLT 400 - #J.S 
Rf Oscillation, External 

100 -
HLT "High" Hold Time tOPR Clock Operation #J.S 

Ceramic Filter Oscillation 4000 -
Power Supply Rise Time tree Built-in Reset, HLT = Vee 0.1 10 ms 

Power Supply OFF Time tOFF Built-in Reset, H L T = Vee 1 - ms 

External Reset, Vee = 4.S 
to S.SV, HLT = Vee 

1 -(Rf Oscillation, External 
RESET Pulse Width (1) t RST1 Clock Operation) ms 

External Reset, Vee = 4.S 
toS.SV, HLT = Vee 
(Ceramic Filter Oscillation) 

4 -

External Reset, Vee = 4.S 
to S.SV, HLT = Vee, 

20Tinst -(Prescaler Clock = System 

RESET Pulse Width (2) t RST2 
Clock) 

External Reset, Vee = 4.S 
#J.S 

toS.6V, HLT = Vee, 32 x 106
/ 

(Prescaler Clock = Crystal fo•ex 
-

Clock) 

RESET Rise Time trRST 
External Reset, HLT = Vee, 
Vee = 4.S to S.SV - 100 #J.S 

RESET Fall Time tfRST 
External Reset, HLT = Vee, 
Vee = 4.S to S.SV - 100 #J.s 

(NOTE I 1. Applied to PMOS load of CMOS output pins and CMOS I/O common pins among 0 and R terminals. 
2. Applied to CMOS output pins, CMOS I/O common pins, input pins with pull up MaS, and I/O common pins with pull up MOS 

among 0 and R terminals. 
3. Applied to open-drain output pins and open-drain I/O common pins among 0 and R terminals. 
4. Pull up MaS current is excluded. 
5. Applied to the supply current when the LCD-III is in the reset state and the crystal oscillation for timer doesn't operate. 

(Current that flows in the input/outPE~Tircuit and in the power supply circuit for LCD is excludedl. 
Test Condition: RESET, HLT, T .. Vee (Reset Statel 

INTo, INT., Roo to Rn , Do to 013 = VCC 
D.4 /XO, Du /XI LD •• /XO, Du/XI .. Vee (Crystal oscillation for timer is not selectedl. 
V., V

2
, VI _ Vee D.4 /XO = Open, Du/XI '" Vee (Crystal oscillation for timer is selected I. 

COM. to COM., SEG. to SEG 32 = Open 

Note 

(14) 

When the crystal oscillation for timer operates, the standby supply current (211eeS2 flows in addition to lee1 or lee2. 
When the LCD-III 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·1I1. 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 currentl. 

6. Standby I/O leak8A8 current is the leakage current of I/O pins in the "Halt" and "Disable" state. 
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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:t10% 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 

I /l I 
I 

V I 
I 
I 
I 
I 

30 
I 
I )tyP. Ta = -20 to +75"C 
I 

I / I 
I 

1/ 
( 
I 

10 
I 
I 
I 
I 

I 
I 
I 
I 

{( 

II 3.0 4.0 4.5 5.0 .5 6.0 

VCC(V) 

8. Power supply condition Vcc~ VI ~ V2 ~ V3 ~GND should be maintained. 
9. Applied to the following terminals. 

(1) Input pin~O common pins with pull up MOS, and CMOS I/O common pins among 0 and R terminals. 
(2) RESET, HL I, OSCI , INTo and INTI 

10. Applied to open-drain I/O common pins among 0 and R terminals. 
11. Current that flows in the input/output circuit and in the power supply circuit for LCD is excluded. The standby supply current 

isthe supply current at Vee· 5V:t 10% in "Halt" state in the case that the crystal oscillation for timer is selected. The supply current 
when supply voltage falls to the Halt Duration Voltage is called "Halt Current" IIOH). 

12. The supply current changes as follows eccording to operating frequency. 

max. VCC = 5.5V 

0.8 

0.7 

0.6 

max. } 

VCC=5V 
~------+-------~------~~----~~----~ typo 

0.5 

;( 
.§. 0.4 
N 
u 

.9 
0.3 

0.2 

0 100 200 300 400 500 

fose or feD (kHz) 
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15. Interrupt inputs must be retained for two or more instruction cycle times at both "High" and "Low" levels. 

VIH 

t-----tINT-----<-I 
tiNT 

VIL 
INTo ,INTI 

• HD44795 ELECTRICAL CHARACTERISTICS (Vee" 2.7 to 5.6V) 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vee -0.3 to +7.0 V 

Terminal Voltage (1) VT1 -0.3 to Vee+O.3 V Applied to all terminals except 
those specified in Vn . 

Terminal 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 Tlt9 -55 to +125 °c 

(NOTE) 1. Stresses above those listed under "ABSOLUTE MAXIMUM RATINGS" may cause permanent damage to the device. Normal opera· 
tion should be limited to those conditions specified under "ELECTRICAL CHARACTERISTICS .," and "-2". The use beyond these 
conditions may cause lSI's malfunction and at the same time affects device reliability. 

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 ~ v, ~ V2 ~ V3 ~ GND should be maintained. 
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• ELECTRICAL CHARACTERISTICS -1 (Vee - 2.7 to 5.5V, Ta" -20 to +75°C) 

Item Symbol Test Conditions 

Input "Low" Voltage V IL 
Input "High" Voltage (1) V IH1 
Input "High" Voltage (2) V IH2 
Output "Low" Voltage VOL IOL =0.4 mA 

Output "High" Voltage (1) VOH1 -loH = 0.08 mA 
Output "High" Voltage (2) VOH2 -loH = 0.01 mA 

Driver Voltage Descending (COM) Vd, Id = 0.05 mA 

Driver Voltage Descending (SEG) Vd 2 
td =0.01 mA 

Dividing Resistor of LCD Power 
Rwell Supply 

Interrupt Input Hold Time tiNT 
Interru~t Input Fall Time tfiNT 
Interrupt Input Rise Time trlNT 
Output" High" Current IOH VOH = 10V 

Yin = 0 to Vee 
Input Leakage Current IlL 

Yin =0 to 10V 
Pull up MOS Current -Ip Vee = 3V 

Yin = Vee, Vee = 3V 
Rt Oscillation 

Supply Current lee (folc = 200 kHz) 
External Clock Operation 
(fcp = 200kHz) 

Standby I/O Leakage Current HLT l Yin = Oto Vee 
ILs = 1.0V I Yin = Oto 10V 

Standby Supply Current (1) lees1 
Yin =Vee,HLT=0.1V 
Vee = 2.7 to 3.3V 

Standby Supply Current (2) Iccs2 
Yin = Vee, HI:T = 0.1V 
Vee = 2.7 to 3.3V 

n = 1 (static) 

Frame Frequency of LCD Drive fF 
n = 2 (1/2 Duty) 
n = 3 (1/3 Duty) 
n = 4 (1/4 Duty) 

LCD Display Voltage VLeD Vee-V3 

External Clock Operation; System Clock ____________________ w __ 

-------- - .. -- - - - - - - - - - - - - - - - - - -
External Clock Frequency fcp 
External Clock Duty Duty 

External Clock Rise Time trcp 

External Clock Fall Time tfcp 
Instruction Cycle Time Tinst Tinst = 4/fc:r:l 
Internal Clock Operation (Rt Oscillation); System Clock -----------_._._._------ ------- ----------
Clock Oscillation Frequency 

I nstruction Cycle Time 

Rt = 
2ookG±2% 

._------------
Vee =2.7to 3.3V 

Vee =2.7 to 5.5V 

Vee =2.7 to 3.3V 

Vee =2.7 to 5.5V 
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Value 
Unit Note 

min. typo max. 

- - 0.4 V 

Vee-O·4 - Vee V (9) 

Vee-O·4 - 10 V (10) 

- - 0.4 V 

Vee-O·4 - - V (1 ) 

Vee-O·3 - - V (2) 

- - 0.4 V (13) 

- - 0.4 V (13) 

25 - 300 kG 

2' Tinst - - p.s (15) 

- - 50 p.s (15) 
- - 50 IlS (15) 

- - 3 p.A (3) 

- - 1.0 (3),(9) 

3 
p.A ~ - -

15 - 80 p.A 

- - 0.15 mA (5),(12) 

- - 1.0 p.A (6),(9) 

- - 3 p.A (6),(10) 

- - 6 p.A (11 ) 

- - 21 p.A (7) 

1 
Hz 

128 x n x Tinst 

2.5 - Vee V (8) 

- - - - - - - -- - - -- ---- -- .•. - - - .. 
40 200 220 kHz 

45 50 55 % 

0 - 0.2 p.s 

0 - 0.2 p.s 

16.6 20 100 p.s 

- - ----- . r· - - --
150 250 

kHz 
150 350 

16 26.6 

11.4 26.6 
p.s 

32.768 
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• ELECTRICAL CHARACTERISTICS - 2 (Ta = -20 to +75°C) 

Item Symbol Test Conditions 
Value 

Unit 
min. max. 

Halt Duration Voltage V OH HLT = O.1V 2.3 - V 

Halt Current IOH 
Yin =Vee,HLT=O.1V, 
V OH = 2.3V - 4.0 IlA 

Halt Delay Time tHo 100 - Ils 
Operation Recovery Time tRe 100 - IJ.S 
HLT Fall Time tfHLT - 1000 IlS 
HL T Rise Time trHLT - 1000 IJ.S 
HLT"Low" Hold Time tHLT 400 - IlS 

H L T "High" Hold Time tOPR 
Rf Oscillation, External 

100 - IlS Clock Operation 

Power Supply Rise Time tree Built-in Reset, HLT = Vee 0.1 10 ms 

Power Supply OFF Time tOFF Built-in Reset, H L T = Vee 1 - ms 

RESET Pulse Width (1) tRST1 External Reset, H L T = Vee 1 - ms 

External Reset, Vee - 2.7 
to 5.5V, HLT = Vee, 
(Prescaler Clock = System 2' T inst -

Clock) 
Ils RESET Pulse Width (2) tRST2 

External Reset, Vee = 2.7 
to 5.5V, HLT = Vee, 32 x 106

/ -
(Prescaler Clock = Crystal fo,cx 
Clock) 

RESET Rise Time trRST 
External Reset, RLT = Vee, - 100 IlS Vee = 2.7 to 5.5V 

RESET Fall Time tfRST 
External Reset, H L T = Vee, - 100 IJ.S Vee = 2.7 to 5.5V 

INOTEI 1. Applied to PMOS load of CMOS output pins and CMOS I/O common pins among 0 and R terminals. 
2. Applied to CMOS output pins, CMOS I/O common pins, input pins with pull up MOS, and I/O common pins with pull up MOS 

among 0 and R terminals. 
3. Applied to open<irain output pins and open<irain I/O common pins among 0 and R terminals. 
4. Pull up MOS currant is axcluded. 
5. Applied to the supply current when the LCD-III is in the reset state and the crystal oscillation for timer doesn't operate 

ICurrent that flows in the input/ouljut circuit and in the power supply circuit for LCD is excluded). 
Test Condition: RESET, HLT, EST = Vee IReset State I 

INTo, INTI, Roo to Ru , Do to 0 13 = Vee 
DI4 /XO, Du /XI,-DI4 /XO, D.1../XI = Vee (Crystal oscillation ~or ~imer is ~ot se!ectedl 

LOu/XO - upen, Ou/XI .. VCC ICrystal OSCillation for timer IS selected). 

~bM~2 toVC;M~~~EGI to SEGn = Open 

Note 

(14) 

When tha crystal oscillation for timer operates, the standby supply current 121 IcCS2 flows in addition to Icc. 
When the LCD-III 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-III. User should design the power supply in consideration of this point IThe difference between 
the measured current in the above reset stata and that measured in the operatio.nal state in tha user's system is the increased part of 
the supply current!. 

6. Standby I/O leakage current is the leakage current of I/O pins in the "Halt" and "Disable" state. 
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7. Current that flows in the Input/output circuit end In the po_r supply circuit for LCD is excluded. The standby supply currant (2) 
II tha supply currant at Vee - 3V t 10% in "Halt" state in the case that the crystal oscillation for timer II selacted (only the crystal 
oscillator for timer, 5-b1t divider and 6-bit prescaler are in operation). 

max. 
4Or-----_r--~-r----~r_--_r----~--~--~ 

Ta = -20 to +75"C 

10r-----~--r_-r----~~--_r----r_---r--~ 

3.0 4.0 4.5 5.0 .5 6.0 

VCC(V) 

8. Po_rsupply condition Vee~VI ~VI ~VJ ~GND Ihould be maintained. 
9. Applied to the following terminall. 

(1) Input pl~O common pins with pull up MOS, and CMOS I/O common pinl among 0 and R terminall. 
(2) RESET, HLT, OSCI , INT. and INTI 

10. Applied to open~rain I/O common pins among 0 and R terminall. 
11. Currant that flows In the input/output circuit and in the po_r supply circuit for LCD is axcluded. The standby supply current 

II the supply currant at Vee - 3Vt10% in "Halt" state in the case that tha crystal oscillation for timer is selected. The supply currant 
when supply voltage falls to the Halt Duration Voltage il called "Halt Current" (lOH)' 

12. The supply currant changlllBl follows according to operating frequency. 

0.6 

0.5 

0.4 
C( 
! 
(.) 0.3 
}:} 

0.2 

0.1 

0 100 200 300 400 500 

fOIe or fcp (kHz) 

146 



----------------------------------LCD-III 

13. The voltage that drops between the power supply terminals (Vee. VI. V2. V,) and each common or segment output terminal. 
14. The supply current at Vee· VOH· 2.3V in "Halt" state. in the c .. that the crystal oscillation for timer is not selected. 

Current that flows in the input/output circuit end in the power supply circuit for LCD is excluded. 
16. Interrupt inputs must be retained for two or more instruction cycle time at both "High" and "Low" levels. 

INTo.INTI 

• SIGNAL DESCRIPTION 
The input and output signals for the LCD-III shown in PIN 

ARRANGEMENT are described in the following paragraphs. 

• VCCandGND 
Power is supplied to the LCD-III using these two pins. 
Vee is power and GND is the ground connection. 

• RESET 
This pin allows resetting of the LCD-III at times other 

than the automatic resetting capability (ACL; Built·in Reset 
Circuit) already in the LCD·III. The LCD·III can be reset 
by pulling RESET High. 

Refer to RESET FUNCTION for additional infonnation. 

• OSCI and OSC2 
These pins provide control input for the on-chip clock 

oscillator circuit. A resistor, a ceramic ftlter 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. 

• HIT This pin is used to place the LCD-III in the HALT state 
(Stand-by Mode). The LCD·III can be moved into the halt 
state by pulling HLT Low. 

In the halt state the internal clock stops and all the internal 
status (RAM, Registers, Carry, Status, Program Counter, and 
all the internal statuses) are maintained. Consequently power 
consumption is greatly reduced. By pulling m:r 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 

toVec· 

• INTo and INTI 
These pins provide the capability for asynchronously apply· 

ing an external interrupt to the LCD·III. 
Refer to INTERRUPTS for additional information. 

1-----tINT---iJ 

• VI, V2 andV3 
Power for liquid crystal display are supplied to the LCD·III 

using these pins (VCC ~ VI ~ V2 ~ V3 ~ GND). 

• Roo to R03 
These four lines are a 4-bit input channel. 
Refer to INPUT/OUTPUT for additional infonnation. 

• RIO to R13, R20 to R23 
These 8 lines are arranged into two 4·bit Input/Output 

common channels. 
4·bit registers (data I/O register) are attached to these chan· 

nels. Each channel is directly addressed by the operand of an 
instruction. I/O 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 infonnation. 

• 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. I/O con· 
figuration of each pin can be specified among Open Drain and 
CMOS using a mask option. 

Refer to INPUT/OUTPUT for additional infonnation. 

• Do to 013 
These are 14 discrete signals which can be configured as 

Input/Output lines. 
Refer to INPUT/OUTPUT for additional infonnation. 

• DI4/X0,DI5/X1 
DI4/XO and DIS /XI require a mask option in the follow· 

ing 3 types. 
• Discrete I/O (common terminal) 
• Crystal circuit connecting terminals (with internal halt) 
• Crystal circuit connecting terminals (no internal halt) 
Refer to INPUT/OUTPUT for additional infonnation. 

• COMI to COM. 
These pins are common tenninals for liqUid crystal display. 
Refer to LIQUID CRYSTAL DISPLAY for additional in­

fonnation. 

• SEGI to SEG32 
These pins are segment tenninals for liquid crystal display. 
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Refer to LIQUID CRYSTAL DISPLAY for additional in­
formation. 

• OSCILLATOR 
A resistor, a ceramic filter circuit or an external oscillator 

can be connected to OSC1 and O~. However, a ceramic 
filter circuit cannot be used on the HD44795. The oscillator 
frequency is initially divided by four to produce the initial 
system clock. The different connection methods are shown 
in Figure 1. 

(1) External Clock 

Oscillator 

(2) Resistor 

VIH----h,::::===\...~---_I_I=== 

1/2 VCC------j~---+..l!r____----+_-­

VIL :::::;:jtj--i4:::::::::::::::t---

trcp tfcp 

ttSC1 

Rf 

OS(1 

Length of the wirings for OSc. and OS(1 
terminals should be minimized because 
the oscillation frequency veries depending 
on the capacitance of these terminals. 

500 

400 

N 
:r 
~ 300 
II 
~ 

200 

100 

0 

300 

200 

N 
:r 
~ 

j 
100 

o 

Rf 

" 

100 

100 

HD44190 

~ 
" ~ ------ I----

typo 

200 300 400 500 600 

Rf (kn) 

~ 
HD44795 

~ 
~' ~ 
~ ~ r------ tYPo (Vee· 5V) 

typo (VCC = 3V) 

200 300 

Rf(kn) 

400 

-

500 600 

Figure 1 Connection Methods for Oscillator (to be continued) 
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• ROM 

(3) Ceramic Filter (This is not applied to HD44795.) 

GND 

C. 

~""'-""'-IOSC. 
Ceramic Filter: CSB400P (MURATA) 
Rf 1Mfl:!: 10% 
C. 330pF:!: 10% (ceramic cepacitor) 
~ 33OpF:!: 10% (ceramic capacitor) 
Rd 2.2kfl:!: 10% 

The ceramic filter oscillation does not apply when using "Halt" and not 
resetting at the time of "Halt" cancellation. 
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 through 31. In this area, 
either of programs or patterns can be stored. 

I---64 words----j 

1 F OF 07 3D 3E 3F -
I-
I-

Program Area 

Table 1 ROM Capacity 

Program Area 32 pages 
Pattern Area 2 pages 
Total Number 2,176 words of the words 

(NOTE) 1 page = 64 words 

page 0 
page1 

page 2 

I 
\ 

Timer/Counter Interrupt Address (0 page 3F address) 
Input Interrupt Address (1 page 3F address) 

'=- ~ 

~ ~-~ page 31 
Reset Address (31 page 3F address) 

Pattern Area 
Pattern Area 

page 61 
page 62 

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 ~ ~ Address Part \ 

I~:~:~:~:~I~:~:~:~:~:~I 
Figure 3 PC Structure 

• Page Part (5-bit register) 
Once a certain value is loaded into a page part, the content 

is unchanged until other value is loaded by the program. The 
settable value of a page part is any number from 0 through 31. 

• Acldress 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 Hex- Decimal Hex- Decimal Hex-
decimal decimal decimal 

63 3F 5 05 9 09 
62 3E 11 08 19 13 
61 3D 23 17 3B 26 
69 38 46 2E 12 OC 
66 37 28 1C 26 19 
47 2F 56 3B 50 32 
30 1E 49 31 37 25 
60 3C 36 23 10 OA 
67 39 6 06 21 16 
61 33 13 00 42 2A 
39 27 27 18 20 14 
14 OE 64 36 40 28 
29 10 46 20 16 10 
58 3A 26 1A 32 20 
63 36 62 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 

tion cycle. All instructions except the pattern instruction are 
executed in one instruction cycle. (While the pattern instruc­
tion is executed in two cycles.) 

The sequence indicated in decimal and hexa-decimal 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 step by step 
unless the content of the page part of PC 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 
modifying scheme is shown in Figure 4. The address part is re­
placed by the contents of A (Accumulator) and the lower 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 1, 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 afte'r this instruction is masked. 

The bit pattern of referred ROM address is generated by two 
ways. 

(i) The pattern is taken into A and B. 
(ii) The pattern is taken into the output ports R2 and R3. 
The difference is determined by the command bits (09 , 0 10) 

in the pattern. Mode (i) is performed when ~ is "1" and mode 
(ii) is performed when 0 10 is "1". Mode (i) and (ij) are simul­
taneously performed when both 09 and 010 are "1". 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. 

(
Referred r---,.. PC::-pc,-'-PC:'" -pC; "'PC;'- -- ..,--- .. - --.,. - --,.- --T---1 

ROM address) : PI +Pt +p. +C +BI +B2 BI Bo AI A2 Al Ao I L ___ ~ ___ • ___ ~ ___ ~ __ ~ ___ ~ ___ ~ ___ ~ ___ ~ _______ ~ ___ , 

Figure 4 ROM Addressing for Pattern Reference 
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[~~~~-_;_-I B< B< B': So I ~ Al A2 A, I A and B 

(Note) A's significanca is inverted. 

C~=~~ I R. : Ru : Ru : Rn I R. : R.: RI2 : Rill R2and R3 

(Note) The significanca of R2 and R3 is inverted. 

Figure 5 Correspondence of Each Bit of the Pattern 

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

• RAM (RANDOM ACCESS MEMORY) 

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 by contents 

of display, and capacity of data RAM changes 
corresponding to the former. 

Addressing of RAM is performed by the matrix of the me 
number and the digit number. There are 10 mes and 16 
digits in the matrix. Normally the me No. is set to X and the 
digit No. is set to Y, then the matrix of X and Yaddresses 
RAM and performs the Read/Write operation. 

Special digits in RAM can be addressed without the use of 
X and Y. These digits are called as memory register (MR) 
and the number is 16 (MRO to MRlS). Memory register can 
be exchanged for A register By XAMR instruction. 
RAM address space is shown in Figure 6. 

X i~ 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 +- digit No. 

! 00 
00 

10 10 or 
! Ol it it 
N :E :E 

t 
file No. 

M N 

it it it 
:E :E :E 

i.·· 
·i. 

0 

it 
> 

Ol 

a: 
:E 

00 ,.. co 10 or 
a: a: a: a: a: 
:E :E :E :E :E 

M N ... 
a: a: a: 
:E :E :E 

0 

a: 
:E 

• The area market as c::::::J is 
usable only for data. 

* The data marked as C::::J is 
usable for both data and 
display. 

* The file 8 is selected when 
X register has any value in 
8 to ",and the file 9 is 
selected when 12 to 15. 

Figure 6 RAM Address Space 

In case of the instructions which consist 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 is followed by the write opera­
tion. 

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. 
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3 2 o n Bit assignment No. 

~-2~'~2-2~--2-1~---~~1 M 

The bit test makes the status "1" when the assigned bit is 
"I" and makes it "0" when the assigned bit is "0". 
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• REGISTERS 
The LCD-UI has six 4-bit registers and two I-bit registers 

available to the programmer. l-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. 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 perfonned. 

• 8 Register (8) 
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 has exchangeability for SPX register. X register 
addresses the RAM me. 

• SPX Register (SPX) 
SPX register has exchangeability for X register. 

SPX register is used to stack X register and expand the addres­
sing 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 has exchangeability for 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 the RAM digit and I-bit 
discrete input/output common terminals. 

• Spy Register (Spy) 
Spy register has exchangeability for Y register. Spy register 

is used to stack Y register and expand the addreSSing system of 
RAM and I-bit discrete input/output common terminals in 
combination with Y register. 

• Stetul 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 "0", these instructions are skipped and Status F /F becomes 
"I". 

• INPUT/OUTPUT 
• Discrete I/O (0 Terminal) 

The discrete I/O is composed of l-bit latch and I/O pin. 
Figure 7 shows the basic block diagram. 

Reset signal bV reset function 

Set instruction 
On 

Reset in.truction----~ 

Figure 7 Discrete I/O Block Diagram 

Reset Signals by Reset Function 

Set Instruction 
Reset instruction ----i---1 

Set Instruction ---"'r-lI.-' 
Reset Instruction ---If---I 

Set Instruction 

Owrflow outDUt --6~ 
pulse from preo -j~ 
scaler a \!!I 
(internal halt "0" IN 
rei .... signal) Test------!f---....:.:.,;.j 

Internal halt 

~
ignal @ 

Helt signal ~ 
External .~ 

Clock for 
prescaler 

halt signal "0" 

Crystal oscilletor 
for timer (32.768kHzl 

Figure 8 Mask Option of 0 14 and 015 Terminals 
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Do to D13 are discrete I/O's of common for input and 
output, D14 and Dl5 require a mask option in 3 types. 
When the crystal oscillation for timer is selected and the 
latches of D14 and D 1s are not connected to the terminals, 
D14 and Dl5 can be used as I-bit general purpose registers 
that can be set, reset and tested. Furthennore, if there is 
internal halt mode. latch of D15 is used as a register for 
internal halt mode specially. 

In such case, since D15 means internal halt state and DiS = 
"1" means operating state, LSI can be in internal halt state by 
resetting D1s using an instruction. The pre scaler keeps its 
operation in internal halt state. Therefore, Dl5 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 Du/XI Terminals 

Mask Option a b c d Function of Function of D14 /XO 
D14 /XO and DiS/XI and Du/Xllatch 

1 Unselectable crystal oscillation for short open discrete I/O Output Latch timer (no internal halt) (common terminal) 

2 
with internal 1-bit register 

Selectable crystal halt open short Crystal - Circuit oscillation for open short 0 14 ; '-bit register 
3 timer no internal halt Connecting 0 15 ; register for Terminal internal halt 

(NOTE) Ulen C3"I specify thil mesic option in "The format of I/O channell" at ROM ordar. 

Discrete I/O is addressed by Y register, and the set/reset 
instruction is executed for the addressed latch. "0" and "1" 
level can be tested with the addressed terminal and I-bit register 
against the I/O common pins and I-bit register. The test is 
performed with the wired logic of the output latch and the pin 

SED, RED SEDD, [ 
REDO Inltruc-
tlon 

TO Instruction [ 

-
o I st t' C Ie j' na n rue Ion ye ., 

On SetlRaset 
Instruction 

Dn(LSI pin) X 

input. Therefore, in the case of the I/O 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. 

On Test ~ 
Instruction JL 

~ 
On Sampling 

Pulle 

Figure 9 Timing Chart of Discrete I/O 

• Data I/O (R T.minaU 

Table 4 Data I/O for the LCD-III 

I/O common channel R 1, R2 (2 channell) 

Input channel RO C1 channel) 

Output channel R3 C1 channal) 

Total 4 channels 

(NOTE) In addition to the abollll, R4, R5 and R6 ara providad as 
register letting liquid crystal dilplay mode. In thasa registen, 
there il no terminal and exists only data I/O register each 
which controll liquid crystal dilplay mode. Data il transferred 
to R4, R5 and R6 by LRA or LRB instructlon,l8me as data 
transfar to data I/O registen of R1, R2 and R3. For dataill of 
R4, R5and RS, refer to LIQUID CRYSTAL DISPLAY. 

4-bit register (data I/O register) each is attached to an I/O 
common channel and output channel. No register is attached 
to input channel. Addressing to all channels is perfonned by 
programs (addressed by operands in instructions). 

Figure 10 shows the block diagram of each channel. 

153 



LCO-III---------------------------------

Display 
C ... 

Input 
r----~ 
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I 23-;:;..----0 An 
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To 

A,B 
Aegister: 21 -1-----0 Rol 

: 2' -1-----0 Aoo 
I I L. ___ .J 

Output 

ROMpetternOrd.tI r---------1 

( 
Sede' segment 
0 ... 101 
Letch clock 
ICL,I 
Shift clock 
ICL,I 
Alrern.ting 
signellM) 

OutPUt 

C ... ( :: 
2' 

2' 
I I L_+ ____________ ,.J _ 

~~.'~ ~:.~o : I 
function. : 2' 21 2* 2' : 

Gate for IJICcMnging thl output regilter 
,ignl' and the display d ... Ii .. ' Iccording 
to the contlnt of R.a 

Output 

ROM pettern or dltl 

L ______ ~ 

To A .nd B regilter 

Ret ="1" 
ditil/Oregi.ter 
.ignal 

R41I ="0" 
Dllpllyditl 
,ign.1 

R" 

),,'-R" 

RIO 

R" 

Input 

U~(~' i~' ~~ }M_ (~U 
Set all bits to "'" 
by r ... t 'unction. 

Figure 10 Data I/O Block Diagram 

When expansion of segment signal for liquid crystal display 
is designated by a program (Register R.2 ="0"), Rl is used as 
a display data output terminal. This prohibits Rl to be used as 
an I/O common channel by users (Refer to Figure 10, Rl 
channel). 

If LRA or LRB instruction is executed at the time, data is 
transferred to data I/O register, but the content of data I/O 
register is not output from Rl. If LAR or LBR instruction is 
executed, display data is inputted to accumulator (A register) 
or B register. 

Data is transferred from the accumulator (A register) and B 

/One Instruction Cvcle 

Iii i ~ 
LRA, LRS r --I A Output 

I n.truc~lon l n 
instruction 

~nHN~iO"[ 
LAA, LBR[ 
Inltructlon 

-
An X 

Pattern Ganera-
tion Instruction 

A2,A3 

register to data I/O registers Rl, R2, and R3 through the bus 
line. In addition, ROM bit patterns can be transferred to R2 
and R3 by pattern generation instructions. 

4-bit data can be inputted to the accumulator (A register) 
and B register from RO, Rl and R2 channels by input instruc­
tions. However, in the case of I/O common channels R2 and 
R3, since data I/O register outputs are connected to terminals, 
inputs are done to wired logic of register output and terminal 
input information. For this reason, to input terminal input 
signal, registers must be set to a state that would not affect 
the terminal input. 

(second cycle) 

An Input Instruction 
""'"-

Rn Sampling Pulse 

Figure 11 Data I/O Timing Chart 
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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 I/O, 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 
/' -.. 

on Set/Reset - Instruction 

On 
J 

Rn Input 
Instruction 

Rn Sampling Pulse 

I T. m Pay attention to time allowance In such syste as 
is operated by On to read the result from Rn. 

an extarna circuit 

Applied Pins: INTo. INT,. Roo to Rn 

No Pull up MOS 

VCC 

I/O E~' [--tf,---tos 
I NMOS 
I I 

: : 
'"---- --~ 

With Pull up MOS (PMOS) 

Figure 12 Configuration of Input Pins 

Applied Pins: R30 to Rn 

No Pull up MOS 

(Open Drain) 

I/O Enable 

CMOS Output 

VCC 

~r-
IroEi~b 

4~NMO; 
Figure 13 Configuration of Output Pins 

Applied Pins: 0 0 to 0 13 • O'4/XO. D,s/XI. R,o to Ru. R20 to Rn 

No Pull upMOS 

(Open Drain) 

I/O ---:--~~!:~~ 
Enable I PMOS 

I • 
I I 

: ~MOS 
I I 

: : f.. ____ ..1 

Input 
h-eirCUit 

t 

With Pull up MOS (PMOS) 

Vee Vee 

r--i---
1 

PMOS: PMOS 
I I 

I 
I I 
I J 
I . I 

: NMOS 
I I 
""----.1 

NMOS ~ g:~~it 

1 Input 
Circuit 

I/O 
Enable 

~ 
I/O Enable I/O Enable (NOTE) In case that CMOS is chosen. external 

input signal cennot be applied. 
Figure 14 Configuration of Input/Output Pins 
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• TIMER/COUNTER Dilcrete 1/0 
output Iitch 
:-----, 
• 0 "--.....<fI , ___ I:_J-
Dilcrete 110 
output Iitch ,-----, 

r--------~: Oil i-: --+-....... O'~~J-4.......-_~ 
!:!:c~~I~:::~.tch L - - - - ~ 
.. tlip!,) 

5-bit divider 32.768kHz 
Cryltal 
circuit 

Figure 15 Timer/Counter Block Diagram 

Timer/Counter Block Diagram is shown in Figure 15. 5-bit 
divider divides the crystal oscillation (32.768kHz) by 32 and 
generates clocks of 1.024Hz in the crystal oscillation mode. 
It does not stop in the halt state. Prescaler divides the system 
clock (instruction frequency) or I,024Hz clock by 64 and 
generates overflow output pulse of "Instruction frequency / 
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 INTI terminal. 
Input selection is determined by CF state. Data can be ex­
changed between the counter and bus by L TI, LT A 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. 

• Timer Mode 
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. "1 ,024Hz clock (Crystal oscillation for timer is selected.) 

Clock obtained by dividing the crystal oscillation (32.768kHz) 
for timer by 32. Crystal oscillator is constructed between 0 

hitifflil hilt itiii 

terminals of 0 14 and 015 : 
Note 1) In this case, the overflow output pulses from the pre­

scaler are 16Hz. These pulses are counted by the 4-
bit counter to generate an interrupt from 16Hz to 1Hz. 

Note 2) In this case, the part marked with ~ in Figure 15 
Timer/Counter does not stop even in halt state. When 
using "internal halt mode" among the halt function, 
internal halt state is generated by resetting the register 
for internal halt mode (0 latch: 0 15) by an instruction 
(D15 = ''0''; internal halt state, 0 15 = "1"; operating 
state), and all the operation stop. In this case, over­
flow output pulses from the prescaler work as the 
signals releaSing the internal halt state and set the 
015 output latch. Therefore, if an overflow output 
pulse from the prescaler is generated, internal halt 
state is released, and the LSI starts to operate. 
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. 

i nternei neit Itete 
LSI Operetlng .tete Operating .tete Operetlng stete .tete 
Ou output 
letch (internel 
helt regl.ter) 
Presceler 
overflow output 
pulse (lnternel 
helt reln.e 
.Ignel) 

- -- --- --~e~;t- - - - -- - Set --- - -- --R~;t-- - - - --~-- ---

-~----62.5m.----+-+-----62.5m.---....j..4--- 62.5m. 

L YI 15 end RED In.tructlons (These ere used to reset Ou output letch 
end make the LSI' Internel helt .tete.) 

Figure 16 Set/Reset Operation Using Crystal Oscillator for Timer 
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• Counter Mode 
Counts pulses of INT 1 terminal. 

(Note) The width of INTl pulse in the counter mode must 
be at least 2-cycle time for both the "High" and 
"Low" levels. 

Each block of timer/counter and the specified time of timer 
mode are explained in the followings. 

• INTERRUPT 
There are interrupt caused by the timer/counter or the 

inputs. Each interrupt cause 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 intefl1lpt can be accepted or not. 

Figure 17 shows the interrupt block diagram and Figure 18 
shows the interrupt timing chart. 

Figure 17 Interrupt 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 RTNI (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 1Ft 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 flXed as: 

Interrupt of the timer/counter 0 page 3F address (OO-3F) 
Interrupt of the inputs 1 page 3F address (01-3F) 
In addition, 

The saving operation of PC ~ STl ~ ST2 ~ ST3 ~ ST4. 

I/E reset 

• I nterrupt of the Inputs 
Two pins INTo and INT 1 have the interrupt request func­

tions. They have the leading pulse generation circuit and the 
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interrupt mask F/F (IFO,IF1). When IFO or 1Ft is reset, the 
interrupt request is able to generate interrupt mask release. 
When INTo or INT 1 changes from "0" to "t" ("Low" level ~ 
"High" level), the leading pulse is generated and generates the 
interrupt request. Then IFO or 1Ft 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 (I/E) is "1", the interrupt is generated 
immediately and I/RI is reset. But if Interrupt Enable F /F 
(I/E) is "0", I/RI is held at "1" level until it gets into the 
Interrupt Enable state. 

IFO, 1Ft, INTo and INTi can be tested by the program. 
Therefore, they can also be used as normal input terminals 
or latch terminals 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 processed when both of I/RI and I/RT are at "1" 
level (interrupt requests are simultaneously generated). During 
the input interrupt, I/RT remains set. Thus, after the input 
interrupt, the timer/counter interrupt can be processed. 
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Figure 18 Interrupt Timing Chart 

• LIQUID CRYSTAL DISPLAY 

• Liquid Crystal Display Circuit 
The LCD-III can directly drive the liquid crystal display 

panel of static, 1/2 duty factor, 1/3 duty factor and 1/4 duty 
factor. 
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The LCD-III has 4 common signal tenninals and 32 segment 
signal terminals. Further, if liquid crystal driver LSI (H0441 OOH) 
is connected to the LCD-III, up to 96 segment signal terminals 
can be extended externally. Thus, in addition to the internal 
32 terminals, total 128 segment signal tenninals can be driven. 
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Figure 19 Liquid Crystal Display Circuit Block Diagram 

Display is automatically executed by writing segment data 
into RAM for LCD. 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 is correspond 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 is correspond to 128-segment is read twice at the 
same time. And in the HD44795, scan of common signal is ex­
ecuted every 128-instruction cycle. Therefore, 128-segment data 
is read. The serial data read is converted to parallel data by the 

159 

shift register and latch, converted to LCD drive signal by the 
liqUid crystal driver and the outputted from a segment terminal. 
32-segment (SEG1 to SEGn ) out of 128-segment serial data 
is used within the LCD-III, and the rest (96-segment) is output· 
ted to the liquid crystal driver LSI HD44100H which is connec­
ted 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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Figure 20 Liquid Crystal Display Circuit Time Chart (To be continued) 
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One Instruction Cycle 

Serial Data 

Shift Clock 

Shift Resister 

Latch Clock 

Segment Data 

Static 

COM. 

COM2 

COM! 

COM. 

1/2 Duty 

COM. 

COM2 

COM! 

COM. 

1/3 Duty 

COM. 

COM2 

COM! 

COM. 

1/4 Duty 

COM! 

Figure 20 Liquid Crystal Display Circuit Time Chart 
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• Liquid Cryltil Display Mode Setting Regilters 
For selection of the liquid crystal display mode, data I/O registers of R4, R5 and R6 are used. 

Table 5 Function of Liquid Crystal Display Mode Setting Registers 

R41 R40 Function 

0 0 Static 
Selection of liquid crystal 0 1 1/2 duty display duty factor (R40 , R41 ) 

1 0 1/3 duty 

1 1 1/4 duty 

Designation of with or without R42 Function 

liquid crystal segment output 0 To be extended (Outputs display data from Channel R 1 ) 
extension (R42 ) 1 Not to be extended (Channel R1. becomes an ordinary 4-bit data I/O.) 

R60 Function 

liquid crystal display blanking 0 Outputs RAM data for liquid crystal display as segment signals. 
signal (R60) 

1 
Segment signals become non-selection status (blanking) regardless of 

RAM designation for liquid 
crystal display (Rso , Rs.) 

RAM data for liquid crystal display. 

(NOTE) LiQuid crystal display mode at resetting 
Since all bits of registers R4, R5 and R6 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", R41 '" "1") 
~,!d crystal segment output extension: Not extended (R42 = "1") 
;",nation of liquid crystal display blanking: Display blanking (R,o - "1") 

• Relation between Display RAM and Segment Data 

In the LCD-III, 4 types of display duty factor (static, 1/2 
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. 

(NOTE) The SEG .. to SEGI2I are 
extended segments. 

Figure 21 Relation between RAM for LCD & Segment Data (Static) 

162 



--------------------------------- LCD-III 

COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 
COM, 
COM2 

(NOTE) The SEG,. to SEGI2I are extended segments. 

Figure 22 Relation between RAM for LCD & Segment Data (1/2 Duty, 1/2 Bias) 
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RAM Address RAM RAM Address RAM 
X y 2' 2' 2' 2· X y 2' 2' 2' 2· 

0 • $lOt $lGt 
SEGa SEGt 
SEG3 SEGa 

0 SEG8s SEGes SEG8s 
1 SEGea SEGea SEGe8 
2 SEGe7 SEGe7 SEG" 

$lo. $lo. $lG" 3 SEG88 SEG88 SEG" 
4 $EGa .·.$1:0, SEO& 
5 .SEG. $EG, 
6 

.. .... . $.IG~ 
.G1 

4 SEG89 SEGe9 SEG89 
5 SEG70 SEG70 SEG70 
6 SEG" SEG7, SEG7, 

6 4 0 
7 01-r-8 am. G, 
9 SEG. 0 010 
10 $EGH$lOH$lGu 

2 0 6 4 
7 SEG72 SEG72 SEGn 
8 SEG73 SEG73 SEG73 
9 SEG7. SEG7. SEG7. 
10 SEG7s SEG75 SEG7s 

11 SEGtZ $IOu $EG'2 11 SEG78 SEG7e SEG78 
12 ~ta .0;$ SEO" 12 SEGn SEGn SEGn 
13 .$EGt4 $lOt" $lGt4 13 SEG7e SEG78 SEG7e 
14 SEGtl $EGtS $EGtl 14 SEG79 SEG79 SEG79 
15 SEQ,. $EG •• SEO" 15 SEG80 SEG80 SEG80 
0 $EGu $EOu $lGu 0 SEGe, SEGe, SEGe, 
1 $EG,. $EGt. $EGt. 1 SEGe2 SEGs2 SEGs2 
2 $EQ •• }SEQ,. .0,. 
3 SEGto :S£G. 
4 $I$~I .. 2.1 $EGal 

2 SEGe3 SEGu SEGs3 
3 SEG", SEG", SEG", 
4 SEGss SEGes SEGes 

5 $EG#a =Ii $1:022 
6 SEGn I$l~ 
7 SEG~ ~" I$EGaol 
8 $EGn SEGi& $1:02& 

5 SEGse SEG88 SEGS8 
6 SEGe7 SEGe7 SEG87 

3 1 7 5 
7 SEG88 SEG88 SEG88 
8 SEGe9 SEGs9 SEGe9 

SE02. $lO2. IilEb 9 SEG90 SEG90 SEG90 
10 $EOn $f$G~7 SEG.17 10 SEGs, SEGs, SEG9, 
11 $EGt. SJ:G2. SEG2. 11 SEG92 SEGs2 SEG92 
12 SE02. 1£02. IilEGi. 12 SEG93 SEG93 SEG93 
13 .Gao SEOao SEG~ 13 SEG94 SEG94 SEG94 
14 $E0$1 SEG$, $1:031 14 SEG9s SEG9s SEG9s 
15 SE631 SlOR $lOu 15 SEG98 SEG98 SEG98 
0 SEG33 SEG33 SEG33 0 SEG97 SEG" SEG97 

SEG34 SEG34 SEG34 1 SEG" SEG" SEGge 
SEG3s SEG3s SEG3s 2 SEG'9 SEG99 SEG'9 

3 SEG3lI SEG38 SEG3e 3 SEG,oo SEG,oo SEG,oo 
4 SEG37 SEG37 SEG37 4 SEG,o, SEG,o, SEG,o, 
5 SEG3lI SEG3e SEG3s 5 SEG,02 SEG,02 SEG'02 
6 SEG3' SEG39 SEG39 6 SEG,03 SEG,03 SEG,03 

4 6 0 
SEG~ SEG~ SEG~ 

8 SEG.t SEG., SEG., 
0 2 4 6 

7 SEG,04 SEG,04 SEG,04 
8 SEG,05 SEG,05 SEG'05 

9 SEG.2 SEG.2 SEG.2 9 SEG,08 SEG,08 SEG,08 
10 SEG.3 SEG.3 SEG.3 10 SEG,07 SEG,07 SEG,07 
11 SEG .. SEG .. SEG .. 11 SEG,08 SEG,08 SEG'08 
12 SEG.s SEG.s SEG.s 12 SEG,09 SEG,09 SEG'09 
13 SEG.e SEG.e SEG.e 13 SEG"o SEG"o SEG"o 
14 SEG.7 SEG.7 SEG.7 14 SEG", SEG", SEG", 
15 SEG.a SEG.a SEG.a 15 SEG"2 SEG,,2 SEG,,2 
0 SEG.9 SEG.9 SEG.9 0 SEG"3 SEG,,3 SEG"3 

SEG50 SEG50 SEG50 1 SEG". SEG". SEG". 
SEGs, SEGs, SEGs, 2 SEG"s SEG"s SEG"s 

3 SEG52 SEG52 SEG52 3 SEG"e SEG"e SEG"e 
4 SEG53 SEGI3 SEG53 4 SEG,17 SEG,,7 SEG,,7 
5 SEGM SEGM SEGM 5 SEG"e SEG"e SEG"e 

SEG55 SEGss SEGss 6 SEG". SEG,,9 SEG',9 

3 
SEGse SEGse SEGse 

8 SEGs7 SEGs7 SEG57 
1 3 5 7 

7 SEG120 SEG120 SEGuo 
8 SEGu, SEGUl SEG,2, 

9 SEGss SEGss SEGss 9 SEGu2 SEGu2 SEG'22 
10 SEGs9 SEGs9 SEGs9 10 SEGu3 SEGu3 SEG'23 
11 SEG80 SEG80 SEG80 11 SEGu. SEG12. SEG'2. 
12 SEG8' SEGe, SEG8, 12 SEGus SEGus SEGus 
13 SEG82 SEGe2 SEGe2 13 SEGue SEGue SEGu8 
14 SEGu SEGe3 SEGe3 14 SEG127 SEG127 SEGu7 
15 SEG", SEG", SEG", 15 SEGus SEGuI SEG,21 

IRs, 0 0 1 
CdM3 CdM2 CdM, I R50 0 0 

I R50 0 0 1 1 
CdM3 CdM2 CdM, IRs, 0 1 0 1 

(NOTE) The SEGal to SEGaaa are extended segments. 

Figure 23 Relation between RAM for Liquid Crystal Display and Segment Data (1/3 Duty, 1/3 Bias Drive) 
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RAM Address RAM 
X Y 2' 2' 2' 2° 

0 SEG .. SEG •• SEG •• SEG •• 
1 SEG .. SEG .. SEG .. SEG .. 
2 SEG.7 SEG.7 SEG.7 SEG.7 
3 SEG .. SEG .. SEG .. SEG .. 
4 SEG .. SEG .. SEG .. SEG .. 
5 SEG70 SEG70 SEG70 SEG70 
a SEG7, SEG7, SEG7, SEG7, 

2 0 a 4 
7 SEG72 SEGn SEGn SEGn 
8 SEG" SEG" SEGn SEG" 
9 SEG7. SEG7. SEG7. SEG7. 
10 SEGn SEGn SEGn SEGn 
11 SEG" SEG7. SEG7. SEG7. 
12 SEGn SEGn SEGn SEG77 
13 SEG7, SEG7. SEGn SEG7. 
14 SEG" SEG" SEG" SEG7. 
15 SEGIO SEGIO SEGIO SEGIO 
0 SEG., SEG., SEG., SEG., 
1 SEG.2 SEG.2 SEG.2 SEG.2 
2 SEGu SEGu SEGu SEGu 
3 SEG .. SEG .. SEG .. SEG .. 
4 SEG .. SEG .. SEG •• SEG •• 
5 SEG .. SEG .. SEG .. SEG .. 
a SEG.7 SEGI7 SEG.7 SEG.7 

3 1 7 5 
7 SEG .. SEG .. SEG .. SEG .. 
8 SEG .. SEG .. SEG .. SEG .. 
9 SEGIO SEGIO SEGIO SEGIO 

10 SEGt, SEGt, SEGt, SEG., 
11 SEGu SEGt2 SEGt2 SEGt2 
12 SEGu SEG'I SEG" SEG" 
13 SEG .. SEG .. SEG .. SEG .. 
14 SEG .. SEG .. SEG .. SEGI. 
15 SEGH SEG .. SEG .. SEG .. 
0 SEGI7 SEG.7 SEGt7 SEG.7 
1 SEG .. SEG .. SEG .. SEG" 
2 SEG .. SEG .. SEG .. SEG .. 
3 SEG,oo SEG,oo SEG,OCI SEG,oo 
4 SEG,o, SEG,o, SEG,o, SEG,o, 
5 SEG'02 SEG'02 SEG'02 SEG,02 
a SEG'03 SEG,OI SEG,OI SEG,OI 

0 2 4 a 7 SEG'04 SEG'04 SEG'04 SEG'04 
8 SEG,OI SEG,OI SEG,OI SEG,OI 
9 SEG,OI SEG,OI SEG,OI SEG,OI 
10 SEG'07 SEG'07 SEG'07 SEG'07 
11 SEG,OI SEG,OI SEG,OI SEG,OI 
12 SEG,OI SEG,OI SEG,OI SEG,OI 
13 SEG"o SEG"o SEG"o SEG"o 
14 SEG", SEG", SEG", SEG", 
15 SEGm SEGm SEGm SEGm 
0 SEG"3 SEGm SEGm SEGm 
1 SEG". SEG". SEG". SEG". 
2 SEG". SEG,,. SEG". SEG". 
3 SEG,,. SEG,,. SEG,,. SEG". 
4 SEGm SEGm SEGm SEGm 
5 SEG,,. SEG,,, SEG,,, SEG". 
a SEG,,. SEG,,. SEG"t SEG"e 

1 3 5 7 
7 SEGuo SEGuo SEGuo SEG,ao 
8 SEGu, SEGm SEGm SEGul 
9 SEG u 2 SEGm SEGm SEGm 
10 SEGu3 SEGul SEGuI SEG'23 
11 SEG u • SEGu. SEGu4 SEG,24 
12 SEGue SEGue SEGul SEGul 
13 SEG'2. SEGul SEGue SEG,2e 
14 SEG,n SEGm SEGm SEGm 
15 SEGue SEGul SEGul SEGue 

I RIO 0 0 1 1 
CJM. CJM3 CJMz CJMI I R., 0 1 0 1 

INOTE) The SEG" to SEGIII Ire Ixtended segments. 

Figure 24 Relation between RAM for Liquid Crystal Display and Segment Data (1/4 Duty, 1/3 Bias Drive) 
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VCC 

VLCD 

Vee 

VCC 

VLCD 

Vce 

GND 
COMI 

VCC 
VI 

V2 SEpl 

V, SEG. 

(Static) 

.-------t GND 

.-----i Vee 
VI 
V2 

V, 
SE,GI 
SEG.~-----~-------~ 

( 1/2 duty. 1/2 bias) 

GND 
C9MI 

...; ... 
VCC 

COM, 

"- - VI 

- V2 S~GI 
V, SEG. 

(113 duty. 1/3 bias) 

r--------4GND 

.-----1 Vee 
VI 

V2 

V, 

11/4 duty. 1/3 bias) 

~ JM 0 , 
lEO. 

32 
,/ 

32 

Figure 25 LCD Wiring Samples 
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---------------------------------LCD-III 

• Extension of Display Function 

Number of display digits can be increased by externally con­
necting an LCD driver LSI 8044100H to the LCD-III. 

The HD44IooH consists of shift registers and latch and 
liquid crystal drive circuit. When connected with the LCD-III, 
the 8044IooH is used as a circuit for segment. In the LCD-III, 
display data for 128 segments is sent to the 32-bit shift register 
from RAM constantly. When R42 is set to "0", the RI channel 
outputs the 32nd stage output D of the shift register, shift 
clock CL2, latch clock CLI and AC signal M. Therefore, up to 
96 segment terminals from SEG33 to SEG·i28 can be added by 
directly connecting the HD44looH. 

• RESET FUNCTION 

The LCD·III can be reset by setting the reset terminal to "1" 

HLT = vee 
RESET .. GND 

Vee 

4.6V 

O.2V 

(High) and its operation starts when the terminal is set to 
"0" (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 "0". 
IFO, IFI and TF are preset to "1". 
All bits of data I/O register, discrete I/O output latches 

(Rl, R2, R3 and Do to DIS) are preset to "1". 
Liquid crystal display .. All bits of display mode setting 

registers (data I/O registers) R4, 
RS and R6 are preset to "1". 

RAM data is not retained after reset. 

(NOTE) tOFF lpeelfl .. the period during the power lupply II OFF. when 
• Ihort bruk occurl or power lupply ON/OFF il r.pelted. 

Figure 26 Power Supply Condition Using the Built-in Reset Circuit 

m::T .. Vee 

Vee ----" 
tfRST trRST tfRST 

(NOTE) 1. tRST. Includ .. the time required from the pow.r ON until 
the operltlon getllnto the conltlnt nltt. 

2. tRST
2 

II .pplled wh.n the operltlon II In the conlt.nt It.tt. 

Figure 27 Reset Input Condition Using an External Reset Circuit 

• HALT FUNCTION 
The LCD-III is provided with half function. The halt function 

reduces power consumption in the halt state by temporarily 
stopping all status including RAM. When halt is released, 
operation restarts from the state immediately before the halt. 

(Caution at the halt time) 

When the LCD·III goes into halt state, segment terminals 
(SEG1 to SEG32 ) and common terminals (COMI to 
COM.) become the same potential and display goes out. 
However, in order to reduce power consumption during 
halt, disconnect the voltage applied to liquid crystal 
power supply V 3. Since there are dividing resistors among 
V I, V 2 , and Va, current of up to SOItA flows if voltage is 
applied between VCC and Va in the same way as normal 
operation. 
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The user can select one of the following I/O status at the 
time of halt based on the "MASK OPTION LIST" when 
ordering ROM: 

i) All I/O status is kept as the state immediately before 
the halt. 

ii) All I/O status is 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 generated by using HIT terminal) 

All operations stop when the m:T terminal is set to the 
''0'' level (Low). When the HI:T terminal is set to the 
"1" level (High), operation restarts from the state im· 
mediately before the halt. 

2) Internal Halt (Halt state generated by programs) 
The user can select aVailability of internal halt at the time 
of ROM order based on the "MASK OPTION LIST". 
When internal halt is selected, timer crystal must be at-
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tached externally. Therefore, the DI4/XO and DIs IXI 
terminals should not be used as general I/O's, but as XO 
and XI terminals for connecting cyrstal oscillator. 
Resetting of the DIs latch by RED instruction generates 
internal halt state. Return from internal halt is effected 
by overflow signals of the prescaler. 16Hz overflow 
signals are output from the pre scaler if a crystal oscil­
lator of 32.768kHz is connected to the DI4/XO and 

DIS IXI terminals. When an overflow signal is issued, the 
DIs latch is set to "1" from "0", the LCD-III returns 
from halt state, adds 1 to the timer register, and execution 
restarts from the instruction next to the RED instruc­
tion. 
Note that external halt caused by the HLT terminal 
cannot be released by prescaler overflow signals. 

I 
Becomes halt state after executing RED 
instruction and the halt is maintained 

___ L_V_I_ ....... 15 until a prescaler overflow signal is issued. 

L-~R~ED~-I------~----~. 

TO LVI 0 ~ 
BR .-4 The LCD-III returns from halt state by a 

prescaler overflow signal and operation 
restarts from LV I instruction. With this 
program, unless the Do terminal is set to "0". 
internal halt state occurs repeatedly. 

Figure 28 Program example in the Internal Halt Mode 

4>. L..J u u 
q,,~------

~ 

Program ~ V---------n + 1 Counter .!!..:.!..J\,--_n __ ,,--- _..:... _______ ...i X n+2 x:::: 

VCC 
HLT 

GND 

~~~ess~~n~+~1 ____ _ X n+2 X 
n+1 X x:::!!£i: 

Figure 29 Internal Halt Timing Chart 

VIH 
4.5V 21'----- -- -----------i---4.5V 

.--------.- -,VDH 

~ ~C 

~-------------------tHLT---------------------+~ 

Figure 30 External Halt Timing Chart 
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• CRYSTAL OSCILLATION CIRCUIT FOR TIMER 
The user can specify by the "MASK OPTION LIST" 

whether or not the timer crystal should be externally at­
tached. By externally attaching a crystal oscillator of 32.768 

kHz to the DI4/XO and Dis/XI terminals, maximum 1 se­
cond of timer interruption cycle is possible setting the 
prescaler clock to 1,024Hz. 

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. 

D1./XO 

LCD-III 

Du/XI 

R 

C1 = ~ = 20pF ± 10"A> 

R = 10Ml1 ± 10% 

Rd = 200kl1 ± 10% 

(NOTE) 
The crystal oscillator, resistor R, Rd and load 
capacitor C1 and C2 should be placed as close 
as possible to the LCD·III. Induction of ex­
ternal noise to D,./XO and 0" /XI may 
disturb normal oscillation. 

Figure 31 Crystal Oscillator Circuit 

No. Halt state With or without 0 14, DIS (XO, XI) 
timer crystal terminals 

Externally attached Terminals for attaching 
1 External halt crystal. Cannot be used crystal (32.768 kHz) as general I/O. 

(Without crystal) 2 External halt Used as general I/O I nternal clock of LSI 

3 I nternal and Externally attached Terminals for attaching 
crystal. Cannot be used external halt crystal (32.768 kHz) as general I/O. 

• MASK OPTION 

The following type mask option is available. 

• I/O Terminal Format .......... Select one of A, B or C 

Function 

Prescaler clock is set to 1,024 Hz and the over-
flow signal to 16 Hz. Up to 1 second can be set 
as the timer interruption cycle. 
The prescaler clock becomes 100kHz type, 
and the timer interruption cycle can be set to 
maximum 97.66 Hz. 

Prescaler clock is set to 1,024 Hz and the over-
flow signal to 16 Hz. This signal performs the 
LCD-III return from internal halt. 
(Return from external halt is not possible by the 
prescaler overflow signaL) 

state. Since the input circuit is turned off, input 
change does not cause current other than the 
standby power supply current or halt current.) 

A: Without pull-up MOS 
B: With pull-upMOS 

• With or without Externally Attached Timer Crystal 
Without timer crystal ... 

C: CMOS output 
(Note) External input is not pennitted if CMOS output is 

selected in the case of I/O common tenninals. 

• I/O Status in the Halt State ..... Select Enable or Disable 
Enable 10utput . . . . Maintained in the status before halt. 

Pull-up MOS ... ON 
Input ... Unrelated to halt state 
(Since Pull-up MOS is ON, if halt state 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).) 

Disable 1 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 

The D14 and D15 can be used as general I/O tenninals. 
Select one of A, B or C in the D14 /D15 column of the 
I/O fonnat specifications. 

With timer crystal ... 
The D14 and DIS cannot be used as general I/O ter­
minals. 
Therefore, leave the D14 /D15 column in blank. 
Since the D14 latch can be set, reset or tested, it can 
be used as a flag. 
If no internal halt exists, the DI5 latch can be used as 
a flag same as the D14 latch. If internal halt exists, it 
cannot be used as a general flag. 

• With or without I nternal Halt 
With internal halt ... 
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When internal halt is specified, the timer crystal must 
also be specified. 

Without internal halt ... 
The D15 can be used as a general I/O terminal (when 
no timer crystal is used) or as a flag (when timer 
crystal is used). -
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• INSTRUCTION 

Instructions are listed according to their functions. 
Each mnemonic code and function are shown in this table. 

Group 

Register 
to Register 

RAM 
Address 

Register 

RAM 

Immediate 

Arithmetic 

Mnemonic code 

LAB 
LBA 
LAY 
LASPX 
LASPY 
XAMR m 

LXA 
LYA 
LX I i 
LYI i 

IY 
DY 
AYY 
SYY 
XSPX 
XSPY 
XSPXY 
LAM (X Y) 

L BM (X Y) 
X MA(X Y) 

X M B (X Y) 
LMA I Y(X) 

LMADY (X) 

LMIIY i 

LAI i 

LB I 
AI 

IB 
DB 
AMC 
SMC 
AM 
DAA 
DAS 
NEGA 
COMB 
SEC 
REC 
TC 
ROTL 
ROTR 

OR 

i 
i 

B-+A 

A-+B 
Y-+A 
SPX-+A 

SPY-+A 
A-MR(m) 

A-+X 
A-+Y 
i -+ X 
i -+ Y 
Y+1 -+ Y 
Y-1 -+ Y 
Y+A-+Y 
Y -A -+ Y 
X-SPX 
V-Spy 

Function 

X -SPX, Y - Spy 
M -+ A (X Y - S P X Y) 

M -+ B (X Y - S P X Y) 
M-A (XY- SPXY) 

M - B (X Y - S P X Y) 
A -+ M, Y + 1 -+ Y (X - S P X) 
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 (F I F) 
o -+ C (F I F) 
Test C (F I F) 
Rotation Left 
Rotation Right 
AU B -+ A 

170 

Status 

NZ 
NB 
C 

NB 

NZ 

NB 
NZ 

C 
NZ 
NB 
C 

NB 
C 

C (F I F) 

(to be continued) 
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Group Mnemonic code Function Status 

MNEI i M ="t i NZ 

YN E I i Y ="t i NZ 

ANEM A="tM NZ 

Compare BNEM B ="t M NZ 

ALE I i A ~ i NB 

ALEM A~M NB 

BLEM B~M NB 

SEM n 1 -+ M (n) 
RAM bit REM n a -+ 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 

S E I E 1 -+ I/E 

S ElF a 1 -+ I Fa 

SEIF1 1 -+ IF 1 

SETF 1 -+ T F 

SECF 1 -+ C F 

REI E a -+ I/E 

REI Fa a -+ I Fa 

REI F 1 a -+ IF 1 

RETF a -+ T F 
Interrupt RECF a -+ C F 

Tla Test I N To INTo 

T 11 Test I NT. INT. 

T I Fa Test IFa I Fo 

TIF1 Test IF 1 I F. 
TTF Test TF TF 

LTI i -+ Timer/Counter 

LTA A -+ Timer/Counter 

LAT Timer/Counter -+ A 

RTN I Return Interrupt 
SED 1 -+ 0 (Y) 

RED a -+ 0 (Y) 

TO Test D(Y) O(Y) 

SEDO n 1 -+ 0 (n) 

Input/Output REDO n a -+ 0 (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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(NOTE) 1. (XY) after 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 Cerry flip-flop are eight as follows. 

AMC SEC 
SMC REC 
DAA ROTL 
DAS ROTR 

4. All instructions except for P are executed in single cycle. 
P is executed in 2-cycle. 
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Date 

I LCD·III M •• k Option List I ROM CODE 10 
Customer's Name 

Hitachi PIN 
(1) I/O Option 

Pin Name I/O 
I/O Option 

Remarks Pin Name I/O 
I/O Option 

Remarks 
A B C A B C 

Do I/O Roo I 

-----01 I/O ROl I 

------Dl I/O R02 I 

-----03 I/O R03 I --D4 I/O RIO I/O 
05 I/O Rll I/O 
06 I/O Rll I/O 
07 I/O RI3 I/O 
Os I/O R20 I/O 
09 I/O Rll I/O 
010 I/O R22 I/O 
011 I/O R23 I/O 
Oil I/O Rla 0 ----013 I/O R31 0 ----014 I/O R32 0 ---015 I/O R33 0 

-----INTo I ~ 
INTI I ---• Specify the I/O composition with a mark of "0" in the applicable composition column. 

A: No pull up MOS B: With pull up MOS C: CMOS Output 

(2) Oscillator & External Halt 

~ Not used Used (Reset is applied when Halt release) Used (Reset is not applied when Halt release) 
Oscillator 

Resistor 

Ceramic Resonator 

External Clock 

·Please check one section on the above chart. 

(3) Oscillator & Internal Halt 

~ 
No (RAM contents are No (RAM contents are Yes (It is provided only 

Halt not kept by reset) kept by reset) when the crystal for timer exists.) 

Oscillator 

Resistor 

Ceramic Resonator ----=== External Clock 

• Please check one section on the above chart. 

(4) Other Options 

I/O State at Halt Mode o Enable o Disable 

External Crystal for Timer 0 Yes 0 No Jf "Yes", 0 14 and 015 become XO andXI 
for connection of Crystal. Therefore, no 1/0 
option can be selectable. 

Supply Voltage 0 5 ±O.5V 0 2.7 to 5.5V 

• Mark ".j" in "0" for the selected I/O state. 
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LCD- N(HD613901 )----
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 bitslWord) 
• 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 I/O 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 
I- 2 External Interrupt Lines 
L Timer/Event Counter 
Multiple Interrupt Capability 

• Bit Manipulation Instructions for Both RAM and I/O 
• Option of I/O 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 lIS I nstruction Cycle 

Time 
• Vee = 2.5V to 5.5V, 20 lIs Instruction 

Cycle Time 
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--------------------------------- LCD-IV 

• BLOCK DIAGRAM 
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LCD-IV --------------------------------

• ELECTRICAL CHARACTERISTICS (VCC = 5V ± 10%) 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vcc -0.3 to +7.0 V 

Terminal Voltage (1) Vn -0.3 to V cc +0.3 V 

Maximum Total Output Current (1) -1:101 25 mA (Note 3) 

Maximum Total Output Current (2) 1:102 25 mA (Note 3) 

Operating Temperature Topr -20 to +75 °c 
Storage Temperature Tstg -55 to +125 °c 

(NOTE) ,. Stresses above those listed under "ABSOLUTE MAXIMUM RATINGS" may cause permanent damage to the device. Normal opera· 
tion should be limited to those conditions specified under "ELECTRICAL CHARACTERISTICS .," and "·2". The use beyond these 
conditions may cause LSI's malfunction and at the seme time affects device reliability. 

2. All wltages 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 VCC ~ V, ~ V2 ~ V3 ~ GND should be maintained. 
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---------------------------------- LCD-IV 

• ELECTRICAL CHARACTERISTICS - 1 (Vee = 5V ± 10%, Ta = -20 to +75°C) 

Value 
Unit Note Item Symbol Test Conditions 

min. max. 

Input "Low" Voltage VIL - 1.0 V 

Input "High" Voltage VIH Vee-1.0 Vee V (12) 

Output "Low" Voltage VOL IOL = 1.6 mA - 0.8 V 

Output "High" Voltage (1) VOH1 -IOH = 1.0 mA 2.4 - V (1) 

Output "High" Voltage (2) VOH2 -IOH = 0.01 mA Vec-0.3 - V (2) 

Driver Voltage Descending (COM) Vd1 Id = 0.05 mA, VLCD = 5 V - 0.4 V (16) 

Driver Voltage Descending (SEG) Vd2 Id = 0.01 mA, VLCD = 5 V - 0.4 V (16) 

Dividing Resistor of LCD Power Rwell 25 300 kD. 
Supply 

I nterrupt I nput Hold Time tiNT 2'Tinst - JJ.s (14) 

Output "High" Current IOH VOH -10V - 4 JJ.A (3) 

I nput Leakage Current IlL Vin = Oto Vee - 2 JJ.A (4),(12) 

Pull up MOS Current -Ip VCC = 5V 45 250 JJ.A 

Vin = Vee, Vcc = 5V 
Supply Current (1) lee1 Ceramic Filter Oscillation - 3 mA (5) 

(fosc = 800 kHz) 

Vin - Vee, Vee - 5V 
Rf Oscillation 

Supply Current (2) Ice2 (fose = 800 kHz) - 2 mA (5) 
External Clock Operation 
(fcp = 800 kHz) 

Standby I/O Leakage Current ILS HL T = 1.0V, Vin = 0 to Vee - 1.0 JJ.A (6),(12) 

Standby Supply Current (1) leCs1 Vin = Vee, HL T = 0.2V - 10 JJ.A (15) 

Standby Supply Current (2) lees2 Vin = Vee, HLT = 0.2V - 120 JJ.A (7) 

LCD Display Voltage VLeD Vee-V 3 2.5 Vce V (11 ) 

n = 1 (static) 

Frame Frequency of LCD Drive 
n = 2 (1/2 Duty) 1 

Hz (13) fF n = 3 (1/3 Duty) 256 x n x Tinst 
n = 4 (1/4 Duty) 

External Clock Operation; System Clock 
--------------------- - - - - - - ,------- ------- ----------,---- - kHz - (8)-,(13) -External Clock Frequency fcp 130 1,000 

External Clock Duty Duty 45 55 % (8) 

External Clock Rise Time trcp a 0.2 JJ.s (8) 

External Clock Fall Time tfcp 0 0.2 JJ.s (8) 

Instruction Cycle Time Tinst Tinst - 4/fcp 4.0 31.3 JJ.s (8) 

___ I~!e!~~ ~~~k_ ~~e:a~I~r: (~t ~s~l~a~o_n)_~ ~y~t:~ ~I.?~k _____________ _ 
Clock Oscillation Frequency Rf = 62kD. ± 2% (9) 

Instruction Cycle Time Tinst Tinst = 4/fosc (9) 

Internal Clock Operation (Ceramic Filter Oscillation); System Clock - - -- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -
Clock Oscillation Frequency Ceramic Filter (10) 

Instruction Cycle Time Tinst - 4/fosc (10) 

(NOTE) All voltages are with respect to GND. 
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LCO-IV--------------------------------------------------------------------

• ELECTRICAL CHARACTERISTICS - 2 (Ta = -20 to +75°C) 

Value 
Unit Note Item Symbol Test Conditions 

min. max. 

Halt Duration Voltage VDH HLT = 0.2V 2.3 - V (17) 

Halt Current IDH 
Vin = Vcc, HLT = 0.2V, - 4.0 p.A 

(17), 
VDH = 2.3V (19) 

Halt Delay Time tHD 100 - p.s (17) 

Operation Recovery Time tRC 100 - p.s (17) 

HL T Fall Time tfHLT - 1000 p.s (17) 

H L T Rise Time trHLT - 1000 p.s (17) 

HL T "Low" Hold Time tHLT 400 - p.s (17) 

Rt Oscillation, External 
100 -

H L T "High" Hold Time tOPR Clock Operation p.s (17) 

Ceramic Filter Oscillation 4000 -

Rt Oscillation, External 
5 -

RESET Pulse Width (1) tRST1 Clock Operation ms (18) 

Ceramic Filter Oscillation 20 -

Prescaler Clock 
2·Tinst = System Clock 

External 
Not clear 

Reset, Prescaler Prescaler 
2·Tinst - p.s (18) 

RESET Pulse Width (2) tRST2 HL T=Vcc clock=Dlsl with Reset 

VCC = 4.5 XI clock signal 

to 5.5V (32 x 1061 Clear 
foscx) Prescaler 32 x 106 1 -

with Reset foscx 
signal 

RESET Rise Time trRST 
External Reset, HL T = Vcc, - 100 p.s (18) 
Vcc = 4.5 to 5.5V 

-- -----

RESET Fall Time tfRST 
External Reset, HL T = Vcc, 

- 100 p.s 
Vcc = 4.5 to 5.5V 

(NOTE) 1. Applied to PMOS load of CMOS output pins and CMOS I/O common pins among D and R terminals. 
2. Applied to CMOS output pins. CMOS I/O common pins, input pins with pull up MOS, and I/O common pins with pull up 

MOS among D and R terminals. 
3. Applied to open-drain output pins and open-drain I/O common pins among 0 and R terminals. 
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 the input/output circuit and in the power supply circuit for LCD·is exclud~d). 
Test Condition: RESET, HLT, TEST = Vee (Reset State) 

INTo, INT. ,Roo to R33 , D. to DI3 = VCC 
D •• /XO, D.s/XI-cD •• /XO, D.s/XI = Vee (Crystal oscillation for timer is not selected). 

V., V., V3 = Vee D •• /XO = Open, DIS/XI = Vee (Crystal oscillation for timer is selected). 
COM, to COM., SEG. to SEG 3• = Open 

When the crystal oscillation for timer operates, the standby supply current (2) leeS2 flows in addition to Icel or Ice2. 
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). 

6. Standby I/O leakage current is the leakage current of I/O pins in the "Halt" and "Disable" state. 

(18) 

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 
8. Applied to external clock operation (system clockl. 

Open OSC 2 

9. Applied to internal clock operation using resistor Rt. (system clockl 

TI 
Duty = --- x 100% 

Th + TI 

Wiring of OSCI and OSC2 terminals should be as short as possible because the oscillation frequency is modified by capaci­
tance of these terminals. 

10. Applied to internal clock operation using ceramic filter. (system clockl 
11. Power supply condition Vee ~ VI ~ V2 ~ Va ~ GND should be maintained. __ . 
12. Applied to input pins, I/O common pins among 0 and R terminals, and RESET, HLT, ose, , INTo, INT, pans. 
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. 
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14. INTo and INTI 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 (11 is the supply at Vee = 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" (lOHI. (shown in ELECTRICAL CHARACTERISTlCS-21 
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LCO-IV------------------------------------------------------------------
16. The voltage that drops between the power supply terminals (Vee, V., V2 , V,) and each common or segment output terminal. 
17. External Halt Timing Chart 

VCC 
HLT 

GND 

4.5V :f"------ -----------i---4.5V 
.-------,- -.VDH 

tH tRC 

~-------------------tHLT--------------------~~ 

18. RESET Input Condition 

HLT = VCC 

VCC 
tfRST trRST tfRST 

• tRST. 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 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 . 

• ELECTRICAL CHARACTERISTICS (Vee = 2.5 to 5.5V) 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vcc -0.3 to +7.0 V 

Terminal Voltage Vn -0.3 to V cc +0.3 V 

Maximum Total Output Current (1) -~lo1 25 mA (Note 3) 

Maximum Total Output Current (2) ~lo2 25 mA (Note 3) 

Operating Temperature Topr -20 to +75 °C 

Storage Temperature Tstg -55 to +125 °C 

(NOTE) 1. Str_ above those lilted under "ABSOLUTE MAXIMUM RATINGS" may cause permanent damage to the device. Normal opera­
tion should be limited to those conditions specified under "ELECTRICAL CHARACTERISTICS -1" and "·2". The use beyond these 
conditions may cause LSI's malfunction and at the same time affects devica reliability. 

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 VCC ~ V1 ~ V2 ~ V3 ~ GND should be maintained. 
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--""-------------------------------- LCD-IV 

• ELECTRICAL CHARACTERISTICS -1 (Vee = 2.5 to 5.5V, Ta = -20 to +75°C) 

Item Symbol Test Conditions 
Value 

Unit Note 
min. max. 

Input "Low" Voltage VIL - 0.15·Vce V 

Input "High" Voltage VIH 0.B5·Vee Vee V (11) 

Output "Low" Voltage VOL IOL - 0.4 mA - 0.4 V 

Output "High" Voltage (1) VOHl -IOH = O.OB mA Vee-0.5 - V (1 ) 

Output "High" Voltage (2) VOH2 -IOH - 0.01 mA Vee-0.4 - V (2) 

Driver Voltage Descending Vdl Id = 0.05 mA 
(COM) 

- 0.5 V (15) 

Driver Voltage Descending Vd2 Id = 0.01 mA 
(SEG) 

- 0.5 V (15) 

Dividing Resistor of LCD Rwell 
Power Supply 

25 300 kil 

Interrupt Input Hold Time tiNT 20Tinst - IJ.s (13) 

Output "High" Current IOH VOH = Vee - 4 IJ.A (3) 

I nput Leakage Current IlL Vin = 0 to Vee - 2 IJ.A (4), (11) 

Pull up MOS Current -Ip Vee = 3V 10 100 IJ.A 

Vin Vee, Vee 
Rf Oscillation 

3V 

Supply Current lee (fosc = 200 kHz) - 0.3 mA (5) 
External Clock Operation 
(fcp = 200 kHz) 

Standby I/O Leakage Current ILS HLT=0.5V, Vin=OtoVee - 1 IJ.A (6), (11) 

Standby Supply Current (1) leCSl 
Vin = Vee, HLT = O.lV, - 6 IJ.A (14) 
Vee = 2.5 to 3.3V 

Standby Supply Current (2) lecs2 
Vin = Vee, HLT = O.lV, - 50 IJ.A (7) 
Vee = 2.5 to 3.3V 

LCD Display Voltage VLeD Vee-V 3 2.5 Vee V (10) 

n - 1 (static) 
Frame Frequency of LCD 

fF 
n = 2 (112 Duty) 1 

Hz 
Drive n = 3 (1/3 Duty) 256 x n )c Tinst 

(12) 

n = 4 (1/4 Duty) 

External Clock Operation; System Clock 
-- - - - - - - - - - - - - - - - - - - - --- - - - -- - ------ .----- - - - - - --- - - -- --

External Clock Frequency fcp 130 300 kHz iB), (12) 

Ext:.r:~al Clock Duty Duty 45 55 % (B) 

External Clock Rise Time trcp 0 0.2 IJ.s (B) 
-------.--

External Clock Fall Time tfcp 0 0.2 IJ.s (B) 

Instruction Cycle Time Tinst Tinst = 4/fcp 13.3 31.3 IJ.s (B) 

I nternal Clock Operation (Rf Oscillation); System Clock 
---------- --------- ----------------

Vee =-2:5 to 3.5v ------ ------ - --- - - - ---

Clock Oscillation Frequency fosc Rf=270kil±2% 
130 270 (9) 

~ee= 2.5t05.5V 130 300 kHz 

Instruction Cycle Time Tinst Tinst=4/fosc 
~ ee - 2.5 to 3.5V 14.B 30.8 (9) 
Vee= 2.5to5.5V 13.3 30.8 kHz 

(NOTE) All voltages are with respect to GND. 
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LCO-IV------------------------------------------------------------------
• ELECTRICAL CHARACTERISTICS-2 (T. = -20 to +75°C) 

Test Conditions 
Value 

Item Symbol Unit Note 
min. max. 

Halt Duration Voltage VDH HLT = 0.2V 2.3 - V (16) 

Halt Current IDH Vin = Vee, HL T = 0.2V, VDH = 2.3V - 4.0 IJ.A (16). (18) 

Halt Delay Time tHO 100 - IJ.s (16) 

Operation Recovery Time tRe 100 - IJ.s (16) 

HLT Fall Time tfHLT - 1000 IJ.S (16) 

HLT Rise Time trHLT - 1000 IJ.s (16) 

H L T "Low" Hold Time tHLT 400 - IJ.S (16) 

HLT "High" Hold Time tOPR 100 - IJ.S (16) 

RESET Pulse Width (1) tRST1 External Reset, HL T = Vee 10 - ms (17) 

Prescaler Clock 
= System Clock 

2·Tinst 

Not Clear 
External Prescaler Prescaler 
Reset, Clock=~5 with Reset 2·Tinst 

RESET Pulse Width (2) tRST2 HLT=Vee IXI Clock Signal - IJ.s (17) 

Vee=2.5V (~) Clear 

~ to 5.5V foscx Prescaler 
with Reset foscx 
Signal 

RESET Rise Time trRST 
External Reset, HL T = Vee - 100 IJ.s (17) 
Vee = 2.5 to 5.5V 

RESET Fall Time tfRST 
External Reset, HL T = Vee 

- 100 IJ.s (17) 
Vee = 2.5 to 5.5V 

(NOTE) 1. Applied to PMOS load of eMOS output pins and CMOS I/O common pins among 0 and R terminals. 
2. Applied to CMOS output pins, CMOS I/O common pins, input pins with pull up MOS, and I/O common pins with pull up 

MOS among 0 and R terminals. 
3. Applied to open-cirain output pins and open-drain I/O common pins among 0 and R terminals. 
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 Condition: RESET, HLT = Vee (Reset State) 

D •• /XO, DIS/XI L D. 4 /XO, D.s/XI = Vee (Crystal oscillation for timer is not selected.) 

V. , V
2

, V3 = Vee D •• /XO = Open, 015 /XI = Vee (Crystal oscillation for timer is selected.) 
COM. to COM., SEG. to SEG 32 = Open 

When the crvstal oscillation for timer operates, the standby supply current (2) leeS2 flows in addition to Icc. 
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). 

6. Standby I/O leakage current is the leakage current of I/O pins in the "Halt" and "Disable" state. 
7. Current that flows in the input/output circuit and in the power supp,ly circuit for LCD is excluded. The standby supply 

current (2) is the supply current at Vee = 2.5 to 3.3V 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 
8. Applied to external clock operation. (system clock) 

9. Applied to internal clock operation using resistor Rf . (System Clock) 

[(

SCI 

Rf 

OSC. 

Wiring of OSCI and OSC. terminals should be as short as possible because the oscillation frequency is modified by capaci­
tance of these terminals. 

10. Power supply condition Vee;:;:' VI ;;;:. V. ,;;:, V3 ';;:'GND should be maintained. __ 
11. Applied to input pins, 1/0 common pins among 0 and R terminals, and RESET, HL T, OSCI , INT., INTI 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. 
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13. INTo and INTI inputs must be retained for two or more instruction cycle time at both "High" and "Low" levels. 
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LCO-IV--------------------------------

14. Current that flows in the input/output circuit and. in the power supply circuit for LCD is excluded. The standby supply 
current 111 il the supply at Vee = 2.5 to 3.3V in "Halt" state in the case that the crystal oscillation for timer is not selected. 
The lupply current when supply voltage fails to the Halt Duration Voltage is calledUHalt Current" (I DH I. (shown in 
ELECTRICAL CHARACTERISTICS -21. 

15. The voltage that drops between the power supply terminals (Vee, V., V2, Vsl and each common or segment output terminal. 
16. External Halt Timing Chart 

VCC 
HLT 

2.5V:t"------ -----------~---2.5V 

.--------------~.- --VDH 
tH tRC 

GND 

~--------------------tHLT----------------------+--

17. RESET Input Condition 

(Reset Statel 
H"Cf= VCC 

VCC 
tfRST tfRST trRST 

• tRST. 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. 

• VccandGND 
Power is supplied to the LCD-IV using these two pins. 

Vee 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 OS~ 
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/cost trade-offs. Lead 
length and stray capacitance on these two pins should be 
minimized. 

Refer to OSCILLATOR for recommendations about these 
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pins. 

• HLT 
This pin is used to place the LCD-IV in the HALT state 

(Stand·by Mode). The LCD-IV can be moved into the halt 
state by pulling HLT low. 

In the halt state the internal clock stops and all the internal 
status (RAM, Registers, Carry, Status, Program Counter, and all 
the internal statuses) are maintained. Consequently power 
consumption is greatly reduced. By pulling HIT 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. 

• INTo and INTI 
These pins provide the capability for asynchronously apply-



--------------------------------- LCD-IV 

ing an external interrupt to the LCD-IV. 
Refer to INTERRUPTS for additional infonnation. 

• V I , V 2 and V 3 
Power for liquid crystal display are supplied to the LCD-IV 

usingthesepins(Vcc~VI ~V2 ~V3 ~GND). 

• Roo to R03 
These 4 lines are a 4-bit input channel. 
Refer to INPUT/OUTPUT for additional infonnation. 

• RIo to R13, R20 to R23 
These 8 lines are arranged into two 4-bit Input/Output 

common channels. 
The 4-bit register is attached to this channel. This channel 

is directly addressed by the operand of an instruction. I/O 
configuration of each pin can be specified among Open Drain 
and CMOS using a mask option. 

Refer to INPUT/OUTPUT for additional infonnation. 

• R30 to R33 
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. I/O con­
figuration of each pin can be specified among Open Drain and 
CMOS using a mask option. 

Refer to INPUT/OUTPUT for additional infonnation. 

• Do to 013 
These are 14 discrete signals which can be configured as 

Input/Output lines. 
Refer to INPUT/OUTPUT for additional information. 

• 014/XO,0Is/XI 
DI4 /XO and DIS/XI require a mask option in the following 

3 types. 
• Discrete I/O (common tenninal) 
• Crystal circuit connecting terminals (with internal halt) 
• Crystal circuit connecting terminals (no internal halt) 
Refer to INPUT/OUTPUT for additional infonnation. 

• COMI to COM. 
These pins are common tenninals for liquid crystal display. 
Refer to LIQUID CRYSTAL DISPLAY for additional in­

fonnation. 

• SEGI to SEG32 
These pins are segment tenninals for liquid crystal display. 

• OSCILLATOR 
The user can specify a resistor, or a ceramic filter circuit or 

an external oscillator by "MASK OPTION U ST". 

(1) External Clock 

Oscillator OSC. 

Open 

(2) Resistor 

(3) Ceramic Filter (This is not applied to Low Voltage Operation Version.! 

C. 

-f 
OSC. 

Rf 

~~~~iC -~""""\M,_~ 
OSC2 

C2 Ad 
GND 

(NOTE) Configuration and constant 
of external parts are depend 
upon each applied ceramic 
filter. 

The ceramic filter oscillation does not apply when using "Halt" and not 
resetting at time of "Halt" cancellation. 
This circuit is the example of the typical use. As the oscillation character­
istics is not guaranteed, please consider end 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 has been split into two banks. 
Each bank is composed of 32 pages (64 words/page). 
The ROM capacity is 4,096 words (1 word = 1 0 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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1 Page 

r 
0 Page 

1---- 64 words ----I 

1F OF _3E3F 

*Subroutine Space 

~----------------~ 

B,o' 0 \ 

l 30 Page ...... ----------1 (30 Pagel 

31 Page (31 Pagel 

r 
0 Page (32 Pagel 

1 Page (33 Pagel 

BM" ~ 
l 30 Page 

~-------------

29 Page (61 Pagel 

~----------------~ (62 Pagel 

(63 Pagel 31 Page 
~---------------

*Bank 00 Page (0 Pagel Is the Subroutine Space. 

Timer/Counter I nterrupt Address 
Bank 0 0 Page 3F Address 

(0 Page 3F Addressl 

Input Interrupt Ack:lress 
Bank 0 1 Page 3F Address 

(1 Page 3F Addressl 

Reset Address 
Benk 1 31 Page 3F Address 

163 Page 3F Addressl 

Note: The parenthesized contents ere expreilions of the Plge, combining 
thl bank part with the page part, 

Figure 1 ROM Address Space 
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• Program Counter (PC) 
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 

o Page 

PL 1 Page 

lJ 30 Page 

31 Page 

lL L 

3F Address 

3E Address 

OF Address 

1F Address 

3F Address 

3E Address 

Bank '-----~:~---~ L-____ :a~~ress 

,art I 
L.. ---(Page Partl----' 

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 as-bit 
register. 

Table 1 Program Counter Address Part Sequence 

Once a certain value is loaded into the bank part or the page 
part, the content is unchanged until other value is loaded by a 
program. 

The settable value is "0" (the Bank 0) or "I" (the Bank I) 
for the bank part, and 0 to 31 for 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 
hexa-decimal system is shown in Table 1. This sequence is cir­
culating 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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Decimal 

63 
62 
61 
59 
55 
47 
30 
60 
57 
51 
39 
14 
29 
58 
53 
43 
22 
44 
24 
48 
33 

2 

Hexa- Decimal decimal 

3F 5 
3E 11 
3D 23 
38 46 
37 28 
2F 56 
1E 49 
3C 35 
39 6 
33 13 
27 27 
OE 54 
10 45 
3A 26 
35 52 
28 41 
16 18 
2C 36 
18 8 
30 17 
21 34 
02 4 

Hexa- Decimal Hexa-
decimal decimal 

05 9 09 
OB 19 13 
17 38 26 
2E 12 OC 
1C 25 19 
38 50 32 
31 37 25 
23 10 OA 
06 21 15 
00 42 2A 
1B 20 14 
36 40 28 
20 16 10 
1A 32 20 
34 0 00 
29 1 01 
12 3 03 
24 7 07 
08 15 OF 
11 31 1F 
22 
04 
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• Dftignation 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. 

It is possible to combine the bank part and the page part and 
show the combined part as the Page (in the decimal system). 

(a) ROM Address 

(Example 1) 

;---IPage Part) ~ 

Bank Part 

In this case, the 0 Page to the 31 Page in the Bank 1 are shown 
as the 32 Page to the 63 Page. The examples are shown in Figure 
3. 

One word (10 bits) of ROM is divided into three parts (2 
bits, 4 bits and 4 bits from the most significant bit 0 10 in order) 
shown in the hex a-decimal system. The examples are shown in 
Figure 3. 

"r-Page Part ---"'"'\\,-- Address Part ______ 

I I,: ° : ' : ° : ° I : ° : ° : ' : ' : ° I Bank' 20-26: Bank' 20 Page 26 Address 

'--.J'---- Decimal ---I~ ~ Hexa. ----l 152-26: 52 Page 26 Address) 
Binarv He~a- decimal 
~---IDecimal) ___ --'I decimal 

(Example 2) 

r--1Page Part! \ 
Bank Part r--\,- Page Part ~ r-- Addre .. Part ~ 

10 1°: 0: 0:' : ° 10: 0:': 0:': ° 

~ ~Declmal----1L---J\\..--_:_:_---....J 
Blnlrv Hexa· Hexl' 
I IDeclmal) I decimal dlclmal 

(b) ROM Code 
(Example 1) 

Bank ° 2-0A: Bank ° 2 Page OA Address 

12-0A: 2 Plge OA Address) 

L.1_o~:,--...... _.....&._o ...... : _...1:'--...... :_0 ...... : _ ...... : _0_: ..... ,~1 ROM Pattern, Object Code: , B6 

'- Hexa· J'-- Hexa-decimal-.J'--- Hexl-decimal--1 
decimal 

(Example 2) 

L.1_o~:,--o ...... _.....&._o ...... : _...1:'--0 ...... :_0 ...... : _ ...... : _0_: ..... 0~1 ROM Pattern, Objlct Code: OA4 

'- Hexa- J'--Hexa-clecimal -.J'-- Hexa-clecimal --1 
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 vahle of the operand p (P2, PI, Po) is 0 to 7 (decimal). 
The bank part of the ROM address to be referenced to is 

determined by the logical equation: PC II + 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 I can be referenced. 

If the address where the pattern instruction exists is in the 
Bank 0, the pattern of the either Bank I 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 
'does not change actually. After execution of the pattern instruc­
tion, the program counter counts up and the next instruction is 

executed . 
The pattern instruction is executed in 2-cycle time. 

• 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. 
Selection is determined by the command bits (09 , 0 10 ) in 

the pattern. 
Mode (i) is performed when 0 9 is "I" and mode (ii) is per­

formed when 0 10 is "I". 
Mode (i) and (ii) are simultaneously performed when both 

0 9 and 010 are" I ". The correspondence of each bit of the pat­
tern is shown in Figure 5. 

Examples of 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 executed at the 
addresses into which pattern is written, the instruction corres­
ponding to the pattern bit is executed. Take care that a pattern 
is not executed as an instruction. 

I (PagePartl~ 
Bank Part 

r--'\ ~ Page Part~ r- Address Part ----, 

Figure 4 ROM Addressing for Pattern Generation 

Table 2 Bank Part Truth Table of Pattern Gener"tion 

PC" P2 
Bank part of ROM address 
to be referenced to 

1 (Bank 11 
1 1 (Bank 11 

0 1 (Bank 11 

o (Bank 01 
1 1 (Bank 11 

0 o (Bank 01 
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Pattern of AOM 

Loaded into the accumulator 
and B register 

Figure 5 Correspondence of Each Bit of Pattern 

Table 3 Example of Pattern Instructions 

Before Execution Referred ROM ROM After Execution 

PC p C B A Address Pattern B A R2 R3 
Bank 00-3F 1 0 A 0 Bank 0 10-20 120 2 B . 

(0-3F) (10-20) - -
Bank 00-3F 

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 131-39 
223 4 C (62-00) (63-39) - -

• "-" means that the value does not change after execution of the instruction. 
"0/1" means that either "0" 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 F IF is "1". If it is "0", the instruction is skipped and 
the Status F IF becomes" 1". The operation is shown in Figure 6. 

• LPU 
By LPU instruction, the jump of the bank and page is per-

formed. 
The lower 5 bits of the ROM Object Code (operand u,Os 

to 0.) are transferred to the page part of the program counter 
with a delay of 1 instruction cycle time. At the same time, the 
signal R?O (the reversed-phase signal of the Data 1/0 Register 
R?O) is transferred to the bank part of the program counter with 
a delay of 1 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 of the bank and page is achieved. 

This instruction (LPU) is conditional, and is executed only 
when the Status F/F is "I". Even after a skip, the Status F/F 
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will remain unchanged ("0"). 
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 insiruction is a macro instruction of LPU and BR 

instructions, which is divided into two instructions as follows. 

BAL a-b- LPU a 

BA b 

<Jump to Bank "R,o",a Page - b Address > 

BRL instruction is a conditional instruction because of 
characteristics of LPU and BR instructions, and is executed only 
when the Status F IF is "I ". I f the Status F IF is "0", the instruc­
tion is skipped and the Status F IF becomes "1". The examples 
of BRL instruction are shown in Figure 8. 
• TBR (Table Branch) 

By TBR instruction, the program branches by the table. 
The program counter is modified with the accumulator, the 

B register, the Carry F/F and the operand p-
The method for modification is shown in Figure 9. 
The bank part is determined by the logical equation: PClI + 

P2, as shown in Table 4. 
If the address where TBR instruction exists is in the Bank 1, 
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it is possible to jump to an address only in the Bank 1, not to 
an address in the Bank O. 

Bank 0 depending on the value of the operand P2. 
TBR instruction is executed regardless of the Status F IF, and 

does not affect the Status F IF. 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 
r--LRA 7 
~-.LPU 5 ~ 

BR 3F) 

• LAI 
LBA 

r--LRA 
: COMB 
'-·LPU 

BR 

15 

Branch to Ban~ 1 

LAI 0 
~-- LRA 7 
"·LPU 15 

BR 3F 

LAI 0 
LTA 

--LRA 7 
LVI 2 
XMA 

-·LPU 10 
> BR 2E -' 

0.-0. 

ROM I : B>: I : : : : : I 
~ ~ ~ ~ ~ I 

PC 

\ 
Bank Part 

Figure 6 BR Operation 

R70 = "1" (R 70 = "0") 

BRL 5·3F 
(Branch to Bank 0 5·3F (5-3F)) 

R70 = "1" (R,o = "0") 

BRL 31·3F 
(Branch to Bank 0 31·3F (31·3F)) 

R70 = "0" (R,o = "1") 

BRL 15·3F 
(Branch to Bank 1 15·3F (47·3F)) 

R,O = "0" (R 70 = "1") 

BRL 10·2E 
(Branch to Bank 1 lQ.2E (42·2E)) 

Figure 8 BRL Example 

0 5 -0. 

Delay by 1 Instruction Cycle Time 

: I : : I 
I 

Bank Part 

Figure 7 LPU Operation 
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Table 4 Bank Part Truth Table of TBR Instruction 

PC .. P2 
Bank Part of PC after 
TBR 

1 1 (Bank 1) 
1 (Bank 1) 

0 1 (Bank 1) 

1 1 (Bank 1) 
o (Bank 0) 

0 o (Bank 0) 

• 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 00 Page (0 Page). 
The address next to CAL instruction address is pushed onto 

the Stack STl and the contents of the stacks STl , 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 0 Page. The lower 6 bits (operand 
a, 06 to 01) of the ROM Object Code is transferred to the 
address part of the program counter. 

The LCD-IV has 4 levels of stack (STl, ST2, ST3 and ST4) 
which allows the programmer to use up to 4 levels of subroutine 



LCD-IV--------------------------------------------------------------------
jumps (including interrupts). 

CAL is a conditional instruction and executed only when the 
Status F IF is "1". If the Status F IF is "0", it is skipped and the 
Status F/F changes to "1". 
• CALL 

By CALL instruction, subroutine jump to an address in any 
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 R 70. 

This instruction is a macro instruction of LPU and CAL 
instructions, which is divided into two instructions as follows. 

CALL a·b -LPU a 
CAL b 

< Subroutine Jump to Bank "R70 ", a Page - b Address> 

CALL instruction is conditional because of characteristics of 
LPU and CAL instructions and is executed when the Status F/F 
is "1". If the Status F IF is "0", the instruction is skipped and 
the Status F IF changes to "1". The examples of CALL instruc­
tion are shown in Figure 11. 

/ (Page Part) \ 

Ban~a; r--- Page Part ~ r-- Address Part ~ 

(PC) 

(Modification) ~ ~2 = ~, = ~ : C B3: Bo : B, Bo I A3 : Ao : A, : Ao I 

(PC after TBR 
Instruction) 

Figure 9 Modification of Program Counter by TBR Instruction 

0. ______ 0, 

ROM ; : : 

PC ~~k [J I I : r ~~ + j : j II : I :A!d')~ I : I 
J lllllllllll 

ST1 I : : : : : : : : : : 
ST2 

ST3 : : 
ST4 : : 

Figure 10 Subroutine Jump Stacking Order 

192 

(PC + 1) 



------------------------------------------------------------------LCO-IV 
Subroutine Jump to Bank 0 • RAM 
• LAI 15 

.. --LA A 7 
~~PU 5) 

CAL 3F; 

• LAI 15 
LBA 

'-LAA 
: COMB 
'.LPU 31 1 

CAL 3F J 

A,o = "1" (A,o = "0") 
CALL 5-3F 
(Subroutine Jump to Bank 0 5-3F (5-3F)) 

A,o = "1" (A,o = "0") 

CALL 31-3F 
(Subroutine Jump to Bank 0 31-3F (31-3F)) 

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 I) Capacity of display data RAM varies by contents of 

display, and capacity of data RAM changes corre­
sponding to the former. 

Subroutine Jump to Bank 1 

(Note 2) On the LCD-IV, RAM contents is not broken at 
system reset. 

Addressing of RAM is performed by a matrix of the file No. 
and the digit No. Normally the file No. is set to X and the digit 
No. is set to Y, then the matrix of X and Y addresses RAM and 
performs the Read/Write operation. Special digits in RAM can 
be addressed without the use of X and Y. These digits are calJed 
as memory ragister (MR) and the number is 16 (MRO - MR 15). 
Memory register can be exchanged for A register by XAMR 
instruction. RAM address space is shown in Figure 12. 

• LAI 0 
'-LAA 7 
~.LPU 15) 

CAL 3F J 
LAI 0 
LTA 

-LAA 7 
LVI 3 
XMA 

·LPU 10 ) 
CAL 2E J 

A,o = "0" (R,;; = "1") 

CALL 15-3F 
(Subroutine Jump to Bank 1 15-3F (47-3F)) 

A,o = "0" (A,o = "1") 

CALL 10-2E 
(Subroutine Jump to Bank 1 10-2E (42-2E)) 

Figure 11 CALL Example 

Y register 
Digit No. 

Figure 12 RAM Address Space 
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(NOTE) The area marked as c=:=:J is usable 
only for data. 
The area marked as _ is usable 
for both liquid crystal display and 
data. 
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In case of the instructions which consists of a simultaneous 

Read/Write opera~ions of RAM (exchange of RAM and a regis­
ter), the writing data doesn't affect the reading data because the 
read operation is followed by 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. 

23 22 21 20 n 

I : : :01 OM (0) 

I : :0: I 1 M(1) 

I :0: : I 2 M (2) 

10: :- : I 3 M(3) 

n - Bit assignment No. 

The bit test makes the status "I" when the assigned bit is 
"I" and makes it "0" when the assigned bit is "0" 

• 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. 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 performed. 

• 8 Register (8) 
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 Regilter (X) 
The result of ALU operation (4 bits) is put into this register. 

X register has exchangeability for SPX register. X register 
addresses the RAM file. 

• SPX Register (SPX) 
SPX register has exchangeability for X register. 

SPX register is used to stack X register and expand the addres­
sing system of RAM in combination with X register. 

• V Register (V) 
The result of ALU operation (4 bits) is put into this register. 

Y register has exchangeability for 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 the RAM digit and I-bit 
discrete input/output common terminals. 

• SPY Register (SPV) 
Spy register has exchangeability for Y register. Spy register 

is used to stack Y register and expand the addressing system of 
RAM and I-bit discrete input/output common terminals 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 "0", these instructions are skipped and Status F /F becomes 
"I". 

• INPUT/OUTPUT 
• Discrete I/O (0 Terminal) 

The discrete I/O is composed of l-bit latch and I/O pin. 

194 

Figure 13 shows the basic block diagram. 

Reset signal by reset function 

Set instruction 

Reset instruction-----t 

Output latch Test 

Figure 13 Discrete I/O Block Diagram 

On 



--------------------------------- LCD-IV 

Reset Signals by Reset Function 

Set instruction ~-.-CL..."" 
Reset instruction --+---f 

Set instruction --..-............. 
Reset instruction--t---t 

Set instruction 

Overflow output ---<>ill 
pulse from pre­

Do .... D. s 

DIS/XI 
scaler 
(internal halt 
release signal! Test ____ -t-___ IN..J 

Internal halt 

~.@ 
Halt signal ~ External'-@ 

halt ~:;~~~I '''0 
"0" 

Clock for 
pre-scaler 

Crystal oscillator 
for timer (32.768kHz) 

Figure 14 Mask Option of DI4 and DIS Terminals 

Do to D13 are discrete I/O's of common for input and 
output, DI4 and DIS require a mask option in 3 types. 
When the crystal oscillation for timer is selected and the 
latches of DI4 and DIS are not connected to the terminals, 
DI4 and DI5 can be used as l-bit general purpose registers 
that can be set, reset and tested_ Furthermore, if there is 
internal halt mode, latch of DIS is used as a register for 
internal halt mode specially. 

In such case, since DIS means internal halt state and DIS = 
"I" means operating state, LSI can be in internal halt state by 
resetting DIS using an instruction. The pre scaler 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 DI4 /XO and Dis/XI Terminals 

Mask Option a b d Function of Function of DI4 /XO c 
DI4 /XO and Dis/XI and Dis/XI latch 

1 Unselectable crystal oscillation for short open discrete I/O Output Latch timer (no internal halt) (common terminal) 
open short 

2 with internal 1-bit register 
Selectable crystal halt Crystal 

I-- Circuit oscillation for open short D 14; 1-bit register 
3 timer no internal halt short open Connecting DIs; register for Terminal internal halt 

(NOTE) Users can specify this mask option in "The format of I/O channels" at ROM order. 

Discrete I/O is addressed by Y register, and the set/reset 
instruction is executed for the addressed latch. "0" and "I" 
level can be tested with the addressed terminal and I-bit register 
against the I/O common pins and I-bit register. The test is 
performed with the wired logic of the output latch and the pin 
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input. Therefore, in the case of the I/O 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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SED, AED SEDD, [ 
AEDD Instruc· 
tion 

TO Instruction [ 

-

One I nstruction Cycle /' " 

On Set/Aeset 
Instruction 

DnlLSI pin) 

On Test ~ 
Instruction .f].... 

On Sampling 
~ 

Pulse 

Figure 15 Timing Chart of Discrete I/O 

• Data I/O (R Terminal) 

Table 6 Data I/O for the LCD-IV 

1/0 common channel A1, A2 12 channels) 

Input channel AO 11 channell 

Output channel A3 11 channell 

Total 4 channels 

INOTE) In addition to the above, A4, A5 and A6 are provided as 
register setting liquid crystal display mode. In these registers, 
there is no terminal and exists only data 1/0 register each, 
which controls liquid crystal display mode. Data is transferred 
to A4, A5 and A6 by LAA or LAB instruction, same as data 
transfer to data 1/0 registers of A1, A2 and A3. For details of 
R4, R5 and R6, refer to LIQUID CRYSTAL DISPLAY. 

Input 
,..----~ 
I I 

I 2'-... : ---0 R } 

To I 22 lOR:: 
A, BIRO Channel 
Register: 2' 0 Ro, 

:~ t o Roo 
I.. ___ ..I 

Output 

ROM paltern orda" r --- -- ----~ 

4·bit register (data I/O register) each is attached to an I/O 
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). 

Figure 16 shows the block diagram of each channel. 

( 

So,;.1 segment 
01,,101 
Latch clock 

Display ICll1 

Oat. S,hift clock 
(Cll l 
Ahernatlng 
slW'.IIMI 

0.,. ( :: 
2' 

2" 

Output 

- - ---- --, 
I 

I , 

~ -+------------rJ 
Set all bits to I 

;~~~~~~~set : 2' 21 21 2) : 
L ______ .J 

Gate for exchanging the output registe, 
signal and the displav dll', Signal according 
to the content of Ru 

To A ,nd B register 

Ru = "1" 
dlitil/O rqil1er 
signa1 

Output 

ROM pattern or data r ----------
I I 

Rn = "0" 
Disptly dlt. 
sign.' 

Ru 

) ,,-~ Roo 

Ru 

Roo 

Input 

u (~: I~:>o-i------O' ~~ } "'-~ ( ~ ( ~ 
I I 

::: } R2c1oonllOI 

it--C>c>+-~I_t-<J RIO 

!3--I~~H+-t---o RIO 

L--t------J 
Set.1I bits to "',. 
by reset function. 

Figure 16 Data I/O Block Diagram 

196 

r - - '1 Input 

Set.1I bits to ",.. I 2' 21 21 21 : 
by r .. t function. L ______ J 

To A.nell regi ..... 



--------------------------------- LCD-IV 

When expansion of segment signal for liquid crystal display 
is designated by a program (Register R42 ="0"), RI is used as 
a display data output terminal. This prohibits RI to be used as 
an I/O 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 I/O register, but the content of data I/O 
register is not output from R I. If LAR or LBR instruction is 
executed, display data is inputted to accumulator (A register) or 
B register. 

Data is transferred from the accumulator (A register) and B 

LRA. LRB [ 
Instruction 

~Mtr~IO"[ 
LAR. LBR [ 
Instruction 

-

-

One Instruction Cycle 
/ \. 

Rn Output 
Instruction 

Rn 

Pattern Genera-
tion Instruction 

R2.R3 

register to data I/O registers RI, R2, and R3 through the bus 
line. In addition, ROM bit patterns can be transferred to R2 
and R3 by pattern generation instructions. 

4-bit data can be inputted to the accumulator (A register) 
and B register from RO, Rl and R2 channels by input instruc­
tions. However, in the case of I/O common channels R2 and 
R3, since data I/O register outputs are connected to terminals, 
inputs are done to wired logic of register output and terminal 
input information. For this reason, to input terminal input 
signal, registers must be set to a state that would not affect 
the terminal input. 

(second cycle) 

Rn Input Instruction 
I--

Rn Sampling Pulse 

Figure 17 Data I/O Timing Chart 

Pay attention: When executing an input instruction to 
output channel, the microcomputer reads un stabilized value 
causing malfunction of the program. 

1 Inatructlon Cvcle 
..... 

On 

Rn Sampling Pulse 

Rn Input 
Inatruction 

When executing an input instruction (LAR and LBR) from 
the data I/O, 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. 

I T Pay attention to time allowance in such system as an external circuit 
is operated by On to read the result from Rn. 

Applied Pins: INTo. INT •• Roo to Ru 

No Pull up MOS 

VCC 

I/O E~' !--t~---prs 
: NMOS , , 
: : 
'----- --~ 

With Pull up MOS (PMOS) 

Figure 18 Configuration of Input Pins 
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• TIMER/COUNTER 

Applied Pins: A30 to Au 

No Pull up MOS CMOS output 

(Open Drain) VCC 

I~T~6 
4~NM~ 

I/O Enable 

~r-
Figure 19 Configuration of Output Pins 

Applied Pins: Do to Du , D,./XO, DIS/XI, A,o to Au, Aoo to A,. 

No Pull up MOS 

10pen Drain) 

Vee 
1/0 __ r-----~ 

Enable :~. MOS 
I I 

: ~MOS 
I ' 

L ____ J 

With Pull up MOS (PMOSI 

Input 
Circuit 

ellll~ 

1/0 
Enable 

~ 
(NOTE) In case that CMOS is chosen, external 

input signal cannot be applied. 

Figure 20 Configuration of Input/Output Pins 

Discrete 1/0 
output latch 

~-----1 

, 0 "---n t ___ I:_J-
Discrete 1/0 
output latch ,-----, 

..-________ --" 0.. ...1 --+---CL\! 
1 , 

Internal halt release 
signal (015 output latch 
set signal) 

L ____ -' 

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 1,024Hz in the crystal oscillation mode. 
It does not stop in the halt state. Prescaler divides the system 
clock (instruction frequency) or 1,024Hz clock by 64 and 
generates overflow output pulse of "Instruction frequency/ 
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 pre scaler or a pulse of INTI terminal. 
Input selection is determined by CF state. Data can be ex­
changed between the counter and bus by L TI, LT A 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. 1,024Hz clock (Crystal oscillation for timer is selected.) ... 

Clock obtained by dividing the crystal oscillation (32.768kHz) 
for timer by 32. Crystal oscillator is constructed between D 

Internal halt state 

terminals of DI4 and DIS : 
Note 1) In this case, the overflow output pulses form the pre­

scaler are 16Hz. These pulses are counted by the 4-
bit counter to generate an interrupt from 16Hz to 1 Hz. 

Note 2) In this case, the part marked with ~ in Figure 21 
Timer/Counter does not stop even in halt state. When 
using "internal halt mode" among the halt function, 
internal halt state is generated by resetting the register 
for internal halt mode (0 latch: 0 15) by an instruction 
(D15 = "0": internal halt state, 015 = "1 ": operating 
state), and aU the operation stop. In this case, over­
flow output pulses from the pre scaler work as the 
signals releasing the internal halt state and set the 
DIS output latch. Therefore, if an overflow output 
pulse from the pre scaler is generated, internal halt 
state is released, and the LSI starts to operate. 
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. 

I nternal halt state 

LSI Operating state Operating state Operating state stata 
Oil output 
latch (internal 
hal t regi ster I 

-- --+-s;t=t- ----- --~e~;t- - - - - - - -- - - - - - -~e~;t-- - - - - -~-----

Presc:aler 
overflow output 
pulse (internal 
halt release 
signa II -'-+----62.5ms -----+-I-----62.5ms ----1--1--- 62.5ms 

• Counter Mode 

L V I 15 end R ED instructions (These are used to reset DIS output latch 
and make the LSI internal halt state.1 

Figue 22 Set/Reset Operation Using Crystal Oscillator for Timer 

levels~ 

Counts pulse of INT I terminal. 
(Note) The width of INT I 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 Number of ·Time (ms) Specified Number of ·Time (ms) 
Value Cycles Value Cycles 

0 t,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 OR instruction frequency 200kHz. (One Instruction Cycle Time (Tin'tl = 5~sl 
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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 cause 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. 

INT, 

IFO,IF1 Set has priority over Reset. 

o F/F (Delayed by One Instruction Cycle) 

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 is controlled by Interrupt Enable F/F (lIE F/F) whether 
an interrupt can be accepted or not. 

Figure 23 shows the interrupt block diagram and Figure 24 
shows the interrupt timing chart. 

To Status F/F 

lIE 

... ---+---t-----I/RI 

(Interrupt 
Mask Signal) 

INT 

~--------~-------------4--I/RT 

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 RTNI (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 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 processing caused by the interrupt generation 
is basically the subroutine jump and the jumping location in 
memory is fIXed as: 

200 

Interrupt of the timer/counter 
Bank 0 0 page 3F address (OO-3F) 

Interrupt of the inputs 
Bank 0 1 page 3F address (Ol-3F) 

In addition, 
The saving operation of PC ~ STl ~ ST2 ~ ST3 ~ ST4. 
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I/E reset 

• Interrupt of the Inputs 
Two pins INTo and INTI have the interrupt request func­

tions. They have the leading pulse generation circuit and the 
interrupt mask F/F (lFO, IFI). When IFO or IFI is reset, the 
interrupt request is able to generate interrupt mask release. 
When INTo or INTI changes from "0" to ")" ("Low" level -+ 
"High" level), the leading pulse is generated and generates the 
interrupt request. Then IFO or 1Ft 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 (I/E) is "I", the interrupt is generated 
immediately and I/RI is reset. But if Interrupt Enable F/F 
(I/E) is "0", I/RI is held at ")" level until it gets into the 

One Inltruc-
tion Cycle 
/ '\ 

I TimerlCounter Interrupt 

Counter-Timerl 
Prncale 

P 
r 15-62 

C m 

I 

15-63 
n 

0-0 

0 

Interrupt Enable state. 
IFO, IF), INTo and INTI can be tested by the program. 

Therefore, they can also be used as normal input terminals 
or latch terminals 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 processed when both of I/RI and I/RT are at "I" 
level (interrupt requests are simultaneously generated). During 
the input interrupt, I/RT remains set. Thus, after the input 
interrupt, the timer/counter interrupt can be processed. 

0-1 0-2 0-3 

0-3F p q 

ution Exec 
Inltr uction 

Instruction Instruction Subroutine Instruction Instruction Instruction 
in Address m 

Time r/OVF 

TF 

IRT 

IN T 

II E 

I Input Interrupt 1 
PC 

Exe 
I nit 

cut ion 
ruction 

INT o Input 

eading 
ulse 

L 
P 

FO 

II RI 

IN T 

II E 

I 

Instruction 
in Address I 

--

in Address n Jump in Address in Address p in Address q 
(Q--.sT11 0-3F 

r\. 

~ 
INT r\. 
Processing 

m n 1-3F p q 

Instruction Subroutine Instruction Instruction Instruction 
in Address m Jump in Address in Address p in Address q 

(~T11 1-3F 

r--: Sampling 
. ~-- clock 

I\. 

INT 
Processing 

Figure 24 Interrupt Timing Chart 
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• 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. 

Rso , Rn 

t; 
W 
-J 
W 
CI) 

:E 
~ a:: 
> 
~ 
-J 
CL 
CI) 

o 
DISPLAY 

COUNTER & 
CONTROL 
CIRCUIT 

RIIO X,Y 

C) 
z 
~ 1--'---.l\.lw 

I---r----./I ~ 
o 
~ 

The LCD-IV has 4 common signal terminals and 32 seg· 
ment signal terminals. Further, if liquid crystal driver LSI 
(H044100H) is connected to the LCD-IV, up to 96 segment 
signal terminals can be extended externally. Thus, in addition 
to the internal 32 terminals, total 128 segment signal terminals 
can be driven. 

51 BUS 52 BUS 

RAM 

SERIAL DATA 

ALTERNATING 
SIGNAL (M) 

SERIAL SEGMENT DATA 
(D) 

Figure 25 Liquid Crystal Display Circuit Block Diagram 

Display is automatically executed by writing segment data 
into RAM for LCD. 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 (SEGt to SEGt28), 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 is cor· 
respond 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, converted to LCD drive signal by the liqUid crystal 

driver and the outputted from a segment terminal. 32-segment 
(SEGI to SEG32) out of 128.segment serial data is used within 
the LCD·IV, and the rest (96-segment) is outputted to liquid 
crystal driver LSI HD44100H which is connected to the LCD· 
IV and is converted to 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 LCD-IV. 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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All 

Display Data 

.. 1------------ 256 Instruction cycle------------l-I 

One Instruction Cycle 

tc 'I fA 1 1 U U 1 I 1\ 

External latch n n 
Clock (Cl, ) ---.J 1i..-___ + ______ ......jI-____ -4J ______ ---'$-----..J ,"-------

Alternating 
Signal (M) 

D 

Cl. 

Cl, 

M 

---- ....... -
One Instruction Cycle 

Figure 26 Display Data Timing Chart 
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One Instruction Cycle 

Serial Data 

Shift Clock 

Shift Resister 

latch Clock 

Segment Data 

Static 

COM. 

COM1 

COM, 

COM. 

1/2 Duty 

COM. 

COM1 

COM, 

COM. 

1/3 Duty 

COM. 

COM1 

COM, 

COM. 

1/4 Duty 

COM. 

COM1 

COM, 

COM. 

All outputs are available 
because of the same 
waveform outputs 

J
eommon 
Symbol 

Symbol 

J
eommon 

1 
eommon 
Symbol 

Common 
Symbol 

) 

Both groups 
are available 
because of 
the same 
waveform 
outputs 

Figure 27 Liquid Crystal Display Circuit Timing Chart 
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• Liquid Crystal Display Mode Setting RegisteR 
For selection of the liquid crystal display mode, data I/O registers of R4, RS and R6 are used. 

Table 9 Function of Liquid Crystal Display Mode Setting Registers 

R41 R40 Function 

0 0 Static 

Selection of liquid crystal O· 1 1/2 duty 
display duty factor (R40 , R41 ) 1 0 1/3 duty 

1 1 1/4 duty 

Designation of with or without R42 Function 

liquid crystal segment output 0 To be extended (Outputs display data from Channel R 1) 
extension (R42 ) 1 Not to be extended (Channel R1 becomes an ordinary 4-bit data I/O.) 

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 RAM 

1 data for liquid crystal display. 

RAM designation for liquid RSI Rso Function 
crystal display (Rso , RS1 ) Function varies with liquid crystal display duty factor. 

R63 R62 R61 R60 Function 
Selection of 

--------
0 0 

-----
Do not set in this state. halt function 

and oscillation ~ 0 1 ~ With crystal for timer, with internal halt, XI, XO 
circuit for 

~ 1 0 

-----
Without crystal for timer, 0 14 and DIS are general I/O. 

timer 

---- 1 1 ---- With crystal for timer, without internal halt, XI, XO. 

I/O state 0 ~ ~ ---- Enable: 
at halt 1 ~ ~ ~ Disable: 

(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.o = "1", R .. = "1") 
Liquid crystal segment output extension: Not extended (R.2 = "1") 
Designation of liquid crystal display blanking: Display blanking (R60 = "1") 
Designation of RAM for liquid crystal display: Varies correspond to each liquid crystal display duty factor. (R so = "1", RSI = "1") 
Designation of crystal for timer and internal halt: With crystal for timer, without internal halt (R.I = "1", R'2 = "1"1. 
I/O state at halt: I/O state at halt becomes disable (Ru = "1"1. 
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• Relation between Display RAM and Segment Data 
In the LCD-IV, 4 types of display duty factor (static, 1/2 

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. 
_ shows segment signal output from the LCD-IV. 

extended segments. 

Figure 28 Relation between RAM for LCD & 
Segment Data (Static) 
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------------------------------------------------------------------LCD-IV 

RAM Address RAM 

X Y 2' 2' 2' 2° 

0 SEG65 SEG65 SEG65 
1 SEG66 SEG66 SEG66 
2 SEG67 SEG67 SEG67 

3 SEG68 SEG68 SEG6a 
4 SEG69 SEG69 SEG69 

5 SEG70 SEG70 SEG70 

6 SEG7, SEG7' SEG7, 

2 0 6 4 
7 SEG72 SEG72 SEG72 
8 SEG73 SEG73 SEG73 
9 SEG74 SEG74 SEG74 
10 SEG75 SEG75 SEG75 
11 SEG76 SEG76 SEG76 
12 SEG77 SEGn SEG77 

13 SEG78 SEG7a SEG7a 
14 SEG79 SEG79 SEG79 
15 SEGao SEGao SEG80 
0 SEG8, SEG8, SEG8' 
1 SEGa2 SEGa2 SEG82 
2 SEGa3 SEG83 SEGa3 

3 SEGa4 SEG84 SEG84 

4 SEG85 SEG85 SEGa5 
5 SEG86 SEGa6 SEG86 

6 SEG87 SEGa7 SEGa7 

3 1 7 5 
7 SEG86 SEGa8 SEGaa 
8 SEG.9 SEG.9 SEG.9 
9 SEGgo SEGgo SEG90 

10 SEG9' SEG9, SEG9, 

11 SEG92 SEG92 SEG92 
12 SEG93 SEG93 SEG93 
13 SEG94 SEG94 SEG94 
14 SEG95 SEG95 SEG95 
15 SEG96 SEG96 SEG96 
0 SEG97 SEG97 SEG97 
1 SEG98 SEG98 SEG98 
2 SEG99 SEG99 SEG99 

3 SEG100 SEG100 SEG100 
4 SEGlO' SEGlO, SEG,o, 

5 SEG102 SEG'02 SEG102 
6 SEG103 SEG103 SEG103 

0 2 4 6 
7 SEG104 SEG104 SEG'04 
8 SEG105 SEG105 SEG105 

9 SEG106 SEG106 SEG106 

10 SEG107 SEG,07 SEG107 
11 SEG,08 SEGlO. SEGlO. 
12 SEG109 SEG109 SEG'09 
13 SEGll0 SEGll0 SEG"o 
14 SEGll' SEGll' SEG", 
15 SEG"2 SEG112 SEG,'2 
0 SEG"3 SEG113 SEG"3 
1 SEG,,4 SEG114 SEG114 

2 SEG115 SEG115 SEG115 

3 SEG116 SEG116 SEG116 

4 SEG117 SEG117 SEG117 

5 SEG118 SEGll. SEGll. 

6 SEG119 SEG119 SEG119 

1 3 5 7 
7 SEG'20 SEG,20 SEG'20 
8 SEG,2' SEG'2' SEG,2' 
9 SEG,22 SEG122 SEG,22 

10 SEG,23 SEG'23 SEG'23 
11 SEG'24 SEG'24 SEG'24 
12 SEG'25 SEG'25 SEG'25 
13 SEG'26 SEG'26 SEG'26 
14 SEG'27 SEG'27 SEG'27' 
15 SEG'28 SEG'28 SEG'2. 

I R50 0 1 0 1 J i I 

I R5, 0 0 1 1 COM3 COM2 COM, 

Figure 30 Relation between RAM for LCD & Segment Data (1/3 Duty. 1/3 Bias) 
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RAM Address RAM 
X Y 2 3 2' 2' 2· 

0 SEG85 SEG85 SEG85 SEG05 
1 SEG88 SEG88 SEG88 SEG08 
2 SEG87 SEG87 SEG87 SEG87 
3 SEG88 SEG88 SEG88 SEG88 
4 SEG89 SEG89 SEG89 SEG89 
5 SEG70 SEG70 SEG70 SEG70 
6 SEG7l SEG7l SEG7l SEG7l 

2 0 6 4 
7 SEG72 SEG72 SEG72 SEG72 
8 SEG73 SEG73 S,EG73 SEG73 
9 SEG7. SEG7. SEG7. SEG74 
10 SEG75 SEG75 SEG75 SEG75 
11 SEG78 SEG78 SEG78 SEG78 
12 SEGn SEG77 SEGn SEGn 
13 SEG78 SEG78 SEG7e SEG78 
14 SEG79 SEG79 SEG79 SEG79 
15 SEGeo SEG90 SEG90 SEG80 
0 SEG81 SEGel SEG8l SEG81 
1 SEGe2 SEGe2 SEG82 SEGe2 
2 SEGe3 SEGe3 SEGe3 SEG83 
3 SEG84 SEGa. SEGa. SEGa. 
4 SEGe5 SEGe5 SEG85 SEGe5 
5 SEGe8 SEGe8 SEG88 SEGe8 
6 SEGe7 SEG87 SEGe7 SEGe7 

1 7 5 
7 SEGe8 SEG88 SEGe8 SEGe8 

3 
8 SEG89 SEG89 SEGe9 SEGe9 
9 SEG90 SEG90 SEG90 SEG90 
10 SEG9l SEG9l SEG9l SEG9l 
11 SEG92 SEG92 SEG92 SEG92 
12 SEG93 SEG93 SEG93 SEG93 
13 SEGs. SEGs. SEGs. SEG94 
14 SEG95 SEG95 SEG95 SEG95 
15 SEG96 SEG96 SEG96 SEG98 
0 SEG97 SEG97 SEG97 SEG97 
1 SEG98 SEG98 SEG98 SEG98 
2 SEG99 SEG99 SEG99 SEG99 
3 SEG'00 SEG'00 SEG100 SEG'00 
4 SEGlOl SEG'0' SEG'01 SEG'0' 
5 SEG102 SEG102 SEG'02 SEG'02 
6 SEG103 SEG'03 SEG103 SEG'03 

0 2 4 6 
7 SEG'04 SEG104 SEG'04 SEG'04 
8 SEG105 SEG105 SEG'05 SEG105 
9 SEG106 SEG106 SEG'06 SEG'061 
10 SEG'07 SEG107 SEG107 SEG107 
11 SEG'08 SEG'08 SEG108 SEG'08 
12 SEG109 SEG109 SEG109 SEG109 
13 SEG110 SEG110 SEG110 SEG1101 
14 SEG111 SEG111 SEG111 SEG111 
15 SEG112 SEG112 SEG112 SEG112 
0 SEG113 SEG113 SEG113 SEG113 
1 SEG114 SEG114 SEG114 SEG114 
2 SEG115 SEG115 SEG115 SEG115 
3 SEG116 SEG116 SEG116 SEG116 
4 SEG117 SEG117 SEG117 SEG117 
5 SEG118 SEG118 SEG118 SEG118 
6 SEG119 SEG119 SEG119 SEG119 

1 3 5 7 
7 SEGuo SEG'20 SEGuo SEGuo 
8 SEG'2' SEGl2l SEGl2l SEGl2l 
9 SEGU2 SEG'22 SEGu2 SEGU2 
10 SEGU3 SEG'23 SEGU3 SEGu3 
11 SEGU4 SEG'24 SEGU4 SEGU4 
12 SEGU5 SEG'25 SEGU5 SEGu5 
13 SEGU6 SEGu8 SEGu6 SEGU8 
14 SEGU7 SEG'27 SEGU7 SEGU7 
15 SEGu8 SEG'28 SEGu8 SEGU8 

I Rso 0 1 0 1 
CdM4 

! 
CdM2 CdMl I R51 0 0 1 1 COM3 

Figure 31 Relation between RAM for LCD & Segment Data (1/4 Duty, 1/3 Bias) 
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Vee 

VLeD 

Vee 

Vee 

Vee 

GND 
COM. 

Vee 

V. 

V, SE1G. 

Vs SEG:a 

(Static) 

,-----iGND 

..... ----f Vee 

V. 
V, SE1G. 

L....---i Vs SEG:a 

( 1/2 duty. 1/2 bias) 

GND 
COM. -, I 
eOMs 

Vee 

c,.. - V. 

- V, S~G. 
V3 SEG:a 

(1/3 duty. 1/3 bias) 

,-----tGND 

..... ---.... Vee 
V. 

V, 

'-----.... V3 

S~G. 
SEG:a 

3 

( 1/4 duty. 1/3 bias) 

1M 0 
170. 

32 

1-' o. 
32 

/ 

Figure 32 LCD Wiring Samples 
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• 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 HD44100H 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, display data for 128 segments is sent to the 32-bit shift 
register from RAM constantly. When R42 is set to "0", the Rl 
channel outputs the 32nd stage output 0 of the shift register, 
shift clock CL2, latch clock CLI and AC signal M. Therefore, 
up to 96 segment terminals from SEG33 to SEGI28 can be 
added by directly connecting the HD44100H. 

.. 1.t-------------256-lnstruction Cycles-------------.l.1 

AI _ Display 
Channll-T Data 

R 13 Serial Segment 
Data(D) 

External Shift Clock 

R11 (CL2) 

External Latch Clock 

R12 

R10 

(CL1) 

Alternating 
Signal (M) 

• RESET FUNCTION 

1 I nstruction Cycle 

,..c=::==-I II I 

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 I 63 Page 3F Address. 
• IR/I, IR/T, I/E and CF are reset to "0". 
• IFO,IFI and TF are set to "1". 
• Data I/O Registers and Discrete I/O Latches (RI, R2, R3, 

Do to DIs) are all set to "1". 
• 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 I/O 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 status including RAM. When halt is released, 
operation restarts from the state 'before the halt. 

HALT state is kept 16-instruction after receiving halt releas­
ing signal. (Internal, External) 

The user can select one of the following I/O status at the 
time of halt based on the "MASK OPTION LIST" when 
ordering ROM: 

i) AU I/O status is kept as the state immediately before 
the halt. 

ii) All I/O status is 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 generated by using HL T terminal) 

I II 
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All operations stop when the HL T terminal is set to the 
"0" level (Low). When the HLT terminal is set to the 
"I" level (High), operation restarts from the state im­
mediately before the halt. 

2) Internal Halt (Halt state generated by programs) 
The user can select availability of internal halt at the time 
of ROM order based on the "MASK OPTION LIST". 
When internal halt is selected, timer crystal must be at­
tached externally. Therefore, the DI4/XO and Dis/XI 
terminals should not be used as general I/O's, but as XO 
and XI terminals for connecting crystal oscillator. 
Resetting of the DIS latch by RED instruction generates 
internal haIt state. Return from internal halt is effected 
by overflow signals of the prescaler. 16Hz overflow 
signals are output from the prescaler if a crystal oscil­
lator of 32.768kHz is connected to the DI4/XO and 
DIS /XI terminals. When an overflow signal is issued. the 
015 latch is set to "1" from "0", the LCD-IV returns 
from halt state, adds 1 to the timer register, and execution 
restarts from the instruction next to the RED instruc­
tion. 
Note that external halt caused by the HL T terminal 
cannot be released by prescaler overflow signals. 

(Caution at the halt time) 

When the LCD-IV goes into halt state, segment terminals 
(SEGI to SEG32 ) and common terminals (COM I to 
COM4 ) become the same potential and display goes out. 
However, in order to reduce power consumption during 
halt, disconnect the voltage applied to liquid crystal 
power supply V 3. Since there ace dividing resistors among 
V I , V 2 , and V 3, current of up to SOIlA flows if voltage is 
applied between Vec and V3 in the same way as normal 
operation. 



--------------------------------------------------------------------LCD-IV 

I 
Becomes halt state after executing RED 
instruction and the halt is maintained 

.--__ L V_I _....,15 until a prescaler overflow signal is issued. 

L-~R~E~D __ r_------~--~. 

LVI 0 f-L TO 
BR .-4 

The LCD-IV returns from halt state by a pre­
scaler overflow signal and operation restarts 
from LVI instruction. With this program, 
unless the Do terminal is set to "0", internal 
halt state Occurs repeatedly. 

Figure 33 Program example in the Internal Halt Mode 

Program~ V---------n +1 ~ Counter ~ ___ ..... "--- __________ "-n+2--A--.-

ROM --::-v n + 1 Address ~ ______ ___ _________ -Jx n+2 X~ _______________ _ 
ROM -::J\ ~r \'-____ n_+_1 ___ --JX'-____ ...... ~ 

--\-----Halt State~ 
Halt Signal - - - - - 16 Instructions 

Prescaler 
Overflow------------· ----------------
Signal 

Figure 34 Internal Halt Timing Chart 

• CRYSTAL OSCILLATION CIRCUIT FOR TIMER 
The user can specify by the "MASK OPTION LIST" 

whether or not the timer crystal should be externally 
attached. By externally attaching a crystal oscillator of 

32.768kHz to the DI4/XO and DIS/XI terminals, maxi· 
mum 1 second of timer interruption cycle is possible 
setting the prescaler clock to 1,024Hz. 

No. Halt state 

1 External halt 

2 External halt 

3 I nternal and 
external halt 

D I4 /XO 

LCD-IV 

D15/XI 

Rd 

R 

With or without 
timer crystal 

Externally attached 
crystal (32.768 kHz) 

(Without crystal) 
Internal clock of LSI 

Externally attached 
crystal (32.768 kHz) 

c. (NOTE) 
The crystal oscillator, resistor R, Rd and load 
capacitor C I and Ca should be placed as close 
as possible to the LCD-IV. Induction of ex­
ternal noise to D14 /XO and D15/XI may 
disturb normal oscillation. 
This 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 

0 14 ,0 15 (XO, XI) 
Function terminals 

Terminals for attaching Prescaler clock is set to 1,024 Hz and the over-
crystal. Cannot be used flow signal to 16 Hz. Up to 1 second can be set 
as general I/O. as the timer interruption cycle. 

The prescaler clock becomes 100 kHz type, 
Used as general I/O and the timer interruption cycle can be set to 

maximum 97.66 Hz. 

Prescaler clock is set to 1,024 Hz and the over· 
Terminals for attaching flow signal to 16 Hz. This signal performs the 
crystal. Cannot be used LCO·IV return from internal halt. 
as general I/O. (Return from external halt is not possible by the 

prescaler overflow signaL) 

211 



LCO-IV-------------------------------

• MASK OPTION 
The following type mask option is available. 

• 1/0 Terminal Format ••.•.... Selectone 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 I/O common terminals. 

• I/O Statu. in the Halt State .... Select Enable or Disable. 
Enable 10utput . . . . Maintained in the status before halt. 

Pull·up MOS ... ON 
Input ... Unrelated to halt state 
(Since Pull·up MOS is ON, if halt state 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).) 

Disable 1 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 circuit is turned off, input 
change does not cause current other than the 
standby power supply current or halt current.) 

• With or without externally attached Timer Crystal 
Without timer crystal ... 

The 0 14 and 015 can be used as general I/O terminals. 
Select one of A, B or C in the 0 14/015 column ofthe 
I/O format speCifications. 

With timer crystal ... 
The 0 14 and 015 cannot be used as general I/O ter· 
minals. 
Therefore, leave the 0 14 /015 column in blank. 
Since the 0 14 latch can be set, reset or tested, it can 
be used as a flag. 
If no internal halt exists, the 015 latch can be used as 
a flag same as the 0 14 latch. If internal halt exists, it 
cannot be used as a general flag. 

• With or without I nternal Halt 
With internal halt ... 

When internal halt is specified, the timer crystal must 
also be specified. 

Without internal halt ... 
The 015 can be used as a general I/O terminal (when 
no timer crystal is used) or as a flag (when timer 
crystal is used). 

• OSCILLATION CIRCUIT 
The user can specify a resistor, or a ceramic filter or an 

external oscillator. 
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LSI Type Number HO (To be filled 
by Hitachi) 

Customer's ROM 
Code Name 
Customer 

• MASK OPTION LIST 

(1) I/O Option 

Pin Name I/O 
I/O Option 

Remarks 
A B C 

00 I/O 
0 1 I/O 

Ol I/O 
0 3 I/O 

0 4 I/O 

05 I/O 
0 6 I/O 

0, I/O 
0 8 I/O 
0 9 I/O 

0 10 I/O 

0 11 I/O 
0 12 I/O 
0 13 I/O 
0 14 I/O 
0 15 I/O 

Roo I ~ 
ROI I 

------ROl I ~ 
R03 I ~ 
RIo I/O 

R11 I/O 

Rll I/O 

R13 I/O 
RlO I/O 

Rll I/O 

Rl2 I/O 
R23 I/O 

R30 0 

------R31 0 ~ 
Rll 0 ~ 
R33 0 ~ 
INTo I ~ 
INTI I ~ 

(NOTEI Mark 8 selected composition with 8 circle (01. 
A. No Pull up MOS 
B. With Pull up MOS 
C. CMOS Output 
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(2) I/O State at "Halt" State and Others 

I/O State 0 Enable 0 Disable 

With or without externally o With o Without With ....... 0 14 and 0 15 become XO, XI. Do not write any-
attached crystal for timer thing the I/O Option space (A, B, C) of 0 14,015 , 

With or without internal o With o Without Internal halt is specified only when crystal for timer is 
halt specified. 

Power-supply voltage o 5 ± O.5V 0 2.5 to 5.5V 

Oscillation circuit 
0 Rf Oscillation Ceramic filter is specified only when power supply is 

(system clock) o Ceramic filter Vee = 5 ± O.5V. 
0 External clock 

0 Not use 
Halt function 0 Use (Return by Reset) 

0 Use (Return by no Reset) 

(NOTE) Mark I.elected I/O Stete or another with a check mark ( ..; ). 
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• INSTRUCTION 

Instructions are listed according to their functions. 
Each mnemonic code and function are shown in this table. 

Group 

Register 

to Register 

RAM 

Address 

Register 

RAM 

Immediate 

Arithmetic 

Mnemonic code 

LAB 

LBA 

LAY 

LASPX 

LASPY 

XAMR 

LXA 

LYA 
LX"I i 

LYI i 

IY 

DY 
AYY 

SYY 

XSPX 

XSPY 

XSPXY 

m 

LAM (X Y) 

L B M (X Y) 

X M A (X Y) 

X M B (X Y) 

L M A I Y (X) 

L M A DY (X) 

LM IIY i 

LA I i 

L B I i 

AI 

IB 

DB 

AMC 

SMC 

AM 

DAA 

DAS 

NEGA 

COMB 

SEC 

REC 

TC 

ROTL 

ROTR 

OR 

Function 

B -+ A 

A -+ B 

Y-+A 

SPX-+A 

SPY-+A 

A-M R (m) 

A-+X 

A-+Y 

i -+ X 

i -+ Y 
Y+1-+Y 

Y-1 -+ Y 

Y+A-+Y 

V-A -+Y 

X-SPX 
V-Spy 

X -SPX. Y - Spy 

M -+ A (X Y - S P X YT 
M -+ B (X Y - S P X Y) 

M-A (XY- SPX Y) 

M - B (X Y - S P X Y) 
A -+ M. Y + 1 -+ Y (X - S P X) 

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) -+ 

M - A - C (F/F) -+ 

M+A-+A 

A 

A 

Decimal Adjustment (Addition) 

Decimal Adjustment (Subtruction) 

A + 1 -+ A 
B -+ B 
1 -+ C (F / F) 

o -+ C (F / F) 

Test C (F / F) 

Rotation Left 

Rotation Right 

AU B -+ A 

215 

Status 

NZ 

NB 

C 
NB 

NZ 

NB 

NZ 

C 
NZ 

NB 

C 
NB 

C 

C (F / F) 

(to be continued) 
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Group Mnemonic code Function Status 

M N E I i M ~ i NZ 

Y N E I i Y ~ i NZ 

ANEM A:!tM NZ 

Compare BNEM B ~ M NZ 

ALE I i A ~ i NB 

AlEM A~M NB 

BlEM B~M NB 

SEM n 1 -+ M (n) 
RAM bit REM n o -+ 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 

S E I E 1 -+ I/E 

S ElF 0 1 -+ IF 0 

S ElF 1 1 -+ IF 1 

SETF 1 -+ T F 

SECF 1 -+ C F 

REI E 0 -+ I/E 

REI F 0 0 -+ IF 0 

REI F 1 0 -+ I F 1 

RETF 0 -+ T F 
Interrupt RECF 0 -+ C F 

TIO Test INTo INTo 

TI1 Test I NT. INT. 

TI FO Test IF 0 I Fo 

TIF1 Test I F 1 I F. 

TTF Test TF TF 

l TI i i -+ Timer/Counter 

lTA A -+ Timer/Counter 

lAT Timer/Counter -+ A 

RTNI Return Interrupt 
SED 1 -+ 0 (Y) 

RED o -+ 0 (Y) 

TO Test D(Y) D(Y) 

SEDD n 1 -+ 0 (n) 

Input/Output REDO n o -+ 0 (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 

(NOTE) 1. (XY) after 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 
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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 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 SEe 
SMC REC 
DAA ROTL 
DAS ROTR 

4, All instructions except for P are executed in single cycle. 
P is executed in 2 cycles. 

The Difference between LCD-III and LCD-IV 

No. Difference LCD-III 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 lOlls/cycle 5lls/cycle 
(VCC = 5V±1()otiJ) (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 R6\ = 0 (No crystal for timer) 
Timer R6\ = 1 (With crystal for timer) 

Internal "- R62 = 0 (With internal halt) 
Halt R62 = 1 (No internal halt). 

I/O Condition R63 = 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 
(Vce = 2.5 to 5.5Vl, 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~63-3F When call or branch 
(ROM ~ ) to other Bank, execute 

Addressing) CALL or BRL after 
:E 12k words 32·00 changing Bank Register 
~I BankO 31·3F (R7). 

l 2k Words o.L [R7 = 0 (Bank 1 side) J 
-- R7 = 1 (Bank 0 side) 

9 Absolute Maximum 
Rating VT2 for 
Terminal Voltage of 

-0.3 to I +10.0V I -0.3 to I Vee + 0.3V I 
Open Drain Configu-
ration Output Pins (same as VT \ ) 
and I/O Common 
Pins 

(to be continued) 
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No. Difference LCD·III LCD-IV 

Input "High" level 
Voltage ViHZ of I min. I typo I max·l I min. I typo I max., 

10 Open Drain Configu-
ration Output Pins I Vee-l.0 I - I 10 1 I Vee-l.0 I - I Vee I 
and 1/0 Common 
Pins. 

11 RAM Contents 
With RAM destruction No RAM destruction Destruction at Reset 

HAL T state is released when system clock keeps it 
64-clock after receiving halt release. 

HALT Release 

I HAL T signal I 
12 HALT 

Executes immediately after releasing 
H64.CIOCk HALT. 

I· HALT state ·1 Operating 
state 

Maximum Total 
13 Output Current (1) 45mA 25mA 

·~I01 

Vee = 5 ± 0.5V Vee = 5 ± 0.5V 
Rf Oscillation 1 ms Rf Oscillation 10ms 

Reset Pulse External Clock Operation 4 ms External Clock Operation 40 ms 
14 Width (1) 

tRST1 Vee = 2.5 to 5.5V Vee = 2.5 to 5.5V 
1 ms 10 ms 
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HMCS404C(HD614042),------
The HMCS404C is a CMOS 4-bit single-chip microcomputer 

which is a member of the HMCS400 series. 
The HMCS404C has efficient and powerful architecture and 

its software is very similar to the HMCS40 series. 
This microcomputer provides variety of on-chip resources 

such as ROM, RAM, I/O, two timer/counters and a serial inter­
face to perform in wide users' applications. 

The HMCS404C also has the characteristics of high speed 
and low power dissipation and which I/O pins are able to 
drive fluorescent display tube directly. 

• HARDWARE FEATURES 
• 4-bit Architecture 
• 4,096 Words x 10-bi-t ROM 
• 256 Digits x 4-bit RAM 
• 58 I/O Pins, Including 26 High Voltage I/O Pins (40V Max) 
• Two Timer/Counters 

"-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 1 

• Subroutine Stack 
Up to 16 Levels Including Interrupt 

• Minimum Instruction Execution Time - 2 IlS 
• 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) 

• 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 

(DP-64S) 

(FP-64) 

• VERSATILE PROGRAM DEVELOPMENT SUPPORT 
TOOLS 

• H68SD Series Macro Assembler 
• H68SDS-use Emulator (With Real Time Trace Function) 
• EPROM On Package Microcomputer 

[

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

(externally drivable) 
• Divider : Divide-by-8 
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• PIN ARRANGEMENT 

0 .. 0 
D" 
Oil 
D" 
D·. 
Aoo 
AOI 
A02 
A03 
A '0 
All 
A., 
All 
RIO 
R ,. 
A» 
Rn 
RAO 

R •• /Vd.sp 
RlO 

R " 
RJ>/tNTo 
RJJ/tNT' 

R,o 
R" 
R" 
R" 
RIO 
All 
A,t' 
An 

0'0 
O. 
Da 
0' 
D. 
D. 
D. 
Dl 
0, 
D. 
Do 
GND 
OSC, 
OSC. 
TES'f 
RESET 
R., 
R., 
R •• 
Roo 
R • .l 
R., 
R •• 
Roo 
R1J 
R" 
Rn 
R,o 
R., 
R"lsa 
R.·/St 

Vee -,, _____ ..r- R.o/SCK 

(Top View) 

• BLOCK DIAGRAM 

r - - -- - ---. 

: RA"~ ... ": 
L. __ • _____ J 

.... 
.... 

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

R .. R .. /A •• JA .. , 
so S. SCK 

- -, r 

: RuAnAuA •• :; R .. RIIRIIA'I : "- ________ .1 L _______ ~ 

~_-:..J High Voltage Pins 
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(Top View) 

03 
02 

D. 

Do 
GNO 
OSC, 
csc, 
mT 
RESET 

RI3 

Ru 
RII 
RIO 

Ru 
Ru 

RII 

AIO 

Ru 

A72 

AESET flSf osc, oSC I 'Icc GND~ ______ ---. 

r-'----'-----'-----""--, l l 

r --i,-------
I II I 

I AI.A •• R., R .. I 10,,0 .. 0,1 Ou 011 0,1 D. O. o. O. D, O. 0, 0, 0, 0. 
I ________ JL ______ .. ___________ J 



---------------------------------------------------------------HMCS4MC 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vcc -0.3 to +7.0 V 

Terminal Voltage VT 
-0.3 to V cc +0.3 V 3 
V cc -45 to V cc +0.3 V 4 

Total Allowance of Input Currents l:10 50 mA 5 
Total Allowance 9f Output Currents -l:lo 150 mA 6 
Maximum Input Current 10 15 mA 7,8 

4 mA 9,10 

Maximum Output Current -10 6 mA 9,11 

30 mA 9,12 

Operating Temperature Topr -20 to +75 °c 
Storage Temperature Tstg -55 to +125 "c 

(Note 11 
.. Permanent damage may occur If "Absolute Malumum 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 21 
(Note 31 
(Note 41 
(Note 5) 
(Note 61 
(Note 71 
(Note S) 
(Note 91 
(Note 10) 
(Note 111 
(Note 121 

All voltages are with respect to GNO. 
Applied to standard pins. 
Applied to high voltage pins. 
Total allowanca of input current is the total sum of input current which flow in from all I/O pins to GNO simultaneously. 
Total allowanca of output current is the total sum of the output current which flow out from Vee to all I/O pins simultaneously. 
Maximum input current is the maximum amount of input current from each I/O pin to GNO. 
Applied to Do - 0 3 and R3 - RS. 
Maximum output current is the maximum amount of output current from VCC to each I/O pin. 
Applied to Do - 0 3 and R3 - RS. 
Applied to RO - R2. 
Applied to O. - 0 ... 
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• ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee - 4V to av, GND - OV, VdllP - Vee -40V to Vee, T. - -20 to +7SoC, if not specified.) 

Value 
Unit Note Item Symbol Pin Name Test Conditions 

min typ max 

RESET,~K, 
O.7Vee - Vee+0•3 V 

Input "High" 
VIH 

mTO,~ 
Voltage SI 0.7Vee - Vee+0.3 V 

ascI Vcc- 0.5 - Vee+0•3 V 

RESET, SC'K, -0.3 - 0.22Vee V 
Input "Low" V IL 

i'fJTo, TNT;' 
Voltage SI -0.3 - 0.22Vcc V 

ascI -0.3 - 0.5 V 

Output "High" SCi<. So 
-IOH = 1.0mA Vee-1.0 - - V 

Voltage VOH 
-IOH = 0.01 mA Vee-0.3 - - V 

Output "Low" 
VOL SCK,SO IOL = 1.6mA - - 0.4 V Voltage 

Input/Output RESET,~ 
IIILI TNT;, i'NI., Vin = OV to Vee - - 1 ",A 1 Leakage Current SI,SO,OSCI 

Crystal or 
Ceramic Filter 

Current Oscillator - - 2.0 mA 2,6 
Dissipation in Icc Vee Vee=5V 

Option 
tOle = 4MHz 

Active Mode ~sistor 
Oscillator 
Option - -
foe" 4MHz 

2.4 mA 2,6 

Crystal or 
Ceramic Filter 

Maximum Oscillator - - 1.2 mA 3,6 

ISBYl Vee 
Logic Option 
Operation tOle = 4MHz 
Vee = 5V I,!esistor 

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

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

Minimum Option 
ISBY2 Vee Logic tOle =4MHz 

Operation 
Vee = 5V Resistor 

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

Current 
Vin(TEST) = Vee-O.3V to Vee Dissipation in I,top Vee - - 10 ",A 5 

Stop Mode Vin(RESET) = OV to O.3V 

Stop Mode 
Vnop Vee 2 - - V Retain Voltage 
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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 ... VfX voltage 

.0.-03 • R3-R9 ... VfX voltage 

.0.-0 ... RO-R2. R AO• RA1 ... 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-8; +2 prescaler divide ratio 
• SERIAL Interface ; Stop 

Pin state; • RESET ... GND voltage 
• TEST ... V fX voltage 
• 0.-03 • R3-R9 ... VfX voltage 
• 0.-0 ... RO-R2. 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-8; +2048 prescaler divide ratio 
• SERIAL Interface; Stop 

Pin state; • RESET.··· GND voltage 
.TEST ... VfX voltage 
• D. -03 • R3- R9 ... VfX voltage 
• 0.-0 ... RO-R2. AAO. AA1 ... Vdisp voltage 

(Note 5) Pull-down MOS current is excluded. 
(Note 6) When·fosc=x[MHzl. the Current Dissipation in Operation mode and Standby mode are estimated as follows: 

max. value (fosc=x[MHz]) =~x max. value (fosc=4[MHz]) 

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

Item Symbol Pin Name Test Conditions 

Input "High" 
V 1H 

Do - 03, 
Voltage R3 - R5, R9 

Input "low" 
V 1L 

Do - 03, 
Voltage R3- R5, R9 

Do - 03, 
Output "High" V OH 

R3- R8 -IOH = 1.0mA 
Voltage Do - 03, -IOH = 0.01 mA 

R3- R8 

Output "low" VOL Do - 03, IOL = 1.6 mA Voltage R3- R8 

Input/Output 
\lILI 

DO - 03, Yin = OV to VCC 
leakage Current R3- R9 
Pull-Up MOS 

-Ip Do - 03, Vee - 5V 
Current R3- R9 Yin = 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 I/O pins with "with Pull-up MOS" selected by mask option. 

225 

Value 

min typ 

0.7Vee -

-0.3 -

Vee-1.O -

Vee-0.3 -

- -

- -

30 60 

Unit Note 
max 

Vee+0.3 V 

0.22Vcc V 

- V 1 

- V 1 

0.4 V 

1 p.A 2 

120 p.A 3 
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• INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vee = 4V to 6V. GNO = OV. VdilP = Vee -40V to Vee. Ta = -20 to +75°C. if not specified.) 

Item Symbol Pin Name Test Conditions 
min 

Input "High" 
V IH 

04 - 015. R1 
0.7Vee Voltage R2. RAO. RA1 

Input "Low" 
V IL 

04-015. R1 
Vee-4O Voltage R2. RAO. RA1 

-IOH=15mA. Vee=5V±10% Vee-3.O 
04 - 015 

-IOH=9 mA Vee-2.O Output "High" VOH Voltage 
RO- R2 

-IOH=3 mAo Vee=5V±10% Vee--3.O 
-IOH=1.8 mA Vee-2.O 

04-015 
V disp = Vee -40V RO-R2 -

Output "Low" 
Voltaye 

VOL 
04-015 
RO-R2 

150kn to Vcc-4OV -

Input/Output 
IIILI 

04-015 
Leakage RO-R2 V in = Vee-40V to Vee -
Current RAO. RA1 

Pull Oown MOS 
04-015 

VdilP = Vee -35V 
Id RO-R2 125 

Current 
RAO. RA1 V in = Vee 

(Note 11 Applied to I/O pins with "with Pull-down MOS" selected by mask option. 
(Note 21 Applied to I/O pins with "without Pull-down MOS (PMOS Open Drainl" selected by mask option. 
(Note 31 Pull-down MOS current and output buffer current are excluded. 
(Note 41 Applied to I/O pins with "with Pull-down MOS" selected by mask option. 
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Value 

typ 

-

-
-
-
-
-

-

-

-

250 

Unit Note 
max 

Vee+0.3 V 

0.22Vee V 

- V 

- V 

- V 

- V 

Vee-37 V 1 

Vee-37 V 2 

20 p.A 3 

500 p.A 4 
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• AC CHARACTERISTICS (Vee =4V to 6V. GND = OV. VdilP = Vee -40V to Vee. Ta = -20 to +75°C, if not specified.) 

Test Value 
Item Symbol Pin Name Conditions Unit 

min typ max 

o~ S Oscillation Frequency faIC OSCI.OSC1 0.4 4 4.5 MHz 

~.~ ~ Instruction Cycle Time tCyc 1.78 2 20 p.s 
~~~ Oscillator Stabilization u~O 

Time tRC OSCI.OSC1 - - 20 ms 

Oscillation Frequency talC OSC I .OSC2 Rf=20k!l±2% 1.8 3.0 4.2 MHz 
... 0 
0 ... 

. ~~ Instruction Cycle Time tCyc Rf=20k!l±2% 1.9 2.66 4.44 p.s 
QJ U 

a:: a Oscillator Stabil ization 
tRC OSC I ,OSC2 Rf=20k!l±2% - - 0.5 ms 

Time 

External Clock Frequency tcp OSCI 0.4 - 4.5 MHz 

.It External Clock "High" 
tCPH OSCI 100 - - ns U Level Width 0 

U External Clock "Low" 
tCPL OSCI 100 - -c;; 

Level Width ns 
E 
~ External Clock Rise Time tCPr OSCI - - 20 ns x 
w External Clock Fall Time tCPf OSCI 20 - - ns 

Instruction Cycle Time tCYC 1.78 - 20 p.s 

INTo "High" Level Width tlOH "INTo 2 - - tcyc 

TNTo "Low" Level Width tlOl INTo 2 - - tcyc 

INTI "High" Level Width tllH INTI 2 - - tcyc 

INTI "Low" Level Width till INTI 2 - - tcyc 

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

Input Capacitance Cin all pins 
f=lMHz - - 15 pF V in = OV 

RESET Fall Time tRSTf - - 20 ms 

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after VCC 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. 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.l94304MHz NC-18C(Nihon Denpa Kogyo) 

Rf: lMn. ±2% 

C, : 22pF±20% 

C2 : 22pF±20% 

(Note 2) 

OSC, 

tCPr tCPf 

(Note 4) 

RESET 

Ceramic filter oscillator Resistor oscillator 

C, 
,.--I 

Ceramic I filterc::::::l 

7~t eSC1 

Rf 

OSC, 

GND 
Ceramic filter: CSA4.00MG (Murata) Rf: 20kll±2% 

Rf : lMHz±2% 

C, : 30pF±20% 

C2 : 30pF ±20% 

(Note 3) 
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Note 

1 

1 

2 

2 

2 

2 

2 

2 

3 
3 

3 

3 

4 

4 
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• SERIAL INTERFACE TIMING CHARACTERISTICS 
(Vee -4V to 6V, GND = OV, Vdilp· Vee -40V to Vee. Ta = -20 to +15°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 tSCKf SCK (Note 2) - -
Serial Output Data 

toso SO (Note 2) - -
Delay Time 

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

(Note 11 Timing Diagram of Serial Interface 

SCK Vee-2.0V(0.7Vee>. 

0.8V(O.22Vcc) • 

so 

SI >-{
t SSI 

____ -« O.7Vcc 

'\... ____ . _ O.22Vcc 

• Vcc - 2.0V and O.BV are the threshold voltage for transfer clock output. 
0.7 Vce and 0.22 Vce are the threshold voltage for transfer clock input. 

(Note 21 Timing load Circuit 

Test 
Point 

Vee 

C R 1520748 ~
Rl=2'6k!.l 

30pF 12kQ or Equiv. 
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Unit Note 
max 

- tcyc 1.2 

- tSCYC 1.2 

- tScyC 1.2 

100 ns 1.2 

100 ns 1.2 

300 ns 1.2 

- ns 1 

- ns 1 

Unit Note 
max 

- tcyc 1 

- tscyc 1 

- tScyC 1 

100 ns 1 

100 ns 1 

300 ns 1.2 

- ns 1 

- ns 1 
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• CHARACTERISTICS CURVE (REFERENCE DATA) 

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

..".max. 

~ 
~ 

V 
o 2 3 4 5 

fosdMHz) 

lee vs. foscCharacteristics 
(Crystal. Ceramic Filter Oscillator Option) 

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

3 

0 

2.0 

...... 1.6 
< 
E 
~ 1.2 
J 
j 0.8 

0.4 

o 

./ 
V max

. 

./ 
/' 

V 

2 3 4 5 

fosC<MHz) 

Icc vs. fosc Characteristics 
(Resistor Oscillator Option) 

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

ISBY1 

./max. 

~ ISBY2 
/max. 

y V 
~ 

.. ~ ... 

2 3 4 5 

fosdMHz) 
ISBY vs. folc Characteristics 
(Crystal. Ceramic Filter Oscillator Option) 
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4 

3 

o 

4 

3 
< 
E 
'U2 
.E 

0 

2.0 

1.6 

< 
E 

';::; 1.2 
.;. 
~ 0.8 
J 

0.4 

o 

Ta=-20-+75'C 
fosc=4MHz 

max. 

V 

2 3 

VcC<V) 

/ 

4 5 

lee vs. Vee Characteristics 

6 

(Crystal, Ceramic Filter Oscillator Option) 

Ta=-20-+75'C 

m'ax. fosc=4MHz 

./ 
V 

~ 

2 3 4 5 6 

Vcc(V) 

lee vs. Vee Characteristics 
(Resistor Oscillator Option) 

Ta--20-+75'C 
I;BY1 fosc=4MHz 
max. 

~~::: V 
./ 

i"'" 

2 3 4 5 6 

VccCV) 

ISBY vs. Vee Characteristics 
(Crystal. Ceramic Filter Oscillator Option) 
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< 
E 

2.0 

1.6 

'r:; 1.2 
j 
j 0.8 

0.4 

o 

500 

Ta=-20-+75"C ISBY: 
Vcc=5V /max. 

I V V ISBY2 
max. 

~ V 

~ 
V 

'" 

2 3 4 

fosdMHz) 

ISBY vs. fose Characteristics 
(Resistor Oscillator Option) 

5 

1 _I 1 I 
Ta=-20-+75"C 

400 

< 300 

~ 
T 200 

100 

o 

15 

~10 
« 
E 
C ·e 
oJ 

.2 

5 

o 

./ 
max . 

~ 
V 

V 
V V 

10-- I--I--I--I--

typo 

min. 

2 3 4 5 6 

VcdV) 
-I p (Pull·up MOS Current) vs. 
Vee Characteristics 

Ta=-20-+75"C 

/" 
/ 

/ 
/ /V 

/ V 
// 

// I,....--

// V 

# V 
// 

..IV , 
[7 

2 3 
VOL(V) 

IOL min. vs. VOL Characteristics 
(Standard Pin) 

Vcc=6V 

Vcc=5V 

Vcc=4V 
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2.0 

1.6 

0.4 

o 

500 

400 

Ta=-20-+75"C 
fosc=4MHz 

2 3 

VcdV) 

v: 
V 

ISBY1 
x. 

lAma ISBY2 vax. 

4 5 6 

ISBY vs. Vee Characteristics 
(Resistor Oscillator Option) 

Ta=-20 - +75°C 1 
max. 

I--I--
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./ 
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II 

J 
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c( 

~ 
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100 

o 

I V 
I V 
L 
'LV 
r/ 

.L 

10 20 30 40 

Vcc-Vdisp(V) 
Id (Pull·down MOS Current) vs. 
(Vee - VdisP) Characteristics 

4 Ta=-20-+75"C 

< 

tyP., 
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50 

5 3t---t---+---+--t---::~~ 
C 

.~ 2~--~--~----~~~~ 

.E 
1 

2 
VCC-VOH(V) 

3 

-IOH min vs. (Vee - VOH) Characteristics 
(Standard Pin "CMOS") 
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30 

Ta=-20-+75"C V 
Vcc=6V 

1/ 
J 

j ...... V 
V / .J~ Vcc=4V 

Vcc=4.5V 

20 

I .IV' 
V 

V " I II 
'~ 

~,. 

J.~ 

i" 
" o 2 3 4 5 

VCC-VOH(V) 

-IOH min. vs. (Vee - VOH) Characteristics 
(04 - 015 Pins) 

• 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. 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 Vee. 

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

• OSC.,OSC2 

These are Input pins to the internal oscillator circuit. They 
can be connected to crystal resonator, ceramic filter reso­
nator, Rf oscillator, or external oscillator circuit. Select the 
circuit of MeU by mask option corresponding to the oscillator 
type. For details, see "INTERNAL OSCILLATOR CIRCUIT." 

• D-port (Do to 0. 5 ) 
D-port is a I-bit Input/Output common port. Do 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 Rl 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· 
cuit type. R32, R33, R40, R4. and R42 are also available as 

6 
Ta= -20- +75"C 

5 

/ 
V 

4 

J ./ 

V V ~ V 

J~ ~ 
V 

~ ~ 
o 2 3 

VCC-VOHeV) 

/V 
V 

I-' 10-
V .-10-
I"" 

4 5 

Vcc=6V 

Vcc=4.5V 

Vee=4V 

-IOH min. vs. (Vee - VOH) Characteristics 
(RO - R2 Pins) 

INTo, INT., SCK, SI and SO respectively. For details, see 

"INPUT/OUTPUT" . 

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

nally. INTI can be used as an external event input pin for 
TIMER-B. INTo and INT. are also available as R32 , and Rn 
respectively. For details, See "INTERRUPT". 

• SCK,SI, SO 
These are Transfer clock I/O 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 ~o,~. and ~2 respec­
tively. For details, see "SERIAL INTERFACE". 

• ROM MEMORY MAP 
MCU includes 4096 words x 10 bits ROM. ROM memory 

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

• Vector Address Area ..... $0000 to $OOOF 
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 

231 

CAL instruction allows to branch to the subroutines in 
$0000 to S003F. 

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

SOFFF as a pattern. 

• Program Area ...... $0000 to $OFFF 
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o 

15 
16 

63 
64 

4095 
4096 

16383 

I Vector Address 

Zero-Page Subroutine 

(64Words) 

Program 
Pattern 

(4096Words) 

$0000 

$oooF 
$0010 

\ 
$003F 
$0040 

$OFFF 
$1000 

$3FFF 

0_ JMPL Instruction -
1 (Jump to RESET Routine) 

2_ JMPL Instruction -3 (Jump to INTo Routine) 

4 JMPL Instruction 
5- (Jump to INT, Routine) -
6 JMPL Instruction 

7 - (Jump to TIMER-A Routine) -

8 JMPL Instruction - -
9 (Jump to TIMER-8 Routine) 

10 

11 

12 JMPL Instruction 
~ -

13 (Jump to SERIAL Routine) 

14 

15 

$0000 

$0001 

$0002 

$0003 

$0004 

$0005 

$0006 

$0007 

$0008 

$0009 

$oooA 

$oooB 

$OOOC 

$0000 

$oooE 

$oooF 

Fig. 1 ROM Memory Map 

• RAM MEMORY MAP 
MeV includes 256 digits x 4 bits RAM as the data area and 

stack area. In addition to these areas, interrupt control bits 

o 

31 
32 

47 
48 

223 
224 

959 
960 

1023 

RAM-mapped Registers 

Memory Registers(MR) 

~------------------

Data 

( 192Digits) 

Not Used 

Stack 
(64Digits) 

$000 

$OlF 
$020 
\ 
$ 02F 
$030 

$ODF 
$OEO 

$ 3BF 
$3CO 

$3FF 

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 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 
~ 

11 
12 

31 

Interrupt Control Bits 

Port Mode Reg. (PMR) :W 

Serial Mode Reg. (SMR) .W 

Serial Data Reg. Lower (SRL) !R!W 

Serial Data Reg. Upper (SRU) :R/W 

Timer Mode Reg. A (TMA)! W 

Timer Mode Reg. B (TMB) I W 

TIMER-B • 
(TCBLITLRL) :RiW 

(TCBUITLRU): R/W 

Not Used 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$007 

$008 

$009 

$OOA 

$OOB 

$OOC 

$OlF 

* Two registers are mapped on same address. 

R :Read Only 

W :Write Only 

R/W:Read/Write 

Fig. 2 RAM Memory Map 
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bit 3 bit 2 bit 1 bit 0 

IMO IFO RSP I/E 

(1M of INTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 
o $000 

IMTA IFTA IM1 IF1 

(1M of TIMER-A) (IF of TIMER-A) (1M of INT t ) (IF of INT t ) 
$001 

Not Used Not Used 
IMTB IFTB 

(1M of TIMER-B) (IF of TIMER -B) 
2 $002 

Not Used Not Used 
IMS IFS 

(1M of SERIAL) (IF of SERIAL) 
3 $003 

IF Interrupt Aequest Flag 
1M Interrupt Mask 
lIE Interrupt Enable Flag 
SP Stack Pointer 
(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by AEM/AEMD 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 $OOB 
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 

MA(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(8) $ 028 level 8 

• Data Area ..... $020 to $ODF 
16 digits of $020 to'$02F are called memory register (MR) 

and accessable by LAMR and XMRA instructions. 

• Stack Area .... $lCO to $lFF 
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. 

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 level 

$ 02A level 

$ 028 level 

$ 02C level 

$ 020 l-evel 

$ 02E level 

7V 6 1 
5 

4 
3 1 

2 
1 

PC" $ 3FC 

PC 10 PC, $ 3FD 

CA PC" $ 3FE 

~ 'iiC;" -;;-c;- PC o $ 3FF 023 
MR(15) $ 02F 1023 level 

PCI3 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), 8 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, I/O 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. 

• 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) 
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 "1" 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 

L....-___ ....JI .. cc ....... ,o< 

L-___ ....J SPY "'gill.' 

L....-______________ ....JI .. o~:., 

...... 1 : ......... 1 ........ , 1_, ...... I'...l-I ___ --,I s.;:~ .• , 
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 (INTo, INTd, 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 "0", arid the Interrupt Mask (1M) is set to 
"1" 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 anyone of 
the five interrupt sources. 

The interrupt request is generated when the Interrupt Re­
quest Flag is set to "1" and the Interrupt Mask is "0". If the 
Interrupt Enable Flag is "1 ", 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 fmishes 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. 

234 



----------------------------------------------------------------HMCS404C 

1000.0 

IEr-------------------__ -1~ 
Sequence Conlrol 
· Pu'" PC CA ST 

1001.0 

1001.2 

1003.0 

· Reset Ilf 

· Jump to Vector 
Address 

Priority Control 
PLA 

Fig.6 Interrupt Circuit Block Diagram 

Table 1. Vector Addresses and Interrupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET - $0000 

INTo , $0002 

INT, 2 $0004 

TIMER-A 3 $0006 

TIMER-B 4 $0008 

SERIAL 5 $OOOC 

Table 2. Conditions of Interrupt Service 

~ Interrupt source INTo INT, TIMER-A TlMER-B 
control bits 

I/E , , , , 
IFO·IMO 1 0 0 0 

IF1 ·IM1 * 
, 0 0 

IFTA ·IMTA * * 1 0 

IHS ·IMTB * * * 1 

IFS ·IMS * * * * 
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SERIAL 

1 

0 

0 

0 

0 

1 

• Don't care 
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Instruction 

Cycles 

Instruction 
execution 

Interrupt 
accepted 

2 

Stacking, 
Reset of lIE 

3 

Stacking, 
Vector address 
is generated 

4 5 

JMPL instruction exacution on the 
vector address 

6 

Fig. 7 Interrupt Servicing Sequence 

Instruction 
Execution at 
starting address 
of the interrupt 
routine 

• Interrupt Enable Flag (lIE: $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 

o Disable 

Enable 

• External Interrupt (INTo, INTI) 
To use external interrupt, select R32 /INTo, R33/INT I port 

for INTo, INTI mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (lFO, IFI) are set at 
the falling edge of INTo, INT I inputs. 

INT I 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 I as TIMER-B external event, an External Interrupt 
Mask (IMI) has to be set so that the interrupt request by INTI 
will not be accepted. 

• External Interrupt Request Flag (lFO: $000,2, IF1: $001,0) 
The External Interrupt Request Flags (IFO, IFI) are set at 

the falling edges of INTo, ~ inputs respectively. 

• External Interrupt Mask (lMO: $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 

o No 

Yes 
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Table 5. External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

o Enable 

Disable (masks) 

• Port Mode Register (PMR: $O04) 
The Port Mode Register is a 4-bit write-only register which 

controls the R32/INTo pin, R33/INTI pin, ~dSI pin and 
~2 ISO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MeU reset, so that all these pins are set 
to a port mode. 

Table 6. Port Mode Register 

PMR 
R33/INTI pin 

bit 3 

0 Used as R33 port input/output pin 

Used as I NT I input pin 

PMR 
R32/INTo pin 

bit 2 

0 Used as R32 port input/output pin 

Used as I NT 0 input pin 

PMR 
R41 /SI pin 

bit 1 

_0 Used as R41 port input/output pin 

Used as SI input pin 

PMR 

bit 0 
R42/S0 pin 

0 Used as R42 port input/output pin 

Used as SO output pin 
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No 

Yes 

Yes 

PC+-S 0002 

PC+-S 0004 

PC+-S 0006 

PC..-$ 0008 

PC"-$ OOOC 

Fig.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 illus· 
trated in Fig. 9. Pin ~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· 

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. 

Fig.9 Serial Interface Block Diagram 

• Serill Mode Register (SMR: SOO5) 
The Serial Mode Register is a 4·bit write-only register. This 

register controls the ~o/SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The ~rite 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. 
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• Serill Olte Register (SRL: $006, SRU: $007) 
The Serial Data Register is an 8-bit read/write register. It 

consists of a low·order digit (SRL:$OO6) 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 

Bit3 

o Used as R40 port input/output pin 

Used as SCK input/output pin 

SMR Transfer Clock 

Prescaler System Clock 
Bit 2 Bit 1 BitO R4o/SCK Port Clock Source Divide Divide 

Ratio Ratio 

0 0 0 SCK Prescaler +2048 +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 

1 0 1 SCK Prescaler 2 4 Output 

1 1 0 SCK System - 1 Output Clock 

1 1 1 SCK External - -Input Clock 

Transfer Clock 

Serial Output Data 

Serial Input Data 

Latch Timing I I I I I I I I 
Fig. 10 Serial Interface I/O Timing Chart 

• SERIAL Interrupt Request Flag (lFS: $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 Interrupt Mask (lMS: $003, 1) 
The SERIAL Interrupt Mask masks the interrupt request. 

Table 8. SERIAL Interrupt Request Flag 

SERIAL Interrupt Request Flag Interrupt Request 

o No 

Yes 

Table 9. SERIAL Interrupt Mask 

SERIAL Interrupt Mask Interrupt Request 

o 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 simultaneojJsly. 

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 fonowing 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 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 0 
Serial Interface Operating Mode 

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 t--

• Transmit Mode 
• Receive Mode 
• Transmit/Receive 

Mode 

SCK Waiting State 
(Octal Counter = "000") 

(
Octal Counter = "000" ) 
Transfer Clock Disable 

Change PMR* 

Transfer Clock 

8 Transfer Clocks, 
STS Instruction 

(lFS +-",") 

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 ll-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 "0". 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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t-"--'-'-'--~ TCA(8bit) 
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 MeV 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 
"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 
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 lINT I 
as INT I and set the External Interrupt Mask (1M 1) to "1" 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 initio 
alized again and generate overflow output. In this case if the 
auto·reload function is selecled. 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. 
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• Timer Mode Register A (TMA: S008) 
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 MeV reset. 

• Timer Mode Register B (TMB: SOO9) 
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 inpu t signal, as shown in Table 12. 

The Timer Mode Register B is initialized to $0 by MeV 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 TLRV after the content of TMB 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 

Bit 3 
Auto·reload Function 

o 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 

1 1 0 2 

1 1 1 INTI (External Event Input) 

• TIMER-B (TCBL: $OOA, TCBU: $OOB) 
TLRL: $OOA, TLRU: $OOB 

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: $OOA, TLRL: $OOA) and a high­
order digit (TCBU: $OOB, TLRU: $OOB). 

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 MCV reset. 

The counter value of TIMER-B can be obtained by reading 

PMR:$ 004 

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 (lFTA: $001,2) 
The TIMER-A Interrupt Request Flag is set by the overflow 

output of TIMER-A. 

• TIMER-A Interrupt Mask (lMTA: $001,3) 
TIMER-A Interrupt Mask prevents an interrupt request 

generated by TlMER-A Interrupt Request Flag. 

Table 13. TIMER·A Interrupt Request Flag 

TIMER·A Interrupt 
Request Flag 

o 
Interrupt Request 

No 

Yes 

Table 14. TlMER·A Interrupt Mask 

TIMER·A Interrupt 
Mask 

o 
Interrupt Request 

Enable 

Disable (Mask) 

• TIMER-B Interrupt Request Flag (lFTB: $002, 0) 
The TIMER-B Interrupt Request Flag is set by the overflow 

output of TIMER-B. 

• TIMER-B Interrupt Mask (lMTB: $002, 1) 
TIMER-B Interrupt Mask prevents an interrupt request 

generated by TIMER-B Interrupt Request Flag. 

SMR:$ 005 

Transfer clock selection 

R.o/SCK pin mode selection 

'------ R.a ISO pin mode selection 

L-_______ R.I/SI pin mode selection 

L-_________ R3a/iNTo pin mode selection 

L-____________ Ru/lNTI pin mode selection 

TMA:$008 TMB:$009 

I><ITMA21TMA ,I™AOI 

. ' l' L TIMER·B input clock selection 

r l Auto-reload function selection 

~ TIMER·A input clock selection 

Fig. 14 Mode Register Configuration and Function 

242 



----------------------------------------------------------------HMCS404C 

Table 15. TIMER-B Interrupt Request Flag 

TIMER-B Interrupt 
Request Flag 

o 
Interrupt Request 

No 

Yes 

Table 16. TIMER-B Interrupt Mask 

TIMER-B Interrupt 
Mask 

o 

• INPUT/OUTPUT 

I nterrupt Request 

Enable 

Disable (Mask) 

The MeU 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)", (8) "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 

Pull up MOS (e) 

approximately 40kn 
to 160kn 

NMOS(A) 

open drain)", or (E) "With pull-down MOS". As pull-down 
MOS is connected to internal V disp line, select RAl IV dmp 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. 

8y 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 (8) to make the transient time 
shorten to obtain "High level", if the output data is changed 
from "0" to "1". In this case, the "write pulse" allows the 
PMOS (8) to tum "ON" as long as 1/8 instruction cycle. While 
"write pulse" is "0", pull-up MOS (C) may retain the output 
in high level. 

The HLT signal becomes "0" in stop mode, so that MOS (A) 
(8) (C) tum "OFF". 

Write pulse 
(Output 

.---f-------- instruction) 

t----+-------9"-- HL T 

Data 

1 Instruction cycle 

~I 

Output instruction execution 

Write pulse ___ ----'n'----_ 
Fig. 15 Output Circuit Operation of Standard Pins with "with Pull-up MOS" OPtion 
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Table 17 I/O Pin Circuit Type 

Without pull-up MOS With pull-up MOS Applied (NMOS open drain) CMOS (C) 
(A) (B) pins 

~ 
input 

~'OP", Jf;'OP"' I/O 
data V. data write V. data Do -03, 

~~ 
ee 

R30 -R33, common ~HLT pins 
HLT R40 -R43 , 

HLT 

~utPut Rso -RS3 
output output 

data data data 

III 
r:: 

~~~ 
Vee 'Q. R60-R63 , 

'E Output pulse 

cr1~HLT nI pins HLT 
R70-R73 , 

~ ~~HLT 
Rao-Ra3 c 

~ output output output 
data data data 

Vee 

InpiJt 

~ H~ pins input HL T input R90-R93 
data data 

Without pull-down MOS 
With pull-down MOS (E) Applied pins (PMOS open drain) (D) 

Vee 

~~HLT ~HLT 
I/O 

0-
output o output 04-0 1S, 

common data data 
RIO -R l3 , 

pins 
Vee RlO-Rl3 

HL~ input Vdisp HLT input 
-... data data 

... Vee 
c Vee 'Q. 

~KJ=HLT III 
cJK]::HLT 0) output 

:! Output 
output data 

g data 
pins Roo-R03 

.s:; Vee 
,21 
:I: Vdisp 

Input ~input ~IO~' RAO, data data 
pins Vee RA1 IVdisp 

Vdisp 

(Note) In the stop mode, HLT signal is "0" and I/O 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 (A or C) 

SCK SCK 
,., 
HlT 

I/O Vcc HlT 

V'~ common H l T +mode select o-~ HL T+"od'_~ SCK 
pins 

0- ~ ; ... ",' SCK internal SCK 

'" 

~:' 
c Vcc .0. 

~::' 
"E Output 
co SO 

"0 pins c 
co 
ci) 

Input INTo. 

pins INTI. o----e- input 
o---e- input SI 

data 
data 

HlT HlT 

(Note) In the stop mode, Hl T signal is "0", Hl T signal is "'" and I/O pins are in high impedance state. 

Table 18 Data Input from Input/Output Common Pins 

I/O pin circuit type Possibi I ity Available pin condition 
of Input for input 

CMOS No -
Standard Without pull-up 
pins MOS Yes "1" 

(NMOS open drain) 

With pull-up MOS Yes "1" 

Without pull-down 
High MOS Yes "0" 
voltage (PMOS open drain) 
pins With pull-down 

MOS Yes "0" 
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• D-port 
D-port is I-bit I/O 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 TOD instructions. 
Table 17 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, 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 
MCV will not be affected by writing into the input-only and/or 
non-existing ports, invalid data will be read by reading from the 

<iutput-only and/or non-existing ports . 
The R3~33, R40, R41 and R4:i pins are also used as the INTo, 
INTI, 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 MCV is reset by setting RESET pin to "I". At power 

ON or recovering from stop mode, apply RESET input more 
than tRe to obtain the necessary time for oscillator stabiliza­
tion. In other cases, the MCV reset requires at least two instruc­
tions cycle time of RESET input. 

Table 19 shows initialized items by MCV 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 O. 

(A) Without pull- "1" Enable to input. 
upMOS 

Standard pin (B) With pull-up "1" Enable to input 
MOS 

(C) CMOS "1" -
I/O pin 

(0) Without pull-output register "0" Enable to input. 
High voltage down MOS 
pin (E) With pull-

"0" Enable to input. down MOS 

Interrupt Enable Flag (I/E) "0" Inhibit all interrupts. 

Interrupt flag Interrupt Request Flag (I F) "0" No interrupt request. 

Interrupt Mask (1M) "1" Mask interrupt request. 

Port Mode Register (PM R) "0000" See Item "Port Mode Register". 

Mode register 
Serial Mode Register (SMR) "0000" See Item "Serial 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) 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 (A) 
The contents of the items before The contents of the items before 

B Register (B) 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/SPY) 

Serial Data Register (SR) 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) 

Divider 
circuit 
1/8 

Timing 
generator 
circuit 

Fig. 16 Internal Oscillator Circuit 

System 
clock 

• Oscillator Circuit 

External clock 
operation 

Resistor 
oscillator 

Ceramic filter 
oscillator 

Crystal 
oscillator 

Table 20 Examples of Oscillator Circuit 

Circuit configuration 

Oscillator 

D- OSC, 

Open- OSC. 

esc. 
Rf 

OSC. 

cerami1~~~ OSC, 
filter T~ :F f 

L~""OSC2 C2 ~ ______ _ 

GND 

ATcut parallel resonance crystal 

~,~ 
O~f--2-IOsC. 

Co 

Remarks 

Rf: 20kn±2% 

Ceramic filter CSA4.00MG (Murata) 
Af : 1MO±2% 
C. : 30pF±20% 
C, : 30pF± 20% 

• Wiring between these pins and elements should be as short as possible, 
and never cross the other wirings. (Refer to Fig. 17) 

Af : 1MO±2% 
C. : 10-22pF±20% 
C. : 10-22pF±20% 

Crystal: ATcut parallel resonance crystal 
Co : 7pF max. 
As :600 max. 
f : 2.0-4.SMHz 

.Wiring between these pins should be as short as possible, and 
never cross the other wirings. (Refer to Fig. 17) 

Note) Please consult with the engineers of crystal or ceramic filter maker to determine the value of Af, C. and C •. 
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Do 

GND 
"¥-" _-o--o-J 

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 
Interfece 

Standby mode SBY Active Stop Retained Active 
'31 RESET Input, 

instruction Retained Retained Active Interrupt request 

Stop mode STOP Stop Stop RESET'I) 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 I!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 (I,top)' 

·3) As. I/O circuit is active. a I/O current possibly flows according the state of I/O pin. This is the additional current to the current dissipation in 
Standby Mode (lSBY1, ISBY2)' 

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/ 
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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 "0", 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 tRe 
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. 



---------------------------------------------------------------HMCS404C 

Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

Restart 
Processor Clocks 

(A) 

Reset MCU 

Fig. 19 MCU Operating Flowchart 

Stop mode 

"""11 IIITI'I"I'IIIIIITI'I"I'IIIIIITI'I"I'IIIIIITI"I'TI III ITI"I'TIII I I : 

'"" .. "000' ~_ 
t I 

Oscillator 

RESET 

STOP instruction execution (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 MeV provides three RAM address­

ing modes; Register Indirect Addressing, Direct Addressing and 
Memory Register Addressing. 

• Register Indirect Addressing 
The combined lO-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. 

W-Register X-Register Y -Register 
,--------...,r--------..\r"---=----..... 

(a) Register Indirect Addressing 

Instruction 1 st Word Instruction 2nd Word 

(b) Direct Addressing 

Instruction 

"0" "0" "0" "0" "1" "0" 

RAM Address 

(e) Memory Register Addressing 

Fig. 21 RAM Addressing Mode 
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• ROM ADDRESSING MODE AND P INSTRUCTION 
The MCV 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 n to 
PCo) with 14-bit immediate data. 

• Current Page Addressing Mode 
MCV has 8 pages of ROM(256 words in each page).The pro­

gram branches to the address in the same page using BR instruc­
tion. This instruction replace the low-order eight bits of pro-

(JMPL) 
(BRL) 
(CALL) 

Instruction 1st Word 

gram counter (pC 7 to PCo) with 8-bit immediate data. 

• 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 (PCs to PCo) and '.'O's" are placed in high-order ei~lt 
bits (pCl3 to PCe). The branch destination by BR instruction 
on the broundary between pages is given in Fig. 24. 

• 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 

(TBR) 

(BR) 

Program Counter PC" PC 12 PC II PC •• PC. PC, 

(b) Current Page Addressing 

(e) Zero Page Addressing 

Instruction 

OP Code 

Program Counter 

(d) Table Data Addressing 

Fig. 22 ROM Addressing Mode 
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Instruction 

(P) OP Code 

"0" "0" 

Referred ROM Address RA 13 RA. 2 RAIIRA.o RA9 RA. 

(a) Address Designation 

: If ROB = 1 

: If R0 9 = 1 

(b) Pattern 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 

NOP 

8A AAA 256n + 254 

~_=BR~BB=B __ _I~::~n:2,~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 
"I", ROM data are written into the accumulator and B Register 
and also to the Rl and R2 port output register at a same time. 

The P instruction has no effect on the program counter. 

• INSTRUCTION SET 
The HMCS400 series provide 99 instructions. These instruc-

tions are classified into 10 groups as follows; 
(I) Immediate Instruction 
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(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 

(10) Control Instruction 



------------------------------------------------------------------HMCS404C 

Table 22. Immediate Instruction 

wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Load A from Immediate LAI i 1 0 0 0 1 1 i3 i2 i, io i-A 1/1 

Load B from Immediate LBI i 1 0 0 0 0 0 iJ i2 i, io i-B 1/1 

Load Memory from Immediate LMID i,d 
&JaJ7&J5 ~~~~~~~ ~ i-M 2/2 

Load Memory from Immediate, Increment Y LMIIY i 1 0 1 0 0 1 i3 i2 i, io i---+M,Y+1---+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 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 m3m2m,mO MR(m)---+A 1 '1 

Exchange MR and A XMRAm 1 0 1 1 1 1 m3m2m,mO MR(m)~A 1/1 

Table 24. RAM Address Instruction wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Load W from Immediate LWI i 001 1 1 1 b i2 i, i. i-W 1/1 

Load X from Immediate LXI i 1 000 1 0 b i2 i, io i-X 1/1 

Load V from Immediate LVI i 1 0000 1 b i2 i, io i-V 1/1 

Load X from A LXA 0011101000 A-X 1/1 

Load Y from A LYA 0011011000 A-Y L' 1 

Increment Y IY 0001011100 Y+1---+Y NZ 1/1 

Decrement Y DY 001 101 1 1 1 1 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 V-SPY 1/1 

Exchange X and SPX,Y and SPY XSPXY 0000000011 X~SPX,Y~SPY 1/1 

Table 25. RAM Register Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
WORD 

ZLE 

Load A from Memory LAM(XY) 00100100yx M---+A, (~::~~~) 1/1 

Load A from Memory LAMD d 0110010000 M---+A 2/2 dgdad7 d6 dsd.d3 d2 d, do 
Load B from Memory LBM(XY) 00010000yx M---+B, (O:~p~) 1/1 

Load Memory from A LMA(XY) 00100101yx A---+M, (~::~~~) 1/1 

Load Memory from A LMAD d 0110010100 A---+M 2/2 
dgda d7 d6 ds d. d3 d2 d, do 

Load Memory from A, Increment Y LMAIY(X) 000101000x A---+M,Y + 1---+YIX·-SPXI NZ 1/1 

Load Memory from A, Decrement Y LMADY(X) 001101000x A---+M,Y -1---+YIX·.SPXI NB 1/1 

Exchange Memory and A XMA(XY) 00100000yx M~A, (~:~m 1/1 

Exchange Memory and A XMAD d 0110000000 M~A 2/2 
dg da d7 d6 ds d4 d3 d2 d, do 

Exchange Memory and B XMB(XY) 00110000yx M~B, (O:~PO) 1/1 
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Note) (XV) and (X) have the meaning as follows: 
(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 : 1 X~SPX 

LAM V 1 : 0 V~SPV 

LAMXV 1 : 1 X ~SPX, V ~SPV 

(21 The instructions with (xl have 2 mnemonics and 2 object codes for each. (example of LMAIV (X) is given below.) 

MNEMONIC FUNCTION 

LMAIV 

LMAIVX XHSPX 

Table 26. Arithmetic Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
WORD ..... 

~LE 
Add Immediate to A AI i 1 0 1 000 i3 i2 i, io A+ i--+A OVF 1/1 

Increment B IB 0001001100 B+1--+B NZ 1/1 

Decrement B DB 001 1001 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 0001100000 A+1--+A 1/1 

Complement B COMB 0101000000 8--+B 1/1 

Rotate Right A with Carry ROTR 0010100000 1/1 

Rotate Left A with Carry ROTL 0010100001 1/1 

Set Carry SEC 0011 101111 1--+CA 1/1 

Reset Carry REC 0011101100 O--+CA 1/1 

Test Carry TC 0001 101111 CA 1/1 

Add A to Memory AM 0000001000 M+A--+A OVF 1/1 

Add A to Memory AMD d ~9 Ja~) ~6 ~5 ~4 J3 ~2 ~1 ~o M+A--+A OVF 2/2 

Add A to Memory with Carry AMC 0000011000 M+A+CA--+A OVF 1/1 

Add A to Memory with Carry AMCD d ~.JA~)~.~ JJ3~2~1 ~o M+A+CA--+A OVF 2/2 

Subtract A from Memory with Carry SMC 0010011000 M-A-CA--+A NB 1/1 

Subtract A from Memory with Carry SMCD d ~9~a~)~6~ ~J3~2~I~O M-A-CA-+A NB 2/2 

OR A and B OR 0101000100 AUB -+A 1/1 

AND Memory with A ANM 0010011100 MiM-+A NZ 1/1 

AND Memory with A ANMD d ~9JaJ)~S~ JJ3J2~ ~o. AnM--+A NZ 2/2 

OR Memory with A ORM 0000001100 AUM-+A NZ 1/1 

OR Memory with A ORMD d ~ J.~)~6~S~4J3J2~1 ~o AUM--+A NZ 2/2 

EOR Memory with A EORM 0000011100 AffiM--+A NZ 1/1 

EOR Memory with A EORMD d l! 1.l!qq 11.100 
d9 da d) ds dsd4 d3 d2 dl do AifJM-+A NZ 2/2 
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Table 27. Compare Instruction 

~ OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Immediate Not Equal to Memory INEM i o 0 0 0 1 0 iJ i2 i, io i 10M NZ 1/1 

Immediate Not Equal to Memory INEMD i.d ~ ~8~7~.JS~'~ ~ ~,~ i iM NZ 2/2 

A Not Equal to Memory ANEM 0000000100 A",M NZ 1/1 

A Not Equal to Memory ANEMD d ~gJa~7~6~5~.~3J2~' ~o AIM NZ 2/2 

B Not Equal to Memory BNEM 0001000100 B/M NZ 1/1 

Y Not Equal to Immediate YNEI I 00011 1 iJ b i, io Yi-i NZ 1/1 

Immediate Less or Equal to Memory ILEM i 00001 1 iJ h i, io i ~M NB 1/1 

Immediate Less or Equal to Memory ILEMD i.d ~9J8~7~.J5J.~ ~,~\ ~ i ~M NB 2/2 

A Less or Equal to Memory ALEM 0000010100 A~M NB 1/1 
---------------- ----

0100010100 A Less or Equal to Memory ALEMD d dg da d7 d6 d5 d. d3 ~Q A~M NB 2/2 
--------------------------
B Less or Equal to Memory BLEM 0011000100 B~M NB 1/1 
----
A Less or Equal to Immediate ALE I i 1 0 1 0 1 1 iJ i2 i, io A~ i NB 1/1 

Table 28. RAM Bit Manipulation Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION 2 STATUS 
CYCL 

Set Memory Bit SEM n 00 1 0000 1 n,no 1--M(n) 1/1 

Set Memory Bit SEMD n.d 01 1 00001 n,no 
dg ded7 d6 d5 d. d3 d2 d, do 1--+M(n) 2/2 

Reset Memory Bit REM n 001 000 1 0 n,no O--+M(n) 1/1 

Reset Memory Bit REMD n.d o 1 1 00 U. 1 U. n,no 
dg d8 d7 d6 d5 d. d3 d2 d, do O--+M(n) 2/2 

Test Memory Bit TM n 001 0001 1 n,no M(n) 1/1 

Test Memory Bit TMD n.d q 1 1 000 1 1 n,no 
dg da d7 d6 ds d. d3 d2 d, do M(n) 2/2 

Table 29. ROM Address Instruction 

I MNEMONIC ~ OPERATION OPERATION CODE FUNCTION STATUS 
CYCL 

Branch on Status 1 BR b 1 1 b7b6b5b4bJb2b,bo 1 1/1 

Long Branch on Status 1 BRL u o 1 0 1 1 1 PJP2P,PO 1 2/2 dg da d7 d6 d5 d. d3 d2 d, do 
Long Jump Unconditionally JMPL u o 1 0 1 0 1 PJP2P'PO 

dgdsd7d6d5d.d3d2d, do 2/2 

Subroutine Jump on Status 1 CAL a o 1 1 1 a5a4aJa2a,aO 1 1/2 

Long Subroutine Jump on Status 1 CALL u ~g Js ~7 J6 J5 ~4 ~~:~,'~g 1 2/2 

Table Branch TBR P o 0 1 0 1 1 PJP2P,PO 1/1 

Return from Subroutine RTN 0000010000 1/3 

Return from Interrupt RTNI 0000010001 l--+I/E 1/3 

Table 30. Input/Output Instruction 

OPERATION MNEMONIC OPERATION CODE ~ FUNCTION STATUS 
YCLE 

Set Discrete I/O Latch SED o 0 1 1 1 00100 1--+D(Y) 1/1 

Set Discrete I/O Latch Direct SEDD m 1 0 1 1 1 0 m3m2m,mO l--+D(m) 1/1 

Reset Discrete I/O Latch RED o 0 0 1 1 00100 O--+D(Y) 1/1 

Reset Discrete I/O Latch Direct REDD m 1 o 0 1 1 0 mJm2m,mO O--+D(m) 1/1 

Test Discrete I/O Latch TD o 0 1 1 1 o 0 000 D(Y) 1/1 

Test Discrete I/O Latch Direct TDD m 1 0 1 0 1 0 m3m2m,mO D(m) 1/1 

load A from R-Port Register LAR m 1 o 0 1 0 1 m3m2m,mO R(m)--+A 1/1 

Load B from R-Port Register LBR m 1 o 0 1 o 0 mJm2m,mO R(m)--+B 1/1 

Load R-Port Register from A lRA m 1 0 1 1 o 1 m3m2m,mO A--+R(m) 1/1 

load R-Port Register from B LRB m 1 0 1 1 o 0 m3m2m,mO B--+R(m) 1/1 

Pattern Generation P P o 1 1 0 1 1 P3P2P, Po 1/2 
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Table 31. Control Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS WZ 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 

1"- RS 0 1 

R9~ 0111213141sls171BI91AIsiciolEIF 011 1213141sls171s191AISiCi 0IEIF 

0 

1 

o NOPjxsp1XSPYJS:YIA~M I 
1 RT~RTN~ IAlE"'1 
2 INEM 

3 ILEM 

4 LBM(XY) IBNEM 

s LMAIY(X)I IAVVI 

S NEGA[ IREDI 

7 YNEI 

S XMA(XY) 
I 

SEM n(2) 

9 LAM(XY) I LMA(XY) 

A lI01Rplnl IOMI 
B TBR 

C XMB(XY) I!l.E"'1 
o LMAoY(Xi Isvvl 

E TO/ /SEDI 

F LWI 
0 LBI 

1 LYI 

2 LXI 

3 LAI 

4 LBR 

S LAR 

6 REDO 

7 LAMR 

S AI 

9 LMIIY 

A TOO 

B ALEI 

C LRB 

0 LRA 

E SEOO 

F XMRA 

D ... 1-word/2-cycle 
Instruction 

IAMI IORMI 

IAMCI IEORMI 
;(4) 

;(4) 

ILABI liB I 

IIA9't1 IIY I 

I~ I TC 
;(4) 

.1 REM n(2) I TM n(2) 

ISMCI IANMI 

IDASI I LAY 
p(4) 

I LBAI I DB 

I LYAl lOY 
/LXAI IRECI I SEC 

i(4) 

;(4) 

;(4) 

;(4) 

;(4) 

m(4) I 
m(4) I 
m(4) 

m(4) 

;(4) 

;(4) 

m(4) 

;(4) 

m(4) I 
m(4) I 
m(4) 

m(4) 

D... 1·word/3-cycle 
Instruction 
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FNE'1 rAMOJ ~~ 
1A'-E~ ~MC~ rEORMJ 

INEMO ;(4) 

ILEMO ;(4) 

COMet 10Al ISTSI ISBYISTDf'1 

JMPL p(4) 

CALL p(4) 

BRL p(4) 

~MA~ r SEMO n(2) I REMO n(2) J TMO n(2) 

lAM~ ~~ [SMC~ [MM~ 
LMIO ;(4) 

P p(4) 

CAL a(S) 

BR bIB) 

D ... RAM Direct Address D ... 2-word/2-cycle 
Instruction Instruction 
(2-word/2-cycle) 
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• MASK OPTION LIST 

e Family Name 
ePackage 

• HMCS404C 
o DP-64S 0 FP-64 

el/O Circuit Type A; Without Pull-up MOS (NMOS Open Drain) 

PIN 

D. 
.. 
c: 

f--- ~ 
0 1 

f--- "E 
0, 

IV 
"0 

f--- :; 
Dl cii 
D. 

f---
Os 

f---
D. 

r-o,-----
f---

0, c: 
f--- ~ 

D. ~ r---o-:- '0 r----o.;- > 
-a, 

f--- i D" 

B; With Pull-up MOS 

C; CMOS 

0; Without Pull-down MOS (PMOS Open Drain) 

E; With Pull-down MOS 

I/O OPTION 
INPUT/OUTPUT 

A B C 0 E 

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 .. 
.... 

PIN 

'R l • -
All 

A3 -
A l , 
-
All 

A •• 
-
A' I 

A4 -
A., 

~ 
As. 

R-;-;-
A5 
~ 
~ 
A,. 

r---o-:- R:-Input/Output ..... 
... ... 1:16 f--- R:-D I • Input/Output ... . ........ 

~ 

I.·· ... ....... A:-D" Input/Output <. 
A,. 
-
A7I 

A7 
R:-R •• Output ..... 

~ Output ........... .. 
...... R";;" 

RO 
~ Output .... A,. 
r--

.... .•....... 

-
R. l Output > All - r---- A8 -
RI • I nput/Ou tput 

•••••• 

..... .... All 

~ 
c: 

A:-~ Input/Output > •.• ............. 
Rl 
~ ! Input/Output ( .... < A •• 
r---- '0 ». > ...• -
Ru > Input/Output A91 - r---- -a, A9 

~ R,. i Input/Output 
•• 

.....••...... > •...•.• 
r--

~ 
A2 

RlI Input/Output .• > ................. i.··· 

~ Input/Output ........ <. ... I .••• AAO 
AA 

Date of Order 
Customer 

Dept. 
Name 
AOM Code Name 
LSI Type Numbef 
(Hitachi's entry) 

I/O OPTION 
INPUT/OUTPUT 

A B C D E 

Input/Output 

Input/Output .. 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 
. 

Input/Output . < •.. . ... 

Input/Output 

Input/Output 

Input/Output 

c: Input/Output 
~ 

~ 
Output 

"0 Output c: 
!! 
en Output 

Output . ..... .. 

Output .. . . 

Output > ... 

Output . .... 
Output .. 

Output ..... .. ..... 
Output ...... « ..• 

Output .. : ..... .. 

Output ....... ). 
Input ./ ....... > 

.. . ... < Input > 
Input ..•..• > > • 

Input ............ >.) 

"ih Input I··· •.• · . ...... < 
r--
Rll I nput/Ou tput .............. • ....... I·> RA1 :foG: 

> Input Please Mark on RA1IVdisp 

eRA1IVdiSp(AA1) 0 AA1: Without Pull-down MOS (D) 0 VdisP(VDISP) 
eOsciliator (OSC) 0 Crystal or Ceramic Filter 0 Aesistor Oscillator (AF) 

Oscillator (XTAL) 
eDivider (DIV) • Divide-by-8 (0-8) 
eROM Code Media 0 EPAOM: Emulator Type 0 EPAOM: EPAOM On-Package Microcomputer Type 
Note 1) I/O Options masked by ,., are not available. 
Note 2) AA1/Vdisp has to be selected as Vdisp pin exept the case that all High Voltage Pins are option D. 
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HD614P080S--------------
The HD614P080S is a 4-bit single chip microcomputer 

which has mounted a standard EPROM 2764/27128 for pro­
gram memory. 

The HD614P080S is pin-compatible with the mask ROM 
type HMCS404C/404AC, but has some differences with them as 
shown in Table 33. By modifying the program in the EPROM, 
it can be used for the evaluation of the HMCS404C/404AC, or 
for small-scale production. 

• HARDWARE FEATURES 
• 4·bit Architecture 
• Applicable to 4k or 8k words x 10 bits of EPROM 

4096 words x 10 bits •.•.. HN482764, HN27C64 
8192 words x 10 bits ..•.• HN4827128 

• Data Memory (RAM) Capacity ••••.••. 576 digits x 4 bits 
• 58 I/O Pins - 26 I/O 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 
• 51nterrupts 

External 2 
Timer/Counter 2 
Serial Interface 1 

• Subroutine Stack 
Up to 16 levels including interrupts 

• Minimum Instruction Execution Time; 1.33 ~ 
• 2 Low Power Modes 

Standby - Stops instruction execution while keeping 
clock generator a.nd interrupt functions in­
cluded Timer/Counter and Serial Interface in 
operation 

Stop Stops instruction execution and clock genera­
tion while retaining RAM data 

• Clock Generator 
External Connection of Crystal Resonator or Ceramic 
Filter Resonator (externally drivable) 

• Power Voltage Range; 5V ± 10% 
• I/O 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 HMCS404C/404AC 
• 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 

HD614P08OS 

(DC-64SP) 

• PIN ARRANGEMENT 

0" 1 0 
D"~ 
D •• ~ 
01 .. 4 

D •• ii 
Roo~ 
Ro.~ 
Ro,~ 
Ro.~ 
R.o~ 
R" 11 
R,. 1 

Rll1 

R,o 1 

R" 1 

R22 1 

Rn 1 

R40 1 

R.t/Vdisp 1 

R"" 

RlI 1 

R.,fiNTo 
R33fiNT, 

RIO 

R" 

Ru 

(DVee 

([i)00 

o Dt 

([) 0, 

Ru 7 OGND 

RIO 

Rot 

RI2 

Ro. 1 

Vee 

(Top View) 

Vee @ 

Vee~ 

A .. @ 

Ao@ 

A. @ 

A,,@ 

GND@ 

Ato@ 

CE@ 

0, <!} 

o. <!} 

Oo@ 

O. <!} 

O. @ 

• Binary and BCD Arithmetic Operation 
• Powerful Logic Arithmetic Operation 

0.0 

D. 

D. 

10, 

D. 

D. 

D. 

D. 

0, 

D. 

Do 

GND 

OSC, 

10SC. 

'fEsT 
RESET 

RIl 

R .. 

ROt 

RIO 

Ro. 

Ro, 

Rot 

1 Roo 

Rn 

Rn 

R7t 

R,o 

Ro. 

Ro,ISO 

RotlSl 

Roo~ 

• Pattern Generation - Table Look Up Capability -
• Bit Manipulation for Both RAM and I/O 

• VERSATILE PROGRAM DEVELOPMENT SUPPORT 
TOOLS 

• H68SD Series Macro Assembler 
• H68SD5-use Emulator (With Real Time Trace Function) 
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01 
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Rs, 

R.o/ R.,I R421 
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RAM 576x4bit 
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INTERRUPT 
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SP 
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o 
n 
~ 
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G) 
::a 
~ 
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C 
0) 
..& 

~ 

~ 
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HD614POaoS-------------------------------------------------------------

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit Note 

Supply Voltage Vcc -0.3 to +7.0 V 

Pin Voltage VT 
-0.3 to V cc +0.3 V 3 

Vcc -45 to Vcc +0.3 V 4 
Total Allowance of Input Currents ~IO 50 mA 5 
Total Allowance of Output Currents -~Io 150 mA 6 
Maximum Input Current 10 15 mA 7,8 

4 mA 9,10 

Maximum Output Current -10 6 mA 9,11 

30 mA 9, 12 

Operating Temperature Topr -20 to +75 °c 
Storage Temperature Tstg -55 to +125 "c 

(Note11 Permanent damllgll may occur if "Absolute Maximum Ratings"of the LSI or the EPROM are exceeded. Normal operation should be 
under the condition. of "Electrical Characteristics". If th_ conditions are exceeded, it may cause the malfunction and aHect the 
reliability of LSI. 

(Note 21 
(Note 31 
(Note 41 
(Note 51 
(Note 61 
(Note 71 
(Note SI 
(Note 91 
(Note 101 
(Note 111 
(Note 121 

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 anowance 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) and R3 - RS. 
Maximum output current is the maximum amount of output current from VCC to each 1/0 pin. 
Applied to Do - D) and R3 - RS. 
Applied to RO - R2. 
Applied to D. - DIS. 

• RECOMMENDED APPLICABLE EPROM 

Type No. Program Memory Capacity fosc (MHz) EPROM Type No. 

4 
HN27C64-30 
HN482764-3 

4096 words 

6 
HN27C64-25 

H0614POSOS HN482764 

4 HN4827128-45 
8192 words 

6 HN4827128-25 
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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,SCI<, 
INTo,lNTI 

Input "High" 
VIH Voltage SI 

OSCI 

RESET, SCK, 
INTo,lNTI 

Input "Low" 
V IL Voltage SI 

OSC, 

Output "High" -IOH = 1.0mA 

Voltage VOH SCK, SO 
- IOH = 0.01 mA 

Output "Low" 
VOL SCK, SO IOL = 1.6 mA Voltage 

Input/Output 
RESET, SCK, 

IIIL I INTo,lNT" Vin = OV to Vce Leakage Current 
SI, SO, OSCI 

Crystal or 

Current Ceramic 

Dissipation in ICC VCC Vce = 5V Filter 

Operation Mode Resonator 
fo£ = 4MHz 

Maximum 
Crystal or 

Logic 
Ceramic 

ISBY1 Vce Filter 
Operation 

Resonator 
Current Vec = 5V fo£ = 4MHz 
Dissipation in 

Crystal or Standby Mode Minimum 
Ceramic 

ISBY2 Vec 
Logic 

Filter Operation 
Vee = 5V 

Resonator 
fo£ = 4MHz 

Current Vin (TEST) = Vee 
Dissipation in I stop Vce '" Vec-0 .3V 
Stop Mode Vin (RESET) = 0 '" 0.3V 

Stop Mode 
Vstop Vcc Retain Voltage 

(Note 1) 
(Note 2) 

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 -0" R3 - R9 - Vee voltage 

min 

0.7Vee 

0.7Vee 

Vee-O.S 

-0.3 

-0.3 

-0.3 

Vee- 1.O 

Vee-0 .3 

-

-

-

-

-

-

2.0 

(Note 3) 
• O. -0", RO- R2, R AIJ' RA1 - Vec -Vee-40V 

The timer/counter with the fastest clock and input/output current does not flow. 

(Note 4) 

Test Conditions: MeU state; • Standby Mode 
• Input/Output; Reset state 
• TIMER-A; +2 prescaler divide ratio 
• TlMER-B; +2 prescaler divide ratio 
• SERIAL; Stop 

Pin state; • RESET - GNO voltage 
• TEST - Vee voltage 
• 0.-0" R3-R9 - Vee voltage 
- O. -0", RO- R2, RAIJ, RA1 - Vee - 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-S; +2048 prescaler divide ratio 
• SERIAL; Stop 
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Value 

typ 

-

-
-

-

-

-
-

-

-

-

-

-

-

-

-

Unit Note 
max 

Vce+0 .3 V 

Vee+0 .3 V 

Vcc+0 .3 V 

0.22Vce V 

0.22Vce V 

0.5 V 

- V 

- V 

0.4 V 

1 IJA 1 

2.0 mA 2,5 

1.2 mA 3,5 

0.9 mA 4,5 

10 IJA 

- V 
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Pin state; - RESET - GND voltage 
-TEST - Va; voltage 
- Do -0,. R3 - R9 - V cc voltage 
-.0.-0 ... RO-R2. RAQ. RA1 - Vee - Vee-40V 

(Note 51 The consumption of current in operation and standby mode is proportional to f osc. When fosc = x [MHz]. 
the value of each current is calculated as fOllows. 

max. value (fose = x I = T x max. value (fosc = 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" 
VIH 

Do - 03, 
Voltage R3 - R5, R9 

Input "Low" 
VIL 

Do - D3, 
Voltage R3- R5, R9 

Output "Low" 
VOL 

Do - 03, IOL = 1.6 mA Voltage R3- RB 

Input/Output 
IIILI 

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

(Note 11 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 Symbol Pin Name Test Conditions 

Input "High" 
VIH 

D4 - DI5, R1 
Voltage R2, RAO, RA1 

Input "Low" 
VIL 

04 - 015, R1 
Voltage R2, RAO, RA1 

D4 - 015 -lnH = 15mA 

Output "High" -IOH - 9mA 

Voltage VOH -IOH = 3mA RO- R2 
-IOH = 1.B mA 

Output "Low" 
VOL 

04 - DIS 
150kil to Vee-4OV Voltage RO- R2 

Input/Output D4 - DIS 
Leakage IIILI RO- R2 Vin = Vee-40V to Vee 
Current RAO, RA1 

(Note 11 Output buffer current are excluded. 
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Value 

min typ 

0.7Vee -

-0.3 -

- -

- -

Value 

min typ 

0.7Vee -

Vee- 4O -

Vee-3.O 
-

Vee- 2.O 

Vee- 3.O 
-

Vee- 2.O 

- -

- -

Unit Note 
max 

Vee+0.3 V 

0.22Vee V 

0.4 V 

1 p.A 1 

Unit Note 
max 

Vee+0.3 V 

0.22Vee V 

- V 

- V 

Vee - 37 V 

20 p.A 1 



-------------------------------------------------------------HD614P080S 

• AC CHARACTERISTICS (Vee = 4.5V to 5.5V. GND = OV. Ta= -20 to +75°C. if not specified.) 

Symbol 
Test Value 

Item Pin Name Conditions min 
Unit 

typ max 

Oscillation Frequency fose OSC.,OSC l 0.4 - 6.2 MHz 

!S .. '" Instruction Cycle Time tCYC 1.29 - 20 p.s ~ c 
c,) 5l 

Oscillator Stabilization GO 
IX tAC OSC.,OSC l - - 20 ms 

Time 

~ Oscillation Frequency fose OSC.,OSC l !:: .. 0.4 - 6.2 MHz 
U:S 
u '" Instruction Cycle Time tcyc 1.29 - 20 p.s .- c 
Eo 
~ :; Oscillator Stabilization 
t,lIX 

Time tAC OSC.,OSC l - - 20 ms 

External Clock Frequency fcp OSC. 0.4 - 6.2 MHz 

~ External Clock "High" 
tCPH OSC. 70 - -tJ Level Width ns 

0 
U External Clock "Low" 
'iii Level Width tCPL OSC. 70 - - ns 
E 
!!l External Clock Rise Time tcp, OSC. - 20 ns x -
w External Clock Fall Time tCPf OSC. - - 20 ns 

Instruction Cycle Time tCYC 1.29 - 20 p.s 

fflIo "High" Level Width tlOH INTO 2 - - tcyc 

INTo "Low" Level Width tlOl TNTo 2 - - tcyc 
-- , 

INTI "High" Level Width tllH lNTi 2 - - tcyc, , 

INTI "Low" Level Width till INTi 2 - - tcyc 

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

Input Capacitance Cin all pins 
f=1MHz 

15 pF 
Vin = OV 

- -

Reset Fall Time tRSTf - - 20 ms 

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after VCC reaches 4.SV 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. 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. 

(Note 2) 

asc, 

tCPr tCPf 

Crystal: 6.0 [MHzl (Note 3) 

NC·18C (Nihon Denpa Kogyo) 
Rf = 1 [MOl ± 2%. C, = C. '" 20 [pFl ±20% 

C. 

f,1::,ml~= 
~C~ 

(Note 4) 

OSC. 

RESET 

OSC. 

GND 
Ceramic filter: CSA6.00MG (Murata) 
Rf·l [MOl ±2%, C.- C. ·30 [pFl ± 20% 
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Note 

1 

1 

2 

2 

2 

2 

2 

2 

3 
3 

3 

3 

4 

4 
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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 

Symbol 
Test Value 

Item Pin Name Conditions min typ 

Transfer Clock Cycle Time t Scvc 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 tSSI 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 t Scvc 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 tSSI SI 300 -
Serial Input Data Hold Time tHSI SI 150 -

INote 11 Timing Diagram of Serial Interface 

5CK Vcc -2.0VI0.7Vccl. 

0.8VI0.22Vcc) • 

50 

51 H
tss, 

-----c( 0.7Vcc 
~____ O.22Vcc ""k 

• VCC-2.OV and O.8V are the threshold voltage for transfer clock output. 

(Note 21 

O. 7V CC and 0.22 Vee are the threshold voltage for transfer clock input. 

Timing Load Circuit 

T •• t 
Point 

Vcc 

C R 1520749 ~
RL_2'8kQ 

30pF 12kQ or Equiv. 
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Unit Note 
max 

- t cvc 1,2 

- t scvc 1,2 

- tScvc 1,2 

100 ns 1,2 

100 ns 1,2 

250 ns 1,2 

- ns 1 

- ns 1 

Unit Note 
max 

- t cvc 1 

- t scvc 1 

- t scvc 1 

100 ns 1 

100 ns 1 

250 ns 1,2 

- ns 1 

- ns 1 
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• CHARACTERISTICS CURVE (REFERENCE DATA) 

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

~ 
k;; 3 

<" 
E 
'02 
J: 

o 

l..---~ --
2 3 4 

fosdMHz) 

Icc vs. tolc characteristic 
(crystal, ceramic resonator) 

5 6 

2.0.--__ -~~--r--__r-.....,.-__, 
Ta= -20- +75"C 
Vee = 5V 

1.6~-_+--_+--+--~1__ 

« 
E 
~ 1.2'---+---+---+----bo.c..--t-"'7"'~ 

~ 
j O.8J-__ +-__ +-__ £.-+-:~~-+---max. 

O.41----..~~:..-_+--+---I__--+---I 

o 

5 

10 

5 

o 

2 3 4 

fosdMHz) 

ISBY vs. tose characteristics 
(crystal, ceramic resonator) 

Ta" -20 - +75°e 

5 

Veej5.5/ 

.x 
/ 

V VC6=4.5V 

r---
V ~ 

/ V 
V/ 

/. V 

E 
~~ 

/ 
V 

2 
VOLIV) 

IOL min. VS. VOL characteristics 
(Standard Pin) 

3 

6 
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4 

3 
« 
E 
'U2 
.2 

o 

2.0 

1.6 

« 
E 
~ 1.2 
.!!! 

j 0.8 

0.4 

o 

< 
E 
c 
'E 
J: 
9 

Ta=-20-+75"C 
fosc=4MHz 

2 3 

Vcc(V) 

/' 

4 

Icc vs. Vec characteristic 
(crystal, ceramic resonator) 

Ta= -20- + 75"C 
fosc=4MHz 

max 

V 

5 6 

ISBY1 

30 

20 

10 

o 

max. 

V 
./ V 
./ ISBY2 , 

max. 

2 3 4 5 

VcC<V) 

I SBY VS. Vee characteristics 
(crystal, ceramic resonator) 

TaT~ -~o _I +750 C 

VCC"5.5V/ 

V 
1/ V 

/ ~v 
./ Vce-4·5V 

V .. ,r 
IV 

IV 
W 

I~ 
J 

1/ 

V 
2 3 4 5 

Vec-VOHIV) 

6 

-IOH min. vs. (VCC-VOH) characteristics 
(04 ,.", 015 pins) 
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~ 
.5 
c: 'e 
:r 
0 
l' 

6 T.!...:zJ - ~75°C 
5 vcJ-5.~V-

~ 
4 ..,'" 

./ ---~ 
3 / ./ ~C C-4.5V 

Ih /' 
2 ~ V 

,I. V 
~~ 

", 

1/ 
o 2 3 4 5 

VCC-VOH(V) 
-IOH min. \II. (Vcx:-VOH) characteristics 
(RO - R2 pins) 

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

• GND, Vee, Vdl., 
These are power supply pins. Connect GND pin to Earth 

(OV) and apply Vee power supply voltage to Vee pin. RAI/ 
V diIp pins are used for RAI 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". 

• OSCI, 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." 

• D-port (Do to 015) 
D-port is a I-bit Input/Output common port. Do to Ih are 
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standard type, D4 to DIs are for high voltage. For details, see 
"INPUT/OUTPUT". 

• R-port eRO 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. iU2, R33, R40, R41, and R42 are also available 
as INTo, INTI, SCK., SI and SO respectively. For details, see 
"INPUT/OUTPUT". 

• INTo. INTI 
These are the input pins to interrupt MCU operation exter­

nally. INTI can be used as an external event input pin for 
TIMER-B. INTo and INTI are also available as R32, and R33 
respectively. For details, see "INTERRUPT". 

• SCK,SI,SO 
These are transfer clock I/O pin (SCK), serial data input pin 

(SI) and serial data output pin (SO) used for serial interface. 
SCI{, SI and SO are also available as R40, R41, and R42 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 $OOOF 
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 $OO3F 
CAL instruction allows to branch to the subroutines in 

$0000 to $003F. 

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

$OFFF as a pattern. 

• Program Area ..... $0000 to $1FFF 
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EPROM ADDR ESS MCU ROM ADDRESS 

SOOOO 

Soool 

SoolF 
S0020 

SOO7F 
sooao 

S lFFF 
S2oo0 

S3FFF 
\ 

0 0 0 blt4 

0 0 0 bit9 

Vector Address 

Zero-Page Subroutine 

(64 Words) 

Pattern 

(4096 Words) 

Program 
(8192 Words) 

I 

NOT USED 
(Set to "000") 

blt3 b112 bltl 

bit8 blt7 bit6 

bltO lower 5 bi.t} soooo _ JMPl Instruction 

bitS upper 5 bit (Jump to RESET Roullne) 

JMPl Instruction 
(Jump to INTo Routine) 

SooOF _ JMPl Ins~ion 

~ 
Soo10 (Jump to INT t Routine) 

I- JMPl "'structlon 
(Jump to TIMER-A Routine) 

S003F I- ~J~~~ I:aS~~~~~~B Routine) 

S0040 

~ 
SOFFF 

JMPl Instruction 
r (Jump to SERIAL Roullne) 

S1OO0 , 

S lFFF 

Fig. 1 ROM Memory Map 

SooO 

RAM-mapped Registers 

31 SOIF 
32~-----------{~020 

Memory Registers(MR) I .\. 
47 _____ ____ __ _____ __ ______ S02F 
48 S030 

Data 
(51 2 Digits) 

~:; ~------------I :~~~ 
Not Used 

::~ I------------~ !~~~ 
Stack 
(64 Digits) 

1023 L-__________ -J S3FF 

Interrupt Control Bits 

SOOO 

SOOl 

S002 

1-_______ --._--\ S003 

I-Po_rt_M.,..o,...d_e ...,Re...;;g __ ....;(_PM_R_)+: _W--\ S004 

~Se~ria:...I~M..:.o:...de:.,:-R..:.e"-g :----.:(~SM,:.;;R..:.)+: -,-W~ SS00005
6 6 Serial Data Reg. lower (SRl) : R/W 

Serial Data Reg. Upper (SRU) : R/W S007 

Timer Mode Reg. A (TMA): W S008 

9 Timer Mode Reg. 8 (TM8): W S009 

10 TIMER-B (TCBl/TlRl) : R/W SOOA 
11 (TCBU/TlRU) : R/W SOOB 

12 SOOC 

Not Used 

31-------------' SOIF 

• Two registers are mapped on same address 

: Read Only 
W : Write Only 
R/W : Read/Write 

I Timer I Event Counter Blower (TCBl) R Timer load Reg. lower 

l Timer/Event Counter B Upper (TCBU) R Timer load Reg. Upper 

Fig. 2 RAM Memory Map 

(TlRl) W 

(TlRU) W 

SOOOO 

Soool 

S0002 

S0003 

S0004 

SooOS 

S0006 

Soo07 

S0008 

S0009 

SOOOA 

SOOOB 

SooOC 

SOOOD 

SOooE 

SOooF 

SOOA 

SooB 

• RAM MEMORY MAP 
The MCU includes 576 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. 
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bit 3 bit 2 bit 1 bit 0 

IMO IFO RSP I/E 
(1M of iNTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 

o $000 

IMTA IFTA IM1 IF1 
(1M of TIMER-A) (IF of TIMER-A) (1M of INT1) (IF of INT1) 

$001 

Not Used Not Used 
IMTB IFTB 

(1M of TIMER-B) (IF of TIMER-B) 
2 $002 

Not Used Not Used 
IMS IFS 

(1M of SERIAL) (IF of SERIAL) 
3 $003 

IF Interrupt Request Flag 
1M Interrupt Mask 
lIE Interrupt Enable Flag 
SP Stack Pointer 
(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD 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 "RSP" 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 bitis only used to reset the SP. 

• Speci.1 Register Area ..... $004 to $OOB 
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. 

• Date Are ...... $020 to $21 F 

Memory Registers Stack Area 

MR(O) $ 020 
960 Level 16 S3CO 

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) $ 026 Level 10 

MR(7) $ 027 Level 9 

MR(8) $ 028 Level 8 

16 digits of $020 to $02F are called memory register (MR) 
and accessable by LAMR and XMRA instructions. 

• Stack Area .... $lCO to $lFF 
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 1 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 

44 

45 

46 

47 

MR(9) 

MR(10) 

MR(ll) 

MR(12) 

MR(13) 

MR(14) 

$ 029 

$ 02A 

$ 028 

$ 02C 

$ 020 

$ 02E 

Level 7V Level 6 1 
Level 5 

Level 4 

Level 3 1 

Level 2 
1 023 

PC11 S3FC 

PC10 PC7 S3FD 

CA PC4 $3FE 

PC3 PC2 PC1 PCo S3FF 
MR(15) $ 02F 1023 Level 

PC13 to PCO; Program Counter 
ST; Status 
CA; Carry 

1 S 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, I/O and other registers. 

• W Register (W), X Register (X), V Register (V) 
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), SPV Register (SPV) 
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) 
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 

~ ___ -.JI '"umula'o' 

'--____ J B Regl~ler 
, 0 

c=:J W Reg.ster 

'--______________ ----.JI P'o~;:~., 

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 I4-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 (INTo, INl\), 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 "0", and the Interrupt Mask (1M) 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 anyone 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 "0". If the 
Interrupt Enable Flag is "\ ", 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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1000.0 

lIE r-------------1-----
Sequence Control 

. Push PCtCA/ST 

1003.0 

·Re .. t Ilf 
. Jump 10 Vector 

Address 

Priority PLA 

Fig. 6 Interrupt Circuit Block Diagram 

Table 1. Vector Addresses and Interrupt Priority 

Reset. Interrupt Priority Vector addresses 

RESET - $0000 

INlo 1 $0002 

INTI 2 $0004 

TIMER-A 3 $0006 

TIMER-B 4 $0008 

SERIAL 5 $OOOC 

Table 2. Conditions of Interrupt Service 

Vector 

Addr.ss 

~ Interrupt source INTo INTI TIMER-A TIMER-B 
control bits 

I/E 1 1 1 1 

IFO·IMO 1 0 0 0 

IF1 ·IM1 • 1 0 0 

IFTA ·IMTA • • 1 0 

IFTB ·IMTB • • • 1 

IFS ·IMS • • • • 
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SERIAL 

1 

0 

0 

0 

0 

1 

• Don't care 
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Instruction 

Cycles 

Instruction 
execution 

Interrupt 
accepted 

2 

Stacking, 
Reset of lIE 

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. 7 Interrupt Servicing Sequence 

• Interrupt Enable Flag (lIE: $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 

o Disable 

Enable 

• External Interrupt (lN~,INTd 
To use external interrupt, select R32/INTo, R33/INTI port 

for INTo, INTI mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO, IF l) are set at 
the falling edge of INTo, INT I inputs. 

INT I 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 I as TIMER-B external event, an External Interrupt 
Mask (IMl) has to be set so that the interrupt request by INTI 
will not be accepted. 

• External Interrupt Request Flag (lFO: $000,2, IF1: $001,0) 
The External Interrupt Request Flags (IFO, IF l) are set at 

the falling edges of INT 0-, INT I inputs respectively. 

• External Interrupt Mask (lMO: $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 

o No 

Yes 

Table 5. External Interrupt Mask 

External Interrupt Masks I nterrupt Requests 

o Enable 

Disable (masks) 

• Port Mode Register (PMR: $004) 
The Port Mode Register is a 4-bit write-only register which 

controls the R32 /INT 0 pin, R33 /INT 1 pin, R41 lSI pin and 
~2 ISO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MeV reset, so that all these pins are set 
to a port mode. 

Table 6. Port Mode Register 

PMR 
R33/INT I pin 

bit 3 

0 Used as R33 port input/output pin 

Used as I NT I input pin 

PMR 
R32/INTo pin 

bit 2 

0 Used as R32 port input/output pin 

Used as INTo input pin 

PMR 
R4dSI pin 

bit 1 

0 Used as R41 port input/output pin 

Used as SI input pin 

PMR 
R42/S0 pin 

bit 0 

0 Used as R42 port input/output pin 

Used as SO output pin 
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No 

Yes 

Yes 

PC+-$ 0002 

PC+-$ 0004 

PC+-$ 0006 

PC+-$ 0008 

PC<--$OOOC 

Fig.8 Interrupt Servicing Flowchart 
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I/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 Rto/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-

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 SE,RIAL Interrupt Request Flag will be 
set. 

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 Rto /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 MCV 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:$OO6) and a high-order digit 
(SRV: $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 

o Used as R40 port input/output pin 

Used as SCK input/output pin 

SMR Transfer Clock 

Bit 2 
Prescaler System Clock 

Bit 1 Bit 0 R4o/SCK Port Clock Source Divide Divide 
Ratio Ratio 

0 0 0 S-CK 
Prescaler + 2048 +4096 Output 

0 0 1 SCK 
Output Prescaler 512 + 1024 

0 1 0 SCK 
Prescaler 128 Output 256 

0 1 1 SCK 
Output Prescaler 32 64 

1 0 0 SCK 
Prescaler 8 Output 16 

1 0 1 SCK 
Prescaler 2 Output 4 

1 1 0 SCK System 
Output Clock - 1 

1 1 1 SCK External 
Input Clock - -

(In the case ofSMR Bit3= 1) 

Transfer Clock 

Serial Output Data 

Serial Input Data 
Latch Timing I I I I I I I I 

Fig. 10 Serial Interface I/O Timing Chart 

• SERIAL Interrupt Request Flag (lFS: $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 Interrupt Mask OMS: $003, 1) 
The SERIAL Interrupt Mask masks the interrupt request. 

Table 8. SERIAL Interrupt Request Flag 

SERIAL Interrupt Request Flag Interrupt Request 

o No 

Yes 
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Table 9. SERIAL Interrupt Mask 

SERIAL Interrupt Mask Interrupt Request 

o Enable 

Disable (masks) 

• 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 tht: 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 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 0 
Serial I nterface Operating Mode 

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 l""-

• Transmit Mode 
• Receive Mode 
• Transmit/Receive 

Mode 

SCK Waiting State 
(Octal Counter = "000") 

(
Octal Counter = "000" ) 
Transfer Clock Disablil 

Change PMR' 

Transfer Clock 

8 Transfer Clocks. 
STS Instruction 

(lFS~"1") 

.. 
n 

Transfer State 
(Octal Counter'; "000") 

Fig. 11 Serial Interface Operation State 

Transfer Clock 
Error Processing 

• TIMER 
The MCV contains a prescaler and two timer/counters 

(TIMER-A, TIMER-B), Fig. 13 shows the block diagram. The 
prescaler is an II-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 SOOO by MCU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logiC "0". The prescaler keeps counting up except 
MCV 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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i--="-~-~ TCA(Bbit) 
TIMER COUNTER A 

INTERRUPT 
REQUEST FLAG 
OF TlMER-A 

Fig. 13 Timer/Counter Block Diagram 

• TIMER·A Oper.tion 
After TIMER·A is initialized to SOO by MeU reset, it counts 

up at every clock input signal. When the next clock signal is 
applied after TIMER·A is counted up to SFF, TIMER·A is set 
to SOO again, and generating overflow output. This leads to 
setting TIMER·A Interrupt Request Flag (IFTA: SOOI, 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: S008). 

• TIME R·B Opeqtion 
Timer Mode Register B (TMB: S009) 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 lINT I 
as !NT I and set the External Interrupt Mask (1M 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·B is set to SFF, TIMER·B will be initio 
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 SOO. TIMER· 
B Interrupt Request Flag (IFTB: S002,O) 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 II. 

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 pre scaler 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. 
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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 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 

Bit 3 
Auto-reload Function 

o 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 INTI (External Event Input) 

• TIMER-B (TCBl: $OOA, TCBU: $OOB) 
TlRl: $OOA, TlRU: $OOB 

T1MER-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: $OOA, TLRL: $OOA) and a high­
order digit (TCBU: $OOB, TLRU: $OOB). 

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 T1MER-B can be obtained by reading 

PMR:$ 004 

the Timer/Event Counter. In this case, read the high-order digit 
first, and then the low-order digit. The count value oflow-order 
digit is latched at the time when the high-order digit is read. 

• TIMER-A Interrupt Request Flag (lFTA: $001,2) 
The TIMER-A Interrupt Request Flag is set by the overflow 

output of TIMER-A. 

• TIMER-A Interrupt Mask (lMTA: $001,3) 
TIMER-A Interrupt Mask prevents an interrupt request 

generated by T1MER-A Interrupt Request Flag. 

Table 13. TIMER-A Interrupt Request Flag 

TIMER-A Interrupt 
Request Flag 

o 

Interrupt Request 

No 

Yes 

Table 14. TIMER-A Interrupt Mask 

TIMER-A Interrupt 
Mask 

o 

Interrupt Request 

Enable 

Disable (Mask) 

• TIMER-B Interrupt Request Flag (lFTB: $002,0) 
The TIMER-B Interrupt Request Flag is set by the overflow 

output of TIMER-B. 

• TIMER-B Interrupt Mask (lMTB: $002, 1) 
TIMER-B Interrupt Mask prevents an interrupt request 

generated by T1MER-B Interrupt Request Flag. 

SMR:$ 005 

Transfer clock selection 

R.o/SCK pin mode selection 

'------- R.2 /S0 pin mode selection 

L-_______ R.,/SI pin mode selection 

L-__________ R.
2
/INTo pin mode selection 

'-------------- Rll/lNT, pin mode selection 

TMA:$ 008 TMB:$009 

I><ITMA21TMA 11™AOI 

· ' l' L TlMER-B input clock selection f l Auto-reload function selection 

~ TlMER-A mput clock selection 

Fig. 14 Mode Register Configuration and Function 
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R quest Flag TIMER-B Interrupt e 
Table 15. t Request 

Interrup 

No 

. nd they are con-PUT/OUTPUT In ut/Output pms·~OS (NMOS open 
-ThiN MeV pro,"de~ 58 f .. '(yithout pull-up t pull-down MOS 

e tandard pms 0 ins of "WlthOU 
ost of 32 ~ 26 high voltage p 'nput pin, 
drain)" an . )" in is used as 1 

(pMOS open d~am tioutput common Pshown in Table 18. 
When any mput the output data as it is necessary to se 

. 't Forms I/O Pin Circul 

MOS W'thout pull-up . ) 
(NMOS open dram 

~
lT ~n~~t 

~
HlT 

output 
data 

o---s output ~
HlT 

I? data 

" H L T "'1'h-- input 
~data 
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(Note) 

Vee HL T 

~~outPut o----r data 

. "1" and I/O . "0" H L T signal IS mode, H L T signal IS , 
In the stop . dance. 

. high Impe S 
pins are In II-up MO 

Without pu . ) 
(NMOS open dram 

SO 

~input 
~ data 

HlT 

. "1" and . "0" HL T signal IS HIT signal IS , 
In the stop ~~~~ impedance. (Note) I/O pins are In 
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• D-port 

Table 18 Data Input from Input/Output Common Pins 

I/O 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" 

"0" 

D-port is I-bit I/O 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 
MCV 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 R32, R33, R40, R4I and R42 pins are also used as the 
INTo, INTI, SCK, SI and SO pins respectively. Table 17 shows 
the classification of standard pins, high voltage pins and Input/ 
Output pins circuit types . • R-port 

R-port is 4-bit I/O 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 

• RESET 
The MCV 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 O. 

Standard pin Without pull-up "1" Enable to input. I/O output MOS 
register High voltage Without pull-down 

pin MOS 
"0" Enable to input. 

Interrupt Enable Flag (I/E) "0" Inhibit all interrupts. 

Interrupt flag Interrupt Request Flag (I F) "0" No interrupt request. 

Interrupt Mask (1M) "1" Mask interrupt request. 

Port Mode Register (PMR) "0000" See Item "Port Mode Register". 

Serial Mode Register (SMR) "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 After MCU Reset 
by MCU Reset except the left 

Carry (CA) The value immediately before The value immediately 
Accumulator (A) MCU reset is not guaranteed. before MCU Reset is 
B reaister B Initialization by the program not guaranteed. 
W register (W) 
X/SPX register (X/SPX) should be required. Initialization by the 

Y /SPY register (Y/SPY) program should be 
required. 

Serial data register (SR) - ditto- - ditto-

The value immediately before 

RAM MCU reset (the value 
-ditto -immediately before executing 

stop instruction) is retained. 
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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 MeV reset requires at least two instruc· 
tions cycle time of RESET input. 

Table 19 shows initialized items by MeV reset and each 
status after reset. 

OSC I [> 
Oscillator 

OSC. <l 

• 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. 

Divider 
circuit 
1/8 

Timing 
generator 
circuit 

System 
clock 

Fig. 15 Internal Oscillator Circuit 

External clock 
operation 

Ceramic filter 
resonator 

Crystal 
resonator 

Table 20 Oscillator Circuit Example 

Circuit configuration 

Oscillator 

OSCI 

Open OSC. 

CI 

ceramicfc::::::l filter 

C2 

GND 

OSCI 

OSC2 

GND 

ATcut parallel resonance crystal 

~~ 
OS~~ OSC2 

Co 

Remarks 

Ceramic filter: CSA 4.00MG (Murata) 
Rf: lMn ±2% 
Cl: 33pF ± 20% 

C~: 33pF ± 20% 
Ceramic filter: CSA 6.00MG (Murata) 

Rf: lMn ±2% 
Cl: 30pF ± 20% 
C2: 30pF ± 20% 

• Wiring between these pins and elements should be as short 
as possible, and never cross the other wirings. (Refer to Fig. 16) 

Crystal: 4.194304 (MHz) 
NC·18C (Nihon Denpa Kogyo) 
Rf: lMn ± 2% 
Cl : 22pF ± 20% 
Cz : 22pF ± 20% 

Crystal: 6.0 (MHz) 
NC·18C (Nihon Denpa Kogyo) 
Rf: lMn ± 2% 
Cl : 20pF ±20% 
C2 : 20pF ± 20% 

Crystal: AT cut parallel resonance crystal 
Co: 7pF max. 
Rs: lOOn max. 

f: 2.0 ...... 6.2MHz 

• Wiring between these pins and elements should be as short as 
possible, and never cross the other wirings. (Refer to Fig. 16) 

• PI ... conlUlt with the engineers of crystal or ceramic filter resonator maker to determine the value of Rf, CI and C •. 
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Do 

GND 

Fig. 16 Recommendable Layout of Crystal and Ceramic Filter 

• LOW POWER DISSIPATION MODE 
The MeV 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 Input/ Timer/ Recovering 
Dissipation Mode Oscillator Instruction Register Interrupt RAM Output Counter, method 

circuit execution Flag function pin Serial 
Interface 

Standby mode SBY Active Stop Retained Active Retained 
*21 

Active RESET Input, 
instruction Retained Interrupt request 

Stop mode STOP Stop Stop RESET*11 Stop Retained High Stop RESET Input instruction impedance 

* 11 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. 
*21 Current flows in I/O Circuit by I/O p,in state at stand-bY mode, because I/O 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 MCV into the Standby mode. 

In the Standby mode, the oscillator circuit is active and timer/ 
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counter and serial interface continue working. On the other 
hand, the CPV 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 MCV reset or interrupt 
request. When canceled by the interrupt request, the MCV 
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 "0", 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 MCV into the Stop mode. 

In this mode the oscillator circuit and every function of the 
MCV stop. 

The Stop mode is canceled by the MCV reset. At this time, 
as shown in Fig. 19, apply the RESET input for more than tRC 
to get enough oscillator stabilization time. (Refer to the HAC 
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 MCV 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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Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

Fig. 18 MCU Operating Flowchart 
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I" Stop mode .j 

:::~~k ~~_lmrrjlll_lmrrllll_I""'II~~mll~IIII1-1 __ ~U .. ------ISI~I 
t 1"- tres 

STOP instruction execution (more than stabilization time: tRC) 

Fig.19 Stop Mode Cancel Timing Chart 

• RAM ADDRESSING MODE 
As shown in Fig. 20, the MeV provides three RAM address­

ing modes; Register Indirect Addressing, Direct Addressing and 
Memory Register Addressing. 

• Register Indirect Addressing 
The combined lO-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 (l0 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 V-Register 
".-------

(a) Register Indirect Addressing 

Instruction 1 st Word Instruction 2nd Word 

(b) Direct Addressing 

Instruction 

"0" "0" "0" "0" ·"1" "0" 

RAM Address 

(c) Memory Register Addressing 
Fig. 20 RAM Addressing Mode 
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• ROM ADDRESSING MODE AND P INSTRUCTION 
The MCV 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 
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 PeO) with 

(JMPL) 
(BRL) 
(CALL) 

Instruction 1st Word 

OP Code 

Program Counter 

8-bit immediate data. 

• 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 (PC5 to PCO) and "D's" are placed in high-order eight 
bits (pC 13 to PC6). The branch destination by BR instruction 
on the boundary between pages is given in Fig. 23. 

• Table Data Addressing 
The program branches to the address determined by tht 

contents of the 4-bit immediate data, accumulator and B regis 
ter, using TBR instruction. 

Instruction 2nd Word 

(a) Direct Addressing 

(TBR) 

Instruction 

(b) Current Page Addressing 

Instruction 

Program Counter 
~~--~--~~--~--~--~~--~----~--~--~~ 

(c) Zero Page Addressing 

Instruction 

Program Counter 
~~~~~~--~~--~~--~~--~~~~~ 

(d) Table Data Addressing 

Fig. 21 ROM Addressing Mode 
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(a) Address Designation 

:lfROS=l 

: If ROg = 1 

(b) 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 
"1 ",8 bits of referred ROM data are written into the accumu-

Fig. 23 The Branch Destination by BR Instruction on 
the Boundary between Pages 

lator and B Register. When bit 9 is "1", 8 bits of referred ROM 
data are written into the Rl and R2 port output register. When 
both bit 8 and 9 are "1 ", ROM data are written into the acc­
umulator and B register and also to the Rl and R2 port output 
register at a same time. 

The P instruction has no effect on the program counter. 

• INSTRUCTION SET 
The HMCS400 series provide 99 instructions. These instruc-

tions are classified into 10 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 

(10) Control Instruction 
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Table 22. Immediate Instruction 

wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Load A from Immediate LAI i 1 0 0 0 1 1 iJ i2 h io i-A 1/1 

Load B from Immediate LBI i 1 0 0 0 0 0 iJ i2 h io i---B 1/1 

Load Memory from Immediate LMID i,d ~J.J7~J5~~~~ ~', ~ i---M 2/2 

Load Memory from Immediate, Increment Y LMIIY i 1 0 1 0 0 1 i3 i2 h io i--M.Y+ 1--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 LASPY 0 0 0 1 0 1 1 0 0 0 SPY-+A 1/1 

Load A from MR LAMRm 1 0 0 1 1 1 m3m2m,mO MR(m)--A 1/1 

Exchange MR and A XMRA m 1 0 1 1 1 1 m3m2m,mO MR(m).-.A 1/1 

Table 24. RAM Address Instruction wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YClE 

Load W from Immediate LWI i 001111 i3 i2 i, io i---+W 1/1 

Load X from Immediate LXI i 1 000 1 0 iJ i2 i, io i---+X 1/1 

Load Y from Immediate LYI i 1 0000 1 i3 i2 i, io i-Y 1/1 

Load X from A LXA 0011101000 A-X 1/1 

Load Y from A LYA 0011011000 A-Y 1/1 

Increment Y IY 0001011100 Y+1--Y NZ 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 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,YuSPY 1/1 

Table 25. RAM Register Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION 
WORD 

STATUS ~lE 
Load A from Memory LAM(XY) 00100100yx M-+A, (~::~~~) 1/1 

Load A from Memory LAMD d 0110010000 M-+A 2/2 d9dad7dsdsd4d3d2d, 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 LMAD d 0110010100 A--M 2/2 
d9 da d7 de ds d4 d3 d2 d, do 

Load Memory from A, Increment Y LMAIY(X) 000101000x A-+M,Y+ 1_Y(x-SPXI NZ 1/1 

Load Memory from A, Decrement Y LMADY(X) 001101000x A-M,Y-1-Y(x-SPXI NB 1/1 

Exchange Memory and A XMA(XY) 00100000yx M .... A. (~:~~~) 1/1 

Exchange Memory and A XMAD d 9110000000 M-A 2/2 
d9dad7dsdsd4d3d2d, do 

Exchange Memory and B XMB(XY) 00110000yx M<-+B, (~:~~~) 1/1 
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Notel (XYI and (xl have the meaning as follows: 
(11 The instructions with (XYI have 4 mnemonics and 4 object codes for each. (eltample of LAM (XYI is given below.l 

MNEMONIC y x FUNCTION 

LAM 0 0 

LAMX 0 1 X"SPX 

LAMY 1 0 Y"SPY 

LAMXY 1 1 X "SPX, Y "Spy 

(21 The instructions with (xl have 2 mnemonics and 2 object codes for each. (example of LMAIY (XI is given below.} 

MNEMONIC FUNCTION 

LMAIY 

LMAIYX X"SPX 

Table 26. Arithmetic Instruction 

Z OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
CYCLE 

Add Immediate to A AI i 1 0 1 000 iJ i2 i1 io A+ i--A OVF 1/1 

Increment B IB 0001001100 B+1--B NZ 1/1 

Decrement B DB 0011001111 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 0001100000 A+1--A 1/1 

Complement B COMB 0101000000 13--B 1/1 

Rotate Right A with Carry ROTR 0010100000 1/1 

Rotate Left A with Carry ROTL 0010100001 1/1 

Set Carry SEC 001 1 101 1 1 1 1--CA 1/1 

Reset Carry REC 001 1 101 100 O--CA 1/1 

Test Carry TC 0001 101 111 CA 1/1 

Add A to Memory AM 0000001000 M+A--A OVF 1/1 

Add A to Memory AMD d ~9 Je~, ~6 ~s ~J3 ~2 ~, & M+A--A OVF 2/2 

Add A to Memory with Carry AMC 0000011000 M+A+CA--A OVF 1/1 

Add A to Memory with Carry AMCD d ~e~, ~~&_JJ3 ~2 ~, & M+A+CA--A OVF 2/2 

Subtract A fram Memory with Carry SMC 0010011000 M-A-CA--A NB 1/1 

Subtract A from Memory with Carry SMCD d ~9 ~e J, ~6 ~s J4 J3 ~2 ~, & M-A-CA--A NB 2/2 

OR A and B OR 0101000100 AUB --A 1/1 

AND Memory with A ANM 0010011100 AnM--A NZ 1/1 

AND Memory with A ANMD d ~9~e~, ~6~S ~4~3~2 ~, ~o AnM--A NZ 2/2 

OR Memory with A ORM 0000001100 AUM--A NZ 1/1 

OR Memory with A ORMD d ~9 ~e~, ~6 ~s ~JJ2 ~, & AUM--A NZ 2/2 

EOR Memory with A EORM 0000011100 Alf,M--A NZ 1/1 

EOR Memory with A EORMD d ~9~e~7~6~s~4~3~2~, ~o Alf,;M--A NZ 2/2 
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Table 27. Compare Instruction 

2 OPERATION MNEMONIC OPERATION CODe FUNCTION STATUS 
YCLE 

Immediate Not Equal to Memory INEM i o 0 0 0 lOb i2 h io i;fM NZ 1/1 

Immediate Not Equal to Memory INEMD i,d ~.J.~7~'~5~~ ~ ~ ~ i;fM NZ 2/2 

A Not Equal to Memory ANEM 0000000100 A-fM NZ 1/1 

A Not Equal to Memory ANEMD d ~.J.~7~ ~ ~~ J2~' & A;fM NZ 2/2 

B Not Equal to Memory BNEM 0001000100 B;fM NZ 1/1 

Y Not Equal to Immediate YNEI i 000111bhhio Yi=i NZ 1/1 

Immediate less or Equal to Memory IlEM i o 0 0 0 1 1 iJ i2 h io i~M NB 1/1 

Immediate less or Equal to Memory IlEMD i,d ~.J.~7~.J5~~ ~ ~ ~ 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 ~JJl~7&~.l~lJ'~' & 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 1 0 1 0 1 1 i3 i2 h io A~i NB 1/1 

Table 28. RAM 8it Manipulation Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION 2 STATUS 
CYCLE 

Set Memory Bit SEM n 00 1 0000 1 nIno 1-M(n) 1/1 

Set Memory Bit SEMD n,d ~.1.17~~§~~312~:~ 1-M(n) 2/2 

Reset Memory Bit REM n o 0 1 0 0 0 1 0 nIno O->M(n) 1/1 

Reset Memory Bit REMD n,d ~. J. J7~' ~5 ~ J3 ~2 ~,'ag O->M(n) 2/2 

Test Memory Bit TM n o 0 1 00 0 1 1 nIno M(n) 1/1 

Test Memory Bit TMD n,d ~9~' ~7 ~6 ~§ ~ ~3 ~2 ~:'Jg M(n) 2/2 

Table 29. ROM Address Instruction 

~ OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
CYCL 

Branch on Status 1 BR b 1 1 b7bebeb~Jb2b,bo 1 1/1 

long Branch on Status 1 BRL u ~.~~7~~§~~~~:: 1 2/2 

Long Jump Unconditionally JMPl u ~. ~ ~7~' ~§ ~ ~l3tJ2it"~ 2/2 

Subroutine Jump on Status 1 CAL a o 1 1 1 a5a4a3a2a,aO 1 1/2 

long Subroutine Jump on Status 1 CAll u ~I J. ~7 JI J§ & ~:g:g,'~ 1 2/2 

Table Branch TBR p o 0 1 0 1 1 P3P2P,PO 1/1 

Return from Subroutine RTN 0000010000 1/3 

Return from Interrupt RTNI 0000010001 1-I/E 1/3 

Table 30. Input/Output Instruction 

OPERATION MNEMONIC OPERATION CODE 2 FUNCTION STATUS 
YCLE 

Set Discrete I/O latch SED o 0 1 1 1 00100 1-D(Y) 1/1 

Set Discrete I/O latch Direct SEDD m 1 0 1 1 1 0 m3m2m,mO 1-D(m) 1/1 

Reset Discrete I/O latch RED 000 1 1 00100 O-D(Y) 1/1 

Reset Discrete I/O latch Direct REDO m 1 o 0 1 1 0 m3m2m,mO O-D(m) 1/1 

Test Discrete I/O latch TO o 0 1 1 1 o 0 0 0 0 D(Y) 1/1 

Test Discrete I/O latch Direct TOO m 1 0 1 0 1 0 m3m2m,mO D(m) 1/1 

load A from R-Port Register lAR m 1 o 0 1 o 1 m~2m,mO R(m)-A 1/1 
load B from R-Port Register lBR m 1 0 0 1 o 0 m3m2m,1llo R(m)-B 1/1 

load R-Port Register from A lRA m 1 0 1 1 o 1 m3m2m,mO A-R(m) 1/1 

load R-Port Register from B lRB m 1 0 1 1 o 0 m3m2m,1llo B-R(m) 1/1 

Pattern Generation P p o 1 1 o 1 1 P3P2P, Po 1/2 
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Table 31. Control Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION 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 

"" R8 
0 , 

R91~ °j'1213141516171819IAI8IcloIEIF 01' 12131415161 718191AI81CI 0IEIF 

0 

, 

o NO'SP~ xspY~S:y IA~M I 
, RT~RTN~ IAlEMI 

2 INEM 

3 IlEM 

4 L8M(XY) IBNEM 

5 LMAIY(X)l jm! 

6 NEGAI IREOI 

7 YNEI 

8 XMA(XY) I SEM n(2) 

9 LAM(XY) I LMA(XY) 

A M)T~Tll 10MI 
B TBR 

C XMB(XY) jllEMj 

o LMADY(Xj ISYVI 

E TOj 15EO I 
F LWI 
0 LBI , LYI 

2 LXI 

3 LAI 

4 LBR 

5 LAR 

6 REDO 

7 LAMR 

8 AI 

9 LMIIY 

A TOO 

B ALEI 

C LRB 

0 LRA 

E SEOO 

F XMRA 

[:::::} .. 1 word/2 cycle 
Instruction 

IAMI IORMI 

IAMCI IEORMI 
i(4) 

i(4) 

ILABI 118 1 

IlA9"Ij IIYJ 

I~ I TC 

i(4) 

I REM n(2) I TM n(2) 

ISMCI IANMI 

10ASI I LAY 

p(4) 

jLBAj I DB 

I LYAI lOY 

IlXAI I RECI 15EC 

;(4) 

i(4) 

i(4) 

i(4) 

i(4) 

m(4) I 
m(4) I 
m(4) 

m(4) 

i(4) 

i(4) 

m(4) 

i(4) 

m(4) I 
m(4) j 
m(4) 

m(4) 

0 ... 1 word/3cycle 
Instruction 
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~N!M~ rAM~ ~~ 
~[~ ~MC~ ~OAMl 

INEMO i(4) 

ILEMO i(4) 

COMB I 10RI ISTsl ISBY ISTOPI 

JMPL p(4) 

CALL p(4) 

8RL p(4) 

XMA~ r SEMO n(2) I REMO n(2) I TMO n(2) 

LAM~ ~M~ ~c~ ~NM~ 
LMIO i(4) 

P p(4) 

CAL a(6) 

BR biB) 

c} .. ~~t~u~ii:~t Address D .. · ~n~~~~~~o~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. 
(1) 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 33 Difference between the HD614P08OS and HMCS404C/HMCS404AC 

~ Item 
HD614P080S HMCS404C HMCS404AC 

Minimum 
instruction 1.33p.s 2p.s 1.33p.s 
execution time 

Power supply voltage 4.5 to 5.5 V 4 t06 V 4.5 to 6 V 

04,096 words x 10 bits 
4,096 words x 10 bits 

ROM 
(using standard EPROM 2764) 

08,192 words x 10 bits Mask ROM 
(using standard EPROM 27128) 

RAM 576 digits x 4 bits 256 digits x 4 bits 

Standard All pins are "without pull-up Each pin selects "without pull-up MOS (NMOS open drain)", 
I/O pins MOS (NMOS open drain)". "with pull-up MOS", or "CMOS". 
pin High All pins are "without pull-down Each pin selects "without pull-down MOS (PMOS open drain)" 
circuit voltage pins MOS (PMOS open drain)" or "with pull-down MOS." 

Clock generator 
Crystal resonator or ceramic Crystal resonator, ceramic filter resonator, or resistance 
filter resonator oscillator 

Shrink type 64-pin EPROM on 

Package 
package (DC-64SP). Shrink type 64-pin dual-in-line plastic package (DP-64S) or 
The base chip pins are com- 64-pin flat plastic package (FP-64). 
patible with those of the 

HMCS404C/HMCS404AC. 

Type DC-64SP DP-64S FP-64 DP-64S FP-64 

Occupied 23x 57.3 17 x 58 19.6 x 25.6 17 x 58 19.6 x 25.6 area (mm) 

High from 7.5 (max.) 
5.1 (max) 2.9 (max) 5.1 (max.) 2.9 (max.) 

stand-off EPROM on package 
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EVALUATION CHIP 
FOR 4-BIT SINGLE-CHIP 
MICROCOMPUTERS 



HD44850E---------------
The HD44850E is an evaluation chip for 4-bit single-chip 

microcomputer, HMCS40 series. Its function is equivalent to 
HMCS45C except that it doesn't contain ROM. Instead, it has 
the function to address external memory (ROM or RAM). User 
can handle this evaluation chip by writing program into external 
program memory as well as the HMCS40 series chip in which 
program has been written. User program and system can be 
debugged by connecting this evaluation chip with external pro­
gram memory in which user program is written to user systems. 

The HD44850E provides 12-bit address outputs (Ao to All 
terminals) and 10-bit instruction input pins (01 to 010 terminals) 
for the external program memory. ~ and TSTP pins are required 
for debugging programs, and H43, CMOS and DIE pins for 
selecting applicable chips. 

• APPLICABLE CHIPS 
HMCS42C.43C.44C.45C 

• FUNCTION 
• Instruction Characteristics etc.; Same as the HMCS45C 
• Address Extemal ROM (2k) 
• Address Output; Direct interface with EPROM (Ao to A,,) 
• Instruction Input; EPROM or CMOS RAM or NMOS RAM (0, 

to 0,01 
Direct interface with TTL 

• CMOS/PMOS Selecting Input Pin 
• Timer Halt Input 
• I/O Enable/Disable Selecting Pin at Halt 
• Output Pins except Address Output and Clock Open Drain 

Output 
• Address Output. Clock; CMOS Output 
• Input Pins; Inputs with no Pull up MOS 

HD44S50E 

(FC-SO) 

• PIN ARRANGEMENT 

.... 0 .... 0 I') 

~~oooocoo««~««~~ 

HD44850E 

(Top View) 

• PIN NAME 
Ao to A" : Address Output 
0, to 0'0 : Instruction Input 
~ : Word Timing 
TSTP : Timer Stop Input 
H43 : HMCS43/45A Selection 
CMOS : CMOS/PMOS Selection 
D/E : I/O Enable/Disable Selection Input in the ~'~It 

Roo to R53 
Reo to Re3 
Do to 0'5 
OSC,.OSC2 
INTo.INT, 
RESET 
R[T 

Vee 
GND 
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Mode 
: I/O Common Port 
: Output Port 
: I/O Common Port 
: Oscillator 
: Interrupt 
: External Reset 
: Halt Pin 
: Power SupplV 
: Ground 



HD44857E---------------
The HD448S7E is an evaluation chip for 4-bit sinaJe-chip 

microcomputer, HMCS40 series. Its ·function is equivalent to 
HMCS47C except that it doesn't contain ROM and RAM. In­
stead, it has the function to address external memory, program 
memory (ROM or RAM) and data memory (RAM). 

User can handle this evaluation chip by writing program into 
external program memory as well as the HMCS40 series chip in 
which program has been written. 

The HD448S7E provides addresslinstruction pins (Ao/O I to 
At/Olo, Alol All terminals) for the external program memory, 
and addresslbus pins (YI/S .. to Y./Sw X/Sal to X./Su ), timing 
signal "'1' "'a pins for accessing data RAM. 

", and TSTP pins are required for debugging programs, and 
CMOS and DIE pins for selecting applicable chips. 

• APPLICABLE CHIPS 
HMCS42C,43C.44C,45C,46C,47C 

• FUNCTION 
• Instruction Characteristics etc.; Same as the HMCS47C 
• Address Extemal ROM (max; 4k words) 
• Access External Data RAM (max; 256 digits) 
• CMOS/PMOS Selecting Input Pin for evaluating PMOS 
• Timer Stop Input 
• 1/0 EnablelDisable Selecting Input Pin at Halt 
• External ROMIRAM Access Pin; CMOS Pin 

All Output Pins except these are Open Drain Output. 
• Input Pin; Input with no Pull up MOS 

• PIN NAME 
(1) AoIOl to A,IO,o : Access pins for user program external 

memory. Divide 1 instruction cycle by 
two. The first half is the address from 
Ao to At and the latter half is instruction 

(2) A,oIA" 
inputs from 0, to 0, o' 

: Access pins for external user program 
memory. Divide 1 instruction cycle by 
two. The first half is Al 0 and the latter 
half Is A'I' 

(3) A 'I' : Unusable. Be "open" always. 
(4) X 1/S 2 , to X./S u : Access pins for data RAM. Divide 1 in­

struction cycle by two. The first half (X 1 

to X.) Is for selecting RAM file and the 
latter half (S 21 to S 24) Is bus signal for 
writing data Into RAM. 

(6) V ,/S" to V ./S'4: Access pins for data RAM. Divide 1 in­
struction cycle by two. The first half (V, 
to V.) Is for selecting RAM digit and the 
latter half (S" to S I.) Is bus signal for 
reading data from RAM to evaluation 

(e) "" "", "'2 
(7) TSTP 

(8) CMOS 
(9) D/E 

(10) Roo toR 53 
(11) R,otoRu 
(12) Do to 011 
(13) OSC 1 
(14) OSC 2 
(16) INTo- INT, 
(1e) RESET 
(17) RtT 
(18) TeST 

chip. 
: Clock signal 
: Timer stops with timer stop input or 

"H" level, and operates with "L" level. 
: CMOS/PMOS selecting pin 
: Selecting 1/0 state at halt 
: 1/0 common pins (I/O pins) 
: Output pins (1/0 pins) 
: I/O common pins (1/0 pins) 
: Oscillator (Input) 
: Oscillator (output) 
: Interrupt Input pin 
: External reset Input 
: Halt pin 
: "H" level always 

HD44867E 

(FC-80) 

• PIN ARRANGEMENT 

R52 
R53 
0 7 

De 
De 
0'0 
0" 
012 
0'3 
0'4 
015 
If> 

OSC, 
OSC, 
GNO 

RESET 
m'f 
TSTP 

DIE 
CMOS 

(19) TOVF 

(20) Vee 
(21) GND 
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HD44857E 

(Top View) 

: Time overflow. Not use usually. ee 
"open". 

: Power supply 
: Ground 



HD44797E---------------
The HD44797E is an evaluation chip for 4-bit single-chip 

microcomputer LCD-III/IV. The HD44797E has the same logical 
functions as LCD-III/IV except that its ROM is external. All I/O 
pins are open drain. 

The HD44797E provides( 12-bit address outputs (Ao to All 
terminals) and 5-bit instruction input pins (01/06 to 0 6/010 pins) 
for the external program memory. ", and TSTP pins are required 
for debugging programs, and SELECT pin for selecting applicable 
chips. 

• APPLICABLE CHIPS 
LCD-III. LCD-IV 

• FUNCTION 
• Instruction Characteristics etc.; Same as LCD-III. LCD-IV 
• Address External ROM (4k) 
• I/O Pins (D. R. INT ()o INT 1); Open Drain 

• PIN NAME 
V l' V2• V3 
OSC 1 m 

: Power Supply for LCD 
: External Clock Input Pin 
: Halt Pin 

Roo to R03 : Input Port 
RIO to R23 : I/O Port 
R30 to R33 : Output Port 
Do to 0 13 : I/O Port 
D1 .. /XO.D 1JXI : I/O Port or Clock Input Pin for Timer 
INT ()o INT 1 : Interrupt 
COM 1 to COM .. : Common Signal Pin 
SEG 1 to SEG32 : Segment Signal Pin 
Ao to All : Program Memory Access Pin 
0l/Oe to 0J010: Instruction Input Pin 
",. 4> 1. "'2 : Clock Signal 
TSTP : TimerlPrescaler Stop Signal Pin 
SELECT : Applicable Chips Selecting Pin 

HD44797E 

(FP-100) 

• PIN ARRANGEMENT 

l-

N _ o~ ;:::;;; g ::: :: ;; ~ !! ~ : ~~..: ~o 
CCC0.~~~~~~~~~~~~I-~~ 
1111111111; 

HD44797E 

1::1T:1T:IT:lf::IT:IT;; n:n :0:0;11:11"1 :11 :11:11;11'11:11 = 
...... 2' 

O-N~ ........ 2:~~~~~~ii 
««««««00000000 

(Note) • : Additional pin for evaluation chip. 

(Top View) 
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~ GND 
~ SEG •• e SEG., 
~ SEG.o 
~ SEG •• 
;! SEG .. 
Po SEG'7 

~ SEG •• 
Po SEG .. 
~ SEG •• 
~ SEG •• 
~ SEG •• 
~ SEG., 
~ SEG.o 
~ SEG,. 
~ SEG lO 

~ SEG 17 

~ SEG .. 
~ SEG .. 
~ SEG,. 
g SEG,. 

~ SEG,. 
~ SEG l1 

:: SEG,o 
~ SEG. 
~ SEG. 
~. SEG 7 

~. SEG. 
~" SEG. 
" SEG. 
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HMCS404AC (HD614048)----
The HMCS404AC is a CMOS 4-bit single-chip microcomputer 

which is a member of the HMCS400 series. 
The HMCS404AC is a high speed version of the HMCS404C. 
The HMCS404AC has efficient and powerful architecture and 

its software is very similar to the HMCS40 series. 
This microcomputer provides variety of on-chip resources 

such as ROM, RAM, 110, two timer/counters and a serial inter­
face to perform in wide users' applications. 

The HMCS404AC also has the characteristics of high speed 
and low power dissipation and which 110 pins are able to drive 
fluorescent display tube directly. 

• HARDWARE FEATURES 
• 4-bit Architecture 
• 4,096 Words x 10-bit ROM 
• 256 Digits x 4-bit RAM 
• 58 I/O Pins, including 26 high voltage I/O 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 Interrupt Sources 

External 2 
Timer/Counter 2 
Serial Interface 1 

• Subroutine Stack 
Up to 16 levels including interrupts 

• High Speed Operation 
Minimum Instruction Execution Time - 1.33 /Ls 

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

clock oscillation and interrupt functions in op­
eration. 

Stop - Stops instruction execution and clock oscilla-
tion while retaining RAM data 

• On-Chip Oscillator 
External Connection of Crystal or Ceramic Filter (externally 
drivable) 

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

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

structions 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 I/O 

HMCS404AC 

(DP·64S) 

HMCS404AC 

(FP-64) 

• VERSATILE PROGRAM DEVELOPMENT SUPPORT TOOLS 
• H68SD Series Macro Assembler 
• H68SD5-use Emulator (With Real Time Trace Function) 
• EPROM On Package Microcomputer 

[

Mask options are fixed as follows: 
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• I/O pin : Open drain 
• Oscillator : Crystal Oscillator or 

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



HMCS404AC------------------------------------------------------------------------

• PIN ARRANGEMENT (Top View) 

011 
0·2 
0 .. 
D •• 
0 .. 
R •• 
R., 
R •• 
R.3 
R •• 
RII 
R •• 
R .. 
R2. 
R2I 
R22 
R23 
RA. 

RA,/Vdisp 
R30 
R" 

R32/iNTo 
R,,/Iiiii'i 

Roo 
R .. 
Ru 
R" 
RIO 
RI. 
Ru 
Ru 
Vee 

• BLOCK DIAGRAM 

.--- ---. 
• RA./Vdisp . . 
I RAO L. _____ .1 

Ru 

Ru 

R" 
RIO 

R" 
R" 
RT! 

R T• 

Roo 
R .. 
RI • 

Ro. 

R" 
Ru 

R" 
Rs. 

0 D •• 
O. 
01 
0, 
D. 
D. 
D. 
0, 
02 
D. 
D. 
GND 
OSC. 
osc. 
'mT" 
RESET 
R.3 
R02 
Ro. 
Roo 
Ru 
RI2 
RI. 
RIO 
R" 
Rn 
R7I 
R,. 
R., 
R •• /SO 
R.,/51 
R •• /ffi 

Re.J~l~r/~ ~~R"R., 

~~:.J High Voltage Pins 
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RESg)' m'I' OSC. Osc. Vee <Nl 

ROM 

O. 
D. 
D. 

o. 
GNO 

osc. 
osc. 
Tm' 
RESET 

RII 
Roo 

RI> 
R •• 

R •• 

RIO 

R73 

Rn 

tOt8xlObil 

PC 

r- - - -, r- - , 

:Ro.RotRo,Roo : :DtlD"D'IDIlDa,D .. D.D. D, D. D. D~D. D. D, D. '- _______ J L __________________ J 



--------------------------------------------------------------------------HMCS404AC 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vcc -0.3 to +7.0 V 

Terminal Voltage 
-0.3 to V cc +0.3 V 3 

VT 
V cc -45 to V cc +0.3 V 4 

Total Allowance of Input Currents ~IO 50 rnA 5 

Total Allowance of Output Currents -~Io 150 rnA 6 
Max imum I nput Current 10 15 rnA 7, 8 

4 rnA 9, 10 

Maximum Output Current -10 6 rnA 9,11 

30 rnA 9, 12 

Operating Temperature Topr -20 to +75 °c 
Storage Temperature T stg -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. 

(Note 2) 
(Note 3) 
(Note 4) 
(Note 5) 
(Note 6) 
(Note 7) 
(Note 8) 
(NoteS) 
(Note 10) 
(Note 11) 
(Note 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 I/O pins to GND simultaneously. 
Total allowance of output current is the total sum of the output current which flow out from Vee to all I/O pins simultaneously. 
Maximum input current is the maximum amount of input current from each I/O pin to GND. 
Applied to Do - D3 and R3 - RB. 
Maximum output current is the maximum amount of output current from VCC to each I/O pin. 
Applied to Do - D3 and R3 - RB. 
Applied to RD - R2. 
Applied to D. - D". 
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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.) 

Value 
Item Symbol Pin Name Test Conditions Unit Note 

min typ max 

RESET, SCK, 
O.7Vee - Vee+O.3 V 

INTo,lNTI Input "High" 
VIH Voltage SI O.7Vee - Vce+0.3 V 

OSCI Vee-0.5 - Vce+0.3 V 

RESET, SCK, -0.3 - 0.22Vee V INTo,lNTI Input "Low" V IL Voltage SI -0.3 - 0.22Vee V 

OSCI -0.3 - 0.5 V 

Output "High" -IOH = 1.0 rnA Vee- 1.O - - V --

Voltage VOH SCK, SO -IOH = 0.01 rnA Vee-0.3 - - V 

Output "Low" 
VOL SCK, SO IOL = 1.6 rnA - - 0.4 V Voltage 

Input/Output RESET, SCR, 
IIILI INTo, INTI V in = 0 V to Vee - - 1 IlA 1 Leakage Current 

SI, SO, OSCI 

Current Vee = 5 V Dissipation in lee Vee - - 3.0 rnA 2,6 
Active Mode fosc = 6 MHz 

Maximum Logic Operation 

ISBY1 Vee Vee = 5 V - - 1.8 rnA 3,6 
Current fosc = 6 MHz 
Dissipation in 

Minimum Logic Operation Standby Mode 
ISBY2 Vee Vee = 5 V - - 1.35 rnA 4,6 

fosc = 6MHz 
~---.-

Current 
Yin (TEST) = Vee -0.3 V to Vee 

Dissipation in Istop Vee - - 10 IlA 5 
Stop Mode Yin (RESET) = OV to 0.3 V 

Stop Mode Vstop Vee 2 - - V 
Retain Voltage 
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--------------------------------------------------------------------------HMcS~4AC 

(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 

• D. -0" R3- R9 '" Vee voltage 
• D.-DIS, RO-R2, RAQ' RA1'" 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-S; +2 prescaler divide ratio 
• SER IAL Interface ; Stop 

Pin state; • RESET .. ·GND voltage 
• TEST ... Vee voltage 
• 0.-0" R3-R9 .. · Vee voltage 
• D. -DIS, RO-R2, RAQ, 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-S; +2048 prescaler divide ratio 
• SERIAL Interface; Stop 

Pin state; • RESET. .. · GND voltage 
• TEST ... Vee voltage 
• D. -0" R3- R9 ... V cc voltage 
• D. -DIS, RO- R2, RAQ, 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 (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" 
V IH 

Do - 03, 
Voltage R3 - R5, R9 

Input "Low" 
V IL 

Do - 03, 
Voltage R3- R5, R9 

00 - 03, 
Output "High" VOH 

R3- R8 -loH = 1.0 mA 
Voltage Do - 03, -IOH = 0.01 mA 

R3- R8 

Output "Low" VOL 00 - 03, IOL = 1.6 mA Voltage R3- R8 

Input/Output 
\lILI 

00 - 03, Yin = OV to VCC 
Leakage Current R3- R9 

Pull-Up MOS 
-Ip 00 - 03, Vee - 5V 

Current R3- R9 Yin = 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 I/O pins "with Pull-up MOS" selected by mask option. 
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Value 

min typ 

0.7Vee -

-0.3 -

Vee-1.O -

Vee-0.3 -

- -

- -

30 60 

Unit Note 
max 

Vee+0.3 V 

0.22Vec V 

- V 1 

- V 1 

0.4 V 

1 p.A 2 

120 p.A 3 



HMCS404AC------------------------------------------------------------------------

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

Item Symbol Pin Name Test Conditions 
min 

Input "High" 
V IH 

04 - 015, R1 
0.7Vee Voltage R2, RAO, RA1 

Input "Low" 
V IL 

04-015 , R1 
Vee-4O Voltage R2, RAO, RA1 

-IOH=15mA, Vee=5V ± 10% Vee-3.O 
04 - 015 

Output "High" VOH 
-IOH=9mA Vee-2.O 

Voltage 
RO- R2 

-IOH-3mA, Vee-5V ± 10% Vee-3.O 
-IOH=l.B mA Vee-2.O 

04-015 
V dilp = Vee -40V 

Output "Low" RO-R2 -
Volta'ge 

VOL 
04-015 
RO-R2 

150kn to Vcc-4OV -
Input/Output 

HILI 
04-015 

Leakage RO-R2 Yin = Vee-40V to Vee -
Current RAO, RA1 

Pull Down MOS 
04-015 

V disp = Vee -35V 
Id RO-R2 125 Current 

RAO, RA1 Yin = Vee 

(Note 1) Applied to I/O pins "with Pull-down MOS" selected by mask option. 
(Note 2) Applied to I/O 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 I/O pins "with Pull-down MOS" selected by mask option. 
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Value 

typ 

-

-
-
-
-
-
-

-

-

250 

Unit Note 
max 

Vcc+0.3 V 

0.22Vee V 

- V 

- V 

- V 
- V 

Vcc-37 V 1 

Vcc-37 V 2 

20 p.A 3 

500 p.A 4 



-----------------------------------------------------------------------------HMCS404AC 

• AC 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 

Oscillation Frequency fosc OSC!,OSC2 0.4 6 6.2 MHz 

Instruction Cycle Time tCyc 1.29 1.33 20 /.ls 

Oscillator Stabilization Time tRC OSC!,OSC2 - - 20 ms 1 

External Clock "H igh" 
tCPH OSC! 70 - - ns 2 Level Width 

External Clock "Low" 
tCPL OSC! 70 - - 2 Level Width ns 

External Clock Rise Time tCPr OSC! - - 20 ns 2 

External Clock Fall Time tCPf OSC! - - 20 ns 2 

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

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

INT! "High" Level Width tl1H INT! 2 - - tcyc 3 

INT! "Low" Level Width tl1 L INT! 2 - - tcyc 3 

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

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

-

RESET Fall Time tRSTf - - 20 ms 4 

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after VCC reaches 4.5V at "Power-on", or after RESET input level goes 
"High" by resetting to quit the stop mode by MCU reset. 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-1BC (Nihon Denpa Kogyo) 
Rf : 1M!l ±2% 
C, : 20pF ±20% 
C. : 20pF ± 20% 

(Note 2) 

OSC, 

tCPr tCPf 

(Note 4) 

RESET 

Ceramic filter oscillator 

Ceramic filter: CSA6.00MG (Murata) 
Rf : 1M!l±2% 
C, : 30pF ± 20% 
C. : 30pF ± 20% 

(Note 3) 
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HMCS404AC--------------------------------------------------------------------------

• 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 tSCKf SCK (Note 2) - -

Serial Output Data 
toso SO (Note 2) - -Delay Time 

Serial Input Data Set-up Time tSSI SI 300 -
Serial Input Data Hold Time t HSI 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 tSSI SI 300 -
Serial Input Data Hold Time tHSI SI 150 -

(Note 1) Timing Diagram of Serial Interface 

5CK Vee -2:0V(07Vee '. 

0.8V(O.22Vce) • 

so 

SI H
ISS' 

____ -« 0.7Vcc 

'-____ O.22Vcc 

* 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 inpu!. 

(Note 2) Timing load Circuit 

Vee 

15207418) 

or Equiv. 
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Unit Note 
max 

- tCYC 1,2 

- tSCYC 1,2 

- tscyC 1,2 

100 ns 1,2 

100 ns 1,2 

250 ns 1,2 

- ns 1 

- ns 1 

Unit Note 
max 

- tCYC 1 

- tSCYC 1 

- tscyC 1 

100 ns 1 

100 ns 1 

250 ns 1,2 

- ns 1 

- ns 1 



--------------------------------------------------------------------------HMCS404AC 

• CHARACTERISTICS CURVE (REFERENCE DATA) 
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4 

Ta=-20- +75"C V fosc=6MHz 
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• DESCRIPTION OF PIN FUNCTIONS 
Input and output signals of MCU are described below. 

• GND. Vee. VdilP 
These are Power Supply Pins. 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 Vcc-40V. Vdisp 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 Vee. 

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

• OSCI,OSC2 

These are Input pins to the internal oscillator circuit. They 
can be connected to crystal, or ceramic filter resonator. For 
details, see "INTERNAL OSCILLATOR CIRCUIT." 

• D-port (Do to DIS) 
D-port is a I-bit Input/Output common port. Do to D3 are 

standard type, D4 to DIS 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 R5 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
cuit type. R32, R33, R40, R41 and R42 are also available as 
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INTo, INTI, SCK, SI and SO respectively. For details, see 

"INPUT/OUTPUT" . 

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

nally. INTI can be used as an external event input pin for 
TIMER-B. INTo and INTI are also available as R 32 , and R33 
respectively. For details, See "INTERRUPT". 

• SCK, SI, SO __ 
These are Transfer clock I/O 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 ~o, ~I and ~2 respec­
tively. For details, see "SERIAL INTERFACE" . 

• ROM MEMORY MAP 
MCU includes 4096 words x 1,0 bits ROM. ROM memory 

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

• Vector Address Area ..... $0000 to $OOOF 
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 $OOlF 
CAL instruction allows to branch to the subroutines in 

$0000 to $003F. 

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

$OFFF as a pattern. 

• Program Area ...... $0000 to $OFFF 



--------------------------------------------------------------------------HMCS404AC 

o 

15 
16 

63 
64 

4095 
4096 

16383 

1 
I 

I 
Vector Address 

Zero-Page Subroutine 

(64Words) 

Program 
Pattern 

(4096Words) 

• RAM MEMORY MAP 

$0000 
01- JMPL Instruction -
1 (Jump to RESET Routine) 

$OOOF 2 JMPL Instruction 
$0010 

~ 
(Jump to INTo Routine) -3 

\ 4 JMPL Instruction 
5~ (Jump to INT1 Routine) 

-
$003i= 6 JMPL Instruction 
$0040 7 ~ (Jump to TIMER-A Routine) -

81- JMPL Instruction -
9 (Jump to TIMER-S Routine) 

10 

11 
SOFFF 12 JMPL Instruction $1000 

~ -
13 (Jump to SERIAL Routine) 

14 

$3FFF 1~ 

Fig. 1 ROM Memory Map 

$0000 

$0001 

$0002 

$ 0003 

$0004 

$0005 

$ 0006 

$ 0007 

$ 0008 

$0009 

$OOOA 

$OOOB 

$OooC 

$ 0000 

$ OOOE 

$OOOF 

MeV 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. 

o 

31 
32 

RAM-mapped Registers 

Memory Registers(MR) 

$000 

$ 01F 
$020 
\ 

0 

1 
Interrupt Control 8its 

2 

3 
4 Port Mode Reg. (PMR) , W 47 

48 ~--------------- ---- $ 02F 
$ 030 

, 

$000 

$001 

$002 

$003 

$004 

$005 

$006 

$ 007 

$008 

$009 

$OOA 

$008 

$OOC 

223 
224 

959 
960 

1023 

Data 

( 192Digits) 

Not Used 

Stack 
(64Digits) 

R :Read Only 

W :Write Only 
R/W: Read /Write 

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 (TMB) I W 

$ODF 10 
TIMER-B • 

(TCBLlTLRL) : R/W 

$OEO 
~ 

(TCBU/TLRU): R/W 11 
12 

$ 3BF Not l!sed 
$3CO 

31 $ 01F 

$3FF 

* Two registers are mapped on same address. 

1 0 
Timer IEvent Counter BLower; R Timer Load Reg. Lower I W $ OOA 

~~~~~(T~C~B~L~)~~--_+~~~--~(~T~L~RL~)~~--~~ 
11 Timer IEvenh~o~c~er B Upper I R Timer L(~~R~t Upper : W $ OOB 

Fig. 2 RAM Memory Map 

307 



HMCS404AC------------------------------------------------------------------------

bit 3 bit 2 bit 1 bit 0 

IMO IFO RSP I/E 
(1M of INTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 

o $000 

IMTA IFTA IM1 IF1 

(1M of TIMER-A) (IF of TIMER-A) (1M of INTI) (IF of INTI) 
$001 

Not Used Not Used 
IMTB IFTB 

(1M of TIMER-B) (IF of TIMER -B) 
2 $002 

Not Used Not Used 
IMS IFS 

(1M of SERIAL) (IF of SERIAL) 
3 $003 

IF Interrupt Request Flag 
1M Interrupt Mask 
lIE Interrupt Enable Flag 
SP Stack Pointer 
(Note) ~ach bi~ in Inte.rrupt Control Bits Area!s set b~ SEM/SEMO 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/SEMO 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 $OOB 
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) $ 026 Level 10 

MR(7) $ 027 Level 9 

MR(8) $ 028 Level 8 

• Data Area ..... $020 to $ODF 
16 digits of $020 to $02F are called memory register (MR) 

and accessable by LAMR and XMRA instructions. 

• Stack Area .... $leo to $lFF 
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 1 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 bitl bitO 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

MR(9) 

MR(10) 

MR(ll) 

MR(12) 

MR(13) 

MR(14) 

$ 029 Level 

$ 02A Level 

$ 026 Level 

$ 02C Level 

$ 020 Level 

$ 02E Level 

7V 6 1 
5 

4 
3 1 

2 
1 

PC" $3FC 

PC 10 PC 7 $ 3FD 

CA PC 4 $ 3FE 

PC; --;;c;- ~ $3FF 023 
MR(15) $ 02F 1023 Level 

PC13 to PCo ; Program Counter 
ST; Status 
CA; Carry 

1 $ 3FF 
PC, 

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) 
~ccumulator and B Register are 4-bit registers used to hold 

the results of Arithmetic Logic Unit (ALU), and to transfer data 
to/from memories, I/O and other registers. 

• W Register (W), X Register (X), V Register (V) 
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 (SPV) 
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) 
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 "1" after the BR, BRL, CAL or CALL 
instruction has been executed (irrespective of its executionl 
skip). During the interrupt servicing, Status is pushed onto the 

'--____ 1 Accumul.to' 

'--____ 1 B Rliglster 

YRI!grsler 

SPXRegisier 

Spy ReglSl.r 

Ic:l L:::J CI.rry 

r.;l 
L.:.J S'lluS 

'--______________ --.JI P'.~::~., 

Fig. 5 Register and Flags 
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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 (INTo, INTd, 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 (lIE) and Interrupt Request 
Flag (IF) are set to "0", and the Interrupt Mask (1M) 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 anyone 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 "0", 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 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 

lIE I-------------r, 
Sequence Control 

· Push PCtCA/ST 

$001.0 

$001.2 

$003.0 

· Rese. IIf 
· Jump to Vector 

Address 

Priority Control 
PLA 

Fig.6 Interrupt Circuit Block Diagram 

Table 1. Vector Addresses and I nterrupt Priority 

Reset, Interrupt Priority Vector addresses 

RESET - $0000 

INTo 1 $0002 

INTI 2 $0004 

TIMER-A 3 $0006 

TIMER-B 4 $0008 

SERIAL 5 $OOOC 

Table 2. Conditions of Interrupt Service 

Address 

~ Interrupt source INTo INTI TIMER-A TIMER-B 
control bits 

I/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 * * * * 
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SERIAL 

1 

0 

0 

0 

0 

1 

• Don't care 
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Instruction 

Cycles 

Instruction 
execution 

Interrupt 
accepted 

2 

Stacking. 
Reset of lIE 

3 

Stacking, 
Vector address 
is generated 

4 5 

..!MPL instruction execution on the 
vector address 

6 

Fig.7 Interrupt Servicing Sequence 

Instruction 
Execution at 
starting address 
of the interrupt 
routine 

• Interrupt Enable Flag (lIE: $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 

o Disable 

Enable 

• External Interrupt (I NT 0, I NT I ) 

To use external interrupt, select R32 /INT 0, R33 /INT I port 
for INTo, INTI mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (IFO, IF!) are set at 
the falling edge of INT 0, INT I 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 INTI as TIMER-8 external event, an External Interrupt 
Mask (1M!) has to be set so that the interrupt request by INTI 
will not be accepted. 

• External Interrupt Request Flag (I FO: $000,2, I F1: $001,0) 
The External Interrupt Request Flags (IFO, 1Ft) are set at 

the falling edges of INTo, INT 1 in puts respectively. 

• External Interrupt Mask (lMO: $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 

o No 

Yes 
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Table 5. External I nterrupt Mask 

External Interrupt Masks Interrupt Requests 

o Enable 

Disable (masks) 

• Port Mode Register (PMR: $004) 
The Port Mode Register is a 4-bit write-only register which 

controls the R32 /INT 0 pin, R33 lINT I pin, ~ I lSI pin and 
~2 ISO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MeV reset, so that all these pins are set 
to a port mode. 

Table 6. Port Mode Register 

PMR 
R33/INTI pin 

bit 3 

0 Used as R33 port input/output pin 

Used as I NT I input pin 

PMR 
Rn /1 NT 0 pin 

bit 2 

0 Used as R32 port input/output pin 

Used as I NT 0 input pin 

PMR 
R41 /SI pin 

bit 1 

0 Used as R41 port input/output pin 

Used as SI input pin 

PMR 

bit 0 
R42/S0 pin 

0 Used as R42 port input/output pin 

Used as SO output pin 
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No 

Yes 

PC<-$ 0002 

PC<-$ 0004 

PC<-$ 0006 

PC<-$ 0008 

PC<-$ OOOC 

Fig.8 Interrupt Servicing Flowchart 
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I/E<-"O" 

Stack<-(PC) 
Stack<-(CA) 
Stack<-(ST) 

No 

(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 ~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-

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. 

INTERRUPT 
REQUEST FLAG 
of SERIAL INTER-
FACE 

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 ~o/SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The ~rite 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 MCV reset. 
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• 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 
(SRV: $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 
o Used as R40 port input/output pin 

Used as SOl< input/output pin 

SMR Transfer Clock 

Presealer System Clock 
Bit 2 Bit 1 Bit 0 R4o/SCK Port Clock Source Divide Divide 

Ratio Ratio 

0 0 0 SCI{ 
Presealer +2048 +4096 Output 

0 0 1 SCK 
Presealer 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 

1 0 1 SCK 
Prescaler 2 4 Output 

1 1 0 SCK System - 1 Output Clock 

1 1 1 SCK External - -Input Clock 

Transfer Clock 

Seriel Output Data 

Serial Input Data 

LatCh Timing I I I I I I I I 
Fig.10 Serial Interface I/O Timing Chart 

• SERIAL Interrupt Requllt Fleg (lFS: $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 Interrupt Malk (lMS: $003, 1) 
The SERIAL Interrupt Mask masks the interrupt request. 

Table 8. SERIAL Interrupt Request Flag 

SERIAL Interrupt Request Flag I nterrupt Request 

o No 

Yes 
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Table 9. SERIAL Interrupt Mask 

SERIAL Interrupt Mask Interrupt Request 

o 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 

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 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 0 
Serial Interface Operating Mode 

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 
I--Output Mode 

• Transmit Mode 
• Receive Mode 
• Transmit/Receive 

Mode 

SCK Waiting State 
(Octal Counter = "000") 

Yes 

(
Octal Counter = "000" ) 
Transfer Clock Disable 

Change PMR* 

.. 

Transfer Clock 

8 Transfer Clocks, 
STS Instruction 

(tFS +-"1") 

o 
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 II-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 "0". 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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~--'-'-'_~ TCA(8bit) 
TIMER COUNTER A 

TIMER MODE REGISTER A 

Fig. 13 Timer/Counter Block Diagram 

• TIMER·A Operation 
After TIMER·A is initialized to $00 by MeV 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 (1FTA': $001, 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 
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 Ru 1mT7 
as INT 1 and set the External Interrupt Mask (1M 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·B is set to $FF, TIMER·B will be initio 
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. 
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• 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 MeV 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 SO by MeV 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 TLRV after the content of TMB is changed. 

Table 11. Timer Mode Register A 

TMA 
Prescaier Divide Ratio 

Bit 2 Bit 1 Bit 0 

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 'T' 2 
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Table 12. Timer Mode Register B 

TMB 

Bit 3 
Auto-reload Function 

o 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 

1 1 0 2 

1 1 1 INTI (External Event Input) 

• TIMER-8 (TCBL: $OOA, TC8U: $OOB) 
TLRL: $OOA, 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: $OOA, TLRL: $OOA) and a high­
order digit (TCBU: $OOB, TLRU: $OOB)_ 

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 

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 

o 
I nterrupt Request 

No 

Yes 

Table 14. TIMER-A Interrupt Mask 

TIMER-A Interrupt 
Mask 

o 

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 

Transfer clock selection 

R40 /SCK pin mode selection 

L.-_____ R42/S0 pin mode selection 

'--------- R41 /SI pin mode selection 

'------------ R3211NTo pin mode selection 

'-------------- R33/INTI pin mode selection 

TMA:$ 008 TMB:$009 

I)<ITMA21TMA 11TMAOI 

, . ' l' L TIMER-B input clock selection r l Auto-reload function selection 

~ TlMER-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 

o 
Interrupt Request 

No 

Yes 

Table 16. TIMER-B Interrupt Mask 

TIMER-B Interrupt 
Mask 

o 

• INPUT/OUTPUT 

Interrupt Request 

Enable 

Disable (Mask) 

The MeV 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 

Pull up MOS (e) 

approximately 40k.o. 
to 160k.o. 

Vee Vee PMOS(B) 
approximately 1 k.o. 

NMOS(A) 
approximately 250.0. 

open drain)", or (E) "With pull-down MOS". As pull-down 
MOS is connected to internal V disp line, select RAI IV di;p 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 "0" to "I". In this case, the "write pulse" allows the 
PMOS (B) to turn "ON" as long as 1/8 instruction cycle. While 
"write pulse" is "0", pull-up MOS (C) may retain the output 
in high level. 

The HLT signal becomes "0" in stop mode, so that MOS (A) 
(B) (C) turn "OFF". 

Write pulse 
(Output 

,..-4-_______ instruction) 

~--~------~---- HLT 

Data 

1 Instruction cycle 

Output instruction execution 

Write pulse 
___ ----'nl---__ 

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 

Without pull-up MOS 
With pull-up MOS Applied (NMOS open drain) CMOS (C) 

(A) (8) pins 

~ 
input ~i"P"' ~i"P"' data data V data 00 -03, 

1/0 V write 

'~"~ 
ee 

common ~HLT 
R30 -R33, 

pins 
HLT R40 -R43, 

HLT 

~utPut Rso -RS3 
output output 

data data data 

II> 
c: 

V"~_iU Vee "a. R60-R63 , 
"E Output ~ '",. <II pins HLT o1~HLT R70 -R73 , 
"0 ~~HLT 

Rso -Rs3 c: 
<II 

ci) output output 
~~:~ut data data 

Vee 

Input 

~ H~ pins input HLT input R90-R93 
data data 

Without pull-down MOS 
With pull-down MOS (E) Applied pins 

(PMOS open drain) (0) 

Vee 

~~HLT kCJ=HLT 
1/0 

0-
output o output 0 4-015 , 
data data 

common RIO -R 13 , 
pins Vee Rlo-Rn 

HIT input Vdisp HLT~ input 
data '--- data 

II> Vee 
c: Vee "a. ~KJ=HLT Gl o-S3 ret: H L T 

output CI output !!l Output 
data 

(5 data 
> pins 

Vee 
Roo-Ro3 

oJ::. 
"~ 
:I: Vdisp 

Input 
~input ~'"P"' RAO, data data 

pins Vee RA1 N diSP 

Vdisp 

(Note) In the stop mode, HLT signal is "0" and I/O pins are in high impedance state" (to be continued) 

319 



HMCS404AC------------------------------------------------------------------------

Without pull-up MOS (NMOS open drain) With pull-up MOS (8) Appl ied pins 
or CMOS (A or C) 

SCK SCK 
HLT 

I/O Vee HLT 

V"~ common H L T +mode select 0-l1 HL T +mod. ~'~ SCK 
pins 

0- ~ ;'''m'' SCK internal SCK 

II> 

~::T 
t: Vee 'Q. 

"E Output 

~~::T co SO 
-0 pins 
t: 
co 

en 

Input INTo, 

pins INTI, 

o--e-input 
o--e-input SI 

data 
data 

HLT HLT 

(Note) In the stop mode, HL T signal is "0", HL T signal is "1" and I/O pins are in high impedance state. 

Table 18 Data Input from Input/Output Common Pins 

I/O pin circuit type 
Possibi lity Available pin condition 
of Input for input 

CMOS No -
Standard Without pull-up 
pins MOS Yes "1" 

(NMOS open drain) 

With pull-up MOS Yes "1" 

Without pull-down 
High MOS Yes "0" 
voltage (PMOS open drain) 
pins With pull-down 

MOS Yes "0" 

320 



--------------------------------------------------------------------------HMCS404AC 

• D-port 
O-port is I-bit I/O 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 TO and TOO instructions. 
Table 17 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, 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, R41 and R42 pins are also used as the INTo, 
INTI, 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 tRe 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 O. 

(A) Without pull- "1" Enable to input. 
upMOS 

Standard pin (B) With pull-up "1" Enable to input 
MOS 

(C) CMOS "1" -
I/O pin 

(0) Without pull-output register "0" Enable to input. 
High voltage down MOS 
pin (E) With pull-

"0" Enable to input. down MOS 

Interrupt Enable Flag (I/E) "0" Inhibit all interrupts. 

Interrupt flag Interrupt Request Flag (I F) "0" No interrupt request. 

Interrupt Mask (1M) "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 (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) 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 (A) 

(8) 
The contents of the items before The contents of the items before 

8 Register 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/SPY) 

Serial Data Register (SR) 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 a crystal oscillator or a ceramic filter 

oscillator without mask option. In any cases, external clock 
operation is available. 

OSC, <1 

Oscillator Divider 
circuit 
1/8 

Timing 
generator 
circuit 

Fig. 16 I nternal Oscillator Circuit 

System 
clock 

• Oscillator Circuit 

External clock 
operation 

Ceramic filter 
oscillator 

Crystal 
oscillator 

Table 20 Examples of Oscillator Circuit 

Circuit configuration 

Oscillator 

Open OSC2 

Cl 

cerami1 filter 

C2 

GND 

OSCl 

GND 

ATcut parallel resonance crystal 

~,~--
OS~~C2 

Co 

Remarks 

Ceramic filter CSA6.00MG (Murata) 

Rf : lMn±2% 

C, : 30pF±20% 

Cz : 30pF± 20% 

• Wiring between these pins and elements should be as short as possible, 
and never cross the other wirings. (Refer to Fig. 17) 

Rf : lMn±2% 
C, : 1O~22pF±20% 

Cz : 10~22pF±20% 

Crystal: ATcut parallel resonance crystal 
Co : 7pF max. 

Rs : lOOn max. 
f : 2.0 - 6.2MHz 

• Wiring between these pins should be as short as possible, and 
never cross the other wirings. (Refer to Fig. 17) 

Note) Please consult with the engineers of crystal or ceramic filter maker to determine the value of Rf, C, and C •. 
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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 'J} RESET Input, 
instruction Active Stop Retained Active Retained Retained Active 

Interrupt request 

Stop mode STOP Stop Stop RESET·
,1 

Stop Retained 
High· 21 

Stop RESET Input 
instruction impedance 

*1 ) 
*2) 

As the MCU recovers from STOP mode by RESET input, the contents of the flags and registers are initialized according to Table 19. 

*3) 

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 (lstop). 
As a I/O circuit is active, a I/O current possibly flows according the state of I/O pin. This is the additional current to the current dissipution in 
Standby Mode (lSBY1, ISBY2)' 

Fig. 18 MCU Operation Mode Transition 

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 "1 ", the interrupt is executed. If the Interrupt Enable Flag 
is "0", 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 MeU into the Stop mode. 

In this mode the oscillator circuit and every function of the 
MCU stop. 

• Standby Mode 

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. 

The SBY instruction puts the MCU into the Standby mode. 
In the Standby mode, the oscillator circuit is active and timer/ 
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Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

Restart 
Processor Clocks 

(A) 

Reset MCU 

Fig. 19 MCU Operating Flowchart 

Stop mode ,.. ~I 

tres ~I 
STOP instruction execution (more than stabilization time: tRcl 

Fig. 20 Timing Chart of Recovering from Stop Mode 
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• RAM ADDRESSING MODE 
As shown in Fig. 21, the MeU 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 (IO 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 V-Register 
,----------, 

(a) Register Indirect Addressing 

Instruction 1 st Word Instruction 2nd Word 

(b) Direct Addressing 

"0" "0" "0" "0" "1" "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 n 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 lower-order eight bits of program counter (PC7 to PCo) 
with 8-bit immediate data. The branch destination by BR 

(JMPL) 
(BRL) 
(CALL) 

Instruction 1 st Word 

instruction on the boundary between pages is in the next page. 
Refer to 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 s 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, accumulator and B regis­
ter, using TBR instruction. 

Instruction 2nd Word 

(a) Direct Addressing 

(TBR) 

Instruction 

(BR) 

Program Counter PC" PC •• PC" PC.o PC. PCa 

(b) Current Page Addressing 

Instruction 

(c) Zero Page Addressing 

Instruction 

Program Counter 
~~--~~--~~~~~~~~~--~~--~~ 

(d) Table Data Addressing 

Fig.22 ROM Addressing Mode 
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(P) OP Code B Register Accumulator 

"0" "0" 

Referred ROM Address RA 13 RA Il RAllRAlO RA9 RAa 

(a) Address Designation 

: If RO s = 1 

: If R0 9 = 1 

(b) Pattern 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 

~--B-R-"-'--- ~::~n-1I+25S 

NOP 

SR AAA 256n+254 

~~B:::..R.:.:8B::..8 __ -----I~~:~n:21~5 

Fig.24 The Branch Destination by BR Instruction on 
the Boundary between Pages 
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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 
"I", 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. 

• INSTRUCTION SET 
The HMCS400 series provide 99 instructions. These instruc-

tions 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 
(7) RAM Bit Manipulation Instruction 
(8) ROM Address Instruction 
(9) Input/Output Instruction 

(10) Control Instruction 
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Table 22. Immediate Instruction 

wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YClE 

Load A from Immediate LAI i 1 0 0 0 1 1 b i2 i, io i--A 1/1 

Load B from Immediate LBI i 1 0 0 0 0 0 b i2 i, io i--B 1/1 

Load Memory from Immediate LMID i,d ~g Ja J7 ~ J5 ~ d~ :l, d', d~ i--M 2/2 

Load Memory from Immediate, Increment Y LMIIY i 1 0 1 00 1 b i2 i, io i->M,Y+1->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 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 m3m2m,mO MR(m)->A 1/'1 

Exchange MR and A XMRA m 1 0 1 1 1 1 m3m2m,mO MR(m)-A L'1 

Table 24. RAM Address Instruction wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YClE 

Load W from Immediate LWI i 00111100i,io i--W 1/1 

Load X from Immediate LXI i 1 000 1 0 b i2 i, io i--X 1/1 

Load Y from Immediate LYI i 1 0 0 0 0 1 b i2 i, io i--Y 1/1 

Load X from A LXA 0011101000 A--X 1/1 

Load Y from A LYA 0011011000 A--Y 1/1 

Increment Y IY 0001011100 Y+1->Y NZ 1/1 

Decrement Y DY 0011011 1 1 1 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 V-Spy 1/1 

Exchange X and SPX,Y and Spy XSPXY 0000000011 X ... SPX,Y-SPY 1/1 

Table 25. RAM Register Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
WORD 

7cLE 
Load A from Memory LAM(XY) 00100100yx M->A, (~:~~~) 1/1 

Load A from Memory LAMD d 0110010000 M->A 2/2 dg da d7 d6 ds d4 d3 d2 d, do 
Load B from Memory LBM(XY) 00010000yx M-+B, (~:~~~) 1/1 

Load Memory from A LMA(XY) 00100101yx A-+M, (~:~~~) 1/1 

Load Memory from A LMAD d 0110010100 A-+M 2/2 
dgdad7 d6dsd4d3d2d, do 

load Memory from A. Increment Y LMAIY(X) 000101000x A->M,Y + 1-+ Y(X~SPx) NZ 1/1 

load Memory from A, Decrement Y LMADY(X) 001101000x A-+M,Y-1-+Y(x~sPX) NB 1/1 

Exchange Memory and A XMA(XY) 00100000yx M~A, (~:~~~) 1/1 

Exchange Memory and A XMAD d 0110000000 M-A 2/2 
dgdad7 d6dsd4d3 d2d, do 

Exchange Memory and B XMB(XY) 00110000yx 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 (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 

LMAIYX X~SPX 

Table 26. Arithmetic Instruction 

Z OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
CYCLE 

Add Immediate to A AI i 1 01 000 b i2 il io A+ i-A OVF 1/1 

Increment B IB 0001001100 B+ 1-B NZ 1/1 

Decrement B DB 0011001 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 0001100000 ·A+1-A 1/1 

Complement B COMB 0101000000 e-B 1/1 

Rotate Right A with Carry ROTR 0010100000 1/1 

Rotate Left A with Carry ROTL 0010100001 1/1 

Set Carry SEC 0011 1011 1 1 1-CA 1/1 

Reset Carry REC 0011101100 O-CA 1/1 

Test Carry TC 0001 101111 CA 1/1 

Add A to Memory AM 0000001000 M+A-A OVF 1/1 

Add A to Memory AMD d ~9J8~7 ~6 ~s ~4 J3 ~2 ~1 ~o M+A-A OVF 2/2 

Add A to Memory with Carry AMC 0000011000 M+A+CA-A OVF 1/1 

Add A to Memory with Carry AMCD d ~ J8~7~6~SJJ3~2~1 ~o M+A+CA-A OVF 2/2 

Subtract A from Memory with Carry SMC 0010011000 M-A-CA-A NB 1/1 

Subtract A from Memory with Carry SMCD d ~9 Je J7 ~e ~5 J4 J3 ~2 ~1 ~o M-A-CA-A NB 2/2 

OR A and B OR 0101000100 AUB-A 1/1 

AND Memory with A ANM 0010011100 AnM-A NZ 1/1 

AND Memory with A ANMD d ~gJe~ ~B~JJ1J2~'& AnM-A NZ 2/2 

OR Memory with A ORM 0000001100 AUM-A NZ 1/1 

OR Memory with A ORMD d ~9JB~7~ ~ &JJ2~1 & AUM-A NZ 2/2 

EOR Memory with A EORM 0000011100 A~M-A NZ 1/1 

EOR Memory with A EORMD d ~9 ~B ~7 ~6~S ~4 ~3 J2 ~1 ~o A~M-A NZ 2/2 
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Table 27. Compare Instruction 

I 
~ OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 

YCLE 

Immediate Not Equal to Memory INEM i 0000 1 0 iJ i2 i, io i 10M NZ 1/1 

Immediate Not Equal to Memory INEMD i,d 010010 iii i 
d~ de d7 ds d~d. ta~dl ~ i/M NZ 2/2 

A Not Equal to Memory ANEM 0000000100 AIM NZ 1/1 

A Not Equal to Memory ANEMD d ~9 Je ~7 ~s ~s~. ~3 J2 ~, ~o AIM NZ 2/2 

B Not Equal to Memory BNEM 0001000100 B1'M NZ 1/1 

Y Not Equal to Immediate YNEI i 000 1 1 1 iJ i2 i, io Yf-i NZ 1/1 

Immediate Less or Equal to Memory ILEM i o 0 0 0 1 1 iJ i2 i 1 io i;;;;M NB 1/1 

Immediate Less or Equal to Memory ILEMD i,d ~J~~7 ~5 JsJ3~1,-~ 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 ~9JS ~7~s~5J'~3J2~' ~o 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 i2 il 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 00 1 00 0 0 1 n,no 1-M(n) 1/1 

Set Memory Bit SEMD n,d o 1 1 0000 1 n,no 
dgdsd7 dsds d.d3d d, do 1-M(n) 2/2 

Reset Memory Bit REM n 00 1 000 1 0 n,no O-M(n) 1/1 

Reset Memory Bit REMD n,d o 1 1 0 9 9 1 9 n 100 
chds d7 ds ds d. d~d2 dl do O-M(n) 2/2 

Test Memory Bit TM n 00 1 000 1 1 n,no M(n) 1/1 

Test Memory Bit TMD n,d q 1 1 00 q 1 1 n,no 
dg ds d7 ds ds d. d3 d2 d, do M(n) 2/2 

Table 29. ROM Address Instruction 

I MNEMONIC 2 OPERATION OPERATION CODE FUNCTION STATUS 
CYCL 

Branch on Status 1 BR b 1 1 b7b6bsb4b3b2b,bo 1 1/1 

Long Branch on Status 1 BRL u o 1 0 1 1 1 P3P2P1PO 1 2/2 dgda d7 dsds d.da d2dl do 
Long Jump Unconditionally JMPL u o 1 0 1 0 1 P3P2P1PO 

dgdsd7dsdsd.dad2d, do 2/2 

Subroutine Jump on Status 1 CAL a o 1 1 1 aSa4a3a2a,aO 1 1/2 

Long Subroutine Jump on Status 1 CALL u ~9 Js ~7 Js J5 ~4 g:g;g,'g~ 1 2/2 

Table Branch TBR P 00 1 0 1 1 P3P2P1PO 1/1 

Return from Subroutine RTN 0000010000 1/3 

Return from Interrupt RTNI 0000010001 1-I/E 1/3 

Table 30. Input/Output Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
WORD 

£c:E 
Set Discrete I/O Latch SED o 0 1 1 1 00100 1-D(Y) 1/1 

Set Discrete I/O Latch Direct SEDD m 1 0 1 1 1 0 m3m2m,mO 1-D(m) 1/1 

Reset Discrete I/O Latch RED o 0 0 1 1 00100 O-D(Y) 1/1 

Reset Discrete I/O Latch Direct REDO m 1 0 0 1 1 0 m3m2m,mO O-D(m) 1/1 

Test Discrete I/O Latch TO 001 1 1 o 000 0 D(Y) 1/1 

Test Discrete I/O Latch Direct TOO m 1 0 1 0 1 0 m3m2m,mO D(m) 1/1 

Load A from R-Port Register LAR m 1 0 0 1 o 1 m3m2m,mO R(m)-A 1/1 

Load B from R-Port Register LBR m 1 o 0 1 o 0 m3m2m,mO R(m)-B 1/1 

Load R-Port Register from A LRA m 1 0 1 1 0 1 m3m2m,mO A-R(m) 1/1 

Load R-Port Register from B LRB m 1 0 1 1 o 0 m3m2m,mO B-R(m) 1/1 

Pattern Generation P P 0 1 1 0 1 1 P3P2Pl po 1/2 
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Table 31. Control Instruction 

OPERATION MNEMONIC OPERATION CODE 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 

I"- R8 0 1 

R9~ 01 1 I 2 I 3 415161718191AI81CIDIEIF 01 1 12131415161718191 A L8 L C I DIE I F 

0 

1 

o Nop~sp~XSPYlxSU'rM I 
1 RT~RTN~ AlEMI 

2 INEM 

3 ILEM 

4 LBM(XY) BNEM 

5 LMA'Y(X)l AYV! 

6 NEGAl REDI 

7 YNEI 

8 XMA(XY) SEM n(2) 

9 LAM(XY) LMA(XY) 

A RO~nl IOMI 
B T8R 

C XM8(XY) BlEMI 

D LMADY(Xi SYVI 

E TOL SEOI 

F LWI i (2) 

0 LBI 

1 LYI 

2 LXI 

3 LAI 

4 LBR 

5 LAR 

6 REDD 

7 LAMR 

8 AI 

9 LMIIY 

A TDD 

B ALEI 

C LRB 

D LRA 

E SEDD 

F XMRA 

D···l.word/2<ycle 
Instruction 

IAMI JOR~ 
IAMcl IEORMI 

i(4) 

i(4) 

ILABL JIB J 

[~ j IVJ 

I~ [ TC 

i(4) 

L REM n(2) J TM n(2) 

ISMCI JANMJ 

IOAS! I LAY 
p(4) 

ILBAI I DB 

I LYAI lOY 

ILXAI I REel I SEe 

i(4) 

i(4) 

i(4) 

i(4) 

m(4) I 
m(4) I 
m(4) 

m(4) 

i(4) 

i(4) 

m(4) 

i(4) 

m(4) I 
m(4) I 
m(4) 

m(4) 

D ... 1·word/3·cycle 
Instruction 
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~E1 rAMDj rORM~ 
r'tEM~ ~MC~ ~OAMj 

INEMD i(4) 

ILEMD i(4) 

COM~ JORl ISTSl I SBYISTOPI 

JMPL p(4) 

CALL p(4) 

BRL p(4) 

XMA~ [ SEMD nIl) 1 REMD n(2) J TMD n(2) 

LAM~ ~M~ ~MC~ ~NM~ 
LMID i(4) 

P p(4) 

CAL a(6) 

BR b(8) 

D ... RAM Direct Address D ... 2-word/2-cycle 
Instruction Instruction 
(2-word/2<ycle) 
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• MASK OPTION LIST 

- Family Name • HMCS404AC 
- Package 0 DP-64S 0 FP-64 

Date of Order 
Customer 

- I/O Circuit Type A; Without Pull-up MOS (NMOS Open Drain) Dept. 
Name 
ROM Code Name B; With Pull-up MOS 

C; CMOS LSI Type Number 
(Hitachi's eiltry) 

PIN 

Do 
on 
c 

t----- a: 
0 1 

~ t-----
D, "0 

r--- ~ 
D3 en 
D. 

t-----
Ds 

I----
D. 

I---
D, 

r---
D. c 

I--- a: 
D. ~ r---o-:- "0 

r---o;-;- > 
-g, 

I---
Oil i 

I---
0" 

I---
0 1• 

f-----
DIS 

Roo 

~ 
RO r-

Ro, 
~ 

R03 
I--I--

RIO 

~ 
c 
a: 

R1 
~ J 
I-- "0 

RI3 > 
I--~ -g, 

R,o i r---
RlI 

R2 r-
R" r---
R" 

0; Without Pull-down MOS (PMOS Open Drain) 

E; With Pull-down MOS 

I/O OPTION 
INPUT/OUTPUT 

A B C D E 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output .. 

I nput/Ou tput 

Input/Output 

Input/Output 

Input/Output 

PIN 

R30 
f---

RlI 
R3 r-

Rll 
r-
R33 

R.o 
I--
R' I 

R4 I--
R., 

~ 
Rso 
r-
RS! 

R5 
~ 
~ 
R.o 

f----
Input/Output R. I 

R6 f----
Input/Output R., 

Input/Output ~ 
R,o 

f----
R7I 

R7 
~ Output 

Output ~ 
Output Rso 

f---
Output RSI 

R8 f----
Input/Output Rs, 

Input/Output .. ~ 
Input/Output R.o 

f----
Input/Output R' I 

R9 f----
Input/Output R., 

t---
Input/Output :. 

R'3 .. 

Input/Output RAO 
RA t---

Input/Output RA1 . 

INPUT/OUTPUT 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

Input/Output 

on Input/Output c 
a: 
~ 

Output 

"0 Output 
~ 

en Output 

Output 

Output 

Output 

Output 

Output 

Output 

Output 

Output 

Output 

Input 

Input 

Input 

Input 

at~ Input 

:ro~ Input > 

-RA1Ndisp (RA1) o RA1: Without Pull-down MOS (D) o Vdisp (VDISP) 
- Oscillator (OSC) 

-Divider (DIV) 

• Crystal or Ceramic Filter 
Oscillator (XTAL) 

• Divide-by-8 (D-8) 

I/O OPTION 

A B C 0 E 
.... 

.. 

I 

.. 
.. I 

. 

....... 

... .... 

... ...•... 
I 

...... 
~. 

---

'-" .. :. 
... 

...... 

.< v.i 

............ ::.: 
: 

.......... 

... : ... : ... 

Please Mark on RA1Ndisp 

-ROM Code Media 0 EPROM: Emulator Type 0 EPROM: EPROM On-Package Microcomputer Type 
Note 1) I/O Options masked by c==J are not available. 
Note 2) RA1Ndisp has to be selected as Vdisp pin exept the case that all High Voltage Pins are option D. 
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• PACKAGE DIMENSIONS (Unit: mm) 

o I .. 
I 

~ Q) 
I 

ci 

~ 
I C! 

I 

I 

¢ 
2 I 

U 

'----<,,0-

....... 2 ....... 

(DP-64S) (FP-64) 
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HMCS404CL (HD614045)----
The HMCS404CL is a CMOS 4-bit single-chip microcomputer 

which is a member of the HMCS400 series. 
The HMCS404CL is a 3V operation version of the HMCS-

404C. 
The HMCS404CL has efficient and powerful architecture and 

its software is very similar to the HMCS40 series. 
This microcomputer provides variety of on-chip resources 

such as ROM, RAM, 110, two timer/counters and a serial inter­
face to perform in wide users' applications. 

The HMCS404CL also has the characteristics of high speed 
and low power dissipation and which 110 pins are able to drive 
fluorescent display tube directly. 

• HARDWARE FEATURES 
• 4-bit Architecture 
• 4,096 Words x 10-bit ROM 
• 256 Digits x 4-bit RAM 
• 58 I/O Pins, including 26 high voltage I/O pins (40V Max) 
• Two Timer/Counters 

ll-bit Prescaler 
8-bit Free Running Timer 
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 

• Wide Vee Supply Voltage Range - 2.7V to 6V 
• Minimum Instruction Execution Time - 4 IJ.s 
• Two Low Power Dissipation Modes 

Standby - Stops instruction execution while keeping 
clock oscillation and interrupt functions in op­
eration. 

Stop - Stops instruction execution and clock oscilla-
tion while retaining RAM data 

• On-Chip Oscillator 
External Connection of Crystal or Ceramic Filter (externally 
drivable) 

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

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

structions 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 I/O 
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HMCS404CL 

(DP-64S) 

HMCS404CL 

(FP-64) 

• VERSATILE PROGRAM DEVELOPMENT SUPPORT TOOLS 
• H68SD Series Macro Assembler 
• H68SD5-use Emulator (With Real Time Trace Function) 
• EPROM On Package Microcomputer J 

l
MaSk options are fixed as follows: . 
· I/O pin : Open drain 
• Oscillator : Crystal Oscillator or Ceramic Filter Oscillator 

(externally drivable) 
• Divider Divided-by-8 



HMCS404CL----------------------------------------------________________________ __ 

• PIN ARRANGEMENT (Top View) 

Oil 
012, 
On 
O,e 
0 .. 
Roo 
Ro, 
Ro, 
Ro, 
R,o 
RII 
R .. 
Rn 
R '0 
R2I 
R22 
R23 
RAO 

R .. Wisp 
R30 
R" 

Rn iNTO 
R" iNTi 

RIO 
R .. 
Rn 
R" 
RIO 
R .. 
R .. 
Rn 
Vee 

• BLOCK DIAGRAM 

r------, 
, R.,/Vdiop 
I , 
t RAO L. ... ___ • .J 

R .. 

R" 
RIO 

Roo 

R" 
R" 
R" 
RIo 

R .. 
R .. 
R" 
R,o 

0 0'0 
O. 
O. 
0, 
O. 
O. 
De 
0, 
0, 
0, 
Do 
GNO 
OSC, 
OSC, 
mT" 
RESET 
RI3 
Rt2 
R .. 
RIO 
R" 
Ru 
R .. 
RIO 
Rn 
Rn 
R" 
R,o 
Ru 
R.,/SO 
Re,/SI 
Reo ,-SCi( 

I!.oLRool Ru/ 
~Sl SO 

Ro'~/~i/~ ~~R"Rao 
~:~.J High Voltage Pins 
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OJ 
0, 

0, 

Do 
GNO 

osc. 
osc, 
Tm' 
RESET 

Ro, 
RIO 

Ril 
R .. 

R .. 

RIO 

Rn 

33 Rn 

RESgr Tm OSC, OSc. Vee <Nl 

ROM 

PC 

r'" - -, r ... - - - - ., 
I ,I I 
IIloaRotRo. Roo I ID •• D •• D •• D" ».. D .. D. D. D, D. D. D~D. D. D. Do '- _______ J L __________________ J 



---------------------------------------------------------------------------HMCS404CL 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit Note 

Supply Voltage Vcc -0.3 to +7.0 V 

Terminal Voltage VT 
-0.3 to V cc +0.3 V 3 

Vcc -45 to Vcc +0.3 V 4 

Total Allowance of Input Currents ~IO 50 mA 5 

Total Allowance of Output Currents -~IO 150 mA 6 
Maximum Input Current 10 15 mA 7,8 

4 mA 9,10 

Maximum Output Current -10 6 mA 9, 11 

30 mA 9, 12 

Operating Temperature Topr -20 to +75 °c 
Storage Temperature T stg -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. 

(Note 2) 
(Note 3) 
(Note 4) 
(Note 5) 
(Note 6) 
(Note 7) 
(Note 8) 
(Note 9) 
(Note 10) 
(Note 11) 
(Note 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 I/O pins to GND simultaneously. 
Total allowance of output current is the total sum of the output current which flow out from Vee to all I/O pins simultaneously. 
Maximum input current is the maximum amount of input current from each I/O pin to GN D. 
Applied to Do - D3 and R3 - R8. 
Maximum output current is the maximum amount of output current from VCC to each I/O pin. 
Applied to Do - D3 and R3 - R8. 
Applied to RO - R2. 
Applied to D. - D,s. 
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• ELECTRICAL CHARACTERISTICS 
• DC CHARACTERISTICS (Vee=2.7V to 6V, GND = av, Vdisp = Vee-4aV to Vee, Ta = -20 to +7SoC, if not specified.) 

Value 
Item Symbol Pin Name Test Conditions Unit Note 

min typ max 

RESET, SCK, 
0.85Vee - Vee+0.3 V 

INTo, INTI Input "High" 
VIH Voltage SI 0.85Vee - Vee+0•3 V 

ascI Vee-0.3 - Vee+0.3 V 

RESET, SCK, -0.3 - 0.15Vee V 
Input "Low" 

INTo, INTI 

Voltage VIL SI -0.3 - 0. 15Vee V 

ascI -0.3 - 0.3 V 

Output "High" 
VOH SCK, so -IOH = 0.1 rnA 

Voltage 
Vee-0.5 - - V 

Output "Low" 
VOL SCK, SO IOL = O.4mA - - 0.4 V 

Voltage 

Input/Output 
RESET, SCK, 

IIILI INTo, INTI, V in = 0 V to Vee - - 1 p.A 1 
Leakage Current SI, SO, ascI 

Current 
Vee = 3 V Dissipation in lee Vee - - 0.6 rnA 2,6 

Active Mode fasc = 2 MHz 

Maximum Logic Operation 
ISBY1 Vee Vee = 3 V - - 0.5 rnA 3,6 

Current fasc = 2 MHz 
Dissipation in 

Minimum Logic Operation Standby Mode 
ISBY2 Vee Vee = 3 V - - 0.4 rnA 4,6 

fasc = 2MHz 

Current 
Vin (TEST) = Vee-0.2V to Vee Dissipation in Istap Vee - - 10 p.A 5 

Stop Mode Vin (RESET) = OV to 0.2 V 

Stop Mode Vstap Vee 2 - - V 
Retain Voltage 
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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 
• D. -0 3 , R3- R9 ... Vee voltage 
.0.-0 .. , RO-R2, RAe' 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 
• TlMER-B; +2 prescaler divide ratio 
• SERIAL Interface; Stop 

Pin state; • RESET .. ·GND voltage 
• TEST ... V cc voltage 
• 0.-0 3 , R3-R9 .. · Vee voltage 
• 0.-0 .. , RO-R2, RAe, RA1 ... Vdisp 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; +2048 prescaler divide ratio 
• TIMER-B; +2048 prescaler divide ratio 
• SERIAL Interface; Stop 

Pin state; • RESET .. · GND voltage 
• TEST ... Vee voltage 
• D. -0 3 , R3- R9 .. , V cc voltage 
• 0.-0 .. , RO-R2, RAe, RA1 ... Vdisp voltage 

Pull-down MOS current is excluded. (Note 5) 
(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 6V. GND = OV. Vdisp = Vee -40V to Vee. Ta = -20 to +75°C. if not specified.) 

Item Symbol Pin Name Test Conditions 

Input "High" 
VIH 

00 - 03. 
Voltage R3- R5. R9 

Input "Low" 
VIL 

00 - 03. 
Voltage R3- R5. R9 

Output "High" 
VOH 

00 - 03, 
-IOH = 0.1 mA Voltage R3- R8 

Output "Low" 
VOL 

00 - 03. 10L = 0.4 mA Voltage R3- R8 

Input/Output 
IIILI 

00 -03, 
Vin= OV to VCC Leakage Current R3- R9 

00 -03. VCC = 3V 
Pull-Up MOS R3- R9 Vin= OV 
Current -Ip 

00 - 03. VCC = 5V 
R3-R9 Vin = 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 I/O pins "with Pull-up MOS" selected by mask option. 
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Value 

min typ 

0.85Vcc -

-0.3 -

Vcc-0.5 -

- -

- -

3 15 

30 60 

Unit Note 
max 

Vcc+0.3 V 

0.15 VCC V 

- V 1 

0.4 V 

1 p.A 2 

40 p.A 3 

120 p.A 3 
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• INPUT/OUTPUT CHARACTERISTICS FOR HIGH VOLTAGE PIN 
(Vee = 2.7V to 6V, GND = OV, VdilP = Vee -40V to Vee, Ta = -20 to +7SoC, if not specified.) 

Item Symbol Pin Name Test Conditions 
min 

Input "High" 
V IH 

04 - 015, Rl 
0.85Vee Voltage R2, RAO, RA1 

Input "Low" 
V IL 

04-015, Rl 
Vee-4O Voltage R2, RAO, RA1 

-IOH=15mA, Vee=5V±10% Vee-3.0 
04 - OIS 

-IOH=2.5mA Output "High" VOH 
Vee-1.O 

Voltage 
RO- R2 

-IOH=3 mAo Vee=5V±10% Vee-3.O 
-IOH=0.5 mA Vee-1.0 

04-015 
Vdisp = Vee-4OV 

Output "Low" RO-R2 -
Voltage 

VOL 
04-015 
RO-R2 

150kil to Vee-40V -
Input/Output 

IIILI 
04-015 

Leakage RO-R2 Vin = Vee-40V to Vee -
Current RAO, RA1 

Pull Down MOS 
04-015 

V disp = Vee -35V 
Id RO-R2 125 Current RAO • RA1 V in = Vee 

(Note 1) Applied to I/O pins "with Pull-down MOS" selected by mask option. 
(Note 2) Applied to I/O 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 I/O pins "with Pull-down MOS" selected by mask option. 
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Value 

typ 

-

-

-
-
-
-

-

-

-

250 

Unit Note 
max 

Vee+0.3 V 

O. 15VCC V 

- V 

- V 
- V 

- V 

Vee -37 V 1 

Vee -37 V 2 

20 p.A 3 

500 p.A 4 
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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 aSCI, aSC2 0.4 2 2.25 MHz 

Instruction Cycle Time tcyC 3.55 4 20 p.s 

Oscillator Stabilization Time tRC aSCI, aSC2 - - 60 ms 1 

External Clock "High" 
tCPH ascI 205 - - ns 2 Level Width 

External Clock "Low" 
tCPL ascI 205 - 2 Level Width - ns 

External Clock Rise Time tCPr ascI - - 20 ns 2 

External Clock Fall Time tCPf ascI - - 20 ns 2 

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

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

INTI "High" Level Width tllH INTI 2 - - tcyc 3 

INTI "Low" Level Width til L INTI 2 - - tCYC 3 

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

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

RESET Fall Time tRSTf - - 15 ms 4 

(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after VCC reaches 2.7V at '"Power-on'", or after RESET input level goes 
'"High'" by resetting to quit the stop mode by MCU reset. 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: 2.097l52MHz DS-MGQ308 (Seiko Denshi) 
Rf = 2Mn ± 2%, Rd = 2.2kn ± 2% 

C, = 10pF ± 20% 
C2 = 10pF ± 20% 

(Note 2) 

VCC-O.3V 
asc, 

tCPr tCPf 

(Note 4) 

RESET 

Ceramic filter oscillator 

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

(Note 3) 
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• SERIAL INTERFACE TIMING CHARACTERISTICS 
(VCC=2.7V to 6V, GND = OV, Vdisp = Vec-40V to Vee, Ta = -20 to +7SoC, if not specified.) 

• At Transfer Clock Output 

Item Symbol 

Transfer Clock Cycle Time tseve 
Transfer Clock "High" 

tSCKH Level Width 

Transfer Clock "Low" 
tSCKL Level Width 

Transfer Clock Rise Time tSCKr 
Transfer Clock Fall Time tSCKf 
Serial Output Data 

toso Delay Time 

Serial Input Data Set-up Time tSSI 
Serial Input Data Hold Time tHSI 

• At Transfer Clock Input 

Item Symbol 

Transfer Clock Cycle Time tseve 
Transfer Clock "High" 

tSCKH Level Width 

Transfer Clock "Low" 
tSCKL Level Width 

Transfer Clock Rise Time tSCKr 
Transfer Clock Fall Time tSCKf 
Serial Output Data 

toso Delay Time 

Serial Input Data Set-up Time tSSI 
Serial Input Data Hold Time tHSI 

(Note 1) Timing Diagram of Serial Interface 

SCK VCC-O.5V (O.85VcC)* 
OAV (O.15VcC)* 

so 

Pin Name 
Test 

Conditions min 

SCK (Note 2) 1 

SCK (Note 2) 0.5 

SCK (Note 2) 0.5 

SCK (Note 2) -
SCK (Note 2) -
SO (Note 2) -

SI 1000 

SI 500 

Test 
Pin Name Conditions min 

SCK 1 

SCK 0.5 

SCK 0.5 

SCK -
SCK -

SO (Note 2) -
SI 1000 

SI 500 

tscvc 

SI H
tss, tHSI}-c 

____ ----« O.85VCC 

'-____ O.15VCC 

Value 
typ 

-

-

-

-
-
-

-
-

Value 
typ 

-
-

-

-

-

-
-
-

*VCC-O.5V and O.4V are the threshold voltage for transfer clock output. 
O.85VCC and O.15VCC are the threshold voltage for transfer clock input. 

(Note 2) Timing Load Circuit 

Vee 

lS2074(j3) 

or Equiv. 
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Unit 
max 

Note 

- t eve 1,2 

- t seve 1,2 

- t seve 1,2 

300 ns 1,2 

300 ns 1,2 

600 ns 1,2 

- ns 1 

- ns 1 

Unit Note 
max 

- teve 1 

- t seve 1 

- t seve 1 

300 ns 1 

300 ns 1 

600 ns 1,2 

- ns 1 

- ns 1 
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• CHARACTERISTICS CURVE (REFERENCE DATA) 
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6 
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IOL min. vs. VOL Characteristics 
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<t 
E 
N 
>­a> 

1.0 

~ 0.5 

~ 

o 

500 

Ta ~ -20 _I +75°e 

fosc=2MHz 

~ 
/" 

,/" V 
.....-:/ 

3 

Vee (V) 

4 5 

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

Ta = -20 - +75°e 

6 
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max 

ISB Y2 
max 

/ .... max. 

400 

~ 300 ..:; 
:!2 

200 

I 
/ 
I 
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I 
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//"" typo 

I 
I min._ 

II/V 100 

f/ 

o 10 20 30 40 

Vee-Vdisp(V) 

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

I 

50 

'E 2 1----t---+--yC-~~~f__-~ 
~ Vee=4V 

I' 

~_..b=:::d==::I::::=:::±==:I=:=::j Vee=2.7V 
o 3 

Vee-VOH (V) 

-IOH min. vs. (Vee-VoH) Characteristics 
(Standard Pin "CMOS") 
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30 
Ta = -20 - +75°C 

---. 20 
« 
E 
c: 
·E 

10 

o 

b 
~ 

If/v 
ltv 

1-1/ /v 
~ V 

~v 
2 

VCC=6V 

V 
7 

V 
/ 

VCC=5V 
IY 

/ :;11 
// v VCC=4V L.:::-r-v ...... 
/ 1 1 

VCC=2.7V 
I--

~ 

[.....---i--" 

3 4 5 

VCC-VOH (V) 

-IOH min. vs. (VCC-VOH) Characteristics 
(D4 ~ DIs Pins) 

• 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. V disp 
is an power supply for high voltage Input/Output pins with 
maximum voltage of Vcc-40V. Vdisp 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 Vee. 
• RESET 

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

• OSCI .OSC2 
These are Input pins to the internal oscillator circuit. They 

can be connected to crystal, or ceramic filter resonator. For 
details, see "INTERNAL OSCILLATOR CIRCUIT." 

• D-port (Do to 0 15 ) 

D-port is a I-bit Input/Output common port. Do to D3 are 
standard type, D4 to DIS 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
cuit type. R32, R33, R40, R41 and R42 are also available as 
INTo, INTI, SCK, SI and SO respectively. For details, see 

344 

6 

5 

c: 
·E 3 
:x: 
o 
"I 2 

o 

Ta=-20- +75"C 

V 
V 

V /v 

'/ V 
f7 V -l----

/ V /V 

/t:0 V 

/~ I--l-I--

~ ..... v I.---

lot V 

2 3 4 

VCC-VOH (V) 

1/ VCC=6V 

V VCC=5V 

f-- VCC=4V 

+-- VCC=2.7V 

5 

-IOH min. vs. (V CC- VOH) Characteristics 
(RO ~ R2 Pins) 

"INPUT/OUTPUT" . 

• INTo. INTI 
These are the input pins to interrupt MCU operation exter­

nally. INTI can be used as an external event input pin for 
TIMER-B. INTo and INTI are also available as R32 , and R33 
respectively. For details, See "INTERRUPT". 

• SCK, SI. SO 
These are Transfer clock I/O 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 ~o, R41 and ~2 respec­
tively. For details, see "SERIAL INTERFACE". 

• ROM MEMORY MAP 
MCU includes 4096 words x 10 bits ROM. ROM memory 

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

• Vector Address Area ..... $0000 to $OOOF 
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 $OFFF 
P instruction allows referring to the ROM data in $0000 to 

$OFFF as a pattern. 

• Program Area ...... $0000 to $OFFF 
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o 

15 
16 

63 
64 

4095 
4096 

16383 

l 
I 

Vector Address 

Zero-Page Subroutine 

(64Words) 

Program 
Pattern 

(4096Words) 

• RAM MEMORY MAP 

$0000 0_ JMPL Instruction. _ 

1 (Jump to RESET Routine) 

$OOOF 2_ JMPL Instruction -$0010 (Jump to INTo Routine) 3 

\ 4 JMPL Instruction 
5- (Jump to i1iii1 Routine) -
6 JMPL Instruction $ 003F 

$0040 7 - (Jump to TIMER-A Routine) -

8 JMPL Instruction - -
9 (Jump to TIMER-B Routine) 

10 

11 
$OFFF 

121- JMPL 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 

$OOOA 

$OOOB 

$OOOC 

$0000 

$OOOE 

$ OOOF 

MeU 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. 

o 

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 

$OOA 

$OOB 
$OOC 

223 
224 

959 
960 

1023 

Data 

(192Digits) 

Not Used 

Stack 
(64Digits) 

R :Read Only 
W :Write Only 

R/W: Read/Write 

$030 5 Serial Mode Reg. (SMR) IW 

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) I W 

$ODF 10_ TIMER-B· 
(TCBLlTLRL) : R/W 

$OEO 11 (TCBU/TLRU): R/W 
12 

$ 3BF Not Used 
$ 3CO 

31 $ 01F 

$3FF 

* Two registers are mapped on same address. 

Timer Load Reg. Lower 

10~~~--~~--~~_+~~~T~im-e-r~L~~!~~~~~~~~~.u~p-p-er--~-i$00A 
11 (TLRU) $ OOB 

Fig. 2 RAM Memory Map 
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bit 3 bit 2 bit 1 bit 0 

IMO IFO RSP I/E 
(1M of INTo) (IF of INTo) (Reset SP Bit) (Interrupt Enable Flag) 

o $000 

IMTA IFTA IM1 IF1 

(1M of TIMER-A) (IF of TIMER-A) (1M of INT,) (IF of INT,) 
$001 

Not Used Not Used 
IMTB IFTB 

(1M of TIMER-B) (IF of TIMER-B) 

Not Used Not Used 
IMS IFS 

(1M of SERIAL) (IF of SERIAL) 

IF Interrupt Request Flag 
1M Interrupt Mask 
lIE Interrupt Enable Flag 
SP Stack Pointer 
(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD 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 $OOB 
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 S 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) $ 026 level 10 

MR(7) $ 027 level 9 

MR(8) $ 028 level 8 

• Data Area ..... $020 to $ODF 
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 1 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 bitl bitO 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

MR(9) 

MR(10) 

MR(ll) 

MR(12) 

MR(13) 

MR(14) 

$ 029 level 

$ 02A level 

$ 02B levei 

$ 02C level 

$ 020 level 

$ 02E level 

7V 6 1 
5 

4 
3 1 

2 

PC II S 3FC 

PC 10 PC 7 S 3FD 

CA PC .. S 3FE 

~ fiCo S 3FF 
MR(15) $ 02F 1023 level 

PCl3 to PCo ; Program Counter 
ST; Status 
CA; Carry 

1 
1 S 3FF 

PC 3 PC 1 023 

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, I/O and other registers. 

• W Register (W), X Register (X), V Register (V) 
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 (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) 
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 "1" 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 

'--____ --'I B Atgllll' 

I 0 

~WRtglll.r 

L--____ --J Y Atg.ltlr 

'--____ --' SPX Regilt" 

Fig.5 Register and Flags 
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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 (INTo, INT d, 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 (l/E) and Interrupt Request 
Flag (IF) are set to "0", and the Interrupt Mask (1M) is set to 
"1" 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 anyone of 
the five interrupt sources. 

The interrupt request is generated when the Interrupt Re­
quest Flag is set to "1" and the Interrupt Mask is "0". If the 
Interrupt Enable Flag is "1", 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 

liE t-------------{---... 
Sequence ContrOl 

· Push PCICA/ST 

$00'.2 

$ 003.0 

· Reset Ilf 

· Jump to Vector 
Address 

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 $OOOC 

Table 2. Conditions of Interrupt Service 

~ Interrupt source INTo INT, TIMER-A TlMER-B 
control bits 

I/E 1 1 1 1 

IFO·IMO 1 0 0 0 

IF1 ·IM1 * 1 0 0 

IFTA ·IMTA * * 1 0 

IFTB·IMTB * * * 1 

IFS ·IMS * * * * 
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SERIAL 

1 

0 

0 

0 

0 

1 

* Don't care 
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Instruction 

Cycles 

Instruction 
execution 

Interrupt 
accepted 

2 

Stacking, 
Reset of lIE 

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 (lIE: $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 I nterrupt Enable/Disable 

o Disable 

Enable 

• External Interrupt (INTo, INTI) 
To use external interrupt, select R32 /INTo, R33 /INT I port 

for INTo, INT I mode by setting the Port Mode Register (PMR: 
$004). 

The External Interrupt Request Flags (lFO, IF!) are set at 
the falling edge of INT 0, INT I inputs. 

INT I 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 INTI as TIMER-B external event, an External Interrupt 
Mask (1M!) has to be set so that the interrupt request by INTI 
will not be accepted. 

• External Interrupt Request Flag (I FO: $000,2, I F1: $001,0) 
The External Interrupt Request Flags (lFO, IFl) are set at 

the falling edges of INT 0, INT 1 inputs respectively. 

• External Interrupt Mask (lMO: $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 

o No 

Yes 
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Table 5. External I nterrupt Mask 

External Interrupt Masks I nterrupt Requests 

o Enable 
Disable (masks) 

• Port Mode Register (PMR: $004) 
The Port Mode Register is a 4-bit write-only register which 

controls the R32 /INT 0 pin, R33 /INT I pin, ~ 1 lSI pin and 
~2 ISO pin as shown in Table 6. The Port Mode Register will 
be initialized to $0 by MCV reset, so that all these pins are set 
to a port mode. 

Table 6. Port Mode Register 

PMR 
R33/INTI pin 

bit 3 

0 Used as R33 port input/output pin 

Used as INT 1 input pin 

PMR 
R32/INTo pin 

bit 2 

0 Used as R32 port input/output pin 

Used as INTo input pin 

PMR 
R41 /SI pin 

bit 1 

0 Used as R41 port input/output pin 

Used as 51 input pin 

PMR 

bit 0 
R42/S0 pin 

0 Used as R42 port input/output pin 

Used as SO output pin 
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No 

Yes 

Yes 

No 

PC+-$ 0002 

PC+-$ 0004 

PC+-$ 0006 

PC+-$ 0008 

PC+-$ OOOC 

Fig.8 Interrupt Servicing Flowchart 
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I/E+-"O" 

Stack+-(PC) 
Stack+-(CA) 
Stack+-(ST) 

No 

(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 R4o /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-

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. 

INTERRUPT 
REQUEST FLAG 
of SERIAL INTER-
FACE 

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 ~o/SCK and the prescaler divide ratio as 
the transfer clock source as shown in Table 7. 

The ~rite 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. 
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• 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 

o Used as R40 port input/output pin 

Used as SCK input/output pin 

SMR Transfer Clock 

Prescaler System Clock 
Bit 2 Bit 1 Bit 0 R4o/SCK Port Clock Source Divide Divide 

Ratio Ratio 

0 0 0 SCK Prescaler + 2048 +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 

1 0 1 SCK 
Prescaler 2 4 Output 

1 1 0 SCK System - 1 Output Clock 

1 1 1 SCK External - -Input Clock 

Transfer Clock 

Serial Output Data 

Serial Input Data 

Latch Timing I I II I I I· I 
Fig. 10 Serial Interface I/O Timing Chart 

• SERIAL Interrupt Request Flag (lFS: $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 Interrupt Mask (lMS: $003, 1) 
The SERIAL Interrupt Mask masks the interrupt request. 

Table 8. SERIAL Interrupt Request Flag 

SERIAL Interrupt Request Flag Interrupt Request 

o No 

Yes 
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Table 9. SERIAL Interrupt Mask 

SERIAL Interrupt Mask Interrupt Request 

o 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 

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 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 0 
Serial Interface Operating Mode 

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 
I--Output Mode 

• Transmit Mode 
• Receive Mode 
• Transmit/Receive 

Mode 

SCK Waiting State 
(Octal Counter = "000") 

(
Octal Counter = "000" ) 
Transfer Clock Disable 

Change PMR* 

'II 

Transfer Clock 

8 Transfer Clocks, 
STS Instruction 

(lFS~"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 II-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 MeU reset, and the prescaler 
starts to count up the system clock signal as soon as RESET 
input goes to logic "0". 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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i-=--'-'-~_~ TCA(8bit) 
TIMER COUNTER A 

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 MeV 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 (1FT A: $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·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 lINT 1 

as INTI and set the External Interrupt Mask (1M I) to "1" 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-8 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 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. 
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• 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 II. 

The Timer Mode Register A is initialized to $0 by MeV 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 $0 by MeV 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 TLRV 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 

Bit 3 
Auto-reload Function 

o No 

Yes 

TMB Prescaler Divide Ratio, 

Bit 2 Bit 1 Bit 0 Clock I nput 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 INTI (External Event Input) 

• TIMER-B (TCBL: $OOA, TCBU: $OOB) 
TLRL: $OOA, TLRU: $OOB 

TIMER-B consists of an 8-bit write-only Timer Load Regis­
;er, and an 8-bit read-only Timer/Event Counter. Each of them 
has a low-order digit (TCBL: $OOA, TLRL: $OOA) and a high­
order digit (TCBU: $OOB, TLRU: $OOB). 

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 

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 (lFTA: $001,2) 
The TIMER-A Interrupt Request Flag is set by the overflow 

output of TIMER-A. 

• TIME R-A Interrupt Mask (lMT A: $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 

o 

I nterrupt Request 

No 

Yes 

Table 14. TIMER-A Interrupt Mask 

TIMER-A Interrupt 
Mask 

o 

Interrupt Request 

Enable 

Disable (Mask) 

• TIMER-B Interrupt Request Flag (lFTB: $002, 0) 
The TIMER-B Interrupt Request Flag is set by the overflow 

output of TIMER-B. 

• TIMER-B Interrupt Mask (lMTB: $002, 1) 
TIMER-B Interrupt Mask prevents an interrupt request 

generated by TIMER-B Interrupt Request Flag. 

SMR:$ 005 

Transfer clock selection 

R.o/SCi< pin mode selection 

l...-_____ R.,/Sa pin mode selection 

'--------- R.I/SI pin mode selection 

L-__________ R3l/ iNTo pin mode selection 

l...-____________ R33 /1NTI pin mode selection 

TMA:$ 008 TMB:$ 009 

[)<]TMA2ITMA +MAOI 

. . teL TI~ER-BmP"'d"' .. ,''';O" r l Auto-reload function selection 

~ TIMER-A mput clock selection 

Fig. 14 Mode Register Configuration and Function 

355 



HMCS404CL--------------------------------------------------------------------------

Table 15. TIMER-B Interrupt Request Flag 

TIMER-B Interrupt 
Request Flag 

o 
I nterrupt Request 

No 

Yes 

Table 16. TIMER-B Interrupt Mask 

TIMER-B Interrupt 
Mask 

o 

• INPUT/OUTPUT 

Interrupt Request 

Enable 

Disable (Mask) 

The MCV 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 

Pull up MOS (e) 

approximately 40kn to 160kn 

(Vee = 5V) 
approximately 75kn to 1 Mn 

(Vee = 3V) 

Vee Vee PMOS(B) 
approximately 5kn 

NMOS(A) 
approximately 1 kn 

open drain)", or (E) "With pull-down MOS". As pull-down 
MOS is connected to internal V disp line, select RAI /V d~ 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 pu"­
- 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 "0" to "I". In this case, the "write pulse" allows the 
PMOS (B) to turn "ON" as long as I /8 instruction cycle. While 
"write pulse" is "0", pull-up MOS (C) may retain the output 
in high level. 

The HLT signal becomes "0" in stop mode, so that MOS (A) 
(B) (C) turn "OFF". 

Write pulse 
(Output 
instruction) 

~--~------~---- HlT 

Data 

1 Instruction cycle 

Output instruction execution 

Write pulse 
___ -----'nL...--__ 

Fig. 15 Output Circuit Operation of Standard Pins with "with Pull-Up MOS" Option 
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Table 17 I/O Pin Circuit Type 

Without pull-up MOS With pull-up MOS Applied (NMOS open drain) CMOS (C) 
(A) (B) pins 

~ 
input 

~;""' jfi;""' data data data 00 -03, 
I/O V write Vee 
common '~"~ ~HLT 

R30 -Rn, 

pins HLT R40 -R43, 
HLT 

~outPut Rso -RS3 
output output 

data data data 

'" c: 

v"~w';~ Vee '0. R60-R63 , 
'E Output ~ p",~ <U pins HLT o1~HLT R70-R73 , 

'0 

~~HLT 
Rso -Rs3 c: 

<U 

en output output 
~~:~ut data data 

Vee 

Input 

~ H~ pins input 
HL T input R90-R93 

data data 

Without pull-down MOS With pull-down MOS (E) Applied pins (PMOS open drain) (0) 

Vee 

~~HLT ~HLT 
I/O 

0-
output o output 0 4-015 , 
data data 

common R10 -R I3 , 
pins Vee R10-R13 

HIT 
--

input Vdisp HLT input 
data data 

'" Vee 
c: Vee '0. ~kO=HLT Q) 

03r<O=HLT en output 
~ Output 

output data 
'0 data 
> pins 

Vee 
Roo-R 03 

..r::. 

.2' 
J: Vdisp 

Input ~input ~;"P"' RAO, data data 

pins Vee RA1IVdisp 

Vdisp 

--(Note) In the stop mode, H L T signal is "0" and I/O 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 (A or C) 

SCK ,.., SCK 
HLT 

I/O Vee HLT 

V'~ common H L T +mode select o-l1 HL T+",od. ~I~ SCK 
pins 

0- ~;n .. m"SCK internal SCK 

en 

~::T 
c: Vee .0. 

"E Output 

~~::T co SO 
"0 pins c: co 
en 

Input INTo, 

pins INT" 

o-e-input 
o--e-input SI 

data 
data 

HLT HLT 

(Note) I n the stop mode, H L T signal is "0", H L T signal is "1" and I/O pins are in high impedance state. 

Table 18 Data Input from Input/Output Common Pins 

I/O pin circuit type 
Possibi lity Available pin condition 
of Input for input 

CMOS No -

Standard Without pull-up 
pins MOS 

(NMOS open drain) 
Yes "1" 

With pull-up MOS Yes "1" 

Without pull-down 
High MOS Yes "0" 
voltage (PMOS open drain) 
pins With pull-down 

MOS 
Yes "0" 
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• D-pc)ft 
D-port is I-bit I/O 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. 

• R-port 
R-port is 4-bit I/O 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 
MCV 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 R32, R33, R40, R41 and R42 pins are also used as the INTo. 
INTI, 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 MCV is reset by setting RESET pin to "1". 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 MCV reset requires at least two instruc­
tions cycle time of RESET input. 

Table 19 shows initialized items by MCV reset and each 
status after reset. 

Table 19 Initial Value by MCU Reset 

Items I nitial 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 O. 
(A) Without pull- "1" Enable to input. 

upMOS 

Standard pin (B) With pull-up "1" Enable to input 
MOS 

(C) CMOS "1" -
I/O pin 

(0) Without pull-output register "0" Enable to input. 
High voltage down MOS 
pin (E) With pull- "a" Enable to input. down MOS 

Interrupt Enable Flag (I/E) "0" I nhibit all interrupts. 

Interrupt flag Interrupt Request Flag (I F) "0" No interrupt request. 

Interrupt Mask (1M) "1" Mask interrupt request. 

Port Mode Register (PM R) "0000" See Item "Port Mode Register". 

Serial Mode Register (SMR) "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) 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 (A) 
The contents of the items before The contents of the items before 

8 Register (8) 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/SPY) 

Serial Data Register (SR) Same as above Same as above 

The contents of RAM before MCU 
RAM reset (just before STOP instruction) Same as above 

are retained. 

359 



HMCS404CL--------------------------------------------------------------------------

• INTERNAL OSCILLATOR CIRCUIT can be selected from a crystal oscillator or a ceramic filter 
oscillator. In any cases, external clock operation is available. Fig. 16 gives internal oscillator circuit. The oscillator type 

• Oscillator Circuit 

External clock 
operation 

Ceramic filter 
oscillator 

Crystal 
oscillator 

OSC. l> 
Oscillator 

OSC. <J 

Divider 
circuit 
1/8 

Timing 
generator 
circuit 

SyStem 
clock 

Fig. 16 Internal Oscillator Circuit 

Table 20 Examples of Oscillator Circuit 

Circu it configuration 

Oscillator 

D- OSC, 

Open- OSC. 

£f;~~~;' ,OSC' 

It---4-~ OSC2 
C2 ~ ______ _ 

GND 

CI 

trysta;L OSCI 

Sf! :ff 

~J\"" • 
. r VlY OSC2 

C2 ~ ______ _ 

GND 

GT cut parallel resonance crystal 

~,~ 
OS~~C2 

Co 

Remarks 

Ceramic filter CSA2.000MK (Murata) 
Rf : lMn ±2% 
C. : 30pF ±20% 
C. : 30pF ± 20% 
• Wiring between these pins and elements should be as short as possible, 

and never cross the other wirings. (Refer to Fig. 17) 

Rf : 2Mn±2% 
C. : 10-22pF±20% 
C. : 10-22pF±20% 

Crystal: GT cut parallel resonance crystal 
Co : 7pF max. 
Rs : lOon max. 
f : 2.0 - 2.25MHz 

• Wiring between these pins should be as short as possible, and 
never cross the other wirings. (Refer to Fig. 17) 

Note) Please consult with the engineers of crystal or ceramic filter maker to determine the value of Rf, C, and C •. 
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Do 

GND 
't""""""" ,--0---0-/ 

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 Counter, method 
circuit execution Flag function 

RAM Output 
Serial pin Interface 

Standby mode SBY Active Retained Active 
'3} RESET Input, 

instruction Stop Retained Retained Active Interrupt request 

Stop mode STOP Stop Stop RESET'
ll 

Stop Retained 
High'2) 

Stop RESET Input 
instruction impedance 

*' ) *2) 
As the MCU recovers from STOP mode by RESET input, the contents of the flags and registers are initialized according to Table 19. 

*31 

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 ellists. This is the additional current to the current dis· 
sipation in Stop Mode (Istop!. 
As a I/O circuit is active, a I/O current possibly flows according the state of I/O pin. This is the additional current to the current dissipation in 
Standby Mode (lSBY1, ISBY2). 

Fig. 18 MCU Operation Mode Transition 

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 "1", the interrupt is executed. If the Interrupt Enable Flag 
is "0", the interrupt request is held on and the normal instruc­
tion execution continues. 

Fig. 19 shows the flowchart of the S~andby 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. 

• Standby Mode 

The Stop mode is canceled by the MCU reset. At this time, 
as shown in Fig. 20, apply the RESET input for more than tRe 
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. 

The SBY instruction puts the MCU into the Standby mode. 
In the Standby mode, the oscillator circuit is active and timer/ 
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Oscillator Active 
Peripheral Clocks 
Active 
All Other Clocks 
Stop 

Restart 
Processor Clocks 

(A) 

Reset MCU 

Fig. 19 MCU Operating Flowchart 

_-rm~~IIIII~IIII1~III~~I~III~IIIII-___4I:~! _-----Jr::I::n:n:::1 
'"'" .. , ".,. .} ~ ~ 

t I- tres -I 

Oscillator 

RESET 

STOP instruction' execution (more than stabilization time: tRcl 

Fig. 20 Timing Chart of Recovering from Stop Mode 
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• RAM ADDRESSING MODE 
As shown in Fig. 21, the MeU 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. 

W-Register X-Register Y -Register r-----------.",,.------__. 

(a) Register Indirect Addressing 

Instruction , st Word Instruction 2nd Word 

(b) Direct Addressing 

"0" "0" 000" 000" 00'" 000" 

RAM Address 

(c) Memory Register Addressing 

Fig.21 RAM Addressing Mode 
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• ROM ADDRESSING MODE AND P INSTRUCTION 
The MCV 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 l3 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 (pC? to PCo) 
with 8-bit immediate data. The branch destination by BR 

(JMPL) 
(BRL) 
(CALL) 

Instruction 1 st Word 

instruction on the boundary between pages is in the next page. 
Refer to 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 (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, accumulator and B regis­
ter, using TBR instruction. 

Instruction 2nd Word 

(a) Direct Addressing 

(TBR) 

(BR) 

Program Counter PC H PC I2 PC" PC IO PC 9 PCa 

(b) Current Page Addressing 

(c) Zero Page Addressing 

Instruction 

Program Counter 

(d) Table Data Addressing 

Fig. 22 ROM Addressing Mode 
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(P) 

Referred ROM Address 

(a) Address Designation 

: If RO s = 1 

: If R0 9 = 1 

(b) Pattern 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 "1", 8 bits of referred 

t---::=-:------I~~:~-1)+ 255 

8R A/4.A 2S6n + 254 

t--__ BR_B_BB __ -l ~~:~n+/,~5 

BBB NQP 

Fig. 24 The Branch Destination by BR Instruction on 
the Boundary between Pages 
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ROM data are written into the accumulator and B Register. 
When bit 9 is "1", 8 bits of referred ROM data are written into 
the Rl 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 Rl and R2 port output register at a same time. 

The P instruction has no effect on the program counter. 

• INSTRUCTION SET 
The HMCS400 series provide 99 instructions. These instruc-

tions 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 
(7) RAM Bit Manipulation Instruction 
(8) ROM Address Instruction 
(9) Input/Output Instruction 

(10) Control Instruction 
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Table 22. Immediate Instruction 

Wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Load A from Immediate LAI i 1 0 0 0 1 1 i3 i2 ;, io i----A 1/1 

Load B from Immediate LBI i 1 00000 i3 i2 i, io i----B 1/1 

Load Memory from Immediate LMID i.d ~g Je J &Js ~4d~ d22 d', d~ i---+M 2/2 

Load Memory from Immediate. Increment Y LMIIY i 1 0 1 0 0 1 i3 i2 i, io i-M.Y+1-Y NZ 1/1 

Table 23. Register-to-Register Instruction 

W,Z' 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 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 m3m2m,mO MR(m)-A 1/1 

Exchange MR and A XMRAm 1 0 1 1 1 1 m3m2m,mO MR(m) .... A 1/1 

Table 24. RAM Address Instruction 

Wz OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Load W from Immediate LWI i 001 1 1 1 00 i, io i----W 1/1 

Load X from Immediate LXI i 1 0 0 0 1 0 i3 i2 i, io i----X 1/1 

Load Y from Immediate LYI i 1 0 0 0 0 1 i3 i2 i, io i----Y 1/1 

Load X from A LXA 0011101000 A----X 1/1 

Load Y from A LYA 0011011000 A----Y 1/1 

Increment Y IY 0001011100 Y+1-Y NZ 1/1 

Decrement Y DY 001 101 1 1 1 1 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 

OPERATION MNEMONIC OPERATION CODE FUNCTION 
WORD 

STATUS 
ZLE 

Load A from Memory LAM(XY) 00100100yx M-A. (~::~m 1/1 

Load A from Memory LAMD d 0110010000 M-A 2/2 dg de d7 de ds d4 d3 d2 d, do 
Load B from Memory LBM(XY) 00010000yx M-B. (~::~~~) 1/1 

Load Memory from A LMA(XY) 00100101yx A-M. (~::~~~) 1/1 

Load Memory from A LMAD d 0110010100 A-M 2/2 
dg de d7 de ds d4 d3 d2 d, do 

Load Memory from A. Increment Y LMAIY(X) 000101000x A-M.Y+ 1_Y(x .• sPxl NZ 1/1 

Load Memory from A. Decrement Y LMADY(X) 001101000x A-M.Y-1-Y(x.~sPxl NB 1/1 

Exchange Memory and A XMA(XY) 00100000yx M ..... A. (~:~~~) 1/1 

Exchange Memory and A XMAD d 0110000000 M .... A 2/2 
dg de d7 de ds d4 d3 d2 d, do 

Exchange Memory and B XMB(XY) 00110000yx 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 (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 

LMAIYX X .... sPX 

Table 26. Arithmetic Instruction 

WORD/" 
OPERATION MNEMONIC OPERATION CODE FUNCTION STATUS ~LE 

Add Immediate to A AI i 1 0 1 0 0 0 iJ b i 1 io A+ i---A OVF 1/1 

Increment B IB 0001001 100 B+l---B NZ 1/1 

Decrement B DB 0011001 1 11 B-l---B NB 1/1 

Decimal Adjust for Addition DAA 0010100110 1/1 

Decimal Adjust for Subtraction DAS 0010101010 1/1 

Negate A NEGA 0001100000 A+1---A 1/1 

Complement B COMB 0101000000 B---B 1/1 

Rotate Right A with Carry ROTR 0010100000 1/1 

Rotate left A with Carry ROTl 0010100001 1/1 

Set Carry SEC 0011 101 1 1 1 l---CA 1/1 

Reset Carry REC 0011 101100 O---CA 1/1 

Test Carry TC 0001 101111 CA 1/1 

Add A to Memory AM 0000001000 M+A---A OVF 1/1 

Add A to Memory AMD d ~g d8~) ~6 ~s ~4 J3 ~2 ~1 ~o M+A---A OVF 2/2 

Add A to Memory with Carry AMC 0000011000 M+A+CA---A OVF 1/1 

Add A to Memory with Carry AMCD d ~9d8~)~6~sd4d3~2~1 ~o M+A+CA---A OVF 2/2 

Subtract A from Memory with Carry SMC 0010011000 M-A-CA---A NB 1/1 

Subtract A from Memory with Carry SMCD d ~9J8J) ~6~SJ4J3 ~2 ~1 ~o M-A-CA---A NB 2/2 

OR A and B OR 0101000100 AUB ---A 1/1 

AND Memory with A ANM 0010011100 AnM---A NZ 1/1 

AND Memory with A ANMD d ~9JsJ) ~6~S J4J3J ~I ~a AnM-+A NZ 2/2 

OR Memory with A ORM 0000001100 AUM-+A NZ 1/1 

OR Memory with A ORMD d ~9J8~)~6~s~4J3J2~1 ~o AUM---A NZ 2/2 

EOR Memory with A EORM 0000011100 A(£lM-+A NZ 1/1 

EOR Memory with A EORMD d l-!l.1I1111 111O O 
dg ds d) d6 ds d4 d3 d2 dido AEtJM-+A NZ 2/2 
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Table 27. Compare Instruction 

OPERATION I WZRD MNEMONIC OPERATION CODE FUNCTION STATUS 
YCLE 

Immediate Not Equal to Memory INEM i o 0 0 0 1 0 i3 i2 i 1 io i #M NZ 1/1 

Immediate Not Equal to Memory INEMD i.d 01 9 9 1 0 iii i i 1M 9.HIs.9z ds ds d. ~3 ~2 d, ~ 
A Not Equal to Memory ANEM 0000000100 A*M 

A Not Equal to Memory ANEMD d ~9 Je ~z ~6 ~& ~4 ~3 Jl"~o AIM 

NZ~2/2 
NZ 1/1 

~--------~----
NZ 2/2 

B Not Equal to Memory BNEM 0001000100 BIM NZ 1/1 

Y Not Equal to Immediate YNEI i 0001 1 1 i3 i2;' io Yofi NZ 1/1 

Immediate Less or Equal to Memory ILEM i o 0 0 0 1 1 i3 i2 ;, io i~M NB 1/1 

Immediate Less or Equal to Memory ILEMD i.d ~9 Je ~z ~J~ .J~~l~l.~'t~O 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 o 1 000 1 0 1 0-0 A~M dsdBdldsdsd4d ~ _ 
B Less or Equal to Memory BLEM 0011000100 B~M 

A Less or Equal to Immediate ALEI i 10101 1 iJ b il io A~ i 
~~ 

) NB I 1/1 

I NB 2/2 

Table 28. RAM Bit Manipulation Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION ~ STATUS 
CYCL 

Set Memory Bit SEM n 00 1 0000 1 nIno 1--M(n) 1/1 

Set Memory Bit SEMD n,d ~91s11~S~S~4~312~~~g 1--M(n) 2/2 

Reset Memory Bit REM n 00 1 000 1 0 n,no O--M(n) 1/1 

Reset Memory Bit REMD n,d ~9dB dl ~s ~s ~4 J3 ~2 a,'gg O--M(n) 2/2 

Test Memory Bit TM n 00 1 000 1 1 n,no M(n) 1/1 

Test Memory Bit TMD n,d ~s ~S~I~6~5~4 ~3 ~2 ~~~~ M(n) 2/2 

Table 29. ROM Address Instruction 

I MNEMONIC WZ OPERATION OPERATION CODE FUNCTION STATUS 
CYCL 

Branch on Status 1 BR b 1 1 b7babsb4bJb2b,bo 1 1/1 

Long Branch on Status 1 BRL u ~B~8~1 ~s ~s ~4 ~:~;~,'~~ 1 2/2 

Long Jump Unconditionally JMPL u o 1 0 1 q 1 ~3~2P'IPO 
ds dB dl dB ds d4 d3 d2 d, do 2/2 

Subroutine Jump on Status 1 CAL a o 1 1 1 a5a4a3a2a,aO 1 1/2 

Long Subroutine Jump on Status 1 CALL u ~9 ds ~l ds ds ~4 ~:~:~,'~~ 1 2/2 

Table Branch TBR p o 0 1 0 1 1 P3P2P1PO 1/1 

Return from Subroutine RTN 0000010000 1/3 

Return from Interrupt RTNI 0000010001 1--I/E 1/3 

Table 30. I nput/Output Instruction 

OPERATION MNEMONIC OPERATION CODE FUNCTION 
WORD 

STATUS ~E 
Set Discrete I/O Latch SED 0 0 1 1 1 00100 1--D(Y) 1/1 

Set Discrete I/O Latch Direct SEDD m 1 0 1 1 1 a m3m2m,mO 1--D(m) 1/1 

Reset Discrete I/O Latch RED 000 1 1 001 o 0 a--D(Y) 1/1 

Reset Discrete I/O Latch Direct REDO m 1 0 0 1 1 0 m3m2m,mO O--D(m) 1/1 

Test Discrete I/O Latch TO o 0 1 1 1 o 0 0 0 0 D(Y) 1/1 

Test Discrete I/O Latch Direct TOO m 1 o 1 a 1 0 m3m2m,mO D(m) 1/1 

Load A from R-Port Register LAR m 1 o a 1 0 1 m3m2m,mO R(m)->A 1/1 

Load B from R-Port Register LBR m 1 0 0 1 o 0 m3m2mlmO R(m)--B 1/1 

Load R-Port Register from A LRA m 1 0 1 1 0 1 m3m2m,mO A--R(m) 1/1 

Load R-Port Register from B LRB m 1 0 1 1 o 0 m3m2m,mO B->R(m) 1/1 

Pattern Generation P p a 1 1 a 1 1 P3P2Pl po 1/2 
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Table 31. Control Instruction 

OPERATION 
WORD 

MNEMONIC OPERATION CODE FUNCTION STATUS ~E 
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 

I'" 
RS 0 1 

R9~ 01 1 I 2 I 3 4L5j6j7jaj9jAjsjCjOjEjF Oj1j2j3j4j5j6j7jSj9jAjSjCjOjEjF 

0 

1 

o NOP~SPX\XSPYIXS:vIA~M I 
1 RT~RTN~ ALEMI 

2 INEM 

3 ILEM 

4 LBM(XY) BNEM 

5 LMAIYIXI! Avvl 

6 NEGA/ REOI 

7 YNEI 

S XMA(XY) SEM n(2) 

9 LAM(XY) LMA(XY) 

A ROTR~Lj. LOM] 

B TBR 

C XMB(XY) 8lEMj 

o LMADYIXi SYYI 

E TO/ SED/ 

F LWI i(2) 
0 LBI 

1 LYI 

2 LXI 

3 LAI 

4 LBR 

5 LAR 

6 REDO 

7 LAMR 

S AI 

9 LMIIY 

A TOO 

B ALEI 

C LRB 

0 LRA 

E SEOO 

F XMRA 

D .. ·1-word/2-cyc'e 
Instruction 

IAMI lORMJ 

. lAMS lEORM
l 

;(4) 

;(4) 

.ILABj liB I 

I~ IIY I 
/lA9'~ I TC 

;(4) 

.l REM n(2) J 
TM n(2) 

JSMS lANMj 

jOASL I LAY 

p(4) 

ILBAJ I DB 

I LYAI j DY 

ILXAI jRECj j SEC 

;(4) 

;(4) 

;(4) 

;(4) 

m(4) I 
m(4) I 
m(4) 

m(4) 

;(4) 

;(4) 

m(4) 

;(4) 

m(4) I 
m(4) I 
m(4) 

m(4) 

D ... 1-word/3-cycle 
Instruction 
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~NE'j lAMOl rORM~ 
ftE~ EMC~ rOR'1 

INEMO ;(4) 

ILEMO ;(4) 

COMBj IORI I STsl ISBYISTOpl 

JMPL p(4) 

CALL p14) 

BRL p(4) 

XMA1 r SEMO n(2) 1 REMO n(2) J TMO n(2) 

LAM~ ~MA~ jSMc~ fNM.?l 
LMIO ;14) 

P p14) 

CAL a(6) 

BR b(S) 

0'" RAM Direct Address D ... 2-word/2-cycle 
Instruction Instruction 
(2-word/2-cycle) 



HMCS404CL------------------------------------------------------------------------

• MASK OPTION LIST 

- Family Name 

- Package 
- I/O Circuit Type 

• HMCS404CL 
o DP·64S 0 FP·64 

A; Without Pull·up MOS (NMOS Open Drain) 

B; With Pull·up MOS 

C; CMOS 

0; Without Pull·down MOS (PMOS Open Drain) 

E; With Pull·down MOS 

I/O OPTION 
PIN INPUT/OUTPUT 

A B C o E 

Do ~ Input/Output I:»>L«<:: 
t--- a: 
~"tl Input/Output I>::»[:>})} 
~ t Input/Output I:::::}>t:::»> 

0, en Input/Output H>:::::d?L?::;-: 

PIN 

R,o 
f--

R3 
R3I 
f--
Rll 
f--
R" 

R.o 
f--

R4 
R" 
f--
R'2 

~ 
Rso 
I---

RSI 
RS 
~ 
I---
R s, 

R.o 
f--
R6I 

R6 f--
R'2 

~ 
R,o 
f--
R7I 

R7 
~ 
~ 
R80 

I---
R81 

RS I--
R82 
I--
R8, 

R.o 
I--
R" 

R9 I---
R'2 

~ 
RA 

RAO 

Date of Order 
Customer 

Dept. 
l'Ifame 
ROM Code Name 
LSI Type Number 
(Hitachi's entry) 

I/O OPTION 
INPUT/OUTPUT 

A B C 0 E 

Input/Output L«:: I(:)} 
Input/Output mr\ tm~E 
Input/Output r>« 1:«< 
Input/Output I?Y:} I\}}: 
Input/Output I<{:} I»>: 
Input/Output :??>: 1:»> 
Input/Output 2}? f<>/ 
Input/Output ':S:::{:; b}2 
Input/Output I<::)} [/{: 
Input/Output 1:/3/: [\/t 
Input/Output ::}}) ?::::} 

:}((: «< c: Input/Output 
a: 
~ 

Output ;::::«; ;:::::;:::;: 
"tl Output :\){: ~:>{< ~ en Output :<>::::: I{«: 

Output v::» 1:<:):: 
Output [<:?~ I}{} 
Output k\{) I:C}} 
Output :?} i:\\} 
Output :« I»>: 
Output I::?}{ [}/( 
Output [{{:::: [{\ 
Output b:>< It<:? 
Output I:»> k}) 
Input ):::::> F:::);::: F<t: 
Input :}{{ r>?> k:« 
Input }:(:::: 1\:\) ~t}/ 
Input k{:} L::)) tt<~:: 

'5,~~ Input [% I>~>r IH!I+ 
~ :toQ: Input Please Mark on RA1/Vdisp > 

-RA1/Vdisp(RA1) 0 RA1: Without Pull·down MOS (D) 0 Vdisp (VDISP) 
-Oscillator (OSC) • Crystal or Ceramic Filter 

Oscillator (XTAL) 
-Divider (DIV) • Divide·by-S (D·S) 
-ROM Code Media 0 EPROM: Emulator Type 0 EPROM: EPROM On·Package Microcomputer Type 
Note 1) I/O Options masked by ~ are not available. 
Note 2) RA1/Vdisp has to be selected as Vdisp pin exept the case that all High Voltage Pins are option D. 
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• PACKAGE DIMENSIONS (Unit: mm) 

o I .. 
I 

~ CD 
I 

,; 

~ 
I q 

I 

I 

¢ 
I u 

~--".o__ 

1.'_2 ...... 

(DP-64S) (FP-64) 

371 





, ' ' 

" , 

I" 

I 

I ," 

I 

, 

, i 

, , ~COMING~,SboN ... R~EVISED U~S.EDITION 
This PUblicationi~'dn~dVanCeC()py ot'teG,~njCalintormation prepared 
,in Japan on 4o;BitSingl~~Chip<Microc:omputers.A' re\lisecjUS.\editioni~ 
,now in production, scheduledforpublicoiionin May, 1985~ I • ' 

Ify6uwQuidlike to reserve,~ ,GOpyof,theUS. editi;orl,pl$aSe complete 
the postdge"pqi,d reply card belowond mail today~' 

I Please Print 

. Nome 

"Title,,' 

Address 

City State ZIP 

HU7:6 

Please Print 

, Nar:ne Moil/Stop, 

Adc;:lress ' 

'City , ZIP' " ' 

(" ,) 

HU76 



)/ I 

;, 

; <: Flf~t ~Iass,,' PermilN9.\ 41'Glei1View~Il:\ <>09~5 

poSTAGE V\lILl'BEPAtDBY ADDRE'SSEE ' 

'" ' LITERATURE J~iFIL1M'ENTCiN~ER 
. , "Hita~bi :Arnerica,lfd;' '.,'" ',' , 
, P.o; Box,11:l7 .' 
: GleF1vieWi IL'60Q2S;.' 

, ',',,' ._'1_._ 
\) '-' 

" ,N. o';'{.·. p.'. o.s.' ·.T..A.· .. 8 .. '.'£ .•. '. ,. ,NE\.;.;ESSARY', • 
,IF',MArLEo"l", ' i' 

INTHE/ ':,: .. ",< 

UNITEDSTATES;:"" 

_tl~.'1 f -.-:' 

,i 

"I- ' 





~HITACHI 
A World Leader in Technology 

Hitachi America, Ltd. 
Semiconductor and Ie Sales and Service Division 
2210 O'Toole Avenue, San Jose, CA 95131 
1-408-942-1500 

FEBRUARY, 1985 Printed in U.S.A. 


