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QUICK REFERENCE GUIDE

= CMOS 4-BIT SINGLE-CHIP MICROCOMPUTER HMCS40 SERIES

. HMCS44CL HMCS45CL
Family Name (HD44808) (HD44828)
(Type Name) HMCS44C HMCS45C
(HD44801) (HD44820)
8 Supply Voltage (V) 3/5 3/5
Z[Power Dissipation (typ.) (mW) 0.4/0.9 0.4/0.9
- 8
] § Max. 1/0 Terminal Voltage (V) Veet0.3 Vee+0.3
5| Operating Temperature Range *! °c) -20t0+75 -20t0+75
(5]
Package DP-42, DP-42S FP-54, DP-64S
. 2,048 x 10 2,048 x 10
Memory ROM {bits) 128x10** 128x10**
RAM (bits) 160 x 4 160 x 4
Registers 8 6
Stack Registers 4 4
g 4-Bit Data Input - -
g, 1/ Ports 4-.Bit Data Qutput - 4x1
Z Discrete Output 32 - 44 -
4-Bit Data Input/Output 4x4 4x6
Discrete Input/Output 1x 16 1x 16
External 2 2
Interrupts
Timer/Counter 1 1
Instructions Number of Instructions 71 71
Cycle Time {us) 20/10 20/10
Built-in Clock Pulse Generator
Power on Reset No/Yes No/Yes
Battery Back-up Halt Halt
. . HD44850E HD44850E
Evalugtion Chip HDA44857E HD44857E
Reference Page 174 196

*1 Wide Temperature Range (-40 to +85°C} version is available, except LCD-IV

*2 Pattern Memory

*3 LCD DRIVE FUNCTION

Common 4

LeD 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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HMCS46CL HMCS47CL LCDaI*® B
{HD44848) (HD44868) (HD44795, LCDAV
HMCS46C HMCS47C HD44700) (HD613901)
{(HD44840) (HD44860)
3/5 3/5 3/5 3/5
0.4/9 70.4/9 0.4/6 0.8/13.5
Vect+0.3 Vect+0.3 Vcc+0.3 Vccet+0.3
-20to+75 -20to +75 -20t0+75 -20t0+75
DP-42, DP-425 FP-54, DP-64S FP-80 FP-80
4,006 x 10 4,006 x 10 s 4,006 x 10
256 x 4 256x 4 160 x 4 256 x 4
8 6 6 6
4 a 4 4
- - 4x1 4x1
1 — 4x1 ax1 4x1
32 - 44 - 32 = 32 -
1 4x4 4x6 4x2 dxz
] 1x 16 1x 16 1x 16 1x 18
2 2 2 2
1 1 1 1
7 7 7 7
20/5 20/5 20/10 20/5
Yes
No/Yes No/Yes Yes No
Halt Halt Halt Halt
HD44857E HD44857E HD44797E HD44797E
218 244 273 310




= CMOS 4-BIT SINGLE-CHIP MICROCOMPUTER HMCS400 SERIES

QUICK REFERENCE GUIDE

Family Name (Type Name) TGS, HMCS404AC* HMGS404CL® HD614P08B0ST
5[Supply Voltege (V) 4106 4.5 10 6.0 2.7106.0 4.510 5.5
% {Power Dissipation " (typ) (mW) 9.0 13.6 4.5 9.0
@ &[Max. 1/0 Terminal Voltage v} Vcc-40 Vee-40 Vce-40 Ve-40
2 [Operating Temperature Range (" C) ~20to +75 ~20t0 +75 -20to +75 -20t0 +75
6'—Psckage 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 08,192-word x 10-bit
with standard
EPROM 27128
RAM (bits) 256 x 4 256 x 4 256 x 4 576 x 4
Registers 7 7 7 7
- Stack Registers 16 16 16 16
H 3 T 3
3 170 ports 4-Bit Output sg | 4%4 58 |4%x4 s | 4x4 sg | 4x4
4-Bit Input/Output 4x5 4x5 4x5 4x5
1-Bit Input/Output 1x 16 1x 16 1x 16 1x16
External 2 2 2 2
Interrupts Timer/Counter 2 2 2 2
Serial Interface 1 1 1 1
Instructions Number of Instructions 99 99 99 99
Cycle Time (us} 2 1.33 4 1.33
Built-in Clock Pulse Generator Yes (External drive is possible)
Others Low Power Dissipation Mode (Stop mode, Stand-by mode)
Reference Page 357 | 394 396 398

* Under Development
1 EPROM on the Package Type






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

L Package Classifica(ion‘l—-‘

Fig. 1

Package Classifications given in Fig. 1 for pininsertion, surface
mount, and multi-function types, in plastic and ceramic.

Standard OutlineH DtP

Shrink Outline }—|:::

Flat Package

Plastic DIP 1

Ceramic DIP
Shrink Type Plastic D|P1
Shrink Type Ceramic Dl;l

FLAT~DIP}-————[

Pin Insertion Type

s-DiP

PGA

SOP (Plastic} —I

Surface Mounting Type

FPP (Plastic)

Chip Carrier }———l CcC

EPROM on the
Package Type

PLCC (Plastic) 1

LCC
(Glass Sealed Ceramic)

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 PACKAGE
PLCC;PLASTIC LEADED CHIP CARRIER
LCC ; LEADLESS CHIP CARRIER

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 Ne. 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. Indicatiolq

follows, illustrated in the data sheet of each device.

When ordering, please write the package code next to the type
number.

HD X X X X XS

{Note) HDXXXPXXXX stands for Type No.

Package Code Indication I

DP
P 1

of EPROM on the pac

microcomputer device.

Package Classification

HMCS40 Series
No Indication; Plastic DIP
S; Shrink Type Plastic DIP
HMCS400 Series
F; FPP

P; Plastic DIP
kage type S Shrink Type Plastic DIP

—645
T

Qutline Materials l Number of Additional Qutline
D:DIP P ;Plastic Pins S; Shrink type
FiFLAT | | C :Ceramic SP; EPROM on the shrink package type

12



INTRODUCTION OF PACKAGES

3. Package Dimensional Outline
Hitachi 4-bit single-chip microcomputer devices employ the pack-
ages shown in Table 1 according to PCB mounting method.

Table 1 Package List

Mounting method Package classification Package material Package code

Standard outline (DIP) Plastic 3:%2

Pin insertion type DP-28S

Shrink outline (S-DIP) Plastic DP-42S

DP-64S
FP-54
. FPP Plastic igied

Surface mounting type Flat package FP-100
FPC Ceramic FC-80

Muiti-function type EPROM on the package type Ceramic DC-64SP

e DP-28
'
14
0 ~15"
(Unit: mm)
® DP-42
iglo 42
g =t
d p 2
g 4]
g 1)
g 0
g 0
g b
39 ¢
2 q p
d b
q g
g D
g p
g 1)
q p
g g
7§ 322
15.24
0.2~0.38
- 0° ~ 15° {Unit: mm)
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INTRODUCTION OF PACKAGES

| shrink Type Plastic DIP
® DP-28S
8.8
_\l{—:za
’ b
h <
H h -
l b
- b
o P
b
| b
b
1 ]
frs
10.16
—\
2
g ~1F 020”°
{Unit: mm}
e DP-42s
140
do
0
s
3
s
2
15.24
®
L ¢~ o-‘ﬂﬂ:5
(Unit: mm)
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® DP-64S
'S0 T >u
4 &>
g | B
ps 3
L=
<3
10 E
> &
] | E:
B R
3 \ "
E 2§
< >
« >
| E =
B > =
P > = o
L= =3 o 2
b= o Cpe— ©
p: E = ¢
< 3 2 g= s
p: e == |
<
2 | 33
P 1 7.0 et
5.max 2.54min
o.-\#
(Unit: mm)
Flat Plastic Package]
® FP.54 2
(27
1
3 © l E5) =
H T
) 32
4@. fo—s
==t
- HEE
o = —
2 i e H
2 1 —
—
=
5 k<
|
. 2
11015 - 2.9max
:6:04
(Unit: mm)
® FP-64 19.8:0.4 |
14
2.9mex
" 52
IMARAANE | | T
pia aloleTet (A LILILELNSY
Telatatatititatatatatatits
‘=.§ ms‘
==C
==0d g
= =
~
gi; Fo—
b4 == —
gﬂ g,i =
== =
= ==
o=
= =
== g
1o 5
AOIGOOIBA AT
2 120,15, n
635101 o8 : {Unit: mm)
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INTRODUCTION OF PACKAGES

¢ FP80

19.6:04

TTeII1T,
UOLX)

)

(Unit: mm)
e FP-100
25.6:0.4 ,

e

-]

-

©

o
-
o
)
e

{Unit: mm}
LFIat Package of Ceramicl
e FC-80
280 o pL2smex
0.2100.38
s, 32
52 —] 1
!
g |
] — | =
n ]iQ i
------ 1.27:0.15
(Unit: mm}
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INTRODUCTION OF PACKAGES

® DC-64SP

T

oy

Y
]

TOUUgUUUY

a5

OOy

‘leWW\

o > 1o Lo [T T LT Te e e -

i

TOETY

a 2 ‘ """"" =i
; i ! |
b R
\\ 081
: LR
L owe - (Unit: mm}
- 10 sec max
4. Mounting Method T o
Package lead pins are surface treated with solder coating or 235°C max
plating to facilitate PCB mounting. The lead pins are connected 2 140 ~ 160°C \
to the package by eutectic solder. Common connecting method B
of leads and precautions are explained as follows: 8 on.
€ 1~ 4"C/sec
s
&

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

Lead pins held by the through-holes enable handling of the
package through the saldering 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 150°C. Sur-
face temperature of the resin should be kept at 235° C maximum
for 10 minutes or less.

(1) 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° for 10 minutes
or less.

(3) Below is shown the temperature profile when soldering a package
by the reflowing method.

17

1~ 5°C/sec

Time ———

Fig. 2 Reflowing Furnace Adjustment
for FPP

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
150° 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 chiorine in the flux has a tendency to remain on the
leads and reduce reliability. Use alcohol, chlorothene or freon 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

Basic views on quality at Hitachi are to meet the

individual uers’ required quality level and maintain a

general quality level equal to or above that of the

general market. The quality required by the user may

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. Qur 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

19

design, device design, layout design, etc. There-
fore, as long as standardized processing and
materials are used the reliability risk is extremely
small even in the case of new development
devices, with the exception of special require-
ments imposed by functional needs.
(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.

(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.

3. QUALITY ASSURANCE SYSTEM

3.1 Activity of Quality Assurance

General views of overall quality assurance in Hitachi

are as follows:

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

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

3.2 Quality Approval
To insure quality and reliability, quality approval is
carried out at the preproduction stage of device

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

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

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

(3) No design change or process change without QA
approval.

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

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

3.3 Quality and Reliability Control st Mass
Production

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

Step Contents Purpose
Target i Design Review J
Specification
y — -
Design Characteristics of Material and Confir of
Trial Materials, Parts Parts Charscteristics and
Production Approval Appearance Relisbility of Materials
Dimension and Parts
Heat Resistance
Mechanicat
Electrical
Others
lChlncvarlma Approval II Electrical Confirmation of Terget
Characteristics Spec. Mainly sbout
Function Electrical Characteristics
Voltage
Current
Temperature
Others
Appearance, Dimension
[Gusity Approvai 11} Reliobility Test [Caonfirmation of Guality
— Life Test | and Relisbitity in Design
Thermal Stress
Moisture Resistance
Mechanical Stress
Others
Relisbility Test Confirmation of Quality
Process Check same as and Reliability in Mass
Quality Approval (1) Production ‘

Figure 1 Flow Chart of Quality Approval
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Material
Parts

Material, Parts

Quality Control Method
Inspection on Material and | ————~- Lot Sampling,
Parts for Semiconductor Confirmation of
Devices ) Quality Level
Maqufmuring Equipmor.n, F—=+==- Confirmation of
Environment, Sub-material, Quality Level
Worker Control

9 = Lot Sampli
inner Process

i Confirmation of
Quality Control Quality Lovel
100% Inspection on - .
Appearance and Electrical Testing,
Characteristics "

Sampling Inspection on I -
Appearance and Electrical Lot Sampling
Characteristics
|- — -4~ <4 Confirmation of
Reliability Test Quality Level, Lot
Feedback of
[ m————————————— -1 Information
Quality Information i
Claim H
Field Experience | —
General Quality :
Information )
---------------- -

Figure 2 Flow Chart of Quality Control in Manufacturing Process
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3.3.1 Quality Contro! of Parts and Materials
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, léad frames, fine wire
for wire bonding, packages, and materials needed in
ing pr 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 MIL-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.

Table 1 Quatity Control Check Points of Meteriel and Parts
(Example}

Material, Important
Parts Control tems Point for Check
Appesrance Damage and Contamina-
tion on Surfsce
Water Dimension Flstness
Sheet Resistance | Resistance
Defect Density Defect Numbers
Crystal Axis
Appesrance Defect Numbers, Scratch
Mask Dimension Dimension Level
Resistoration
G 3 . ity of
) C i Scratch,
e or _ Band, Twist
Wire Dimension
Bonding Purity Purity Level
El ion Ratio | M ical Strength
A C: ination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy
Plating Bondability, Sotderabitity
Mounting Heat Resistance
Ch .
C ion, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderability
Ceramic Mounting Heat Resistance
Packaege Characteristics
Electrical
Characteristics
Mechanicsl Machanical Strength
Strength
= — o iotics of
Plastic Material
Electrical
Characteristics
Thermal
Patic Characteristics
Molding Molding Performance
Performance
Maunth Mounting Ch
Characteristics
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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 Contro! 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 workers
environment and random sampling of semi-
final products.

@ Suggestion system for improvement of work.

@ Education of workers.

® Maintenance and improvement of yield.

@ Determining quality probl and impl "t
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-



Y Purchase of Material

I—Frame

—Package

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

Process

Wafer

-—Wa'er—1
> Surface Oxidati Oxidati

Inspection on Surface
Oxidation
Photo Resist

Photo
Resist
Inspection on Photo Resist
¢ PQC Level Check
Diffusion Diffusion
Inspection on Diffusion
© PQC Level Check

Evaporation Evapora-
tion
Inspection on Evaporation

© PQC Level Check
Wafer inspection Wafer
Inspection on Chip
Electrical Characteristics
Chip Scribe
Inspection on Chip
Appearance

o PQC Lot Judgement

Chip

Assembling Assembling

© PQC Level Check

Inspection after
Assembling

© PQC Lot Judgement

Sealing Sealing

¢ PQC Level Check
Final Electrical Inspection
¢ Failure Analysis

Marking

Appearance Inspection
Sampling Inspection on
Products

Receiving

Shipment

attention to buildings, facilities, air conditioning
systems, delivered materials, clothes, work envir-
onment, and periodic inspection of floating dust

QUALITY ASSURANCE

Figure 3 Example of Inner Process Quality Control

concentration.

3.3.3 Final Product Inspection and Reliability

Assurance

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

Control Point

Characteristics, Appearance

Appearance, Thickness of
Oxide Film

Dimension, Appearance

Diffusion Depth, Sheet
Resistance

Gate Width

Characteristics of Oxide Film
Breakcown Voltage

Thickness of Vapor Film,
Scratch, C inati

Purpose of Control

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 VM
Breakdown Voltage Check

Assurance of Standard
Thich

Thickness, VTH Characteris-
tics
Electrical Characteristics

Appearance of Chip

Appearance after Chip
Bonding

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

23

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
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department for products which were judged good quality factors. Lot inspection is executed based
in 100% test . . . the final process in manufac- on MIL-STD-105D.

turing. Though 100% vyield is expected, sampling (2) Reliability Assurance Tests

inspection is executed to prevent mixture of bad To assure the reliability of semiconductor devices,
product by mistake. The inspection is executed not reliability tests and tests on individual manufac-
only to confirm that the products have met the turing lots that are required by the user, are peri-
users’ requirements but also to consider potential odically performed.

Customer
Claim

(Failures, Information)

Sales Dept.
Sales Engineering Dept.

r
| Failure Analysis

| Quality Assurance Dept.

|

| |

| { f

[ Countermeasure

| Manufacturing Dept. Design Dept. E xecution of

| Countermeasure

| | , |

| Report

|

|

|

: Quality Assurance Dept. Follow-up and Confirmation

[ of Countermeasure Execution
|

| Report
U

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
micre p 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.

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 sy , and c terminal equip 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 1.

{1) Plastic DIP

{2) Plastic Flat Package

Bondi ng wire

Chip

Plastic

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 MICROCOMPUTER

2.2 Chip Structure

The HMCS40 family is produced in low power CMOS technol- density.

ogy. The Si-gate process is used because of high reliability and high

Si-Gate CMOS

PSG Al Gate

\_N*J 5

N,
P-Well

\
1 -
Si0, Source Drain
FET2
S
G P<channel
FETY EMOS
D
D
N-channel
FET2 G EMOS

Figure 2 Chip Structure and Basic Circuit

3. QUALITY QUALIFICATION AND EVALUATION

3.1 Reliability Test Methods

Chip structure and basic circuitry are shown in Figure 2.

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-8838B Method No.
Operating Life Test 125°C, 1000hr 1005,2
High Temp, Storage Tstg max, 1000hr 1008,1
Low Temp, Storage Tstg min, 1000hr
Steady State Humidity 65°C 95%RH, 1000hr
Steady State Humidity Biased 85°C 85%RH, 1000hr
Temperature Cycling -55°C ~ 150°C, 10 cycles 1010,4
Temperature Cycling -20°C ~ 125°C, 200 cycles
Thermal Shock 0°C ~ 100°C, 100 cycles 1011,3
Soldering Heat 260°C, 10 sec
Mechanical Shock 1500G 0.5 msec, 3 times/X, Y, Z 2002,2
Vibration Fatigue B60Hz 20G, 32hrs/X, Y, Z 2005,1
Variable Frequency 20~2000Hz 20G, 4 min/X, Y, 2 2007,1
Constant Acceleration 20000G, 1 min/X, Y, 2 2001,2
Lead Integrity (DIP) 225gr, 90° 3 times 2004,3
Lead Integrity (FPP) 225gr, 90° 1 time 2004
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RELIABILITY TEST DATA OF MICROCOMPUTER

3.2 Reliability Test Results
Reliability Test Results of 4-bit single-chip microcomputer de-
vices is shown in Table 3 to Table 7.

Table 3 Dynamic Life Test

Device Package Sample Size Component Hours Failure
HMCS47C DP-64S 90 90000 0
FP-54 90 90000 0
HMCS46C DP-42 90 90000 0
DP-42S 45 45000 0
HMCS45C DP-64S 45 45000 1]
FP-54 120 120000 1
HMCS44C DP-42 162 162000 1
DP-42S 45 45000 0
LCD-1I FP-80 90 90000 0

* Surface contamination
** Aluminum metallization open

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

Package 168 hrs 500 hrs 1000 hrs
DIP-type 0/205 0/205 1*/205 ) )
FP-type 0/185 0/185 1*/185 *Aluminum corrosion

Condition;C MOS: Ve = 5.5V

(2) High Temperature High Humidity Storage Life Test
a) 65°C/95%RH

Package 168 hrs 500 hrs 1000 hrs
DIP-type 0/870 0/870 1*/870 ) )
. *Aluminum corrosion
FP-type 0/545 0/545 1*/545

(to be continued)

27



RELIABILITY TEST DATA OF MICROCOMPUTER

b) 85°C/95%RH

Package 168 hrs 600 hrs 1000 hrs
DIP-type 0/220 0/220 1*/220
FP-type 0/165 0/165 1*/165 *Aluminum corrosion
(3) Pressure Cooker Test
(121°C, 2 atm)
Package 40 hrs 60 hrs 100 hrs 200 hrs
DIP-type 0/55 0/55 0/55 0/55
FP-type 0/55 0/55 0/55 1*/66 «Current Isakage
{4) MIL-STD-883B Moisture Resistance Test
(-85°C ~ -10°C, 90%RH or more)
Package 10 cycles 20 cycles 40 cycles
DIP-type 0/50 0/50 0/50
FP-type 0/22 0/22 0/22
Table5 Temperature Cycling Test
{-56°C ~ 150°C)
Package 10 cycles 100 cycles 200 cycles
DIP-type 0/1637 0/1637 0/1637
FP-type 0/1514 0/1514 0/1614
Table 8 High Temperature, Low Temperature Storage Life Test
Package Temperature 168 hrs 600 hrs 1000 hrs
DIP-type 160°C 0/43 0/43 0/43
v -55°C 0/50 0/50 0/50
Ep 150°C 0/53 0/53 0/53
"type -58°C 0/40 0/40 0/40
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Table 7 Mechanical and Environmental Test

RELIABILITY TEST DATA OF MICROCOMPUTER

Test Item Condition Plastic DIP Flat Plastic Package
Sample Size Failure Sample Size Failure
] ~ -]
Thermal Shock oGy ooc 150 0 100 0
Soldering Heat 260°C, 10 sec. 140 0 160 0
]
Salt Water Spray gi t?rs NaCl 5% 40 0 40 0
]
Solderability 230 C. 8 sec. 34 0 34 0
Drop Test ;E’t?:"é:"a"'e board 38 0 38 0
Mechanical Shock . o, 45 0 45 0
Vibration Fatigue oz 208 120 0 45 0
Vibration Variable Freq. ;gg:zt?r?n(e):'/; Y 2 45 0 45 0
225g, 90°
" . 45 ] - -
Lead Integrity Bonding 3 times
225g, 90° -
Bonding 1 time - 45 0
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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:
(1) 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.
Unsealed chips should be stored in a cool, dry, dark and
dust-free environment. Assembly should be performed
within S days of unpacking. Devices can be stored for up to
20 days indry nitrogen gas with a dew point at -30° C or less.
Prevent condensation during storage due to rapid tempera-
ture changes.

©6)

U}

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:

(1) 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.

To prevent device deterioration from clothing-induced static
electricity, workers should be properly grounded while hand-
ling devices. Use of a 1M ohm resistor is recommended to
prevent electric shock.

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.

Minimize mechanical vibration and shock when trans-
porting semiconductor devices or printed circuit boards.

Q2

3

@
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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 possibl
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 1 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:
e  Frequency: 28 to 29 k Hz (to avoid device resonation)
e  Ultrasonic output: 15W/¢
e 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 ered as the LSI by the company.

types of computer are prepared by Hitachi as supporting systems to Fig. 1 shows the typical program design procedure and Table 1
develop user’s programs. shows the system development support tools for 4-bit single-chip
User’s programs are mask programmed into the ROM and deliv-  microcomputer family used in these processes.

0] ) '
Jext Editor / CRT Editor
Evaluation Kit
HE8SD5

® Intel MDS
EXORCciser
1BM370

[€)

Artwork

@ Cross Assembler
Evaluation Kit
H685D6
Intel MDS
EXORCciser
1BM370

Assemble
List
Pattern Generator

Trial
Production

Hardware
Simulation

st}
‘/

d

L Evaluation Kit

Evalusation Board

H68SD5

EPROM on the Package Type
Microcomputer
HD614P080S

Yes

No

(Explanation)

@ When the user programs the system, the predetermined functions are
assigned to the 1/O pin and the RAM before the programming.

Volume
Production

@ A flow chart is d igned to achieve the p: ined fi ions 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, 10 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 type puter. 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.

(@ Options such as ROM is by the y. LSt is ively p d
and the sample is handed in to the user. After the user has mluatod the
mnp:; 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

Resident System Cross System
- HE8SD5 + Intel MDS220/230
Family No. | g piuation Kit'| Eveluation | EPROM on Emulator set®3 18M370 EXORciser-I!
Bosrd the Package | . Sruietor setes SIS cP/M
HMCS44C
HMCS46C Ha0EVKIT2 | FI4SCEVO0 - HEBSDS+HAOMIX1 | S4OXAMI-T | S4OMDS1.F - S40EXR1-F
cess H40EVKIT2 | H47CEV00 - HEB8SD5+H40MIX 1 - S40MDS1-F - S40EXR1-F
LCoN H40EVKIT4*1 :ﬁfﬁgzﬁn - R X241 | s40xAMI-T | sa0MDS1-F - S40EXR1-F
LCD-IV H4OEVKIT4* 1| HAOLCEV04*! - HEBSDE+HAOMIX4 " - S40MDS1-F - S40EXR1-F
HMCS404C - - HD614P0BOS | HEBSDS+H400CMIX 1 - S400MDS1F | S400MDS2F -
-
:mcws‘g:ﬁé" _ _ N " - S400MDS1F | S400MDS2 F -
*1 : Under Development
*2 : Cross Asssmbler is Supplied with Evalustion Kit,
*3 : Cross Assembler is Supplied with Emulator.
*4 : MDS is » registered trade mark of Mohorwk Data Science Corp,

ISIS-11 is a registered trade mark of Intel Corp.
CP/M is a registered trade mark of Digital Research Inc.
EXORciser is a registered trade mark of Motorola Inc.
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DESIGN PROCEDURE AND SUPPORT TOOLS

B SINGLE-CHIP MICROCOMPUTER DEVELOPMENT SYSTEM

The HO68SDS is a development system for Hitachi 4-bit and 8-bit
single-chip microcomputers.

It is compact HD6800—based CRT/Key board microcomputer
terminal, with two Floppy disk drivers, and has standard interface
for the TTY (RS-232C 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

H68SD5
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FOR 4-BIT SINGLE-CHIP MICROCOMPUTERS

Disk based low cost system

Provides the CRT Editor, Assembler, Emulator and EPROM
Writer controlled by FDOS-111

56k-byte RAM

Allows linking between the H68SD5 and the 1/0 devices
(TTY and Printer)

Easy to debug user’s prototype system using the Emulator
Module

EPROM Writer

8-bit single-chip micro-
computer family

HMCSA40 series
HMCSA400 series

Emulator Module
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Advance Information data sheets herein contain information on a product under
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without notice.




HMCS44C(HD44801)

HMCS44CL(HD44808)

The HMCS44C is the CMOS 4-bit single chip microcc
which contains ROM, RAM, I/O 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)
160 Digits of Data RAM (4 bits/Digit)
32 I/O Lines and 2 External Interrupt Lines
Timer/Event Counter
Instruction Cycle Time: HMCS44C; 10 us
HMCS44CL; 20 us
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
Timer/Event Counter
Muitiple Interrupt Capability
Bit Manipulation Instructions for Both RAM and I/0
Option of /0 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 typ.
Stand-by Mode (Halt Mode); 50 pW max.
CMOS Technology
Single Power Supply: HMCS44C; 5V+10%
HMCS44CL; 2.5V to 5.5V

o000 00

HMCS44C,HMCS44CL

(DP-42)

HMCS44C,HMCS44CL

{DP-42S)

m PIN ARRANGEMENT

HMCS44C,
HMCS44CL

(Top View)
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» BLOCK DIAGRAM

HMCS44C, HMCS44CL
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HMCS44C, HMCS44CL

B HMCS44C ELECTRICAL CHARACTERISTICS (Vcc=5V { 10%)
® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Remarks

Supply Voltage Vee -03to +7.0 \

Terminal Voltage (1) Vo :o_é}ﬁccwé Vv Except for terminals specified by V12
Terminal Volage (2 Vi | -0310+100 | V| AZBIE1 ool open srain outsut o
Maximum Total Output Current (1) —Sloy 45 1 mA lﬁaﬂf 3\ ' N
Maximum Total Qutput Current (2) ”}ji{{" T a5 | mA INOT(E 3T v T
Operating Temperature _rii'l";p;f - _"'i'i_c)'t'51l75 e - N T
Storage Temperature Tsrg 1-85 to +125 o c T

[NOTE 1] Permanent LS| 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 LS.

[NOTE 2| All voitages 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 (Vcc=5V+10%, Ta=-20TC to +75¢C)

HMCS44C, HMCS44CL

" Value .
Item Symbol Test Conditions -~ Unit Note
min typ. max.
input “Low” Voltage A\ - - 1.0 \"
Input “High" Voltage (1) Vint Vee—1.0[ — Vee v 2
Input “High"” Voltage (2) Vinz Vee—1.0 - 10 v 3
Output “Low” Voltage VoL loo=1.6mA - -— 0.8 v T
Output “High™ Voltage (1) Vo —lon=1.0mA 24 - - Y 4
Output “High" Voltage (2) Vonz | —lon=0.01mA Vec—03[ — v 5
Interrupt Input Hold Time tUNT 2 -Tinst - us T
Interrupt Input Fall Time HINT - - 50 us n
Interrupt Input Rise Time trINT - - 50 us
Qutput “High™ Current lon Vou=10V - - 3 uA 6
Input Leakage Current I Vin=0 to Ve - 10 uA 2
Vin=0 to 10V - 3 3
Pull up MOS Current —lp Vee=5V 60 250 uA
Vin=Vce. )
Supply Current (1) lcct Ceramic Filter - 2 mA 7
Oscillation
Vin=Vcc, -
Supply Current (2) lec2 Rr Oscillation, 1.0 mA 7
External Clock Operation
J— Vin=0 to Vcc - 1 uA 2,8
Standby 1/0 Leakage Current Ies HLT=1.0V Vo0 to 10V - 3 A 38
Standby Supply Current lecs Vin=Vee, HLT=0.2V - 10 uA 9
External Clock Operation )
External Clock Frequency fep 200 400 440 kHz
External Ciock Duty Duty 45 50 55 %
External Clock Rise Time trep (o] 0.2 us a
External Clock Fall Time tfcp 0 0.2 us
Instruction Cycle Time Tinst Tinst=4/fcp 9.1 10 20 us
Internal Clock Operation (Rt Oscillation) B
Clock Oscillation Frequency fosc Ri=91kQ+2% 300 - 500 kHz
Instruction Cycle Time Tinst Tinst=4/fosc 8.0 — 13.3 us
Internal Clock Operation (Ceramic Filter Oscillation)
Clock Oscillation Frequency fosc Ceramic Filter Circuit 392 - 408 kHz
Instruction Cycle Time Tinst Tinst=4/fosc 9.8 — 10.2 uS

[NOTE 1] All voltages are with respect to GND.

[NOTE 2] This is applied to RESET, HLT, 0SC1, INTo, INTy and the With Pull up MOS or CMOS type of I/0 pins.

[NOTE 3] This is applied to the Open Drain type of 1/0 pins.

[NOTE 4] This is applied to the CMOS type of 1/0 or Output pins.
[NOTE 5] This is applied to the With Pull up MOS or CMOS type of I/0 or Output pins.
[NOTE 6] This is applied to the Open Drain type of |/0 or Output pins.

[NOTE 7] 1/0 current is excluded.

[NOTE 8] The Standby 1/O Leakage Current is the 1/0 leakage current in the Halt and Disable State.

{NOTE 9] 1/0 current is excluded.

The Standby Supply Current is the supply current at Voc=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 {lon), and it is shown in “ELECTRICAL CHARACTERISTICS-2."

41



HMCS44C, HMCS44CL

O ELECTRICAL CHARACTERISTICS-2 (Ta=—20to +75¢)
Reset and Halt

Item Symbol Test Conditions - Value Unit
min. max.

Halt Duration Voitage Von ALT=0.2V 23 - v
Vin=Vcc

Halt Current lon FITT=0.2V.Von=2.3V - 10 uA

Halt Delay Time tHD 100 - us

Operation Recovery Time tRC 100 - us

HLT Fall Time HHLT - 1000 us

HLT Rise Time : trHLT - 1000 us

HLT “Low” Hold Time tHLT 400 - us
R¢ Oscillation, External 01 _

HLT “High” Hold Time tOPR Clock Qperatlon ms
Ceramic Filter 2 B
Oscillation

Power Supply Rise Time trce %zlnv ::set, o1 10 ms

Power Supply OFF Time topp | Bultin Reset, 1 - ms
HLT=V¢c

External Reset,

Vee=4.5 to 5.5V, HLT=V¢c
(R¢ Oscillation, External
Clock O ti

RESET Pulse Width (1) tRST1 | oock Operation) ms
External Reset

Vcc=4.5 to 5.5V, HLT=Vc¢

. .. 4 -
{Ceramic Filter
Oscillation)
) External Reset 2.
RESET Pulse Width (2) tRST2 - us

Vee=4.5 to 5.5V,ﬁ[T=Vcc Tinst

Ext | Reset
RESET Rise Time trRST xternal iese — 20 ms

Vee=4.5to 5.5V, HLT =Vee

RESET Fall Time R External Reset 20 s
al - m
fRST Vcee=4.5 t0 5.5V, HLT=V,¢

[NOTE] All voltages are with respect to GND.

B HMCS44CL ELECTRICAL CHARACTERISTICS (Vcc=2.5 to 5.5V)
© ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Remarks
Supply Voitage Vee -0.3to0 +7.0 v
Terminal Voitage (1) Vri —0.3 to V¢c+0.3 \ Except for terminals specified by Vr2
Terminal Voltage (2) Vr2 —0.3to +10.0 Y ooy /B comamoa nput pins
Maximum Total Output Current (1) —3lo 45 mA (Note 3)
Maximum Total Output Current (2) Sloz2 45 mA (Note 3)
Operating Temperature Topr —~20to +75 T
Storage Temperature Tstg —551t0 +125 1

[NOTE 1] Permanent LS| 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] Al 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 (Vcc=2.5 to 5.5V, Ta=—-20 to +75%T)

HMCS44C, HMCS44CL

. Value ]
Item Symbol Test Conditions - Unit Note
min. typ. max.
Input “Low™ Voltage Vi — — 0.15-Vee \" .
Input “High" Voltage (1) Vint 0.85-Vee — Vee \ 2
Input “High” Voltage (2) Vinz 0.85-Vce — 10 \Y 3
Output “Low™ Voltage Vou loo.=0.4mA — — 0.4 \"
Output “High™ Voltage Vou —lon=0.08mA Vec—0.4 — — v 4
Interrupt Input Hold Time tINT 2-Tinst — — us
Interrupt Input Fall Time HINT - - 50 us
Interrupt Input Rise Time trINT - - 50 us
Output “High” Current lon Von=10V — - 3 uA 5
Vin=0 to Ve — — 1.0 2
Input Leakage Current I Vo0 to 10V — — 3 nA 3
Pull-up MOS Current —lp Vee=3V 10 . 80 uA
Vin=Vce, Vec=3V
(fcsc/fc =200kH2)
Supply Current le Re Oscilr;tion, External N B 140 uh 6
Clock Operation
HLT Vin=0 to V¢e — — 1 uA 2,7
Standby |1/0 Leakage Current s —0.5V Vez0 10 10V — — 3 A 3.7
Vin=Vecc Vec=2510 35V — — 6 uA
Standby Supply Current lees ACT =0.1V| Veom2.5 10 5.5V - — 0 A 8
External Clock Operation
External Clock Frequency | fep | 7 130 | 200 | 240 | kHz |
External Clock Duty Duty 45 50 55 %
External Clock Rise Time trcp (o] - 0.2 us
External Clock Fall Time tfcp (0] - 0.2 us
Instruction Cycle Time Tinst ] Tinst=4/fcp 16.8 20 308 us
Internal Clock Operation (R¢ Oscillation)
Ri=180kQ+2% 130 B 250
Clock Oscillation Frequency fosc Vcc=.2A5 to 3.5V kHz
R: =180k +2% 130 _ 350
Vee=2.5 to 5.5V
Test=4/fosc, 16 - 308
. § Vcc=2.5 to 3.5V
Instruction Cycle Time Tinst us
Tra=4/fosc. 114 | — | 308

Vce=2.5 to 5.5V

INOTE 1] All voltages are with respect to GND.

This is applied to the Open Drain type of 1/0 or Output pins.

|INOTE 2|

INOTE 3] This is applied to the Open Drain type of 1/0 pins.
INOTE 4] This is applied to the CMOS type of 1/0 or Output pins.
INOTE 5|

INOTE 6| | O current is excluded.

INOTE 7]

[NOTE 8] | O current is excluded.

The Standby | ‘'O Leakage Current is the 1/O leakage current in the Halt and Disable State.

This is applied to RESET, HLT, OSC, INTo, INT, and the With Pull up MOS or CMOS type of 1/0 pins.

The Standby Supply Current is the supply current at Vec=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 (lon), and it is shown in “ELECTRICAL CHARACTERISTICS-2."
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®ELECTRICAL CHARACTERISTICS-2 (Ta=—20 to +75<¢)

Reset and Halt

Item Symbol Test Conditions - Value Unit
i min. max.

Halt Duration Voltage Vou HLT=0.2v 2.0 - v

Halt Current Ton Vin=Vec, ALT=0.1V - 10 uA
Vou=2.0V

Halt Delay Time tHD 200 — us

Operation Recovery Time tRC 200 — us

HLT Fal Time HHLT — 1000 us

HLT Rise Time trHLT — 1000 us

HLT “Low” Hold Time tHLT 800 - us
Rt Oscillation, External

HALT “High” Hold Time tOPR Clock Operation 0.2 — ms
Vec=2.5 to 5.5V
External Reset,

) Vee=2.5 to 5.5V, ALT=V¢

RESET Pulse Width (1) tRST1 (R Osciltation, External 2 — ms
Clock Operation)
External Reset, 2.

RESET Pulse Width (2) tRST2 Vee=2.5 to 5.5V - us
AT =Vee Tinst

RESET Fall Time t#RST | HLT=V¢c — 20 ms

RESET Rise Time trRST HLT=V¢c — 20 ms

[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.

® Vccand GND
Power is supplied to the HMCS44C using these two pins. Ve
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.

¢ 0SC, and OSC,

These pins provide control input for the built-in oscillator cir-
cuit. Resistor and capacitor, ceramic filter circuit, or an external
oscillator can be connecied *o 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.

o HLT
This pin is used to place the HMCS44C in the Halt State.
Refer to HALT FUNCTION for details of the Halt Mode.

e TEST
This pin is not for user application and must be connected to

Vcc.

® INT,and INT,

These pins provide the capability for asynchronously applying
external interrupts to the HMCS44C.

Refer to INTERRUPTS for additional information.

® R,,toR,; Ry, to R,; Rygto Ry, Ry to Ry,

These 16 lines are arranged into four 4-bit Data Input/Output
Common Channels.

The 4-bit registers (Data I/0 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.

® D,toD,,

These lines are 16 1-bit Discrete Input/Output Common Pins.
The 1-bit latches are attached to these pins. Each pin is addressed
by the Y register. The D, to D, 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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Timer/counter Interrupt Address (O page 3F address)

64 words:
1F OF 07— 3D 3E 3F {Hexa-decimal)
0 page
1 page
2 page
Program Area
30 page
31 page

fnput interrupt Address{1 page 3F address)

64 words ————|
1F OF 07 .g——3D 3E 3F (Hexa-decimal)
{ Pattern Area ~ ] 61 page
I Pattern Area ] 62 page
Figure 1

® Program Counter (PC)
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.

Page Part Address Part

T T T y T

PCio PCs PCs PC; PCs [ PCs PCsa PCz; PC2 PCi PCo

A . i . " A . A i

Figure 2 Configuration of Program Counter

Reset Address (31 page 3F address)

ROM Address Space

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.

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 [o]:} 19 13
61 3D 23 17 38 26
59 38 46 2E 12 oc
55 37 28 1C 25 19
a7 2F 56 38 50 32
30 1E 49 31 37 25
60 3C 35 23 10 0A
57 39 6 06 21 15
51 33 13 oD 42 2A
39 27 27 18 20 14
14 OE 54 36 40 28
29 iD 45 20 16 10
58 3A 26 1A 32 20
63 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 1 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 (10 bits) is divided into three parts (2 bits, 4 bits
and 4 bits from the most significant bit O,;) and represented by
hexadecimal. The examples are shown in Figure 3.

(a) ROM Address
/—Page Part—-v— Address Part—\

Address :
10 t 0 0 1 0 0 1 1.0 2026
L " L L N . N , X ( 20 page )
| S— Decimal——-—A Hex.a- —A— Hexa-decimal —/ 26 address
decimal
(b) ROM Code
O 01
) j i ' ! ' T T T ROM Pattern,

Object Code : 1BS

L L s L " i s L s
- Hexa- —A— Hexa-decimal —L Hexa-decimal —J

decimal

Figure 3 Designation of ROM Address and ROM Code

m 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.

Page Part

® 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/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 is ORed with the upper 2 bits of B register, the Carry F/F
and the operand p (po, p1). The upper bit (pz) 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:
(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 (O,, O,,) in the
pattern.

Mode () is performed when O, is ““1> and mode (ii) is per-
formed when O, is “1”. .

Mode (i) and mode (ii) are simultaneously performed when
both O, and O,, 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.

Address Part ————

(PC)

IPCuo PCs PCs PC; PCsIPCs PCs PC3

PC2 PCy PCo]

,——————-

Data for ) !
P2 P1 P
(Modiﬁcation (e

T T T

B2
1

ac

Y T T

Bi Bol Az Ay A AoJ

ROM Address

( Referred ) |~ T™PC1o'PCy PCs 'PC; PCs "
1

——q——Te—r——e -
Bo Az Az A1 Ao

|
!
P . T TPy BESp

Figure 4 ROM Addressing for Pattern Generation

T T T T T T T T Y
O Os Os 07 Os Os Q4 0: O 01 | ROM Pattern
L N N N " " L N o
r——=r-- T T T Y T Y Loaded A
oa into Accumulator
1
Bs B2 B Bo Ao Ar Az As and B register
L e " L s N L "
——7T1-—— T T T g Y T
1 R0 Rz1 Rez Rz | Rp Rar  Rsz  Ras | Loaded into R2 and R3 registers
(R A - L I 1 I

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 o] 10-20 12D 2 B
0-3F 7 1 4 [o] 61-00 22D 4 B
30-00 4 10/1| O 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 o o
ROM is accessed according to the program counter sequence S e 1
and the program is executed. In order to jump to any address out ROM r LPY l u J
of the sequence, there are four ways.
They are explained in the following paragraphs. delay by
1-cycle time
® BR
By BR instruction, the program branches to an address in the
curreynt page. PC r Page Part J_‘Addvessfjrg_]
The lower 6 bits of ROM Object Code (operand a, Oq to O,) . .
are transferred to the lower 6 bits of the program counter. This Figure 7 LPU Operation
instruction is a conditional instruction and executed only when
the Status F/F is “1”. If it is ““0™, the instruction is skipped and e BRL
the Status F/F becomes *“1”’. The operation is shown in Figure By BRL instruction, the program branches to an address in
any page.

e 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.

SHERDE
RRRAR

PcFPage Part [ Address Part I

ROM[ BR

Figure 6 BR Operation

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/F is ““1”. If the Status F/F is ““0”, the instruction is
skipped and the Status F/F 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 F/F, 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 F/F, and the operand pi, po are ORed
with the page part of the program counter.

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

Page Part Address Part
T v T v v e ————
(PC) PCio PCy PCg PC; PCe¢|PCs PCa PC3 PC2 PCy PCo
. A . . P L . a
D f r———-r-———-r>—— T T T T T
Mata_ﬁor ) : :’g) bprlopo Cc B3 B2 By Bo Az A A1 Ao
odification AL P s L " i A L
- PCio PCs ' PCg  PC;  PCe ) S )
(Modified PC) B. Az A A Ao
+p1 . +po  +C  +Bs +B2 "B°‘ o

Figure 8 Modification of Program Counter by TBR Instruction

47



HMCS44C, HMCS44CL

= SUBROUTINE JUMP .
There are two types of subroutine jumps. They are explained
in the following paragraphs.

e 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 ST1 and the contents of the stacks ST1, ST2 and ST3
are pushed onto the stacks ST2, ST3 and ST4 respectively as
shown in Figure 9.

Og——————— O

ROM | CA ]

| :
SR
Page Part | Address Fart |

HHHHHJ"’““

EENEEENNNN
]

sT2| |

6i$l6LL{J$lJ
6&&004*&6&6J

1
pc |
|

st

sT3|

ST4

Figure 9 Subroutine Jump Stacking Order

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

The HMCS44C has 4 levels of stack (ST1, 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 F/F is <17, 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
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 17, 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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Y 15(14(13|12(11(10/ 9|8 |7 |6 |5 4 (3 |2|10
X |¢ d 115(14|13|12(11(10{ 9|8 |7 |6 !5 14 13|2]| 1|0 |« digit No.
o| O r
~ o~ F
o o |
<« <
| v r
o| © |
NS~ -
T
» L
in wit|lolal-lo ol o °
Tc’meEIEEggEg£§zzEm
o~ |12l |sls|s|s|si=s|=s|=2|2|e|=|=2|2|=

1

file No.

*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.

Figure 10 RAM Address Space

The HMCS44C has six 4-bit registers and two 1-bit registers
available to the programmer. The 1-bit registers are the Carry F/
F and the Status F/F. They are explained in the following para-

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-

23 222120 n m REGISTER
Ej:] oM graphs.
EI:I 2 M2 ® Status F/F (S)

n=Bit assignment No.

Figure 11 RAM Bit and Operand n

49

tions). 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”.
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* A I (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.

© B Register (B)

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 Regigter (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.

® 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 1-bit Discrete 1/0.

® 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 1-bit Discrete 1/0 in combination
with the Y register.

One Instruction

= INPUT/OUTPUT
® 4-bit Data Input/Output Channel! (R)

The HMCS44C has four 4-bit Data /0 Common Channels
(RO, R1, R2, R3).

The 4-bit registers (Data I/O Register) are attached to R1, 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 1/0 Registers RO to R3 via the bus lines. Pattern
instruction enables the patterns of ROM to be taken into the
Data I/0 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 1/0 Register output is directly connected to the pin even
during execution of input instruction, the input data is wired
logic of the Data I/0 Register output and the pin input.

Therefore, the Data 1/0 Register should be set to 15 (all bits
of the Data 1/0 Register is ““1”’) not to affect the pin input be-
fore execution of input instruction.

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

Output Function

r—==———=== 1
! 1
»— a—De O ka
)
1
] p—
22— Q -——l >o R,
Data ! —O Ree
2! —f—': a—>o O o
i
2 o> O
E.--_ _______ a7 =~ 171 Input Function

120 21 22 23}
L 4

Reset Function

Figure 12 4-bit Data /0 Block Diagram

Cycle
T T T T T T T T T
i Rn Output
LRA, LRB Instruction
Instructi
struction ™ X
P ——  Pattern Instruction (second cycle)
Instruction
R X
[ Rn Input
LAR, LBR n P"_
. Instruction
Instruction
Rn Sampling Clock

Figure 13 4-bit Data I/0 Timing

® 1-bit Discrete Input/Output Common Terminals (D)

The HMCS44C has 16 1-bit Discrete I/O Common Terminals.

The 1-bit Discrete /0 Common Terminal consists of a 1-bit
latch and an 1/0 common pin.

The 1-bit Discrete I/0 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”
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-

a level can be tested with the addressed pin by input in-



ecution of input instruction.

The D, to D; 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 I/O timing
is shown in Figure 15.

One Instruction Cycle

HMCS44C, HMCS44Cl

Set Signal by the reset function

Set Instruction——LD D

Reset Instruction
IN
Test w——

Figure 14 1-bit Discrete 1,0 Block Diagram

S

o]

"'—ODn

R

Latch

SED, RED,SEDD, | ——{ Dn Set/Resat
: I (
REDD Instruction o (LSl pin
™ Dn TestA
Instruction Instruction —
Dn Sampling
Clock
Figure 15 1-bit Discrete I/0 Timing

® 1/0 Configuration
The 1/0 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 D1s, Roo to Ros, Rio to Ri3, R2o to Rzs, Rao to Ras

No Pull up MOS With Pull up MOS (PMOS) CMOS
(Open Drain)
Vee . Vee 1/0 . Vee Vec
1/0 Enable —ed ~ "~ 3 lesl 1 S
/ able ! PMOS é/o nabeql PMOS 1/0 Enable—u‘l PIMOS
: nable{[+/PMOS | . AE= MY vee
| : | : 1 ! 1/0 Enable
! | ' i I ! PMO
o— i NMOS  O——4 | T INMos O— '
L7 Lz LT NMOS
Input circuit Input circuit —
Input circuit
NMOS l 3 NMOS I
1/0 Enable

1/0 Enable

*When “Disable” is specified for the |/0O 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

impedance (PMOS, NMOS; OFF).
Figure 16

s 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 INT, 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 ‘17, the clock input is the input pulse of
INT, 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/

51

/0 Configuration

F becomes “‘1”°. If the overflow output pulse is generated when
the TF F/F is set (*‘1”), 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 LTA or LTI 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 INT, 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

100/64kHz typ.

Clear

Clock
6-bit prescaler {100kHz typ.
OVF Instruction
TF 4-bit counter Frequency)
INT1 Puise
TF : Set has priority over the reset. CF
Interrupt request of Timer/Counter
Figure 17 Timer/Counter Block Diagram
Table 3 Timer Range
Specified Number of i 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 1 320 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.

Vin

\ UNT
Vi Vi

P=tINT

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

Vin

1,
Vi INT

YINT

® INTERRUPT

The HMCS44C can be interrupted in two different ways:
through the external interrupt input pins (INT,, INT,) 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 ST1 and the contents
of the stacks ST1, 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 counter must be per-
formed by the program. The interrupt routine must end with
RTNI (Return Interrupt) instruction which sets the I/E F/F si-
multaneously with the RTN instruction.

The Interrupt Address:

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

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

The INT, and INT, pin have an interrupt request function.
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{one instruction cycle = 10us)

Each terminal consists of a circuit which generates leading
pulse and the interrupt mask F/F (IF0, IF1). An interrupt is
enabled (unmasked) when the IFO F/F or IF1 F/F is reset.
When the INT, or INT, pin changes from “0” to *“1” (from
“Low” level to *‘High” level), a leading pulse is generated to
produce an interrupt request. At the same time, the 1F0 F/F or
IF1 F/F is set. When the IF0 F/F or IF1 F/F is set, the interrupt
masking for the pin will result. (If a leading puise is generated,
no interrupt request occurs.) .

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 ‘1 -(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 HMCS44C gets into the Interrupt
Enable State.

The IF0 F/F, the IF1 F/F, the INT, pin and the INT, pin can
be tested by interrupt instruction. Therefore, the INT, and the
INT, can be used as additional input pins with latches.

The INT, 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 1/
RI F/F and the I/RT F/F are ““1” (when the input interrupt and
the timer/counter interrupts are generated simultaneously). Dur-
ing this processing, the I/RT F/F remains ‘‘1”’. 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.



No Pull up MOS

HMCS44C, HMCS44CL

With Pull up MOS (PMOS)

Vee 1/0
Enable—e j
I/OEnabIe_l PMOS l_l PMOS

L7 _ _lnput circuit

*When “Disable” is specified for the 1/0 State at the Halt State,
the 1/0 Enable signal shown in the figure turns off the input circuitand

Pull up MOS.

Figure 19 Configuration of INTo and INT;

Leading
INT: Pulse s I/E
IFO R
—R
I/RI
R
INTo Leading s INT
Pulse IF1
-—R v
Interrupt I/RT
Request R

of Timer/Counter

IFO, IF1: Set has priority over reset.

Figure 20 Interrupt Circuit Block Diagram

m 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 Vgs.

Internal state of the HMCS44C are specified as follows by the

(Reset State)

reset function.

+ Program Counter (PC) is set to 3F address on 31 page (31-
3F).

+ I/RL, I/RT, I/E and CF are reset to “0”.

- IFO0, IF1 and TF are set to *“1”°.

- Reset/Set of /0 latch and register (D, to D,;, RO to R6) are
set to ““1”.
Note that other blocks (Status, Register, Timer/Counter,

RAM, etc.) are not cleared.

(Reset State)

Vin

tRST2
(Operating
State)

—4%RST

* tRST1 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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AT =V,
RESET=GND

Vee

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” Output ........ The Status before the Halt State

is held.

Il’ull 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-

Vee

rents are added to the Stand-by Supply Current
(or Halt Current).
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 HLT pin is set to “1” (“High” level), the HMCS-
44C gets into operation from the status just before the Halt State.

The halt timing is shown in Figure 23.

“Disable”

CAUTION
If, during the Halt State, the external reset input is applied
(RESET = ““1” (“‘High” level)), the internal status is not held.

/4.5V

t-Vou

Vin

tRC

Vi

YHLT

tHLT

toPR

Figure 23 Halt Timing
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8 OSCILLATOR

The HMCS44C contains its own oscillator and frequency di-
vider (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).

HMCS44C, HMCS44CL

The OSC, 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
0SCy . .
Wiring of OSC/ and OSC2 terminals should be as short as
RS possible because the oscillation frequency is
modified by capacitance of these terminals.
0sC,
(b) Internal Clock Operation Using Ceramic Filter Circuit (Built-in CPG ; Ceramic Filter Osciltator)
(This is not applied to HMCS44CL.)
C.|
Nt 0SC Ceramic Filter : CSB400P (MURATA)
C'eramlcT____’= Ry R 1 1MQ+£10%
Filter G T C1 : 2200pF + 10% (ceramic capacitor)
it 0SC2 C2 : 470pF + 10% (ceramic capacitor)
T
GND
&
I 0SCy Ceramic Filter : FCR-400K (TDK)
grram:c__.: Ry Rt 1 1MQ+10%
Her C2 C1 : 1000pF + 10% (ceramic capacitor)
it 0SC2 C2 : 1000pF + 10% (ceramic capacitor)
r

(c) External Clock Operation (External CPG)

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.

h T
Vin
0SCy
2.5V
Open—{0SC, Vi
e ﬂ‘rcp-— —-Mcpt

Duty= x100%

T
Tht+Th
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 Status
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
LX1i i—X
LYLi i—-Y
RAM Address Register v YH1 =Y Nz
Instruction ? oY y=1-¥ NB
AYY Y+A - Y [
SYyY Y-A Y NB
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 o A (XY < SPXY)
Instruction XMB (XY) M < B (XY — SPXY)
LMAIY (X) A—->M, Y+1 = Y (X & SPX) NZ
LMADY (X) A—-M, Y=15Y (X o SPX) NB
_ LMIlY i i—=M Y+1 oY N2
Immediate Transfer A X
Instruction LAI I ' A
LBl i i—»B
Ali A+i— A [
1B B+1 -8B Nz
DB B-1 -8 NB
AMC M+A+C (F/F) — A C
SMC M-A-C(F/F) - A NB
AM M+A - A [
DAA Decimal Adjustment (Addition)
Arithmetic Instruction DAS Decimal Adjustment (Subtraction)
NEGA A+1 A
coms BB
SEC “1" —» C (F/F)
REC “0" — C (F/F)
TC Test C (F/F) C (F/F)
ROTL Rotation Left
ROTR Rotation Right
OR AUB—A
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Group Mnemonic Function Status
MNEI i M= Nz
YNEI i Y+ i NZ
ANEM A+M Nz
Compare Instruction BNEM B+M NZ
ALEL i A< i NB
ALEM A=M NB
BLEM B =M NB
RAM Bit Manipulation SEM n 1T~ Mn
. REM n “0" - M (n)
Instruction
TM n Test M (n) M(n)
BR a Branch on Status 1 1
ROM Address CAL a Subroutine Jump on Status 1 1
Instruction LPU u Load Program Counter Upper on Status 1
TBR p Table Branch
RTN Return from Subroutine
SEIE “1" - I/E
SEIFO “1" — IFO
SEIF1 “1” = IF1
SETF “1" > TF
SECF “1" - CF
REIE “0" — I/E
REIFO “0" — IFO
REIF1 “0" — iF1
RETF “0" — TF
Interrupt instruction RECF “0" — CF
TIO Test INTo INTo
™m Test INTy INT,
TIFO Test IFO IFO
TiF1 Test IF1 IF1
TTF Test TF TF
LTHi i — Timer/Counter
LTA A — Timer/Counter
LAT Timer/Counter — A
RTNI Return Interrupt
SED “1” > D{Y)
RED “0" - D (Y)
D 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 S 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 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

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. Al 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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[HMCS44C Mask Option List | Date ]
Customer’s Name |
ROM CODE ID
Hitachi P /N
(1) 1/0 Option
:':me 1/0 A /0 Oaptlon ¢ Remarks :I:me 1/0 A \/o C;ptlon c Remarks
Do 1/0 Roo 1/0
D1 1/0 Ro1 1/0
D2 1/0 Roz | 1/O
D3 1/0 Roa 1/0
Da 1/0 Rio 1/0
Ds 1/0 R 1/0
De 1/0 Ri2 1/0
D, 170 Ris 170
Ds 1/0 R20 1/0
De 1/0 R21 1/0
Dio 1/0 R22 1/0
D 170 R23 i/0
Di2 1/0 Rao 170
D13 1/0 Ra1 1/0
Dia 1/0 Rs2 1/0
Dis 1/0 Ras I/0
INTo |
INTy |

¥ Specify the 1/0 composition with a mark of “Q" in the positi
A : No pull up MOS B : With pull up MOS C : CMOS Output

(2) Oscillator & Halt

Halt Not Used Used (Reset is applied Used (Reset is not applied
ot Use:
Oscillator when Halt release) when Halt release)

Resistor
Ceramic Resonator

External Clock

¥ Please check one section on the above chart.

(3) 1/0 State at “Halt” Mode
1/0 State

O Enable
3 Disable

% Mark "v" in “O" for the selected |/0
state.

(4) Supply Voltage (Vcc) (5) Package
Supply Voltage (Vee) Package
O 5+0.5v ] DP-42
J 2.5Vtob5.5V O DP-428
% Mark “v" in “[(J" for the selected supply ¥ Mark v " in "J" for
voltage. the selected package.
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HMCS45C(HD44820)
HMCS45CL(HD44828)

The HMCS45C is the CMOS 4-bit single chip microcomputer
which contains ROM, RAM, 1/0 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/Digit)
® 441/0 Lines and 2 External Interrupt Lines
® Timer/Event Counter
@ |nstruction Cycle Time: HMCS456C; 10 us
HMCS46CL; 20 us
® 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
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 typ.
Stand-by Mode (Halt Mode); 50 uW max.
CMOS Technology
Single Power Supply: HMCS45C; 56V+10%
HMCS45CL; 2.5V to 6.5V

HMCS45C,HMCS45CL

(FP-54)

HMCS45C,HMCS45CL

(DP-64S5)

® PIN ARRANGEMENT

HMCS45C,
HMCS45CL

HMCS45C,
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® BLOCK DIAGRAM

ROM

2,048 x 10 bit
{program memory)
128 x 10 bit
(pattern memory)

1
;
ﬁ tnstruction :
Decoder 1
a
N

- T
PC (11 bit)
C ] :
1 =
— ] |
1
—— o - Roo
] € - ~R,,
L___-..,__:
Stack Register
{4 x 11 bit) —————
l'_ o
o)
Di

g ALU S ﬁ
>
Fe—To—ooooTooo—
addressing __>: D latch (16 bit)
1
1+
[ P R — N B
—— 00
Do
5%

—1°Vec
—}—oanD
—F—onLT
J \Z 2114 —_
T
L Timer/Counter 1 g :’ = EST
"
c
— | k- C— acL® © RESET
RAM B
Interrupt 14 160 x 4 bit 4
—= €
l 532 oo0sc,
CPG
i ~00sC,
Qo roo-- 1
E = \ } 1/0 Common
zz H

* Power-on Reset Circuit
{ACL) is not built in HMCS45CL.
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BHMCS46C ELECTRICAL CHARACTERISTICS (Vcc=5V+10%)

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Remarks

Supply Voltage Vee ~-0.3t0 +7.0 v

Terminal Voltage (1) \24] —0.3 to Vec+0.3 \" Except for terminals specified by Vr2
Terminal Voltage (2) Vr2 —0.3to +10.0 v et v am 1O ormmmon o PIne
Maximum Total Qutput Current (1) - —3lo1 45 mA [NOTE 3]

Maximum Total Output Current (2) Sloz2 45 mA [NOTE 3]

Operating Temperature Topr —20to +75 T

Storage Temperature Tatg -~55to +1256 T

[NOTE 1)

Permanent LS! 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 LSl

[NOTE 2] All voltages are with respect to GND.
Maximum Total Output Current is total sum of output currents which can flow out {or flow in) simultaneously.

[NOTE 3]
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@ ELECTRICAL CHARACTERISTICS-1 (Vec=5V+10%, Ta=—20C to +75T)

HMCS45C, HMCS45CL

Item Symbol Test Conditions - Value Unit Note
min. typ. max.
Input “Low” Voltage Vi — — 1.0 v
Input “High” Voltage (1) Vini Vee—1.0 — Vee v 2
Input “High” Voltage (2) Vinz Vee—1.0 — 10 Vv 3
Output “Low” Voltage Vou lo,=1.6mA — — 08 \"
Output “High” Voltage (1) Vou1 —lon=1.0mA 24 — - \ 3
Output “High” Voltage (2) Vor2 —lon=0.01mA Vee—0.3 . - Vv 5
Interrupt Input Hold Time tINT 2 Tinst — - us
Interrupt input Fall Time HINT — — 50 us
Interrupt Input Rise Time trINT — — 50 us
Output “High” Current lon Von=10V — - 3 uA 6
Vin=0 to Vcc — - 1.0 2
Input Leakage Current I Vo010 10V — — 3 uA 3
Pull up MOS Current —lp Vee=5V - 60 — 250 uA
Vin=Vce,
Supply Current (1) lect Ceramic Filter - — 2 mA 7
Oscillation
. Vin=Vce,
Supply Current (2) lec2 R Oscillation, - - 1.0 mA 7
External Clock Operation
Standby I/0 Leakage Current s HLT=1.0V Vin=0 to Vec ~ - ! uh 28
Vin=0 to 10V - - 3 | kA 3,8
Standby Supply Current lees Vin=Vee, HLT=0.2V — — 10 uA 9
External Clock Operation
External Clock Frequency fcp 200 400 440 kHz
External Clock Duty Duty 45 50 55 %
External Clock Rise Time trep 0 — 0.2 us
External Clock Fall Time tfcp o] — 0.2 us
Instruction Cycle Time Tinst Tinse=4/fcp 9.1 10 20 us
Internal Clock Operation (R¢ Oscillation)
Clock Oscillation Frequency fosc Ri=91kQ+2% 300 — 500 kHz
Instruction Cycle Time Tinst Tinst=4/fosc 8.0 - 13.3 us
Internal Clock Operation (Ceramic Filter Oscillation)
Clock Oscillation Frequency fosc Ceramic Filter Circuit 392 — 408 kHz
Instruction Cycle Time Tinst Tinst=4/fosc 9.8 - 10.2 uS

This is applied to RESET, ALT, OSC1, INTo, INTy and the With Pull up MOS or CMOS type of I/0 pins.

[NOTE 1] All voltages are with respect to GND.

[NOTE 2}

[NOTE 3] This is applied to the Open Drain type of 1/0 pins.

[NOTE 4] This is applied to the CMOS type of I/0 or Output pins.

[NOTE 5] This is applied to the With Pull up MOS or CMOS type of 1/0 or Qutput pins.

[NOTE 6] This is applied to the Open Drain type of /0 or Output pins.

[NOTE 7] 1/0 current is excluded.

[NOTE 8] The Standby 1/0 Leakage Current is the |/0 leakage current in the Halt and Disable State.
[NOTE 9] 1/0 current is excluded.

The Standby Supply Current is the supply current at V=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 (Ipn), and it is shown in “ELECTRICAL CHARACTERISTICS-2.”
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O ELECTRICAL CHARACTERISTICS-2 (Ta=—20to +75¢C)

Reset and Halt

. Value . )
Item Symbol Test Conditions - Unit
min. typ. max.
Halt Duration Voltage VoH HLT=0.2v 2.3 — - v
Vin=Vec
Halt Current low ALT=0.2V.Vou=2.3V — — 10 uA
Halt Delay Time tHD 100 — — us
Operation Recovery Time tRC 100 — — us
ALT Fall Time tHLT — - 1000 us
HLT Rise Time trHLT — - 1000 us
HLT “Low” Hold Time tHLT 400 - — us
Rr Oscillation, External 0.1 _ _
HCT “High" Hold Time tOPR Clock ppe,ratmn ms
Ceramic Filter 4 3 B
Oscillation
Power Supply Rise Time trce %-:V::set. 0.1 - 10 ms
Power Supply OFF Time tOFF ﬂ-in Reset, 1 - - ms
HLT=Vcc
External Reset,
Vee=4.5 to 5.5V, HLT=V¢c 1
(R¢ Oscillation, External
RESET Pulse Width (1) tReT  [oock Operation) ms
External Reset
Vee=4.5 to 5.5V,W=Vcc 4 B B
(Ceramic Filter
Oscillation)
RESET Pulse Width (2) wer | Cernal Reset 2 - - us
Vee=4.5 to 6.5V, HLT=V¢c Tinst
External Reset
RESET Rise Time trRST Vee=4.5 10 5.5v,ﬁ=vcc — - 20 ms
. External Reset
RESET Fall Time tfRST Vee=4.5 to 5.5V, AT =Vee — - 20 ms
[NOTE]} All voltages are with respect to GND.
W HMCS45CL ELECTRICAL CHARACTERISTICS (Vcc=2.5V to 5.5V)
® ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit Remarks
Supply Voltage Vee —0.3to +7.0 \"
Terminal Voltage (1) V11 —0.3 to Vec+0.3 \Y) Except for terminals specified by Vr2
Terminal Voltage (2) Vr2 —0.3t0 +10.0 \ abp! :e:\?dggilx f’/%e';fr;ﬂ'ogj;fnust. pins
Maximum Total Output Current (1) =Zlor 45 mA {Note 3)
Maximum Total Output Current (2) Sloz 45 mA (Note 3)
Operating Temperature Topr —20to +75 T
Storage Temperature Tstg —55 to +125 T
(NOTE 1] Permanent LS| damage may occur if ratings are ded. Normal operation should be under the conditions of “ELECTRICAL
CHARACTERISTICS-1, -2." If these conditions are exceeded, it could affect reliability of LSL.
[NOTE 2] All voitages 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 (Vcc=2.5 to 5.5V, Ta=—-20 to +75T)

Item Symbol Test Conditions - Value Unit Note
. min. typ. max.

Input “Low” Voltage Vi — — 0.15-Vee \"]

Input “High” Voitage (1) Vin1 0.85-Vee — Vee \" 2

Input “High” Voltage (2) Vinz 0.85-Vee — 10 \ 3

Output “Low” Voltage Vou loo=0.4mA — — 0.4 \"

Output “High" Voltage Vor —lon=0.08mA Vec—~0.4 - - A" 4

Interrupt Input Hold Time tINT 2-Tinst - — us

Interrupt Input Fall Time tFINT — - 50 ©s

interrupt Input Rise Time trINT — — 50 us

Output “High™ Current lon Von=10V — - 3 uA 5
Vin=0 to Vce — — 1.0 2

Input Leakage Current I Vo010 10V — — 3 uA 3

Pull-up MOS Current —lp Vee=3V 10 - 80 uA

Vin=Vce, Vee=3V
(fosc/fcp=200kHZ)
Supply Current | - — 140 A

pPlY ce R¢ Oscillation, External K 8

Clock Operation

Standby 1/0 Leakage Current Is HLT Vin=0 to Vee — — ! uA 2,7
=0.5V Vin=0 to 10V — — 3 uA 3,7
. Vin=Vec | Vec=2510 35V - — 6 uA
Standby Supply Current lces ACT=0.1V | V=25 10 5.5V — — 0 A 8
External Clock Operation
External Clock Frequency | fep | | 130 | 200 | 240 | kHz |
External Clock Duty Duty 45 50 85 %
External Clock Rise Time trep 0 - 0.2 us
External Clock Fall Time ticp .0 — 0.2 | us
Instruction Cycle Time Tinst Tins=4/fcp 16.8 20 30.8 us

Vec=2.5to 3.5V

Clock Oscillation F f
o cillation Frequency osc Rr = 180K 2%
Vee=2.5 to 5.5V
" = f .
Tosi=4/f0sc 16 — | 308
] i Vee=2.5 to 3.5V
Instruction Cycle Time Tinst T ar us
mse=4/fose, 1.4 - 308 -

Vec=2.5to 5.5V

INOTE 1] Alt voltages are with respect to GND.

[NOTE 2] This is applied to RESET, HLT, OSC, INTo, INT; and the With Pull up MOS or CMOS type of 1/0 pins.

{NOTE 3| This is applied to the Open Drain type of |/0 pins.

INOTE 4] This is applied to the CMOS type of /0 or Output pins.

INOTE 5] This is applied to the Open Drain type of /0 or Output pins.

INOTE 6} 1/0 current is excluded.

INOTE 7] The Standby 1/0 Leakage Current is the 1/0 leakage current in the Halt and Disable State.

[NOTE 8] 1/0 current is excluded.
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 Voitage is called the Halt Current (lpn), and it is shown in “ELECTRICAL CHARACTERISTICS-2."
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O ELECTRICAL CHARACTERISTICS-2(Ta=—20to +75<)

Reset and Halt

Item Symbol Test Conditions - Value Unit
min. max.

Halt Duration Voltage Vou HLT=0.2v 20 — v
Vin=V¢e, HLT=0.1V

Halt Current lon Von=2.0V — 10 uA

Hait Delay Time tHD 200 - us

Operation Recovery Time tRC 200 - us

HACT Fall Time HHLT = 1000 us

HLT Rise Time trHLT — 1000 us

HLT “Low” Hold Time tHLT 800 — us
R¢ Oscillation, External

HLT “High™ Hold Time tOPR Clock Operation 0.2 - ms
Vee=2.5 to 5.5V
External Reset,

. Vec=2.5 to 5.5V, HLT=V¢c

RESET Pulse Width (1) RST1 | (R, Oscillation, External 2 - ms

Clock Operation)
) External Reset, 2.

RESET Pulse Width (2) tRST2 |Vec=2.5t0 5.5V - us
AT =Vec Tinst

RESET Fall Time t#RST | HLT=V¢c - 20 ms

RESET Rise Time trRST | ALT=Vce - 20 ms

[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.

® V¢c and GND
Power is supplied to the HMCS45C using these two pins. Voo
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, and OSC,

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.

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

e TEST

This pin is not for user application and must be connected to
Veeo
® INT, and INT,

These pins provide the capability for asynchronously applying
external interrupts to the HMCS45C.

Refer to INTERRUPTS for additional information.
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® Ry, to Ry, Ry to Ryg Ry to Ry Ry to Ryy Ry, to Ry,

Rso to Ry,

These 24 lines are arranged into six 4-bit Data Input/Output
Common Channels.

The 4-bit registers (Data 1/0 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.

® Rg, to Rg,

These 4 lines are the 4 bit Data Output Channel.

The 4-bit register (Data 1/0 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.

® D,toD,g

These lines are 16 1-bit Discrete Input/Output Common Pins.
The 1-bit latches are attached to these pins. Each pin is addressed
by the Y register. The D, to D, pins are also addressed directly
by the operand of input/output instruction. Refer to INPUT/
OUTPUT for additional information.

m 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.



® Program Counter (PC)
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.

|-—e4 words———-1

1F OF 07— 3D 3E 3F (Hexa-decimal)
0 page
1 page
2 page

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

Program Area

30 page
31 page

o4 Reset Address (31 page 3F address)
1F OF O 7._.——— 3D 3E 3F (Hexa-decimal)

| Pattern Area ] 61 page

L Pattern Area ] 62 page

Figure 1 ROM Address Space

HMCS45C, HMCS45CL

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.

The address part is a 6-bit polynomial counter and counts up

Page Part Address Part ————— for each instruction cycle time. The sequence in the decimal and
g T T T T T M M hexa-decimal system is shown in Table 1. This sequence is cir-
PCio PCo PCs PC; PCs |PCs PCs PC; PC; PCi PCo culating and has neither the starting nor ending point. It doesn’t
s s L L L i s 1 A generate an overflow carry. Consequently, the program on a
same page is executed in order unless the value of the page part
Figure 2 Configuration of Program Counter is changed.
Table 1 Program Counter Address Part Sequence
Decimal Hexadecimal Decimal Hexadecimal Decimal Hexadecimal
63 3F 5 05 9 09
62 3E 11 0B 19 13
61 3D 23 17 38 26
59 3B 46 2E 12 ocC
55 37 28 1C 25 19
47 2F 56 38 50 32
30 1E 49 31 37 25
60 3C 35 23 10 OA
57 39 6 06 21 15
51 33 13 oD 42 2A
39 27 27 18 20 14
14 OE 54 36 40 28
29 1D 45 2D 16 10
58 3A 26 1A 32 20
53 35 52 34 o] 00
43 2B 41 29 1 o1
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
repr d by hexa-decimal

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

(a) ROM Address
/——Page Parl-—-—-—v—

Address Part

T T T T Address :
10 1 0 O 1 0 0 1 1.0 l 20-26
n " " s " " " " i (20 page )
\——Decimal—A- He:fa- —-A— Hexa»decimal—/ 26 address
decimal
(b) ROM Code
010 O
v Y N N T T T v ROM Pattern,
0 1 1 0 1 1 o 1 0 1 | Object Code: 185
L n 1 " s L " L 2
v Hexa- —-A-— Hexa-decimal —A— Hexa-decimal —j
decimal

Figure 3 Designation of ROM Address and ROM Code

m 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/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 is ORed with the upper 2 bits of B register, the Carry F/F
and the operand p (po, p1). The upper bit (pz) 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:
(i) The pattern is loaded into the accumulator and B register.
(ii) The pattern is loaded into the Data I/0 registers R2 and R3.

Selection is determined by the command bits (O,, O,,) in the
pattern.

Mode (i) is performed when O, is “1”* and mode (ii) is per-
formed when O, is “1”.

Mode (i) and mode (ii) are simultaneously performed when
both O, and O,, 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.

T Page Part——— ,———Address Part ————
(PC) Ime PCs PCs PCy PCsIPCs PCs PC3s PCz PCi PCo
r——r——r T T T r v T
Data for !

! B B B lA A A A ‘
(Modiﬁcation) 1 P2 P R0 C l s B B BA A A A
( Referred ):';;'F‘EE'T’E;'?'E;W’_(Z?"P?:s_‘—__'_s—o_'_A:T}:r;:'_;o_-i

ROM Address L__ P tpo,+C +Bs 4B, T, !

Figure 4 ROM Addressing for Pattern Generation

T T T T T L T T Al
Ow 0s Og 07 Os Os Os 03 02 0; | ROM Pattern

L N L L " N L N L

r———r - T y T T— v Loaded
oaded into Accumulator
t B B A A .
Ba 2 ! Bo ° Ar 2 As and B register
Lot n " N N s .
r——7 —— T T Y T T T
1 R2o Rai Ry Rys | Rawo Rar Rsz Rss | Loaded into R2 and R3 registers

L —— n i L Il i 4

Figure 5 Correspondence of Each Bit of Pattern

68



HMCS45C, HMCS45CL

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 o] A o] 10-20 12D 2 B - -
0-3F 7 1 4 o] 61-00 22D - - 4 B
30-00 4 10/1| O 9 62-09 32D 2 B 4 B
30-00 4 |01 F 9 63-39

“—" means that the value is unchanged after the execution.

“0/1" means that either “0" or "1" will do.

m 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, O; to O,)
are transferred to the lower 6 bits of the program counter. This
instruction is a conditional instruction and executed only when
the Status F/F is ““1”. If it is 0, the instruction is skipped and
the Status F/F becomes ‘“‘1”’. The operation is shown in Figure
6.

0g —~—~01

[ ]
RARER!

pc| Page Part [ Address Part |

ROM | BR

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.

Os —~__ 01
rRoM[ " LPU 0w ]

delay by
1-cycle time

pC| PagePart | Address Part |

Figure 7 LPU Operation

® BRL

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/F is ““1”. If the Status F/F is 0", the instruction is
skipped and the Status F/F 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 F/F, the operand p. The method for modifica-
tion is shown in Figure 8.

Address Part

PCs | PCs PCs PCs PC2 PCi PCo

Y T T Y T

" " n A "

Page Part
(PC) PCio PCy PCs PCy
Data fo r-p- . H -
r | 2
|
Modification | (0) 1 °' | C |8

Bz By Bo | Az A Ay Ao

T T T Y Y

n . " n "

(Modified PC)

PCio PCo PCg PC; PCs
+p1 +po  +C , +Bs +B2

By Bo Az A2 A1 Ao

A " n " n

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 F/F, and the operand p1, po are ORed
with the page part of the program counter.

TBR instruction is executed regardless of the Status F/F, 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 ST1 and the contents of the stacks ST1, ST2 and ST3
are pushed onto the stacks ST2, ST3 and ST4 respectively as
shown in Figure 9.

06"\—&

11111 HIHl

PC[ Page Part Address Part
HlHHHll"’“”
st ]
6&%&616]&64]
6&4&&&&00&&1
HHHHH&I

ROM

sT2|

sT3{

sT4|

Figure 9 Subroutine Jump Stacking Order

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

The HMCS45C has 4 levels of stack (ST1, 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/F is ““1”". If the Status F/F is <0, it is skipped and the
Status F/F changes to “1”.

e 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 ““1”. 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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Y |15/14/13|12{11|10/9!/817 |6 /5|4 |3|2|1]|0
X ¢ d [15{14(13(/12({11({10/ 9 (8|7 (6|5 43|21 0]« digit No.
o| © r
N &N
™| ™M -
<! <« r
w) w F
w| ©
NSNS R
T® T
© L
:u_) et o N -0 °
e lelzielel el @R EERSER ER
N 12| 2|23 |s|=|s|s|s|=|=2|2|=|=2|2|=
1
file No.

* 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.

Figure 10 RAM Address Space

23222120 n » REGISTER

o Mo The HMCS45C has six - 4-bit registers and two 1-bit registers

available to the programmer. The 1-bit registers are the Carry F/

F and the Status F/F. They are explained in the following para-
1 M) graphs.

2 M2 The Status F/F latches the result of logical or arithmetic oper-

ations (Not Zero, Overflow) and bit test operations. The Status

3 M@ F/F affects conditional instructions (LPU, BR and CAL instruc-
tions). These instructions are executed only when the Status F/F

n=Bit assignment No is “1". If it is ““0", these instructions are skipped and the Status
F/F becomes “1".

B
O

® Status F/F (S)
(W

Figure 11 RAM Bit and Operand n
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® A I (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 “
bits/digit) is performed.

o B Register (B)

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 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 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
ddta 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 1-bit Discrete 1/0.

® 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 1-bit Discrete I/O in combination
with the Y register.

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

Output Function

The HMCS45C has four 4-bit Data /0 Common Channels
(RO, R1, R2, R3).

The 4-bit registers (Data 1/0 Register) are attached to R1, 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 1/0 Registers R0 to R3 via the bus lines. Pattern
instruction enables the patterns of ROM to be taken into the
Data 1/0 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 1/0 Register output is directly connected to the pin even
during execution of input instruction, the input data is wired
logic of the Data I/0 Register output and the pin input.

Therefore, the Data 1/0 Register should be set to 15 (all bits
of the Data 1/0 Register is ““1’’) not to affect the pin input be-
fore execution of input instruction.

The block diagram is shown in Figure 12. The I/O timing is
shown in Figure 13.

® 1-bit Discrete Input/Output Common Terminals (D)

The HMCS45C has 16 1-bit Discrete I/0 Common Terminals.

The 1-bit Discrete /0 Common Terminal consists of a 1-bit
latch and a 1/0 common pin.

The 1-bit Discrete 1/0 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 D, to D, 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 1/O timing
is shown in Figure 15.

® 1/0 Configuration

The 1/0 configuration of each pin can be specified among
Open Drain and With Pull up MOS using a mask option as
shown in Figure 16.

r-—o-=——-—= 1
|

23—|—| a —l >0- O Rna
1
1

22— a—>e QO Rz

Data !

21 a —Or
|

S~ On
Yy i ~I =171 Input Function

Figure 12 4-bit Data 1/0 Block Diagram
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One Instruction
Cycle

T T T T T T T T T

Rn Output
LRA, LRB Instruction

Instruction
Rn ><

P ey Pattern Instruction {second cycle)

R2,R3 ) 4

instruction

Rn Input
LAR, LBR I

. Instruction
instruction n

Rn Sampling Clock

Figure 13 4-bit Data I/0 Timing

Set Signal by the reset function

Set Instruction_ED-s_
a —Do———o Dn

Reset Instruction IR

IN
Test w—

Figure 14 1-bit Discrete 1/0 Block Diagram

One Instruction Cycle

SED, RED,SEDD, Dn Set/Reset
REDD Instruction | == nn
T Dn Test
Inslruction[ Instruction [
Dn Sampling
Clock

Figure 15 1-bit Discrete I/0 Timing

73



HMCS45C, HMCS45CL

a) Configuration of Output Pin

Applied Pins ; Rgo to Res

No Pull up MOS CMOS

1/0 Enable PMOS
: NMOS

{Open Drain)
1/0 Enable

——F* nmos

(b) Configuration of 1/0 Pin
Applied Pins; Do to D15, Roo to Ros, Rio to Ry3,

R20 to Rz23, Rao to Ras, Rao to Ra3, Rso to Rss

Vee

No Pull up MOS With Pull up MOS (PMOS) CMOS
{Open Drain)
Vee . Vee 1/0 Vec
1/0 Enable —] "~ 7 1/0 nabless ~ }1 1/0 Enable— _ §-1
PMOS PM
! ; Enable{[lPmos | MOS AETMOS v
! \ : H : 1/Q Enable
ary iry e
o—+ ! NMOS O——4 | T nmos O— | AETNMOS
I . L7 ] LT NMOS
Input circuit Input circuit Tnput circuit
NMOS l 1 NMOS I
1/0 Enable f
. 1/0 Enable

*When “Disable” is specified for the I/0 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

impedance (PMOS, NMOS; OFF).

Figure 16 1/0 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 INT, 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 ‘17, the clock input is the input pulse of
INT, 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/

Data Bus

OVF
TF 4-bit counter

TF : Set has priority over the reset.

Interrupt request of Timer/Counter

F becomes ““1”. If the overflow output pulse is generated when
the TF F/F is set (*1”), 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 LTA or LTI 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 INT, pin in the Counter Mode must
be at least 2-cycle time for both ‘High” and ‘‘Low” levels as
shown in Figure 18.

Clear
100/64kHz typ.
Clock
6-bit prescaler (100kHz typ.
Instruction
Frequency)

INT, Pulse

CF

Figure 17 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 8 512 512
1 960 9.60 9 448 4.48
2 896 8.96 10 384 3.84
3 832 8.32 1 320 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.

N Viy
UNT \ UNT
- Vu

1 HINT

Vin

ViL

tINT

Figure 18 The Pulse Width of the INT1 pin
in the Counter Mode

m INTERRUPT

The HMCS45C can be interrupted in two different ways:
through the external interrupt input pins (INT,, INT,) 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 ST1 and the contents
of the stacks ST1, 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 counter must be per-
formed by the program. The interrupt routine must end with
RTNI (Return Interrupt) instruction which sets the I/E F/F si-
multaneously with the RTN instruction.

The Interrupt Address:

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

The input interrupt has priority over the timer/counter inter-

rupt.

No Pull up MOS
o Yee _
1/0 Enable __.ll' a
i PMOS
! |
! |
! |
| |
! |
: NMOS
| i
|
.

______ Linput circuit

{one instruction cycle = 10ys)

The INT, and INT, pin have an interrupt request function.

Each terminal consists of a circuit which generates leading
pulse and the interrupt mask F/F (IF0, IF1). An interrupt is
enabled (unmasked) when the IFO F/F or IF1 F/F is reset.
When the INT, or INT, pin changes from *“0” to “1” (from
“Low” level to “High” level), a leading pulse is generated to
produce an interrupt request. At the same time, the IF0 F/F or
IF1 F/F is set. When the IF0 F/F or IF1 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 (I/RI) on the input side. If
the Interrupt Enable F/F (I/E) is “1>> (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 1/
RI F/F is held at ““1” until the HMCS45C gets into the Interrupt
Enable State.

The IFO F/F, the IF1 F/F, the INT, pin and the INT, pin can
be tested by interrupt instruction. Therefore, the INT, and the
INT, can be used as additional input pins with latches.

The INT, 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 I/
RI F/F and the I/RT F/F are 1 (when the input interrupt and
the timer/counter interrupts are generated simultaneously). Dur-
ing this processing, the I/RT F/F remains *‘1*. 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)

1/0
Enable ——|r

PMOS

Vee

1/0 Enable—l?
O

==
]
=
o--
@

,___________.___
L
Z
ES
S —
w

_Ilnput circuit

*When "Disable” is specified for the 1/0 State at the Halt State,
the |/0 Enable signal shown in the figure turns off the input circuitand

Pull up MOS.

Figure 19 Configuration of INTo and INT,
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Leadi
Wt O—on __D s I/E
IFo R b
A /Rl '
R
INTo Leading s INT
Pulse IF1
—R
Interrupt I/RT
Request R

Figure 20

= 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
HMCSA45C 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 Vgg.

Internal state of the HMCS45C are specified as follows by the

(Reset State)

of Timer/Counter L

IFO, IF1 : Set has priority over reset.

Interrupt Circuit Block Diagram

reset function.

+ Program Counter (PC) is set to 3F address on 31 page (31-
3F).

« I/RL, I/RT, I/E and CF are reset to “0’",

- IFO, IF1 and TF are set to “1”.

+ Reset/Set of 1/0 latch and register (D, to D,;, RO to R6) are
set to ““1”,
Note that other blocks (Status, Register, Timer/Counter,

RAM, etc.) are not cleared.

(Reset State)

4.5V
Vee=HLT

RESET

Vee

fRST
* tRST1 includes the time required from the power ON until the operation gets

into the constant state.

+tRgT2 is applied when the operation is in the constant state.

Figure 21

ACT=V¢e
RESET=GND

Vee

RESET Timing

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

m 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 i 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”” Qutput ........ The Status before the Halt State
is held.
[:Pull up MOS...ON

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).

High Impedance

“Disable” Output
(NMOS, PMOS: OFF)
Pull up MOS. .. OFF

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.

When the HLT pin is set to ““1”° (“High” level), the HMCS-

HMCS45C, HMCS45CL

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” level)), the internal status is not held.

£ a5v Vin

-Vou

tRC
AV

Vee
HLIT
Vin
GND——___] |__W
HHLT

teHLT

HLT tOPR

Figure 23 Halt Timing

a OSCILLATOR

The HMCS45C contains its own oscillator and frequency di-
vider (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).

(a) Internal Clock Operation Using Resistor R¢

The OSC, 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.

08¢ Wiring of OSC+ and OSC: terminals should be as short as
RS ible b the oscillation freq y is
modified by capacitance of these terminals.
0sC:

(b) Internal Clock Operation Using Ceramic Filter Circuit (Built-in CPG ; Ceramic Filter Oscillator)

(This is not applied to HMCS45CL.)

Ceramic Filter : CSB400OP (MURATA)

Cy : 2200pF + 10% (ceramic capacitor)
C2 : 470pF + 10% (ceramic capacitor)

Ceramic Filter : FCR-400K (TDK)
1M+ 10%

C1 : 1000pF + 10% (ceramic capacitor)
Cz : 1000pF + 10% (ceramic capacitor)

(o3}
= L _L 0SC,
ceramic_ Rt Rt : 1M +10%
Filter c T
2
{t- 0SC2
r
GND
Cy
4+ _L 0SC
Ceramic S R¢
Filter c T Re
2
i 0sC;
77

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.

(c) External Clock Operation (External CPG)

Tw T —

| v
2.5V

Open—0SC, VvLa"cp

—od ‘fcpp

T

X 1007
Ta+T %

Duty=

Figure 24 Clock Operation Mode
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u INSTRUCTION LIST
The instructions of the HMCS45C are listed according to their
functions, as shown in Table 4.

Table 4 Instruction List

Group Mnemonic Function Status
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
LXIi i—=X
LYl isY
X Y Y+1 Y NZ
RAM A(?dress Register DY Yo1oy NB
Instruction
AYY Y+A Y Cc
SYy Y-A Y NB
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) NZ
LMADY (X) A—->M, Y-1-Y(X < SPX) NB
Immediate Transfer LM",Y ! ' - MY+ =Y Nz
Instruction LA i=A
LBIi i—»B
CAli A+i— A c
18 B+1 —B Nz
DB B—~1 -8B NB
AMC M+A+C (F/F) - A Cc
SMC M-A-C (F/F) — A NB
AM M+A - A (o}
DAA Decimal Adjustment (Addition)
5 ’ . DAS Decimal Adjustment {Subtraction)
Arithmetic Instruction _
NEGA A+1 - A
comMB B-B
SEC “1" — C (F/F)
REC “0" — C (F/F)
TC Test C (F/F) C (F/F)
ROTL Rotation Left
ROTR Rotation Right
OR AUB—A

(to be c