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Type General Segment Display Character Displa Craphic Display
Type Number HD44100H | HD61602 | HD61603 ?223252) HD44101H | HD43160AH [HD44102CH | HD44103CH | HD61830
Process CMOS CMOS CMOS CMOS CMOS CMOS CMOS CM0S CMOS
Supply Voltage (V)| 5*1 3~s5*1 3~5*1 |s*1 5*1 5*1 5*1 s*1 51
Operatin —20~475%2 - -
Temperltﬁre (.c) 20~475 -20~475 -20~475 _20-’75*2 -20~+475 -20‘*"75 -20~475 =20~475 -20~475
Package FP-60 FP-80 FP-80 FP-80 FP-80 FP-54 FP-80 FP-60 FP-60
fover DLssiPA”  (aw)| 5.0 0.5(5v) |0.5(5v)[1.75 1.75 10.0 2.5 4.0 30.0
7200 6720 6240 7360
ROM bits)| - - - -
Memory (bits) (coy*3 (cc)*3 (cc)*3 (cc)*3
80x8/64 8 (external
RAM bits)| - 64 x1 2x 0ox 200x -
: ) 514 (cc)*3 32>8 80>8 8 §55368)
Interface
(c2V) 8 14 10 11 12 21 21 6 13
Interface
1/0 (Driver IC) 2 - 4 4 5 B 3 9
Interface
(External |- - - - - 18 - - 13
ROM, RAM)
Number of - -
Instruction b “ 1 8 6 P 12
Common 4 1 16 15 - - 20 -
Segment 40 51 64 40 40 - 50 - -
o er Pree (N) | Statie, |Stacic [1/8,1/11, |1/7,1/14  |1/8,1/12, i/8,1/12, |1/8,1/12, |1/1 -
Duty 1/2,1/3 1/16 1/16 1/16,1/24, | 1/16,1/24,]1/128
. 1/4 132 1/32
Bias 1/2,1/3, |1/2,1/3 |- 1/4,1/5 1/4,1/5 - 1/5 1/5 -
1/4,1/5
Nx40 204 Seg- | 64 Seg-|16 Digits | 16 Digits - B2x50 - -
Display Capability |Matrix ment (1/4] ment (5%7 Dots (5%7 Dots Pots
(1/N Duty)| Duty) 1/16 Duty) | 1/14 Duty) (1/32 Duty)
Expandable | Expandable Display to| gézgg;y to
to 80 Digits| to 32 Digits|80 Digits
Comment SR type using using using Dots using
HD44100H HD44100H HD44100H HD44100H
*1: Except Power Supply for LCD.
%2: -40~485°C (Special Request). Please contact Hitachl Agents,
*): CC; Character Generator.
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PACKAGING INFORMATION

B PACKAGE INFORMATION

The Hitachi LCD driver devices use plastic flat packages to make more compact
the equipment in which they are incorporated and provide higher density mount-
ing by utilizing the features of their thin liquid crystal display elements.

B PACKAGE INFORMATION (UNIT: mm)
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M MARKING

"ere are two kinds of marking of the Hitachi LCD driver devices: the one
.-.th a standard type No. and the other with a ROM code. The type No. 2 with
a ROM code is applied to the HD61830 and LCD II (HD44780).

(1) Standard type No. (a) Type No. with ROM code

@ SopEz .
AAT00E -ADAd780E00
« IBEBN » JAPEN

(<)

\__J/

Meaning of each mark

(a) |Hitachi mark

(b) | Lot code

(e) Standard type No.
(d) | JAPAN mark

(e) ROM code




RELIABILITY AND QUALITY ASSURANCE

1. VIEWS ON QUALITY AND RELIABILITY

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

process and to enhance moral for quality.

In addition, quality required by users on semiconductor devices is going
toward higher level as performance of electronic system in the market is
going toward higher one and is expanding sfze and application fields. To

cover the situation, actual bases Hitachi is performing is as'follows;
(1) Build the reliability in design at the stage of new product development.
(2) Build the quality at the sources of manufacturing process.

(3) Execute the harder inspection and reliability confirmation of final

products.
(4) Make quality level higher with field data feed back.
(5) Cooperate with research laboratories for higher quality and reliability.

With the views and methods mentioned above, utmost efforts are made for users'

requirements.

2. RELIABILITY DESIGN OF SEMICONDUCTOR DEVICES

2.1 Reliability Targets

Reliability target is the important factor in manufacture and sales as well
as performance and price. It is not practical to rate reliability target
with failure rate at the certain common test condition. The reliability
target is determined corresponding to character of equipments taking design,
manufacture, inner process quality control, screening and test method, etc.

into consideration, and considering operating circumstances of equipments the



semiconductor device used in, reliability target of system, derating applied

in design, operating condition, maintenance, etc.

2.2 Reliability Design

To achieve the reliability required based on reliability targets, timely study
and execution of design standardization, device design (including process

design, structure design), design review, reliability test are essential.

(1) Design Standardization

Establishment of design rule, and standardization of parts, material and
process are necessary. As for design rule, critical items on quality
and reliability are always studied at circuit design, device design,
layout design, etc. Therefore, as long as standardized process, mate-
rial, etc. are used, reliability risk is extremely small even in new
development devices, only except for in the case special requirements

in function needed.

(2) Devjce Design

It is important for device design to consider total balance of process
design, structure design, circuit and layout design. Especially in the

case new process and new material are employed, technical study is deeply

executed prior to device development.

(3) Reliability Evaluation by Test Site

Test site is sometimes called Test Pattern. It is useful method for

design and process reliability evaluation of IC and LSI which have com-

plicated functions.

1. Purposes of Test Site are as follows;
* Making clear about fundamental failure mode

* Analysis of relation between failure mode and manufacturing process

condition
* Search for failure mechanism analysis

* Establishment of QC point in manufacturing

2. Effectiveness of evaluation by Test Site are as follows;

* Common fundamental failure mode and failure mechanism in devices can

be evaluared.. . . . =-



* Factors dominating failure mode can be picked up, and comparison can be

made with process having been experienced in field.

* Able to analyze relation between failure causes and manufacturing

factors.
* Easy to run tests.

etc.

2.3 Design Review

Design review is organized method to confirm that design satisfies the per-
formance required including users' and design work follows the specified ways,
and whether or not technical improved items accumulated in test data of in-
dividual major fields and field data are effectively built in. In addition,
from the standpoint of enhancement of competitive power of products, the
major purpose of design review is to ensure quality and reliability of the
products. In Hitachi, design review is performed from the planning stage for
new products and even for design changed products. Items discussed and de-

termined at design review are as follows;
(1) Description of the products based on specified design documents.

(2) From the standpoint of specialty of individual participants, design
documents are studied, and if unclear matter is found, sub-program of

calculation, experiments, investigation, etc. will be carried out.

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

document and drawing.
(4) Check process ability of manufacturing line to achieve design goal.
(5) Discussion about preparation for production.

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

confirm the design change.

(7) Reference of past failure experiences with similar devices, confirmation
of method to prevent them, and planning and execution of test program
for confirmation of them. These studies and decisions are made using

check lists made individually depending on the objects.



3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR DEVICES

3.1 Activity of Quality Assurance
Ceneral views of overall quality assurance in Hitachi are as follows;

(1) Problems in individual process should be solved in the process. There-

fore, at final product stage, the potential failure factors have been

already removed.

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

process ability.

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

above is the purpose of quality assurance.

The followings are regarding device design, quality approval at mass produc-

tion, inner process quality control, product inspection and reliability tests.

3.2 Quality Approval

To ensure quality and reliability required, quality approval is carried out

at trial production stage of device design and mass production stage based on

reliability design described at section 2.

The views on quality approval are as follows;

(1) The third party performs approval objectively from the standpoint of

customers.
(2 Fully consider past failure experiences and inférmation from field.
(3) Approval is needed for design change and work change.
(4) 1Intensive approval is executed on part; material and process.

(5) Study process ability and fluctuation factor, and set up control points

at mass production stage.

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

performed.

3.3 Quality and Reliability Control at Mass Production

For quality assurance of products in mass production, quality control is
executed with organic division of functions in manufacturing department,
quality assurance department, which are major, and other departments related.
The total function flow is shown in Fig. 2. The main points are described

below.



3.3.1 Quality Control of Parts and Material

As the performance and the reliability of semiconductor devices are getting

higher, importance is increasing in quality control of material and parts,

which are crystal, lead frame, fine wire for wire bonding, package, to build

products, and materials needed in manufacturing process, which are mask pat-

tern and chemicals.

Besides quality approval on parts and materials stated

in section 3.2, the incoming inspection is, also, key in quality control of

parts and materials.

The incoming inspection is performed based on incoming

inspection specification following purchase specification and drawing, and

sampking inspection is executed based on MIL-STD-105D mainly.

The other activities of quality assurance are as follows:

Step Contents Purpose
Targec Design Review
Specification
i
Design Characteristics of Materia Confirmation of
Trial Materials, Parts d Pari h {sti od
Approval an arts Characteristics a
Production PP Appearance Reliability of Materials
Dimension and Parts
Heat Resistance
Mechanical
Electrical
Others

[ Characteristics Approval }‘*—--—-‘———

Electrical Characteristics
Function
Volcage
Current
Temperature -
Others

Appearance, Dimension

Confirmation of Targect
Spec. Mainly about
Electrical Characteristicsi

}___________

[_gpality Approval (1)

Reliability Test
Life Testc
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Confirmation of Quality
and Reliability in Design

ngality Approval (2)

}__________

Reliability Test
Process Check same as
Qualicy Approval (1)

Confirmacion of Qualicy
and Reliability in Mass
Production

Lﬁgss Production ]

Fig. 1 Flow Chart of Quality. Aooroval




(1) Outside Vendor Technical Information Meeting
(2) Approval on outside vendors, and guidance of outside vendors
(3) Physical chemical analysis and test

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

3.3.2 Inner Process Quality Control

Inner process quality control is performing very important function in quality
assurance of semiconductor devices. The following is description about con-

trol of semi-final products, final products, manufacturing facilities, measur-

ing equipments, circumstances and sub-materials. The quality control in the

manufacturing process is shown in Fig. 3 corresponding-to the manufacturing

process.

(1) Quality Control of Sewi-final Products and Final Products

Potential failure factors of semiconductor devices should be removed
preventively in manufacturing process. To achieve it, check points are
set-up in each process, and products which have potential failure factor
are not transfer to the next pfocess. Especially, for high reliability
semiconductor devices, manufacturing line is rigidly selected, and the

| quality control in the manufacturing process is tightly executed -
rigid check in each process and each lot, 100Z inspection in appropriate
ways to remove failure factor caused by manufacturing fluctuation, and
execution of screening needed, such as high temperature aging and tem-
perature cycling. Contents of inner process quality control are as

follows;

* Condition control on.individual equipments and workers, and sampling

check of semifinal products.
* Proposal and carrying-out improvement of work
* Education of workers

* Maintenance and improvement of yield

* Picking-up of quality problems, and execution of counter-measures

* Transmission of information about quality

(2) Quality Control of Manufacturing Facilities and Measuring Equipment

Equipments for manufacturing semiconductor devices have been developing

~vevansdinarily with pecessary high performance devices and improvement



of ptoduétion, and are important factors to determine quality and re-

liability.

promoted to improve manufacturing fluctuation, and controls are made to

In Hitachi, automatization of manufacturing equipments are

maintain proper operation of high performance equipments and perform the
proper function. As for maintenance inspection for quality control,
there are daily inspection which is performed daily based on specifica-

tion related, and periodical inspection which is performed periodically.

At the inspection, inspection points listed in the specification are

checked one by one not to make any omission.

Process

Material, Parts

Quality Control

As for adjustment and

Method

Macterial,
Parts
nspecti Inspection on Material and p-=—- <4 Lot Sampling,
of Material ———} Parts for Semiconductor Confirmation of
and Parts Devices ] Quality Level
r—————f—-——==-= = :
! Manufacturing Equipment, [---- .
'
1| Manufacturing l—--- Environment, Sub-material, gz:ﬁ:malt‘::\].of
: - | Worker Control y ‘
i |
| ! =
1 3| L - Lot Sampling,
| Screening | (I::n:r irocess Qualicy Confirmation of
I ! ntro Quality Level
' |
] ! -
: : 1007 1 i
nspection on -~4==1 Tesct
— } 1002 Inspection| k-~ Appearance and Electrical I::ep‘c\g;.on
' } Characteristics
d
Produces Sampling Inspeciton on = 1= ==
Appearance and Electrical Lot Sampling
Characteriscics
'
{
1
t - —4--9 Confirmation of
[ SONPE. -~ === —=——~—-4 Relfabilicy Test Quality Level,
Lot Sampling

Receiving J_

Feedback of

Shipment rQuality Information 1 Informacion
| Claim |
Fleld Experience '
l Custowmer General Quality r_‘
! Information |
O g g -

Fig. 2 Flow Chart of Quality Control in Manufacturina Pracess.




3)

maintenance of measuring equipments, maintenance number, specification

are checked one by one to maintain and improve quality.

Quality Control of Manufacturing Circumstances and Submaterials

Quality and reliability of semico.iuctour device is highly affected by
manufacturing process. Therefore, the controls of manufacturing circum-
stances - temperature, humidity, dust - and the control of submaterials
- gas, pure water - used in manufacturing process are intensively

executed. Dust control is described in more detail below.

Dust control is essential to realize higher integration and higher re-
liability of devices. In Hitachi, maintenance and improvement of clean-
ness in manufacturing site are executed with paying intensive attention
on buildings, facilities, airconditioning systems, materials delivered-
in, clothes, work, etc., and periodical inspecticn on €floating dust in

room, “falling dusts and dirtiness of floor.

3.3.3 Final Product Inspection and Reliability Assurance

1)

(2)

Final Product Inspection

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

factors. Lot inspection is executed based on MIL-STD-105D.

Reliability Assurance Tests

To assure reliability of semiconductor devices, periodical reliability
tests and reliability tests on individual manufacturing lot required by

user are performed.



Table 1 Quality Control Check Points of Material and Parts
(Example)
Material, Important
parts control items Point for check
‘Appearance Damage and contamination
on surface
Water Dimension Flatness
Sheet resistance Resistance
Defect density Defect numbers
Crystal axis
Appearance Defect numbers, scratch
Dimension Dimension level
Mask
Resistoration
Gradation Uniformity of gradation
Fine Appearance Contamination, scratch,
s bend, twist
:;E: for Dimension
bonding Purity Purity level
Elongation ratio Mechanical strength
Appearance Contamination, scratch
Dimension Dimension level
Processing
Frame accuracy
Plating Bondability, solderability
Mounting Heat resistance
characteristics
Appearance Contamination, scratch
Dimension Dimension level
Leak resistance Airtightness
Plating Bondability, solderability
Ceramic Mounting Heat resistance
package characteristics
Electrical
characteristics
Mechanical Mechanical strength
strength
Composition Characteristics of
plastic material
Electrical
characteristics
Thermal
Plastic characteristics
Molding Molding performance
performance
Mounting Mounting characteristics

characteristics




Process

Y Purchase of material

}— Water

e FT ARG —d

‘— Package -

Surface oxidatioa

Iaspection on surface
oxidation

Photo resist

[aspection oa photo resist
PQC level check
Diffusion

laspeccion oa diffusion
PQC level check

EZvaporacion

Inspeccion on eveporatioa
PQC level check
Vafer inspectioa

Inspectioa oa chip
electrical characteriscics

Chip Scribe

Inspection oa chip
appearance

PQC lot judgement

() Assewbling

PQC level check

(] Inspection after assembling
PQC loc judgemeat

O Sealing

PQC level cbeck
O TFinal electrical inspection
Fatluce analysis

Appearance {nspectioa

Sampling fanspectioa on
products

Receiving
Shipwanc

Vafer

Oxids .o0n

Photo
resisc

Diffusioca

Evapora-
ctloa

Wafer

Chip

Assenbling

S;;lla;

Markiag

Control pofnt

Characteristics, Appearance

Appearance, Thickness of
oxide f(ilm

Dimensfion, Appearance

Diffusion depth, SheeC
cesistance

Cate widch

Characteristics of oxide
film, Breakdowa voltage

Thickness of vapor film,
Scratch, Coataminatfion

Thickness, Viy characteris-
tics

Electrical chacracteriscics

Appearaance of chip

Appearance after chip
boandiag

Appearance afcer vire
boading

Pull scrength, Compression
vidth, Shear strength

Appearance after assembling

Appearance afcer sealing
Outline, Dimension

Marking screagch

Analysis of failures, Failure
wnode, Mechaniem

Purpose of control

Scratch, removal of crystal
defect vater

Assutance of resistance
Plohole, Scratch

Dimension level
Check of photo resisc

DLffusioa scatus

Coacrol of basic parameters
(YR, etc.) cleanness of surface
Prior check of VrH

Breakdowvn voltage check

Assurance of scandard
chicknasse

Preventioa of crack,
Quality assurance of scribe

Qualicy check of chip
Boading

Quality check of wire
Bouding

Preventioa of open and
short

Cuarantee of Appearance
and Dimension

Feedback of analysis {afor-
mation

Fig. 3 Example of Inner Process Quality Control
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RELIABILITY TEST DATA OF LCD DRIVERS

I. INTRODUCTION

The use of liquid crystal displays with microcomputer appli.ation systems has

been increasing, because of their merits such as low power consumption, |

freedom in display pattern design, and thin shape. Low power consumption
and high density packaging have been achieved through the use of the CMOS

process and the flat plastic packages, respectively.

This chapter describes reliability and quality assurance data for Hitachi LCD

driver LSIs based on test data and failure analysis results.

2. CHIP AND PACKAGE STRUCTURE

Hitachi LCD driver LSI family are produced in low power CMOS technology and
flat plastic package. Si-gate process is used for high reliability and high
density. Chip structure and basic circuit are shown in Fig. 1, and package

structure is shown in Fig. 2.

Plastic

S0z Source Drain
FET2
S
G - o
Fem tmognnet Fig. 2 Package Structure
0
[»]
N-channcl
FET.. G EMOS

Fig. 1 Chip Structure.and. Rasic Circuit.



3.

RELIABILITY TEST RESULTS

The test results of LCD Driver LSI family are shown in Table 1, 2 and 3.

Table 1 Test Result (1), High Temperature Operation
(Ta=125°C, Vcc=5.5V, VEE=-5.5V)

Device Sample size Component hour Failure
HD44100H 40 40,000 0
HD44101H 40 20,000 0
HD44102CH 40 40,000 0
HD44103CH 40 40,000 0
HD44780 90 90,000 0

Total 250 230,000 0

Table 2 Test Result (2)
Test item Test condition Sample | Component Failure
size hour
High temp, storage Ta=150°C, 1000 hrs. 90 900,000 0
Low temp, storage Ta=-55°C, 1000 hrs. 80 800,000 0
Steady state humidity| 65°C, 95% RH, 1000 hrs.| 545 550,000 1*1
Steady state humidity| gso¢ 90y Ry, 1000 hrs.| 165 | 170,000 2*2
biased
Pressure cooker 121°C, 2 ATM. 96 hrs. 55 5,300 0
*1, *2: Aluminum corrosion
Table 3 Test Results (3)
Test items Test condition Sample size Failure
Thermal shock 0 ~100°C 108 0
10 cycles
-55°C ~ 150°C 678 0
T t
emperature cycling 10 cycles
Soldering heat 260°C 10 sec. 132 0
Solderability 230°C 5 sec. 43 o




4. QUALITY DATA FROM FIELD USE

Field failure rate is estimated in advance through production process evalu-
ation and reliability tests. Past field data on similar devices provides the
basis for this estimation. Quality information from the users are indispens-
able to the improvement of products quality. Therefore, field data on products
delivered to the users are followed up carefully. On the basis of information
furnished by the user, failure analysis is conducted and the results are

quickly fed back to the design and production divisions.

Failure analysis result on MOS LSE returned to Hitacht is shown in Fig. 3.

Damaged by
excessive
voltage
and/or
Good current
devices (26.7%)
(38.8%)

Assembly
(3.1%)

Poor functional

test pattern
(3.1%)

Others
13.8%

Fig. 3 Failure Analysis Result

5. PRECAUTION

5.1 Storage

It is preferable to store semiconductor devices in the following ways to

prevent detrioration in their electrical characteristics, solderability, and

appearance, or breakage.

(1) Store in an ambient temperature of 5 to 30°C, and in a relative humidity

of 40 to 60%.
(2) Store in a clean air environment, free from dust and active gas.

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

(4) Store without any physical load.



(5)

6)

(7)

5.2

If semiconductor devices are stored for a long time, store them in the

unfabricated form. If their lead wires are formed beforehand, bent par®

may corrode during storage.

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

stored for over 3 months.

Take care not to allow condensation during storage due to rapid tempera-

ture changes.

Transportation

As with storage methods, general precautions for other electronic component

parts are applicable to the transportation of semiconductors, semiconductor-

incorporating units and other similar systems. In addition, the following

considerations must be given, too:

(1)

(2)

(3)

(4)

Use containers or jigs which will not induce static electricity as the

result of vibration during transportation. It is desirable to use an

electrically conductive container or aluminium foil.

In order to prevent device breakage from clothes-induced static electri-
city, workers should be properly grounded with a resistor while handling
devices. The resistor of about 1 M ohm must be provided near the worker

to protect from electric- shock.

When transporting the printed circuit boards on which semiconductor
devices are mounted, suitable preventive measures against static elec-
tricity induction must be taken; for example, voltage built-up is
prevented by shorting terminal circuit. When a belt conveyor is used,
prevent the conveyor belt from being electrically charged by applying

some surface treatment.

When transporting semiconductor devices or printed circuit boards,

minimize mechanical vibration and shock.



5.3 Handling for Measurement

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

terminals or housings.

Especially, while the devices are being tested, take care not to apply surge
voltage from the tester, to attach a clamping circuit to the tester, or not

to apply any abniormal voltage through a bad contact from a current source.

During measurement, avoid miswiring and short-circuiting. When inspecting
a printed circuit board, make sure that no soldering bridge of foreign matter

exists before turning on the power switch.

Since these precautions depend upon the types of semiconductor devices,

contact Hitachi for further details.






FLAT PLASTIC PACKAGE (FPP) MOUNTING METHODS

The FPP can obtain better space factors than DIP type because the board
occupying area and thickness can be reduced. No through holes nor lead form-
ing is required for mounting the board. Therefore, the FPP can be mounted as

it is, and is suitable for automatic mounting, providing remarkable reduction

of manpower.

Various mounting methods are provided and can be used for each purpose. The

typ¥cal example of mounting are given below.

1. 1Individual Mounting with Soldering Iron _

A method used mainly in the trial and small-scale production of circuits.
The FPP can be soldered by fixing it on the mounting part of the printed
circuit board with flux or adhesive agent while pressing it. For mount-
ing, sharpen the tip of soldering iron or make it in a block shape so
that more than one pin can be heated simultaneously. Use a fine solder
(about ¢ 0.5mm). Solder within 10 seconds per IC at the maximum tempera-
ture of 260°C for lead and 23Sfcﬂfor resin part (lead bottom) as the

heating conditioms.

2. Reflow Soldering

The reflow soldering is the most general method in which the chips such
as 4 transistor, a resistor and a capacitor are mounted on a hybrid IC.
It can be also applied to the FPP. (Note) In addition, there are methods
in which spare soldering and flux are applied to a printed circuit board
in advance and in which solder paste is selectively applied to a printed

circuit board by screen process printing.

The FPP is tacked at a specified position with flux or solde? paste.
However, a small amount of adhesive can be applied to the rear of FPP for
temporary fixing. Spare solder is melted by passing the board whose parts
are tacked, through a temperature-controlled hot plate or conveyor type
heater. Then the board can be soldered. In this case, preheat thoroughly
to eliminate the thermal distortion of board and mounted parts. Pay at-
tention to temperature control in consideration of the heat absorption of
black plastic caused by an infrared-ray heater. As the heating conditions,
preheat the board and parts for 20 seconds at a temperature of 100 to

150°C. Then heat them within 10 seconds at the maximum temperature of



235°C as a resin surface temperature . If the board is directly heated
from the upper side of FPP with an infrared-ray heater, the tempergwre
of resin surface becomes higher than the lead. Therefore, a shield¥fig

2late or similar thing must be used so that the temperature of resin

surface can be 235°C or below.

(Note) Reflow soldering can be applied to the 2.9 mm (Max.) thick
FPP used in the LCD driver series. However, the FPPs of 2.4 mm (Max.)
and 1.5 mm (Max.) in thickness cannot be used for reflow soldering

under the above conditions.



Flowcharts of Mounting Methods
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LIQUED CRYSTAL DRIVING METHODS

Driving a liquid crystal at direct current triggers electrode reaction inside
-~he liquid cell, deteriorating display quality rapidly. The liquid crystal
"must be driven at alternating current. The AC driving method includes the
static driving method and the multiplex driving method, each of which has

the features and can be used for applications. Hitachi has been developping
the LCD driver devices corresponding to the static driving method and the
multiplex driving method. The following sections describe the features of

each driving method, the driving waveforms and how to apply bias.

N STATIC DRIVING METHOD

Liquid Crystal Display
and Terminal Connection

SEG, , Voo
Vs
' H
[} .
) ]
' []
: ‘
I S S — Voo
SEG,.+1——"‘ — '_J — — — Vs
! ‘
H ‘
r proo— oy ——— prmm— EE— P V3
g 3 7 3 |
n O 0] v o "
w w w w .
(7] (72 7 (77}
COMo—SEGnM i ov
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em— S N — — — ] I —V3
1 frame
t
COMo—SEGn 41 oV

Non-selected waveform

Fig. 1 Example of Static Drive Waveforms
. (Fyamnla of UNKIAN?2 mnx;l,ga.?i)u



Fig. 1 shows the driving waveforms of the static driving method and an example
in which "4" is displayed in the segment method.. The static driving method
is the most basic method in which good display quality can be obtained. He
over, it is not suitable for the display of the liquid crystal wigh:ﬁany |

segments because one liquid cryst-' viwss woasddnr o veofpedE T
The static driving method is used at the frame frequency (1/tg) of several

tens to several hundreds Hz.

N MULTIPLEX DRIVING METHOD

The multiplex driving method is effective in reducing the number of driver
circuits, the number of connections between the circuit and the display cell,
z... the cost when driving many display pic*wrs zlcmente. Fio. 2 shows the
comparision of the static drive with the multiplex drive (1/3 duty) iu
8-digit numéric display. The number of liquid crystal driver circuits re-
quired is 65 for the former and 27 for the latter. The multiplex drive

reduces the number of driver circuits. However, the more multiplexed, the

1f 1la 1b1g2f2a 2b2g

Static driving :
method Common---u:
]
le
Multiplex driving Comi---------- .
method Com2 -----.-r'
(1/3 duty)

Si S2

Fig. 2 Example of Comparision of Static Drive
with Multiplex Drive



smaller the driving voltage tolerance. Thus, there are limits to extent of

multxplexing.

There are two_types of mulciplex drive waveforms: A type and B type. A type,
?ﬁf‘shdwn & ,nﬁf’,ng. Fedis used’for alekrmation in 1 frame. B type is used for
alternation in between 2 frames. B type has better display quakity than A

type in high multiplex drive.

Common

|
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I E

~Segment

'Ill‘Ll'] Segment

=
il

nntinn Common-segment

JULJUU_ ] __J— L_l

Common-segment

el Yy T3
: E;_1
[

L]
J 1 frame:
‘1 frame'
Fig. 3 A Type Waveforms Fig. 4 B Type Waveforms

(1/3 duty, 1/3 bias) (1/3 duty, 1/3 bias)



®1/2 Bias, 1/2 Duty Drive

In the 1/2 duty drive, 1 driver circuit drives 2 segments. Fig. 5 shows

an example of the connection in displaying '4' on the liquid crystal

display of 7-segment type, and the output waveforms.
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and Terminal Connection

COMo

s =g
(=]

COM
‘ Voo
'
Vi
COMmM, V,
COMy . .

[]

? :

! '

! '

. [}

' ]

N [

H ‘

: ' Vpo

' [
'

. B ‘

SEG“——— : : vz

' [
.

' '

' [

' [

] '

L] []

' []

; :

' '

' '

¢ '

N [

SEG"+ | : : __l—' voo

' ]

3 - o~ L] : :
(&) + + + '

7 ] o o ' ' V2

w w w N [}

(7] 2] (2] ' !

, '

N '

] ]

e e - > e e mmecle mcc e caem e ecm cc e ccn s s el e rcme~ - .- -

1 o

n,—_o. 1' ......... . 11
~ COMo-SEG, I I l
LLJ o
-V,

(Selected waveform)t_]_J

b - -

ok

“ec e e mnmem - - - o
ceecccccccssmneen=

Vi
m ov
COMo—SEGn.41 | E ' vy
(Non-selected waveform) — '
1 frame
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e 1/3 Bias, 1/3 Duty Drive

In the 1/3 duty drive, 3 segments are driven by 1 segment output driver.
Fig. 6 shows an example of the connection in displaying '4' on the liquid

crystal display of 7-segment type, and the output waveforms.
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®1/3 Bias, 1/4 Duty Drive

In the 1/4 duty drive, 4 segments are driven by 1 segment output driver.
Fig. 7 shows an example of the connection in displaying '4' on the liquid

crystal of 7-segment type, and the output waveforums.
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Fig. 7 Example of Waveforms in 1/4 Duty Drive (B type)
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® 1/4 Bias, 1/8 Duty Drive
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® /5 Bias, 1/8 Duty Drive
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@ 1/5 Bias, 1/16 Duty Drive
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® 1/5 Bias, 1/32 Duty Drive
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B POWER SUPPLY CIRCUIT FOR LIQUID CRYSTAL DRIVE

Table 1 shows the relationship between the number of driving biases and

display duty ratios.

Table 1 Relationship between the Number of Dispaly Duties Ratio
and the Number of Driving Biases
Disptay
duty Static|1/2 |1/3 |1/4 |1/7 | 1/8 |1/11|1/12|1/14}11/16|1/24|1/32(1/64
ratio i
Number of
driving 2 3 4 5 6
biases (1/2 |(1/3 bias)| (1/4 bias) (1/5 bias)
bias,4
® Drive in Resistance Dividing
A driving bias is generally generated in resistance dividing. i
- Vee(+5V) Vee(+5V)
Vee Vee
R iR
\A1;
Vi F—iR ! 3R
V2 1 V2
}_1.— Vico 3R Vico
\') EER Vi 1
V‘ V4 =
2R R
Vs} b Vs
VR VR
-5V -5V

(a)

1/4 Bias (1/8, 1/11 duty)

(b) 1/5 Bias (1/16 duty)

Fig. 12 Example of Driving Voltage Supply

The setting of resistance value is determined by considering of operation

margine and power consumption.

Since the liquid crystal display load is

capacitive, the drive waveform itself is distorted due to charge/dis-

charge current when the liquid crystal display drive waveform is applied.

To reduce distortion, the resistance value should be decreased but the

power consumption increases because of the increase of the current through

the dividing resistors.

larger capacitance, the resistance value must be decreased.

Since larger 1liquid crystal display panels have




Vee( +5V)
Vee |
"
Vi

J_C

c
}:Common non-selected high level

R c
v,_—————%——»I.Segment non-selected high level

Vs 3
R%

ommon/segment selected high level

4
7¢
Vi J.Common non-selected low level
SR
Vs Common/segment selected low level
VR
sV For contrast adjustment

Large C and R cause
a level shift.

Fig. 13 Example of Capacitor Connection for Improvement of
Liquid Crystal Display Drive Waveform Distortion
(1/5 bias) (Example of LCD-II)

It is efficient to connect a capacitor to the resistors in parallel as
shown in Fig. 13 in order to improve charge/discharge distortion. However,
the effect is limited. Even if it is attempted to reduce the power con-
sumption with a large resistor and improve waveform distortion with a
large capacitor, a level shift occurs and the operating margine is not

improved.

Since the liquid crystal display load is of matrix configuration, the path

of the charge/discharge current through the load is complicated. Moreover,
it varies depending on display condition. Thus, a value of resistance
cannot be simply determined from the load capacitance of liquid crystal
display. It must be experimentally determined according to the demand for

the power consumption of the equipment in which the liquid crystal display

‘i's incorporated.



Generally, R is 1kQ to 10k}, and VR is 5k to SOkl. No capacitor is used.

A capacitor of O0.luF is usually used if necessary.

® Drive by Operational Amplifier

In graphic display, the size of liquid crystal becomes larger and the
display duty ratio becomes smaller, then the stability of liquid crystal

drive level is more important than small display system.

Since the liquid crystal for graphic display is large and has many picture
elements, the load capacity becomes large. The high impedance of the
power supply for liquid crystal drive produces distortion in the drive
waveforms, and deteriorates display quality. For this reason, the liquid
crystal drive level should be low impedance with operational amplifiers.

Fig. 14 shows an example of operational amplifier configuration.

(+5V)Vee -Common /segment selected high level

- Common non-selected high level

AASAAAGAAA,
\A g ! v';"

r Segment non-selected high level

4

i————{>~——*8egment non-selected low level
IL————£>——aCommon selected low level

2

__{>__

t Common/segment selected low level

~ ” ™" ™

]
VR ;f'Concrast

adjustment]

(-5V)Vgg + For liquid crystal drive logic circuits

—>— Voltage follower by operational amplifier
Fig. 14 Drive by Operational Amptifier (1/5 bias)

No load current flows through the dividing resistors because of the high
input impedance of operational amplifier. A high resistance of R =10kf
and VR =50k can be used.

® Generation of Liquid Crystal Drive Level in LSI

The power supply circuit for liquid crystal drive level may be incorporated
in the LSI such as for portable calculator with liquid crystal display.

HD61602, HD61603 for small display system has built-in power supply circuit
for liquid crystal drive level.



® Precaution on Power Supply Circuit

The LCD driver LSI has two types of power supplies: the one for logicas
circuits and the other for liquid crystal display drive circuit. The
o-wer supply system is corplicated because of several liquid crystal

~:ive levels.

For this reason, in the power supply design, take care not to deviate

from the voltage range assured in the maximum rating at the rise of power
supply and from the potential sequence of each power supply. If the input
terminal level is indefinite, through current flows and the power const n-
tion increases because of the use of CMOS process in the LCD driver.
Simultaneously, the potential sequence of each power supply becomes wrong,

and a latch-up phenomenon may be caused.
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HD44100H (LCD DRIVER
WITH 40-CHANNEL OUTPUTS)

The HD44100H has two sets of 20-bit bidirec-

tional shift registers, 20 data latch flip
flops and 20 liquid crystal display driver
circuits. It receives serial display data
from a display control LSI, converts it into

parallel data and supplies liquid crystal

display waveforms to the liquid crystal.

The HD44100H is a liquid crystal display

driver with high generalizability, which (FP—60)

can drive a static drive liquid crystal and PIN ARRANGEMENT
a dynamic drive liquid crystal, and can be
applied to a common driver or segment

driver.

M FEATURES

® Liquid crystal display driver with serial/

parallel conversion function

® Serial transfer facilitates board design

e Capable of interfacing to liquid crystal
display controllers: HD43160AH, LCTC
(HD61830), HD44101H, LCD I (HD44780),

LCDII (HD44790).

(Top View)

® Internal liquid crystal display driver

. 40 drivers

e Internal serial/parallel conversion
circuits
20-bit shift register x 2
20-bit data latch x 2

e Display bias: Static v 1/5



Power supply

Internal logic: +5V

Liquid crystal display driver circuit: =5V

... separation of internai logic from liquid crystal display driver
circuit allows applicable controllers and liquid crystal *ypes tn

increase.
CMOS process

60-pin flat plastic package

M BLOCK DIAGRAM
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M ABSOLUTE

MAXIMUM RATINGS

Item Symbol Value Unit
Supply Logic Vee -0.3 to +7.0 vV x]
voltage | 1cp drivers |Vgg *2 | Voo - 13.5 to Veg #0.3 | V
Input voltage VT1 -0.3 to Vcc+0.3 vV %]
Input voltage Vpy *3 | Vpc*0.3 to Vp=0.3 v
Operating temperature 'Topr -20 to +75 °C
Storage temperature :Tstg | -55 to +125 '°c

*]
*2

power supply in series.
*3 Applies to Vj to Vg

M ELECTRICAL CHARACTERISTICS .
(Vcc =5V £10%, Vgg =-5V £10%, GND =0V, Ta=-20 to + 75°C)

All voltage values are referenced to GND.

Connect a protection resistor of 2200 5% to VEE

Item Symbol | Applicable terminal Test condition min typ | max Untt
viu CL1,CL2,DLL,DL2,DR1,DR2,| ° 0.7 vcc - vee v
Input voltage -
vViL M,SHL1,SHL2,FCS 0 = 0.3 vee]l V
Al Ion = -0.4mA Vee - 0.4 | - - v
Output voltage b—on | pt.1,nt.2,0R1,DR2 o cC
VoL IoL = +0.4mA - - 0.4 v
VI-Y§ voltage Vpi . IoN=0.lmA for one of Y{ - - 1.1 v
descending Vp2 Ioy = 0.05mA for each Yi - - 1.5 v
luput leakage CL1,cL2,0Ll,DL2,DR1,DR2, . 0
current T |, su1,su2, Fes, Ne Vin=0 to Ve 5.0 5 uA
Vi leakage t N
current VL 3 Vin 'VCC co VEE ° -10.0 - 10.0 UA
Power supply Icc '.2 fcL2 = 400Kkiiz - - 1.0 mA
current Tec . foLp - 1Kz - = 10 UA
*1 vi-y) (Vi=1 to 6, j=1 to 40) equivalent circuit
Vi
Rt .
v R Yj Ri= 1kQ typ.
——
Power Data R2=10kQ1 typ.
switch switch
*2  Iaput/output current {s excluded; when input §s at the intermediate level
vith CMOS, excessive current flows through the fnput circuit to the power
supply. To avoid this, {nput level must be fixed at high or low.
*3 Output Y! to Y40 open.




M TIMING CHARACTERISTICS

(Vcc =5V £10%, Vgg = -5 ¢ 10%, GND =0V, Ta =-20 to + 75°C)

Test . | . L
) S ; > : min | ty max | Unig
Item Symbol [Applicable terminal condition p ﬂ@(i‘
Jata shift frequency| fCL |CL2 - - | 400 | kHz
Clock | High level tCWH |CL1,CL2 I 3
width Low level tCWL |CL2 800 | - ns |
Data set-up time tSu DL1,DL2,DR1,DR2,FLM 300 - - ns
Clock set-up time tSL |CL1,CL2 (CL2»CL1)} 500 | - - ns
Clock set-up time tLS |CL1,CL2 (CL1»CL2)|500 | - - ns
Data delay time tpd DL1,DL2,DR1,DR2 CL =15 pF| - - 500 ns
Clock rise/fall time| tct |CL1,CL2 - - 1200 ns
R VIH Z/
CcL2 tewL
ViL n\ /
tet tcwl —tct
VIH
Data in v tsu tsL
(OL1, DL2, DR1, DR2) "“
VoH
Data out VoL tis
(DL1, DL2, DRt, DR2)
cL1 Viu (/ \S
ViL
tct t cwH——o— ter
ViH
FLM t sy~
ViL v

Fig. 1

Timing Waveform



B TERMINAL FUNCTION

Table 1

Fucntional Description of Terminals

 Number
Stgnal 10 Input/ | Connected to Function
nane lines Output
vec 1 ‘Povcr supply Pover supply for logical circuit
GND 1 Power supply ov
Vig 1 Power supply Powver supply for liquid crystal displayv drive
Y, - Yae 20 Output | Liquid crystal | Liquid crystal driver output (Channel 1)
Y1 ~Yeob 20 Output | Liquid crystal | Liquid crystal driver output (Channel 2)
V. by 2 Input Power supply Powver supply for liquid crystal display drive (Select level)
Uy, Vo 2 Input Power supply Power supply for liquid crystal dispaly drive
(Non-select®level for channel 1)
Ve, V¢ 2 Input Power supply Power supply for liquid crvstal display drive
! (Non-select level for channel 2)
SHL1 1 Input i Vee or GND Selection of channel 1 shift register in the shift direction
SHL1 | DL] | DR1
! Vee OUT | IN
GND | IN | OUT
SHL2 1 Input | Vcc or GND Selection of channel 2 shift register in the shift direction
- SHL2 | DL2 | DR2
Vee | OUT|IX
I GND | IN | OUT
DL1, DR} 2 lnput/ | Controller Data input/output of channel ] shift register
output | or HD44]100H
DL2, DR2Z 2 Input/ | Controller Data input/output of channel 2 shift register
output | or HD44100H
| 1 Input ! Controller Alternated signal for liquid crystal driver output
cL 1 Input | Controller Shift signal for chanmnel 1 (L) #1
This is used for channel 2 when FCS is GND.
cL2 1 Input | Controller Latch signal for channel 1 (TL) ]
This is used for channel 2 when FCS is GNLC.
FCS 1 Input | Vcc or GND Mode select signal of channel 2. FCS signal exchanges the
- latch signal and the shift signal of channel 2 and inverts
M for channel 2.
FCS level Channel 2 ' M polarity Purpose
Latch signal | Shift signal
vee cL2 T cL: 7 M For common drive
GND cLl L o M | For segment drive
) 3.
| ] *1 *2
%] 2 and T_ indicate the latches at rise and fall times respectively.

*2 The output level relationship between channel ] and channel 2 based
on the FCS signal level is as follows:

| Output level

Fes Data "o (Y3 ~ Y3o) 2 (Y2: ~ Yeo)
.'1 " "1 " \-l \'0:
Vee (Select) 0" V; v
("l 0') 'lo’l l.l" ! ‘-’ v‘
(Non-select) 0T A Ve
0'1 [ l.l [ vx \~‘
CND (Select) 0" A7) \:
("on) uon "1 ™" ‘.} V.
(Non-select) T v, v,

*1" and 0" indicate a high and lowv levels, respectively.



M APPLICATIONS

e Segment Driver

When the HD44100H is used as a segment driver, the FCS is set to GND to~

.cansfer display data in the ¢iming shown in Fig. 2. {ﬁ thiS'CéSL, Lot

of channel 1 and channel 2 are shift data at the fall of CL2 and latch it
at the fall of CL1. V3 and Vs, V4 and V¢ of power supply for liquid

crystal display driver are short-circuited.

(FLM) [ ] [

A ipinipinipinipininininin

e AN SN Y NN NN N N S
Output of

TN L L X X C
‘ Enlarged view T Tme—el_

oL 11

prevore X X X X X XX

Fig. 2 Segment Data Waveforms (A type waveforms 1/8 duty)




e Common Driver

When channel 1 is used as a segment driver and channel 2 as a common

driver. When channel 2 of HD44100H is used as a common driver, the FCS is
set to Vcoc level to transfer display data in the timing shown in Fig. 3.
In this case, channel 2 shifts data at the rise of CL1 and latches it at

“he vic<e of CL2. Channel 1 has the same data as Fig. 2.

q

T2 03 4 s 6 18
[ L 1

8
DL2/ DR2(FLM)

- -

1 Shift
cLy | :th__[} | S A VU SN N T A U |
(:::” / 1 Non-select I_L

/ Select Select

Y22 ] N
on-select
(Y39) N [ | [
H
]

————— Select

Select Non-seléct ~------
[ 1 [

Select

§
Y28
(Y33)

Enlarged Select
\

view N ————
DL2/ DR2(FLM) ™ | ]
M - | —_—

cr S?ift |

Tatch Tt
cL2 w—-—_w
(Va0 XC — X

Fig. 3 Common Data Waveforms (A type waveforms of channel 2, 1/8 duty)



When both of channel 1 and channel 2 of HD44100H are used a common driver,
the FCS is set to GND and the signals (CL1, CL2, FLM) from the controller

are connected to shown in following figure.

AV
2

In this case, connection of power supply for liquid crystal display di

‘s different from segment driver, so refer to following figure.

Vi, V2 ..... Select level of segment and common
Vi, Vy ..., Non-select level of segment
Vs, Vg ..... Non-select level of common

5

) =N

cL1 cL28 23

cL2 oLy - Ba Yi~

FLM

Controller oLt Cowmon LCD
[jDR’ driver
(HD43160AH) oL2
OR2 3353555
) Y1 ~ 40 Y~
HD44100H HO44100H

S Segment Segment
m's Vi ' driver driver
m ad .~ - - - - - .~ - - - -
s §‘ Vs . SSSssSS >SSSs>SsSS
A Ve 1 I
o v Vs
*o @
O~ Ve
> 3 o
- oo Y
oo
Q—~ o 7

e Static Drive

When the HD44100H is used in the static drive, data is transferred at the
fall of CL2 and latched at the fall of CL1l. The frequency of CL1 becomes
the frame frequency of liquid crystal display driver. The signal that has
the frequency twice that of CL1 synchronized at the fall of CLl is input
into terminal M. The power supply for liquid crystal display driver is

used by short-circuiting V,, V, and V¢, and V,, V; and V.

One of liquid crystal display driver output terminals can be used for a

common output. In this case, the FCS is set to GND and data is transferre:
so that "0" can be always latched in ‘the latch corresponding to the liquid
crystal display driver output terminal used as the common output. Iéijze
latch signal corresponding to the segment output is "1", the segments of

LCD light. They also light with common side = "1", and segment side "0".



HD43160AH (CONTROLLER WITH
BUILT-IN CHARACTER GENERATOR)

DISPLAY CONTROLLER AND CHARACTER GENERATOR
FOR DOT MATRIX LIQUID CRYSTAL DISPLAY SYSTEM

The HD&3160AH'téceiveé'characféf data written
in the ASCII code or JIS code from micro-

computer and stores them in its RAM which has

80 words capacity.

The HD43160AH converts these data into serial

character pattern, then transfers them to

LCD drivers.

It also generates other signals for LCD. (FP-54)

M CHARACTER DISPLAY

® Alphanumeric character; A ~ 2, a ~z, @, #, Z, &, etc.
® Japanese Character (katakana)
® 160 characters by internal character generator (ROM).

(Max 256 characters by external ROM)

M NUMBER OF CHARACTERS

® 4, 8, 16, 24, 32, 40, 64 of 80 characters in 1 or 2 lines

M FRONT

®5 X 7 4+ Cursor or 5 X 11 + Cursor

M OTHER FUNCTION CONTROLLED BY MICROCOMPUTER

® Display clear
® Cursor ON/OFF
® Cursor position preset (Character position)

® Cursor return



M BLOCK DIAGRAM

CS0——¢ " ‘CNO  DLN FNTS CURS ROMS
CS 1 —od ) CN1— i 1 [ -1 -
CS2 —g owu horted i Fu ¥
CS3 —ey g .g) ; i {
RS0 —=—g a 8 Line counter
" F— g_g Cursor counter e M
Rw—=2 1 |83 ghargcter number FLM
H o ountér CcL1
E oy ——
jv7
0 3 RAM ROM
08 M ”30 8 bit Character | PéStcon—l b
' e L) 80 word generator jverter |,
U W words
DB6 —g 1 : (169 ch?r-
DBy H g acters
L 0
O o
X0~X7 -l
Vee —= | Yo~Y3 iExternal CPG |—= CL2
RST — ‘ |(max.256§' -----
| charac-; @A LV‘J 0sC2
TEST—e
Lf.e_rs_.?.._l Rf
I ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply voltage Vee -0.3 to +7.0 v
Input voltage Vr -0.3 to Ve +0.3 v
Operating temperature Topr -20 to +75 °C
Storage temperature Tstg -40 to +125 °C




B ELECTRICAL CHARACTERISTICS

(Vce=5vV5%, GND=0V, Ta=-20 to +75°C)

ltem Symbol Terminal No. Tent condlition min typ max Unit
Input voltage . Viw Cs0 -CS8), F, R/_}\I?, . 2.0 - Vee v
(TTL compatible) ‘Lissp?vyg " | vwO ~08% rso ' E [ - 0.8 v
- “vinc | 0¥C1,TEST,RST,FNTS, 0.7 vee| - Vee v
Input voltage CURS ,DLN, ROMS, d
ViLc | cNO ~CN2, 04 ~Os 0 - 0.3 vee] v
Output voltage Vou | oo Tou==-0.205mA 2.4 - - v
VoL TopL=1.6mA - - 0.4 v
Output voltage Vouc | FLM,M,D,CLI1,CL2, Lioadet0.4mh ’vcc-l.o - - v
vorc | X0 ~x?, Yo ~Y3 - - 1.0 v
Input leak current Iia All lnputs -5 | - b HA
Output leak current | I1g DB? -10 | - 10 UA
Operating frequency [ tcpy Rg=200kQ22%, Sx7+Cursor 130 [ 192] 250 | kHz
fce2 | Rg=130k222, Sx114Cursor 200 288 375 kHz
Input pull up current Ipy g‘:g :gi:' RSO, R/W, vV‘n-OV 2 10 20 VA
Power dissipation Pt * Ta=25c, I((:::i:x:::; clock) - - 10 oW
* Input/output current is excluded. When input {s at the {ntermediate level with CQMOS,
excessive current flows through the input circuit to the power supply. To avoid this,
fnput level must be fixed at high or low, but CSO ~CS3, RSO, R/W, DBO ~DB7 are excluded.
B PIN ARRANGEMENT
por | " [ oo Joveme [T aar [ ™gncte [ sovs [ omewue [ Tin T ™oz [ roene [Loverns
1 CND (=) 19 D 37 DB3
2 X4 20 FIM 38 DB
) X3 21 oA 39 DBS
4 X2 22 osc1 40 vB6 |
5 X1 23 0sC2 [ 41 DB? D87
6 X0 24 RST 42 ROMS
7 N.C. 25 TEST 43 05
8 N.C. 26 E 1) 04
9 N.C. 27 vee(+) 45 03
10 CURS 28 R/W 46 02
1 ENTS 29 RSO 47 01
12 DLN 30 Cso 48 Y3
13 CNO 31 csl 49 Y2
14 CN1 32 Cs2 50 Yl
15 CN2 33 Ccs) Sl YO0
16 C1L.2 34 D8O 52 X?
17 cL 35 vel | | 53 X6
18 M L 36 DB2 | 54 X5




M PIN FUNCTION

Pin ' Ntfmber
name :hm' Connected to 1/0 Function
f
ggg: 2 Power supply +5V £ 10% Power supply ‘
CNO .3 .. ] GND or V¢c 1 'Totnﬁ Zionlans ! eharaita» number select.
CN]. e S PR AR it
CN2 FERCEY IR Ry o |16 |25 132140164 |80
CNO|GND|Vcc|GNDfvec|Gap|vec|Gnp| vee
CN1|GND|GND|VCcC|VCC|GND|GND|Vcc|Vee
CN2[GND|GND [GND|GND| Ve | VeelVee [ Vee
CURS 1 GND or V¢c I |Cursor select
VcC: 5 dots. eeeee
GND: 1 dot. o
DLN 1 GND or V¢c I |Display line number select.
Vee: 2 lines.:
GND: 1 line.
FNTS 1 GND or V¢c I |[Font select.
vVee: ) X1l +Cursor.
GND: 5 X7 +Cursor.
RST 1 - Vee I Only for test. Normally Vcc
TEST 1 GND I {Only for test. Normally GND
E 1 MPU I |Strobe signal.
Write mode: The HD43160AH latches the data on
DBO ~DB7 at the falling edge of
this signal.
Read mode: Busy/Ready signal is active on DB7
while this signal is 'H'.
R/W 1 MPU I |Read/Write signal
L: HD43160AH gets the data from MPU.
H: MPU gets the Busy/Ready signal from
HD43160AH.
CcsO 4 MPU I |Chip select
Cs1 When all of CSO ~CS3 are 'H', HD43160AH is
CS2 selected.
CS3
RSO 1 MPU I Register select.
HD43160AH has 2 registers. One is for
Character code and another is for instruction
code. Each register latches the data on
DBO ~DB7 at the falling edge of 'E', when
CSO ~CS3 are 'H' and R/W is 'L'.
H; Character code register is selected.
L; Instruction code register is selected.
DBO 8 MPU 1 Data bus.
: 1/0 | Inputs for Character code and Instruction
(DB7)|code from MPU.
DB7 Output for Busy/Ready flag (DB7).
t D 1 HD44100H Serial dot data of characters for LCD drivers
+ CL2 1 HD44100H Dot data shift signal for LCD drivers.

| cLL

un/iL/ J"OQH-“.;.;,, S

‘hqy R R i U 2t IC RN e Fop « - I SO 7 e TR
-é . . :



M 1 HD44100H | O |Alternate signal for LCD drivers.

FLM 1 HD44100H 0 Signal for common plates scanning.
X0 8 | ROM 0 |Character code outputs for External character
, |+ . | generator. (for Ext ROM) ‘
X7 X0: LSB _ex: character 'A
MSB LSB '1'="H"'
| 0 [1]ofojofo]o] 1 '0'="L’'
YO 4 ROM 0 |Character row code for External character
Yl generator.
Y2 =5 X7 +Cursor 5 x11 + Cursor
Y3 Y3Y: Y Ye
0000
0001
. 0 0 : ."> .
A ; 10 — !
i i e 0 9.0 8 8
_—0 1 1 1—= -
10001 C
o 18]
1011
dA 1 "ROM 0 |Clock signal for External character generator
» (dynamic ROM etc.) if necessary.
01 5 ROM I |Dbot data inputs from External character
, generator.
1(H): ON
05 O(L): OFF
ROMS 1 GND or Vcc| I |[Select Internal or External ROM.

H: External ROM
L: Internal ROM

0SCl1 2 (I) |0scillator. 5 x7 4+ Cursor : Rg=200kQ (typ)
0SC2 | (0) 5 x11 +Cursor: Rg=130kQ (typ)




M CHARACTER DOT PATTERNS

® 5 x 7

The bottom lines of the English small characters "g, i, p, q, ¥," are

on the cursor line.

S R T e St il e e i ,

st A A e e Rt

imEang

o, | G008 B 8ok | 28 5% e
e ACRESE AT D
PE B e B S |
& ooooooo SmﬂHm M 3 muonon@ R | ¢ o~o.: wonmbom mndom m&o
i

B8 | %5 | Boood | oSS

(Tewydapexay) s3fq y 1addn apod ia3zdeieyn

OWM
0.0 £000 o
ik | | P od| B F | ] o
§ 2| BT Bt e o8] | 8| | o
B S ] e[ NP
e [P G50 || OB | | | B30 [0
) a
ool gaoB 8, om”m mem@ Mwo mm@oe Mwo o mHH 8 m
e}
3 %_ &8 00 Co0000 ooz 8
,w 8 % wm om MHMHM ndHQ% %m% o | 8B 80 | “8 0% @HRm
i e PR
5 BEBIE 3|85 83| 85R| wp| 0|80 | B8
R LA |0 | O L Bl B
i (o)
= ||| (35| 98] 2P| @0 b
ie8EeB|ER | | £8 g | & 88§
~N ™ < wv © ~ — < o} Q Q

5 x11

Only English small character "g, j, p, q, y,' are displayed as below, the

others are in the same way as that of 5 x 7.

e Cursor 5 dots:

1 dot :

The cursor is displayed on the 8th or 12th line.



B APPLICATION

e Setting Up

a) Total character number ..... (CNO ~ CN2)

b) Cufsor pattern ........ «ev.. (CURS)
c) Display*1iné*number ..:..... (DLN)
d) FONt cececenenececens eesesso (FNTS)

These terminals should be connected to Vcc or GND according to the LCP
display system. RST and TEST should be connected to Vgoc and GND

respectively.

e Interface to the Controller

a) Example 1 Interface to HD6800

- ABRI1S Ccs3
AR  CS2
AHI13 -1 CS1
VMA Cso
AR12 RSO
R/W -1 R/W

HD 6800 (MPU)  , - E HD 43160 AH

DHO bDBO
DH1 -1 DB1
DB2 bB2
DB 3 DR3
DB 4 DB «¢
DRS DBS
nBeé - DB6
DB7 =1 DB7

In this example, the addresses of HD43160AH in the address area of the

HD6800 microcomputer are

Instruction code register  #'Exx*' (R/W=0)
Character code register { "Fhxx! (R/W=0)
Busy flag H'Exx%' or #'Fx*x' (R/W=1).

*: don't care

[ 3% S O v 'f.!:g" LIERTRY S e, Lt



b) Example of display program

Instruction

,RSO ='L'

v

I=

Read Busy flag
from # "Ex*x!'

or ff "Fkk«!

Write Inst. code
to f# "Ex%xx'

Y: Busy

Check Busy or Ready

Character

’RSO = 'H'

Write charact. code
to # 'Fkkx

|

[

c) Time length of Busy

|
A

~ write Inst. or Charact. code

1

Busy
(Internal)

Tbousy

speration start

T busy
MIN MAX
Display clear 400 410 sec
Fep Fep
20
Other function 190 p— se¢
Fep Fep

operation end

HD43160AH begins the operation from the rising edge of 'E'.

Instruction code register and Character code register latch the data

on DBO ~DB7 at the falling edge of 'E'.



d) Timing chart

Write sequence Read sequence
(MPU—~HD43160AM) (MPU—HD43180AH)
! teve |
Y
= - o tcyc -t
' | C -
| PweL . Pwenw . PweL 1 Pwen |
l l l g l -
! | y
E E
' -
! ! 1 | | ' I
tas toow tH tas  tDOR | tH

Cso Cso
|

CS3
RSO

Cs3
RSO

|
' |
! [
l | '
| .
R/W —\ write ’ R/W ’ Read
T !
|

DBO R
T fruey

|
DB7

e) Timing characteristics

Symbol min typ | max | Unit

Cycle time of 'E' teye |10 - | - Us
pulse width of 'g'| H level [ Puw [ 0.45 | - | 25| us
L level PyEL [ 0.45 - - | us

Set up time of CS Write tas | 140 - _ ns
Deta delay time Write tppw - - 225 ns
: Read tDDR - - 300 ns

Hold time tH 10 | - - ns




f) Example 2 Interface to 8085A (Intel)

S1

10/M

P ro

AlS

Ald

All

Al2

8085A

(MPU) | oo

CLK —{>0

ol
L]

READY

ADO

§
AD7

g) Timing chart

R/W
CSs3

E 0

CS2
Csl1

| CSO

RSO

HD43160AH

DBO

DB7

I0/M, S1

Al2 AlS

ALE

R
=

READY

|

.

|

T1 T2

Twarr

T4

Pulse widths of RD and ﬁiisignals of the 8085A are 400ns MIN, while
the pulse width of E signal of the HD43160AH is 450 ns min.

Therefore, in this example, RD and WR signal pulse widths are

widened by using Tyapt cycle.




M DISPLAY COMMANDS

e Display Controll Instructions

These instructions should be written into the instruction register of

HD43160AH by the controller. (RSO='L', R/W='L"')

)

b)

c)

d)

Display clear
MSB LSB
Code: l 0 [0 [0 TO'TOI 0]70] l]

Operation: The screen is cleared and the cursor returns to the

1st digit.

Cursor return
MSB LSB

Code: [0]ofofofo]o]1]o0]

Operation: The cursor returns to the lst digit and the characters

- being displayed do not change.

Cursor ON/OFF
" MSB LSB

Code: |0|0{0|0]0f{1]0}]0| (ON)
0j0jO0}jOjO}1|0}1 (OFF)

Operation: The cursor appears (ON) or disappears (OFF).

Set cursor position

MSB N LSB
Code: 1 line 1 (N-1) binary
] upper | 1 | O] (n-1) binary
2 lines | lower | 1 | 1| (m-1) binary

N,n,m: digit number
Operation: The cursor moves to the Nth (nth, mth) digit.
N £ the total character number;
n,m £ 1/2 total character number.
ex 1 *1 line*
Set the cursor at 55 digit. The code is '10110110°'.
ex 2 *2 lines*
Set the cursor at 35 digit of upper or lower line.
The code is '10100010' (upper).
'11100010' (lower),



® Display Character Command

When the character code is written into the character register of

HD43160AH, the character of this code appears where the cursor was dis-

played and the cursor moves to the next digit.

MSB

code: L

(CHARACTER CODE)

> o
1

J

® Read Busy Flag

ex 1

before [ABCD_
after [ABCDE_

(
(RSO="'H', R/W="L")

" When CSO ~CS3='H', R/W="H' and E='H' (RSO='don't care'), the Busy/Ready

signal appears
DB7

on DB7.
'H':

BUSY

) 'L': READY
Time Length of Busy (@0SC=200kHz)

MIN MAX
Display clear 2.0 2.05 ms
Other operations 50 100 Us

(depends on the operating frequency)

e Interface to External ROM

a)

Example

rode

Row
code

bharacter

ID43160AH

X0

X1
X2
X3
X4
XS
X6
X7
Yo
Y1
Y2
Y3
oA
o1
02
03
04
0s
ROMS

LSB

MSB
>LSB

\MSB

e —— — —— —

Address

External
ROM

Data

ROMS

1: Ext.
0: Int.

*$pA is used as the
precharge signal for
Dynamic ROM if nec-
essary.

Interface to External ROM



b) Row code

Row code

01 02 03 04 05 Yl Y2 YI YO

Row code 0000
ey 0 0 0 1
01 02 03 04 05 ¥z vivo o 0 1 o
0o 0 1 1
0 0 0 0 01 0 o
0 0 0 1 01 0 1
0 0 1 0 01 1 0
0 0 1 1 01 1 1
01 0 o0 1 0 0 0
01 0 1 1 0 0 1
01 1 o0 1 01 0
01 1 1 (Cursor) 1 0 1 1
5 x 7 + Cursor 5 x 1@ + Cursor

c) Timing chart

cL? l | l l | I l I I l | I | l I |
r.——.—i
T :
] fcp
X0~XT ] (
Yo~v3 l
|
ZA 2
fcp
|
1
01~05§ | ]
| Effective data
ROMS X
. ]
| 1
| MAX 7l— |
[ @ |



® Interface to LCD Drivers

a) Example
Common
signals Liquid crystal display
— )
0 » Segment signals|
Y21~ Y40 Y1-Y20 Y1~Y40
v———- Vi-Vé ' —{ VI~V§
—{ Fcs FCs
SHL1 }E SHL1
Y% HD44100H o, HD44100H
DL1 DR1 pL1
pL2 DR1
DRz CL1 CL2 M [:: DL2 CL1 CL2 M DR2}
FLM.
n -

HD43160AH cL!

CL2

M

Iinterface to

L4416

- - - -

-— - - e

b) Wave forms (5 %7 +Cursor 1 line)

8 1 2 3 4 5 6 7 8 1 2
FLM
o L L]
—VM
FLM
cL1 I'_ l— o
y — - - |
U U U
D Js 112 31‘15 15:-:.31475 1 21

One row of a character
One row of 80 characters (400 dots)




M DOT MATRIX LIQUID CRYSTAL DISPLAY SYSTEM

Typical Application

5 X7 +Cursor

! Lines 40 Characters

1283 )

EXT
EXTERNAL I,, 7} CONFROLLER
GND OVOz——
Ve SVCVI
\L
34
Vl )80 1 1808 )
ooz ' vm“ixssy X
- 1333200030
;=’ =§ "'] ¢4 '.> I3 o7 T < ___" '
: 441004 H
_Jw HO44I00H o i MO ;;-—J
R w [ve n
L] yoop- vl
H3H A 3 354 as illf”
&..!! seeny
14 L e
coses p b x )
b 14 o wu
3= s X,
k -
5 v o N
v I
LU i:

—~

n
;_‘,_;}ﬁrg







HD44780 (LCD-11) (DOT MATRIX

LIQGUID CRYSTAL DISPLAY CONTROLLER & DRIVER)

The LCD-II (HD44780) is a dot matrix liquid
crystal display controller & driver LSI that
displays alphanumerics, kana characters and
symbols. It drives dot matrix liquid crystal
display under 4-bit or 8-bit microcomputer

or microprocessor control. All the functions
required for dot matrix liquid crystal display
drive are internally provided on one chip.
The user can complete dot matrix liquid
crystal display systems with less number of
chips by using the LCD-II (HD44780). If a
driver LSE HD44100H is externally connected
to the HD44780: up to 80 characters can be

displayed.

The LCD-I is produced in the CMOS process.
Therefore, the combination of the LCD-II
with a CMOS microcomputer or microprocessor
can accomplish a portable battery-drive

device with lower power dissipation.

N FEATURES

* 5%7 and 5 X10 dot matrix liquid crystal
display controller driver

* Capable of interfacing to 4-bit or
8-bit MPU.

* Display data RAM ... 80 x8 bits

(80 characters, max.)

* Character generator ROM ...

Character font 5 X7 dots: 160 characters

Character font 5 x10 dobts: 32 characters

(FP-80)

Q)
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M PIN ARRANGEMENT
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.

Both display data and character generator RAMs can be read from the MPU.

Internal liquid crystal display driver .....
16 common signal drivers
14 segment signal drivers (Can be externally extended to 360 segments

by liquid crystal display driver Hnﬁﬁf‘fi>

Duty factor selection (selected by program) .....
1/8 duty: 1 line of 5 X 7 dots + cursor
1/11 duty: 1 line of 5 x 10 dots + cursor
1/16 duty: 2 lines of 5 x 7 dots + cursor

Maximum number of display characters

f | Duty | Extension|HD44780 HD44100H No. of display

gq- ? characters
lings Y | factory , o
Not
. 1/8 1 . - o .
1-line l;ll provided pc 8 characters Xu
display -
duty provided 1 pc. 9 pes. 80 characters X1 line

2-line 1/16 provided

displ

(8 characters/pc.)

Not

1 pe. - _ 8 characters x2 lines

ay | duty 4 pcs.(8 characters

rovided | 1 .
provide pe X2 lines/pc)

Wide range of instructicen functions
Display clear, Cursor home, Display ON/OFF, Cursor ON/OFF,
Display character blink, Cursor shift, Display shift

Internal automatic reset circuit at power ON. (Internal reset circuit)

Internal oscillation circuit (with external resistor or ceramic filter)

(External clock operation possible)
CMOS process

Logic power supply: A single + 5V (excluding power for liquid crystal
display drive)

Operation temperature range: =20 ~ +75°C

(Device for -40 ~ +85°C available upon request)

80-pin plastic flat package (FP-80)

40 characters X2 lines’




Vee

(YOI¥3INI 08LvvaH) Wvdovia %2078 B

(Parallel Data Sertil

Data)

GND éddress : Timing Generation 8, g}::
ounter (AC Circuit
0sc, 11 L er ( cu M
0sC = "1
! ﬂ ﬁ g 1 1 P d
Q W i N 74
Ll g+ 9
ooull oo
TR 3 0
2 u Hol Display Data o -
RS o @ Aa RAM “ <]
ERIRE (DD RAM) Z 3l |Sul 16 2
R/W g 80x8 bits " af ‘;’g - COM; ~COMN,,
E S A28 |ga
ot X3l = |
¢ |3 = CEE 3
DB, ~DBy =t [-4 8 } — o » -g—-g
g e 8 m O
4 - - . s ’ o
DBo~DB, ” ) r 17 8¢ a o
@ 52 b ~
s Character Character o2 2 9
9 0 ~
39 Senerator Generator —T w ot 0 ey Y 0
ROM ROM I S (O « SEG,~SEG
(CG RAM) (CG RAM) o< v ' *
512 bits 7200 bits T v Aa
. (v Busy 40 3 %
| —tp— 1
ower Supply | Flag 5 5 e
or Liquid : - >
rystal Vs f ’ |
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B ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratings

' Item Symbol Limit Unit | Note
| Power Supply Voltage (1) Vee ] -0.3 to +7.0 ty
Power Supply Voltage (2) | V1 to V5 ‘VCC-iB.S to Vcct0.3 \' 3
Input Voltage Vr -0.3 to Vgct0.3 v
Operating Temperature Topr -20 to +75 °C
Storage Temperature Tstg -55 to +125 °C

Note 1: If LSI's are used above absolute maximum ratings, they may
be permanently destroyed.

Nqte 3: Applies to V1 to V5.

Using them within electrical

characteristic limits is strongly recommended for normal
operation. Use beyond these conditions will cause mal-

function and poor reliability.

Note _2: All voltage values are referenced to GND=0V.
Must maintain Voc2V12V22V32V4 2V5

(high +

+ low)




® Electrical Characteristics (Vcc =5V+10%, Ta =-20 to +75°C)

Vee d @ = Vce-Vs (The conditions of Vi, Vs voltages are
vy ® = Vee-v1 for proper operation of the LSI and not
, ?{ @2 1.5V for the LCD output level. The LCD
s ~—=t——- ®g 0.25 xa drive voltage condition for the LCD
’ output level is specified in "LCD
| voltage Vicp". J
Item Symbol :::; fcion ~r u:;: e Unit | Note
Input “High" Voltage (1) ViHl 2.2 | - Vee v (2)
‘Input—"Low" Voltage (1) Vil -0.3 ]| - 0.6 v (2)
Output "High" Voltage (1)(TTL) Vol | -Igy=0.205mA 2.4 ) - - v )
Output -"Low"-Voltage (1) (TTL) VoLl IoL=1.2mA - - 0.4 v (3)
Output "High" Voltage (2)(CM0S) | Voyz | -Ioy=0.04mA 0.9vec| - - v )
Output “Low" Volcage (2) (CMOS) | VorL2 LoL=0.04mA - - 0.1V V
Driver Voltage Descending (COM) | Vcou 1d=0.05mA - - 29| v (10) J
Driver Voltage Descending (SEG) | VsgG 1d=0.05wA - - 3.8 v (10)
Input Leakage Current IIL Via=0 to V¢c -1 | - 1 HA (5)
Pull up MOS Current -Ip Vec=5v 50 125 250 | uA
Power Supply Current (1) Ceramic filter
Iccy | oscillacion - Jo.ss 0.8 | mA (6)
xgg;;:o fosc™
Pover Supply Current (2) Rf oscillation
Icc2 | External clock - 10.35 0.6 | mA (6)
operation ‘
VeemSV, fogcm (11)
fcp=270kHz
External Clock Operacion i
[External Clock Frequency | Tfep | [12s (250 | 350 [wmz [ ()
External Clock Duty Duty 45 S0 S| X n
External Clock Rise Time trep - - 0.2 | us (€))
External Clock Fall Tiwme teep ’ - - 0.2 | us (¢
Input “High" Voltage (2) VIn2 Vee-1.0] - Vee | V | (12)
Input "Low" Voltage (2) ViL2 -0.3 - 1.0} v | (12)
Internal Clock Operation (Rf oscillationm) |
Cinck oveiilacion Frequaney | foge [Recomea T o0 |70 | 30 Jume | @)
Internal Clock Operation (Ceramic filter oscillation)
(Clock Oscillation Frequency | fose | Cersaic filter | 245 |250 | 255 |wkHz | (9)
LCD Voltage VL1 | yge-vs| L/S blas 4.6 - nm| v |amy
VLcD2 1/4 bias 3.0 - 11| v [(13)

ol -



Note 1:

The following are I/0 terminal configurations except for

liquid crystal display output.

* Input Terminal

Applicable Terminals: E
‘No' pull up MOS) -

VCC
!—H_‘f’ PMOS

gy

* Output Terminal

applicable Terminals:

* I/0 Terminal

Applicable Terminals:

Vec MOS ) Ve

{Edmos

DBy to DBy

PMOS

Applicable Terminals: RS, R/W

CL;, CLp, M, D

(Wi =11 . 18)
VCC VCC
¥ pmos ,—-lé]mos
o

Pull

ull Up MOS LHJE NMOS
vCC

—E- pnos

—0
—] [ NMos
Vee Enable

e eIy

NMOS

}_‘-_<(3:—Data

(Output Circuit)
(Tristate)

Input terminals and I/0 terminals. Excludes 0SC; terminals.

o1
Note 2:
Note 3: 1/0 terminals.
Note 4: Output terminals.



Note 5: Current flowing through pull-up-MOS's and output drive MOS's is

excluded.

Note 6: Input/Output current is excluded. When input is at the inter-
mediate level with (MOS, excessive current flows through the
““sinput circuit to the power supply. Tn avoid this., inout level

must be fixed at high or low.

Note 7: External clock operation.

—
Oscillator L 0SC,y
Open 0SC

Th
0.7 Vee D _ Th X100 %
05V, R AR ey THa A
oav,, —1
tr.. tl.’

Note 8: Internal oscillator operation using oscillation resistor Rf.

prov——

08¢,
R,% Rf :01kQt 2 %
0sC .

Since oscillation frequency varies depending on 0SCj] and 0SC3

terminal capacity, wiring length for these terminals should be

minimized.

Note 9: 1Internal oscillator operation using a ceramic filter.is used.

G — Ceramic filter: CSB250A (Murata)
0S¢y Rf: IMQ *10%
S FR Cy: 680pF£10%
0SC, C: 680pF+10%
G Rd
Rd: 3.3kQ5%Z

Ceramic filter



Note 10: Applies to both Vcom and Vggg voltage drops.
Vcom: From poer supply terminal Voo, Vi, V4, VS to each

common signal terminal (COM3 to COM;¢g)
VSeG: From power supply terminal Vgc, V2, V3, Vs to each

N

‘~gment signal «erminal (SEZ] tv 2%

Note 11: Relation between operation frequency and current consumption

is shown in this diagram. (Vgc = 5V)

1.8

1.6

1.4
Icor

(mA)

=
/

e

o
. |~
-

0.2

typ

\\

100 200 300 400 500
fosc or fcp (kHz)
Note 12: Applied to 0OSCj terminal.

Note 13: The condition for COM pin voltage drop (Vcom) and SEG pin
voltage drop (Vgge). |



® Timing Characteristics

Write Operation

Vimy

A Vin
PWy, tam |
. tae
E /"-(Vnn Vlme /
AlViu Viu | % Jr' Viu
ter - | toew e,
DBy~ DB, Vim Vaild Data Y Y'™
Viuy Viu
Leres

Fig. 1 Bus Write Operation Sequence
(Writing data from MPU to HD44780)

Read Operation

RS .{V"u Vaim
[ Viey Ving
tae Ltn
{ a
nw A Viug Vi
PW,, } Flan !

E V( Vi ) * Vi /
Viu Vi |k ter v

A "y
tae™] [ tomn toua
Vouy \A~ Vo
Vali
DB,~DB, o alid Data Vou,
Leres

Fig. 2 Bus Read Operation Sequence
(Reading out data from HD44780 to MPU)



Interface Signal with Driver LSI HD44100H

0.9Vee 0.9V,
CL, _

Q 'z\? . A

' il s ﬁ, &y

l RIIL
CL! [ 1\0.OVQC
0.1V 0.1V

D 0.9V 0.9V¢e
01V¢ 01Vee
"lU tDl
| L
M
_ 0.1Vee
tox

Fig. 3 Sending Data to Driver LSI HD44100H



@ BUS 1 Iming 'Characteristics (Vcc =5.0V £10%, GND =0V, Ta=-20 to 475°C)

Write Operation (Writing data from MPU to HD44780)

Limit

Item Symbol ?est condition — T oax " Unit
Enable Cycle Time . "é‘f._;jg = pig 1 1000| - | ns
Enable Pulse Width | Igig?n PWgy Fig. 1 450 - ' ns
Enable Rise/Fall Time tEr, tEf Fig. 1 - 25| ns

1

Address Set-up Time Eié R/W tas Fig. 1 140 - ns
Address Hold Time tAN Fig. 1 10| - ns
Data Set-up Time tpsw t Fig. 1 195 - ns
Data Hold Time ntH Fig. 1 ‘ 10| - ns
Read Operation-kReading data from HD44780 to MPU)

Item Symbol Test condition n&ﬁ:miiax Unit
Enable Cycle Time tcycE Fig. 2 ICOOH - ns
Enable Pulse Wideh | MLEM' | pugy Fig. 2 450| - | nus
Enable Rise/Fall Time tgr» TEf Fig. 2 - 25| ns
Address Set-up Time ‘Efé R/W tAS Fig. 2 140 - ns
Address Hold Time €A Fig. 2 10| - | ns
Data Delay Time tpDR Fig. 2 - |320| ns
Data Hold Time tDHR Fig. 2 20 - ns




® Interface Signal with HD44100H Timing Characteristics
(Vcc =5.0V £10%, GND =0V, Ta =-20 to +75°C)

Item Symbol Test condition m;:mi;ax Unitéf
Clock Pulse Width Izizir e v N f;y}.W \ 800 | - ns
Clock Pulse Width Izig?" tcwL Fig. 3 800 | - ns
Clock Set-up Time tcsu Fig. 3 500 | - ns
Data Set-up Time tsy Fig. 3 300 | - ns
Data Hold Time tpH Fig. 3 300 - ns
M Delay Time |ty Fig. 3 1000 |1000| ns
® Power Supply Conditions Using Internal Reset Circuit

Item Symbol rTest condition HAifmi;ax Unit
Power Supply Rise Time trcc - 0.1 10| nuos
Power Supply OFF Time tOFF : - 1 - ns

Since the internal reset circuit will not operate normally unless the
preceding conditions are met, initialize by instruction.

(Refer to "Initializing by Instruction")

i 5v

0.2
Vece

: t
O'lmSZtrcc:10ms topp2lms COFF* |

(Note) tgpf stipulates the time of power OFF for power supply
instantaneous dip or when power supply repeats ON and OFF.



N Terminal Function

Tabte 1 Functional Description of Terminals

Signal | No. of | Input/ | Connected .
name lines | Output.| to e Function
RS 1 Input MPU Signal to select registers
*0": Instruction register
(for write)
Busy flag; address counter
(for read)
"1": Data register (for read and
write)

R/W 1 Input MPU Signal to select read (R) and write (W)

"0": Write
"1": Read
E 1 Input MPU Operation start signal for data read/
write
DBy ~ 4 Input/ MPU Higher order 4 lines data bus with
DB Output bidirectional three-state. Used for

7 R N data transfer between the MPU and

the HD44780. DB can be used as a

- | BUSY flag.

DBy ~ 4 Input/ MPU- Lower order 4 lines data bus with
DB3 Output bidirectional three-state. Used for
data transfer between the MPU and the

HD44780. These four are not used

] during 4-bit operation.

CLy 1 Output | HD44100H | Clock to latch serial data D sent to

| the driver LSI HD44100H.

CL2 1 Output | HD44100H | Clock to shift serial data D.

M 1 Output | HD44100H Switch signal to coavert liquid crys-
tal drive waveform to AC.

D 1 Output | HD44100H | Character pattern data corresponding
to each common signal is serially
sent.

"0": Non selection
| "1": Selection

coMy ~ 16 Output | Liquid Common signals that are not used are

coMy ¢ crystal charged to non-selection waveforms.

1 display That is, COMg ~COM)g are in non-
selection waveform at 1/8 duty factor,
and COMj ~COMjg are in non-selection
waveform at 1/11 duty factor.

SEG; ~ 40 Output | Liquid Segment signal

SEC crystal
40 display

Vi ~Vs 5 Power Power supply for liquid crystal

supply display drive

Vees GND 2 Power Vees +5V, GND; OV

supply
0sC,y, 2 Terminals connected to resister or
0sC, ceramic filter. for internal clock
osillation.
For external clock operation, the
clock is input to 0SC,.




W FUNCTION OF EACH BLOCK
(1) Registet

(2)

(3)

The HD44780 has two 8-bit registers, an instruction register (IR) and a
data register (DR).

The IR stores instructiui wodes such as display clear and cursor shift,
. d address information‘forjﬁisplay datia P \UD Rall) and character -
generator RAM (CG RAM). The IR can be written from the MPU but not read
by the MPU.

The DR temporarily stores data to be written into the DD RAM or the CG
RAM and data to be read out from DD RAM or CG RAM. Data written into
the DR from the MRU is automatically written into the DD RAM or the CG
RAM by internal operation. The DR is also used for data storage when
reading data from the DD RAM or the CG RAM. When address information
is written into the IR, data is read into the DR from the DD RAM or
the CG RAM by internal operation. Data transfer te the MPU is then
completed by the MPU reading-DR. After the MPU reads the DR, data

in the DD RAM or CG RAM at the next address is sent to the DR for the
next read from the MPU. Register selector (RS) sigmals make their

selection from these two registers.

Table 2 Register Selection

R/W Operation

0 | IR write as internal operation . (Display clear, etc.)

1 | Read busy flag (DBy) and address counter (DBg ~ DBg)

1 O | DR write as internal operation (DR to D@ or CG RAM)
1 DR read as internal operation (DD or C&RAM to DR)

Busy flag (BF)

When the busy flag is "1", the HD44780 is in the internal operation mode,
and the next instruction will not be accepted. As Tble 2 shows, the
busy flag is output to DB; when RS=0 and R/W=l. Thenext instruction
must be written after ensuring that the busy flag is "0'".

Address counter (AC)

The address counter (AC) assigns addresses tO'DD al§A&¥‘RAMs. When an
instruction for address is written in IR, the address fnformation is

sent from IR to AC. Selection of either DD or CC RM“is also determined

4con;prrencl§~bygghé.instrﬁqaign.u



After writing into (or reading from) DD or CG RAM display data, AC is
automatically incremented by +1 (or decremented by -1). AC contents

are output to DBp ~DBg when RS=0 and R/W=1, as shown in Table 2.

g Rl “
(4) Display data RAM (DD RAM) i

The display data RAM (DD RAM) stores display data represented in 8-bit
character codes. Its capacity is 80x8 bits, or 80 characters. The

display data RAM (DD RAM) that is not used for display can be used as
a general data RAM. Relations between DD RAM addresses and positions

on the liquid crystal display are shown below.

The DD RAM address (App) is set in the Address Counter (AC) and is re-

presented in hexadecimal.

Upper Order Lower Order
+ ->
Bits Bits

AC AC6~AQ§ AC4| AC31AC2| AC1{ACO

— ggfil;al — - Hexadecimal —

(Example) DD RAM address "4E"

1-line Display (N=0)
- Display

(digit) 1 2 3 4 5 79 80 Poor el

1-line 00| 01| 02} 03} 04 AR REE A AL KR KR RR) 4E | 4F < DD RAM
Address

(a) When the display characters are less than 80, the display begins
at the head position. For example, 8 characters using 1 HD44780

are displayed as:

Display

digit 2 3 4 5 6 7 +

(digit) 1 8 Position

1-1line 00|01]02|03|04)j05] 06| 07| « DD RAM
Address

When the display shift operation is performed, the DD RAM address

moves as:



(Left
Shift 0L]02]03j046]|05]|06]|07]08
Display)
(Right
Shift 4F [00 |01 |02 |03]|04|05]06
Display)
(b) - 16-character display ~‘sing an H04478C .1 ... HD44100H is as ~hown
below:
(diglt) 1 2 3 &4 5 6 7 8 9 1011 12 13 14 15 16 «+ Display
Position
1-1line 00(01]02|03}04|05{06 |07 |08 |09 |OA |OB |OC |OD [OE|OF| <+ DD RAM
Address
\—— HD44780 Display——\— HD44100H Display —
When the display shift operation is performed, the DD RAM address
moves as.:
(Left
Shift 0102|0304 |{05(06(07 0809 |0OA|OB|OC|OD|OE |OF|10
Display -
(Right )
Shifte 4F|00/01]02]03{04{05|06{07|{08|09|0A|OB|OC|OD|OE
Display)
(c) The relation between display position and DD RAM address when the
number of display digits is increased through the use of one
HD44780 and two or more HD44100H's can be considered an extension
of (b). '
Since the increase can be 8 digits for each additional HD44100H,
up to 80 digits can be displayed by externally connecting 9
HD44100H's.
(digit)! 2 8 ¢ 5 6 7 8 0 1011121314 1516 17 18 19 20 78 74 75 76 77 78 79 80 . Display
i Positior
1-line 00101 02(0310405{06{07]08} 09{0A{0B|OC D |OE|OF |10]11{12}18| - -~ [48}¢0[sA|sB|eC WD|[4E|4F] + DD RAM
Address
_upasr80 __]\_Hnamoou(l)_l\_*.m“z;?gf(*a) \__HD44100H(9) _J
Diaplay Display Display Display
2-line Display (N=1)
‘ Displal
i 1 2 3 4 39 40 +
‘_(dlgit) > Positicw
l1-1ine 001011 02103]04 | ccccecceecncecnnnnns eee 1 26 | 27 + DP RAM
» Address
2-line 40 141 | 62 |1 43 | 44 ceee e I I I I . 66 | 67




(a) Wwhen the number of display characters is less than 40 x 2 lines,
the 2 lines from the head are displayed. Note that the first line
end address and the second line start address are not consecutive.
For example, when an HD44780 is used, 8 characters X 2 lines are

displayed as:

iy - ; , Display
(digie, 2 3 > 6 7 Position
1-1line 00]01102|03|04|05]06]| 07| +~ DD RAM
' Address

2-1ine 4O | 41 | 42| 43| 44 | 45| 46 | 47

When display shift is performed, the DP RAM address moves as:

(Le ft 01|02]03|04|05|06] 07|08

Shift
Display) | 41| 42 | 43| 44 | 45 | 46 | 47 | 48

(Right | 27|00 |01| 02| 03|04 05|06
Shift |
Display) |67 | 40| 41| 42| 43| 44| 45/ 46

(b) 16 characters x 2 lines are displayed when an HD44780 and an
HD44100H are used.

. . Display
<+
(digit) 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 Position
1-line 00]01]02}03|/04]05106]07108]09}0A] 0B{OC|OD|OE|OF <+ DD RAM
0 Address

2-line 40141|42143|44]45|146|47|48149]|4A] 4BI4C|4DI4LE|4F

\—— HD44780 Display —\— HD44100H Display —/

When display shift is performed, the DD RAM address moves as

follows:

(Left 01]02]03|04}(05|06+07|08}09|0A|0OB|OC|OD|OE|OF|10
shife 1
Display) |41|42|43|44[45|46]47]|48|49|4AL4B|4C|4D|4E|4F|S0

(Right 27100/01]02]03|04]05}06{07|08}t09}0A|0OB|0OC|OD|OE
Shift i
Display) [67|40141|42|43|44}45(46[47]|48|49[4A[4B|4C|4D]4E




(c) The relation between display position and DD RAM address when the
number of display digits is increased by using one HD44780 and two

or more HD44100H's, can be considered an extension of (b).

Since the increase can be 8 digits X 2 lines for each additional
HD44100H, up to 40 digits 2 lines can be displayed by connecting
4 HD44780's externally.

(digit)! 2 3 ¢ 356 78 9 101) 1213 14 15 16 17 18 19 20 38 34 35 36 37 38 30 #0.Display
position

1-1line [00]o1]0z{03|04]05(06|07[08|09}0A(aB|OC[OD[OE|OF[10]11[12]18)~ -~~~ 20}21}22| 23| 24} 25 wlzn—DD RAM

‘ address

2-1ine |+40]¢1]42]43}44]45|46]47|48|40|4A|4B|4C|4D|4E|4F|50|51}52|53|-~~~ 60/ 61|62| 63| 64| 65] 66/ 6

(5)

(6)

-

(Jexade-

| HD44780 [|__HD44100H(1) ||  HD44100H nm)u.loon(a)_]
Display Display (2) (3) Display
Display
Character Generator ROM (CG ROM)
The character generator ROM generates 5 X 7 dot or 5 X 10 dot character
patterns from 8-bit character codes. It can generate 160 types of 5 X
7 dot character patterns and 32 types of 5 x 10 dot character patterns.
Table 3 and 4 show the relation between character codes and character
patterns in the Hitachi standard HD44780A00. User defined character

patterns are also available by mask-programming ROM. For details, see

"“The LCD-II (HD44780) Breadboard User's Manual'.

Character Generator RAM (CG RAM)

The character generator RAM is the RAM with which the user can rewrite
character patterns by program. With 5 x 7 dots, 8 byptes of character
patterns can be written and with 5 x 10 dots 4 types can be written.
Write the character codes in the left columns of Tables 3 and 4 to dis-

play character patterns stored in CG RAM.

Table 5 shows the relation between CG RAM addresses and data and display

patterns.

As Table 5 shows, an area that is not used for display can be used as a

general data RAM.



Table 3 Correspondence between Character Codes and Character Pattern
(Hitachi Standard HD44780A00)

Higher ' '
Lower™$bit 00000010 J0011}0100}0101}0110/0111 }2020}1011{1100}j1101}1110 l‘lll
—tbit <G T i po

RAM !.0.! - l -o.' * :::- esnee |l. [ ) !.u ] ...l
xxxx0000 | “(y) ] ' .,' soe | feke | Joee
k’ : [—weE LoL T lml " -y
(2 | .i L. B sl P = B
xxxx000 ] . i L e | R R .oo* .
- _
H 3 * ] i
o | i fooes [ 5 NI I 1~
xxxx0010 g L TN R H H * o | o% !"‘.
eos_Jq o | eeee b § ) a ‘.oc ()
-l‘l’!- e =n-- i"’l L " A 3
, soegs . see see see
xxxx001 1 W ot ol IS .' i . m: ! - ...'o ! 0 l .i.... :.. o :.:'
[T 3 ass . BOR__ a1l » seg | “ocd
.' e ..4 .. i e 8 .!. pesee [ ] ..‘ oee
s ° Ll ] i)
Xxxx0100 5) sege’ Soese ..l. IlliJ ! . .l' L * * !’..! !: ‘!
[
H 3 sesne wee bl
. - esa ven_ |l @ L seses
xXxxx0101 i6) o..ou . ! E'": i » s l.. ° ! I.::: ! -!
-- @ k_see 2 L, 000 os
i :“o . e weses | of ) : !""-
(1) n: - l-n. ose 3 ode ! ! |-I -“‘ :-
xxxx0110 l“. ] :m- . H e | o | 8 8 lm | IO
i T e § ™ waoe sedon | veeeg et
. o ong -8 ®%°°% | vefoe| o o
— e LA = LA NG S el L )
L § L] g T ¥ Bl
* R ) se_ |o @ . "". ' I T
sen )
xxxx1000 m i.. ) ::::I .'.'= 3 i 3:. -'. .:] o'i‘. 2° -.r .l.l.
Yo [ ; bile | R | -}
Xxxx1001 @ -l - s $ "'! l'!'! T - L l !
M s LYY H see sen . s wee
208
L] = L] :: .!. .:= -: r..... ....i '. .; ..r.
oss KLl (]
xxxx1010 (3) ° : ° := .lls =n:-- .n! I.:::.I.J_!gsg: ._.I.I!.li E !L 3 “——.. ! ‘
e .' = .. .=.‘ o ) :”.
(4) | wades :. o : -o. o esste | & g e o' | "FT"
ooxx1011 : : .'- 3 5!! %e =- n'. 2 L. L83 -h
LA . LJ E”
; . MG
oot 100 | © | 1 | el Rl A I S L A o | X
[} 2 ane ase H (YY) 28 s .
oesss e L] -= "“1 “
Xxxx1101 N bt =i § '.! | i K ) ..l o 1: ceene
AR [ A ssees ! g A 1.1 [ ]
'I. - ..". e .. .'.’ .!“ asses .. [ ] i on
a L] L] !
xxxx1110 | 7 & ol § o | ' "lste l. '
L] L ] i [ ] [ L] [ ] seses =:! e
R S R P PR 1 e e P
xxxx) 111 ® . * je 2 R R " L
a san_] ssesn | pew se ) - )
3

* The user can specify any pattern for character-generator ROM.



Table 4 Relation between CG RAM Addresses and Character Codes (DD RAM)

(a) For 5 x7 dot character patterns

and Character Patterns (CG RAM Data)

Character Codes CG RAM . Character Patterns
(DD RAM Data) v Address - (CG RAM Data) ’
06 85 ¢4 8 2 1 0 5 4 8 210 7 6 5 4 8 2 1 0]
; Higher La:er Hi 2:: Lo::: Hi 2:: Loz:r )
= git:r g‘;t:r" ”'gsts gin — "g{cs . gft i
T A
10 00 k k kiy 3.17¥]0
10 0 1 13jo o o %
=o 1 0 310 0 O0fY] Character
"o 1 1 k1.2 3-3-]o] Pattern
0o 0 of iAo
0 0 0 0 %k 0 0 0 :l 0 0 :1 ojajo o Example (1)
j1 01 110 oFKjo
110 LH 0 0 of1 Cursor
1111 % % %0 00 0 0 + Position
i M
[ I :
10 0 0 * Xk *El_o 0 01
o 0 1 DRURD
:o 1 0 1171 E¥l] Character
f :
10 1 1 - , ‘J o[l 0 o| Pattern
0000 %001 00 l:l ) l]‘;ffLT?T‘ Example (2)
- o io ol1fo o
It 1 0 1o oj3]o o
:1 11 % %k k|0 00 0 0
‘ — T
:o oo X X% Xi
o 0 1 !
/—G\’——‘ _\J//
0000 %111 11 1:1 o o |
' | | * fe
1101 ' No effect
o :
1 11 %k Xk ki
] A
(Note) 1: Character code bits 0 ~ 2 correspond to CG RAM address bits 3 ~ 5

(3 bits: 8 types).

CG RAM address bjits 0 ~ 2 designate character pattern line posi-
tion. The 8th line is the cursor position and display is performe

in logical OR by the cursor.

‘Maintain the 8th line data, corresponding to the cursor display

position, in the '"0" state for cursor display. When the 8th line
data is "1", bit 1 lights up regardless of cursor existence.

Character pattern row positions correspond to CG RAM data bits
0 ~ 4, as shown in the figure (bit 4 being at the left end).
Since CG RAM data bits 5 ~ 7 are not used for display, they can
be used for the general data RAM.

As shown in Table 3 and 4, CG RAM character patterns are selected
when character code bits 4 ~ 7 are all "0". However, since @ r-
acter code bit 3 is a ineffective bit,the "R" display in the
character pattern example, is selected by character code '"00"
(hexadecimal) or "08" (hexadecimal).

"1" for CG RAM data corresponds to selection for display and "O"
for non-selection.



(b) For 5 x10 dot character patterns

Character Codes i ) CG RAM Character Patterns
(DD RAM Data) Address (CG RAM Data)
7.6 5 4 8 2 1 0 5 ¢ 8 2 1 o0 7.6 5 4 8 2 1 0
Higher Lover Higher Lover Higher Lower
gl TEE S A Tl O 1
Eo 0 0 0 k >k %k
o 0 0 1
- 1070 1 0
:o 01 1 Character
:o 1 00 Pattern
0 000 % 00 *t 0 o:o 1 01 Example
101 1 0
'o 1 11
1L 0 00
11 0 01 Cursor
______________ |l e nof o bkokox + Position
o1 * ok klk ok ok ok %
41100 :
:1 1 0 1 |
:1 110 :
(11 11 X ok kik Xk ok >k X
- Eo 0 0 0 b S *E
/’_’_/\————\ 10 0 0 1 ]
//ﬁ,,~///’*~*“‘“\-~_::::;::::::;: ~‘~L’,L»~—f_,///~
S
0 000 %1 1% 1111 00 *"‘“~1~’1ﬁ*_~/~//’—
.............. |l e no]  Pkkoke |
:1 011 % %k *:* X Xk % X
11 1. 00 |
"1 1 01 !
1111 0 , *No Effect
111 X K kik ok kX kK X

(Note) 1:

Character code bits 1, 2 correspond to CG RAM address bits 4, 5
(2 bits: 4 types).

CG RAM address bits 0 ~ 3 designate character pattern line posi-
tion. The 11lth line is the cursor position and display is per-

formed in logical OR with cursor.

Maintain the 1lth line data corresponding to the cursor display
position in the "0" state for cursor display. When the 1llth
line data is "1", bit 1 lights up regardless of cursor existence.
Since the 12th ~ 16th lines are not used for display, they can
be used for the general data RAM.

Character pattern row positions are the same as 5 x 7 dot character
pattern positions.

CG RAM character patterns are selected when character code bits

4 7 are all "0". However, since character code bit 0 and 3 are
ineffective bits, "P" display in the character pattern example

is selected by character code "00", '"01", "08" and "09" (hexa-
decimal).

"1" for CG RAM data corresponds to selection for display and "0"
for non-selection.



(7

(8)

(9

Timing Generation Circuit

The timing generation circuit generates timing signals to operate interna
circuits such as DD RAM, CG ROM and CG RAM. RAM read timing needed

display and internal operation timing by MPU access are separately gen-

—

c.ated so they do not interfere with each other. Eherefore, when writin:
‘ B

e S

data to the DD RAM, for example, there will be no undersirable influence,
such as flickering, in areas other than the display area. This circuit

also generates timing signals to operate the externally connected driver

LSI HD44100H.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of 16 common signal
drivers and 40 segment signal drivers. When character font and number
of lines are selected by a program, tune reyuired common signal drivers
automatically output drive Qaveforms, the other common signal drivers

continue to output non-selection waveforms.

The segment signal driver has essentially the same configuration as the
driver LSI HD44100H. Character pattern data is sent serially through a
40-bit shift register and latched when all needed data has arrived. The

latched data controls the driver for generating drive waveform outputs.

The serial data is sent to the HD44100H, externally connected in cascade,

used for display digit number extension.

Send of serial data always starts at the display data character pattern
corresponding to the last address of the display data RAM (DD RAM).

Since serial data is latched when the display data character pattern,
corresponding to the starting address, enters the internal shift register,
the HD44780 drives the head display. The rest displays, corresponding to
latter addresses, are added with each additional HD44100H.

Cursor/Blink Control Circuit

This is the circuit that generates the cursor or blink. The cursor or
the blink appear in the digit residing at the display data RAM (DD RAM)

address set in the address counter (AC).

When the address counter is (08)1¢, a cursor position is:



AC6 AC5 AC4 AC3 AC2 AC1 ACO

AC ojojojf1j0]0}oO

in a l-line display

Displa&
(digit) 1 2 3 4 5 6 7 8 9 10 11 + Position
00 |01 |02 |03 |04 |05]|06|07]|08]|09]0a 2 + DD RAM
! ! 7 Address
(Hexadecimal)
the cursor position
In a 2-}ine display
Display
(digit) 1 2 3 4 5 6 7 8 9 10 11 + Position
1st ling 00 |01 | 0203|046 ]05]|06|07]|08]09]0A ) + DD RaH
. S— - . Address
20d 1ine |40 |41 |42 | 43|46 |45 |46 |47 (a8 | 49 | 4a \ (Hexadecimal)

7

the cursor position

(Note) The cursor or blink appears when the address counter (ACY) ,
selects the character generator RAM (CG RAM). But the cursor
and blink are meaningless. :

The cursor or blink is displayed in the meaningless position
when AC is the CG RAM address.

N INTERFACEING TO MPU

In the HD44780, data can be sent in either 4-bit 2-operation or 8-bit l-opera-
tion so it can interace to both 4 and 8 bit MPU's.

(1) When interface data is 4-bits long, data is transferred using only 4
buses: DB, ~DBy. DBp ~DB3 are not used. Data transfer between the

HD44780 and the MPU completes when 4-bit data is transferred twice.
Data of the higher order 4 bits (contents of DB4 ~DB7 when interface
data is 8 bits long) is transferred first, then the lower order 4 bits

(content of DBy ~DB3 when interface data is 8 bits long) is transferred.

Check the busy flag after 4-bit data has been transferred twice (one
instruction). A 4-bit 2-operation will then transfer the busy flag and

address counter data.



e, X _1Rs Y ar W Xaen___ X act X DorCOORNE
pB. __- X _1Re X 1Ro X Waco X

| |

Instruction (IR) Busy Falg (BF) and Data Register (DR)
Write Address Counter (AC) Read
Read

Fig. 4 4-bit Data Transfer Example

(2) When-intérface data is 8 bits long, data is transferred using the 8 data
buses of DBg ~DB7.

W RESET FUNCTION

@ Initializing by Internal Reset Circuit

The HD44780 automatically initializes (resets) when power is turned on

using the internal reset circuit. The following instructions are executed
in initialization. The busy flag (BF) is kept in busy state until initi-
alization ends. (BF=1) The busy state is 10 ms after Vgc rises to 4.5V.

(1) Display clear

(2) Function ser ........cccc..... DL=1 : 8 bit long interface data
1-line display
F =0 : 5 X7 dot character font

N =0

(3) Display ON/OFF control ...... D =0

o

Display OFF
Cursor OFF
B =0 : Blink OFF

]
o

(4) Entry mode set .............. I/D=1l: 41 (increment)
S =0 : No shift



(Note) When conditions in "Power Supply Conditions Using Internal Reset
Circuit" are not met, the internal reset circuit with not operate
normally and initialization will not be performed. In this case
inittaltze by MPU according to "Initializing by Instruction".

N INSTRUCTION

® Qutline

Only two HD44780 registers, the Instruction Register (IR) and the Data
Register (DR) can be directly controlled by the MPU. Prior to internal
operation start, control information is temporarily stored in these reg-
isters, to allow interface from HD44780 internal operation to various types
of MPUs which operate in different speeds or to allow interface-fo peri-
pheral control ICs. HD44780 internal operation is determined by signals
sent from the MPU. These signals include register selection signals (RS},
read/write'éignals (R/W) and data bus signals (DBg ~DBy), and are called
instructions, here. Table 5 shows the instructions and their execution

time. Details are explained in subsequent sections.

Instructions are of 4 types, those that,

(1) Designate HD44780 functions such as display format, data length, etc.

(2) Give internal RAM addresses.

(3) Perform data transfer with internal RAM

(4) oOthers

In normal use, category (3) instructions are used most frequently. However,
automatic incrementing by +} (or decrementing by -1) of HD44780 internal
RAM addresses after each data write lessens the MPU program load. The dis-
play shift is especially able to perform concurrently with display data
write, enabling the user to develop systems in minimum time with maiimum
programing efficiency. For an explanation of the shift function in its

relation to display, see Table 7.

When an instruction is executing during internal operation, no instruction
other than the busy flag/address read instruction will be executed.
Because the busy flag is set to "1" while an instruction is being executed,

check to make sure it is on "1" before sending an instruction from the MPU.



(Note) Make sure the HD44780 is not in the busy state (BF=0) before send=
ing the instruction from the MPU to the HD44780. 1If the inst
:lon is sent without checking the busy flag, the time between

first and next instruc¢tions is much longer than the instruction

time. See Table 5 for a list of each instruction execution time.



Table 5 |Instructions
4 T Execd}I;;—:ime .
Code
- Descripti (max)
Instructlon o TR /W DB, [DBg [0Bs [DB, DB | DB [DB; [DBg scripelon (vhen' fcp or
fosc {s 250kHz)
Clear ' Clears entire display and sets
D1 6jojo|o ojojofo DD RAM address O in address 1.64ms
i1splay
! counter.
[ [ Sets DD RAM address O in adress
Return counter. Also returns display
" ojojo|o ojojoj1 being shifted to original 1.64ms
ome
position. DD RAM contents
remain unchanged.
Sets cursor move direction and
Entry specifies shift of display.
ojofofo 0fo pe 40us
Mode Set 1 |u/p These operations are performed Hs.
during data write and read.
Display [Sets ON/OFF of entire display
ON/OFF 0 0 0 0 0 1 D c (D), cursor ON,OFF (C), and l‘OuS
- blink of cursor position
Control
character (B).
Cursor or Moves cursor and shifts display
Display 0jojot;o 1 |S/CIR/L]| * without changing DD RAM 40ys
Shife conteants.
i [ Sets interface data length (DL)
Funct ’
s::c won 6jojofo DL|IN | F | * number of display lines (L) - Woys .
and character font (F).
Sets CGC RAM address. CG RAM
i:;rggsRA“ ojfoj]o]1 ACG data is sent and received 40us
after this setting.
Sets DD RAM address. DD RAM
Set DD RAM
Address ofo |1 ADD data is sent and received after 40us
this setting.
Read Reads Busy flag (BF) indicating
Busy Flag ol 1 |8F AC internal operation is :elng Ous
& Address performed and reads address
counter contents.
Write Data
to CG or 1lo Write Data Writes data into DD RAM or 40us
DD RAM CG RAM.
Read Data
from CCor | 1] 0 Read Data Reads data from DD RAM or 40us
DD RAM CG RAM.
I[/D=1 : Increment DD RAM : Display data RAM Execution time
[/D=0 : Decrement CG RAM : Character generator RAM|changes when
S =1 : Accompanies display shifc. Acc : CG RAM address frequency changes.
S/C=1 : Display shifc App : DD RAM address. 1
S/C=0 : Cursor move Corresponds to cursor ;:z:m:ce)or fosc
R/L=1 : Shift to the right. address. i 270k 2t
R/L=0 : Shifts to the left. AC : Address counter used ’
DL =1 : 8 bits, DL=0 : 4 bics. for both DD and CC RAM | ., x230 _ 3.6
N =1 : 2 lines, N=0 : 1 line address. 270
F =1 : 5x10 dots, F=0 : 5x7 dots
BF =} : Internally operating
BF =0 : Can accept f{nstruction

X NA Cf€fperr..




Description of Details
(1) Clear Display

R$ R/WDBj——— _DBg

Code | 0lo|lo]o]lololo]lo]ol1

" Writes space code "20">(hexadeéimal)(charaﬁter patterﬁ‘fof charactér
code "20" must be blank péttern) into all DD RAM addresses. Sets DD
RAM address 0 in address counter. Returns display to its original
status if it was shifted. In other words, the display disappears and
the cursor or blink go to the left edge of the dispaly (the first
line if 2 lines are displayed). Set I/D=1 (Increment Mode) of Entry

Mode. S of Entry Mode doesn't change.

(2) Return Home

RS R/WDBy — DBy

Code ololo|lo|o|o|lo|of| o] =

* Don't care

Sets the DD RAM address O in address counter. Returns display to its
original status if it was shifted. DD RAM contents do not change.
The cursor or blink go to the leftiedge of the display (the first
line if 2 lines are displayed).

(3) Entry Mode Set

RS R/WDBj— —————DBg

Code olololololo|ol olxn s

1/D: Increments (I/D=1) or decrements (I/D=0) the DD RAM address by 1
when a character code is written into or read from the DD RAM.
The cursor or blink moves to the right when incremented by 1 and
to the left when decremented by 1. The same applies to writing
and reading of CG RAM.

S : Shifts the entire display either to the right or to the left
when S is 1; to the left when I/D=1 and to the right when I/D=0.
Thus it looks as if the cursor stands still and the display moves.
The display does not shift when reading from the DD RAM when
writing into or reading out from the CG RAM does it shift when
S=0.



ECY)

(5

Display ON/OFF Control

RS R/W DBj _  _pBg

Code olofofololol1|D]|c]|s

D : The display is ON when D=1 and OFF when D=0. When off due to
D=0, display data remains in the DD RAM. It can be displayed
immediately by setting D=1.

C : The cursor displays when C=1 and does not display when C=0.
Even if the cursor disappears, the function of 1/D, etc. does
not change during display data write. The cursor is displayed
using 5 dots in the 8th line when the 5 X 7 dot character font
is selected and 5 dots in the 1l1lth line when the 5 x 10 dot

character font is selected.

B : The character indicated by the cursor blinks when B=1l. The
blink is displayed by switching between all blank dots and
display characters at 409.6ms interval when fcp or fosc=250kHz.
The cursor and the blink can be set to display simultaneously.
(The blink frequency changes according to the reciprocal of fcp

250 = 379.2ms when fcp=270kHz.)

270
1

or fosc. 4092.6 x

5

| B

axrxo == = caaaa.
Cursor
5 x7 dot character 5 x10 dot character Alternating display
font font
(a) Cursor Display Example (b) Blink Display Example
Cursor or Display Shift
RS R/W DBy —— DB

Code 0OjJ]o0}|O0}|oO 0 1 |S/C|R/L| * *

* Don't care

Shifts cursor position or display to the right or left without writing
or reading display data. This function is used to correct or search
for the display. In a 2-line display, the cursor moves to the 2nd
line when it passes the 40th digit of the 1lst line. Notice that the
lst and 2nd line displays will shift at the same time. When the dis-
played data is shifted repeatedly each line only moves horizontally.

DI bR

The. 2nd line dicnlav. dnos. mar;ab SRe tor bt



S/C R/L

0 0 Shifts the cursor position to the left.
(AC is decremented by one.)

0 1 Shifts the cursor position to the right.
(AC is incremented by one.)

1 0 Shifts the entire display to the left. The cursor
follows the display shift.

: , ‘
- 1 Shifts the eantire display to the right. The cursor
follows the display shift.

Address counter (AC) contents do not change if the only action per-

formed is shift display.

(6) Function Set

RS R/W DB7 DBy

Code 0 0 0 0 1| DL}{ N F * *

* (Don't care)

DL : Sets interface data length. Data“is sent or received in 8 bit
lengths (DB7 ~DBg) when DL=1 and in 4 bit lengths (DB7 ~DB4)
when DL=0.

When the 4 bit length is selected, data must be sent or received

twice.

N : Sets number of display lines.

F : Sets character font.

(Note) Perform the function at the head of the program before
executing all instructions (except "Busy flag/address
read'"). From this point, the function set instruction
cannot be executed unless the interface data length is

changed.
F [0 vines | ot | 2, —
00 1 5 x7 dots 1/8
01 1 5 x10 dots | 1/11
1 % 2 S x7 dots 1/16 Cannot display 2 lines with
5 x10 dot character font.

* (Don't care)



7

(8)

(9

Set CG RAM Address

RS R/W DBy — DBg
Code 0]O 0 1 AlA|]A|]A]|]A]A
IHigher Lower R

Order Bits Order Bits

Sets the CG RAM address into the address counter in binary AAAAAA.
Data is then written or read from the MPU for the CG RAM.

Set DD RAM Address

RSR/WDBp———— DB

Code 0 0 1 A A A A A A A
Higher Lower -
Order Bits Order Bits

Sets the ‘DD RAM address into the address counter in binary AAAAAAA.

Data is then written or read from the MPU for the DD RAM.
However, when N=0 (1-line display), AAAAAAA is "00" ~"4F" (hexadecimal).

when N=1 (2-line display), AAAAAAA is "00" ~"27" (hexadecimal)
for the first line, and "40" ~"67" (hexadecimal) for the

second line.

Read Busy Flag and Address

RSR/WDBy ———_~DB

Code 0 1l 1 BF | A A A A A A A
JHigher Lower
Order Bits Order Bits

Reads the busy flag (BF) that indicates the system is now internally
operating by a previously received instruction. BF=1 indicates that
internal operation is in progress. The next instruction will not be
accepted until BF is set to "0'". Check the BF status before the

next wire operation.

At the same time, the value of the address counter expressed in binary
AAAAAAA is read out. The address counter is used by both CG and DD
RAM addresses, and its value is determined by the previous instruction.

Address contents are the same as in Items (7) and (8).



(10)

(11)

Write Data to CG or DD RAM

RS R/W DH7 DB

Code 1 0 D D D D D D D D
Higher Lower .

v'rder Bits ' Order Bits

]

Writes binary 8 bit data DDDDDDDD to the CG or the DD RAM.

Whether the CG or DD RAM is to be written into is determined by the
previous specification of CG RAM or DD RAM address setting. After
write, the address is automatically incremented or decremented by 1
according to entry mode. The entry mode also determines display

shifrc.

Read Data from CG or DD RAM

- ¢ \
RS R/W DBy DBg
Code 1/1}|{DpD|D|D|D|D]|DJ|D|D
<Higher - Lower -
Order Bits Order Bits

Reads binary 8 bit data DDDDDDDD from the CG or DD RAM.

The previous designation determines whether the CG or DD RAM is to be

read. Before entering the read instruction, you must execute either

the CG RAM or DD RAM address set instruction. If you don't, the

first read data will be invalidated. When serially executing the

"read" instruction, the next address data is normally read from the

second read. The "address set" irstruction need not be executed just

before the 'read" instruction when shifting the cursor by cursor
shift instruction (when reading out DD RAM). The cursor shift in
struction operation is the same as that of the DD RAM's address set

instruction.

After a read, the entry mode automatically increases or decreases the
address by 1. However, display shift is not executed no matter what

the entry mode is.

(Note) The address counter (AC) is automatically incremented or
decremented by 1 after "write" instructions to either CG R{
or DD RAM. RAM data selected by the AC cannot then be read
out even if "read" instructions Até exécuted. The conditions

for correct data read out are: execute either the address set



‘instriction of EGFEOr Shife fristFuction (only with DD RAM),
just before reading out execute the 'read" instruction from

the second time the 'read" instruction is serial.

N HOW TO USE THE HD44780

® Interface to MPU

(1) Interface to 8-bit MPU
RS

RW / \

EW/\/_L_
\.

Internal Internal Operation |

DB+ Zzzx Data gzzgzg BuswausyW::sym

Instruction
Write

Instruction
.. Write

Busy Flag
Check

Busy Flag
Check

Busy Flag
Check

Fig. 5 Examplte of Busy Flag Check Timing Sequence

@ When connecting to 8-bit MPU through PIA

Fig. 6-2 is an example of using a PIA or I/0 port (for single chip
microcomputer) as an interface device. Input and output of the

device is TTL compatible.

In the example, PBp to PB7 are connected to the data buses DBQ to
DB7 and PAQ to PA2 are connected to E, R/W and RS respectively.

Pay attention to the timing relation between E and other signals

when reading or writing data and using PIA as an interface.

A ess 16

A CS, PA,; RS COoM, ~ +—

Au CS, COM,, Connected

Ay RS, PA AW to Liquid
HD68BoOO Ao RSe PAe HD+4780 CFystal

RW RW SEG,~ A Display

ng ::::{)___ E HDe8Boo SEG,,

’ PBo~TB, s DBo~DB,
DBo~ DB, L Do~D

HD68B0O0: 8 bit CPU

Fig. 6 Example of Interface to HO68B00 Usina PIA. (HD6BR21)



C) Connecting directly to the 8-bit MPU bus line

VMA

HD68 OO

A
—v

e il o

el

(3 Example of interfacing to the HD6805

\\m

Ag~A,

HD68OS T C,f

“Cy

C.

(4 Example of interfacing to the HD6301

Hpeao1  p,,

~ Py

~S BG‘o

COM, 16
E ~COM, ——7"——’
HD4 ¢80
W& *
Row SEG, |—*3 .
""SEG‘o
PBy~DB+
COM Lo
& ~ 1 S
Lop~UDy ~COM ¢ A
HHD44780
E e 40
RS SEG, |—F~—
~SEGQ°
R w
RS COM, 16
RAW ~COM, 7
E .
HD4 4780
DBQ~DB1 40
SEG, }——pHktr

Coﬁnected

3

Connected
to LCD.

Connected
to LCD.



(2) Interface to 4-bit MPU

The HD44780 can be connected to a 4-bit MPU through the 4-bit MPU 1/0
port. If the I/O port has enough bits, data can be transferred in

8-bit lengths, but if the bits are insufficient, the ;ransfer is made
in two operations of 4 blts each” (with designation of interface data
length for 4 bits). 1In the latter case, the timing sequence becomes

somewhat complex. (See Fig. 7)
Fig. 8 shows an example of interface to the HMCS43C.

Note that 2 cycles are needed for the busy flag check as well as the

data transfer. 4-bit operation is selected by program.

RS
RW / | \L
E W_\l—

= ‘ -
Internal [Internal 1 —

Operation

Instruction Busy Flag l Busy Flag (Instruction

Write Check Check Write

(Note) 1IR7, IR3: 1Instruction 7th bit, 3rd bit
AC3 : Address Counter 3rd bit

Fig. 7 An Example of 4-bit Data Transfer Timing Sequence

Dis RS le .
Du RW ngb‘" Connected
HMCS & HDes780 " | to Liquid
43C " Crystal
.0 Display
. SEG, ~ [—*— |
Ryo~Rys ' DB,~DB: SEG,,

HMCS43C: Hitachi 4-bit single-chip microcomputer

Fig. 8 Example of Interface to the HMCS43C



lﬂter?aCé'f0”L1qulO'LTySEG] Ulsplay
(1) Character Font and Number of Lines

The HD44780 can perform 2 types of display, 5 x7 dots and 5 x10 dots

as character font, with a cursor on each.

Up to 2 lines are displayed with 5 x7 dots and 1 line with 5 x10 dots.

Therefore three types of common signals are available:

Number of Number of Duty
Lines Character Font Common Signals | Factor
1 5 X7 dots + Cursor 8 , 1/8
1 5 x10 dots + Cursor 11 1/11
2 5 x7 dots + Cursor 16 1/16

Number of lines and font types can be selected by program.

(See to Table 5 Instruction)

(2) Connection to HD44780 and Liquid Crystal Display

Fig. 9 (1) and (2) show connection examples.

COM; g
iL
CoOM
HD+44780 OMs HA?
SEG e || o ____ Liquid Crystal
Display Panel
(8 characters

SEG‘] x 1 lines)

(a) Example of a 5 X7 dot, 8 character x 1 line Display
(1/4 Bias, 1/8 Duty)

CQM.
COM,,
SEG,
D ]| s, e Liquid Crystal
Display Panel
E (8 characters
SEG.s x 1 line)

(b) Example of a 5 x10 dot, 8 character x 1 line Display
(1/4 Bias, 1/8 Duty)

Fig. 9 (1) Liquid Crystal Display and Connections to HD44780



COM, 3!
: 3
*
COM,
COM,
COM o {
HD+4780
SEG f L[ Liquid Crystal
: 1 Subtaiat b Display Panel
: (8 characters
: ! X 2 lines)
SEG4

(c) Example of 5 X7 dot, 8 character X 2 lines Display
(1/5 Bias, 1/16 Duty)

Fig. 9 (2) Liquid Crystal Display and Connection to HD44780

Sincé 5 signal lines at the SEG can display one digit, one HD44780 can
display up to 8 digits for 1l-line display and 16 digits for 2-line
display.

In Fig. 9 examples (a) and (b), there are unused common signal termi-
nals, non-selection waveforms which always output. When the liquid
crystal display panel has unused extra scanning lines, avoid unde-
sirable influences due to cross-talk in the floating state by con-

necting the extra scanning lines to these common signal terminals.

COM,

COM, &
COM,

HD+4780
SEQ,

SEGqo

5 X7 dot, 8 character X 1 line Display (1/4 Bias, 1/8 Duty)

Fig. 10 Using COMg to Avoid Cross-talk on Unneeded Scanning Line



(3)

L |

HD 44780 :

Connection of Changed Matrix Layout

In the preceding examples, the number of lines was matched to the
number of scanning lines. The following display types are possible

by changing the matrix layout in the liquid crystal display panel

‘ COM,

COM,

SE.GI

SEGo
CoM,

coM,,

(a) 5 x7 dot, 16 character X 1 line Display
(1/5 Bias, 1/16 Duty)

HD+¢4780

.- SEG,

SEGro M HH———————

COM,

CO.M s

SEG,,

SEG.o

(b) S5 x7 dot, 4 character % 2 line Display
(1/4 Bias, 1/8 Duty)

Fig. 11 Changed Matrix Layout Displays

In either case, the only change is the layout. Display characteri-

stics and the number of liquid crystal display characters are depenw

ent on the number of common signals (or duty factor). Note that the

display data RAM (DD RAM) addresses for 8 characters x 2 lines and

16 charagters,§“} line are. the same as shown. in Fie. 9.



) Powevr Supply for Liquid Crystal Display Dri've

Various voltage levels must be applied to HD44780 terminals V] to V5 to
obtain liquid crystal display drive waveforms. The voltages must be
changed according to duty factor. Table 6 shows the relation.

Table o Duty Factor and Power Supply for Liquid Crystal Display Dri:

y_Factoy He Y X

ower 1as] Ve %
Supply T ‘

\£} Vee = % Veen Vee = %X Vieo

Va Vee = ¥ Ve Vee = X Veeo

\{) Vee = X Ve Vee = X Voo

\L Vee = % Vieo Vee = % Vico

Vs Vee = Vien vcc = Vico

Vicp gives the peak values for liquid crystal display drive waveforms.

Resistance di;iding provides each voltage as shown in Fig. 13.

— F Vec(+5V) - Vee (+5V)

| |

Vcce Vce
3R 3R

Vi Vi 1
3R R

V2 ] V.

v, ] 1 |Vieo Vs R Viep
;:R 3R

VA. Vk
$R 2R

Vs ] Vs
A‘i:'VR . A R
-5V -5V

(a) 1/4 Bias (b) 1/5 Bias
(1/8, 1/11 Duty) (k/16 Duty)

Fig. 13 Drive Voltage Supply Example



® Relation between Oscillation Frequency and Liquid Crystal Display Frame
Frequency

. The following examples of liquid crystal display frame frequency apply

only when oscillation frequency is 250kHz. (1 clock = 4us)

400 clock
I 1 i : | 3 l " | ------ | 8 | 1 ] z|

Vee

COM, Vi
Va(Vs)

\

Vs

L
F 1 frame ——————————{

1 frame = 4 (us) x 400 x 8 = 12800 (us) = 12.8 (ms)

1
Frame frequency = IE—E—(mS)

= 7Q 1 (u-,‘)

(2) 1/11 Duty
/r——7400 clock -
r_7—1 2 I 3 l . l ------ ! 11 I 1 I 2 '
v _
caM, éc [ L
Va(Vs)

Ve
Vs

L 1
L—————————— 1 frame ——————————4

1 frame = 4 (us) X 400 x 11 = 17600 (us) = 17.6 (ms)

1
Frame frequency = 17-3—?;;T = 56.8 (Hz)

(3) 1/16 Duty

200 clock
1 | 2 3 | & |------ ) 1
B RN RN e R RN
\f
oM, v,
v!
\ ,
v, |

1 frame — ]

1 frame = 4 (us) x 200 x 16 12800 (us) = 12.8 (ms)

1
Frame frequency = 12.8 (ms) ~ 78.1 (Hz)

]



e Connection with Driver LS} HD44100H

You can increase the number of display digits by externally connecting a

liquid crystal display driver LSI HD44100H to the HD44780.

When connected to the HD44780, the HD44100H is used as segment signal
driver. The HD44100H can be connected to the HD44780 directly since it
supplies CL}, CL2, M and D signals and power for liquid crystal display

drive. Fig. 14 shows a connection example.

Caution: Connection of voltage supply terminals V; through Vg for liquid
crystal display drive is complicated.

Up to 9 units of the HD44}00H can be connected for 1-line display (duty
factor 1/8 or 1/11) and up to 4 units for the 2-line display (duty factor
1/16). RAM size limits the HD44780 to a maximum of 80 character display
digits; The connectioq/method in Fig. 14 remains unchanged for both

1-line and 2-line display or both 5 X7 and 5 x10 dot character fonts.



coM~coM,,[ 16 @® > Dot Matrix Liquid Crystal Display Panel

( COM; ~COMy)

SEG,~SEG,,| 40

40 40
HD+4100H HD 44100 H HD44100H
Y o
D oL, 0 T Yeepg, or,Tt ™ Yeepp oo —doL, i "™~ YuDR,
—{ FCS —|FCs |
] sAL, DL, AR= DL, ] ] DL, ]
—1 SHL, é DR, ¢+— SHL, a DR, — DR,
A SZ Vo nw - Al vz -
0O~ SO LD D o ¥ ORTLLY dssanss
CL| - —— /s
CLs ——_——— ;
M -— e = e
Ve —_————
GND! ————
v, ————
v, ————
V, ————— b

Fig. 14 Example of Connecting HD44100H to HD44780
HD441780




® Instruction and Display Correspondence

(1)

(2)

(3)

8-bit operation, 8-digit X 1-line display (using internal reset)
Table 7 shows an example of 8-bit X l-line display in 8-bit operakion.

The HD44780 functions must be set by Function Set prior to display.

§ige:$ghe»disp1§§?data'RAM'égn store data for 80 cﬁaracters, as ex-

plained before, the RAM can be used for displays like the lightening

board when combined with display shift operation.

Since the display shift operation changes display position onlyband

DD RAM contents remain unchanged, display data entered first can be

output when the return home operation is performed.

4-bit operation, 8-digit X l-line display (using internal reset)

The program must set functions prior to 4-bit operation. Table 8
shows an example. When power is turned on, 8-bit operation is auto-
matically selected and the first write is performed as an 8-bit
operation. Since nothing is connected to DBg ~DB3, a rewrite is then
required. However, since one operation is compieted in two accesses

of 4-bit operation, a rewrite is needed as a function (see Table 8).

Thus, DB4 ~DBy of the function set is written twice.

8-bit operation, 8-digit % 2-}ine display

For 2-line display, the cursor automatically moves from the first to
the second line after the 40th digit of the lst line has been written.
Thus, if there are only 8 characters in the first line, the DD RAM
address must again be set after the 8th character is completed.

(See Table 9) Note that the first and second lines of the display
shift are performed. In the example, the display shift is performed
when the cursor is on the second line. However, if shift operation
is performed when the cursor is on the first line, both the first and
second lines move together. When you repeat the shift, the display
of the second line will not move to the first line, the same display

will only move within each line many times.

(Note) When using the internal reset, the conditions in ''Power
Supply Condition Using Internal Reset Circuit' must be
satisfied. If not, the HD44780 must be initialized by

~instruction. (See "Initializing by I“SCF“QCiQP")



Table 7 8-bit Operation, 8-digit 1-line Disptay Example(Using Internal Reset)

No. Instruction Display Operation

Power supply ON (HD44780 . '

1 | 1s initialized by the i ] Initialized. No display T
internal reset circuit) : a?Pears. i

| Seis to B-bic opcracion a

Function Set and selects l-line display

2 |RS R/WDBy ——— - DBo{ | ] lines and character font.

0 000 1 100 * % (Number of display lines
and character fonts cannot
be changed hereafter.)
Turns on display and cur-

3 | Display ON/OFF Control = ] | sor. Entire display is

10 0 0 0 0 01 1 10 in space mode because of

initialization.
Sezupamode to )increment the
address by one and to

, | Entry Mode Set - ] shift the cursor to the
0 0 00 0 0 0 1 1 O right at the time of write

to the DD/CG RAM.

Display is not shifted.
Write "H". The DD RAM has
already been selected by

5 | Write Data to CG RAM/DD RAM | ] éﬁiiiaiiziﬁiﬁid"gﬁn the
1 0 01 00 10O i

0 The cursor is incremented
by one and shifted to the
right.

Write Data to CG RAM/DD RAM

6 "yt
1001001001 |MHI | | Writes "I7.

7 : :

Write Data to CG RAM/DD RAM

81100100100 1 |LHLTACHL ] urices "I".

9 Entry Mode Set Sets mode for display
00000001 1 1 |[EITAcHT ] |Shift ac the cine of
Write Data to CG RAM/DD RAM y

1019 0010000 0 [ITACHI | | writes "Space".
11 Write Data to CG RAM/DD RAM [TACHT M _| | writes ™",

10 0 100 1101

12




=

Write Data to CG RAM/DD RAM

0 0 06 00 0 O 0 1 0

BT 0 100 1 1 1 1 |[fICROKO ] | writes "o".
Cursor or Display Shift Shifts only the cursor
14 MICROKO 7
0 00 00 1 0.0 * * E o] position to the left.
o | cursor or Display Shift Shifts only the cursor
15 0 y
0O 0 0 0 01 0 0 * =* LM ICROK i] position to the left.
Writes '"C" (correction).
Write Data to CG RAM/DD RAM
16 L 0010000 1 1 [ICROCO | 'fgztdisplay moves to the |
. Shifts the display and
17 Cursor or Display Shift [MICROCO | | cursor position to the
0 06 0 001 1 1 * % = right
18 Cursor or Display Shift [M ICROCO ] Shifts display and cursor
0 0 0 0 01 0 1 * * =) | position to the right.
Write Data to CG RAM/DD RAM-
1 . . e
9 100 1°00 110 1 [ICROCOM_| | Writes '™
120 T .
. Returns both display and
Ret
21 eturn Home (HITACHI | | cursor to the original

position (Address 0).




Table 8 4-bit Operation, 8-digit 1-line Display Example
(Using Internal Reset)

No. Instruction Display Operation

. | Power supply ON (HD44780 e R 4+ !

1| is initialized by the | — ] Ietrieniied,s Neodd

internal reset circuit) appears.
Sets to 4-bit operation.
Function Set In this case, operation is

2 [RS R/W DB7 —— DBy [ ] handled as 8 bits by ini-

0 000 1 O tialization, and only this
instruction completes with
one write.

B Sets 4-bit operation and
selects l-line display and
5x7 dot character font.

Function Set 4-01C up-oation . 7o

3/{0 0 0 0 1 0 ( ] | from this point on and

0 0 0.0 * % resetting is needed.
(Number of display lines
and character fonts cannot
be changed hereafter.)
Display ON/OFF Control Turns on display and cur-
[ _ ] | sor. Entire display is in
410 0 0 0 0 O -
‘ space mode because of ini-
0 01110
tialization.
Sets mode to increment the
address by one and to
Entry Mode Set shift the cursor to the
5/0 00 0 00 = | [ right, at the time of
‘ 0 0 01 10 write, to the DD/CG RAM.
Display is not shifted.
Weite Data to CG RAM/DD RAM Writes "H'.
The cursor is incremented
611 0 0 1 0 O [H | b 4 shi
1 010 0 0 y one and shifts to the

right.

Hereafter, control is the same as 8-bit operation.



' )

Table 9 8 bit Operation, 8-digit x 2 line Display Example
(Using Internal Reset)

12 |

ERE-Su e ——— A

No. Instruction Display Operation
Power supply ON (HD44780 . qs .
1| is intialized by the Initialized. No display
{55 |“inretnal reset circuit). ApPEALS.
+.| Function Set Sets to 8-bit operation
2 [RS R/W DBz DBg and selects 2-line display
0 0 0 01 1 1 0 *= «* and 5%7 dot character font.
Turns on display and cur-
3 Display ON/OFF Control e sor. All display is in
0 000 00 1110 space mode because of
initialization.
- ' Sets mode to increment the
: address by one and to
4 Entry Mode Set = shift the cursor to the
0 0000 0 O0OT1T10 right, at the time of
_ write, to the DD/CG RAM.
Display is not shifted.
Writes "H". The DD RAM has}
| has already been selected
s | Write Data to CG RAM/DD RAM | |F bz initialization :he“
11 001001000 the power is thne on.
The cursor is incremented
by one and shifted to the
right.
6 . .
Write Data to CG RAM/DD RAM . . "o
7 100100 100 1 HITACHI Writes "I".
Sets RAM address so that
8 Set DD RAM Address HITACHI the cursor is positioned
0 0110 0 0 0 0O at the head of the 2nd
line.
Write Data co CG RAM/DD RAM HITACHI
9 Tyt
100100110 1]|[u Writes "M
10 : :
Write Data to CG RAM/DD RAM HITACHI ,
ll (1) l"
100100111 1]|[Microco ||"riees ©
‘ de for displ
Entry Mode Set [HITACHI | Sets Mo or pray

shift at the time of




Writes 'M'". Display is
shifted to the right.

13 Yrige gati tg Cg R?M/?D gAM 2 racht The first and second
1 ICROCOM lines' shift are operated
at the same time.
14 : :
15 Return Home HITACHI Returnstboté:edisiliy ind
0O 0 0 0 00O 0O 01 O MICROCOM cursor to origina

position (Address 0).




® Initializing by Instruction

If the power supply conditions for correctly operating the internal reset

circuit are not met, initialization by instruction is required.

Use the fbllowing procedure for initialization.

(1) When_ioterface is 8 bits long;

B

<f Power ON )

Wait more than 15 ms
after Vcc rises to 4.5V.

RS B¢, 08, [Bs [B; [B: [Bs By [By [Bo
0 0 0 0 1 1 *x *x % x

Wait more than 4.1 ms.

|

IBF cannot be checked before this instructioﬂT1

Function set (Interface is 8 bits long.)

RS B¢, 18: DBy DBy DB« [B; [B: [B: [Bo
0 0 0 0 1 1 *x *x x x

Wait for more than 100us.

RS By, D8, D8y L8, DA, DB, DB, DA, D&,
0 0 0 0 1 1 *x *x *Xx X

RS B¢, 18, D& DB, DB, DB, DE DB\ DBo
0 0 0 1 1@ NF x x

1 0 O

0
0 0 0 0 0 O 0
0 0 0 0 0 0 0 0 o0 1
0 0 0 0 0 O S

o 1 1p
l

Initiatization ends.

|

|

IBF cannot be checked before this instructioﬂTW

Function set (Interface is 8 bits long.)

BF cannot be checked before this instruction.l

Function set (Interface is 8 bits long.)

BF can be checked after the following instruc-
tions. When BF is not checked, the waiting
time between instructions is longer than the

execution instruction time. (See Table 4-1)

Function Set (Interface is 8 bits long.
Specifiy the number of display lines and
character font.)

The number of display lines and character font
cannot be changed afterwards.

Display OFF
Display ON
Entry Mode Set



(2) When interface is 4 bits long;

(j?ower ON )

lWait more than 15 ms l
"»Lifter Ve rises to 4.5V.

Rs%md&m,m.
o 0 0 0 1 1

Wait more than 4.1 ms.

RS B¢, 0B, DBy DBy DBy
0O 0 0 0 1 1

Wait for more than 100us.

RS B¢, D8, DBy DB; DB,
00 0 0 1 1

RS B¢, DB, 8, DB, DB,
0 0 0 1
1

el|lZ o

©olo ©oje o|™m o

*
0
0
0
0
0

© ©o|leo ©o|lo o|e ofe
© ©o|® ©olo oo o
o o|loe o~

»w o|~ ol o|* ofo

—

4"

Initialization ends.

| BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

BF cannot be checked before this instruction.

Function set (Interface is 8 bits length.)

BF can be checked after the following instruc-
tions. When BF is not checked, the waiting
time between instructions is longer than the

execution instruction time. (See Table 4-1)

Function Set (Set interface to be 4 bits long.)
Interface is 8 bits length.

Function Set (Interface is 4 bits long. Specify
the number of display lines and character font.]
The number of display lines and character font
cannot be changed afterwards.

Display OFF

Display ON

Entry Mode Set



HD44101H (DOT MATRIX LIQUID
CRYSTAL DISPLAY CONTROLLER & DRIVER)

The HD44101H is a dot matrix liquid crystal display controller & driver LSI
that displays alphanumerics, kana characters and symbols. 1t drives dot
matrix liquid crystal display under 4-bit or 8-bit microcomputer or micro-
All the functions required for dot matrix liquid crystal

processor control.

display drive are incorporated in one chip. The user can realize the dot

matrix liquid crystal display system of less chip configuration by using the
HD44101H.

The HD44101H is produced in the CMOS process. Therefore, the cbmbination,of
HD44101H with a CMOS microcomputer or microprocessor can accomplish a portable

battery-drive device making the most of its lower power dissipation.

PIN ARRANGEMENT

LY
- .rlid&m
SEGN? SEGIY
SEG21 SEGH
SEGN COMNO
SEGI comi4
SEG1S coM1 3
SEG1? = COMI2
SEG1S coMm11
SEGIS coM10
SEGI4 coM$
SEG13 come
SEG12 ocom?
SEG11 > COMé
SEG10 COMS
SEGH com4
SEGE ooM3
SEG? com2
SEGS comt
SEGS o87
SEG4 o086
SEG3 o8$
SEG2 g;
- SEGH
osC

(Top View)

HFEATURES

5x7 dot matrix liquid crystal display controller & driver
- Interfaceable to 4-bit or 8-bit MPU.
- Display data RAM ... 32x8 bits (32 characters, max.)

Character generator ROM ... 6720 bits; 192 types of 5x7 dot character

. font.



+ Internal liquid crystal display driver circuit
15 common signal drivers
40 segment signal drivers (can be externally extended to 120 segments

by the liquid crystal display driver HD44100H)

Nuty factor (can be selected by a program)
1/7 duty : 1 line of 5x7 dots
1/14 duty: 2 lines of 5x7 dots

- Maximum number of display columms

No. of Dut No. of
display Y | Extension | HD44101H HD4100H display
. factor
lines characters
- Not 8 characters
. 1 pc. —_————— .
provided x 1 line

l1-line 1/7

display | duty Provided lvpé;_Mmigpgs;;;;;ers/pc_) 35 ihi;i§Cers
Not lpe. | ==--- 8 chafacters

2-line | 1/14 provided x 2 lines

display | duty Provided 1 pe. 1 pc. (8characters |16 characters

x 2 lines/pc.) x 2 lines

- Various instruction functions

Clear Display, Return Home, Display ON/O%f, Display Shift
- Internal reset circuit at power ON
- Internal oscillator (with an external resistor)
- Low power dissipation

- Logic power supply: A single +5V (excluding power for liquid crystal
display drive) "

- CMOS process

- 80-pin flat plastic package (FP-80)



DBO~DBES

wer Supply
»r Liquid
'ystal
splay Drive

vccC

GND
OoscC1
oscC2

CS
RS

R/W

oB7?

Vi
V2

V4
A

Address

LI

|
|

|

il

I1/0 Buffer

Circuit

iming Generation

]

= - 5 I—‘ Counter (AC)

22 |8 5
8 e o S :
—— 9 SH4 Y 5 | ]

Eal |53 : " |

@ o0 W O fe Display Data

s8] |54 \ RAM

(DD RAM)
= 32 %8 bits

S
] I
! ()] ! 48

[L ]

& 00

o Q

a 18
l Busy Character

Flag Generator

ROM
(CCROOM)
6720 bits

ﬂL"’

Parallel/Serial Data

3
yi
L4
lJ=
& )
Y e
P |2
(7 ] 1 7] yi
Q L —
UL e M
el |88
I |EZ
= 2.0
-
o
£ e
3] 00
: 40 3
A (NS
Lt '
& o (=1 ]
23 L8
P . &2
r 40 O Y
< O =]
'
40-bit Shift

Conversion Circuit

(Parallel Data-Serial Data) ]

Register

LS00
rr
) ==

COMND

COMI~14

SEG1~40

(HOTHALNT. HLN L HHAL) QM TA, NAN1AW.



M ELECTRICAL CHARACTERIS

@ Absolute Maximum Ratin

TICS

gs

v I

Item Symbol Limit Unit | Note
Power supply ;o1tage (| Ve -0.3 to +7.0° \
Power supply voltage (2)| V1 to V5| Vcc-13.5 to Vec+0.3 v 3
Input voltage VF -0.3 to Vcct0.3 '
Operating temperature Topr -20 to +75 °C
Storage temperature Tstg -55 to +125 °C

™ Note 1l: If LSI's are used above absolute maximum ratings, they may be
: permanently destroyed. Using them within electrical character-
istic limits is strongly recommended for normal operation. Use.
beyond ‘these conditions will cause malfunction and poor relia-
bility. o
Note 2: All voltage values are referenced to GND=0V.
Note 3: Applies to V1 to V5. Must maintain Vgc2V12V22V32V42V5.
(high <« — low)
®Electrical Characteristics
(Vce=5V+10Z, V5=0n-5V, Ta=-20 to +75°C)
Test Limit .
Ttem Symbol condition Min. |Type| Max. UnitNote
Input "high" voltage (1) Viu(1) 2.0 - | vee ' (2)3
i
Input "low" voltage (1) Vir(1i) 0 - |0.8 | vV (2) |
Output "high" voltage (TTL){ Vou -Iog=0.205mA 2.4 - - v (3)
Output "low" voltage (TTL)| VoL IoL=1l.6mA - - | 0.4 v | (3)
Output "high' voltage (CMOS)| VoHC  |-Ioyu=0.1mA Vee-0.4) - - \Y (4)
Output "low" voltage (cMoS) | VoLc 101,=0.1mA - - | 0.4 vV | (4)
Driver voltage descending(COM)| V41 1d=0.1mA - - |1.0 v
Driver voltage descending(SEG)| V42 I4=0.01mA - - 10.2 v
P e
Input leakage current I1L Vin=0 to Vc¢ -1 - 1 pA | (5)
Pull up MOS current Ip Ta=25°C HA




s LI

hvee Lildt

Noté

Test {unit
Item Symbol condition Min. |Type|Max.
Power supply current Re oscillation,|
Ioc |External clock | 9.2 fo.5 | mA | (6)
operation
fosc=fcp=78kHz
External clock operation
b’ e > - — — — —— —— —— ——— Gm— G— — —— a— o e — —  C— — — — — — O— p—————._—-r_-.._~r———-—--——-—-<
External clock frequency pr 40 78 |150 |kHz @)
External clock duty Duty 45 50 | 55| % (7)
External clock rise time trcp - - 10.2 | us (7)
External clock fall time tfcp - - 10.2 us (7)
Input "high" voltage (2) ViH2 Vce-1.01 - |Vee \' (8)
Input "low" voltage (2) VIL2 0 - 1.0 \Y (8)
Internal clock operation (Rf oscillation)
—————————————— —— — T T r T T T
Clock oscillation frequency fosc |RE=560kQt2% 50 75 100 |kHz 9)

Note 1:

The following are 1/0 terminal configurations except for liquid

crystal display output.

* Input Terminal

Applicable terminals:
(No pull up MOS)

VCC
(-{%'] PMOS

- Output Terminal

Applicable terminals:

E

Applicable terminals:

DBO to DB6

(With pull up MOS)

RS, R/W, CS,

. Vcc Vcc
H? PMOS r”%] PMOS

O

CLl, CL2, M, D

—

cc

" PMOS

NMOS

__1

(Pull up MOS) ]_{é NMOS



* I/0 Terminals

Applicable terminals: DB7

(Pull up

v
MOS) ce

\")
ce (Input Circuit)

N

Vee ' sdaole

ice 2:

Note 3:
Note 4:

Note 5:

Note 6:

Note 7

oo

0.7Vece
0.5Vce
0.3Vce

NMOS r“_‘“**(:]:::::::;——‘Data

(Output Circuit)
(Three-state)

Input terminals aud I/0 tcrminals

Excludes 0SCl terminals.

1/0 terminals
Output terminals

Current flowing through pull-up MOS's and output drive MOS's is

excluded. ‘ , . - o

Input/output current is excluded. When input is at the inter-
mediate level with CMOS, excessive current flows through the
input circuit to the power supply. To avoid this, input level

must be fixed at high or low.

External clock operation.

Oscillator OoSsct

0SsC2

Open

=_Th
Duty = 37—, * 100 %
—

‘trcp 7 tfco



Note 8: Applied to OSCl terminal.

Note 9: Internal oscillator operation using oscillation resistor Rf.

osci
Rt E%
0sC2 Rf: 560kQt2%

Since oscillation frequency varies depending on 0SC; and OSC2

terminal capacity, wiring length for these terminals should be

minimized.

®Timing Characteristics

Write Operation

RS Vin
ViL
i
mw /,
A Vin
PWaa Lan
tae
E }(\’lm Vllﬂ)'\ /
A Vin Viu |} Z Vi
ter 1 | tosw ‘ ts |

DBe~ DB, “I’l':">k Valid Data "‘;'I':

Fig. 1 Bus Write Operation Sequence
(Writing Data from MPU to HD44101H)



Read Operatjion

RS )KLVW- Vi
—\Vllc‘ vll-l
tae tan
. . 4 e i
w . 7 Vun ’ vl“l
pw'- I ‘A"
S 1
Cy
E ] 141 _l/xm
Vi 7 Viu | X bse Vi,
tge—] [ toon ' toun
' Vou N valid D Vou
DB7 Vou a ata Vor
tc!ol

Fig. 2 Bus Read Operation Sequence

(Reading out Data from HD44101H to MPU)

Interface Signal with Driver LSI HD44100H

0.9Vee 0.9Vce
CL, /

CL2 0.9 Ve
0.1V¢e

tcau
D X

Fig. 3 Sending Data to Driver LSI HD44100H



®Bus Timing Characteristics

(Vee=5.0V£10Z, GND=OV, Ta=-20 to +75°C)

Write Operation (Writing data from MPU to HD44101H)

: ’ Limit
Item Symbol | Test conditions Min. | Max. Unit
Enable cycle time TcycE Fig. 1 1000 - ns
Enable pulse width 12352" PWER Fig. 1 450 | - | ns
Enable rise/fall time | tEr, tEf | Fig. 1 -] 25 | mns
Address set-up time__fié R/W tas Fig. 1 140 - ns
Address hold time tAH Fig. 1 10 - ns
Data set-up time tpsw Fig. 1 195 - ns
Data hold time tH ’ Fig. 1 10 - ns
Read Operation (Reading data from HD44101H to MPU)
Limit
Item Symbol | Test conditions Min. | Max. Unit
Enable cycle time teycE Fig. 2 1000 - ns
Enable pulse width ;235?" PWEy Fig. 2 450 - ns
Enable rise/fall time tEr, tEf Fig. 2 -1 25 ns
Address set-up time__isé R/W tas Fig. 2 140 - ns
Address hold time tAH | Fig. 2 10 - ns
Data delay time tDDR Fig. 2 -] 320 | ns
Data hold time tDHR Fig. 2 20 - ns




® Interface Signal with HD44100H Timing Characteristics

#. (Vgc=5.0V+10Z, GND=0V, Ta=-20 to +75°C)

_ : Limit
Item Symbol Test conditions Unit
" : . Min. | Max. :
"High"
Clock pulse width level town Fig. 3 800 | - ns
"High" A
Clock pulse width level tcwL Fig. 3 800} - ns
Clock set-up time tesu Fig. 3 500 | - ns
Data set-up time tsu Fig. 3 300 - ns
/Pata hold time tDH Fig. 3 300 | - ns
M delay time tpM Fig. 3 ~1000 | 1000 | ns
® Power Supply Conditions Using Internal Reset Circuit
: - 1 ‘ Limit - .
Item Symbo Test conditions win. | Max. Unit
Power suﬁply rise time trce - 0.1 10 ‘ms
Power supply OFF time tOFF - 1 - ms

Since the internal reset circuit will not operate normally

ing‘conditions are met, initialize by instruction.

o2V

0.lms S tycc = 10ms

(Note)

tece

a.ov

unless the preced-

torr 2 1ms

dip or when power supply repeats ON and OFF.

torr Stipulates the time of power OFF for power supply instantaneous



ETERMINAL FUNCTION

Table 1 Functional Description of Terminals
Signal Number'Input/ Connected
of Function
name lines |Output |to
RS 1 |Input |[MPU Signal to select registers
" ""0": Instruction register (for write)
Busy flag (for read) ‘
"1": Data register (for read and write)
R/W 1 |[Enput |MPU Signal to select read (R) and write (W)
"0": Write
"1": Read
E 1 |Input | MPU Operation start signal for data read/write
DB4 4 |Input, | MPU Higher order 4 lines data bus.
~DB7 1/0 Used for data transfer between the MPU and
only the HD44101H.
DB7 DB7 can be used as.a BUSY flag.
DBO 4 |Input | MPU Lower order 4 lines data bus.
~DB3 Used for data transfer from the MPU to the
HD44101H. These four are not used during
4-bit operation.
CL) 1 |Output | HD44100H | Clock to latch serial data D sent to the
driver LSI HD44100H. .
CL2 1 |[Output | HD44100H | Clock to shift serial data D.
M 1 |Output [ HD44100H | Switch signal to convert liquid crystal
drive waveform to AC.
D 1 {Output | HD44100H | Character pattern data corresponding to
each common signal is serially sent.
"0": Non selection
"1'": Selection
COM1 14 |Output | Liquid Common signals that are not used are
~“COM14 crystal changed to non-selection waveforms. That
display is, COM8\COM1l4 are in non-selection wave-
form at 1/7 duty factor.
SEG1 40 [Output | Liquid Segment signal
SEG40 crystal
display |
V1vvs 5 Power Power supply for liquid crystal display
supply drive
Vees 2 Power Vce: +5V, GND: OV
GND supply
0SC1, 2 Terminals connected to resistor for inter-
0SC» nal clock oscillation. For external clock
operation, the clock is input to O0SCj].
COMND 1 |Output | Liquid Non-selected common signal.
crystal It is applied to unused common terminals
» display of LCD, if necessary.




Signal Number Input/ | Connected

B Y R N e
——

of Function

name |]jines {output | to
CS 1 Input MPU Chip select signal
"0": Disable
"1": Enable *

MFUNCTION OF EACH BLOCK

(1)

(2)

Register

The HD44101H has two 8-bit registers, an instruction register (IR) and

a data register (DR).

The IR stores instruction codes such as display clear and display ON/OFF,
and address information for display data RAM (DD RAM). The IR can be

- written from the MPU, but can not be read.

The DR temporarily stores data to be written into the DD RAM. Data
written into the DR from the MPU is automatically written into the DD

RAM by internél operation. The DR can be also written from the MPU, but

can not be read. Register selector (RS) signals make their selection
from these two registers.

Table 2 Register Selection

RS R/W Operation
0 IR write as internal operation (Display clear, etc.)
Read busy flag (DB7)
0 DR write as internal operation (DR to DD RAM)

Busy flag (BF)

When the busy flag is '"'1", the HD44101H is in the internal operation
mode, and the next instruction will not be accepted. As Table 2 shows,
the busy flag is output to DB7, when RS=0 and R/W=l. The next instruc-

tion must be written after ensuring that the busy flag is '"0".

Address counter (AC)

Q The address counter (AC) assigns addresses to DD RAM. When an instruc-

tion for address is written in IR, the address information is sent from

IR to AC.



(4)

After writing into DD RAM display data, AC is automatically increased
by +1.

Display data RAM (DD RAM)

The display data RAM (DD RAM) stores display data represented in 8-bit

character codes. 1Its capacity is 32x8 bits, or 32 characters.

Relations between DD RAM addresses and positions on the liquid crystal

display are shown below.

The DD RAM address (App) is set in the Address Counter (AC) and is

represented in hexadecimal.

Upper order Lower order

“bits bits

AC

AC4 | AC3| AC2| AC1l| ACO

\

J \ /

Hexadecimal

(Example) DD RAM address "1lE"

1/ \ E /

1-line display (N=0)

- Display
(digit) 1 2 3 &4 5 31 32 <_-position
l1-line |00 |01 |02 |03 |04 | ....... . .. | 1E |1F T~ DD RAM address
(a) When the display characters are less than 32, the display begins at

(Left shift
display)

(Right shift
diaenlawv).

the head position. For example, 8 characters using 1 HD44101H are

displayed as:

(digit) 1 2 3 4 S 6 7 8 <—Display position

1-1ine [00 |01 | 02| 03| 04 [05 | 06 |07 |«— DD RAM address

When the display shift operation is performed, the DD RAM address

moves as:

01 ]102103]04|05]|06|07 |08

1F {00 ] 01 02]03|04]05]06j



(b)

(Left shift
display)

(Right shift
display)

)

¥
.

(digit)1 234567 89101 RBUISHYIBOD  5XUBVDAX" L0

l6-character display using an HD44101H and an HD&&IOOH.is as shown

below:
Display
2 -—
(digit) 1 3 4 5 6 7 8 9 1011 12 13 14 15 16 position
<« DD RAM
1-1line | 00/01]02|03}04]05/06|07|08|09|/0A|0B|OC|OD|OE |OF
| address

\———HD44101H display «—/\u—-HDéélOOH display.__/

When the display shift operation is performed, the DD RAM address

moves as:

0110203]04{05/06{07]08|09|0A| OB|OC{OD|OE{OF|10

1F|00|01]02|03{04{05]06|{07{08{09}0A| OB |0C}|OD|OE

 The relation between display position and DD RAM address when the

number of display digits is increased through the use of one
HD44101H and two or more HD44100H's can be considered an extension

of (b).
‘Since the increase can be 8 digits for each additional HD44100H,

ﬁb to 32 digits can bevdisplayed by externally connecting 3
HD44100H's.

<—Display

<«DD RAM

1-line HOIOZO)IOQOSl%lO?OBWIO (BOCOD!OEOF].O]J.]Z 13} . {18191IAIIBIICIIDAENF | _ 4 4ress

\_ mp4s780 _ /\ mp4sloon(1) /\ mpaslon /\ mpastoon(zy [ SHexa-

display display (2) display
: “display

. 2-line display (N=1)

Display

(digit) 1 2 3 4 5 S 15 16 =— o sition

1-1ine] OO | 01 |02 | O3 | 04 ]| vuvreeeeeeennnncnoans OE | OF 4— DD RAM address

2-1ine| 10 |11 |12 |13 [ 14 | civriirinnnnnncnnnns 1E | 1F

(a)

When the number of display characters is less than 16%2 lines, the
2 lines from the head are displayed. Note that the first line end
address and the second line start address are not consecutive.

For example, when an HD44101H is used, 8 charactersx2 lines are

displayed as:



(5)

(digit) 1 2 3 4 5 6 7 8 —Display position

1-14ne | 00 | 01 | 02 |03 | 04 |05 | 06 | 07 |=-DD RAM address

2-1ine | 10 { 11| 12 |13 ] 14 | 15|16 |17

_Wheu display shift is performed, the DD RAM add-ess moves as:

(Left shife | 01 [02] 03 (04| 0506 |07 |08

display) |14 (19113 |14|15 |16 17 |18

(Right shife| OF [00] 01 [02] 03 |04 ] 05|06

display)

1F {1011 12| 13 | 14| 15|16

(b) 16 characters x2 lines are displayed when an HD44101H and an

HD44100H are used:

- - -+—bisplay
(digit) 1 2 3’ 4 5 6 7 8 9 1011 12 13 14 15 16 position

1-tine | 00010203104 |05 |06 |07 08|09 |0a |0B |0C 0D 0E {OF ~ DD RaM_

2-line | 10}11§12}13{14}15(16417{18{19|1A|1B|1C [1D |1E|1F

N \___.H044101H display-——/\——-HD44L0H diSPIay.___/

When display shift is performed, the DD RAM address moves as

follows:

(Left shift 01102703|04{05]06}07|08{09]|0A|0OB |OC|OD |OE |OF |00

display)

11{12{13714|15/16 [17{18|19|1A|1B|1C|1D [1E |1F |10

(Right shift OF|00}01{02{03f04(05|06]07|08 09‘0A OB |OC |OD |{OE

display)

1F{10411{12|1371415{16}17(18]19{1A|1B |1C|1D|1E

Character generator ROM (CG ROM)

The character generator ROM generates 5x7 dot character patterns from
8-bit character codes. It can generate 192 types of 5x7 dot character
patterns. Table 3 shows the relation between character codes and
character patterns in the Hitachi standard HD44101A00H. User defined

character patterns are also available by mask-programming ROM.



Table 3 Correspondence betﬁeen Character Codes and Character Patterns
(Hitachi Standard HD44101ANCH)
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(6) Timing generation circuit

The timing generation circuit generates timing signals to operate
internal circuits such as DD RAM, CG ROM. RAM read timing needed for
display and internal operation timing by MPU access are separately
generated so they do not interfere with each other. Therefore, when
writing data to the DD RAM, for example, there will be no undesirable

influence, such as flickering, in areas other than the display area.

This circuit also generates timing signals to operate the externally

connected driver LSI HD44100H.

(7) Liquid crystal display driver circuit

The liquid crystal display driver circuit consists of 14 common signal
drivers and 40 segment signal drivers. When character font and number
of lines are selected by a program, the required common signal drivers
automatically output drive waveforms, the other common signal drivers

continue to output non-selection waveforms.

The segment signal driver has essentially the same configuration as the
driver LSI HD44100H. Character pattern data is sent serially through a
40-bit shift register and latched when all needed data has arrived. The

latched data controls the driver for generating drive waveform outputs.

The serial data is sent to the HD44100H, externally connected in caécade,

used for display digit number extension.

Send of serial data always starts at the display data character pattern
corresponding to the last address of the display data RAM (DD RAM).
Since serial data is latched when the display data character pattern,
corresponding to the starting address, enters the internal shift regis-
ter, the HD44101H drives the head display. The rest displays, corres-
ponding to latter addresses, are added with each additional HD44100H.

COMND always outputs non-selected common waveform. This signal can be
applied to unused common lines in the LCD panel, if necessary, and all

the picture element on this common are not‘visible (see Fig. 10).



MRESET FUNCTION

The HD44101H automatically initializes (resets) when power is turned on using
the internal reset circuit. The following instructions are executed in

initialization. The busy flag (BF) is kept in busy state until initializa-

Py

tion ends. The busy stats is 15 ms after Vgg rises to 4.0V.

(l)~‘Disp}ay clear
(2) Function set ......cccc.0... DL=0: 4 bit long interface data
N=0 1-1ine display

oo

(3) Display ON/OFF control ..... D=0 Display OFF

(Note) When conditions in "Power Supply Conditions Using Internal Reset

Circuit”are not met, the internal reset circuit will not operate

normally and initialization will not SQTpefEBrmed.

RINSTRUCTION ~

-@®Qutline

Only two HD44101H registers, the Instruction Register (IR) and the Data Regis-
ter (DR) can be directly controlled by the MPU. Prior to internal operation
start, control information is Cemporarily stored in chese registers, to allow
interface from HD44101H internal operation ‘to various types of MPUs which
operate in different speeds or to allow interface to peripheral control ICs.
HD44101H internal operation is determined by signals sent from the MPU.

These signals include register selection signals (RS), read/write signals

(R/W) and data bus signals (DBO~DB7), and are called instructions, here.

Table 4 shows the instructions. Details are explained in subsequent

sections. Instructions are of 4 types, those that,

(1) Designate HD44101H functions such as display format, data length, etc.
(2) Give internal RAM addresses.

(3) Perform data transfer to internal RAM.

(4) Others

In normal use, category (3) instructions are used most frequently. However,
automatic increasing by +1 of HD44101H internal RAM addresses after each
data write lessens the MPU program load. The display shift is especially
able to perform concurrently with display data write, enabling the user to

deve10p systems in minimum time wich maximum programming efficiency.



For an explanation of the shift function in its relation to display, see

Table 6.

When an instruction is executing during internal operation, no instruction

other than the busy flag read instruction will be executed. Because the busy

_,flag is set to "1" while an instruction is being executed, check to make sure

it is on "0" before sending an instruction from the MPU.

Table 4 Instructions

Code
Instruction Description
RS|R/W[DB7 |DB6 |DB5 {DB4 |DB3 {DB2 |[DB1 {DBO
Clear ' l Clears entire display and
di o1 0f(o0}O0 0 |0O]O0O}O |01 |sets DD RAM address 0 in
isplay
address counter.
Sets DD RAM address 0 in
address counter. Also
Return - returns display being
*
home 0- 000101010301 shifted to original posi-
tion. DD RAM contents
remain unchanged.
Display Sets ON/OFF of entire
ON/OFF 0jJ]o0O|JO0O}|O0|O0|O0O]1}D]|* | * |display (D).
control
Display 4 %« | » |Shifts display without
shift 0f0jo0f0 0 1)1 R/L changing DD RAM contents.
Function Sets interface data
set ol oj]Joj|o 1 [DL{ N | * | * | * |length (DL), number of
display lines (L).
Sets DD RAM address.
i;;rzgsRAM ojojJ1|01{|0O (App)B - DD RAM data is received
after this setting.
Reads busy flag (BF) in-
Read busy 0 1 | Br| * * * * * % * dicating internal opera-
flag tion is being performed.
Write data
to 1] 0 (Write data)yg Writes data into DD RAM.
DD RAM
D=1: Display on DD RAM: Display data RAM
D=0: Display off App: DD RAM address
R/L=1: Shift to the right AC : 2::rggsR:;u:§§:e:zed
R/L=0: Shift to the left
DL=1: 8 bits, DL=0: 4 bits
N=1: 2 lines, N=0: 1 line
BF=1: Internally operating
BF=0: Can accept instruction

* WA ~nffrnnsx NP




®Description of Details

(1) Clear display

(2)

3

(&)

RS R/WDB? — ——— __—DBO

Code | 0 O |O |O [O O} O |0 |O |1

Writes space code '20" (hexadecimal) (character péttefn:forﬁcharécter
code "20" must be blank pattern) into all DD RAM addresses. Sets DD RAM
address 0 in address counter. Returns display to its original status 1if |

it was shifted. 1In other words, the display disappears.

Return home

RS RWDB?7 — ———___—~DBO
Code | 0 | O 01]0 0 0]01}O0 1 * * Don't care.

Sets the DD RAM address 0 in-address counter. Returns display to its
original status if it was shifted. DD RAM contents do not change.

Display ON/OFF control

RS R/WDB] —————_~ DBO
Code | 0 /O |O |O |O O] 1 |D |* |x*

D: The display is ON when D=1 and OFF when D-0. When off due to D=0,
display data remains in the DD RAM. It can be displayed immediately
by setting D=1.

Display shift

RS R/WDB7 —  ————— ___—DBO

Code | 0| 0O O JO O |1] 1 R/LI* | * * Don't care.

Shifts display to the right or left without writing display data.

This function is used to correct or search for the display.

Notice that the 1lst and 2nd line displays will shift at the same time.
When the displayed data is shifted repeatedly each line only moves
horizontally. The 2nd line display does not shift into the lst line
position.

R/L=0: Shifts the entire display to the left.

P

S e e e



Address counter (AC) contents do not change if the only action performed
is shift display.

(5) Function set

RS RWDB?7 ———______—~ DBO

Code |0 ] 0|0 |0 |1 [DL|'N|* |*|* * Don't care.

DL: Sets interface data length. Data is sent or received in 8 bit
lengths- (DB7PB0) when DL=1 and in 4 bit lengths (DB7PB4) when
DL=0. When the 4 bit length is selected, data must be sent or

recetved twice.

N : Sets number of display lines.
No. of "
N  display lines Character font |Duty factor
0] -1 5x7 dots 1/7
2 5%x7 dots 1/14

(Note) Perform the function at the head of the program before
executing all instructions (except "Busy flag/address
read"). From this point, the function set instruction
cannot be executed unless the interface data length is
changed. o o

(6) Set DD RAM address

RS R/WDB7 ————— . DBO

Code 0 0 1 0 0 A A A A A

Higher order Lower order
bits bits

Set the DD RAM address into the address counter in binary AAAAA.

Data is then written from the MPU for the DD RAM.

However, when N=0 (l-line display), AAAAA is "00" ~"1F" (hexadecimal)
When N=1 (2-line display), AAAAA 1is "00" V"OF" (hexadecimal)
for the first line, and "10" V"1F" (hexadecimal) for the

second line.



(7) Read busy flag

RS R/WDB? —————_ __ DBO

Code | O | 1 |BF|* | % | % [ % [ % | %] «

Reads the busy flag (BF) that indicates the system is now internally

ety S

operating by a previously receive = fmsv=scifan. 30500 a0

internal operation is in progress. The next instruction will not be
accepted until BF is set to "0". Check the BF status before the next

write operation. -

(8) Write data to DD RAM

RS R/W DB7 — ~___ DBO

Code | 1 0 D|D]|D D | D D|D D

- Higher order Lower ordqg.
bits bits

--

Writes binary 8 bit data DDDDDDDD to the DD RAM.

Where the DD RAM is to be written into is determined by the previous
specification of DD RAM address setting. After write, the address is
automatically increased by 1.

5

* Instruction cycle time = — or —
focs = fcp

RHOW TO USE THE HD44101H

®Interface to MPU

(1) Interface to 8-bit MPU

RS

RAW / L

EW—
Internal I l ]
Internal Operation

067 70 axa YO uer OO ouer DA 2o TN s YT, -

Busy Flag
Check

Instruction
Wrice

Busy Flag
Check

Busy Flag
Check

Instruction
Write




(:L Direct interface to HD6800

The HD4410IH can interface directly to the 8-bit MPU HD6800, having
the capability of driving one ordinary TTL through the TTL compati-
ble iﬁférface. ‘The interface timing is matched with the HD6800.
yogﬁﬁgr,%ghawﬂpkggglﬂ's‘ihternal operation is slow,. an access must
be made while checking the busy signal. Fig. 5 shows an example of
circuit. In the example, the HD44100H is selected with Al4=1, AlS=
0 and the timing width is obtafned by VMA and ¢2.

HD 6800 HD 44101 H M

A0 RS COMp—~+—
Al cs

RAW RAW COMNDF— 5 Lco

- 40
a1sE—>o0—] SEG j—r—
. .
M € -
$2
8
0B0~7 / 0B0~7

Fig. 5 Example of Interface to HD6800

(® When connecting to 8-bit MPU through PIA

Fig. 6 is an example of using a PIA or I/0 port (for single chip
microcomputer) as an interface device. Input and output of the
device is TTL compatible.

In the example, PBO to PB7 are connected to the data buses DBO to
DB7 and PAO to PA3 are connected to E, R/W, RS and CS respectively.
Pay attention to the timing relation between E and other signals

when reading or writing data and using PIA as an interface.



HD68BOO

—

£

DBe¢~DBy

L4

D0~D7

PA,
PA.

PA, }

.

HD68B21
PBo~PB1

RW

HD68B00: 8 bit CPU

7~ DBo~DB,y

# . ;
e p LR R )
wh o HDASTE

COMND }—
14

COM, ~ Connected
COM,, . N

to liquid
Gog . fcrystal
SEG,~ _"’_‘;...J -
SEG,,

Fig. 6 Example of Interface to HD68B00 Using PIA (HD68B21)

() Connecting directly to che 8-bit MPU bus line

VNA

J

HD6800

QNN

C) Example of interfacing to the HDGéOS

o

HD6805

Ao ~Aq "

COMND—
COM, 14 )
-1 E ~COM,, F—*—
o Ccs
RS HD44101H
" W SEG, | %% .
~SEG,,
DB,~DB+«
COMND }b—
14
DB,~DB, 333‘&.. S
g HD44101H .
RS sEG, |—32 .
~SEGqo
R w
CS

Connect to
LCD

Connect to
LCD




() Example of interfacing to th= HD6301

Py RS ggm‘o 14 )

Pas RAW ~COM, [

Pae - E

o Pay — : 2 CS HD44101H Conucet *o
| Hp630r  BFHeH L1 o7 .- LCD
e P % DB,~DB; ‘0

SEG. +
~SEG.° J

(2 Interface to 4-bit MPU

The HD44101H can be connected to a 4-bit MPU through the 4-bit MPU 170
port. If the I/0 port has enough bits, data can be transferred in 8-bit
lengths, but if the bits are insufficient, the transfer is made in two
operations of 4 bits each (with designation of interface data length for

4 bitsy. In the latter case, the timing sequence becomes somewhat com-
ptex (see Fig. 7).

Fig. 8 shows an example of interface to the HMCS43C.

Note that 2 cycles are needed for the busy flag check as well as the

data transfer. 4-bit operation is selected by program.

RS

AW / \
|

Internal | Internal l l

Operation No No
0B 7 77////X IR\ IR3 X7/ Busy \BusYX////ABusy [BusyX///X 01 X 03 X/ /1,7
Instruction Busy Flag Busy Flag Instruction
Write Check Check Write

Note: IR7, IR3: Instruction 7th bit, 3rd bit

Fig. 7 An Example of 4-bit Data Transfer Timing Sequence



COM, ~
coM,,

B upttac.d

SEG,~
SEG,,

COMND

40

Dy RS
Die RW
HMCS43C Do
4
Rio~Rys ~ DB.~DB+
HMCS43C:

oInterface to Liquid-Crystal-Display -

(1)

(2)

Character font and number of lines

14

Connected to
| Liquid Crystal
Display -

Hitachi 4-bit single-chip microcomputer

Fig. 8 Example of Interface to the HMCS43C

The HD44101H can perform 5x7 dots as character font.

Up to 2 lines are displayed with 5x7 dots. Therefore, two tyoes of

common signals are available:

Number of Character font Number of Duty

lines common signals | factor
1 5x7 dots 7 | 1/7
2 5x7 dots 14 1/14

Number of lines and font types can be selected by program.

(See Table 4, Imnstruction.)

Connection to HD44101H and liquid crystal display

Fig. 9 (1) and (2) show connection examples.



CQH|

T )

CO:Ny'
HD44101H
SI‘_:G.,

- o . = - — > - - ——— - ————— ——— v —

SEG.

Liquid Crystal
Display Panel

(8 characters

x1 line)

Example of a 5x7 dot, 8 character x1 line display (1/4 bias, 1/7 duty)

Fig. 9 (1)

Liquid Crystal Display and Connections to HD44101H

COM,

COM,

COMg

OOM 4
HD44101H

SEG,

- > ————— ————— —— —— ——

SEGe

Liquid Crystal
Display Panel

(8 characters

X2 lines)

Example of 5x7 dot, 8 character x2 line display (1/5 bias, 1/14 duty)

Fig. 9 (2) Liquid Crystal Display and Connection to HD44101H

Since 5 signal lines at the SEG can display one digit, one HD44101H can
display up to 8 digits for l-line display and 16 digits for 2-line dis-

play.

In Fig. 9 (1) (2), there are unused common signal terminals, non-

selection waveforms which always output.

When the liquid crystal dis-

play panel has unused extra scanning lines, avoid undesirable influences

due to cross-talk in the floating state by connecting the extra scanning

lines tn theca. rommanicfanalot mmfoate o



COM,
HD44101H
- OOM7
COMND|—

SEG,

- e am o - - — . - —— —— - ———

SEGqo

5x7 dot, 8 character x1 line display (1/4 bias, 1/7 duty)

Fig. 10 Using COMND to Avoid Cross-Talk on Unneeded Scanning Line

(3) Connection of changed matrix layout

In the preceding examples, the number of lines was matched to the number

of écanning lines. The following display types are possible by changing
the matrix layout in the liquid crystal display panel.

COM,

CO:M 7
HD441O01H | T . B | |
SE.GI

SEG.o
coM,

CdMu

(a) 5x7 dot, 16 character x1 line display (1/5 bias, 1/14 duty)



SEG,

SEGqe 117 § Ryeyymy—————

. COM,

CO&?
HD44 101H

SEGa

—— - ————— -

SEGqo

(b) 5x7 dot, 4 character x2 line display (1/4 bias, 1/7 duty)

Fig. 11 Changed Matrix Layout Displays

In either case, the only change is the layout. Display characteristics
and the number of liquid crystal display character§ are dependent on the
number of common signals (or duty factor). Note that the display data
RAM (DD RAM) addresses for 8 characters x2 lines and 16 character x1 line

are the same as shown in Fig. 9.

® Power Supply for Liquid Crystal Display Drive

Various voltage levels must be applied to HD44101H terminals V1 to V5 to
obtain liquid crystal display drive waveforms. The voltages must be changed

according to duty factor. Table 5 shows the relation.

Table 5§ Duty Factor and Power Supply for Liquid Crystal Display Drive
Duty factor

1/7 1/14
Power supplyias 1/4 1/5
V1 Vee - 1/4Viep Vee - 1/5VLep
V2 Vee - 1/2vp¢p Vee - 2/5Viep
V3 Vee - 1/2vicp Vee - 3/5Viep
V4 Vee - 3/4Vicp Vce - 4/5Vicp
VS5 oo UiVeom Veen o Men o i amenks



Vicp 8ives the peak values for liquid crystal display drive waveforms.
Resistance dividing provides each voltage as shown in Fig. 12.

V
Vee(+5V) cc(+5V)
Vee — - ” 7 | ”V%c iR
v‘ __§R ! VI s’ R 3
< VZ
Va 1
}—«. Vieco iR Vico
V. Vs
: -
SR IR
) Va
Vat
$R $R
Vs Vs
> VR
/{VR
-5V -5V
(a) 1/4 bias (1/7 duty) (b) 1/5 bias (1/14 duty)

Fig. 12 Drive Voltage Supply Example

® Connection with Driver LSI HD44100H

You can increase the number of display digits by externally connecting a

liquid crystal display driver LSI HD44100H to the HD44101H.

When connected to the HD44101H, the HD44100H is used as segment signal
driver. The HD44101H can be connected to the HD44100H directly since it
supplies CL1, CL2, M and D signals and power for liquid crystal display

drive. Fig. 13 shows a connection examplé.

Caution: Connection of voltage supply terminals V1 through V6 for liquid

crystal display drive is complicated.

Up to 3 units of the HD44100H can be connected for l-line display (duty fac-
tor 1/7) and up to 1 unit for the 2-line display (duty factor 1/14). RAM
size limits the HD44101H to a maximum of 32 character display digits. The
connection method in Fig. 13 remains unchanged for both 1l-line and 2-line

display.



Dot Matrix Liquid
com,~coM,, | 14 ) Crystal Display Panel

‘:,/”‘\\\=‘

SEG,~SEG,,| 40 40
HD44100H
Y,
D oL, * T Yeopg,
—4 FCS DL,
—t SH
— SHll: “ DR, :l
052 M-
!
CL,
CLg
M
VCC
GN
A
A
Vs [V “R" -
HD44101H Vep R = 2200

Fig. 13 Example of Connecting HD44100H to HD44101H



eInstruction and Display Correspondence

(1)

(2)

(3)

8-bit operation, 8-digit x1l-line display

Table 6 shows an example of 8-digit X l-line display in 8-bit operation.

The HD44101H function' -.-% && sei %y Fugztisn Ser pnrior to display.

' Since the display data RAM can store data for 32 characters, 'as ex-

plained before, the RAM can be used for displays like the l;ghtening
board when combined with display shift operation. ‘

Since the display shift operation changes display position only and DD
RAM contents remain unchanged, d1splay data entered first can be output

when the return home operation is performed

4-bit operation, 8-digit x1l-line display

Table 7 shows an example of 8-digit X l-line display in 4-bit operation.
When power is turned on, 4-bit operation is automatically selected.

One operation is completed in two accesses of 4-bit operation.

8-bit operation, 8-digit x2-line display

For 2-line display, the DD RAM address must again be set after the 8th

character is completed in the first line (see Table 8).

Note that the first and second lines bfvtherdisplay shift are performed.

If shift operation is performed, both the first and second lines move
together. When you repeat the shift, the display of the second line
will not move to the first line, the same display will only move within

each line many times.



Table 6 8-bit Operation, 8-digit x1-1ine Display

Instruction

Display

Operation

Power ON and automatic
reset

Initialized.
No display appears.

Function set
0000110 ** *
RS WDB J— DBO

o W R

s

Sets to 8-bit operation and

selects 1l-line display line.
This operation is necessary

three times at 100 ms intervals.

Display ON/OFF control

Displkay ON.
No display appears.

00000011 * %
Write data to DD RAM Writes ''R".
1001001000 H N
Write data to DD RAM , Writes "I".
1001001001 I
P ]
1 |
[} |
| |
Write data to DD RAM Writes "I".
1001001001 HITACHI
Write data to DD RAM Writes space.
1000100000 HITACHTI
Write data to DD RAM Writes '""M", but "M" can't be
1001001101 HITACHTI |M seen.
Display shift Shifts left, "M' appears.
00000110 %= ITACHI M
i 1
| |
| |
| |
Write data to DD RAM Writes "0'", but "0" can't be
1001001111 I MICROK seen.
Display shift Shifts left, "O" appears.

00000110 * *

MICROKDO

Set DD RAM address
0010001101

MICROKDO

Writes

the address of "K". -

3

Write data to DD RAM

|l 1001000011

[:M L_aapﬂn:c Q lﬁa>

Changes "K'" to "C".

ke




Instruction

Display

Operation

0010001111

MICROCDO

Writes the address of next to
” "
o".

Write data to DD RAM
1001001101

MICROCO

Writes "M", but "M" can't be
seen. o

Display shift
00000110 * *

MICROCOM-

Shifts left, "M" appears.

Ré?urn home
0000000O010O0

HITACHTI

Returns both display and DD RAM
address to the original position.

- Table-7 4-bit Operation, 8-digit x1-line Display

‘Instruction

Display

Operation .

Power ON and automatic
reset

Initialized.

Display ON/OFF control |

RS R/W DB7 —— DB4
0 0 000 O
0 0 1 1 , 4

No display appears.

Display ON.
No display appears.

Write data to DD RAM

100100
101000

Writes "H".

'Hereafter, control is
the same as 8-bit
operation.




Table 8 8-bit

Operation, 8-digitx2 lines Display

Instruction Display Operation
Power on and automatic Initialized.
reset No display appears.
Function set > i This instruction is necessary
00001 1%*** three times at 100 ms intervals.
Function set Sets 8-bit operation and 2-line
0000111%%% display.
Display ON/OFF control Display ON.
00000011 * * No display appears.
Write data to DD RAM Write "H".
1001001001
l !
| I
! |
. "nmyn
Write data to DD RAM ITACHI Writes "I".
1001001001
Set DD RAM address Sets DD RAM address to the top
ITACHTI of the second line
0010010000 S .
[ LXVil)
Write data to DD RAM ITACHI Writes "M".
1001001101
' [}
'
: |
| '
3 1"
Write data to DD RAM ITACHTI Writes "0".
1001001111 ICROCO
W' ” ]
rite data Fo DD RAM ITACHTI Writes "M".
1001001101 ICROCOM
Display shift T ACHTI Shifts left.
d.
00000110 * * CROCOHN Both line will be shifte
t inal
Return home ITACHTI Rz;:z:zndiSplay o the origina
000000001 * ICROCoOM]||P :







HD44102CH (DOT MATRIX LIQUID CRYSTAL
GRAPHIC DISPLAY COLUMN DRIVER)

‘”he HDQ&IOZCH is a column (segment) dtiver for dot matrix liquid crystal
- graphic display systems, storing the display data transferred frcm a 4-bit or
8-bit microcomputer in the internal display RAM and generating dot matrix

liquid crystal driving signals.

Each bit data of display RAM corresponds to ON/OFF of each dot of liquid
crystal display to provide more flexible display.

The HD44102CH is produced in the CMOS process. Therefore, the combination
with a CMOS microcomputer can accompiish a portable battery drive equipment

utilizing the liquid crystal display's lower power dissipation.

The combination of HD44102CH with the row (common) driver HD44103CH facili-
tates dot matrix liquid crystal graphic display system configuration.

(FP-80)

PIN ARRANGEMENT

ERRRAXZIISRRRR2INASR
S N S



M FEATURES

- Dot matrix liquid crystal graphic display column driver incorporating
display RAM.

Lot SE RS XX ]

- Interfaceable to 4.i".C o

- RAM data directly displayed by internal display RAM
RAM bit data "1" ..... ON
RAM bit data "0" ..... OFF - e

- Display RAM capacity ..... 50 x8 x4 (1600 bits)

Internal liquid crystal display driver circuit (segment output) .....

50 segment signal drivers

- Duty factor (can be controlled by external input waveform)

Selectable duty factors ..... 1/8, 1/12, 1/16; 1/24, 1/32

* Wide range of instruction functions
Display Data, Read/Write, Display ON/OFF, Set Address, Set Display
Start Page, Set UP/DOWN, Read Status

- Low power dissipation
- Power supplies ..... Vee 5V+10%, VEg Ov-5V
« CMOS process

- 80-pin flat plastic package



RST

BS

E,R/W,D/I\
CS\~ 3

DBy~

Interface
logic

)\
B %; Driver circuit (50 circuits)
u 3 Display data Lo o
an ’ P22y Latch (50 circuits)
A Sa§e
) _ |data [ s
- 1 X »—uDe ,_ ke ad
coder L; 0 Tk N
- a e [}
pass & : .8
- " Page 1 Display Data RAM 5
58 3 e &
SaFt v+ S Pate 2 50 X4 X8 bit
é’ 2,0 3 MSB ‘ !
~ Page 3 L
¥ 1MSB v’
Address loooeee e j_ J
...;5'/ data
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Dis-
play
page
—BUSY|
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MTABLE OF PIN ASSIGNMENT

b |FS¥er Il Input: | Output M |ply; clock| Input | Output
1 o 2% 41 ;vx

3 Y37 a3 KST
y Y36 44 Cs1

5 Y35 45 CS2

6 Y34 46 | CS3

7 Y33 47 | E

8 Y32 48 | RW

9 Y31 49 D/1

10 Y30 50 DB, DB,
11 Y29 51 DB, DB,
12 Y28 52 DB, DB,
13 Y27 53 DB, DB,
14 Y 26 54 DB, DB,
15 Y25 55 DBs DBs
16 N Y 24 56 DB, DB,
17 Y23 57 DB, DB,
18 Y22 58 FRM

19 Y21 59 CL

20 Y20 60 é

21 Y19 61 %2

22 Y18 62 N. C.

23 N. C. 63 M

24 Y17 64 GND

25 Y16 65 | Vee

26 Y15 66 Vi

27 Y14 67 A

28 Y13 68 Vs

29 Y12 69.] Vi

30 Y11 70 | Y 50
31 Y10 71 Y49
33 Y8 _ 73 Y47
34 Y7 74 Y46
35 Y6 75 Y45
36 YS 76 Y44
37 Y4 17 Y43
38 Y3 78 Y42
39 Y2 79 Y4l
40 Y1 80 Y40

(Note)

N.C.:

Nonconnection pin




IR ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Note
Supply voltage (1) Vee -0.3 ~ +7.0 \ (1)
Supply voltage (2) .« VEE v
- tnpat voreage (1) - | Vo 20.3 v Veet0.3 v | wa
Input voltage (2) Vr2 VEg-0.3 "~ V¢ct0.3 vV (3)
Operating temperature Topr -20 ~ +75 °C
Storage temperature Tseg =55 +125 °C

Note 1: Referenced to GND=0.
Note 2:

‘common terminals.
Note 3:

M ELECTRICAL CHARACTERISTICS

Applied to terminals V1, V2, V3 and V4.

(Vce=+5V£10%Z, GND=0V, Vgg=0\v-5.5V, Ta=-20+75°C) (Note 4)

Applied to input terminals (except VI, V2, V3 and V4), and 1/0

Item Symbol Test condition Min. |[Typ| Max. Unitﬁotej

Input "High" voltage(CMOS) | VIHC 0.7xVeel| - Vee \ S
Input "Low" voltage (CMOS) | Viic 0 - 10.3xVech V 5
Input "High" voltage (TTL) | Viyr 2.0 - vVee \' 6
Input "Low" voltage (TTL) | VILT 0 - +0.8 | V 6
Output "High'" voltage Vou |Ion=—250uA +3.5 - - \' 7
Output "Low" voltage VoL |IpgL=+1.6mA - - +0.4 | V 7
Xi-Xj ON resistance RON zgg:;zztiggﬁALoad - - 7.5 | kQ

Input leakage current (1) | Iyp1 | VIN=VCQWGND -1 - 1 uA | 8
Input leakage current (2) | IyL2 | VIN=VCCVWEE -2 - 2 WA | 9
Operating frequency Fcrk | ¢1 ¢2 frequency 25 - 250 |kHz| 10
Dissipation current (1) Iccl §§é§=§22§2; g;::ﬁ:y - - 100 | pA | 11
Dissipation current 2) Icc2 gicziie:ZCIe 1MHz - - 500 HA | 12




Note 9:

Note 10:

0.7
0.5
‘¢. 03

2

E, D/I and R/W, and 1/0 common termina.s @8 T

Applied to V1, V2, V3 and V4.

¢1 and ¢2 AC characteristics.

Symbol | Min. | Typ | Max.| Unit
Duty ‘ Duty 20 25 30 Z
Fall time - tf - - | 100 ns
Rise time tr - - 100 ns
Phase difference time ti2 0.8 - - Us
Phase difference time ta: 0.8 - - Us
Ty + Th - - 40 Us
T~ Th
.7Voc \
Vec
'3 Ve tie+ k;hr-
tf tr -T h 1
Fcx =
a o
oC .SVcce :
0.3Voc h 0 c
te b

Note 11:

Note 12:

Specified within this range unless otherwise noted.

Applied to M, FRM, CL, BS, RST, ¢1, ¢2.
R/W and DBO to DB7.

Applied to CS1 to CS3, E, D/I,

Applied to DBO to DB7.

Applied to input'terminals, M,

FRM. (L. BQ_ RST, ¢1. ¢2 -CR1 tn

Measured by Vgc terminal at no output load, at 1/32 duty, and frame
Access from the CPU

T

frequency of 65Hz, in checker pattern display.

is stopping.

Measured by Vcc terminal at no output load, 1/32 duty and frame

frequency of 65Hz.




O INTERFACE AC CHARACTERISTICS

Item Symbol | Min. Typ Max. Unit Note
E cycle time tcyc 1000 - - ns 13, 14
E high level width . - PWEH 450 - - ns 13,14
:‘Ww ’ nni‘; e *’«W
E low level width PWEL 450 - - ns 13, 14
E rise time ty - - 25 ns 13, 14
E fall time tf - - 25 ns 13, 14
Address setup time tAS 140 - - ns 13, 14
Address hold time tAH 10 - - ns 13, 14
Data setup time tpsw 200 - - ns 13
Data delay time tDDR - - 320 ns 14, 15
Data hold time at write tDHW 10 - - ns 13
Data hold time at read tDHR 20 - - ns 14
Note 13: At CPU write Note 14: At CPU read
tore L tore -
2'°a PweL Pwer i E - Pwer Pwext L
oavy ] A¢ & -IL"
} tr taH tr o=t
2.0vy 220V
RW —
ojvi s ‘J{_- RV v fl—tas— tan—t—\
lb—t;s—- [ | ta o tAS — tan
CS,~ 20V CSiws 20V (
0/ 0.8V YA Y12
t——ttﬁw 3 toHw bo— tDDR —f "
2.0v 24V torr
DBt / - 4
h 0.8V 4>_ DBo~1 0.4V} )—
Note 15: DBO to DB7 load circuits
RL = 2.4kQ
. R = 11kf
Test point ,
C = 130pF (including jig capacity)

Diodes D1 to D4 are all 182074(:)




Note 16:

Display OFF at initial power up.

The HP44102CH can be placed in the display OFF state by setting
terminal RST to "LOW" at initial power up.

No instruction other than the Read Status cannot be accepted while
the RST is in the "Low" level.

Min.- Typ hab-:.guggé"
Reset time tpst | 1.0 - - us
Rise time t, - - 200 ns
M TERMINAL FUNCTIONS DESCRIPTION
Signal |Number of -
name terminals 1/o Function
Y1YSO 50 | 0 |Liquid crystal display drive output.
Relationship among output level, M and display data
(D):
M | 1 I 0 |
D J1]lo 1 ]of
\'4 \' \'/ Vv,
Output level } : l 2 { 2 { ‘!
CSInCS3 3 I | Chip select )
CS1 | CS2 | CS3 State
L L L | Non-selected
L L H | Non-selected
L H L | Non-selected
L H H | Selected read/write enable
H L L | Selected write enable only
H L H | Selected write enable only
H H L | Selected write enable only
H H H | Selected read/write enable
£ 1 1 Enable
At write (R/W=L): Data of DBO to DB7 is latched
at the fall of E.
At read (R/W=H): Data appears at DBO to DB7
while E is in "High" level.




Signal
name

Nuﬁbér'ofv
terminals

I/0

Function

R/W

1

Read/Write

R/W=H: Data appears at DBO to DB7 and can be read
by the CPU when E=H and CS2/CS3="H".

R/W=L: DBO to DB7 can accept input when CS2/CS3=H
or CS1l=H.

RUAS

“I’'Data/Instruction

D/I=H: Indicates that the data of DBO to DB7 is

B display data.

D/I=L: Indicates that the data of BDO to DB7 is
display control data.

DBO~PB?7

1/0

Data bus, Three-state I/0 common terminal

R/W | CS1 | CS2 | CS3 | State of DBO to DB7

* H H Output state
H * * Input state,

* H H | High impedance
Others High impedance

* ||t

e =

Signal to convert liquid crystal display drive
output to AC

CL

Display synchronous signal

At the rise of CL signal, the liquid crystal dis-
play drive signal corresponding to display data
appears.

FRM

Display synchronous signal (frame signal)

This signal presets the 5-bit display line counter
and synchronizes a common signal with the frame
timing when the FRM signal becomes high.

61, ¢2

2-phase clock signal for internal operation

The ¢1 and ¢2 clocks are used to perform the
operations (input/output of display data and exe-
cution of instructions) other than display.

RST

Reset signal

The display disappears and Y address counter is set
in the UP counter state by setting the RST signal
to "Low" level. After releasing reset, the dis-
play OFF state and up mode is held until the state
is changed by the instruction.

BS

Bus select signal

BS=L: DBO to DB7 operate in 8-bit length.

BS=H: DB4 to DB7 are valid in 4-bit length only.
8-bit data is accessed twice in the high
and low order.




Signal} Number of 1/0 Function
name terminals
vi,v2, 4 Power supply for liquid crystal display drive.
V3, Vh V1l and V2: Selection voltage {
V3 and V4: Non-selection voltage )
, Vee 3 Power supply. ‘ . R
:fsND VCC-GND:  Power supply for internal logic
EE Vcc-VEE: Power supply for liquid crystal display
drive circuit logic

~ MFUNCTION OF EACH BLOCK

e Interface Logic

The HD44102CH can use the data bus in 4-bit or 8-bit word length to enable

the interface to a 4-bit or 8-bit CPU.

(1) 4-bit mode (BS=H)

8-bit data is transferred twice for every 4 bits through the data bus

when the BS signal is high.. The data bus uses the high order 4 bits
(DB4 to DB7). First
length) is transferred and then the low order 4 bits (DBO to DB3 in 8-

bit data length).

Busy Flag
o/
R/W

3

o8

-y

08

(-]

OB

(2]

» the high order 4 bits (DB4 to DB7 in 8-bit data

pall I

|

]

1

|

L

L o J L4 LJ t

/e YIIIN_ . XOUK_~+ YO0 e YO0 Y °- ¥

JA S/ Y

(X XU~ Y000 20 XK. YU _°- ¥

D=0~ YO~ YO ==X O Yo Y,
084 7R e WK Y+ YOO Yo YO Rese XX ©« YOON - ©o Y.

Busy flag Address Address usy flagl Data

check
(Status
read)

Data low

high order|low order hect high order write
write write (Status orcer
i read) write




(Note) Execute the instructions other than Status Read in 4-bit length each.
The busy flag is set at the fall of the second E signal. The Status
Read is executed once. After the execution of the Status Read, the
first 4 bits are considered the high order 4 bits. Therefore, if the
busy flag is checked after the transfer of the high order 4 bits,
retransfer data from the higher order bits. No busy check is required
in the transfer between the high and low order bits.

(2) 8-bit mode (BS=L)

If the BS signal is low, the 8 data buses (DBO to DB7) are used for data

transfer.

DB7 ... MSB (Most significant bit)
DBO ... LSB (Least significant bit)

For AC timing, refer to (Note 12) to (Note 15) of "ELECTRICAL CHARACTER-
ISTICS".

® Input Register

8-bit data is written into this register by the CPU. The instruction and
display data are distinguished by the 8-bit data and D/I signal and then a
given operation is performed. Data is received at the fall of E signal when

the CS is in the select state and R/W is write state.

® Qutput Register

The output register holds the data read from the display data RAM. After
display data is read, the display data at the address now indicated is set in
this output register. After that, the address is increased or decreased by 1.
Therefore, when an address is set, the correct data doesn't appear at the
read of the first display data. The data at a specified address appears at

the second read of data.

RW ] [

e_ M S rJserr ot L

Address. | N I N+ 1 I Nt 2
Outgut IData at address N IDaCa at address N:1
register
goe ’ Busy |Write Busy Read Busy Read | Busy Data read
o check |addresst check | data check |data at| check |address
N dummy address N+l

N



® X,Y Address Counter

‘Tﬁe XY address counter holds an address for reading/writing display data RAM.
,An address is set in it by the instruction. The Y address register is com-
posed of a 50-bit UP/DOWN counter. The address is increased or decreased by
‘1 by the réad/write.operation of display data. The UP/DOWN mode can“be‘

' determined by the instruction or RST signal. The Y addresévregisterwlobps

' the values of 0 to 49 to count. The X address register has no count func-

tion.

e Display ON/OFF Flip Flop

"This flip flop is set to ON/OFF state by the instruction or RST signal. 1In
"'the OFF state, the latch of display data RAM output is held reset and the
display data output is set to 0. Therefore, display disappears. In the ON
state, the display data éppears according to the data in the RAM and is dis-
played...The display data in the RAM is independent of the display ON/OFF.

OUP/DOWN Flip Flop

This flip flop determines the count mode of the Y address counter. In the UP
mode, the Y address register is increased by 1. O follows 49...In the DOWN
mode, the register is decreased by 1. 0 is followed by 49.

® Display Page Register

The display page register holds the 2-bit data that indicates a display start
pagé. This value is preset to the high order 2 bits of the Z address counter
by the FRM signal. This value indicates the value of the display RAM page
displayed at the top of the screen.

®Busy Flag

After the instruction other than Status Read is accepted, the busy flag is
set during its effective period, and reset when the instruction is not effec-

tive. The value can be read out on DB7 by the Status Read instruction.

The HD44102CH cannot accept any other instructions than the Status Read in
the busy state. Make sure the busy flag is reset before the issue of in-

struction.



Busy

: Tausy
1 Srayey § 2

7§ IBUSY ¥ %

F$ is ¢t, ¢2 frequency (half of HD44103CH
oscillation frequency)

® 7 Address Counter

The Z address counter is a S5-bit counter that counts up at the fall of CL
signal and generates an address for outputing the display data synchronized
with the common signal. O is preset to the low order 3 bits and a display

start page to the high order 2 bits by the FRM signal.

® Latch

The display data from the display data RAM is latched at the rise of CL

signal.

® Liquid Crystal Driver Circuit

Each of 50 driver circuits is a multiplex circuit composed of 4 CMOS switches.
The combination of latched display data and M signal causes one of the 4

liquid crystal driver levels, V1, V2, V3 and V4 to be output.



®Display RAM

Relationship between Data in RAM and Display

(Display start page 0, 1/32 duty)

> X=0

X=1

com —{ VI T T
CcOoM2 ___;__VA / ......... e
coms —7/ 7
coMé —7; / _
comMs —Y/¥/ X/ )
COM6 W
com7 Q’
coms —] B
coM9 —|
: S 1
coM30' —{ —
COoM31
come—— | | |1 1 . __ }
1]2|3]4]s 48| 49|50
D, =B o o] T Tele]
0, tjofofofof - ofof1
D. olofof ] _JoJo]1
s 1fofofot| 1{o]
D, ooy of 11
Ds 1{ofofo] oot
D, tfofofol ] _ —_____Tofo]n
D, ofojofofo] - 0fofo
MsB f} o ofo)
5'! Do — ]
l oft1]ojo]o ofofo
DD ofofo
L— ekl
Yo Y, Y2 Y3 Y, Yln Ylu'quo

Display pattern

Data in display
RAM



WDISPLAY CONTROL INSTRUCTIONS

(1) Read/Write Display Data

MSB DB LSB
R/W D/T 7 6 5 4 3 2 1 0
1 1 (Display data) Read (CPU « HD44102CH)
0 1 (Display data) Write (CPU -+ HD44102CH)

Sends or receives data to or from the address of the display RAM specified in
advance. However, the dummy read may be required for reading display data.

Refer to the description of the output register in the FUNCTION OF EACH BLOCK.

(2yDisptay ON/OFF

' MSB DB LSB
R/'W D/IT 7 6 5 4 3 2 1 0
0 0 0 01 1 10 01 Display ON
0 0 6 0 111 0 O O Display OFF

Controls the ON/OFF of display. RAM data is not affected.

(3) Set X/Y Address

MSB DB LSB Y address
R/W D/I 7 6 5 4 3 2 1 0 °£ """ L
0 0 0 0 00 {,, Page C
0 0 0 1 Binary numbers 01 ; Page 1
0 0 1 0 of 0149 3
10 Page 2
0 0 11 s
— ° v / 11 Page 3
X address Y address M
(page) (address) Display Data RAM

(4) Display Start Page

MSB DB LSB
R/W D/I 76 5 4 3 2 1 0
0 0 0 0111110 ..... Refer to Fig. A
0 0 0 1111110 ..... Refer to Fig. B.
0 0 1 01 1 111 0 ..... Refer to Fig. C
0 0 111111 1 0 ..... Refer to Fig. D
—
Display

start page



Specifies a RAM page displayed at the top of the screen.

in Figs. A, B, C and D respectively.

Display is as shown

When the display duty is more than 1/32

(For example, 1/24, 1/16), display begins at a page specified by the display

start page only by the number of lines.

Fig. A

Fig. B

Fig. C

Fig. D

Start page = page 0

C

A Page O
B ~ Page 1
Cc Page 2
D Page 3 .

Display Data RAM

-Start page = page 1

A Page O

B Page 1

Fage 2

Page 3

oo
z”
\ ;T/K% \

Display Data RAM

Start page = page 2

A Page O i:
8 Page 1 NG
C Page 2 1;
D Page 3

D

———

Liquid Crystal Screen

D

A

Liquid Crystal Screen

A

Display Data RAM

Start page = page 3
A Page 0 {]
8 Page 1 .
(] Page 2 I~
o) Page 3 {j

Display Data RAM

XX

8

Liquid Crystal Screen

/[

Liquid Crystal Screen

Displayed up to

here when display

duty is 1/N.
(N=8, 12, 16, 24,
32)



(5) UP/DOWN Set

R/W D/T 7 6 5 4 3 2 1 0
0 0 0 01 1 1 0 1 1 UP mode
0 0 0 0111 0 1 O DOWN mode

Sets Y address register in the UP/DOWN counter mode.

(6) Status Read

R/W D/1
1 0

o w
o N
(=2
o O

7
B
U
S
Y

ZLEroou~\vwa o
ZO~mMmOo Wuv
Hmwmx S

state.

UP mode.

DOWN mode.

being executed.

L—————%» Goes to "1" when RST is in the reset state

(Busy also goes to "1").
- Goes to "0" when RST is in the operating

———> Goes to "1" in the display OFF state.
Goes to "0" on the display ON state.

> Goes to '"'1" when address counter is in the

Goes to "0" when address counter is in the

> Goes to "1" while instructions (1) v (5) are

During "1", none of instructions (1) ~(5)

are accepted.



MCONNECTION BETWEEN LCD DRIVERS (EXAMPLE OF 1/32 DUTY)

R
CRR C vy .
! To liquid crystal
! display
Xz b——
SHL}|4— Ve i
HD44103CH  M./S| — GND 1 .........
(Master) -~ FS[
DS| Yl Yso
DS:
DS *IFRM
M HD 44102CH
DL DR ¢, ¢ ©Ct \ , ~lcL o
ohen | s
[ open open open g b2
1
DL DR
— 1 ¢ FRM}-open o
M -
ClL}e
X b——a L
ETo liquid crystal t T
'display [ Y, Y
HD44103CH Xegf—>
M/S GND -
FSIH =M
DS\t . HD 44102CH
0S:i— ~cL
DS} Na 2
%
CR R C
| | >~ ¢,
open open
Vcc




BINTERFACE TO CPU

(1) Example of connection to HD6800

Decoder
A.l’ E > F CS|
ﬁ E CS,
! o Voc
VMA s
Ao} ~iD /|
R/W R/W
HD 6800 HD 44102CH
62 E
Dol T DB,
) : §
D1 i : \g w‘l
ébec s
RES I RST

Example of Connection to HD6800 Series

In the decoder given in this example, the addresses of HD44102CH in the

address space of HD6800 are:

Read/write of display data : §'FFFF'
Write of display instruction: $'FFFE'
Read of status : S$'FFFE'

Thus, the HD44102CH can be controlled by reading/writing data at these

addresses.



(2) Example of connection to HD6801

T4LS 154
Pro A Yo FCS.
P 8 [T ——o—CS:
Py —iCc " ] Vecc —|CS,
Yub— )
Py »iD
G, G,
(10S)SC1 b
(RW)SC2 = - R W
P 1D /|
HD 6801 " HD 44102CH
E e Na 1
Pm ' DBo
Py ‘ : - 08B,
(Data bus) | H H
. ) !
-- P” ! > 081

* The HD6801 is set to mode 5. P10 "VPl4 are used as output ports, and

P30 vP37 are—used-as data buses.

* The 74LS154 is a 4-to-16 decoder that decodes 4 bits of P10 VP13 to
select the chips.

* Therefore, the HD44102CH can be controlled by selecting the chips

through P10 vP13 and specifying the D/I signal through P14 in advance,
and later conducting memory Read or Write for external memory space

($0100 to $01FF) of HD6801. = The IOS signal is output to SC1, and the
R/W signal is output to SC2.

* For further details on HD6800 and HD6801, refer to each manual.



MCONNECTION TO LIQUID CRYSTAL DISPLAY

U
X, -
I~
L]O0w x, 2
oo
O ) .
—m .
{é% s o
I x . '
2. Liquid crystal display panel
|. 20 |
l 21 ! 32 X150 dots
52 Xi 22
S
Sa ! :
I5 Xep—
a 32

[ § I [} b ) 3

- Yy ~— Y5 Yy ~— Yso Yy ~—Ys50
HOD 44102CH HD 44102CH HD 44102CH
N 1 Na 2 Na 3

(a) Example of connection of 1/32 duty, l-screen display

X
i

~N
<N

Liquid crystal display panel
16 x100 dots i

~"\ X
&.--

(Master)

x X

*

M1
HD44103CH

Y| T Y-n Yl ~ YSO
HD 44102CH HD 44102CH
Na 1 Na 2

(b) Example of connection of 1/16 duty, l-screen display



M™1h

HD 44102CH HO 44102CH HD44102CH
Na 6 N7 cececmccea Na 10
Yy S~ Yy Yi S ¥»| Yy ~Yq¢0
1
2
3
o X
23 x) . 3 :
s st ' : .
o w11
3:2 Liquid crystal display panel
r X 3: 64 x240 dots
O 9 X 4
a> 1
9 :
SonX :
I~ :
52
]
12
64
Yy ~—VYs Yy Y Y, —~Yq0
HD 44102CH HO44102CH | ~=~~~=-=--~-~ HD 44102CH
Na i Na 2 Na §

(c) Example of connection of 1/32 duty, 2-screen display



HD44103CH (DOT MATRIX LIQUID CRYSTAL
GRAPHIC DISPLAY COMMON DRIVER)

The HD44103CH is a common signal driver for
dot matrix liquid crystal graphic display
systems. It generates the timing signals
required .for display with its internal
oscillator and supplies them to the column
driver (HD441}02CH) to control display, also
automatically scanning the common signals
of the liquid crystal according to the
display duty. It can select 5 types of
display duties ratio: 1/8, 1/12, 1/16,
1/24 and 1/32. 20 driver output lines are
provided, and the impedance is low (5009

max.) to enable a large screen to be driven.

NFEATURES

+ Dot matrix liquid crystal graphic display common driver incorporating the

timing generation circuit in it.

- Internal oscillator (Oscillation frequency can be selected by attaching

(FP-60)

an oscillation resistor and an oscillation capacity)

* Generates display timing signals.

+ 20-bit bidirectional shift register for generating common signals

- 20 liquid crystal driver circuits with low output impedance

* Selectable display duty ratio: 1/8, 1/12, 1/16, 1/24, 1/32

- Low power dissipation

- Power supplies: Vgc ... +5V:10%, Vgg ...

+ CMOS process

- 60-pin plastic flat package

0 to =5.5V




20 output terminal

Vi V: Vs V,
l I X18 X19 x20
) 4 ) [} 4 [}
\ 1
Vsus —— l_1
ch-—LZ-—- Liquid crystal display
GND ————}— driver circuits
Vee - y ' [ S
. ) ' 13) :
80 , register _
o 3
~ 'y ) i
SHL — '
. M
Oscillator Timing generation ci:cuit CL
‘ log > FRM
ic
R CR C 4 4
WA
R¢ Cf DS, \ |
M/S Fs DS, DS, é b2

WWY9VIQ XJ018M



© TERMINAL ARRANGEMENT LIST

N I e B Y e e
1 X 14 31 CR

2 X 13 32 ' : 4
3] X 12 33 )
4 X 11 34 GND

5| X 10 35 FS

7 N. C. 37 — N-C.

8| X 8 . 38 N. C.

9 X7 39 N.C.

10 X 6 \’ 40 DS 2

1 X5 a1 | DS3

12 "N. C - e T M M
3 N C 43 FRM
14 N_.C 44 SHL

15 N.C 45 Vec

16 - X 4 46 N. C.

17 X3 47 N. C.

18 X 2 48 N. C.

19 [ X1 49 M/S
2 v, | 50 CL cL
21 | N.C. Sl N. C.

2 N.C. 52 N. C.

2 Ve | 53 N.C.
24 Vs 54 DR DR
> Ve 55 X 20
26 VEE 56 X 19
27 DL DL 57 X 18
% c 58 X 17
29 Vsus Connect to Vcc. 59 ) X 16
% B ] 60 X 15

(Note) N.C.: Unused terminal
Connect VSU‘B to VCC'



'@ABSOLUTE MAXIMUM RATINGS

Item Symbol Rated value Unit Note
Supply voltage (1) Vee -0.3 ~ +7.0 \ (1) ‘(
Supply voltage (2) VEE Vee-13.5 v Vect0.3 v (14) -
Terminal voltage (1) VTl -0.3 "~ Veet0.3 oV (1), (2)
Terminal voltage (2) V2 VEg-0.3 ~ Vpct0.3 \' (3)
Operating.temperature Topr =20 N~ . #7577 °C
Storage temperature Tstg: =55 ~ +125 °C

Referenced to GND=0.

Note 1:

Note 2: Applied to input terminals and 1/0 common terminals except V1, V2,
V3 and V4. '

Note 3: Applied to terminals V1, V2, V3 and V4.

Note 14: Connect a protection resistor of 220015Z to VEE power

supply in series.

@ ELECTRICAL CHARACTERISTICS

(Vece=+5V+10%, GND=0V, VEg=0 to -5.5V, Ta=-20 to +75°C) (Note 4)

Item Symbol| Test condition Min. |Typ| Max. |Unit{Note
Input "high" voltage VIH 0.7xVee| - i vVce v | (5
Input "low" voltage VIL 0 = [0.3xVeel V| (5
Output "high" voltage Vou |Ioy=-400ua Vcc—0.4i - - Y (6)
Output "low" voltage VoL | IoL=+400uA - - 0.4 ' (6)
Vi-Xj ON resistance RON ng:;::i:gggtxad - - -500 Q
Input leakage current (1)| Iypj | VIN=VCCVGND -1 - 1 vA | (7)
Input leakage current (2)| Iyp2 | VIN=VcCVVEE -2 - 2 vA | (8)
Shift frequency fSFT | In slave mode - - S0 | kHz | (9)
Oscillation frequency fosc gﬁ::g;gi;z ? 300 |430 | 560 kHz | (10)
?xternal clock operating fep so ~ 560 o .
requency »
External clock duty Duty 45 | so| 55 % (ﬁ{
External clock rise time | tycp - - 50 ns | (11)
External clock fall time thD,W “ _ - - 50 ns (11\‘4




Item Symbol | Test condition Min. | Typ Max. | Unit|Note
Dissipation current CR oscillation=
(master) Pul  |430KHz B - 4.4 ‘ m | (12)
Dissipation current Frame frequenc
P Pu2 | o70ms quency - - | 11 ] W | (13)

(slave)

DL/DR

Note 10:

Specified within this range unless otherwise noted.

Applied to CR, FS, DS1 to DS3, M, SHL, M/S, CL, DR and DL.

Applied to DL, DR, M, FRM, CL, ¢1 and ¢2.

Applied to input terminals CR, FS, DSl to DS3, SHL and M/S, and I/0O

common terminals DL, DR,

M and CL at high impedance.

Applied to V1, V2, V5 and V6.

Shift operation timing

0.7 Vcc
a 0.3 Vce min | typ | max |[unit]
™ tsu 5 - - us
5 a
tH ) - - us
0.7 Vi - -
¢ tr - - 100 ns
0.3 Vee T, - - 100 | ns
tr tf

Relationship between oscillation frequency and Rf/Cg

CR oscillator

(9]

Rf S Co

| CR

\ Vcec = sV
\ Ta =+25C
$00

The values of Rf and Cf are typical values.
The oscillation frequency varies with the
mounting condition. Adjust oscillation
frequency to a required value.

400 \\\>‘\\K>
fosc 300 Cf=6pF
&kHz) 200 ‘\\\\“- Cf = 10pF
100

50

100 150 (k)




Note 11:

Note 12:

Note 13:

ticp

open——{ C

- open—R

=N

External clock—-———CR

t ¢

N
Measured by Vgc terminal at output non-load of Rg=70kQ+27 and

C¢=10pF5%,

1/32 duty in the master mode.

Measured by Vgc terminal at output non-load, 1/32 duty, frame
frequency of 70Hz in the slave mode.

® TERMINAL FUNCTIONS

Terminal

Number of

- Slave s

name terminals 1/0 Function
X1nX20 20 O | Liquid crystal display driver output.
Relationship among output level, M and data (D) in
shift register.
RN Y S
D il v Lo
output | Ve | Ve | Vi | Vs |
level | ] | i |
CR, R, 3 Oscillator Rf Ct
c
W™
' R CR C CR oscillator
M 1 1/0 | Signal for converting liquid crystal display driver

signal into AC

Output terminal

Thpot Forainods

‘Master:




LNumber of

Terminal
name terminals 1/0 Function
CL 1 1/0 | Shift register shift clock.
Master: Output terminal
Slave : Input terminal
FRM ! 0. | Frame signal, Display synchronous signal
DSIA,DS3 3 I Display duty ratio select.
Display i
duty ratio 1/24( 1/12 | X 1/32- 1/16 | 1/8
DS1 L |H L H L H L| H
DS2 L L H H L L H H
DS3 L L L L H H H H
FS 1 I Frequency select.
The relationship between the frame frequency fppy
and the oscillation frequency foSC is as follows:
FS""H": fOSC = 6144 x fFPM oo (l)
R FS="L": fosc = 3072 x fppy ... (2)

Example 1) When FS="H", adjust Rf and Cf so that
the oscillation frequency is approx.
430kHz if the frame frequency is 70Hz.

Example 2) When FS="L'", adjust Rf and Cf so that
the oscillation is approx. 215kHz, in
order to obtain the same display wave-
forms as Example 1. When compared with
Example 1, the power dissipation is
reduced because of the operation at
lower frequency. However, the operating]
clocks ¢1 and ¢2 supplied to the column
driver have lower frequencies. There- .
fore, the access time bof the column
driver HD44102CH becomes longer.

DL, DR 2 I/0 | Data I/0 terminals of bidirectional shift register.
SHL 1 I | Shift direction select of bidirectional shift

register.

SHL

H DL -+ DR
L DL « DR

Shift direction




Terminal |Number of 1/0 Function
name terminals
M/S 1 I | Master/slave select.
' M/S="H": Master mode
The oscillator and timing generation circuit
operate to supply display ’iming s:gnals to
Yo ok St b Hoaikr sl B ¥ By
Waaaos, oo, z_’.'n, R \.i 5 y&u\..cu in The
output state.
M/S="L": Slave mode
The timing generation circuit stops operating.
The oscillator is not required. Connect ter-
minal CR to Vpoc. Open terminals C and R.
One (determined by SHL) of DL and DR, and
terminals M and CL are placed in the input
state. Connect M, CL and one of DL and DR of
the master to the respective terminals.
Connect FD, DS1, DS2 and DS3 to Vcc.
When J:~=~"- "ty ra*f~ *s 1/8, 1/12 or /16, one
HD44103CH is required. Use it in the master mo. :.
.. When display duty ratfio is 1/24 or 1/32, two
HD44103CHs are required. Use the one in the master
mode to drive common signals 1 to 20, and the other
in the slave mode to drive common signals 21 to 24
(32).-—-
ol, ¢2 2 O | Operating clock output terminals for HD44102CH.
The frequencies of ¢l and ¢$2 become half of
oscillation frequency.
V1, Vv2, 4 Liquid crystal display driver level power supply
V5, V6 V1l and V2: Selected level
V5 and V6: Non-selected level
Vee 3 Power supply.
822 Vcc-GND:  Power supply for internal logic

Voc~Vgg: Power supply for driver circuit logic




® BLOCK FUNCTIONS

Oscillator

" The oscillator is a CR oscillator that attaches an oscillation resistor Rf
and oscillation capacity Cf. The oscillation frequency varies with the values
. ef2Rfwand Of and thermouneing condittons. ~Refer to ELECTRICAL CHARACTERISTICS

et F e s et el g
(Note 10) to make proper adjustment.

Timing Generation Circuit

The timing generation circuit divides the signals from the oscillator and
génerates display timing signals (M, CL and FRM) and operating clock (¢1 and
¢2) for HD44102CH according to the display duty ratio set by DSl to DS3.

In the slave mode, this block stops operating. It is meaningless to set FS,

DS1 to DS3. However, connect them to Vcc to prevent floating current.

Bidirectional Shift Register

This is a 20-bit bidirectional shift register. The shift direction is
determined by the SHL. The data input from DL or DR performs a shift opera-

tion at the rise of shift clock CLiﬂ

Liquid Crystal Display Driver Circuit

Each of 20 driver circuits is a multiplex circuit composed of four CMOS
switches. The combination of the data from the shift register'wich M signal
allows one of the four liquid crystal display driver levels V1, V2, V5 and

V6 to be transferred to the output terminals.

® APPLICATIONS

Refer to the applications of the HD44102CH.






HD61830 (DOT MATRIX LIQUID CRYSTAL
GRAPHIC DISPLAY CONTROLLER)

The HD61830 is a dot matrix liquid crystal graphic display controller LSI
that stores the display data sent from an 8-bit microcomputer in the external

- RAM to generate dot matrix liquid crystal driving signals.

It is possible to select the graphic mode in which the l-bit data of the
external RAM corresponds to the ON/OFF state of 1 dot on liquid crystal dis-
play and the character mode in which characters are displayed by storing
character codes in the external RAM and developing them into the dot patterns
with the internal character generator ROM. Both modes can be provided for

various applications.

The HD61830 is produced in the CMOS process. Thus, the combination with a
CMOS microcomputer can accomplish a liquid crystal display device with lower

power dissipation.

R PIN ARRANGEMENT

54 MA10

MAN
[32] MA 12
[3T) MA 13
[35) MA 14
[47] MA1S

48j012

cL2?
5] RO O
4] RO 1
[©)RO 2
42]J RO 3
%no‘
[P RO S
39} RO 6
[38] RO 7
37] MO 0
[T6) MO 1

(FP—60)

(Top View)



M FEATURES

-+ Dot matrix liquid crystal graphic display controller

Display control capacity
Craphic mode ....... 512K dc - | (216" :es)

sCharacter mode ..... 4096 . aracrers (z°- char.c ~rs)
- Internal character generator ROM ..... 7360 bits

160 t £ Sx7 dot character font
ypes o ot character fonts Total 192 types

32 types of 5x11 dot character fonts
(Can be extended to 256 types (4K bytes max.) by external ROM)

. Interfaééable to 8-bit MPU

- Display duty (Can be selected by a program)
‘Static to 1/128 duty selectable

- Various instruction functions

Scroll, Cursor ON/OFF/blink, Character blink, Bit manipulation
« Display method ..... Selectable A or B types |
- Internal oscillator (with external resistor and capacitor)
+ Low po;er dissipation
- Power supply: Single +5V
. CMOS process

- 60-pin flat plastic package



SYNCCLI MAMBFLM
| S

WY¥I9VYIQ %2079R

WE
Refresh address |{§
counter (1), el 0 . l
g Dot counter ‘(M:’Q“ 16| 2 -
\ Refresh address S :
) 2' : (DC) counter (2) rfﬂ .2 " RAM
o | 8 Ml 4 (RAC2) o + S
(77} owd ;
pDB0~DB7 3 + S ‘B‘DE Dot 1"{e 1o Cursor adress |16 & P
&:‘ QoA ters g ~e4 CoOunter H~{ 2 |
Cs 13) A N~ (CAC) > ! ~
B ,
e ; 4 4 IS R -
N ] [}
R/W - 8 - Yud } 4 i ) Extended !
RES p Data # iL‘.netaddr:ess L external 1
& counter * Y (]
»5 ::;z:t (5 9 ] ) Character t .R_O_My_____,'
- ’ ’ ) generator .
2 ter } ROM (CGROM) R
I e (DOR) o Cursor i
1 control siﬁziitor 1 " ""&n "
_ g [ RDO~RD7
S — regis- - v - -
4 |5 g [cer Control Multiplexer
458 |- 8 & (er) | stenal
L
Busy ) S'ofﬁ
fla% E 3 ~ Parallel/ 01
serial
(BF toavarter
] Oscillator
circuic Pacallel/
serial o 02
coaverter
Ccf
-
VWV
CcL2 Rf CPO * When extended external ROM is used MAOAMALL

are applied to RAM, MA12VMAlS are applied to
extended external ROM.



MBLUCK FUNCTIONS

®Registers

The HD61830 has the five types of registers: instruction register (IR), data
input register (DIR), data output register (DOR), dot registers (DR) andxiuwe

control registet (MCR) .

The IR is a 4-bit register which stores the- Lnstruction codes for specifying
MCR, DR, a start address register, a cursor address register and so on. The

lower order 4 bits DBO to DB3 of data buses are written in it.

The DIR is an 8-bit register used to temporarily store the data written into

the external RAM, DR, MCR and so on.

The DOR is an 8-bit register used to temporarily store the data read from the
external RAM. Cursor address information is written into the CAC through the
DIR. When the memory read instruction is set in the IR (1atched at the fall-
ing edge of E signal), the data of external RAM 1s read to DOR by an intesus
operation. The data is transferred to the MPU by reading the DOR with the

next instruction (the contents of DOR are output to the data bus when E is at
~"High" level).
The DR are registers used to store the dot informations such as character

pitches and the number of vertical dots and so on. The information sent from

the MPU is writ;en into the DR via the DIR.

The MCR is a 6-bit register used .to store the data which specifies states of
display such as display ON/OFF and cursor ON/OFF/blink. The information sent
from the MPU is written in it via the DIR.

® Busy Flag (BF)

With "1", the busy flag indicates the HD61830 is performing an internal
operation. The next instruction cannot be accepted. As shown in Control
Instruction(14),the busy flag is output on DB7 under the conditions of RS=1,
R/W=1 and E=1. Make sure the busy flag is "O" before writing the next in-

struction.

® Dot Counters (DC)

The dot counters are counters that generate liquid crystal display timing

" according to the contents of DR.



® Refresh Address Counters (RAC1/RAC2)

The refresh address counters are counters used to control the addresses of
external RAM, having the two types: RACl and RAC2. The RACl is used for
upper half of screen and the RAC2 for lower half. In the graphic mode, 16-
bit data is output and used as the address signal of external RAM. In the
“character mode, the high order 4 bits (MA&Z%MAIS) are ignored. The 4 bits

of line address counter are output and used as the address of extended ROM.

® Character Generator ROM

The character generator ROM has 7360 bits in total and stores 192 types of
character data. A character code (8 bits) from the external RAM and a line
code (4 bits) from the line address counter are applied to its address sig-

nals, and it outputs 5-bit dot data.

The character font is 5x7 (160 types) or 5x11 (32 types). The use of ex-
tended ROM allows 8x16 (256 types max.) to be used.

® Cursor Address Counter

The cursor address counter is a 16-bit counter that can be preset by the
instruction. It is used to hold an address when the data of external RAM is
read or written (when display dot data or a character code is read or written).
The value of cursor address counter is automatically increased after the

display data is read or written and after the Set/Clear Bit instruction is

executed.

® Cursor Signal Generator

The cursor can be displayed by the instruction in the character mode. The
cursor is automatically generated on the display specified by the cursor

address and cursor position.

®Parallel/Serial Conversion

The parallel data sent from the external RAM, character generator ROM or
extended ROM is converted into serial data by two parallel/serial conversion
circuits and transferred to the liquid crystal driver circuits for upper

screen and lower screen simultaneously.



MTERMINAL FUNCTIONS

et wee e g K e SR

Name Function
DBOA7 Data bus ... Three-state I/O common terminal
Data is transferred to MPU through DBO to DB7.
cs Chip selecti, '  newrsw ‘ﬁé”b_wtghvﬁ§#0, y
RIW Read/Write ... R/W=1 ... MPU « HD61830
‘ R/W=0 ... MPU + HD61830
RS - Register select ... RS=1 ... instruccion register
RS=0 ... Data register
E Enable ... Data is written at the fall of E.
Data can be read while E is 1.
CR, R, C CR oscillator
RES Reset ... Reset=0 results in display OFF and slave mode.
MAON1S External RAM address output ‘
" In character mode, the line code for external CG is output
through MA12 to MAl5 ("0": Character 1st line,
"F": Character 16th line).
MDO~7 Display data bus ... Three-state I/0 common terminal.
RDON7 ROM data inpuq;.LL.Dbtrdata from external character generator
is .input.
Tﬁf Write enable ... Write signal for external RAM.
CL2 Display data shift clock for LCD drivers.
CL1 Display data latch signal for LCD drivers.
Z
FLM Frame signal for display synchronization.
MA - Signal for converting liquid crystal driving signal into AC,
A‘type, '
MB Signal for convérting liquid crystal driving signal into AC,
B type
D1, D2 Display data serial output
D1 ... For upper half of screen
D2 ... For lower half of screen
CPO Clock signal for HD61830 in slave mode.
SYNC Synchronous signal for parallel operation.

Three-state I/0 common terminal (with pull-up MOS).

Master ... Synchronous signal is output.
“Slave . Synchronous signal is input.

T G+ 90 AR S R b

B PRCNE S o g e e




MABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Note;
Supply voltage -0.3 %, 47.0 vV (1)
TerminafﬁﬁzifggéJYM%&m -0.3 ~ Vcct0.3 v (1)
Operating temperature Topr -20 ~ +75 °C
Storage temperature Tseg =55 ~ +125 °C |
Note 1: All voltage is referenced to GND=0.
T MELECTRICAL CHARACTERISTICS -
~ (Vee=5V+5%, GND=0V, Ta=-201+75°C)
Item Symbol| Test condition| Min. | Typ| Max. Unit‘Note
Input "High" voltage (TTL)| Vg 2.2 - | vee vV | (2)
Input "Low" voltage (TTL) | ViL 0 - 0.8 v | (3)
Input "High" voltage VIHR 3.0 - | Vee vV | (4)
Input "High" voltage (CMOS)| ViHc 0.7vee| - | Vee \ (5)
Input "Low" voltage (CMOS)| ViLc 0 - lo.3veel v | (5
Output "High" voltage (TTL)| Voy -Fou=0.6mA ‘VCC—O.Q - | Vee \Y (6)
Output "Low" voltage (TTL)| VoL IoL=1.6mA | 0 -1 0.4 \ ’(6)
Output "High" voltage(CMOS)| Voyc |-Ioy=0.6maA Vee-0.4 - | Vee v | (D
Output "Low" voltage (CMOS)| Vorc | IoL=0.6mA 0 - 1 0.4 \ (7)
Leakage current Iy ViN=0VVcc -5 - 5 ua | (8)
Output leakage current Iout | VouT=0vVcc -10 - 10 |.vA | (9)
Power dissipation (1) Pyl ?gsgzgééi:;ion - 10 15 mW ((10)
Power dissipation (2) Pw?2 Ei;z;;:i clock _ 20 30 oW |(10)
| [ntemnal clock operation _______________ R EEE SR S .
Clock oscillation frequency| fogc gg:;gzgigg 350 FOO 650 kHz [(11)




Item Symboli Test condition | Min. | Typ | Max. Unit Note!
_E{fernal clock operation _ L
?:;:Ezziyclock operating fcp 100 | 500 | 1100 | kHz (LZ)M
External clock duty | Duty | 47.5| S0 | 52.5 % 1 (12)
External clock rise time.,: Loep o _ Ty - - ?U.GS>' p; .
Extefnal clock fall time tfep - -10.05] us [(12)
Pull-up current Ip;, | VIN=GND 2 10| 20 pA | (13)

Note: The I/O terminals are of the following configuration:

®Shape of Input Terminal ® Shape of Qutput Terminal

Applicable terminal: CS, E, RS, R/W, Applicable terminal: CL1, CL2,

RES, RDO to RD7, CR : MA, MB, FLM, COP, D1, D2, WE, MAU
. MA1S
Ve v
PMOS r{E§] PMOS
o
NMOS L-HJ;] NMOS

®Shape of I/0 Common Terminal

Applicable terminal: DBOVDB7, SYNC, MDOWMD7

Vee Enable

PMOS PMOS F«x(}——c(:p:T*

NMOS NMOS } Data

Note 2: Applied to input terminals and I/0 common terminals, except terminals
SYNC, CR and RES.

Note 3: Applied to input terminals and I/0 common terminals, except terminaly
SYNC and CR.

Note 4: Applied to terminal RES.
Note 5: Applied to terminals SYNC and CR.

= g
Note 6: Annlind tostarinsle PRMNART - TR Lot efn vt mpd AMEE DT L
Apn Lt e 2

Vee




Note 7: Applied to terminals SYNC, CPO, FLM, CL1, CL2, D1, D2, MA and MB.
Note 8: Applied to input terminals.

Note 9: Applied to I/0 common terminals. However, the current which flows
into the output drive MOS ;ﬁlhxclu@gd o

; Note 10: The current: which flows into the 1nput and output circuits is ex-

“ 7Y% cluded. When the input of CMOS is in the intermediate level, current
flows through the input circuit, resulting in the increase of power
supply current. To avoid this, input must be fixed at high or low.

The relationship between the operating frequency and the power dissipation

is given below.

z
g 50
u_: /'max
40 v
7
.30  typ
/
20 ]
10F 7
=
0 250 500 750 1000 1250 1500
fosc(kHz)

Note 11: Applied to the operation of internal oscillator when oscillation
resistor Rf and oscillation capacity Cf are used.

| Cf = 15pF * 5%
R Rf = 39k * 2%
Rf [T——-“C (when fosc =
Cs 500kHz typ)
CR

The relationship among oscillation frequency, Rf and Cf is given below.



fosc (kH2) Ta= 25C Vcc=5V
800
600
200 ————] Cf =10pF
Cf =15pF
0 40 60 80 100 120 140 160 180
' Rf (k)
Note 12: Applied to external clock operation.
..... Th >'A T' A'
Open R
) 0.7Vce
Opea c 0.5Vce
0.3Vce
Oscillator CR ; Th
Duty =
trcp tfcp Th+Ti
Note 13: Applied to SYNC, DBOVDB7, and RDOVRD7.
NTIMING CHARACTERISTICS
®Bus Read/Write Operation (Interface to MPU)
tcye !
e tWEH — tweL —+
2.2v £ X
; / \
0.8V - .
—s{ te—-tET tEf—*] }e—
tAS—T= re—t AH
2.2V
CS. R/W, RS
0.8V
tosw e tH
DBy.s 2.2V
(MPU—-HD 61830) 0.8V
toH

(0] - PORRY

(MPU —-HD61830)

x 100 %




Item

Max.

Unit

Enable cycle time

us

Enable pulse width

"High" level

us

us

Enable rise time

ns

'Enable fall time

ns

Setup time

ns

Data setup time

ns

Data delay time

ns

Data hold time

ns

Address hold time

ns

Data hold time

“ns

Test
point

RL=2.4kQ

Diodes D1 to D4: 152074 (H)




®Interface to External RAM énd ROM

SYNC fvee
tesv tesy }‘—'urc
. : i | M
cPo \ $Vee A S ../r—_\k;—/[—f\- r_—\L_J
_\ A /T \__J -
twcron tecron
24V )
MAo-is i
0.4V - EK
L oman oan —o L oA v o rtuu-
* o
2.4v L4y 2.2v
MDo.7
L0.4V 0.4V (XYY
tswo ¥* towow—e =t swow
fa2v )x-
RD o7
0.8v .
~* L TY" T—
WE [
. - 2.4V
= twwe
Item Symbol | Min. Typ | Max. Unit
SYNC delay time _ tpsy - - 200 ns
SYNC pulse width "High" level twsy 900 - - ns
CPO cycle time tcero 900 - - ns
"High" level tWCPOH | 450 - - ns
CPO pulse width ; -
"Low" level twcpPoL | 450 - - ns
MAO to MAlS5 refresh delay time tDMAR - - 200 ns
MAO to MA1l5 write address delay time tDMAW - - 200 ns
MDO to MD7 write data delay time tDMDW - - 200 ns
MDO to MD7, RDO to RD7 setup time tsMD 900 - - ns
Memory address setup time tSMAW 250 - - ns
Memory data setup time tSMDW 250 - - ns
WE delay time tDWE ~ - | 200 ns
WE pulse width ("Low'" level) tWWE 450 - - ns

Note 1:
Note 2:

No load is applied to all the output terminals.
"*" indicates the delay time of RAM and ROM.




@ Data Transfer to Driver LS}

TWCL 1 —+
L Lv
c 1 7 Ve K\_ )
tDCL2 — twCL?2
/1 \
" |e— t WCH—»te— t WCL—*
MA, MB
toF
FLM >
Ly
D1 2 cc
too tSD—
! Vc
D2 7 vee
Item Symbol | Min. Typ Max. Unit
Clock pulse width ("High" level) twCcLl 450 - - ns
Clock delay time tpCL2 - - 200 ns
Clock cycle time twcLz 900 - - ns
"yys " 4 - -
Clock pulse width | Figh” level | tycH >0 ns
"Low" level twcL 450 - - ns
Data delay time tDM - - 300 ns
Data delay time tpF - - 300 ns
Data delay time tpD - - 200 ns
Data setup time tsp 250 - - ns
Note: (MA, MB, FLM, D1 and

D2).

No load is applied to all the output terminals
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Display is controlled by writing data into the instruction register and 13
data registers. The RS signal distinguishes the instruction register from
the data registers. 8-bit data is written into the instruction register
Qich RS=1, and the code of data register is specified. The 8-bit data is
written in the data register and the specified instruction is execqteg.yfth

hed ‘..0
G =V

During the execution of the instruction, no new instruction can be
accepted. Since the busy flag is set during this, read the busy flag and

make sure it is O before writing the next instruction.

(1) Mode control

Code $'"00" (hexadecimal) written into the instruction register specifies

the mode control register.

Register R/W RS | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DBl | DBO
Instruction reg. 0 1 (U 0 0 0 -0 0 0 0
Mode control reg.| 0 0 0 0 ‘ Mode data

' ‘ ‘ Graphic/character ?

DBS| DB4 DB3‘D82 DBerBOV Cursor/blink CG display

0 0 Cursor OFF _

Character display
0 ©
1 0 Cursor ON g (Character mode)

1|0 Cursor OFF, character blink 26

1 1 Cursor blink =
170|170 0 0 0 Cursor OFF .

0 1 1 Cursor ON - §

110 Cursor OFF,character blink S

1 1 Cursor blink MO

0|0 1|0 Graphic mode

19
Twln LiSe | o
~ Mmoo o] x 0 |lmo ~O
Q. Oluw > (=] 0 | cn « o
221882 | 5|shyls &
Aol vl m | Ofucolm
OOE
L——-——-1: Master mode
0: Slave mode
‘= 1: Display ON
0: Display OFF



(2)

(3)

Set character pitch

Register R/W | RS | DB7 | DB6 | DBS | DB4 | DB3 ~DBZ | DB1 |DBO

Instruction reg. 0 1 0 0 0 0 o 0 0 1

-reg.

Character pitch

-0 0 (Vp - 1) binary 0 [(Hp - 1) binary

Vp indicates the number of vertical dots per character. The space be-
tween the vertically-displayed characters is considered for determina-
tion. This value is meaningful only during character display (in the

character mode) and becomes invalid in the graphic mode.

The Hp indicates the number of horizontal dots per character in display,
including the space between horizontally-displayed characters. In the
graphic mode, the Hp indicates the number of bits of l-byte display data

to be displayed.

There are three Hp values.

Hp | DB2| DB1| DBO
6 | 1| 0| 1 | Horizontal character pitch 6
711 1]o " 7
s l1]|1]1 " 8

Set number of characters

Register R/W ' RS | DB7 | DB6 | DB5 | DB4 | DB3 DB2 | DB1 | DBO

Instruction reg. 0 1 0 0'{ O 0 0 0 1 0

Number-of-characters
reg.

0 0 0 (Hn - 1) binary

Hn indicates the number of horizontal characters in the character mode
or the number of horizontal bytes in the graphic mode. If the sum total

of horizontal dots on the screen is taken as n,
n = Hp x Hn

Hn can be set with an even number of 2 to 128 (decimal).




(4)

RS

(6)

7

Set number of time division (inverse of display duty ratio)
Register R/W | RS | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 DBO
Instruction reg. 0 1 0 0 0 0 0 0 1 1 1
! Number-of-time shares . - s AN ‘?
S reg. : : ‘ l ” | ’ l r L _‘ "‘_“' ) e

Nx indicates the number of time division in multiplex display.
1/Nx is a display duty ratio. -

A value of 1 to 128 (decimal) can be set to Nx.

Set cursor position

Register R/W /| RS | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
- Instruction reg. 0 1 0 0 0 0. 0 1 0 0
g:gs°f.9°51t1°“ . olo| o] o] of o (Cp - 1) binary

Cp indicates the position in a character where the cursor is diéplayed
ini;he character mode. For example, in 5x7 dot font, the cursor is
displéyed undef a character by speéifying Cp=8 (decimal). The cursor
horizontal length is equal to the horizontal character pitch Hp. A
value of 1 to 16 (decimal) can be set to Cp. If a smaller value than
the number of vertical character pitches Vp is set (Cp gvp), and a
character is overlapped with the cursor, the cursor has higher priority
of display (at cursor display ON). 1If Cp is greater than Vp, no cursor

is displayed. The cursor horizontal length is equal to Hp.

Set display start- low order address
Register R/W | RS | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO
Instruction reg. 0 1 0 0 0 0 1 0 0 0

Display start address 0

reg. (low order byte) 0 (Start low order address) binary

Set display start high order address

Register R/W | RS | DB7] DB6 | DBS | DB4| DB3| DB2 | DB1 | DBO{
Instruction reg. 0 1 0 o} o 0 1 0 0|1

| reg. (high order bhyte)l

Display start address

0 | 0 | (starc high order address) binary



(8)

9)

(10)

These instructions cause display start addresses to be written in the
display start address registers. The display start address indicates a
RAM address at which the data displayed at the top left end on the screen
is stored. In the graphic mode, the start address is composed of high/

low order 16 bits. 1In the character display, it is composed of the lower

4 bits of high order addréss and 8 bits of low order address. The upper
,z bits oflﬁigh order address are ignored.

Set cursor address (low order) (RAM write low order address)

Register R/W RS | DB7| DB6 'DBS DB4 | DB3 LDBZ DBl } DBO
Instruction reg. 0 1 0 0 0 0 1| o 1 0
Cursor address counter
(low order byte) 0 0 (Cursor low order address) binary

Set cursor address (high order) (RAM write high order address)

Register R/W | RS | DB7| DB6 | DBS| DB4 | DB3 | DB2 | DB | DBO
Instruction reg. 0 1 0 0 0 0 1 0 1 1
Cursor address counter . .

(high order byte) 0 0 (Cursor high order address) binary

These instructions cause cursor addresses to be written in the cursor
address counters. The cursor address indicates an address for sending
or receiving display data and character codes to or from the RAM.

In the character mode, the cursor is displayed at the digit specified

by the cursor address.

Write display data

Register R/W| RS | DB7| DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Instruction reg. 0 1 0 0 0 0 1 1 o] o
RAM 0 0 MSB (pattern data, character code) LSB

After the code $'0C' is written into the instruction register with RS=1,
8 bit data with RS=0 should be written into the data register. This

data is transferred to the RAM specified by the cursor address. The

~ cursor address is increased by 1 after this operation.



(11)

Read display data

Register R/W
Instruction reg. 0
RAM | 1

Data can be read from the RAM by writing code $'0D' into the instruction

register with RS=0. The read procedure is as follows:

S S W e B L L

(12)

8 0A Nu 8 — 08 '—'{ Nu B 00 8 . 8 | . 8 3
Juey |Cutsoc | Cursoc | Busy [Cursor [Cursor | Busy daca | Susy m-v id Busy | ¥+L
coack |sddress]| lov check |addrese|bigh check read check chch “s check | address

sec ocder set ocder sode date
wode weite wode address resd
addcess wrica e

Cursoc I
sddcess N ] N v N+2 l N+3

Oaca |
sutpuc lg Py "l addcess l~‘
cegisCer

This instruction outputs the contents of data output register on Data
Bus (DBO to DB7) and then transfers RAM data specified bya cursor
address to the data output register, also increasing theersor address
by 1. After setting the cursor address, correct data ismm output at
the first read but at the second time. Thus, make one dmny read when

reading data after setting the cursor address.

Clear bit

Register R/W | RS | DB7 | DB6 | DBS | DB& DBl | DBO
Instruction reg. 0 1 0 0 0 0 1 0
Bit clear reg. 0 0 0 0 0 0 KQQ‘B - 1) binary




(13)

Set bit

Register R/W | RS | DB7 | DB6 | DB5 | DB4 | DB3| DB2 | DB | DBO

Instruction reg. 0 1 0 0 0 0 1 1 1 1

0} o} o 0 0 |(NB - 1) binary

(14)

Bit set reg.
R —

A —
The Clear/Set Bit instruction sets i bit in a byte of display data RAM
to 0 or 1, respectively. The position of the bit in a byte is specified
by Ng. After the execution of the instruction, the cursor address is
automatically increased by 1. Np is a value of 1 to 8. Ng=1 and N 8

indicates LSB and MSB, respectively.

Read busy flag
Register R/W | RS | DB7 | DB6| DBS| DB4 | DB3 | DB2 | DB1 | DBO
Busy flag 1 1 | 1/0

When the read mode is set with RS=1, the busy flag is output to DB7. f
The busy flag is set to 1 during the execution of any of insfructionsf
(1) to (13). After the execution, it is set to 0. The next instruction
can be accepted. No instruction can be accepted when busy flag=1.
Before executing an instruction or writing data, perform a busy flag
check to make sure the busy flag is 0. When data is written in the
register (RS=1), no busy flag changes. Thus, no busy flag check is
required just after the write operation into the instruction register

with RS=1.

The busy flag can be read without specifying any instruction register.




—

ROy
EREOO0CRRRE000—— i E000
ROO0OROCOOR0O00OR00O :DDDDIODD
ROO00OR000R0O00OR00 000Om000
EO00OEO0CEEERO00 0OR00000
EEERRCOCROOCRD  § 'OmO00000
ROOOw00CERo0nnon EIDDHUDDH
EONOE00O0ERER00 .!llllDDq
GDGDDDSDDDDDDD’ ,%QQHHHHH
200000 AEENR— oo e
UDD_U""Q """""""" CI0TI00TINT]
000 : :
aao ' i
0o0o : !
[ '
! CURA ;
STA )
: ‘ 5
: |
! 1
1 i
! [
| |
A |
| L
L O O o
OEEE0unsg !
- mOO0mO00 |
m100Om000 |
m00o0m0oa00n !
mo0Om000 '
E0OO20Om000a !
Ommmoods ;
1000000 i
{1000100008 !
HN
(digit)
Symbol‘ Name Meaning Value
H Horizontal character | Lateral character pitch 6 to 8 dots
P- .
pitch
Number of horizontal | Number of lateral characters per | 2 to 128
- characters line (number of digits) in the digits
N character mode or number of bytes | (an even
per line in the graphic mode. number)
v Vertical character Longitudinal character pitch 1 to 16
P | pitch dots
Cursor position Line number on which the cursor 1 to 16
‘p can be displayed line
N Number of time Inverse of display duty ratio 1 to 128
X | division lines
Note: If the number of vertical dots on screen is taken as m, and the

number of horizontal dots as n,

1/m = 1/Nx = display duty ratio

n = Hp X Hn,

Cp < Vp

m/Vp = No. of display lines




® Display Mode
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® Internal Character Generator Patterns and Character Codes
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NEXAMPLE OF CONFIGURATION

®Graphic Mode

Liquid crystal
_display module

MPU HD 63830

‘MD... ? MA s

RAM

® Character Mode (1) (Internal Character Generator)

Liquid crystal
display module

MPU HO 61830

Moo ~ 7 MAO -~ N

RAM

®Character Mode (2) (External Character Generator)

Liquid crystal
MPU HD®61830 display module
ROt | MA, .0\ MA g
ROM [T~ "] RAM

®Parallel Operation

(Master)
Liquid crystal| Liquid crystal
MPU HD61830(1) displa)(r t)nodule display module
1 [¢3)
C3S CP[SYNC} |
RAM
L.{CR SYNC
Lo HOS1830 (2
CS(Slave) i

RAM







HD61602/HD61603
(SEGMENT TYPE LCD DRIVER)

The HD61602 and the HD61603 are liquid crystal display driver LSIs with TTL
and CMOS compatible interface. Each of the LSIs can be connected to various

microcomputers such as the HMCS6800 series.

The HD61602 incorporates the power supply
circuit for liquid crystal display driver.
By the software-controkled liquid crystal
driving method, several types of liquid

crystals can be connected according to

the applications.

"The 'HD63603 is a liquid crystal display
driver LSI only for static drive and has

{FP-80)

64 segment outputs that can display 8

digits per chip.

H FEATURES

® Wide-range operating voltage
Operates in a wide range of supply voltage 2.2V to 5.5V.
Compatible with TTL interface at 4.5V to 5.5V.

® Low current consumption
Can drive from a battery power supply (100pA max. on 5V).

Standby input enables a standby operation at lower current consumption

(5pA max. on 5V).

® Internal power supply circuit for liquid crystal display driver (HD61602).
Internal power supply circuit for liquid crystal display driver facili-

tates the connection to a microcomputer system.

® Versatile segment driving capacity

. Display
Type No. Driving method segments Example of use
Static 51 segments x 6 digits + 3 marks

1/2 bias| 1/2 duty 102 segments x 12 digits + 6 marks

1/3 duty 153
1/4 duty 204
HD61603 Static 64

HD61602

segments x 17 digits

1/3 bias
segments x 25 digits + 4 marks

o |[mw|olo]| o

segments x § dizits




B PIN ARRANGEMENT (TOP VIEW)

N BLOCK DIAGRAM

® HD61602

SYNC

1

LCD driving

e

osc timing
READY generator Common
driver
Daca RAM write
controller timing }
generator r
i
-—L\Data latch»-.—___ >Parallel/serial —-i>$egme!\t
0. . 0,78 bit x 2 coaverter Display [T[V|driver
data RAM|
s l;[ Address
Yode decoder
setting == oPERATION
laczh [— MOODE
LCD driving |2 Driving
\"/
voltage v' voltage
generator > selection

>

Common output
(4 lines)

Segment output
(51 lines)



® HD61603

SYNC

! % %&J LCD driving
osc timing
READY generator Common Common
E = driver output
Data RAM write
‘controller | timin ]
genergtor )
—_*arallellserial .
converter Pisplay | |, [segment >Segment
‘ data RAM---:>“1"er output
E::i> Address ::> (64 lines)
decoder
sectting g
latch
vV
N ABSOLUTE MAXIMUM RATINGS
Item Symbol . Limit . Unit
Power supply voltage* Vgg, V1, V2, V3 0.3~ -7.0 v
Terminal voltage* VT 0.3 v Vgg-0.3 v
Operating temperature Topr -20 v +75 °C
Storage temperature Tstg -55 v +125 °C

* Value referred to Vpp=0V.

If LSIs are used abové absolute maximum ratings, they may be permanently
destroyed. Using them within electrical characteristics limits is
strongly recommended for normal operation. Use beyond these conditions
will cause malfunction and poor reliability.

Note:

M RECOMMENDED OPERATING CONDITIONS

Limit
Item Symbol Min. Typ Max. Unit
Power supply voltage* —Vss 2.2 ~ >3 v
-v1l, -v2, -v3 0 - 5.5 \Y
Terminal voltage* -Vt 0 - -Vgg v
Operating temperature Topr -20 - 75 °C




W ELECTRICAL CHARACTERISTICS

e DC Characteristics (1)

(Vgs=0V, Vpp=4.5 to 5.5V, Ta=-20 to +75°C, unless otherwise noted)

& e

o e i S

5

Limit

le S | o
em Symbol |Test condition Min. |Typ| Max. Uni
Input "High" voltage 05C1 VIH1 0.8vpp| - | VpD v
Others VIH2 2.0 - | Vpp \Y
Input "Low" voltage 0scl VILl 0| -192Vmp WYN
Others VIL2 0 -1 0.8 \'
Output leakage - _ 5
current READY Ios |Vo=VpD A
| Output "Low" voltage |[READY VoL IoL=0.4mA - - | 0.4 v
Input leakage current ITL Vin=0vVpp -1.0 { - | 1.0 | pA
LCD driver voltage COMOVCOM3 V41 +1d=3uA {or cach CUU - o= 0.3 s
drop SEGOVSEGS0 | V42 £1d=3uA for each SEC - - | 0.6 \
~ e - -
Power supply current Ipp Dur;ng display 100 HA
- Ipp At standby - - 5 pA
* Except the transfer operation of display data and bit data.
® DC Characteristics (2)
(Vgs=0V, Vpp=2.2 to 3.8V, Ta=-20 to +75°C, unless otherwise noted)
Limit
Item Symbol ?gst condiFion Min. | Typ| Max. Unit
Input "High" voltage VIH 0.8Vppl - | Vpp
Input "Low" voltage VIL 0 - 10.2vpp
Output leakage Ve
current READY IOH VIN VDD - - 5 BA -
Output "Low" voltage |READY VoL I01=0.04mA - - 10.1vpp| V
Input leakage current I, ViN=0Vgs -1.0| - | 1.0 uA
LCD driver voltage COMO.COM3 Vdi1 £1d=3uA for each COM - - 1 0.3
drop SEGONSEGS0 | Vg2  |+1d=3ua for each SEC | ~ 1 0.6
L - -
Power supply current Iss During display >0 uA
Igg At standby - - 5 pA

#fExcept the transfer operation of display data and bit data.




® AC Characteristics (1)

(Vss=0V, Vpp=4.5 to 5.5V, Ta=-20 to +75°C, unless otherwise noted)

and fall time

Item Symbol | Test condition Limit Unit
Min.} Typ| Max.
lOscillation frequency . .| 0S€2:| - fgsc | Rosc=360kQ - 100| - kHz
[External clock frequency | 0SC1 fosc - | 100{ - | wnz
External clock duty 0SC1 Duty 40 50| 60 %
ts 400 E - ns
tH 10| - - ns
twl 300 - - ns
twL 400 - - ns
1/0 signal timing twr 400 - - ns
tpL | Fig. 5 - - | 600 ns
tEN 400 - - ns
top1 | fordiselay — lj0.s] - |11.5|clock
' topz | for PIt and medel 3 51 _ | 4 5|clock
I il Floe i o e
® AC Characteristics (2)
(Vgs=0V, Vpp=2.2 to 3.8V, Ta=-20 to +75°C, unless otherwise noted)
Limit
Item Symbol | Test condition Min.| Typ | Max. Unit
Oscillation frequency 0sC2 fosc Rosc=330k2 - 100 | - kHz
Extermal clock frequency |O0SCl fosc - 100 - kHz
External clock duty 0SCl Duty 40 50 | 60 %
ts 1.5 - - Us
tH 1.0 - - us
twH 1.5 - - us
twL 1.5 - - us
I/0 signal timing tpL Fig. 6 - - 2.0| us
tWwR 1.5 - - us
tEN 2.0 - - us
top1 | GordiSPlay - 110.5| - [11.5 [Clock
corz_| Bor PiEandrode] 55| | eis [ctoa
Input signal rise time tr, tf a _ 5.0| us
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- Fig. 1 Write Timing
e ‘RE is fixed on "High" level, and SYNC on "Low" level)
e T g

W‘E‘ Viu
: ViL
l ten { } ten
FE- VIH * v”'
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twa ] toL
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READY Vou

——g tDL

Fig. 2 Reset/Read Timing
(CS and SYNC are fixed on "Low" level)

WE 7{ Vi
Ve

toL = ten

: /
READY Vou /} Vou

tor1. tor2

Fig. 3 READY Timing
(When the READY output is always available)



READY Vou Vow

Within _ I
1 clock !
SYNC
"Fig. 4 SYNC Timing
Voo
10kQ § 470kQ
Measurement Measurement
terminal terminal o0—s
(READY) (READY) N
15820748 == 30pF
Vss
Vss
Fig. 5 Bus Timing Load Circuit Fig. 6 Bus Timing Load Circuit

(LS-TTL Load) (CMOS Load)



R TERMINAL FUNCTIONS

o HD61602 Terminal Functions

Terminal
name

No. oé
lines

S st i

Input/output |

VDpD

1

Power supply

@ -side power supply

READY

1

NMOS open
drain output

MCU

During setting data in the display
data RAM and mode setting latch in
the LSI after data transfer, "Low"
is output to the READY terminal to
inhibit the next data input. There
are two types of modes: one in
which "Low" is output only when both
of CS and RE are "Low", and the
other,in which "Low" is output

1 =~

regardsess orf Co and 72,

Input

MCU

Chip select input. Data can be
written only when this terminal is
"LOW" .

Input

MCU

Write enable input. Input data of
DO to D7_is latched at the rising
edge of WE.

&l

Input

MCU

Resets the input data byte counter.
After both of CS and RE are "Low",
the first data is recognized as the
lst byte data.

SB

Input

MCU

"High'" level input stcps the LSI
operations.

(i) Stops oscillation and clock
input.
(ii) Stops LCD driver.
(1ii) Stops writing data into dis-
play RAM.

DO\D7

Input

MCU

Data input terminal from where 8-bit
x 2-byte data are input.

Vss

Power supply

© -side power supply

VREF1

Output

Externdi
R

Reférence “voltage output. LCD driv-
ing voltage is generated by this
voltage.

"VREF2

Input

External
R

Divides the reference voltage of
VREF]l with external R to determine
LCD driving voltage. Vgpp23Vl




Terminal [ No. off Connected .
name lines Input/output to Function
Vers Ve2 2 | Output External | Connection terminals for boosting C
- C of LCD driving voltage generator.
An_external C is connected between
) . vCl and Ve2,
vl, V2, 3 | Output External | LCD driving voltages are output.
V3 (Input) C An external C is connected to each
terminal.
CoMOvCOM3 4 |Output LCD LCD common (backplate) driving
(Input) output.
SEGOVSEGS0 5 |Output LCD LCD segment driving output.
SYNC 1 |Input MCU Synchronous input for 2 or more
chips application. LCD driver
—— —-—{ timing-circuit is reset by '"High"-
input. LCD is off.
0SCl1 2-- | Input External | Attaches external R to these termi-
R nals for oscillation. An external
2
0sC Output clock (100kHz) can be input from
0sCl.
Note: Logic polarity is positive. '"1"="H"=active.

®HD61603 Terminal Functions

Terminal
name

No. of
lines

Input/output

Connected
to

Function

Vop

1

Power supply'

@ -side power supply

READY

1

NMOS open
drain output

MCU

| During setting data in the display

data RAM and mode setting latch in
the LSI after data transfer, "Low"
is output to the READY terminal to
inhibit the next data input. There
are two types of modes: one in
which "Low" is output only when both
of CS and RE are "Low", and the
other in which_"Low" is output
regardless of CS and RE.

Input

MCU

Chip select input. Data can be
written only when this terminal is
" "

Low".

Input

MCU

Write enable input. Input data of
DO to D3 is latched at the rising

edge of WE.




Terminal |No. of Input/output Connected Function
name lines to

RE 1 | Input MCU Reset the input data byte counter.

‘ After both of CS and RE are "Low",
the first data is recognized as the
L0 brra darg.,, ., - RS

SB 1 | Input MCU "High" level input stops the LSI

operations.
(i) Stops oscillation and clock
input.
(11) Stops LCD driver.
(i1i) Stops writing data into dis-
play RAM.

DO\D3 4 | Input MCU Data input terminal from where 4-bit
x4 data are input.

Vss 1 |Power supply O-iln ey suna e

V3 1 | Input Power Power supply input for LCD drive.

- supply Voltage between Vpp and V3 is used
as driving voltage.

COMO 1 | Output LCD LCD common (backplate) driving
output.

SEGOVSEG63] 64 | Output LCD LCD segment driving output.

SYNC 1 | Input MCU Synchronous input for 2 or more
chips application. LCD driver
timing circuit is reset by '"High"
input. LCD is off.

0SCl 2 Input External |Attaches external R to these termi-

R jnals for oscillation. An external
0sc2 Output clock (100kHz) can be input from
0SCl.

Note: Logic polarity is positive. "1"="H"=active.




0 DISPLAY RAM

< HD61602 Display RAM >

The HD61602 has an internal display RAM shown in Fig. 7. Display data is
stored in the RAM or is read according to the LCD driving t1m1ng to display
&ﬂngthe LCD -One;: bit of the RAM correSponds to the 1 segment of LCD. Note
that some bits of the RAM cannot be displayed depending on LCD driving mode.

Common address
(COMOCOM3) -~ -

Display RAM

4 bits

51 bits

: Segment address (SEGo"“SEGs )
Fig. 7 Display RAM

® Reading Data from Display RAM

A display RAM segment address corresponds to a segment output. The data at

segment address SEGn is output to segment output SEGn terminal.

A common address corresponds to the output timings of a common output and a
segment output. The same common address data is simultaneously read. The
data of display RAM is reproduced on the LCD panel.

When a 7-segment type LCD driver is connected, for example, the correspondence

between the display RAM and the display pattern in each mode is as follows:

(1) Static drive

In the static drive, only the column of COMO of display RAM is output.

COM1 to COM3 are not displayed.



LCD connection

Display RAM

COoMmM,

COM,| .

COMg ¢ e d

c

op

g

b

(2) 1/2 duty drive

SEGg SEGy SEG,oSEG:) SEGy2 SEGy3 SEG4 SEGys

LCD connection Display RAM
COoM,; T
COoM,
CoM,| a g c b
COMy| f e d | opP

-. w © ~
9 O Q Q
w  w w w
n 7 N

In the 1/2 duty drive, the columns of COMO and COM1 of display RAM are

output in time sharing. The columns of COM2 and COM3 are not displayed.

(3) 1/3 duty drive

LCD connection

Display RAM

SEG, SEGs SEGe SEG; SEGg SEGe

COM;,

COM,| v a b
CoM,| f g c
COMp| e d ppP

SEG, SEG, SEG,; SEGs




in the 1/3 duty drive, the columns of COMO to COM2 are output in time
sharing. No column of COM3 is displayed.

(4) 1/4 duty drive

LCD connection Display RAM
"""""" com, e ]
RO [COM;| f a
““““ COM;
COMz g b
““““ COM, coM,| e | ¢
- --COMo COMo| d | DP

SEG; SEG; SEGs

=
(G4
w
w

~
O,
w
w

In the 1/4 duty drive, all the columns of COMO to COM3 are displayed.

®Writing Data into Display RAM
Data is written into the display RAM in the following five methods:

(1) Bit manipulation

PR

Data is written into any bit of RAM on a bit basis.

(2) sStatic display mode
8-bit data is written on a digit basis according to the 7-segment type

LCD pattern of static drive.

(3) 1/2 duty display mode
8-bit data is written on a digit basis according to the 7-segment type

LCD pattern of 1/2 duty drive.

(4) 1/3 duty display mode
8-bit data is written on a digit basis according to the 7-segment type

LCD pattern of 1/3 duty drive.

(5) 1/4 duty display mode
8-bit data is written on a digit basis according to the 7-segment type

LCD pattern of 1/4 duty drive.

The RAM area and the allocation of the segment data for l-digit display

depend on the driving methods as described in the selection of "Reading Data

from Display RAM".



8-bit data is written on a digit basis corresponding to the above duty
driving methods. The digits are allocated as shown Fig. 8 (allocation of
digit). As the data can be transferred on a digit basis from a microcomputer,
transfer efficiency is improved by allocating the LCD pattern according to

the allocation of each bit data of the digit in the data RAM.

o

rig. 8 sﬁows the digit adaiess |
of the transferred 8-bit data on a digit basis.

Fig. 9 shows the correspondence between each segment in an Adn and the 8-bit

input data.

When data is transferred on a digit basis, 8-bit display data and digit

address should be specified as described above.

(1) Static (2) 1/2 duty (3) 1/3 duty (4) 1/4 duty
display ~ display display
COM, COM, COM, COM, COM, COM, COMoCOMCOM;COM, COMoCOM,COM;COM,
LS v v Al v v
SEGo / SEG, / SEGo SEG,
. . . / L o
SEG, SEG, SEG, AdO / SEG,
o - AdO F +—t
SEG, SEG, SEG, SEG,
- 5 + + - Ad1
SEG, SEG, SEG, / SEG,
SEG. |, SEG SEG Ad1 / SEG. s
. fao///// | ///// .| Sl
SEGs SEGs SEGs | sees
. u - Ad1 + + + + +
SEGs SEGs SEGs / SEGs
A i X R Ad3
SEG; SEG; | -~ | £ SEG, Ad2 / SEG;
SEGs / SEGy | / SEGs SEGe |
o - + ‘ o Ad4
SEG, SEG, SEG, / SEG,
o - Ad2 - + +
SEGyo SEGyo SEGo Ad3 / SEG1o
o - ) - b= AdS
SEGH Ad1 SEGH . SEG” / SEG“
- - 4+ ¢ + + + +
SEGQ: / SEcll / SEG'z / SEG|2
| 5 8 L Ad6
SEG, SEG,, SEG,; Ad4 / SEG, |
L L Ad3 L ' +
SEG|‘ i SEG|4 A SEG ll. . SEG|4 N Ad7
SEG:s SEG,¢ SEG,s / SEGs .
SEG e / SEGys| / SEG e AdS / SEG e
SEG,, AdZ/ SEG, / SEG,, SEG,,
L . Ad4 + + + + +
SEGys SEG1s SEGys A“’G / SEGie
)
X 12////// L y :i///// & o~ L Ad24 4
§ + + +
+S€Gso |Ad6 / SEGso| Ad12 // SEGso Ad16 SEGso Ad25

Cia 0 Allacstise o€ Niait fUNRIANZY



(1) Static display (2) 1/2 duty display (3) 1/3 duty display

Bit Bit : Bit
SEG.,. 7 SEGu. SEGJO\ 7 6
SEGsns2| S SEGun,2| 3 2 SEG3a.2| 2 1 Bét
SEGansa| 4 SEGw.a| 1 | %"
SEG&NO 3 e —

(4) 1/4 duty display

SEGenvs| 2 COMoCOM,COM,COM;
SEGen+a | 1 SEG;, .B%_; 6|5 |4

Bit ' it
SEGens7 | 3 T SEGzns1| 3 2 1 Bolt

Fig. 9 Bit Assignment in an Adn (HD61602)

In the bit manipulation, any one bit of display RAM can be written. When
data is transferred on a bit basis, 1-bit display data, a segment address

(6 bits) and a common address (2 bits) should be specified.

< HD61603 Display RAM >

The HD61603 has an internal display RAM as shown in Fig. 10. Display data

is stored in the RAM and output to the segment output terminal.

1 bit .
ccomoy { C . Display RAM

q .

AN

~v

64 bits

Segment address
Fig. 10 Display RAM (HD61603)

® Reading Data from Display RAM

Each bit of the display RAM corresponds to each LCD segment. The data at
segment address SEGn is output to segment output SEGn terminal. Fig. 11

shows an example of the correspondence between the display RAM bit and the



LCD connection

Display RAM

COMo| f e d c op g b a

SEGg SEGy SEG,o SEGyy SEGyz SEGy3 SEG,, SEG,; SEGe

= 'COMO
< ¢

Fig. 11 Example of Correspondence between Display RAM Bit
and Display Pattern (HD61603)

o Writing Data into Display RAM
Data is written into thevdisplay RAM in the following two methods:

(1) Bit manipulation 4
Data is written into any bit of RAM on a bit basis.

(2) Static display mode
8-bit data is written on a digic'basis according to the 7-segment type
LCD pattern of static drive.

The 8-bit data is written on a digit basis into the digit address (displayed
as Adn) shown in Fig. 12. When data is transferred from a microcomputer,
four 4 bit data are needed to specify the digit address and an 8-bit display
data. Fig. 13 shows the correspondence between each segment in an Adn and

the transferred 8-bit data.



COM,

SEGo .
SEG, [ ] :
SEG, | |
SEG; [AdO] ; COM,
SEG. | ‘ T
seGs | | seca] | 7
SEGg ] SEG;Q_ i SEGenst| 6
SEG; SEGay
SEGs | | SEGw| | SEGe..a 5
SEG, | SEGas|
SEGio| | SEGsol SEGen.s| 4
SEGy[AdT| SEGs:[Ad6]
SEGi)| | SEGsa | s€Gy...| 3
SEG,s| | SEGssf |
SEG)s SEGsa SEGenss| 2
SEGys| | SEGss|
SEG6 SEGss SEGgn,s| 1
= - - -1 e S
SEG,; SEGs, Bit
SEG:s] | SEGss| ] SEGensr|
SEG,s| Ad2] SEGss|AdT]
SEGzo| | SEGeo| | Fig. 13 Bit Assignment in an Adn
SEGy| | SEGe| ] (HD61603) |
SEGzz: 7 secs,: : I
SEG23 ] SEGe3
SEGz:—L, A

Fig. 12 Allocation of Digit
(HD61603)

In the bit manipulation, any one bit of display RAM can be written. When
data is transferred on a bit basis, 1-bit display data and a segment address

(6 bits) should be specified.

R Operating Modes
< HD61602 Operating Modes >

The HD61602 has the following operating modes:

(1) LCD drive mode
Determines the LCD driving method.

(a) Static drive mode

LCD is driven staricallw.:



(b) 1/2 duty drive mode
LCD is driven at 1/2 duty and 1/2 bias.

(c) 1/3 duty drive mode
LCD is driven at 1/3 duty and 1/3 bias.

~(d) 1/4 duty drive mode

(2)

(3

Cs

LCD is drived at 1/4 v hg; ‘”;5uias.

Data display mode
Determines how to write display data into the data RAM.

(a) Static display mode
8-bit data is written into the display RAM according to the digit

in the static drive.

(b) 1/2 duty display mode
- 8-bit data is written into the display RAM according to the digit
in the 1/2 duty drive.

(c) 1/3 duty display mode
8-bit data is written into the display RAM according to the digit
in the 1/3 duty drive.

(d) 1/4 duty display mode
8-bit data is written into the display RAM according to the digit

—

in the 1/4 duty display drive.

READY output mode

Determines the READY output timing.

After data set is transferred, the data is processed internally. The
next data cannot be acknowledged during the processing period. The
READY output reports the period to the MPU. The timing when the READY

is output can be selected from the following two modes:

(a) READY is always available.

VVé\\___//r—_\\\__//, 5

/ Ne—

C

READY \ S -

Data transfer

period

Next date

Input inhibit
period

R R

transfe



(b) READY is available by CS and RE.

%

a

RE- . ' : :
READY ;
Data transfer Lv Input inhibit
period ' period ' Next data

' transfer

(

(4) LCD OFF mode -

In this mode, the HD61602 stops driving LCD and turns it off.

(5) External driving voltage mode

A mode for using external driving voltage (V1, V2 and V3).

The above 5 modes are specified by mode setting data. The modes are in-
dependent of each other and can be used in any combination. The bit manipu-

lation is independent of data display mode and can be used regardless of it.

< HD61603 Operating Modes >

The HD61603 has the following modes:

(1) READY output mode

Determines READY output timing.

After data set is transferred, the data is processed internally.

The next data cannot be acknowledged during the processing period.

The READY output reports the period to the MPU. The timing when READY

is output can be selected from the following two modes:

(a) READY is always available.

cs / N

]
.
.

READY N\ f
Data transfer _LA Input inhibit |
period . period : ' Next data

transfer



(b) READY is available by C3 and RE.

N

|

ehpeeccedeccach e
%‘-

RE

READY N
Data transfer Input inhibit : L._____
period period : Next data

transfer

(2) LCD OFF mode

In this mode, the HD61603 stops driving LCD and turns it off.

N INPUT DATA FORMATS

HD61602 “Input Data Formats

Input data is composed of 8 bits x2. Input them as 2-byte data after READY
output is changed from "Low" to "High" or "Low" pulse is entered into RE

terminal.

(1) Display data (Updates display on an 8-segment basis.)

lst byte ' 2nd byte
Ll L] T 1§ A L] T L § 1 J L
Display address

°10° X (Digit address Adn) Display data
| 'y A A " " N N N . R

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

(i) Display address: Digit address Adn in accordance with each display
mode.
(ii) Display data : Pattern data that is written into the display RAM

according to each display mode and the address.

(2) Bit manipulation data (Updates display on a segment basis.)

lst byte 2nd byte
COM
spla: N
0 1 kh:’ X X X | address x X ) SE? ad?resi ,
7 6 5 4 3 2 1 (o} 7 6 5 4 3 2 1 (o]

(1) Display data : Data that is written into 1 bit of the specified
display RAM.
(ii) COM address : Common address of display RAM.



(iii) SEG address

(3) Mode setting data

-
.

Segment address of display RAM.

Letarnal
lst byte zEL 2nd byte
ol x]ol” :f:”" :{::“’°d° x | x| x| x| x PFF/o :z;zl;{t, A
7 6 5 4 3 2 1 o 7 6 5 a4 3 2 o
(i) Display mode bits : 00; Static display mode
01}; 1/2 duty display mode
10; 1/3 duty display mode
11; 1/4 duty display mode
(i1) OFF/ON bit ¢ 1l; LCD OFF ("1" is set when S¥YNC is entered.)
0; LCD ON i
(iii) Drive mode bits : 00; Static drive
01; 1/2 duty drive
10; 1/3 duty drive
11; 1/4 duty drive
(iv) READi‘bit : 0; READY outputs "0" only while.CS and RE is
"0". ("0" is reset when SYNC is entered.)
1; READY outputs "0" regardless of CS and RE.
(v) External power : 0; Driving voltage is generated internally.
supply bit 1; Driving voltage is supplied from external.
("1"-is set when SYNC is entered.)
(4) 1-byte instruction
lst byte
1 1 X x X X x X
7 6 5 4 3 2 1 (]

The first data (first byte) is ignored when the bit 6 and bit 7 in the

byte are "1".

< HD61603 Input Data Formats >

Input data is composed of 4 bits x4.

Input them as four 4 bit data after

READY output is changed from "Low'" to "High" or "Low" pulse is entered into

RE terminal.



(1) Display data (Updates display on an B-segment basis.)

Ist byte 2nd byte 3rd byte 4th byte
T Y T T . - \3 T T + o
l 0 o} x x P Otsplav address I [ . Display ;dat\a Display da;‘_&a‘l
L ovic e bens 0 T e g | lhje3, 2,1, 0
STz 1 o 7 e 5 S E S

(i) Display address: Digit address Adn shown in Fig. 12.
(ii) Display data : Pattern data that is written into the display RAM

as shown in Fig. 13,

(2) Bit manipulation data (Updates display on a segment basis.)

lst byte 2nd byte 3rd byte 4th byte
1 T T T ] T T T
0 1 t):::hy % x x 0 0 « x SEEC address ) SEG address
1 1 1 1 bits 4 bit3, 2 , '
3 -2 1 0] 3 2 1 0 3 2 ! 0 » 20 0

(i) Display data : Data that is written into the 1 bit of the
, specified display RAM.
(ii) SEG address : Segment address of display RAM (segment output).
(3) Mode setting data

3rd byte 4th byte

lst byte 2nd byte
» T ; - T T T T T
1 0 x 0 x :E‘:DY, X x x x x x X :::’ ™l 9 o
1 1 1 1 1 1
3 2 1 0 3 2 1 0 3 2 1 0 3 2 1 0
(i) OFF/ON bit : 1; LCD OFF ("1" is set when SYNC is entered.)
0; LCD ON
(ii) READY bit : 0; READY outputs "0" only while CS and RE are "0".

("0" 1s reset when SYNC is entered).

1; READY outputs "0" regardless of CS and RE.

(4) 1-byte instruction

l1st byte
L T
1 1 x b
1 1

The first data (4 bits) is ignored when the bit 3 and 2 in the data

are "1".



R HOW TO INPUT DATA

< How to Input HD61602 Data >

Input data is composed of 8 bitsx 2. Take care that the data transfer is
not interrupted. Because the first 8-bit data is distiﬁguished from the

second one depending on the sequence only.

If data transfer is interrupted or at the power ON the following two methods
can be used to reset the count of the number of bytés (count of the first

and second bytes):
(1) Set CS and RE inputs in "Low" (no display data changes).

(2) Input 2 or more "l-byte instruction data" which bit 7 and 6 are "1"

(display data may change).

The data input method via data input terminals (Eg, WE, DO to D7) is similar
to that of static RAM such as HM6116. An access of the LSI can be made through

same bus line as ROM and RAM. When output ports of a microcomputer are used

for an access, refer to the timing specifications and Fig. 1l4.

Power ON
|

ReaOY TN \ [os ~......: .3 s
............... ’ol 2
r—— L
SYNC \
S8 ‘
Do - O, L———('sl X 2na Y X st X 20 X
Mode setting daca Display daca
data

*1: READY output is indefinite during 12 clocks after the oscillation start
when power ON (clock: 0SCz clock).

*2: "High" pulse should be applied to SYNC terminal when using two or more
chips synchronously.

*3: In the mode in which READY is always available, READY output is in-
definite while "High" is being applied to SYNC.

*4: Reset the byte counter after power ON.

*5: READY output period is within 4.5 clocks in the mode setting operation
and bit manipulation or within 11.5 clocks when the display data (8 bits)
is updated.

*6: Connect a proper pull-up resistor if WE or RE may be floating.

~* ... T aA B RS, S T T T ~ o RN ~



< How to Input HD61603 Data >

Input data is composed of 4 bitsx 4. Take care that data transfer is not
interrupted. Because the first 4-bit data to the fourth 4-bit data are

distinguished from each other depending on the sequence only.

1f data transfer is interrupted or at the Power ON, the following two methods
can be used to reset the count of the n ~.r of data (count of the first Q‘

bit data to the fourth 4-bit data):
(1) Set CS and RE in "Low".

(2) Input 4 or more "l-byte instruction" data (4-bit data) which bit 3 and 2

are "1" (display data may change).

The data input method via data input terminals (CS, WE, DO to D3) is similar
to that of static RAM such as HM6116. An access of the LSI can be made
“hrough the same bus line as ROM and RAM. When output ports of a micro-
computer are used for an access, refer to the timing specifications and"

Fig. 15.

Power ON
&/ "\ / \ /.
W, e " \VAVAVAY \VAVAVAV .

LT /T \Ues
READY /="~ " /XIS |
[ D} .5 5

SYNC 3t J t. :

S8

Do 0, < O———— s 2nd] 3ra } an >—( Y Vst [ 2na ) 3ca ] 4 [

Mode setting data Display daca

*1: READY output is indefinite during 12 clocks after the oscillation start
when power ON (clock: 0SC, clock).

*2: "High" pulse should be applied to SYNC terminal when using two or more
chips synchronously.

*3: In the mode in which READY is always available, READY output is in-
definite while "High" is being applied to SYNC.

*4: Reset the 4-bit data counter after power ON.

*5: READY output period is within 4.5 clocks in the mode setting operation
and bit manipulation or within 11.5 clocks when the display data (8 bits)
is updated.

*6 Connect a proper pull-up resistor if WE or RE may be floating.



R STANDBY OPERATION

Standby operation with low power consumption can be activated when terminal
SB is used. Normal operation of the LSI is activated terminal SB is '"Low"
level and the LSI goes into the standby state when terminal SB is "High"
level. The standby state of the LSI is as follows:

(a) LCD driver is stopped and no driving voltage is generated (LCD are off).
(b) Display data and operating mode are held.

(c) The operation (in which READ¥ is outputting "Low'") during display change
is suspended. In this case, READY outputs "High" within 10.5 clocks or

4.5 clocks after rekease from the standby mode.

(d) Oscillation is stopped.

When this mode is not used, connect terminal SB to Vgg.

N MULTI-CHIP OPERATION

When a LCD is driven with two or more chips, the driving timing of LCD must

be synchronized. ~In this case, the chips are synchronized with each other

by using SYNC input. If SYNC input is "High", the LCD driver timing circuit
is reset. Apply "High" pulse to the SYNC input after the operating mode is

set.

A "High" pulse to the SYNC input causes the change of the mode setting data
(The OFF/ON bit is set and the READY bit is reset. See (3) mode setting data

in "Input Data Formats'.). Transfer the mode setting data into the LSI after

every SYNC operation.

If a Power ON RESET signal is applied to the SYNC terminal, the LCD can be

of f-state when the Power is turned on.

When SYNC input is not used, connect terminal SYNC to Vgs.



N LIQUED CRYSTAL DISPLAY DRIVING VOLTAGE GENERATION CIRCUIT (HD61602)

e When Internal Driving Voltage is Used + side ‘Lv
power supply Cs 1] °°
‘As shown in Fig. 16, attach capacitances »—_._“._4,;;"‘\/55
R
Cl to C4 for boosting circuit and a half- ! 16
v - . ‘ . ‘ W Vreer
" .xed resistor Rl for setting LCD driing 17 Veces
18
voltage. Adjust Rl according to the ' f - Ve
required LCD driving voltage. c',g
Ty,
C. 20
' ¢ 21"
& 20y,
Co 22
4 Vs
23—26c0M
(L
, SEG,
Lem 7Y sea,
_ 75
} | SEG
B U B

Rl = 1M half-fixed resistor
Cl =0.3yuF C2vC4 =0.3uF

Fig. 16 An Example when Internal
Driving Voltage is Used

e When External Driving Power Supply is Used

As shown in Fig. 17, the LCD driving voltage is supplied by an external

power supply with external resistors and capacitors.

+side Voo +side Voo
power supply Ves POWET ) Vss
A | supply ,L—
Vrerr Vaee
* Vrer2 6 Vier2
R, NC—ve, Rzl | NC—]Var
NC—] V¢2 NC—{ Vc2
— V, Vi
V2
Vg v2
Rs
Vi
’E Note:
' Te When standby mode is
< used, a transistor is

required.

(1) Static drive o i) 1/2, /3, 1/4 F1g 17_‘_ An Examplie when Externa_‘l



N LIQUID CRYSTAL DISPLAY DRIVING VOLTAGE (HD61603)

As shown in Fig. 18, apply LCD driving voltage from the external power supply.

+side power
supply
Note:
SB When standby mode is used,
a transistor is required.

Fig. 18 Example of Driving Voltage Generator

N OSCILLATION CIRCUIT

e When Internal Oscillator Circuit is Used

When the internal oscillator circuit is used, attach an external resistor

Rosc as shown in Fig. 19.

Rosc Rosc DC
NC
80 79 80 79| - “‘2‘4049‘19 80 79|
0SC,  0SC, 0sC,  0sc; _ et¢- 0SC, _ 0SC,

| Multi-chip operation

Fig. 19 Example of Oscillator Circuit

eWhen External Clock is Used

When an external clock of 100kHz with CMOS level is provided, terminal OSCl

can be used for the input terminal. In this case, open terminal 0SC2.



B APPLICATIONS

ev— HDTaLSY I8
cru F :
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~Fig. 20 Example (1)
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1800 Bering Drive San Jose, Calif. 95112
Tel: 408/292-6404
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Fax: 408-2922133
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Hitachi America, Ltd.
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Tel: 213-701-6606
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Hitachi America, Ltd.

North Central Regional Sales Office
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Tel: 312-773-4864
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Hitachi America, Ltd.
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Tel: 617-861-1642

Twx: 710-326-1413

EUROPEAN SALES OFFICES (EU)

Hitachi €lectronic Components Europe GmbH
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Tel: 089-46140

Telex: 5-22693 (HITEC-D)

Fax: 089-463151
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Tel: 0711-772011
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Tel: 02-3763024
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Branch office
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Tel: 08-751-0035

Telex: 14106 (HITECST S)

ASIAN SALES OFFICES
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Room 706-707, 7/F, Wing On Plaza,
Salisbury Road, Tsimshatsu,
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Tel: 3-7219218

Telex: 40815 (HISAL HX)

Branch offices

Hitachi Semiconductor (Hong Kong) Ltd.
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No. 73.7th F1-1, Fu Shing N. RD.

Hsing Nan Bldg. Taipei, Taiwan

Tel: 02-773-21623

Telex: 23222 (HISEKTWN)
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