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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)

OoFP-54

196104

_1£0.5

Applicable LSI| HD43160AH

®FP-60 E— -y 0152006
T T T INACARAAA

256t04
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Applicable LSIi HD44100H, HD44103CH,HD61830

®FP-80 256204

196:04

Applicable LSI | HD61602,HD61603,HD44101H,LCD-1I(HD44780),HD44102CH
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B MARKING

There are two kinds of marking of the Hitachi LCD driver devices: the one

with 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

(a) (b) (a) (b)
[ 1 T 1 T 1 r 1
V‘ N PN
1C 2A2
>
\ "ala N {. i\ N N
(c) c
-HDA4100H -HD44[780A00

* JAPAN

* JARAN

Meaning of each mark

(a) Hitachi mark

(b) Lot code

(c) Standard type No.
(d) JAPAN mark

(e) ROM code
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RELIABILITY AND QUALITY ASSURANCE

1. VIEWS ON QUALITY AND RELIABILITY

Basic views on quality in Hitachi are to meet individual user's purchase
purpose and 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 size and application fields. To

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

HITACHI
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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) Devjice Design
It is important for device design to consider total balance of process
design, structure design, circuit and léyout 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 evaluated.
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* 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.

HITACHI
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3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR DEVICES

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

(1) Problems in individual process should be solved in the process. 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 information from field.
(3) Approval is needed for design change and work change.
(4) Intensive approval is executed on parts material and process.

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

at mass production stage.

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

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

The other activities of quality assurance are 4% follows:

Step Contents Purpose

Targgt f Design Review J

Specification L

Design . Characteristics of Material Confirmation of

Trial ma— Macerials, Partsp_ | and Parts Characteristics and

Production Approval Appearance Reliability of Materials
Dimension and Parts
Heat Resistance
Mechanical
Electrical
Others

I Characteristics Approval }-—————————— Electrical Characteristics Confirmation of Target

Function Spec. Mainly about
Voltage Electrical Characteristics
Current
Temperature
Others

Appearance, Dimension

Waﬁality Approval (1) I'“ Reliability Test " ‘ Confirmation of Quality

Life Test and Reliability in Design
Thermal Stress
Moisture Resistance
Mechanical Stress

Others
Iﬁuality Approval (2) "--————— Reliability Test S Confirmz.ltign'of ?uality
Process Check same as and Reliability in Mass
Quality Approval (1) Production

Mass Production l

Fig. 1 Flow Chart of Quality Approval
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(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 1Inner Process Quality Control

Inner process qﬁality 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 Semi-final Products and Final Products

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

extraordinarily with necessary high performance devices and improvement
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of production, and are important factors to determine quality and re-
liability. In Hitachi, automatization of manufacturing equipments are
promoted to improve manufacturing fluctuation, and controls are made to
maintain proper operation of high performance equipments and perform the
proper function. As for maintenance inspection for quality control,
there are daily inspection which is performed daily based on 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. As for adjustment and

Process Quality Control Method
————! Material, PartsJ
Material,
Parts ) : N
nspection Inspection on Material and p—--—- 4 Lot Sampling,
of Material —__] Parts for Semiconductor Confirmation of
and Parts Devices Quality Level
__________ 3 Manufacturing Equipment, F—-]—-

Confirmation of

r
!
!
1 Manufacturing | — Environment, Sub-material, .
| : Worker Control Quality Level
! :
l I
1 | . -4—-4 Lot Sampling,
| Screening [ Inner Process Quality Confirmation of
Control L
| | | d Quality Level
! |
| !
| : 100% 1 i
| nspection on F==4-=1 Testin
. . g
| l J—
{ | 100% Inspection !- Appearam:? ar.xd Electrical Tnsepction
J‘ Characteristics e 4 e
Products Sampling Inspeciton on F= ===
Products ; X
. Appearance and Electrical Lot Sampling
Inspection Characteristics

F—=—-7 Confirmation of
Reliability Test Quality Level,

=~ Lot Sampling

Feedback of

 Qualify informscion ] | Imformation
' Claim !
Field Experience 1
General Quality |
! Information 1
T -

Fig. 2 Flow Chart of Quality Control in Manufacturing Process
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maintenance of measuring equipments, maintenance number, specification

are checked one by one to maintain and improve quality.

(3) Quality Control of Manufacturing Circumstances and Submaterials

Quality and reliability of semiconductor 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. 1In 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 inspection on floating dust in

room, falling dusts and dirtiness of floor.

3.3.3 Final Product Inspection and Reliability Assurance
(1) Final Product Inspection

Lot inspection is done by quality assurance department for products which
were judged as good products in 100% test, which is final process in
manufacturing department. Though 1007 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.

(2) Reliability Assurance Tests

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

user are performed.
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Table 1

Quality Control Check Points of Material and Parts
(Example)

Material,

Important

Point for check

parts control items
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 Contamina%ion, scratch,
wire for . . bend, twist
wire Dlm?n51on ]
bonding Purity Purity level
Elongation ratio Mechanical strength
Appearance Contamination, scratch
Dimension Dimension level
Processing
Frame accuracy
Plating Bondability, solderability
Mounting Heat resistance
characteristics
N a
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
1 i characteristics
Plastic Molding Molding performance
performance
Mounting Mounting characteristics
characteristics

HITACHI

13



Process

Y Purchase of material

t—Water

|— Frame

L— Package.

Surface oxidation

Inspection on surface
oxidation

Photo resist

Inspection on photo resist
PQC level check
Diffusion

Inspection on diffusion
PQC level check

Evaporation

Inspection on evaporation
PQC level check
Wafer inspection

Inspection omn chip
electrical characteristics

Chip Scribe

Inspection on chip
appearance

PQC lot judgement

Assembling

PQC level check

Inspection after assembling
PQC loc judgement

Sealing

PQC level check
Final electrical inspection
Failure analysis

Appearance inspection

Sampling inspection on
products

Receiving
Shipment

Wafer

Oxidation

Photo
resist

Diffusion

Evapora-
tion

Wafer

Chip

Assembling

Sealing

Marking

Control point

Characteristics, Appearance

Appearance, Thickness of
oxide film

Dimension, Appearance

Diffusion depth, Sheet
resistance

Gate width

Characteristics of oxide
film, Breakdown voltage

Thickness of vapor film,
Scratch, Contamination

Thickness, Vry characteris-
tics

Electrical characteristics

Appearance of chip

Appearance after chip
bonding

Appearance after wire
bonding

Pull scrength, Compression
width, Shear strength

Appearance after assembling

Appearance after sealing
Outline, Dimension

Marking strength

Analysis of failures, Failure
mode, Mechanism

Purpose of contrel

Scratch, removal of crystal
defect water

Assurance of resistance
Pinhole, Scratch

Dimension level
Check of photo resist
Diffusion status

Control of basic parameters

(VrH, etc.) cleanness of surface

Prior check of VTH
Breakdown voltage check
Assurance of standard
thickness

Prevention of crack,
Quality assurance of scribe

Quality check of chip
Bonding

Quality check of wire
Bonding

Prevention of open and
short

Guarantee of Appearance
and Dimension

Feedback of analysis infor-
mation

Fig. 3 Example of Inner Process Quality Control
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Customer

Claim
(Failures, Information)

Sales Dept.
Sales Engineering Dept.

i

. Fai i
Quality Assurance Dept. ailure Analysis :
|
) I
! i !
Manufacturing Dept. Design Dept. Counte?measure |
Execution of |
Countermeasure ]
|
Report |
|
1
i

1lit ssur e Dept.

Qua y Assuranc P Follow-up and Confirm- :
ation of Countermeasure
Execution |
Report |
_________________________________________________ 4

Sales Engineering Dept.

Reply

Customer

Fig. 4 Process Flow Chart of Field Failure
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RELIABILITY TEST DATA OF LCD DRIVERS

I. INTRODUCTION

The use of liquid crystal displays with microcomputer application 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.

density.

Si-gate process is used for high reliability and high

Chip structure and basic circuit are shown in Fig. 1, and package

structure is shown in Fig. 2.

.
ISN\a

Si0z  Source Drain

FET2

P-channel
EMOS

N-channel
EMOS

Fig. 1

Chip Structure and Basic Circuit

Chip

Bonding wire Y:> Plastic

Fig. 2 Package Structure

HITACHI
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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, V¢c=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

B HD44780 90 90,000 0
 total | 250 | 230,000 | o |

Table 2 Test Result (2)

Test item Test condition S?mple Component Failure
size hour
High temp, storage Ta=150°C, 1000 hrs. 90 900,000
Low temp, storage Ta=-55°C, 1000 hrs. 80 800,000
Steady state humidity| 65°C, 95% RH, 1000 hrs.| 545 550,000 1*1
Steady state humidity| gsoq 99y gu, 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 shdck 0 ~ 100°C 108 0
10 cycles
Temperature cycling e 678 0
10 cycles
Soldering heat 260°C 10 sec. 132 0
Solderability 230°C 5 sec. 43 0

HITACHI



4. QUALITY DATA FROM FIELD USE

Field failure rate is estimated in advance through productidn 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. kOn the basis of information
furnished byrthe user, failure analysis is conducted and the results are

quickly fed back to the design and production divisions.

Failure analysis result on MOS LSI returned to Hitachi is shown in Fig. 3.

Damaged by
excessive
voltage
and/or
current

(26.7%)

Good
devices

(38.8%)

Assembly
(3.1%)

Poor functional

test pattern
(3.1%)

Marginal
14.5%

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.

HITACHI
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(5) 1If semiconductor devices are stored for a long time, store them in the
unfabricated form. If their lead wires are formed beforehand, bent parts

may corrode during storage.

(6) 1If the chips are unsealed, store them in a cool, dry, dark, and dustless
place. Assemble them within 5 days after unpacking. Storage in nitrogen
gas is desirable. They can be stored for 20 days or less in dry nitrogen
gas with a dew point at -30°C or lower. Unpacked devices must not be

stored for over 3 months.

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

ture changes.

5.2 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) Use containers or jigs which will not induce static electricity as the
result of vibration during transportation. It is desirable to use an

electrically conductive container or aluminium foil.

(2) In order to prevent device breakage from clothes-induced static 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.

(3) 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.

(4) When transporting semiconductor devices or printed circuit boards,

minimize mechanical vibration and shock.

20 HITACHI



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 abnormal 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.
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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

typical example of mounting are given below.

1. Individual 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 235°C for resin part (lead bottom) as the

heating conditions.

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 solder 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
P
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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 temperature
of resin surface becomes higher than the lead. Therefore, a shielding
plate 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.
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Flowcharts of Mounting Methods

Soldering iron method

.Solder Tacking
Soldering
~ 260°C
(10 sec.)

Washing

(Resin coating)

V

Reflow method
(Spare solder)

Board
Solder

Flux| Spare solder l

Flux applying

Tacking

Preheating
100 ~150°C
(20 sec.)

Reflow
235°C

(10 sec.)

1

Washing

(Resin coating)

Reflow method
(Solder paste)

Board

Solder paste

Spare
solder
parts

Printing l

Tacking

Preheating
100 ~150°C
(20 sec.)

Reflow
235°C
(10 sec.)

.

Washing

(Resin coating)
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LIQUID CRYSTAL DRIVING METHODS

Driving a liquid crystal at direct current triggers electrode reaction inside
the 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 multipiex 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.

B STATIC DRIVING METHOD

Liquid Crystal Display
and Terminal Connection ! H

b = — M/ M — Voo

com— — 4 = =2 v

COM,

SEGh— r— —w — M Voo

9——SEGM7 A I I O ) O

SEGn+G

< S R AR E Y
/‘ stG— 4 L] L L1 L1 L) v
— - M M Vi

g ¥ 3 E
6g ¢ g2 ¢ |
»n »n wn ;
COMo—SEGn+1 ov
n=0, 1, - .5 Selected waveform
(n=0, 1, =weeee . 7)
_J ] L d Ld d - -V,
1 frame
e
COMo—SEGn+|

\
Non-selected waveform Y

Fig. 1 Example of Static Drive Waveforms
(Example of HD61602/HD61603)
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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. How-
ever, it is not suitable for the display of the liquid crystal with many
segments because one liquid crystal driver circuit is required per segment.
The static driving method is used at the frame frequency (1/tgf) of several

tens to several hundreds Hz.

B 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,
and the cost when driving many display picture elements. Fig. 2 shows the
comparision of the static drive with the multiplex drive (1/3 duty) in
8-digit numeric 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

1a 1b1g2f2a 2b2g

r--
Static driving !
method Common----+
i
L
Lo
le
Multiplex driving Com1----------~ .
method Com2-------
(1/3 duty)
Com3--------
S1 Sz

Fig. 2 - Example of Comparision of Static Drive
with Multiplex Drive
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smaller the driving voltage tolerance. Thus, there are limits to extent of

multiplexing.

There are twe types of multiplex drive waveforms: A type and B type. A type,
shown in Fig. 3, is used for alternation in 1 frame. B type is used for
alternation in between 2 frames. B type has better display quality than A

type in high multiplex drive.

Common rLJ—erJJ_UJ- Common r_|_1:__|—_r—l__\_|

Segmentll”l”

Common~segment '—lununur Jnunur Common-segment l_l _]

:—-—-‘
' 1 frame'
'l frame:
Fig. 3 A Type Waveforms Fig. 4 B Type Waveforms
(1/3 duty, 1/3 bias) (1/3 duty, 1/3 bias)
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®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.

Liquid Crystal Display i

and Terminal Connection Voo
COMD_H_U_'-—LU_’_\_LJ‘ V,
V2
com,
Vpo
COM| V2

COM

L Voo
V2

1
H
L}
1
1
1
1
1
H
1
1
1
1
1
1
1
1
1
1
1
1
]
1
1
1
|
1
1
1
H
1
:
! "
J '_., Vi
" ov

1]
'
]
i
1
1
1
1
|
SEG, :
:
1
)
]
i
!
1
1
1
|
SEGq 41 4 Voo
'

e ~ ® ; I
oot - : ' A
w (V) o o — h Va2

® 7 :
i

n=0, 1, oo -1 r_
)
COM,—SEG, [

(Selected waveform) _L_l
Vi
COMQ—SEGn.u : V‘

(Non-selected waveform) . ,‘ :
1 frame

Fig. 5 Example of Waveforms in 1/2 Duty Drive (B type)
(Example of HD61602)
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®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.

Liquid Crystal Display
and Terminal Connection

-

COM,p

SEG,

1
1
1
1
1
i
!
1
I
1
!
|

SEGn+1

Voo

<
w

SEGn+2

SEG,~

LIRS

n=0, 1' ......... ’16 —l

ov

COMo—SEG., -V,

(Selected waveform)f | i -V,

1 ! —V;
i \ '
' ! '

] — v,

ov

COMo—SEG, ——oI -V,
(Non-selected waveform)im — wi !
1 frame !

Fig. 6 Example of Waveforms in 1/3 Duty Drive (B type)
(Example of HD61602)
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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 comnection in displaying '4' on the liquid

crystal of 7-segment type, and the output waveforms.

COMo—'_

Liquid Crystal Display
and Terminal Connection

COM; CcoMm, ——l—

COM, ;

1 :

1 ] 1

| ]

1 ]

X !
"°M"l_—|_'r_ o
COoM, ! ' V,

1

| :

'

1

i

1

R

i :
I
i '
SEG“A SEGn+1 1 E ]
b ! :
' 1 '
n=0, 1, e 24 i , Vs
! ' V2
: E Vi
COMs—SEG, ' : —— OV
(Selected waveform) E r— -V,
: Vs
— ! ! —V;
1 1 H
' ] '
' | | V)
— 1
COM,—SEG, r_-l I_ ov
(Non-selected waveform) —J L _J —V,

1 frame

'
'
1
'
1
]

Fig. 7 Example of Waveforms in 1/4 Duty Drive (B type)
(Example of HD61602)
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® 1/4 Bias, 1/8 Duty Drive

| 1 2 3 I PR SO 8 1 2
v L1 12 o] 8 | 2|
v, !
COM, V,(Vy) —
Liquid Crystal Display xt T
5
i |
I
con SmEMET v |
Vi
cov, —[HEC L HB— ., v,
cou, — 1RO ,
. ——n
cow, — /IR | v 5
con, — I {1 ; ,
COM, \2
(Vs) —_———
COM, SEG, V,(Vs i
Vi i
1
Vs T T
-~ i * = 1 1]
SRR . ] !
== = = Vee
n @ o« n
\£
SEG, V,(Vs)
\Q
Vs —
!
Viep |
Vi =Vee “4%Vieo i
Va(Vy)=Vee %V, 4=L |
Vi =Vee ~%V.iep Y Viep . !
1
Vs =Vee =Vien ;
~%Vieo -
|
COM, — SEG, !
(Selected waveform) |
~Vieo |
\
* Example of LCD II. ! !
V2 is applied to same H !
voltage as V3. % Viep — !
YViep —
T H
COM; — SEG, : '
(Non-selected waveform) ~* Vico ‘ -=--d
—% Vo T '
- -
[ 1 frame +

Fig. 8 Example of Waveforms in 1/8 Duty Drive (A type)
(Example of LCD-II)
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® 1/5 Bias, 1/8 Duty Drive

1
2
3
c 4
ommon 3 1/8 duty,
7 1/5 bias
8
Segment
Common 1
Common 2
3]
@ ¢
a r———] r———1‘ r“—]
Segment 1
Segment 2
~
V.
Vs z
Ve
é Common 1 Vi
V2
Vs
) Ve
Bl Common 2 A
g
E Va V2
% Segment 1 Vs v,
—
o,
0]
<
o
o
o1 Between segment 1
2| and common 1
9o (Display OFF)
3 1 frame L
E)
o
o
A

Between segment 1
and common 2
(Display ON)

Fig. 9 Example of Waveforms in 1/8 Duty Drive (A type)

(Example of HD44100H)
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@ 1/5 Bias, 1/16 Duty Drive

' 1 | 2 | 3 | P l ------- l 16 | 1 ‘
VEC H T
Liquid Crystal Display v, — 7
1
com V* T !
Vs — *
Ve —f --
cov,— IR IR Vs 5
| ]
com, —_HERCH HI— ! !
cov,— IR - Veo i .
cov— IR v
\'
cov — 1 H Hl—  com
cov— I v
. -
COM, Vs X ) |
)
COMg ! :.
VCC :
Vi
coM, SEG y
N 3 ——
cov, — IR - v i
comy —HCHHE- Vs —t ;
com, — IO HIBC | !
. i !
comy —CHHIHCH Vee ! .
com. — I v
v
COMy SEG, v’
3
V, : +
S \ ) 1
COMyg s — --- :
! |
| |
- 8o o+ e Viep | L
[CEECENGIE G v [
QW oo 1
n on e ®n 1 }
: I
%V | ]
COM, — SEG, ) F'T11 T T71"¢
V= Vee =% Vien (Selected wavefom)_%vwn i LJ 1 [ |
Va=Vee =% Vieo
Vs=Vee =% Vico
Vi=Vee =% Vieo —Vrep
Vi =Vec = Vieo H E
Vicp i |
i *
! T
% Viep ; !
1
1 T
4% Vi : L I
COM, —SEG, ﬁ:_r I TT1T - 1
(Non-selected waveform)— % Vicp | L1111 11 : |
T t
—%Vieo 1
I 1
- Ve ; 1 frame T

Fig. 10 Example of Waveforms in 1/16 Duty Drive (A type)
(Example of LCD-II)
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® 1/5 Bias, 1/32 Duty Drive

s 1123}zl 2] el 1] 2
1

111111111111111111

COM:
COM:
SEG:
SEGs

M$¥t¢++++ b ittt
EEBRGREEE o B L)
haehetatatatatataiiii +++++++++
u§¢+++++++++++++++++++++++++
&3@++++++++++++++++++++++++++
ittt Tttt Tt S S M ) 8 0,
atutet Tatututatei et e St e b i e
T Tttt et e ety E ]y ) L

B -.--.:--,14,- - --,-A-‘,

Vi
%Vico

S

u hitatetelutaterat et ot e b o i
Pl e e T et o ) 4 0 808 8 L W

e e et el S oy 1 oy
it T e T ] S ) 0 ) 0 L
it Tttt et et e A o oy ey o L

#++++++++++++++++
hete
o
hatals

II III+I

L L )
et Sy
e L)
+H+++++++++++

[
'
'
'
'

COM: ~SEG1 — L4y,

(Non-selected waveform)

Vien

~%VLcn
—Vicp

Y%Vico

COM: ~ SEGs

— Y%VLen

(Selected waveform)

—Viep

! 1 frame

Example of Waveforms in 1/32 Duty Drive
(Example of HD44102CH, HD44103CH)

1

Fig.
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@ 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

Display
duty Static|1/2 |1/3 |1/4 |[1/7 |1/8 |1/11|1/12{1/14|1/16|1/24|1/32|1/64
ratio

Number of

d?iving 2 3 4 5 6
biases (1/2 |(1/3 bias) (1/4 bias) (1/5 bias)
bias

® Drive in Resistance Dividing

A driving bias is generally generated in resistance dividing.

Vee(+5V) Vee(+5V)
Vee 1 Vee 4
‘; R SR
Vi Vi 3
3R $R
V2 b1 V2
]—. Vico 3R Vico
V3 L V3
gR 3R
Va Va g
SR $R
Vs Vs %
/E: VR A 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. Since larger liquid crystal display panels have

larger capacitance, the resistance value must be decreased.
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Vee(+5V)

Vee Common/segment selected high level
R C

Vi -———}:Common non-selected high level
RS c

1

V2 g I.Segment non-selected high level
R3 C

Va 1 Agl-Segment non-selected low level
RS c

Va JiCommon non-selected low level
R3S c

Vs A:ICommon/segment selected low level

v ¥
5V For contrast adjustment

L\\Large C and R cause
a level shift.

Without C

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

is incorporated.
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Generally, R is 1k to 10k, and VR is 5k{l to 50kQ. No capacitor is used.

A capacitor of 0.1uF 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)Vece Common/segment selected high level

 Segment non-selected high level

}————{>——*-Common non-selected high level
S

o oW ®

}——|>—1 Segment non-selected low level

$——{>—+Common selected low level

Common/segment selected low level

w =™ =

A

or Contrast
adjustment]

(-5V) Vgg

For liquid crystal drive logic circuits

—£>—— Voltage follower by operational amplifier
Fig. 14 Drive by Operational Amplifier (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 =10kQ

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.
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® Precaution on Power Supply Circuit

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

drive 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 consu 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
a dynamic drive liquid crystal, and can be
applied to a common driver or segment

driver.

B FEATURES

® Liquid crystal display driver with serial/

parallel conversion function
® Serial transfer facilitates board design

® Capable of interfacing to liquid crystal
display controllers: HD43160AH, LCTC
(HD61830), HD44101H, LCD I (HD44780),
LCDIL (HD44790).

® Internal liquid crystal display driver

... 40 drivers

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

® Display bias: Static v 1/5

PIN ARRANGEMENT

(Top View)
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® Power supply

Internal logic: +5V

Liquid crystal display driver circuit: -5V

The separation of internal logic from liquid crystal display driver
circuit allows applicable controllers and liquid crystal types to

increase.
® CMOS process

® 60-pin flat plastic package

MBLOCK DIAGRAM

Y1 Y20
va Vi 1 LCD Drivers ]
Latch signal r {}
oLt { 20-bit latch ~|snise
Data ﬂ rDat:;on —— SHL!
DL! - - Z0-hit bidirectional
cL2 Shift signa sgiet reégster }'*—' ORI
Switching circuit
Data
20-bit bidirectional
DL2 < { shi‘?t reggster I‘———- DR2
FCS Data I ! 3 SHL2
T Shift
20-bit latch direction
M Switching circuit {L
Vi, v2 LCD Drivers ]
V5, V6 "1
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M ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Logic Vece -0.3 to +7.0 V *1
voltage | 1cp drivers Vgg *2 | Vg - 13.5 to Ve +0.3 | V
Input voltage V11 -0.3 to Vgc+0.3 V *1
Input voltage Vpo *3 VCC+0.3 to VEE-O.B v
Operating temperature | Topr -20 to +75 °C
Storage temperature Tstg -55 to +125 °c

*1 All voltage values are referenced to GND.

*2 Connect a protection resistor of 220 *57% to VEE
power supply in series.

*3 Applies to V; to Vg

M ELECTRICAL CHARACTERISTICS
(Vgc =5V +10%, VEg =-5V +10%, GND=0V, Ta=-20 to + 75°C)

Item Symbol Applicable terminal Test condition min typ max Unit
VIH cLl,CL2,DLl,bL2,DR1,DR2, 0.7 Vee - Vee v
Input voltage
VIL M, SHL1,SHL2,FCS 0 - 10.3 vge v
\ Igy = -0.4mA Vegc - 0.4 - - \
Output voltage | -1 | bL1,DL2,DR1,DR2 OH cc
VoL IgL =+0.4mA - - 0.4 \
Vi-Yj voltage Vp1 1 IoN=0.1mA for one of Yi - - 1.1 v
descending Vp2 IoN =0.05mA for each Yi - - 1.5 v
Input leakage cL1i,cL2,pL1,DL2,DR1,DR2,
current HIL | v, sHL1,8HL2, FCS, NC Vin=0 to Vcc 5.0 5.0 VA
Vi leakage 1
current VLo | *3 Vin =Vgo to Vo -10.0 - | 10.0 uA
Power supply Icc . fcL2 = 400kHz - - 1.0 mA
current 2
IEE fcLl = 1kHz - - 10 UA

%1 vi-yj (Vi=1 to 6, j=1 to 40) equivalent circuit

Vi
R1 .
——t R2 ¥j Ri= 1kQ typ.
Power  Data R2=10kR typ.

switch switch

*2  Input/output current is excluded; when input is at the intermediate 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.

*3  Qutput Y1 to Y40 open.
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B TIMING CHARACTERIST

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

ICS

Item Symbol|Applicable terminal Test. . min | typ | max | Unit
condition
Data shift frequency| fCL |CL2 - - 400 | kHz
Clock High level tCWH |{CL1,CL2 800 - - ns
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 - - | 200 | ns
Vin
CcL2 ViL tewn
tet —— tcwn —t ot
VIH
Data in Vi tsu tsL
(DL1, DL2, DRI, DR2) ‘L
e—t pd
Von
Data out VoL tis
(DL1, DL2, DR1, DR2)
cL1 Vin N
ViL
tet -———tcw}{——.] tct
VIH
FLM t
ViL SUﬁ
Fig. 1T Timing Waveform
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M TERMINAL FUNCTION

Table 1 Fucntional Description of Terminals

Signal :‘f’""’" Input/

name o e Output Connected to Function

Vee 1 Power ' supply Power supply for logical circuit

GND 1 Power supply ov

VEE 1 Power supply Power supply for liquid crystal display drive

Y1 ~ Yz 20 Output | Liquid crystal | Liquid crystal driver output (Channel 1)

Y21 ~Yuo 20 Output | Liquid crystal| Liquid crystal driver output (Channel 2)

Vy, Vo 27‘ Input Power supply Power supply for liquid crystal display drive (Select level)

Vi, Vo 2 Input Power supply Power supply for liquid crystal dispaly drive
(Non-select®level for channel 1)

Vs, Ve 2 Input Power supply Power supply for liquid crystal display drive
(Non-select level for channel 2)

SHL1 1 Input Vcec or GND Selection of channel 1 shift register in the shift direction

SHL1 | DL1 { DR1
Vece | OUT | IN
GND IN ouT

SHL2 Jd Input | Vcc or GND Selection of channel 2 shift register in the shift direction

SHL2 | DL2 | DR2
Vee | OUT | IN
GND | IN | OUT

DL1, DRY 2 Input/ | Controller Data input/output of channel 1 shift register
output | or HD44100H
DL2, DRZ 2 Input/ | Controller Data input/output of channel 2 shift register
output | or HD44100H
M 1 Input Controller Alternated signal for liquid crystal driver output
CL1l 1 Input | Controller Shift signal for chamnel 1 (Tv) *1
This is used for channel 2 when FCS is GND.
CL2 1 Input | Controller Latch signal for channel 1 (TL) =*1
This is used for channel 2 when FCS is GND.
FCS 1 Input Vce 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 cLr M For common drive
GND CcLl CL2 w M For segment drive
[ %1 *1 *2

*1 _% and " indicate the latches at rise and fall times respectively.

*2 The output level relationship between channel 1 and channel 2 based
on the FCS signal level is as follows:

Output level

FCs Data M 1 (Y1 ~ Y20) 2 (Y23 ~ Yuo)
W W v v
Vee (Select) "o V2 Wi
"1 Ol e v, Ve
(Non-select) "o" A Ve
wyw i A v
GND (Select) "o" Va Va2
o™ o T v, A
(Non-select) o A Ve

"1" and "0" indicate a high and low levels, respectively.
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W APPLICATIONS

® Segment Driver

When the HD44100H is used as a segment driver, the FCS is set to GND to
transfer display data in the timing shown in Fig. 2. 1In this case, both
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 Ve of power supply for liquid

crystal display driver are short-circuited.

(FLM) [ ] [ 1

i ipinipiniaipiginipin

oLt R I
Output of ! !
2 vao L e B e

M [ o T

oL Latch L ' M

shifr
CcL2 i l 1 l { I } I i |
oy R X T

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

the rise of CL2. Chamnel 1 has the same data as Fig. 2.

8 "1 2 3 4 5 8 71 8 i 2
DL2 /DR2 (FLM) 1] 1! [ |
| Shift S :
oL1 IS A PR N N A N NN MO N B
T——1
Y21 / Non-select
(Y40) // o1 11
elect elect
Y22 ! Non-select
(Y39) / [C17°
Y28 ! Select Non-selétt ———-—-= Select
(Y33) :
Select

Enlarged‘\‘ Select
oLgi/ec;"F’zz(FLM)\‘- [ L
M~ ]
P m

cL1

Latch
cL2 W""W

Y21 1 - 1

(Ya0) —_

Fig. 3 Common Data Waveforms (A type waveforms of channel 2, 1/8 duty)
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® When both Channel 1 and Channel 2 used as Common Drivers (FCS = GND)

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

are comnnected to shown in following figure.

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

is different from segment driver, so refer to following figure.

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

Vs, Vg «..... Non-select level of common

cL1 Cng ;;
cL2 oLyt Be Yi~
FLM
Controller g:: Common LCD
driver
(HD43160AH) Eou
DR2  ssssss
Y1 ~ua0 Y1~
HD44100H HD44100H
B Segment Segment
=} V2 driver driver
&3
e Ve SIS SS2Sys
v
R : , l RN Wl
55 Ve | 11 117
o o v
23 v
255 v
oo o
A

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 CLl. 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 CL1 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 Vs.

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 transferred
so that "O" can be always latched in the latch corresponding to the liquid
crystal display driver output terminal used as the common output. If the
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".
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HD43160AH (CONTROLLER WITH

BUILT-IN CHARACTER GENERATOR)

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

The HD43160AH receives character 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.

B CHARACTER DISPLAY

(FP-54)

® Alphanumeric character; A ~ Z, a ~ z, @, #, %, &, etc.

® Japanese Character (katakana)

® 160 characters by internal character generator (ROM).

(Max 256 characters by external ROM)

B NUMBER OF CHARACTERS

e 4, 8, 16, 24, 32, 40, 64 or 80

] ]

W 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

haracters in 1 or 2 lines
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W BLOCK DIAGRAM

CS 0 —d " CNO DLN  FNTS CURS ROMS
CS1 —ud 29 CN1
CS 2 —ad R CN2
CS 3 —av o
Qo .
RS 0 —=q a H Line counter
oo Cursor counter M
vy [ |52 -
/W= S Char%cter number FLM
[y} counter
E cL1
e
o
o RAM ROM
bBo - 2 i Cha te
} 3 5 b *gen::ct : P
80 word ator
bo 4 |§ " | |Gepacns-
DB, 5y acters
S 3
X0~X7 101708 \
Vee —e Yo~v3 iExternal CPG —= cL2
GND —» Busy _____—: ROM | :
RST —= |(mﬁx.256§-——dz——-'
| charac- 0scC2
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply voltage Vee -0.3 to +7.0 v
Input voltage 'VT -0.3 to Ve 0.3 \
Operating temperature Topr -20 to +75 °C
Storage temperature Tstg -40 to +125 °C
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W ELECTRICAL CHARACTERISTICS (V(cc=5V#5%, GND=0V, Ta=-20 to +75°C)
Item Symbol Terminal No. Test condition min typ max Unit
Input voltage Vin Ccs0 ~CSs3, E, R/W, 2.0 - Vee \
(TTL compatible) ViL DBO ~DB7 RSO 0 - 0.8 \
vViuc | 0SCl,TEST,RST,FNTS, 0.7 Vec| - Vee v
Input voltage CURS,DLN, ROMS,
VILC | CNO ~CN2, 0y ~Os 0 - | 0.3 vee] Vv
Output voltage Vou 087 Igy=-0.205mA 2.4 - - v
VoL IoL=1.6mA - . 0.4 v
Output voltage VOHC FLM,M,D,CL1,CL2, T10ad=20.4mA vee-1.0 - - v
VoLc | X0 ~X7, Y0 ~Y3 - - 1.0 v
Input leak current Iin All inputs -5 - 5 HA
Output leak current I0 DB7 -10 - 10 HA
Operating frequency fcpl Rg=200kQ+2%, 5x7+Cursor 130 192 250 kHz
fcp2 Rg=130kQ+2%, 5x11+Cursor 200 288 375 kHz
Input pull up current Ipy, Cbig :gz;' RSO, R/W, Vin=0V 2 10 20 "A
Power dissipation P * Ta=25c, f‘é:;ﬁg(x:: clock) - - 10 mW
* TInput/output current is excluded. When input is at the intermediate 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, but CSO ~CS3, RSO, R/W, DBO ~DB7 are excluded.
M PIN ARRANGEMENT
::‘" Pow(E)xS‘cfup. Input | Output ::n Puw;;ciﬁup : Input | Output ::n Puwz;cfup : Input | Output
1 GND (-) 19 D 37 DB3
2 X4 20 FIM 38 DB4
3 X3 21 (7 39 DB5
4 X2 22 0sCl1 40 DB6
5 X1 23 0SC2 41 DB7 DB7
6 X0 24 RST 42 ROMS
7 N.C. 25 TEST 43 05
8 N.C. 26 E 44 04
9 N.C. 27 Vee () 45 03
10 CURS 28 R/W 46 02
11 FNTS 29 RSO 47 (8
12 DLN 30 Cso 48 Y3
13 CNO 31 csl 49 Y2
14 CN1 32 CS2 50 Yl
15 CN2 33 Cs3 51 YO
16 CL2 34 DBO 52 X7
17 CLl 35 DB1 53 X6
18 M 36 DB2 54 X5
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B PIN FUNCTION

Pin Number
of Connected to I/0 Function
name | ]jines
ng 2 Power supply +5V £ 10% Power supply
CNO 3 GND or V¢e I |Total displayed character number select.
gg; No.| 4 8 |16 |24 |32 |40 |64 |80
CNO| GND[ V¢ |GND | Ve[ GND | Ve[ GND| Ve
CN1|GND|GND|Vcc|VeC|GND|GND|Vee| Vee
CN2| GND|GND|GND|GND|Vce|Vee|vee|vee
CURS 1 GND or Vgc I |Cursor select
Vce: 5 dots. eeeee
GND: 1 dot. ¢
DLN 1 GND or Ve I |Display line number select.
Vee: 2 lines.
GND: 1 line.
FNTS 1 GND or V¢¢ I |Font select.
Vee: 5 x11 +Cursor.
GND: 5 X7 +Cursor.
RST Vee I Only for test. Normally Vg
TEST 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
Ccs1 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
CS0 ~CS3 are 'H' and R/W is 'L'.
H; Character code register is selected.
L; Instruction code register is selected.
DBO 8 MPU I Data bus.
. 1/0 |Inputs for Character code and Instruction
(DB7)| code from MPU.
DB7 Output for Busy/Ready flag (DB7).
D 1 HD44100H Serial dot data of characters for LCD drivers
CL2 1 HD44100H Dot data shift signal for LCD drivers.
CL1 1 HD44100H Dot data latch signal for LCD drivers.
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M 1 HD44100H Alternate signal for LCD drivers.
FLM 1 HD44100H Signal for common plates scanning.
X0 8 ROM Character code outputs for External character
; generator. (for Ext ROM)
X7: MSB . At
X7 X0: LSB ex: character 'A
MSB LSB| '1'="H'
0 |1]oJoJoJoJo] 1 '0'="L"
YO 4 ROM o] Character row code for External character
Y1l generator.
Y2 5 X7 4+ Cursor 5 xX11 + Cursor
Y3 Y3 Yz Y1 Yo
00 0
0001
0010
“A" 00 11 “jn
0 10 0
0101
0110
=
1
01 03 05 1oy r}
o 1001 1—-«4
¢A 1 ROM 0 |Clock signal for External character generator
(dynamic ROM etc.) if necessary.
0ol 5 ROM I |Dot data inputs from External character
. generator.
1(H): ON
05 0(L): OFF
ROMS 1 GND or V¢c I Select Internal or External ROM.
H: External ROM
|L: Internal ROM
0scCl 2 (I) |o0scillator. 5 x7 +Cursor : Rg=200kQ (typ)
0sc2 (0)

5 X11 +Cursor: Rg=130kQ (typ)
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B CHARACTER DOT PATT

®5 x7

ERNS

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

on the cursor line.

Character code Iower 4 bits (hexadecimal)

l

>

2]
°°(§O§

%

oo,

Lodl [F (B
i |

g 88
0oo

LS

o
%,
&

0 1 2 3 4 5 6 7 8 9 A B C D E F
g gg O, m Oo 8“60 (CDB oo oo (e} Oo
’ 3% O%D Faltee] | & | 2 2 | |
~ . |85 °‘”§°°83°£§O§?£°°°°°°°288°°°88°°°£B 8 | P |owm| P [
~ 3 o Q, (o) 000, o (o] (o)
.g g;:? oo ang °ax§ S| B [8ud| o0 | B | B %o [ &7 | o
g o™ ) % 8% ) i{ ey 0
 SABCDEFBHITKLANG
 PRRSTUURRYZL#1"
g % | coood oo | 00 |885[8° 8| § |80 00000
: 6 %b Ei: oo a%% 000, (grb gno Efo o gﬁo }i g) 00, | 00
: B LT T8 & | Bl | & (PR
(=7 (o] O,
Y % i% o, .0 8 g 8 °
3 0.0 O, (o]
o §° ! 0 ﬁoocg &8 EY: 5 8 8 &
8 g
4 LEi
Y]
13}
i
o
Lc
k>

|| [ %

i
£ el B |2 [0 BT on

750 | =8 |0 |2 |A5H

i B s

B | oo | |8 | |88

0o o
c| 53| 888 oo | |3 % o | < oo, | =2 |
o0 & ° 00000 éfb g g 0000 | 0o® 8 %%
[e o) 8 ¢ oo [e o] O, 00 @
o) 2 || o0 3530 el TR

®5 x11

Oonly English small character “g, j, p, q, ¥,'

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

(o]

3P

He

® Cursor 5 dots: eeeee

1 dot : e

are displayed as below, the

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

® Setting Up

a) Total character number ..... (CNO ~ CN2)
b) Cursor pattern ............ . (CURS)
c) Display line number ........ (DLN)
d) Font ...ceveeennn ceeedeeee.. (FNTS)

These terminals should be connected to Vgc or GND according to the LCD
display system. RST and TEST should be connected to Vg and GND

respectively.

® Interface to the Controller

a) Example 1 Interface to HD6800

ABI5 Ccs3
ABI4 cs2
AB13 Ccs1
VMA Ccso
ABI12 RS0
R/W R/W
HD 6800 (MPU)  , e HD43160AH
DBO DBO
DRB1 DB1
DB2 DB2
DB3 DB3
DB4 DB4
DBS DBS
DB6 = DB6
DB7 | DB7

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

HD6800 microcomputer are

Instruction code register  {f'E*x%' (R/W=0)
Character code register AN L L (R/W=0)
Busy flag #'Ex*%' or #'FExx' (R/W=1).

*: don't care
#'': hexadecimal

HITACHI 55



56

b) Example of display program

Y.

Read Busy flag
from # 'Ex¥%'

or # 'Fxkx!

Instruction

Write Inst. code
to # 'E¥xk%x'

I

Y: Busy
N: Ready

'RSO='L' %

Check Busy or Ready

Character

'RSO ="H'

Write charact. code
to # "Fkkk!'

c¢) Time length of Busy

-

write Inst. or Charact. code

E T

Busy
(Internal)

peration start

Tbusy

i

operation end

T busy
MIN MAX
400
Display clear b 410 sec
Fep Fep
2
Other function 10 20 sec
Fep Fep

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'.
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d) Timing chart

Write sequence
(MPU—HD43160AH)

Read sequence
(MPU—HD43160AH)

f— teve __i :_ tcye -
| Pwe ll Pwen - Pwer | Puen |
| ] 7_'
| | |
’ ’ _\_l_—\_
' | 1 I |
| | [ - . .
iAs toow o tH tAs £DDR tH
| _—‘ — ! - ‘._
Cso t Cso +
| |
cs3 ! L cs3 [
RSO } RSO }
| | : | |
l [ —_— } J
! Read |
R/W —\ Write | , R/W ’ a | ‘
| | I
| | |
0 . v 1
D? %ggf‘ac . DB7 Busy r—
DB7 \code \readﬂ
e) Timing characteristics
Symbol min typ | max | Unit
Cycle time of 'E' teye 1.0 - - us
P 0.45 - 25 s
Pulse width of 'E' | > 1#.ve1 WEH v
L level PyEL 0.45 - - us
Set up time of CS Write tas 140 - - ns
Deta delay time Write toow - - 225 ns
Read tDDR - - 300 ns
Hold time ty 10 - - ns
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f) Example 2 Interface to 8085A (Intel)

S1 R/W

10/M cs3
= Do- E
Al5 cs2
Al4 cs1
Al3 Ccso
A12 RS0

80854 HD43160AH
(MPU) [ Dop Q " D Q

ALE —{>0CLK Q CLK
CLK

ADO DBO

=
m
>
e
<
ol
|

§
AD7 DB7

g) Timing chart

« LI T

10/M, 51 R

b

A12 Al5

weo [ |

V=
N\

T1 T2 Twair T4

Pulse widths of RD and ﬁi'signals 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 Tyapr cycle.
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B 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')

a) Display clear
MSB LSB
Code: [0]O0JoJoJoJoJoJ1]

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

1st digit.

b) Cursor return
MSB LSB
code: [0]oJoJoJoJo[1]o]

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

being displayed do not change.

c) Cursor ON/OFF
MSB LSB

Code: 0{0jJO0]j0O0|O]|1f[0]O0 (ON)
0|0|J]0|O(O]|1|0]1 (OFF)

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

d) Set cursor position

MSB 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),

HITACHI
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® 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

LSB

code: [ (CHARACTER CODE)

ex 1

before | ABCD_

af

® Read Busy Flag

ter

[ 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 on DB7.
DB7 'H': B

'L': READY

USy

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)

® Interface to External ROM
a) Example

LSB X0

X1

Character X2
Fode X3
X4

X5

HD43160AH X6
MSB X7

LSB Y0

Row Y1
code Y2
MSB Y3

$A

01

02

03

04

05
L ROMS |

Address

External
ROM

Data

Interface to External ROM
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b) Row code

Row code

01 02 03 04 05 Y3 Y2

<
=
<
S

0 0 0 0
Row code
0 0 0 1
01 02 03 04 05 Y3 Y2 Y1 Yo 0o o 1 o
0 0 1 1
00 0 0 01 0 0
0 0 0 1 01 0 1
0 0 1 0 01 1 0
00 1 1 01 1 1
01 0 0 1 0 0 0
01 0 1 1 0 0 1
01 1 0 1 01 0
(Cursor) 01 1 1 1 0 1 1
5 x 7 + Cursor 5 x 11 4 Cursor
c) Timing chart
cL? | l I | | ‘ | I I l I I l | |
~——1
L
| fep
X0~XT
Yo~Y3
#A 2
fcp
|
|
4
01~05§ 1 .
| Effective data
ROMS !
— ]
1 |
| MAX - |
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e Interface to LCD Drivers

a) Example
Common 0T
signals Liquid crystal display
Segment signals?
Y21~ Y40 Y1~Y20 Y1~Y40
V::_- Vi~Vé —{ V1~V6
—={ FCS FCS
SHL1 SHL1
™ upastoon | upaatooH
DL1 DR1 DL1
DL2 DR1
DR2 CL1 CL2 M DL2 CL1 CL2 M DR2} — =
FLM
p
HD43160AH ct! -
CL2 R
M S
Interface to HD44100H
b) Wave forms (5 X7 +Cursor 1 line)

w1 1
SR N N N O O I O

FLM ' T l_-__
cL1 ﬂ o ﬂ

“ Uy T e
I T

I 0 0 D

1 :_lsk.sls

One row of a character
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M DOT MATRIX LIQUID CRYSTAL DISPLAY SYSTEM

Typical Application

5 X7 4+ Cursor

2 Lines 40 Characters

ll CONTROLLER |
GND 0VOz—
Vee 5VO—V;1 SSEEsa8y NRRRRNEN,
\Z s 8
¢
¥: HD 43160 AH X
vd 81 T i it < .
O Vi — e m
Vee -5V o 2EEIS . 3.
= 2200
alusin 11T
R EER T EEE BT R R
i3 b H
& t & £
e HD44100H 7 w HD44100H )
W ] e ::.
k -
“‘I RR IIuE .;.!E!'—‘EE"-! ¥ E ! :::!:':':u

]
e BRUEE

i
i

r B

o WL
it S .
M NC|
w3 =
o9 M
U
&
L P
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HD44780 (LCD-II) (DOT MATRIX
LIQUID 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). 1If a
driver LSI HD44100H is externally connected
to the HD44780, up to 80 characters can be
displayed.

The LCD-II 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.

B FEATURES

* 5x7 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)

HPIN

ARRANGEMENT

4

-t

JUD

<ie<po<Eon
g~ pprEeag

2

mgg
-
R

(Top View)
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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 HD44100H)

* Duty factor selection (selected by program) .....

1/8 duty:

1/11 duty:
1/16 duty:

1 line of 5 X 7 dots + cursor

1 line of 5 x 10 dots + cursor

2 lines of 5 x 7 dots + cursor

Maximum number of display characters

No. of display

X2 lines/pc)

gq, ?f Duty Extension | HD44780 HD44100H characters
liigsay factory
Not
. 1/8 1 . — x i
1-1ine 1;11 provided pc 8 characters X1 line
display
duty . 9 pes. .
provided 1 pc. (8 characters/pc.) 80 characters X1 line
Not :
2-1ine 1/16 provided 1 pc. — 8 characters x2 lines
display duty
provided 1 pc. 4 pcs.(8 characters 40 characters X2 lines

¢ Wide range of instruction 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)

* CMOS process

* Operation temperature range:

Logic power supply:

(External clock operation possible)

display drive)

(Device for -40 ~ +85°C

-20 ~ +75°C

* 80-pin plastic flat package (FP-80)
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B BLOCK DIAGRAM (HD44780 INTERIOR)
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B ELECTRICAL CHARACTERISTICS

@ Absolute Maximum Ratings

Item Symbol Limit Unit | Note
Power Supply Voltage (1) | V¢ -0.3 to +7.0 v
Power Supply Voltage (2) | V1 to V5| Voe-13.5 to Vgct+0.3 \Y 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: 1If LSI's are used above absolute maximum ratings, they may
Using them within electrical
characteristic limits is strongly recommended for normal
operation. Use beyond these conditions will cause mal-
function and poor reliability.

be permanently destroyed.

Note 2: All voltage values are referenced to GND=0V.

Ngte 3: Applies to V1 to V5.
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®Electrical Characteristics (Vgc =5V+£10%, Ta =-20 to +75°C)

Voo — @ = Vge-Vs The conditions of Vi, V5 voltages are
v, — = Vce-V1 for proper operation of the LSI and not
® @z 1.5V for the LCD output level. The LCD
Vs —b—— < 0.25 xA drive voltage condition for the LCD

output level is specified in "LCD
| voltage Vicp"-

Item Symbol Zz:: ition —in Li:;ipt Py Unit | Note
Input "High" Voltage (1) VIH1 2.2 | - Vee v )
Input "Low" Voltage (1) ViLl -0.3 | - 0.6 v )
Output "High" Voltage (1) (TTL) VoHl | ~Igg=0.205mA 2.4 | - - v 3)
Output "Low'" Voltage (1) (TTL) VoL1 IoL=1.2mA - - 0.4 v (&)
Output "High" Voltage (2) (CMOS) Vou2 -IOH=0.04mA 0.9V¢c| - - \'4 (4)
Output "Low" Voltage (2) (CMOS) | VorL2 Lop=0.04mA - - 0.1V¢ge V (%)
Driver Voltage Descending (COM) | VcoM 1d=0.05mA - - 2.9 v (10) |
Driver Voltage Descending (SEG) VSEG 1d=0.05mA - - 3.8 v (10)
Input Leakage Current I71L Vin=0 to V¢ -1 - 1 HA (5)
Pull up MOS Current -Ip Vee=5v 50 125 250 HA
Power Supply Current (1) Ceramic filter
Iccy | oscillation - 10.55 0.8 | mA (6)
Vee=5Y, fosc=
250kHz
Power Supply Current (2) Rf oscillation
Icc2 External clock - 0.35 0.6 mA (6)
operation
Vee=5Y, fogc= (11)
fcp=270kHz
External Clock Operation
|External Clock Frequency | Tt | [ 125 [250 ] 350 [wmz [ (0
External Clock Duty Duty 45 50 55 z (¢))
External Clock Rise Time trep - - 0.2 | us (7)
External Clock Fall Time tfcp - - 0.2 | ps 7
Input "High" Voltage (2) Vin2 Vee-1.0f - Vee v (12)
Input "Low'" Voltage (2) ViL2 -0.3 - 1.0 \ (12)
Internal Clock Operation (Rf oscillation)
Ciock Oesiilacion Fremueney | fesc |REsoiizzz "~ T 180" J270 |7 30 Jume | @)
Internal Clock Operation (Ceramic filter oscillation)
[Clock Oscillation Frequency | fose | Ceramic filter | 245 ]250 | 255 |kuz | (9]
LCD Voltage Vicpl Vec-v5 1/5 bias 4.6 - 11 v (13)
VLCD2 1/4 bias 3.0 - 11 v (13)
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Note 1: The following are I/0 terminal configurations except for

liquid crystal display output.

* Input Terminal
Applicable Terminals: E Applicable Terminals: RS, R/W
(No pull up MOS) (With pull up MOS)

Vee Vee

VCC
PMOS ¥+ pmos ,—-lgamos
%l

NMOS Pull Up MOS T" NMOS

* Output Terminal

Applicable Terminals: CLj, CLp, M, D

PMOS

NMOS

* I/0 Terminal
Applicable Terminals: DBy to DBy

p
Vee( ubqu_l)sUp) Ve

HEDPMOS PMOS
Vee Enable
t—{% NMOS PMOS
o4

NMOS

Data
(Output Circuit)
(Tristate)

Note 2: 1Input terminals and I/0 terminals. Excludes 0SC; terminals.
Note 3: I/0 terminals.
Note 4: Output terminals.
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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 CMOS, excessive current flows through the
input circuit to the power supply. To avoid this, input level

must be fixed at high or low.

Note 7: External clock operaticn.

lOscillator}————— 0SGC,

Open —— 0SC:
Th T1 ,
0.7Vee D _ Th <
0.5Vee uty = ST 100%
08Vee_—
— |
trep teer

Note 8: Internal oscillator operation using oscillation resistor Rf.

08GC
m{ Rf : 91kQt 2 %
S

Since oscillation frequency varies depending on 0SCj and 0SC)

(=}

terminal capacity, wiring length for these terminals should be

minimized.

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

G Ceramic filter: CSB250A (Murata)
05 RE: IMQ 107
& 3R C1: 680pF£10%
050z Co: 680pF+10%
Ca Rd

Rd: 3.3kQ*57%
Ceramic filter
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Note 10:

Note 11:

Icoz
(mA)

Note 12:

Note 13:
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Applies to both Vggm and VSEG voltage drops.

Veom:

VsEG:

From poer supply terminal Vees Vi1, V4, V5 to each
common signal terminal (COM; to COMjg)
From power supply terminal V¢g, V2, V3, Vs to each
segment signal terminal (SEGl to SEG40)

Relation between operation frequency and current consumption

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

1.8

10

0.8

0.6

0.4

0.2

max

]
P
.
1
=

fosc or fcp (kHz)

Applied to 0SCj terminal.

The condition for COM pin voltage drop (Vcom) and SEG pin

voltage drop (Vggg) -



® Timing Characteristics

Write Operation

RS Ving Viny
Viu Viu
tas tan

—

PWen tan

'4 N /
E Vim Viuy
; Viu \

K. 72 Vin
ter tosw ta

Vaild Data [ '™

DB°~ DB’ Vn.l

Leres

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

Read Operation

RS [ Vim Vim
Viut Voa g
tas tan

PWsa | | tan

T/—

DBo~DBq

toren

Fig. 2 Bus Read Operation Sequence
(Reading out data from HD44780 to MPU)
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Interface Signal with Driver LSI HD44100H
0.9Ve,
CL, /
CL.
0.1Ve,

town. tcwn

_% tou

Fig. 3 Sending Data to Driver LSI HD44100H
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® Bus Timing Characteristics (Vcc =5.0V £10%, GND =0V, Ta =-20 to +75°C)

Write Operation (Writing data from MPU to HD44780)

Item Symbol Test condition m;:mi;ax Unit
Enable Cycle Time tcch Fig. 1 1000 - ns
Enable Pulse Width Izigliu PWgy Fig. 1 450 - ns
Enable Rise/Fall Time tEr, tEf Fig. 1 - 25 ns
Ad&ress Set-up Time E],E‘, R/W ”tAS Fig. 1 140 | - ns
Address Hold Time taAn Fig. 1 10| - ns
Data Set-up Time tpsw Fig. 1 195 | - ns
Data Hold Time ty Fig. 1 10 - ns

Read Operation (Reading data from HD44780 to MPU)

Item Symbol Test condition Limit Unit

min | max
Enable Cycle Time teycE Fig. 2 1000 - ns

. "High" .

PW .2 -
Enable Pulse Width level EH Fig 450 ns
Enable Rise/Fall Time tgrs TEf Fig. 2 - 25| ns

. RS, R/W

Address Set-up Time | 2 ™ 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
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® Interface Signal with HD44100H Timing Characteristics
(Vcc =5.0V £10%, GND =0V, Ta =-20 to +75°C)

Item Symbol Test condition lelt Unit
min | max
mys "
Clock Pulse Width lzig}l‘ toWH Fig. 3 800 | - | ns
: "High"
Clock Pulse Width level 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 tpy Fig. 3 300 | - ns
M Delay Time tpM Fig. 3 -1000 |1000| ns

® Power Supply Conditions Using Internal Reset Circuit

Limit .
Item Symbol Test condition e Unit
min | max
Power Supply Rise Time trcc - 0.1 10 ns
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')

Vece

0.1ms2t 2 10ms

rcc= topp=lms

(Note) topp stipulates the time of power OFF for power supply
instantaneous dip or when power supply repeats ON and OFF.
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B Terminal Function

Table 1 Functional Description of Terminals

Signal | No. of | Input/ | Connected
5 Function
name lines Qutput | to
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 Qutput bidirectional three-state. Used for
7 data transfer between the MPU and
the HD44780. DB7 can be used as a
BUSY flag.
DBg ~ 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.

CL1 1 Output HD44100H | Clock to latch serial data D sent to
the driver LSI HD44100H.

CLp 1 Output HD44100H Clock to shift serial data D.

M 1 Output | HD44100H | Switch signal to convert 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
coM; ~ 16 Output Liquid Common signals that are not used are
CcoM crystal charged to non-selection waveforms.

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

SEGy ~ 40 Output Liquid Segment signal

crystal
SEG40 display

Vy ~Vs 5 Power Power supply for liquid crystal

supply display drive

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

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

HITACHI 77



B FUNCTION OF EACH BLOCK

(1) Register

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

The IR stores instruction codes such as display clear and cursor shift,
and address information for display data RAM (DD RAM) 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 to 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) 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.)

1 | Read busy flag (DB7) and address counter (DBg ~DBg)

DR write as internal operation (DR to DD or CG RAM)

DR read as internal operation (DD or CG RAM to DR)

(2) 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 Table 2 shows, the
busy flag is output to DB; when RS=0 and R/W=l. The next instruction
must be written after ensuring that the busy flag is "0".

(3) Address counter (AC)

The address counter (AC) assigns addresses to DD and CG RAMs. When an
instruction for address is written in IR, the address information is
sent from IR to AC. Selection of either DD or CG RAM is also determined

concurrently by the instruction.
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(4)

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 DBy ~DBg when RS=0 and R/W=1, as shown in Table 2.

Display data RAM (DD RAM)

The display data RAM (DD RAM) stores display data represented in 8-bit
character codes. 1Its capacity is 80%8 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 [ AC5| AC4| AC3|AC2| AC1|ACO

— gg}é?;\al — — Hexadecimal —

(Example) DD RAM address "4E"

1-line Display (N=0)

L. Display
2 3 8
(digit) 1 N 5 9 0 © Position
1-1ine 00 01 02 03 04 ceeecscessees s e s 4LE | 4F < DD RAM
Address

(digit) 1 2 3 4 5 6 7

(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:

8 <« Display
Position

1-line 00 {01|02|03|04]| 05| 06(07] <« DD RAM

Address

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

moves as:
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(Left
shift 01 [02({03]04 (0506|0708
Display)
(Right
Shift 4F |00 |01 |02 (03|04 |05]06
Display)
(b) 16-character display using an HD44780 and an HD44100H is as shown
below:
(digit) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 <« Display
Position
1-line 00]01|02]03|04|05|06 |07 |08 |09 |0A|OB |0OC|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 01(02|03|04|05]/06|07 (08 {09 (0A|OB|OC |OD |OE |OF |10
Display
(Right
Shift 4F|00]01/02|03|04{05|06 {07 {08]09|0A|0OB|0C|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)l 2 3 4 56 7 8 91011121814 1516 17 18 19 20 73 74 75 76 77 78 79 80 . Display
Position
1-line [00]01/02)08|0405 06]|07|08/09|0A|0Bf0C|MD(OE|OF|10{11|12[18| —~~—~ |48|49 |4A|4B|4C 4D [4E|sF|] + DD RAM
Address
L =p4as780 _j\_HDl;lclOOH(l)_/\_HDM(';()),?ES) \_HD44100H(9) _|
Diaplay Display Display Display
2-line Display (N=1)
o Display
1 2 3 4 39 40 <
(digit) 5 9 Position
1-line 00|01/ 02(03]|04 teessccesscscrnssnssns | 26| 27 < DD RAM
Address
2-line 40 | 41 | 42 |43 [ 44 | srceceercceciintinnnn 66 |67
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(a) When 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:

L. Display
(digit) 1 2 3 4 3 6 ’ 8 < Position
1-line 0070102030405 06|07 « DD RAM

Address

2-line 40 | 41 | 42 | 43| 44 | 45| 46 | 47

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

(Left 01102|03|04|05|06|07]08
Shift
Display) 41| 42 | 43| 44 | 45| 46| 47 | 48

(Right 27100(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.

(digit) 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 « Display

Position
1-line 00{01{02]03|04|05/06({07{08{09({0A|0B|0C|OD|{OE|OF| <« DD RAM

Address
2-line 40141(42|43|44]45|46(47|48|49|4A| 4B|4C|A4D|4LE|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(OB|OC|OD|OE|OF|10
Shift
Display) |41|42|43|44|45|46[47(48]49|4A|4B|4C|4D|4E|4F|50

(Right 27(00|01|02{03|04|05|/06|{07|08|09|0A|0B|0C|OD|OE
Shift
Display) |67]|40(41|42]|43|44|45(46|47|48|49|4A|4B|4C|4D|4E
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(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 8 4 56 7 8 9 101) 12131415 16 17 18 19 20 33 34 35 36 37 38 39 W«Display
position
1-1ine |00/01|02|03|04/05|06|07|08(09|CA|0B|0C|0D|OE[OF|10(11[12[18(~ -~~~ 20 21|22| 23| 24| 25|26 27}+DD RAM
address
2-1line |40|41]42]43|44(45|46]47|48|49|4A|4B|4C|4D(4E|4F|50(51 |52 [58|-— -~ — 60| 61|62| 63| 84| 65| 68| 67 é’i‘ﬁﬁ?e'
| HD44780 |_HD44100H(1) || HD44100H || HD44100H(4) |
Display Display (2) (3) Display
Display

(5) 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'.

(6) 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.
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Table 3 Correspondence between Character Codes and Character Pattern
(Hitachi Standard HD44780A00)

Higher|
LoweT ghit 00000010 |0011[0100(01010110{0111{1010/1011f1100f1101/1110}1111
4bit
CG L L) ‘m l .. |" P
RAM ; -'I ng ! nn . I'“- oneen | @ .ll wne | g% 8| fa"
xxxx0000 | “(f) et | Tads - 2 sue, In . n-l

L] LLlJ Ll L]
xxxx0001 | 2 = | !'"I i'i - .::II ki EP :'“ , ': l..-l

XXxx0010 @) -.::.

N

HEH

1
dl
]
1

Ll L P =---- ' ‘1 L
. aguds | ® wes | _sam sages :I::: ues
Xxxx0011 @ | afuge l'-:l i---l .:l l-u- ::::I ..l o* :r . :::-l ':.:'
.I e .I4 L) an -‘. - ‘..I [
Xxxx0100 @ ': :. - --'! I-. '’ -'. -I: * . !'"l !"!
w. l"“ ! e E
@ | | B | Fuu i TR ol -:L ALl
Xxxx0101 - H 'ml LIt I"- !::.L 'n' - o == In:‘ In
L) L] Lill] L)
i . H l 0]
. nes_ | Bus .
XXXX0110 m L lml - l-.. .I
b I e i--. l i -
L) an
oo | @ L LA
o P T
(1) I. :---: (L :l: O
Xxxx1000 Y was [ ] I
L (1] g l ! v
(2) ' Ill! L) -l
Xxxx1001 R " | ofs H oo
sss
'-..l v Ll L] L) . L
AR TR R IE>
R hd = “we” | fwsnn|"wn" | wiwws | wniien |wuwed | § | s ! H
-
(1)
L .. L
von | @ [ BB e - N
X0 I= .- L] .l ‘I .' I- L 111 e . !
.l. . Ll LLLL] i-l‘ ags .y
weeerioo | © | 3 | %, AR AL IRl gl =
n_8i bt " wung | e e,
(s) anans asnes I I.'. s . . L] l. I -I' -
XXXX1101 sanen I 1‘ ":I ..l.. 1 aus® -:" --:--
% a's . oSung | wnfen » e b
m LR O A !.u _“!_ ---I I. 0 I'“
oot 10 R I LWL L |
e L) T | TR
l. . = : = LLL) .. s . : aeee !:! L)
woonn | @ [T LR S T !IR“
. ans amass e L) as L] L)

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

HITACHI 83



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

and Character Patterns (CG RAM Data)

(a) For 5 x7 dot character patterns
Character Codes CG RAM Character Patterns
(DD RAM Data) Address ~ (CG RAM Data)
7 6 5 4 8 2 1 0 5 4 8 2 1 0 7 6 5 4 8 2 1 0
Higher Lower Higher Lower Higher Lower
- gier Gdro]  l-geder Qi - guder Srier
io 0 o * ok ki1 11 1o
10 0 1 130 0 Of1
i1 0 El 0 0 0}3] Character
o 1 1 i3 11 140 Pattern
000 0 %0 00 00 oEl o o 1[olaf0 o| Example (1)
j1 0 1 3o of1io
110 LLJO o o1 Cursor
:111 X %k %0 00 0 0 < Position
1o 0 o * % kp1]o o of1
fo 01 fofa]ofafo
{o 10 11 11 1 1] Character
10 1 1 :o o}x 00 Pattern
0 0 0 0 % 001 00 1;1 0 o M1 1 1.1] Example 2)
!1 01 :o oj1{o o
1110 10 oj1]o o
11 * %k X|0 00 0 0
:o 00 X >k *:
| fo o |
/_,/—/___Z—\,_\\.—\A\_‘N _\lkﬁ/
\___\'\%___\5—\(“/
00 0 03111 11 1:1 0 o :
:1 0 1 : *No effect
110 |
:1 11 * Xk *5

(Note) 1:
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Character code bits 0 ~ 2 correspond to CG RAM address bits 3 ~ 5
(3 bits: 8 types).

CG RAM address bits O ~ 2 designate character pattern line posi-
tion. The 8th line is the cursor position and display is performed
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 char-
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 "0"
for non-selection.



(b) For 5 x10 dot character patterns

Character Codes CG RAM Character Patterns
(DD RAM Data) Address (CG RAM Data)
7.6 5 4 8 2 1 0 5 4 8 2 1 0 7 6 5 4 8 2 1 0
| geder” frier (5 S fefer” frier
Bits Bits [ Bits Bits | “—Bits Bits |
io 000 b R S *Eo 000 0
100 01 1000 00
16 0 1 0 0
:o 01 1 Character
jo1 00 Pattern
0 0 0 0 %k 0 0 X 0 o:o 101 Example
1001 1 0
b1 11
i1 00 0
:1 001 Cursor
_____________ I DS SN S + Position
- 10 1 1
:1 100
:1 101
11110
:1 111 X >k *!* X >k >k Xk
Eo ) * x *:
L | 10 0 0 1 |
:;:::::::::::::::“‘—J_\‘“\-——~\\\\ ”’L——_——"//‘
L
000 0% 1 1 X% -:\:T:Q;\3‘T‘~’”*“~1~”1’—_'/”//’ﬂ
______ IS R N U I L
"""" T 0 11 X ok kIxk ok >k ok ok
:1 1 00 :
:1 1 01 l
1111 0 : *No Effect
1111 )k Kik k K Xk Xk

(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 11th line is the cursor position and display is per-
formed in logical OR with cursor.

Maintain the 11th 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 O 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.
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(7) Timing Generation Circuit

The timing generation circuit generates timing signals to operate internal
circuits such as DD RAM, CG ROM and CG RAM. RAM read timing needed for
display and internal operation timing by MPU access are separately gen-
erated so they do not interfere with each other. Therefore, when writing
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.

(8) 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, 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 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.

(9) 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:
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AC6 AC5 AC4 AC3 AC2 ACl ACO

<

<

Display
Position

DD RAM
Address
(Hexadecimal)

Display
Position
DD RAM

Address
(Hexadecimal)

AC 0 0 0 1 0 0 0
In a 1-line display
(digit) 1 2 3 4 5 6/7 8 9 10 11
{ 00 |01 |02|03|04)|05]|0671]07|08]09]|0A e
-
the cursor position
In a 2-line display
(digit) 1 2 3 4 5 6 7 8 9 10 11
1st line |00 |01 |02 |03 |04 |05 |06 |07 98|09 | 0a )
2nd 1in$ 40 |41 | 42 | 43 | 44 | 45 | 46 | 47 |/48 | 49 | 4A k
the cursor position
(Note) The cursor or blink appears when the address counter (AC)

B INTERFACING TO MPU

selects the character generator RAM (CG RAM).

and blink are meaningless.

But the cursor

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

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).

address counter data.

A 4-bit 2-operation will then transfer the busy flag and

HITACHI

87



DB,

DB, b GETTID @10 @nse (D aansy CTTY 6N TD, &5 (T &

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

Fig. 4 4-bit Data Transfer Example

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

B RESET FUNCTION

® Initializing by Internal Reset Circuit

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

i ing 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 ................ DL=1l : 8 bit long interface data
N =0 : 1-line display
F =0 : 5 X7 dot character font

(3) Display ON/OFF control ...... D =0 : Display OFF
C =0 : Cursor OFF
B =0 : Blink OFF

(4) Entry mode Set ...e.ceceveeees I/D=1: 41 (increment)
S =0 : No shift
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(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. 1In this case
initialize by MPU according to "Initializing by Instruction".

B INSTRUCTION

® Qutline

Only two HD44780 registers, the Instruction Register (IR) and the Data
Register (DR) can be directly controlléd 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 to peri-
pheral control ICs. HD44780 internal opetaﬁion is determined by signals
sent from the MPU. These signals include register selection signals (RS),
read/write signals (R/W) and data bus signals (DBg ~DB7), 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) Others

In normal use, category. (3) instructions are used most frequently. However,
automatic incrementing by +1 (or decrementing by -1) of HD44780 internal
RAM addfeSSES 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 maximum
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.
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(Note)

90 HITACHI

Make sure the HD44780 is not in the busy state (BF=0) before send-

ing the instruction from the MPU to the HD44780. If the instruc-

tion is sent without checking the busy flag, the time between -

first and next instructions is much longer than the instruction

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



Table 5 Instructions
Execution time
. Code P (max)
t
Instructionoamery DB7 [DBg [DBs (DB, [DB3 (DB [DB; |DBg Description (when fcp or
fosc is 250kHz)
Clear Clears entire display and sets
: 0|0 |0 |0 |0 |0 |0 |0 |0]| 1 |DDRAM address O in address 1.64ms
Display
counter.
Sets DD RAM address O in adress
Return counter. Also returns display
Home 000|000 |0}0]|1]|* |being shifted to original 1.64ms
position. DD RAM contents
remain unchanged.
Sets cursor move direction and
Entry specifies shift of display.
o) 0 0 0 0 0 0 1 |1I/D 40
Mode Set / s These operations are performed Hs
during data write and read.
Display Sets ON/OFF of entire display
ON/OFF ojojofofolo|1]|D]|c|B [P, cursor ONOFF (C), and 40ys
Cont: blink of cursor position
ontrol
character (B).
Cursor or Moves cursor and shifts display
Display 010 |90 |0 |0 |1 [S/CIR/L| * | * |without changing DD RAM 40ys
Shift contents.
5 Sets interface data length (DL)
€ >
g::c on 0/0 0|0 |1 |DL|N|F | *|* pumber of display lines (L) 40ys
and character font (F).
Sets CG RAM address. CG RAM
iz;rggsRAM ojofo|1 ACG data is sent and received 40us
after this setting.
Sets DD RAM address. DD RAM
Set DD RAM
Asdress 010 ]1 ADD dasa is sent and received after 40us
this setting.
Read geads Busy flag.(BF? ind?cating
Busy Flag ol 1 |sF AC internal operation is being Ous
& Address performed and reads address
counter contents.
Write Data . .
to CG or 1o Write Data Writes data into DD RAM or 40us
DD RAM CG RAM.
Read Data
from CG or | 1|0 Read Data Ezazzndata from DD °or 40us
DD RAM :
1/D=1 Increment DD RAM : Display data RAM Execution time
I/b=0 : Decrement CG RAM : Character generator RAM|changes when
S =1 : Accompanies display shift. Acc : CG RAM address frequency changes.
S/C=1 : Display shift App : DD RAM address. (Example)
S/C=0 : Cursor move Corresponds to cursor Wh £ £
R/L=1 : Shift to the right. address. X e;7o;§z?r os¢
R/L=0 : Shifts to the left. AC : Address counter used 1s ’
DL =1 : 8 b%cs, DL=0 : 4 b%cs. for both DD and CG RAM 40us x250 = 37us
N =1 : 2 lines, N=0 :1 line address. 270
F =1 5x10 dots, F=0 :5x7 dots
BF =1 : Intermally operating
BF =0 : Can accept instruction
* No Effect
HITACHI
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Description of Details

(1) Clear Display

RS R/WDBj—— DBg

Code ofojofojojo0}jo0}jo0jo0}1

Wriﬁes space code "20" (hexadecimal) (character pattern for character
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 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 0|J0fO0}j0f0O 00 0] O *

* 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.
‘The cursor or blink go to the left edge of the display (the first
line if 2 lines are displayed).

(3) Entry Mode Set

RS R/WDBy—  ———— DBy

Code ojofo0ojO0OfjO0O] O] O|O]|I/D S

I/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.
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(4)

4)

Display ON/OFF Control

RS R/WDBj———— _ DBg

Code 0 0 0| O 0 0 1 D C B

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 I/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 11lth line when the 5 X 10 dot

character font is selected.

B :° The character indicated by the cursor blinks when B=1l. The
bblink is diéplayed 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
or fosc. 409.6 x 220 379.2ms when fcp=270kHz.)

270
H-N

Cursor-
5 x7 dot character 0 dot character Alternating display
) font font
(a) Cursor Display Example (b) Blink Display Example

Cursor or Display Shift

RS R/W DBy—  ————— DB

Code 0

o

0 0 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
1st and 2nd line displays will shift at the same time. When the dis-=
played data is shifted repeatedly each line only moves horizontally.

The 2nd line display does not shift into the 1lst line postion.
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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 1 Shifts the entire 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-WDBj— DBy

*|*

Code [70 I 0 l 0 | 0 ’ 1 l DLl 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.
N F No. of ) Character | Duty Remarks
display lines | font factor
00 1 5 x7 dots 1/8
01 1 5 x10 dots| 1/11
1 * 2 5 x7 dots 1/16 Cannot display 2 lines with
5 x10 dot character font.

* (Don't care)
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(7

(8)

9

Set CG RAM Address

RS R/W DBy DBg

cote [0 o s alalalalalz]

Higher Lower >
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/WDBy———— __DBg

Code 0 0 1 A|lA|[A]|A]|A]|A A
Jigher 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 —— ~__~DBg

Code 0 1 |BF|A|A|A|A|A]A A
Higher Lower N
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).
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(10) Write Data to CG or DD RAM

RS R/W DHy DBg

Code [1({0|DpD|D|D|D|D|D|D|D
Higher Lower

Order Bits Order Bits

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

Whether the CG of 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
shift.

(11)  Read Data from CG or DD RAM

RS R/W DBy DBg

Code 1 1 D D D D D D 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" instruction need not be executed just
befé;; 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 automa;icaily 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 RAM
or DD RAM. RAM data selected by the AC cannot then be read
out even if "read" instructions are executed. The conditions

for correct data read out are: execute either the address set
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instruction or cursor shift instruction (only with DD RAM),
just before reading out execute the '"read" instruction from

the second time the "read" instruction is serial..

Bl HOW TO USE THE HD44780

@ Interface to MPU

(1) 1Interface to 8-bit MPU
RS

W/ o
E /_\\ S\
Internal [ Internal operation L "—

Instruction
Write

Busy Flag
Check

Busy Flag
Check

Instruction
Write

Busy Flag
Check

Fig. 5 Example of Busy Flag Check Timing Sequence

C) 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 exam !
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.

Avs il 16
A CS, PA. RS COM, ~ +—
A CS, COM,, Connected
Ay RS, PAs RW to Liquid
HD88B00O Ao RS, PAo g HD#4780 Crystal
RW RW skc,~ |*% . | Display
VMA j)__ E HDs8Boo SEG,,
o PBo~PB: |- %, DBy~DB 4
DBo~DBs 8 Do~D-+

HD68B00: 8 bit CPU

Fig. 6 Example of Interface to HD68BO0 Using PIA (HD68B21)

HITACHI 97



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

VMA

%2

Ais

N
%

HD68 00O

W

Do~ D4

(3 Example of interfacing to the HD6805

Ag~Aq

HD6805 Co

Cy

Ca

@ Example of interfacing to the HD6301

Py

Pys

PSD

HD8301 - P,,

~PI7
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COM, 16
E ~COMys —"
HD##780 Connected
ns to LCD.
R
W SEG, 49
~SEG,
DBy~DB4
CcoM 16
~ 1
DBo~DB: ~COM”___,L__,
1D4478 Connected
i ’ to LCD.
. 49
RS SEG, |—F—
~SEGyo
R w
RS COM, 18 ]
R/W ~COM
" HD4 4780 Connected
to LCD.
DBy~DB+ w0
SEG, |—rt—»
~SEGqo




(2) Interface to 4-bit MPU

The HD44780 can be connected to a 4-bit MPU through the 4-bit MPU I/0
port. 1If the I/O 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 bits). In 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
W o/ \_

R BV A W A W A Y AR W A WY A VA W
¢ {
Internal |Internal 1 I —

Operation

0By ZZRRXIR X777 T sy \ACE /////,/////,mm/////////

Instruction Busy Flag Busy Flag |Instruction
Write Check ‘ Check ‘ Write

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

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

Dis RS 16
Du W ng&" Connected
18 . .

HMCS Dus E HD44780 to Liquid

43C Crystal

£0 Display

. SEG,~ |+
Rio~Ris - DB4~DB: SEG,,

HMCS43C: Hitachi 4-bit single-chip microcomputer

Fig. 8 Example of Interface to the HMCS43C
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Interface to Liquid Crystal Display
(1) Character Font and Number of Lines

The HD44780 can perform 2 types of display, 5 X7 dots and 5 Xx10 dots

as character font, with a cursor on each.

Up to 2 lines are displajed 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%7 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;
" COMs
HD44780
SEGl ____________ ————— Liquid Crystal
: Display Panel
SEGeg— (8 characters

X 1 lines)

(a) Example of a 5 x7 dot, 8 character X 1 line Display
(1/4 Bias, 1/8 Duty)

COM;
CO:M”
SEG,
H e e e e e e Liquid Crystal
Display Panel
: (8 characters
SEGyo - 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
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COM,

COM,

COM,

COM e

HD44780

SEG{ Liquid Crystal

{3 em— ] Display Panel
(8 characters

: X 2 lines)

SEG4o

(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

Since 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,
COMs f
-
HD44780
SEG,
SEG4o

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
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(3) 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.

COoM,

COM,

SE;G.

HD 44780

SEGuo
coM,

cOoM,,

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

SEG,

SEG2q

CoM,

COM,3

HD 44780

SEGg;

SEGy4o

(b) 5 %7 dot, 4 character X 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 depend-
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 characters x 1 line are the same as shown in Fig. 9.
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® Power Supply for Liquid Crystal Display Drive

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 6 Duty Factor and Power Supply for Liquid Crystal Display Drive

tx_ggg&gi % K %
T, 5
Vi Vee = Vi Vee = % Vien
V2 Vee = % Vien Vee = %Vieo
Vs Vee = % Vieo Vee = %Vieo
\0 Vee = % Ve Vee = %Viep
Vs Vee = Vien Vee = Vieo

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

Resistance dividing provides each voltage as shown in Fig. 13.

Vee (+5V) Vee (+5V)

Vece 19 Vee LR

V1 3 V1 i

v, R v iR

V; r—‘—l VLCD Vi R VLCD
iR 3R

Vy Vy
3 R

Vs Vs
_¥ 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
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® 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)

(1) 1/8 Duty

: 400 clock
r_lbz | s | 4 | ------ I 8 | 1 2
Vee ]
COM, i
V2 (Vs)
Ve
Vs

1 frame —

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

= 78.1 (Hz)

1
Frame frequency = 12.8 (ms)

(2) 1/11 Duty

,— 400 clock
1'z|a,4| ------ '11]12

[ 1 frame *——'

1 frame = 4 (us) %X 400 x 11 = 17600 (us) = 17.6 (ms)
1
Frame frequency = m = 56.8 (Hz)

(3) 1/16 Duty

P 200 clock

I'_l_'z|s|4| —————— | 18] 1 2

Vee
A2
o, v,
Vs
\O
Vs

I———l frame EE—

1 frame = 4 (us) x 200 x 16

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

12800 (us) = 12.8 (ms)
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® 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 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 CLy, CL2, M and D signals and power for liquid érystal display

drive. Fig. 14 shows a connection example.

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

Up to 9 units of the HD44100H 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 connection method in Fig. 14 remains unchanged for both

1-line and 2-line display or both 5 X7 and 5 Xx10 dot character fonts. .
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® Instruction and Display Correspondence
(1) 8-bit operation, 8-digit X l-line display (using internal reset)
Table 7 shows an example of 8-bit X 1-line display in 8-bit operation.

The HD44780 functions must be set by Function Set prior to display.
Since the display data RAM can store data for 80 characters, as ex-
plained before, the RAM can be used for displays like the lightening

board when combined with display shift operationm.

Since the display shift operation changes display position only and
DD RAM contents remain unchanged, display data entered first can be

output when the return home operation is performed.

(2) 4-bit operation, 8-digit X 1l-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 completed in two accesses

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

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

(3) 8-bit operation, 8-digit X 2-line display

For 2-line display, the cursor automatically moves from the first to
the second line after the 40th digit of the 1lst 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 Instruction')
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Table 7 8-bit Operation, 8-digit 1-Tine Display Example(Using Internal Reset)

No. Instruction Displ;y Operation
Power supply ON (HD44780 s .
1 | is initialized by the :} Initialized. No display
internal reset circuit) appears.
Sets to 8-bit operation
Function Set’ and selects 1l-line display
2 |RSR/WDB; —— - DBo| [ ] |lines and character font.
0 0 0 0' 1 1.0 0 % % (Number of display lines
and character fonts cannot
be changed hereafter.)
i Turns on display and cur=-
3 Display ON/OFF Control [::::::::::] sor. Entire display is
0 00000 1 1 1 0 in space mode because of
initialization.
Sets mode to increment the
address by one and to
4 Entry Mode Set [:::::::::::] shift the cursor to the
0O 0 0 OO0 0 O1 1 0 right at the time of write
. to the DD/CG RAM.
Display is not shifted.
C Write "H". The DD RAM has
already been selected by
Write Data to CG RAM/DD RAM initia%izatlon when the
5 10 01 00100 0 power is turned on.
The cursor is incremented
by one and shifted to the
right.
6 tirn(t)e gati tg cg R?M/gD gAMl Writes "I'".
7 . L
o | yrige baca co cC Rau/oD Aat,
9 Entry Mode Set Sets mode for @isplay
000 00O0UO0OTI1T1 1 Sh:.Lftat the time of
=J | write.
10 | Write Data to CO RAH/DD RAM Writes "Space".
Write Data to CG RAM/DD RAM . R
11 | fFife paca o CO RAM/DD WA | [TRGHT W] | vrites "W,
12 : :
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Write Data to CG RAM/DD

131001001111 Writes"O".

| fmm gy L e

1 |Gy L e e

1o | Prite Data to ¢6 /oD R | ergeo— | ettt Goven b the
. left.

17 | Cursor or Display Snift cursor position to the

right.

e Shifes dizpley ond curser

19 | Write Data to CG RAM/DD RaM Writes "M".

gy | Retumn pome curoor to the original

position (Address 0).
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Table 8 4-bit Operation, 8-digit 1-1ine Display Example
(Using Internal Reset)

No. Instruction Display Operation
1 i:wziii;ggizeng;Hzﬁi780 [:::::::::::] Initialized. No display
internal reset circuit) appears.
Sets to 4-bit operation.
Function Set In this case, ?perati?n.is
2 |RS R/W DB7 —— DBy [::] h:andl!.ed as 8 bits by ini-
0 0 0 01 0 tlallzat}on, and only tﬁls
instruction completes with
one write.
Sets 4-bit operation and
selects 1l-line display and
5x%7 dot character font.
Function Set 4-bit operation starts
3]0 0 0 010 [:::::::::::] from this point on and
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-
410 0o 0 0 o o [:::::::::::] sor. Entire display is in
0 01 11 0 sPacg moge because of ini-
tialization.
Sets mode to increment the
address by one and to
Entry Mode Set shift the cursor to the
5/]0 0 0 0 0 O [:::::::::::] right, at the time of
0 0 01 10 write, to the DD/CG RAM.
Display is not shifted.
Write Data to CG RAM/DD RAM Writes "H".
6l1 0 0 1 0 0 The cursor 1s'1ncremented
1 010 0 0 = by one and shifts to the
right.

Hereafter, control is. the same as 8-bit operation.
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Table 9 8 bit Operation, 8-digit x 2 line Display Example
(Using Internal Reset)

No. Instruction Display Operation
Power supply ON (HD44780 s .
1 | is intialized by the Initialized. No display
internal reset circuit) appears.
Function Set Sets to 8-bit operation
2 |RS R/W DB7 DBg and selects 2-line display
0 0 0 0 1 1 1 0 =*= =% and 5%X7 dot character font.
Turns on display and cur-
3 Display ON/OFF Control = sor. All display is in
0 0 0 0 0 0 1 1 1 0 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 0 0 00 0 01 10 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
Write Data to CG RAM/DD RAM i by initialization when
5 the power is turmned on.
10 01 0 01 0 0O . .
The cursor is incremented
by one and shifted to the
right.
6 : .
Write Data to CG RAM/DD RAM . nr
Writ I".
7 1 00100100 1 HITACHI rites
Sets RAM address so that
8 Set DD RAM Address HITACHI the cursor is positioned
0 0110 0 O O O O at the head of the 2nd
line.
Write Data co CG RAM/DD RAM HITACHI . Ty
1700100110 1]|[x Writes "M".
10 : .
Write Data to CG RAM/DD RAM HITACHI ) .
19100100111 1| [dicrRoco ] |Yrites "0%
1o | Entry Mode set AITACHI Sﬁ‘i:?tm°‘:etflzrt‘,thi2y
0000 0OO0OT1T1 1| [MICROCO S a m

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

0 0 0 00

0 0 010

MICROCOM

13 Write Data to CG RAM/DD RAM ITACHI h . d d
100100110 1|[TCROCON The first and secon
lines' shift are operated
at the same time.
14 : .
15 Return Home AITACHT Returns both display and

cursor to the original
position (Address 0).
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® 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 following procedure for initialization.

(1) WwWhen interface is 8 bits long;

( Power ON )

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

|

RS B, B, Ty TBs B¢ [Bs [B: IBi [Bo
0 0 0 0 1 1 * * % X

|

Wait more than 4.1 ms.

[lBF cannot be checked before this instruction.]

Function set (Interface is 8 bits long.)

RS B 0Br DB TBs IB+ [Bs [B2 [B: Bo
0 0 0 0 1 1 * * % %

‘Wait for more than 100us.

RS B¢, DB, Iy [Bs DR, DB; DB, DBy Dy
00 0 0 1 1 * * * *

RS B, T8, DBy DBs DB DBy DEx DB: DBo
0 00 0 1 1 NTF * %
000000100 0
000000 O0O0 0 1.
0000000 1LHs

Initialization ends.

[{BF cannot be checked before this instruction;W

Function set (Interface is 8 bits long.)

[1BF 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 (Iﬁterface 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
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(2) When interface is 4 bits long;

( Power ON )

Wait more than 15 ms
after Vg rises to 4.5V,

|

RS Bg, 1B, B, IB IB,
0.0 0 0

1

1

Wait more than 4.1 ms.

0 0

RS BB,

0

0

DB, DB; DBy

1

1

Wait for more

than 100us.

0 0

RS B¢ 0B,

0

0

DB, DB; DBy

1

1

0

0

0

RS B DB, DB, DB; DB,

o|leo O|% o|e

© ol |l 0|0 o
© ol ol ol ©

© ol o|= ©o|Z o

= o|lo o|lo o™ o

é"coeoc*'—-.—

® o~

Initialization ends.
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lBE cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

[BF cannot be checked before this instruction. 441

Function set (Interface is 8 bits long.)

lEF 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. It drives dot
matrix liquid crystal display under 4-bit or 8-bit microcomputer or micro-
processor control. All the functions required for dot matrix liquid crystal
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 combination 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

SEG23

3gengessanse
gasdeaudngeg
BhBbaABBBOBH

SEG37
SEG38

P Tlalalala Tt Ta Tl alalale]
SEG2? =/ M l [é— SEG39
seG21 =55+ = SEG40
SEG20 = i =2 COMND
e =3 | --Eggma
=] | B
o = | =
G1 = HE=—
St =5 } === coms
SEG13 %;- 1B coms
SEG12 | == com7
SEG11 % i COM6
SEG10 T %mm
SEG9 | H= COM4
SEGS S ! E=— coM3
SEG7 COM2
SEG6 = comi
SEGS = 087
SEG4 =34 = DB6
SEG3 = -1
SEG2 = o84
(FP-80) s =g | ===
0sC1 = ) S==a
S SooonoooioT (.
‘W Mlmww !Wﬁ
NeNDToo~ Z000Iwe
§>>>>>dd§ c?)mi 8
(Top View)
BFEATURES
+ 5%x7 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
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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)

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

- Maximum n@mber.of display columns

No. of Dut No. of
displa y Extension | HD44101H HD4100H displa;
play play
3 factor
lines characters
Not 1pe. | oo 8 characters
1-line. 1/7 provided pe. x 1 line
displa; dut . 3 pecs. 32 characters
P Y Provided 1 pe. (8pcharacters/pc.) x 1 line
" Not 1pc. | ———e- 8 characters
2-line 1/14 provided pc- x 2 lines
display | duty Provided 1 pe. i gciigi:7§§a§ters 12 ;hiiizgers

- Various instruction functions

Clear Display, Return Home, Display ON/OFF, Display Shift

+ Internal reset circuit at power ON

- Internal oscillator (with an external resistor)

- Logic power supply:

CMOS process

A single +5V (excluding power for liquid crystal

display drive)

. 80-pin flat plastic package (FP-80)
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EBLOCK DIAGRAM (HD4410TH INTERIOR)
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BELECTRICAL CHARACTERISTICS

®Absolute Maximum Ratings

Item Symbol Limit Unit Note
Power supply voltage (1) | V¢ -0.3 to +7.0 v
Power supply voltage (2)| V1 to V5| Vgc-13.5 to Vgc+0.3 v 3
Input voltage Vg -0.3 to V¢gct0.3 A
Operating temperature Topr -20 to 475 °c
Storage temperature Tstg =55 to +125 °c

Note 1: 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.
beyond these conditions will cause malfunction and poor relia-

bility.
Note 2: All voltage values are referenced to GND=0V.
Note 3:. Applies to V1 to V5. Must maintain Vgc2V12V22V32V42V5.

Use

(high «— —low)
®Electrical Characteristics
(Voo=5V£10%, V5=0n~5V, Ta=-20 to +75°C)

Ttem Symbol Zzigition Min.Idijgé Max. Unit Note
Input "high" voltage (1) VIH(l) 2.0 - Vee v (2)
Input "low" voltage (1) Vit (1) 0 - 0.8 v (2)
Output "high" voltage (TTL)| Voy -Iog=0.205mA 2.4 - - \Y (3)
Output "low" voltage (TTL)| VoL TIo1,=1.6mA - - 10.4 \Y (3)
Output "high" voltage (CMOS) | VOHC -Iop=0.1mA Vee-0.4| - - \ (4)
Output "low'" voltage (CMOS)| VoLcC IoL=0.1mA - - 0.4 v (4)
Driver voltage descending(COM)| V41 Id=0.1mA - - | 1.0 v
Driver voltage descending(SEG)| V42 I4=0.01mA - - 0.2 v
Input leakage current 111, Vin=0 to VccC -1 - 1 A | (5)
Pull up MOS current -Ip ¥SEZ§YEVIN=OV 2 10 | 20 HA
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Test Limit Unit |Note
Ltem Symbol condition Min. |Type|Max.
Rf oscillatiomn
Power supply current ’
Icc Extern?I clock _ 0.2 lo.s A (6)
: operation
fosc=fcp=78kHz
External clock operation
——————————————— Tr—-———————-—-———-——P—————h—-\———\-————
External clock frequency fcp 40 78 |150 |kHz (7)
External clock duty Duty 45 50 | 55 | % (7)
External clock rise time trep - - 10.2 us (7)
External clock fall time tfep - - 10.2 us (7)
Input "high" voltage (2) VIH2 Vee-1.0 - |Vee v (8)
Input "low" voltage (2) VIL2 0 - ]1.0 \Y (8)
Internal clock operation (Rf oscillation)
______________ B e e e it
Clock oscillation frequency fosc RE=560k*+27 50 75 {100 |kHz 9)

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
r{%]PMOS
o
h%

+ OQutput Terminal

Applicable terminals:
(With pull up MOS)

Vece

RS, R/W, CS,
DBO to DB6

§_4 PMOS

PMOS

(Pull up MOS)

Applicable terminals: CL1, CL2, M, D

PMOS

NMOS

NMOS
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* I/0 Terminals

Applicable terminals: DB7

Q——{ PMOS

Note 2:

Note 3:
Note 4:

Note 5:

Note 6:

Note 7:

0.7Vee
05Vce
0.3Vee

120 HITACHI

s

Vee (Pull up

v
MOS) °c

(Input Circuit) -
PMOS

Vee Enable

NMOS "*G:;Data

(Output Circuit)
(Three-state)

Input terminals and I/0 terminals

Excludes 0SCl terminals.
I/0 terminals
Output terminals

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

excluded.

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 osc1
Open 0scC2
L Ty
=_Th
Duty = TH+T, X 100 %
—
T
trep tfcp



Note 8: Applied to OSCl terminal.

Note 9: Internal oscillator operation using oscillation resistor Rf.

0oscCt
Rf E%
0sc?2 Rf: 560kQ+2%

Since oscillation frequency varies depending on 0SCj and 0SC2

terminal capacity, wiring length for these terminals should be
minimized.

®Timing Characteristics

Write Operation

PWan tan
tae
4 \ /
E Vim Viur
72 Vin Viu \ i Vi
tar . 1 toaw ta
"'“‘* Valid Data }(""“
DBo~DB, Viuy/ 1 a d Vi
toren

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

RS X{v"‘l Vim
K ViLi Vi
tAg tAH
4
RW A Viny Vim
PWex | [tan
E ](Vun Vim
Viu J Vi E tee
ter— [ topr tour
Vou valid D Vou
DB7 Vo ali ata Vo
tever

Fig. 2 Bus Read Operation Sequence
(Reading out Data from HD44101H to MPU)

Interface Signal with Driver LSI HD44100H

0.9Vee £ 0.0V,
cts -
tew tcwn
tesu
CL2 09Vec | ¥ \osvcc
01V 01V 0.1 Vee
tesu tow
D 09V 0.9V ee
01V 0.1Vee
tsy t
M
0.1Vee
tou

Fig. 3 Sending Data to Driver LSI HD44100H
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®Bus Timing Characteristics

(Vg=5.0V+10%, GND=0V, Ta=-20 to +75°C)

Write Operation (Writing data from MPU to HD44101H)

Limit
Item Symbol | Test conditions Min. | Max. Unit
Enable cycle time TeycE ' Fig. 1 1000 - ns
Enable pulse width ']'.!:;i}]t" PWgy Fig. 1 450 - ns
Enable rise/fall time tgr, tEf Fig. 1 -1 25 ns
Address set-up time __ESE R/W tas Fig. 1 140 - ns
Address hold time tAH Fig. 1 10 - ns
Data set-up time tpSwW 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 '1'1:3';5}11" PWgy ‘ Fig. 2 450 - ns
Enable rise/fall time tEr, tEf Fig. 2 -1 25 ns
;%ddress set-up time __IES}; R/W tas Fig. 2 140 - ns
Address hold time t'AH Fig. 2 10 - ns
Data delay time tDDR Fig. 2 - | 320 ns
Data hold time tDHR " Fig. 2 20 - ns
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® Interface Signal with HD44100H Timing Characteristics

(Vge=5.0V+10%, GND=0V, Ta=-20 to +75°C)

Limit
Item Symbol Test conditions . Unit
Min. | Max.
. "High" X
Clock pulse width level tewH Fig. 3 800 | - ns
] "High" K
Clock pulse width level tewn Fig. 3 800 - ns
Clock set-up time tesu Fig. 3 500 [ - ns
Data set-up time tsy Fig. 3 300 | - ns
Data hold time tDH Fig. 3 300 - ns
M delay time tpM Fig. 3 -1000 | 1000 | ns

® Power Supply Conditions Using Internal Reset Circuit

o Limit .
Item Symbol Test conditions Min. | Max. Unit

Power supply rise time trce - 0.1 10 ms
Power supply OFF time toFF - 1 - ms

Since the internal reset circuit will not operate normally unless the preced-

ing conditions are met, initialize by instruction.

0.lms < trgc = 10 ms torF = 1ms

(Note) torr stipulates the time of power OFF for power supply instantaneous
dip or when power supply repeats ON and OFF.
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B TERMINAL FUNCTION

Table 1 Functional Description of Terminals

: Number
Signal of Input/ |Connected Function
name lineg |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 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
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.
CL1 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\.COM14 are in non-selection wave-
form at 1/7 duty factor.
SEGL 40 Output | Liquid Segment signal
VSEG40 crystal
display
V1wv5 5 Power Power supply for liquid crystal display
supply drive ’
Vcc, 2 Power VCC: +5V, GND: 0V
GND supply -
0sC1, 2 Terminals connected to resistor for inter-
0SC2 nal clock oscillation. For external clock
operation, the clock is input to 0SCi,
COMND 1 |Output | Liquid Non-selected common signal.
crystal It is applied to unused common terminals
display of LCD, if necessary.
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§ Number
Signal| J%¢ Input/ | Connected Function
name lines |output | to
(o) 1 Input | MPU Chip select signal
"0": Disable
"1": Enable

WFUNCTION OF EACH BLOCK

(1)

2)

3

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 internal 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=1. The next instruc-

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

Address counter (AC)

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.
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After writing into DD RAM display data, AC is automatically increased
by +1.
(4) 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

(A /
Hexadecimal

(Example) DD RAM address "1E"

1 E /

1-line display (N=0)

- Display
(digit) 1 2 | 3 4 5 31 32 <—-position
1-line |00 | O1 i02 03 (04 | ...... vececescsesss | 1E |1IF T~ DD RAM address

(a) When the display characters are less than 32, the display begins at
the head position. For example, 8 characters using 1 HD44101H are

displayed as:

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

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

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

moves as:

(Left shift

: 01 |02/ 03{04|05 {0607 |08
display)

(Right shift
display)
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(b)

(Left shift
display)

(Right shift
display)

(c)

16-character display using an HD44101H and an HD44100H is as shown

below:

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

<« DD RAM
address

1-line | 00/ 01]02|03{04(05(06|07|08|09|0A|0B|0C [OD|OE |OF

\_ hpss41018 display —/ \__HD44100H display —/

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

moves as:

01/02{03|/04]|05/06|/07|08|09]|0A| 0B|0C|OD |OE|OF |10

1F[00/01|02|03[04{05|06]|07(08| 09|0A|OB [OC|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,
up to 32 digits can be displayed by externally connecting 3
HD44100H's

(digit)1 234567 890URBUISBTBOD 56U BHDIAR™ LIPS
1-line 010203!0405!06070809'0 08locionjoelorio[1112]13]. . {18{19{1a{18[1c[p{1E{1r [+DD RAM
1 (Hoyxa—
\__ mpsas780  /\ mp4s100H(1) / \_ﬂn441on _J\_HD44100H(3) | dizi;al)
display display display
display
+ 2-line display (N=1)
Displa
(digit) 1 2 3 4 5 15 16 <— o oF fon
1-1ine| 00 |01 {02 |03 [ 04| vvevecnceannannn e... | OE | OF 4— DD RAM address
2-line| 10|11 |12 |13 |14 ....... ceeereeeeeee. |1IE|1F

(a)
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When the number of display characters is less than 16x2 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

1-1ine | 00 | 01| 02 [ 03] 04 {05 |06 |07 |<DD RAM address

2-line | 10 | 11| 12 |13 | 14 {15 |16 |17

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

(Left shift | 01 | 02| 03|04 |05]06| 07 08

display)

11 (12| 13 (14|15 |16 | 17 |18

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

display)

1F {10 11 {1213 |14 | 15|16

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

HD44100H are used:
(digit) 1 2 3 4 5 6 7 8 9 101112 13 14 15 16 = LRIV

<« DD RAM
address

1-1line | 00{01/02|03|04|05|06|07]08|09 |0A|OB|OC |OD |OE |OF

2-line | 10)11{12{13|14|15(16({17|18|19|1A[1B|1C (1D |1E|1F

\——-HD44101H display-——/\-—-HD4410H display-———/

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

follows:

(Left shift 01]02|03|04 (05|06 |07|08|09|0A|0B |0C|OD |OE [OF |00

display)

11|12{13|14|15(16{17|18|19|1A|1B|1C|1D |1E |1F |10

(Right shift OF|00{01{02|03|04|05|06|07|08|09|0A|0OB |0C |OD|OE

display)

1F{10/11|12|13|14|15|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.
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Table 3 Correspondence between Character Codes and Character Patterns
(Hitachi Standard HD44101A00H)

Uigher
L[waer 4bit 0010 1010(1011]/1100{1101|11101111
bit
sassw
Xxxx0000
H
= aas
Xxxx0001 . HH
] = 11}
a - ans -
.. : HEHH
XxxX0010 ot | "
- .
xxxx0011 b -t -~ .::. H
B "'- - b e .
"2% | Snalls H . : " Sl
xXxxx0100 anss on® . aalas wie
== L] = eean = = ussss : ll= [e— .- -.
b i NI s N B
FOoe0101 ® 88 [ "aun" | Resas | "aue® - «* sunin | "una” | "aa"s
LILL] = = ‘II' .:. [TLLL]
- ] ] ] L] L] -
Al T e L T 5| 8 8 : "
Xxxx0110 s H .. o | 2" &* [ —
"2
-
XXxXx0111
L]
L]
H
Xxxx1000 )
]
L]
L)
:
XXxx1001 .
LN
= -i' III.: - E .
H : 18" | "o
Xxxx1010 L semaf |8 2] 5. :
. I. -
Ll 1] - .
xxxx1011 : " .
- L] 1 1]
.I
“ %
XXxx1100 ,= N S—
LLJ
L]} s .=.
Xxxx1101 aunee
[ 1]
) -
.l. I. I. .l
XXXX1110 - »® .
- )
.l
-I
XXxx1111 - [—
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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.

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 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 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).
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BMRESET 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-

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

(1) Display clear

(2) Function set ...veeeivennnnnn DL=0: 4 bit long interface data

N=0 : 1-line display

(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 be performéd.

BINSTRUCTION

®0utline

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 temporarily stored in these 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 (DBOVDB7), 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

develop systems in minimum time with maximum programming efficiency.
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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 "O" before sending an instruction from the MPU.

Table 4 Instructions
. Code
Instruction Description
RS | R/W|DB7 |DB6 |DB5 |DB4 |DB3 {DB2 |DB1 |DBO
c1 Clears entire display and
ear ol o|o|o|o|o|o]|o0o|O0]|1|sets DD RAM address O in
display
address counter.
Sets DD RAM address O in
address counter. Also
Return returns display being
*
home 010 010100 0101 shifted to original posi-
tion. DD RAM contents
remain unchanged.
Display Sets ON/OFF of entire
ON/OFF 0] O 0 0 0 0 1| D | * | *% [display (D).
control
Display « | &« |Shifts display without
shift 0 0 0 0 0 1 1 |R/L changing DD RAM contents.
F ti Sets interface data
unction ol o|lo|o]|1|pL|N]|=*]|%*|* |length (DL), number of
set . .
display lines (L).
Sets DD RAM address.
Szg DDRAM |l o100 (App) B DD RAM data is received
address after this setting.
Reads busy flag (BF) in-
Read busy 0 1 lBrl | % | % | || %= dicating internal opera-
flag tion is being performed.
Write data
to 1 0 (Write data)g Writes data into DD RAM.
DD RAM

D=1: Display on

D=0: Display off

R/L=1: Shift to the right
R/L=0: Shift to the left
DL=1: 8 bits, DL=0: 4 bits
N=1l: 2 lines, N=0: 1 line
BF=1: Internally operating
BF=0: Can accept instruction

DD RAM: Display data RAM

ADD: DD RAM address

AC : Address counter used
for DD RAM address

* No effect
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®Description of Details
(1) Clear display

RS R/WDB7 —  ———_ - DBO

Code | 0|0 |O (O [O O[O |O |O 1

Writes space code "20" (hexadecimal) (character pattern for character
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 if

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

(2) Return home

RS R/WDB7 — ————__ - DBO
Code 010 0 0 0 0 0 0 1 * * 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.

(3) Display ON/OFF control

RS R/WDB7 ——————_ DBO
Code |0 [0 ]Jo |0 |o|o|1 |D |* |=

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.

(4) Display shift

RS R/WDB7 —  —————__—DBO

Code 010 0 0 0 1 1 [R/L| * * * 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 lst 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.
R/L=1: Shifts the entire display to the right.
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Address counter (AC) contents do not chapge if the only action performed

is shift display.
(5) Function set

RS RWDB7 ———— - DBO

Code | O 010 0 1 |[DL|{ N | * | % | % * Don't care.

DL: Sets interface data length. Data is sent or received in 8 bit
lengths- (DB7DB0O) 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.
No. of
N display lines Character font |[Duty factor
1 5x7 dots 1/7
2 5x7 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.

(6) Set DD RAM address

RS R/WDB7 —————___ DBO

Code | O 0 1 0 O] 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 is "00"’b"bF" (hexadecimal)
for the first line, and "10" Vv"1F" (hexadecimal) for the

second line.
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(7) Read busy flag

RS R/WDB7 — ———_ ___ DBO

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

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

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 orde_r)
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 = Foos

or ——
fcp

. Cu
BHOW TO USE THE H

®Interface to MPU
(1) Interface to 8-bit MPU

RS

RW / A
eE__/ / _/ \~__/ \

Internal |
—— Internal Operation

087 71 outa X0 oaor OO 5o OO0 2 LY oo X7

Busy Flag
Check

Instruction
Write

Instruction
Write

Busy Flag
Check

Busy Flag
Check

Fig. 4 Example of Busy Flag Check Timing Sequence
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Direct interface to HD6800

The HD44101H can interface directly to the 8-bit MPU HD6800, having
tﬁe capability of driving one ordinary TTL through the TTL compati-
ble interface. The interface timing is matched with the HD6800.
However, the HD44101H's internal 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, Al5=
0 and the timing width is obtained by VMA and ¢2.

HD 6800 HD 44101 H 1
A0 RS COM|——
A1 cs
RAN R/W COMNDF— 5 Lcp
40
A1s—{>o0—] SEG [——
o :
P2
8
DBO~7 # DBO~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.
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HD68B00

DBo~DB+

—

8

2

CS,
s,
CS,
RS,
RS,
RW
E

Do~D+

PAs
PA.

PA,

PAo
HD68B21
PBo~PB1

cs COMND?
RS ngﬁ~ Connected
RW " to liqixid
crysta
g HD44101H 0 display
SEG, ~ |+
SEG,,
8
~ DBo"'DB-'

HD68B00: 8 bit CPU

Fig. 6 Example of Interface to HD68B0O Using PIA (HD68B21)

®

Connecting directly to the 8-bit MPU bus line

COMND|—
VMA ™\ CcoM, 14
2, j E ~COM,, [—F>
Ags
A1 cs Connect to
HD6800 Ao RS HD44101H LCD
W BW SEG, | %9 .
~SEG,,
Do ~Dy A DB,~DB-,
@ Example of interfacing to the HD6805
COMND [—
14
8
Ag~A, DB,~DB;  CONL
Connect to
HD6805 Co g HD44101H ‘0 LCD
RS SEG sl
o ~SEb
Ce Rw
Cs cs
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() Example of interfacing to th= HD6301

T
Pys R/W ~COM 4
Pye E
HD6301 PP37 CS HD44101H gggneCt *
LO' 17] 8 DBo~DBs 40
SEG, |— 2 »
~SEG4o

(2) 1Interface to 4-bit MPU

The HD44101H can be connected to a 4-bit MPU through the 4-bit MPU I/O
port. If the I/O 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 bits). 1In the latter case, the timing sequence becomes somewhat com-

plex (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 _/ \

Eﬂ\_ﬂﬂ_wﬂ—

Internal | Internal l I

Operation No No
o8 77 XX IR X 8 usy s DBusy [BussX X o1 X 03 X
Inétruction 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
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Dis RS 14
COM, ~ |——=

Dl‘ W COM:"

HMCS43C D E  up44101m
40

. SEG, ~ [+

Rio~Ris # DB.~DB. SEG,,
COMND [—=

HMCS43C:

Connected to
Liquid Crystal

Hitachi 4-bit single-chip microcomputer

Fig. 8 Example of Interface to the HMCS43C

®Interface to Liquid Crystal Display

(1) Character font and number of lines
The HD44101H can perform 5x7 dots as character font.
Up to 2 lines are displayed with 5x7 dots.
common signals are available:
N?mber 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, Instruction.)
(2) Connection to HD44101H and liquid crystal display

Fig. 9 (1) and (2) show connection examples.
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CQMI
H 4410%?}{7
D
SEGy —— J ||| __ _ _ _ _ _ _ __ __ ___________ Liquid Crystal
? Display Panel
: (8 characters
SEGs

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

COoM, il
: =
COM»
COMg
COM4|
HD44101H
SEG! _____________________ Liquid Crystal
B Display Panel
(8 characters
: X2 lines)
SEGqso

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 1l-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 to these common signal terminals.
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COM,
HD44101H
COM7; £
comvpp—
SEG,

SEG4o

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 gcanning lines. The following display types are possible by changing

the matrix layout in the liquid crystal display panel.

|

COM,

COM,
HD44101H | =M T T
SE;Gl

SEGuso
CcOoM,

COM14

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

SEGao

COM,

CO:M7
HD44101H

SEG2:

SEGqo

(b) 5%7 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 characters 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 - 1/4Vpcp Vee - 1/5Viep
V2 Voo - 1/2Vpep Vee - 2/5V1cp
V3 Voo - 1/2Vicp Vee - 3/5VLeD
V4 Vee - 3/4Vicp Vee - 4/5Vicp
V5 Vce - Viep Vce - Viep
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Vicp gives the peak values for liquid crystal display drive waveforms.

Resistance dividing provides each voltage as shown in Fig. 12.

Vi \"
Vee(+5V) co(+5V)
Vee —T Yee 3R
v R Vi
! > 2R
E: R V2 3
\' e R Vico
3 Vico 3
v ] Va
3 [
SR 3R
Va
Va 4
£R ik
Vs Vs Lr
< 2 VR
/T/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 example.

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 1l-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.
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HD44101H

COM,~COM,,

SEG, ~SEG,,

CL,
CL2

cc

GN
V2
Vs
Vs

)

Dot Matrix Liquid
Crystal Display Panel

40

HD44100H

DL, Yeo DR,

I11
£
3

FCS DL, :l
SHL, DR,

< ot
w

EE R = 2209

Fig. 13 Example of Connecting HD44100H to HD44101H
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®Instruction and Display Correspondence
(1) 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 functions must be set by Function Set prior 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 lightening

board when combined with display shift operation.

Since the display shift operation changes display position only and DD
RAM contents remain unchanged, display data entered first can be output

when the return home operation is performed.

(2) 4-bit operation, 8-digit x1-line display

Table 7 shows an example of 8-digit X 1-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.

(3) 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 of the display 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 lineimany times.
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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 * * =%
RSRWDB7 ——__—~ DBO

Sets to 8-bit operation and
selects 1-line display line.
This operation is necessary
three times at 100 ms intervals.

Display ON/OFF controcl
00000011 =*=*

Display ON.
No display appears.

Write data to DD RAM Writes "E".
1001001000 ||H ]
Write data to DD RAM Writes "I".
1001001001 |LAT B
| |
| |
| |
| |
Write data to DD RAM Writes "I".

1001001001

lHITACHII

Write data to DD RAM
1000100000

IHITACHIJ

Writes space.

Write data to DD RAM
1001001101

lHITACHTI |M

Writes "M", but "M" can't be
seen.

Display shift
00000110 % *

[1TacHI M

Shifts left, '"M'" appears.

Write data to DD RAM
1001001111

[1 MICcRrROK]

Writes "0", but "O" can't be
seen.

Display shift
00000110 =**

[M1croOKO |

Shifts left, "O" appears.

Set DD RAM address
0010001101

[MICROKO |

Writes the address of "K".

Write data to DD RAM
1001000011

[MIcrOCO |

Changes "K" to "C".
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Instruction

Display

Operation

Set DD RAM address
0010001111

[M1crocCoO |

Writes the address of next to
mnan
o".

Write data to DD RAM
1001001101

[MICcROCO |

Writes "M", but "M" can't be
seen.

Display shift
00000110 %* =*

[MTcRrOCOM |

Shifts left, "M" appears.

Return home
000000O0O01O

lHrracur |

Returns both display and DD RAM
address to the original position.

Table 7 4-bit Operation, 8-digit x1-Tine Display

Instruction

Display

Operation

Power ON and automatic
reset

]

Initialized.
No display appears.

Display ON/OFF control
RS R/W DB7 —— DB4
0o O 0O 0 0 O
0 0 1 1 4

Display ON.
No display appears.

Write data to DD RAM

100100
101000

Writes "H".

Hereafter, control is
the same as 8-bit
operation.
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Table 8 8-bit Operation, 8-digitx 2 lines Display

Instruction Display Operation
Power on and automatic Initialized.
reset No display appears.
Function set This instruction is necessary
0000 11¢%**+# = three times at 100 ms intervals.

RSR/WDB7 ——___ DBO

Function set Sets 8-bit operation and 2-line
0000111% % % display.

RSR/WDB7——___ DBO

Display ON/OFF control Display ON.
00000011 #* % No display appears.
Write data to DD RAM H Write "H".

1001001001

. "
Write data to DD RAM HITACHTI Writes "I".
1001001001
Set DD RAM address HITACHTI Sets DD RAM address to the top
0010010000 of the second line.
. 3 LAAVidl
Write data to DD RAM HITACHTI Writes "M".
1001001101 M
] 1
1
! |
| 1
. . man
Write data to DD RAM E I TACHTI Writes "0".
1001001111 MICROCO
. L AAAV A
Write data to DD RAM HITACHTI Writes "M".
1001001101 MICROCOM
Display shift ITACHTI :htiti-left:ll be shifted
00000110 *x ICROCOMN oth line will be shifted.
Return home HITACHTI Returns display to the original
000000001 * MICROCON]| Position.
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HD44102CH (DOT MATRIX LIQUID CRYSTAL
GRAPHIC DISPLAY COLUMN DRIVER)

The HD44102CH is a column (segment) driver for dot matrix liquid crystal
graphic display systems, storing the display data transferred from 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 accomplish 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

(TOP VIEW)
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W FEATURES

. Dot matrix liquid crystal graphic display column driver incorporating
display RAM.

- Interfaceable to 4-bit or 8-bit MPU

RAM data directly displayed by inte