HD44102CH ——

(Dot Matrix Liquid Crystal Graphic
Display Column Driver)

Description

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
state of each dot of a liquid crystal display to provide
more flexible than character display.

The HD44102CH is produced by the CMOS process.
Therefore, the combination of HD44102CH with a
CMOS microcontrollercan complete portable battery-
driven unit ntilizing the liquid crystal display's low
power dissipation.

The combination of HD44102CH with the row
(common) driver HD44103CH facilitates dot matrix
liquid crystal graphic display system configuration.

Pin Arrangement
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Features

e Dot matrix liquid crystal graphic display
column driver incorporating display RAM
¢ Interfaces with 4-bit or 8-bit MPU
¢ RAM data directly displayed by internal display
RAM ’
RAM bit data 1: On
RAM bit data 0: Off
o Display RAM capacity: 50 x 8 x 4 (1600 bits)
e Internal liquid crystal display driver circuit
(segment output): 50 segment signal drivers
e Duty factor (can be controlled by extemal input
waveform) ‘
—~ Selectable duty factors: 1/8, i/12, 1/16,
1724, 1/32
¢ Wide range of instruction functions
~ Display Data Read/Write, Display On/Off,
Set Address, Set Display
-~ Start Page, Set Up/Down, Read Status
Low power dissipation |
Power supplies: V. 5V110%,V __0to-5V
CMOS process
80-pin flat plastic package
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Block Diagram
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Absolute Maximum Ratings
item Symbol Value Unit Note
Supply v:nl;t_age (1) _: \Ej 0310 47.0 " vV 1 )
Supply voltage (2) N Ve V. —13.5t10V, . +0.3 Vv

_Input voltage (1) Vi ~0.3to0V_. +0.3 V 1,2
Input voltage (2) a Vis Vg, 0310 V.. + 0.3 '/ 3
Operating temperature T oo ~20 t0 +75 *C
Storage te n;pa_r_atu e - Teg —5_5_ to +125 l °C

Notes: 1. Referenced to GND = 0.
2. Applied to input terminals (except V1, V2, V3, and V4), and YO common terminals,
3. Applied to terminals V1, V2, V3, and V4. |

Electrical Characteristics
(Vcc = 45 V‘i"O%, GND =0 V, VEE = t0 -5.5 V‘ Ta=-201tc 75 nc) (Note 4)

ftem - ~ Symbol Min Typ Max Unit Test condition Note
Input high voltage (CMOS) ~ V,,  0.7xVy, - Vg Y, 5
input low voltage (CMOS)  V,, 0 - 03xVg V 5
Input higi1 voltage (TTL) v, 2.0 - V. VO 6
Input low voltage (TTL) Vis o 0 J - +0.8 ) V 8
Output high voltage V., +3.5 - - V1, =250 pA 7
OutputJlgw voltage B “__Vq;,. - - 404 vV lo. = +1.6MA . 7
ViXjONresistance @ R, - - 75 KQ V. =-5V&10%,
| . - o . __Load current 100 pA
Input leakage current (1) L, -1 - 1 MA V=V 1o GND 8
input ieakage curra;t_(_ZJl “iu -2 - 2 HA V=V oV, 8 5
Operating frequency ' fm_— 25 - 280 kHz &1, 92 frequency wl
Dissipation current (1) T, - ~ 100 WA, =200 kHz frame = 11
o o n 65 Hz during display B
Dissipation current (2) lece - - 500 -p;s Access cyclaTMHz 12
- ‘ B ~ __ ataccess
HITACHI
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Notes:

X N® ;N

- —

Specified within this range unless otherwise noted.

. Applied to M, FRM, CL, BS, RST,¢1, ¢2.

Applied to CS1 to CS3, E, D/, R’/W and DBOQ to DB?7.
Applied to DBO to DB7.

and /O common terminals DBO to DB7 at high impedance.

Applied to input terminals, M, FRM,CL, BS, RST, ¢1, $2, CS1 to CS3, E, D/l and R'W,

9. Applied to V1, V2, V3, and V4.
10. ¢1 and ¢2 AC characteristics.
Symbol Min Typ Max Unit
~ Duty factor " Duty 20 25 30 %

q F;Il time “ t - — - 100 ns
. Fiiie time _ . o e t - - 100 ns
Phase difference timé - t. 0.8 - _ us
Phase difference time t, 0.8 - - us

T ) B - - 40 us

T, +T,

220

A i —

T Th
0.7Vce -

fgur. " Tt + Tt

-
Dury T T % 100 (%)

11. Measured by V. terminal at no output load, at 1/32 dury factor, and frame frequency

of 65 Hz, in checker pattern display. Access from the CPU is stopped.

12. Measured by V. terminai at no output load, 1/32 duty factor and frame frequency of

65 Hz.
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Interface AC Characteristics

Item Symbol Min Typ Max Unit Note
Ecydletime . 1000 - - ns 13, 14
E high fevel width P 450 - - ns 13, 14
E low level width B P, 450 - - ns 13,14
E rise time t o - - 25 ns 13, 14 B
E fall time 1 lt,* - - 25 ns 13,14
Address satup time R ‘tm“ T 140 — - ns 13,14
Address hoid time t, 10 - - ns 13, 14
Data setup time R ) tow 200 @ - .= ns 13
Data delay time - - - 320 ns 14,15
Data hold time at write Lo 10 - - ns 13
Dataholdtimeatread  t,. 20 - - ns 14
Notes:
13. At CPU write 14. At CPU read
2¢ T - m}j .

e ampm e e T

W A =

s K s=a [ ]l

D/l 0.8V DA 0.8V

o = toom  —

| 2.4V
DBo-DBy ::: - DBo—DB7 0.4V ‘

15. DBQ to DB7 load circuits

R, =24k0

R =11kQ

C =130 pF {including jig capacitance)
Diodes D, to D, are all 152074 &

Tast Point
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HD44‘10201—1

Notes: 16. Display off at initial power up. | |
The HD44102CH can be placed in the display off state by setting terminal RST to low

at initial power up.
No instruction other than the Read Status can be accepted while the RST Is at the low

level,
Symbol Min Typ  Max  Unit
Reset time tast 1.0 - — TE
Rise time t - - 200 " ns
Pin Description
Pin Pin
Name Number VO  Function
Y1-Y50 50 O Liquid crystal display drive output.
Relationship among output level, M and display data (D):
M | i | 0 I
D 1 1o ] 1 L0
Output Vi | Va | Vo | Vi
Level
- C81~C83 3 ! Chip select
CS1 CS2 CS3 State
L L L Nen-selected
L L H Non-selected
L H L - Non-seiected |
L H  H __ Selected read/write enable
H L L Selected write enable only
H L H Selected write enable only
H H L Selected write enable only
H H H Selected read/write enable
E 1 ! Enable
At write (R/W = Low): Data of DBO to DB7 is latched at the fall of E.
At read (YW = High): Data appears at DBO to DB7 while E is at high
level. | |
| HITACHI
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_ - HD44102CH
Pin
_f'ln Name lil._ll'l'lbel' o Functlun
R/W 1 ! Headfwme
R/W = High: Data appears at DBO to DB7 and can be read
by the CPU when E = high and €S2, CS3 « high.
R/W = Low: DBO to DB7 can accept input when CS2, 083 high or
CS1 = high.
oA 1 i Dataflnstructian )
D/l = High: Indicates that the data of DBO to DB7 | Is display data.
DAl =Low: Indicates that the data of DBO to DB? is-display control
| data
DBO-DB7 8 fe) Data bus, three-state IO common terminal
E RW CSt 1052 CS3 State of I?BO to DP?
H H b H H  Output state
} L H * “ Input state,
L " H H ' High impedance
_Oth High impedance
M 1 | ' Signal to convert liguid crystal display drive output o AC.
CL 1 I Display synchronous signal -
| . Atthe rise of CL signal, the liquid crystal display drwe signal
_ ) . o o corresponding to display data appears.
FRM 1 l Dispiay éynmmnuus signal (frame signal)
This signal presets the 5-bit display line counter and
synchronizes a common signal with the frame timing when
the FRM signal becarnas high
&1, ¢2 2 I 2-phase clock signal for lntamal_uperation
The ¢1 and ¢ 2 clocks are used to perform the operations
{input/output of dispiay data and execution of instructions)
other than display
RST 1 | Heset signal 5
The display disappears and Y address oounter is setintheup
counter state by setting the RST signal to iow level. After
releasing reset, the display off state and up mode is held until
the state is changed by the Instruction.
BS 1 l Bus select signal
- BS=low: DBO o DB7 operate for 8-bit length.
BS = High: DB4 to DB7 are valid for 4-bit length only.
8-bit data is accessed twice in the high and iow order.
V1, V2, 4 - Power supply for liquid crystal display drive
V3, V4 V1 and V2: Salectinn voltage

V3 and V4: Non-selection voltage
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Pin
Pin Name Number VO Function
vV E) Power supply .
G:D V~GND: Power supply for internal logic
V VoV Power supply for liquid crystal display drive circuit logic
BE

Function of Each Block

Interface Logic
The HD44102CH can use the data bus in 4-bit or 8-bit The data bus uses the high order 4 bits (DB4 to
word length to enable interface to a4-bit or 8-bit CPU. DB7). First, the high order 4 bits (DB4 to DB7
in 8-bit data length) are transferred and then the
1. 4 bitmode (BS = High) low order 4 bits (DBO to DB3 in 8-bit data
8-bit data is transferred twice for every 4 bits length).

through the data bus when the BS signal is high.

Busy Flag l_“ | | I h | ‘
D/ _l_ | - -

Busy flag | Address | Address Busy flag | Data high | Data low
check high order | low order | check order write | order write
(Status write write (Status

read) - read)

kil ik il il .

Figure 1 4-Bit Mode Timing

Note: Execute instructions other than status read in 4-bit length each. The busy flag is set at the
fall of the second E signal. The status read is executed once. Afterthe execution of the status
read, the first 4 bits are considered the high order 4 bits. Therefore, if the busy flag is chec-
ked after the transfer of the high order 4 bits, retransfer data from the higher order bits. No
busy check is required in the transfer between the high and low order bits.
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HD44102CH

2. 8-bitmode (BS = Low)
If the BS signal is low, the 8 data bus lines (DBO to
DB7) are used for data transfer.

DB7: MSB (Most significant bit)

DBO: LSB (Least significant bit)
For ACtiming, refer to note 12 to note 15 of “Electrical
Characteristics”.

Input Register

8-bit data is written into this register by the CPU. The
instruction and display data are distinguished by the
8-bit data and D/I signal and then a given operation is
performed. Data is received at the fall of the E signal
when the CS is in the select state and R/W is in write
state.

Output Register

The output register holds the data read from the
display data RAM. After display data is read, the
display data at the address now indicated is set in this
output register. After that, the address ts increased or
decreased by 1. Therefore, when an address is set, the
correct data doesn’t appear at the read of the first
- display data. The data at s specified address appears
at the second read of data (figure 2). i

X, Y Address Counter

The X, Y address counter holds an address for reading/
writing display data RAM. An address is set in it by
the instruction. The Y address register is composed of -
a 50-bit up/down counter. The address is increased or

decreased by 1 by the read/write operation of display
data. The up/down mode can be determined by the

instruction or RST signal. The Y address register
counts by looping the values of O to 49 The X address
register has no count function.

Displ#y On/Off Flip/Flop

This flip/flop is set to on/off state by the instruction or
RST signal. In the off state, the latch of display data
RAM output is held reset and the display data output
is set to 0. Therefore, display disappears. In the on
state, the display data appears according to the datain
the RAM and is displayed. The display data in the
RAM is independent of the display on/off.

Up/Down Flip/Flop

This flip/flop determines the .count mode of the Y
address counter. In the up mode, the Y address
register is increased by 1. 0 follows 49. In the down
mode, the register is decreased by 1. 0 is followed by
49.

.

o oew T L

-Ew

Address N

N1 Nt2

I DataataddrmN |DataataddressN:l:1

Busy |Wirite Busy |Readdata| Busy |Readdata| Busy _|Dataread
DBo—DB7 | check |address N| check .]{dummy) check |[at check |address
address N Ni1

Figure 2 Data Output
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HD44102CH

Display Page Register

The display page register holds the 2-bit data that
‘indicates a display start page. This value is preset to
the high order 2 bits of the Z address counter by the
FRM signal. This value indicates the value of the
display RAM page displayed at the top of the screen.

Busy Flag

After an instruction other than status read is accepted,
the busy flag is set during its effective period, and

reset when the instruction is not effective (figure 3).

The value can be read out on DB7 by the status read
instruction.

The HD44102CH cannot accept any otherinstructions
than the status read in the busy state. Make sure the
busy flag Is reset before issuing an instruction.

Z Address Counter

The Z address counter is a 5-bit counter that counts up
at the fall of CL signal and generates an address for
outputting the display data synchronized with the
common signal. Ois preset to the low order 3 bits and
a display start page to the high order 2 bits by the FRM
signal.

Latch

The display data from the display data RAM is
latched at the rise of CL signal.

Liquid Crystal Driver Circuit

Each of 50 driver circuits is a multiplex circuit
composed of 4 CMOS switches. The combination of
display data from laichs and the M signal causes one
of the 4 liquid crystal driver levels, V1, V2, V3 and
V4 1o be output.

Busy

1 3

TBUSY

—_ £ M
Fo = TBUSY = Fo

F¢ is ¢1, ¢2 frequency (half of HD44103CH oscillation frequency)

Figure 3 Busy Flag

HITACHI]

e La T A Ehidrmnbnl A wvweror-ware I #od o LI e onbe: Filos=wrs = PAI0AF 9 C 2mwarrs TInirmtd Flvamry & Neirnblhyvmmes A S95ABE 4 9™ o FATEY &0 O™



HD44102CH

Display RAM
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1 48 Driver output
Y1—Yso
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D3 I ............. nnn X=0
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------------- nnn Data in displﬂj’ RAM
~tolofol }xa
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jelelel-le]e]e
foi-{-{-f-{=]-]

o
'II-.'
1

MSB

Yo Y1 Y2 Ya Y4 Ya7Y48Y4o
{Y addrass)

S —

Figure 4 Relationship between Data in RAM and Display
(Display start page 0, 1/32 duty)
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Display Control Instructions.

Read/Write Display Data Set X/Y Address
MSB DB LSB MSB DB LSB
RW- D/l 76 543210 R'W D/l 76 5 43 2 10
1 1 (Display data) 0 0 00
Read (CPU « HD44102CH) 0 0 0 1 Binary numbers of 0—49
0 1 (Display data) 0 0 10
Write (CPU —HD44102CH) 0 0 11
et - ’
Sends or receives data to or from the address of the X address Y address
display RAM specified in advance. However, a (page) (address)
dummy read may be required forreading display data. Y address
Refer to the description of the output register in
Function of Each Block. - 01.. 48 49
| | Q0 tl_ll Page O
Display On/Off
01 | &y Page 1
MSB DB LSB 3
RWDN -7 68543210 01y reee
0..0 0 0.11100 1 Displayon 1|5 Page3d
0 O O 0111000 Display off Display Data RAM
Tums the display on/off. RAM data is not affected. Display Start Page
MSE DB LSB

RW DI 76 6§ 43 210
0 O co0111 1120

...... Refer to figure 5 (a)
0 0 c1 1 11 1 10

...... Refer to figure 5 (b)
0 0 10111 110

...... Refer to figure 5 (c)
0 0 111 11 1 10

Display start page

...... Refer to figure 5 (d)
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Specifies the RAM page displayed at the top of the 24, 1/16), display begins at a page specified by the
screen. Display is as shown in figure 4. When the display start page only by the number of lines.
display duty factor is more than'1/32 (For example, 1/

. e — —— i — P — e — SE—

o S y— —— — A e LS — S — i — S

Stant page = page 0 l

Displayed up to
here when display

duty is 1/N.
(N=8, 12, 16, 24, 32)

Display Data RAM ~ 3 Liquid Cryétai Screen

Start page = page 2

Display Data RAM Liquid Crystal Screen

R . N gyl —— I —

Figure 5 Display Start Page
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Up/Down Set

RW DA

0
0

0
0

MSB DB LSB
7 6543210

"0 0111011 Upmode

g 0111010 Downmode

Sets Y address register in the up/down counte

mode.

Status Read

RW D/l

1

0

Goes to 1 when RST is in the resst state
(Busy also goes to 1).
Goes 1o 0 when RST is in the operating state.

Goes to 1 in the display off state.
Goes to 0 on the display on state.

Goes to 1 when address counter is in the up mode.

Goes 10 0 when address counter is in the down
mode.

Goes to 1 while all other instructions are being
axecuted. |

While 1, none of the other instructions are
accepted.
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HD44102CH
Connection Between LCD Drivers (Example of 1/32 Duty Factor)
X1 ;
¢ To liquid
1 wslg}: display
X 80 _
SHL . Veo To lquid crystal display
WS . GND
HD44103CH FS o D A
DS2 B
DS3 ' - FRM
e J M
M
o . HD44102CH
DL DR ¢1 ¢2 CL - GL No. 1
Open 1 |
h-—---- L
Open Open Open
DL DR $1 ¢2 FRM & Open
M
cL Tao liquid crystal display
X1 1+
rotiqud | L L ] ] | -~
i crystal display v v
HD44103CH X12
M/S " GND
FS 4 M
oss - HD44102CH
DSz
DSs i L No. 2
CR R C b1
QOpen Open ¢2
Veo |

—

Figure 6 1/32 Duty Factor Connection Example
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Interface to CPU

_l . Example of connection to HD6800

In the decoder given in this example, the addresses of  Thus, the HD44102CH can be controlled by reading/
HD44102CH in the address space of HD6800 are: writing data at these addresses.

Read/write of display data: $'FFFF |

Write of display instruction: $FFFE’

Read of status: -~ $FFFE

HD&800D HD44102CH

DB7

R3T

Figure 7 Example of Connection to HD6800 Series
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HD44102CH

2. Example of connection to HD6801

e The HD6801 is set to mode 5. P10-P14 are used as conducting memory read or write for external
output ports, and P30-P37 are used as the data bus. memory space $0100 to $01FF of HD6801. The

® The 74L5154 is a 4—to—16 decoder that decodes 4 10S signal is output to SC1, and the R/W signal is
bits of P10-P13 to select the chips. - output to SC2.

e Therefore, the HD44102CH can be controlled by ¢ For further details on HD6800 and HD6801, refer
selecting the chips through P10-P13 and specifying to their manuals.

the D/I signal through P14 in advance, and later

P10
P11
Pi2
P13

(10S) SC1
| (R/W) SC2

HD&801 P14 HD44102CH

No. 1

| E

P
I P31

(Data Bus) !
Pa7

ey

Figure 8 Example of Connection to HD6801
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Connection to Liquid Crystal Display

N

-
K -

(Stave)

Liquid crystal display panel
32 x 150 dots

HD44103CH

Yi~~_Y®

HD44102CH
No. 3

Y1~ Y5

HD44102CH
No. 1

el e _ﬂ_—-—hﬂ__ﬂ-_—-l_r—-_—l—__.“_.—ﬂ_

Liquid crystal display pane!
16 X 100 dots

HD44103CH

Yir—~_-¥50

HD44102CH
No. 2

Y1~~~ Y50

HD44102CH
No. 1

ki —

Figure 10 Example of Connection to 1/16 Duty Factor, 1-Screen Display
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