HD44102
(Dot Matrix Liquid Crystal Graphic
Display Column Driver)

Description Pin Arrangement
The HD44102CH is a column (segment) driver for
dot matrix liquid crystal graphic display systems, SFIIIIITINI o0y
storing the display data transferred from a 4-bi or 8- >>
bit microcomputer in the internal display RAM and vao [ 2] GO
generating dot matrix liquid crystal driving signals. g = N
Yoe [4] o1 $2
Yas = :|
Each bit data of display RAM corresponds to on/off Yu el ZEm
state of each dot of a liquid crystal display to provide Med oy
more flexible than character display. Mg D
Yor B 8 0o
The HD44102CH is produced by the CMOS process. Mg Y Do
Therefore, the combination of HD44102CH with a Yo 2w
CMOS microcontroller can complete portable battery- ve i S s
driven unit ntilizing the liquid crystal display's low Yo ol il oo
power dissipation. E.'é E E QET
The combination of HD44102CH with the row ;—';;;,-;;
(common) driver HD44103CH facilitates dot matrix )
liquid crystal graphic display system configuration. (Top-View)
Features Ordering Information
* Dot matrix liquid crystal graphic display Type No. Package
column driver incorporating display RAM HD44102CH  80-pin plastic OFP(FP-80)
Interfaces with 4-bit or 8-bit MPU HD441020 chip
RAM data directly displayed by internal display
RAM

RAM bitdata 1: On
RAM bit data 0: Off
Display RAM capacity: 50 x 8 x 4 (1600 bits)
Internal liquid crystal display driver circuit
(segment output): 50 segment signal drivers
¢ Duty factor (can be controlled by external input
waveform)
— Selectable duty factors: 1/8, 1/12, 1/16,
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.5V +10%, Ve 0to-5V
e CMOS process
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HD44102
Block Diagram
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HD44102

Absolute Maximum Ratings

Item Symbol Value Unit Notes
Supply voltage (1) Vee -0.3t0+7.0 v 1
Supply voltage (2) Vee Vec—13.5t0V . +0.3 Vv

Input voltage (1) Vi 0310V, +03 \ 1,2
Input voltage (2) vV, Ve —03toV,. +03 \" 3
Operating temperature T ~20to +75 °C

Storage temperature Tm -5510 +125 °C

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

Electrical Characteristics
(Vo =+5V£10%, GND = 0V, V, = 010 ~5.5 V, Ta = —20 to 75 °C) Mo 4

item Symbol Min Typ Max Unit Test condition Notes
Input high voltage (CMOS) Vie 07xV, - Vg v 5
input low voltage (CMOS) Vie 0 - 03xV, V 5
Input high voltage (TTL) Vir 2.0 - Ve v 6
input low voltage (TTL) Vir 0 - +0.8 Vv 6
Output high voltage Vou +3.5 - - \ low =~250 pA 7
Output low voltage Vo - - +0.4 Vg =+1.6mA 7
Vi-Xj ON resistance Rox - - 75 kQ V_ =-5V110%,
Load current 100 pA

Input leakage current (1) bes -1 -1 MA V=V, to GND 8
Input leakage current (2) ha ~2 -2 BA - V=V oV, 9
Operating frequency foux 25 - 280 kHz ¢1, $2 frequency 10
Dissipation current (1) leey - - 100 BA  f, =200 kHz frame = 11

65 Hz during display
Dissipation current (2) leca - - 500 MA  Accesscycle 1 MHz 12

at access
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HD44102

Notes: 4. Specified within this range unless otherwise noted.

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

6. Applied to CS1 to CS3, E, D/, R/W and DBO to DB7.

7. Applied to DBO to DB7.

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

and /O common terminals DBO to DB7 at high impedance.
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 %
Fall time % - - 100 ns
Rise time 1, - - 100 ns
Phase difference time t, 0.8 - - ns
Phase difference time L, 0.8 - - us
T, +T, - - 40 s
1
fowK = et
T
Dutv= :_Th x 100 (%)
tr t
11. Measured by V. terminal at no output foad, 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 terminal at no output load, 1/32 duty factor and frame frequency of
65 Hz.
492 HITACHI
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HD44102

Interface AC Characteristics

ltem Symbol Min Typ Max Unit Notes
E cycle time teve 1000 - - ns 13, 14
E high level width Puen 450 - - ns 13, 14
E low level width Pug. 450 - - ns 13,14
E rise fime t - - 25 ns 13, 14
E fali time t - - 25 ns 13,14
Address setup time te 140 - - ns 13, 14
Address hold time L 10 - - ns 13,14
Data setup time tosw 200 - - ns 13
Data delay time toon - - 320 ns 14,15
Data hold time at write torw 10 - - ns 13
Data hold time at read tour 20 - - ns 14
Notes:
13. At CPU write 14. At CPU read
lo— teve o tove
20V Poeyy ——»l 2.0V } Pwen k
E 0.8V Pwe. ——>y e E 0.8y L ‘L—
e ¢, - Stte {r 11 -
AW 2.0 tas - RW 2.0V, o=t 5 -4
o.8v he- 1aK o W—J :"'
CS1-CSs 2oV CS1~CS3  20v\f
DA 0.8V, DA 0.8V _
d fo— { DHw jo—- { 0oR —*1 —
F— towd
DBo—DBy 200 —  DBo—DB7 = —
15. DBO to DB7 load circuits
R =24kQ
D1 Re
Test Point b R =11k
ci R 04 C =130 pF (including jig capacitance)
1 D4 Diodes D, to D, are all 152074 @
HITACHI 493
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HD44102

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 s
Reset time tosr 1.0 - - us Vec
Rise time 1, - - 200 s 'RST, &
RST 0.7Vee
: IO.SVoc
Pin Description
Pin Pin
Name Number VO  Function
Y1i-Y50 50 (o] Liquid crystal display drive output.
Relationship among output level, M and display data (D):
M I 1 I 0 I
D 1 0|1 0
Output [ Vi | Vs | Va2 | V|
Level T T T 1
CS1-CSs33 I Chip select
CS1 CS2 CS3 State
L L L Non-selected
L L H Non-selected
L H L Non-selected
L H H Selected read/write enable
H L L Selected write enable only
H L H Selected write enable only
H H L Selacted 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 (R'W = High): Data appears at DBO to DB7 while E is at high
level.
494 HITACHI
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HD44102

Pin Name

Pin
Number |10

Function

RwW

1 !

Read/Write

R/W = High: Data appears at DBO to DB7 and can be read
by the CPU when E = high and CS2, CS3 = high.

RW = Low: DBO to DB7 can accept input when CS2, CS3 = high or
CS1 = high.

D/

Data/Instruction

D/l = High:  Indicates that the data of DBO to DB7 is display data.

D/l=Llow: Indicates that the data of DBO to DB7 is display control
data.

DBO-DB7

8 o

Data bus, three-state YO common terminal

E RW CS1 CS2 CS3 State of DBO to DB7
H H * H H Output state

* L H * * Input state,

L . H H High impedance
Others High impedance

Signal to convert liquid crystal display drive output to AC.

CL

Display synchronous signal
At the rise of CL signal, the liquid crystal display drive signal
corresponding to display data appears.

FRM

Display synchronous signal (frame signal)
This signal presets the 5-bit display line counter and
synchronizes a common signal with the frame timing when
the FRM signal becomes high.

o1, 92

2-phase clock signal for internal operation
The ¢1 and ¢ 2 clocks are used to perform the operations
(input/output of display data and exscution of instructions)
other than display.

RST

Reset signal
The display disappears and Y address counter is set in the up
counter state by setting the RST signal to low level. After
releasing reset, the display off state and up mode is held until
the state is changed by the instruction.

BS

Bus select signal
BS = Low: DBO to 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 low order.

Vi1, v2,
V3, v4

Power supply for liquid crystal display drive
V1 and V2: Selection voltage
V3 and V4: Non-selection voltage
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HD44102

Pin
Pin Name Number 1O Function
Vee 3 Power supply
GND Vo—GND:  Power supply for internal logic
Ve, VeeVere! Power supply for liquid crystal display drive circuit logic
Function of Each Block
Interface Logic

The HD44102CH can use the data bus in 4-bit or 8-bit
word length to enable interface to a4-bit or 8-bit CPU.

1. 4 bit mode (BS = High)

The data bus uses the high order 4 bits (DB4 to
DB?7). First, the high order 4 bits (DB4 to DB7
in 8-bit data length) are transferred and then the
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

= ]

on

Address Data low
high order | loworder | check order write | order write
write write {Status

read)

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. After the 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

Figure 1 4-Bit Mode Timing

busy check is required in the transfer between the high and low order bits.

496
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HD44102

2. 8-bit mode (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, refertonote 12 tonote 15 of “Electrical
Characteristics”,

Input Register

8-bitdata 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 is increased or
decreased by 1. Therefore, when an address is set, the
correct data doesn’t appear at the read of the first
display data. The data at a specified address appears
at the second read of data (fi gure 2).

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
theinstruction. The Y address register is composed of
a50-bit up/down counter. The address is increased or
decreased by | 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 0t0 49, The X address
register has no count function.

Display 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 data in
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. 0is followed by
49,

Address | N ] N1 | N2
g;tig:’etr | DataataddressN | Data at address N£1
Busy Write Busy |Readdata] Busy |Read data Busy Data read
DBo—DB7 | check [addressN| check (dummy) check at check |address
address N N1
Figure 2 Data Qutput
HITACHI 497
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HD44102

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 other instructions
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. O is preset to the low order 3 bits and
adisplay start page tothe 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 latchs and the M signal causes one
of the 4 liquid crystal driver levels, V1, V2, V3 and
V4 to be output.

E 1

Busy

] T |

1< s3
Fo .Tausv.F¢

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

Figure 3 Busy Flag
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HD44102

Display RAM
COM1
COM2
COM3
COM4
COMS ]
Display pattern
COMé6 spayp
COM7
COM8 —
COM9 ——
. -
| -
COM20
COM31
COM32
1| 2 3] 4 5 48| 49 50 Driver output
1—Ys0
LSB |
Do sf1{1]1]¢ oot
D1 1lo]ojo]1 ojo]
D2 1fo]lolo]1 ojo]t
Ds 1jolo]o|1 1o}t
> X=0
D4 11 t] ofo]1
Ds 1{ofo]ofn olojg1
Ds 1]Jofofof1 ofjof1
D7 ololololo olole Data in display RAM
MSB .ﬁ ojofol px=1
~azzozmee
X=
Of1joJoT~_
ojt1]o]ofo ofo]o
A ERRE ololo| [*=3
ofola]ojo olofo
Yo Y1 Yz Y3 Ya YarYasYas
(Y address)

Figure 4 Relationship between Data in RAM and Display
(Display start page 0, 1/32 duty)
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HD44102

Display Control Instructions

Read/Write Display Data
MSB DB LSB
RW DI 76543210
1 1 (Display data)
Read (CPU « HD44102CH)
0 1 (Display data)
Write (CPU —HD44102CH)

Sends or receives data to or from the address of the
display RAM specified in advance. However, a
dummy read may be required for reading display data.
Refer to the description of the output register in

Set X/Y Address
MSB DB LSB
RW DN 76543 210
0 0 00
0 0 0 1 Binary numbers of 0-49
0 0 10
0 0 11

—— ——
X address Y address

(page) {(address)
Y address
01.. 48 49
kﬂ Page 0
|I\-ll Page 1
ll\_d Page 2
b‘ Page 3
Display Data RAM
Start Page
MSB o] LSB
D 76543 210

Function of Each Block.
00
Display On/Off
01
MSB DB LSB
RWDI 7 6543210 10
0o 0 0 0111001 Displayon 11
o 0 0 0111000 Displayoff
Turns the display orvoff. RAM data is not affected. Display
RW
0
0
0
0

500 HITACHI

0 00111110
...... Refer to figure 5 (a)
0 01111110
...... Refer to figure 5 (b)
0 10111 110
...... Refer to figure 5 (c)
0o 11111 11 0
Display start page
<. Referto figure 5 (d)
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HD44102

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 than1/32 (Forexample, 1/

Start page = page 0
(a)
A Page 0 A
N N
B Page 1 B
Displayed up to
¢ Page 2 ¢ here when display
duty is 1/N.
o Page 3 - (N=8, 12, 16, 24, 32)
Display Data RAM Liquid Crystal Screen
Start page = page 1
(b)
A Page 0 B
N N
B Page 1 [o]
(o} Page 2 D
D Page 3 A
Display Data RAM Liquid Crystal Screen
Start page = page 2
]
A Page 0 C
N N
B Page 1 D
C Page 2 A
D Page 3 B
Display Data RAM Liquid Crystal Screen
Start page = page 3
(d)
A Page 0 D
N
B Page 1 A
N
o Page 2 B
D Page 3 'U C
Display Data RAM Liquid Crystal Screen
Figure 5 Display Start Page
HITACHI ) 501

B 449L204 0046297 943 N




HD44102

Up/Down Set
MSB DB LSB

RWDNI 7 6543210
o 0 0 011101 1 Upmode
0 0 0 0111010 Downmode

Sets Y address register in the up/down counter
mode.

Status Read

RW D/l
1 0

Zs00~TC ©

\J

\j

\J

Goes to 1 when RST is in the reset state
(Busy also goes to 1).

‘Goes to 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 to 0 when address counter is in the down
mode.

Goes to 1 while all other instructions are being
executed.

While 1, none of the other instructions are
accepted.

502 HITACHI
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HD44102

Connection Between LCD Drivers (Example of 1/32 Duty Factor)

CR R C X1 -
i To liquid
i crystal display
X560 f—» .
SHL Vece To liquid crystal display
M/s GND
HD44103CH FS [
(Master) DS1 - -
DS2
DSs FRAM
FRM M
Y HD44102CH
DL DR ¢1 ¢2 CL cL Mo
I
Open L o 1
$2
Open Open Open
| I
DL DR ¢1 ¢2FRM [— Open
M
cL To liquid crystal display
X1 >
iToliqud | [ | | | [
é crystal display v Yoo
HD44103CH X12 [—
(Slave) SHL Vee FRM
S GND
DS1 [+
DSz [ cL HDtm 0220H
DS3 - .
CR_R C o1
Fol
Open Open ¢2
Vee

Figure 6 1/32 Duty Factor Connection Example
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HD44102

Interface to CPU

1. Example of connection to HD6800

In the decoder given in this example, the addresses of
HD44102CH in the address space of HD680O0 are:
Read/write of display data: $'FFFF

Write of display instruction: $FFFE'

Thus, the HD44102CH can be controlled by reading/

writing data at these addresses.

Read of status: $FFFE
Decoder
At -
to § — egy 021
i » CS2
A ol /
! vee —» CS3
VMA
Ao D/
RW RW
HD6800 HD44102CH
b2 E
Do . DBo
to ! to
D7 i DB7
$—~ Vce
RES RST
.{’f
Figure 7 Example of Connection to HD6800 Series
504 HITACHI
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HD44102

2. Example of connection to HD6801

¢ The HD6801 is set to mode 5. P10-P14 are used as
output ports, and P30-P37 are used as the data bus.

® The 74LS5154 is a 4-to—16 decoder that decodes 4
bits of P10-P13 to select the chips.

selecting the chips through P10-P13 and specifying
the D/I signal through P14 in advance, and later

conducting memory read or write for external
memory space $0100 to $01FF of HD6801. The
IOS signal is output to SC1, and the R/W signal is
output to SC2.

® Therefore, the HD44102CH can be controlled by ¢ For further details on HD63800 and HD6801, refer
to their manuals.

7415154
Pio A Yo o CS1
P11 »{B Y1 j.bo—. CS2
P i —
12 (o} visLL CSs
P13 »{D
G1 Gz
(10S) sC1 “—T -
(RW) sc2 RW
HD6801 P14 » D' HD44102CH
No. 1
E E
P30 e DBo
P31 - »| DB1
(Data Bus) | i i
Pa7 : bB7
Figure 8 Example of Connection to HD6801
HITACHI 505
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HD44102

Connection to Liquid Crystal Display

]

HD44103CH

(Master)

-

x X
~

]
x
S

]

20

HD44103CH

21

>

>
o

(Slave)

x
N
|

32

Liquid crystal display panel

32 x 150 dots

Y1 —~—Y5

HD44102CH
No. 1

Y1 —~_ Yso

HD44102CH
No. 2

Y1 —~—Y%

HD44102CH
No. 3

Figure 9 Example of Connection to 1/32 Duty Factor, 1-Screen Display

1
1_5~ X1
2 x; 2
— 0 '
(6 ’
%:géms 15
T x
16 6

Liquid crystal display panel
16 x 100 dots

HD44102CH
No. 1

Y1 ——~_— Y50

HD44102CH
No. 2

506

Figure 10 Example of Connection to 1/16 Duty Factor, 1-Screen Display
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HD44102

HD44102CH HD44102CH HD44102CH
No. 6 No.7 |- No. 10
Y1 —~—_ Ys0 Y1 —~_ Y50 Y1 —~—_ Yao
y
1
2
3
(:5 X1 E.
= X2 1
1] 3L xs - '
38 M |
g2 (1 20
T Xz20 21
22
l —] i Liquid crystal display panel
T X = 64 X 240 dots
3 —~ X2 34|
[+ H
€3 || :
g 2k X12|— i=
T !
52
53
54
64
Y1 ~—~—Yso| Y1 —~_ Ys0 Y1~ Y«
HD44102CH HD44102CH |------------- HD44102CH
No. 1 No. 2 No. 5

Figure 11 Example of Connection to 1/32 Duty Factor, 2-Screen Display
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HD44102

Limitations on Using 4-Bit Interface Function

The HD44102 usuallly transfers display control data
and display data via 8-bit data bus. It also has the 4-
bit interface function in which the HD44102 transfers
8-bit data by dividing it into the high-order 4 bits and
the low-order 4-bits in order to reduce the number of
wires to be connected. You should take an extra care
inusing the application with the 4-bit interface function
since it has the following limitations.

Limitations

The HD44102 is designed to transfer the high-
order 4-bits and the low-order 4-bits of data in
that order after busy check. The LSI does not
work normally if the signals are in the following

state for the time period (indicated with (¥) in
fifure 11) from when the high-order 4 bits are written
(or read) to when the low-order 4 bits are written (or
read); R/W = high and D/I = low while the chip is
being selected (CS1 = high and CS2 = CS3 = don’t
care, or CS1 = low and CS2 = CS3 = high).

If the signals are in the limited state mentioned before
for the time period indicated with (*) the LSI does not
work normally. Please do not make the signals
indicated with dotted lines simuitaneously. As faras
the time period indicated with (**), there is no problem.

The following explains how the malfunction is caused
and gives the measures in application.

RW A

|
[

DBo—DB7 ———@‘s})——
*k

Low order
bits

S

Bu: Wirites high-
ch&y* order bii?

Writos low-
order bits

Figure 12 Example of Writing Display Control Instructions
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Cause

Busy check checks if the LSI is ready to accept the
next instruction or display data by reading the status
register to the HD44102. And at the same time, it
resets the internal counter counting the order of high-
order data and low-order data. This function makes
the LSI ready to accept only the high-order data after
busy check. Strictly speaking, if R/W = high and D/

HD44102

Measures in Application

1. HD44102 Controlled Via Port
When you control the HD44102 with the port of a

single-chip microcomputer, you should take care of
the software and observe the limitations strictly.

2. HD44102 Controlled Via Bus

I =1ow while the chip is being selected, the internal
counter is reset and the LSI gets ready to accept high-
order bits. Therefore, the LS takes low-order data for
high-order data if the state mentioned above exist in
the interval between transferring high-order data and
transferring low-order data.

a. Malfunction Caused by Hazard

Hazard of input signals may also cause the
phenomenon mentioned before. The phase shift at
transition of the input signals may cause the
malfunction and so the AC characteristics must be
carefully studied.

e [T \__[
cs__/

RW

L

Example
Wiriting High-Order Data

‘_Hazard

Figure 13 Input Hazard

b. Using 2-Byte Instruction

e LTI
CS / \
Address x :: x 2N+1

(D/1)

DBo—DB7 High-order Low-ordar
data data

Last 2 Machine Cycles
of 2-Byte Instruction

Figure 14 2-Byte Instruction
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HD44102

In an application with the HD6303, you can prevent
malfunction by using 2-byte instructions such as STD
and STX. This is because the high-order and low-
order data are accessed in that order without a break
in the last machine cycle of the instruction and R/W
and D/ do not change in the meantime. However, you
cannot use the least significant bit of the address
signals as the D/ signal since the address for the

second byte has an added 1. Design the CS decoder
so that the addresses for the HD44102 should be 2N
and 2N + 1, and that those addresses should be
accessed when using 2-byte instructions. Forexample,
in figure 14 the address signal A, is used as D/I signal
and A, -A,, are used for the CS decoder. Addresses
4N and 4N + 1 are for instruction access and addresses
4N +2 and 4N + 3 are for display data access.

——  Decoder S
Az-Ass cS
HDe303 A O HD44102CH
R/W RW
E E

Figure 15 HD6303 Interface
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