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SPECIFICATIONS OF
LCD MODULE

Features

1. 5x8 dots

2. Built-in controller (ST7066 or equivalent)

3. +5V power supply (also available for =3.0V)

4. Easy interface with 4-bit or 8-bit MPU

5. 1/16 duty cycle

6. BKL to be driven by pinl, pin2, or pinl5, pinl6 or A, K
7. 16x1 characters

Outline dimension
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Absolute maximum ratings
B Item Symbol Standard Unit |
Power voltage Voo-Vss 03 [ - | 70 v
Input voltage VIN -0.3 - VDD+0.3
Operating temperature range Top 0 - +50 C
Storage temperature range Tst -10 - +60
*Wide temperature range is available
(operating/storage temperature as —20~+70/-30~+80°C)
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Block diagram

COM9~ 16
VDD ———
VeSS ———
Vo ——  LCD
v 7 N ~ |
RS — | CONTROLLER [ “9MI~8 LCD PANEL Ne—
R/W AND
DRIVER {
DBO—-DBY SECI~ 40
A
K LED BKL
Interface pin description
Pin no. Symbol Extern.al Function
connection
| Vs Signal ground for LCM (GND)
2 Voo Power supply Power supply for logic for LCM
3 Vo Contrast adjust
4 RS MPU Register select signal
5 R/W MPU Read/write select signal
6 E MPU Operation (data read/write) enable signal
Four low order bi-directional three-state data bus lines.
7~10 DB0~DB3 MPU Used for data transter between the MPU and the LCM.
These four are not used during 4-bit operation.
, , Four high order bi-directional three-state data bus lines.
L~ DB4~DB7 MPY Used for data transfer between the MPU
15 LED+ LED BKL power Power supply for BKL (Anode)
16 LED- supply Power supply for BKL (GND)
Contrast adjust
VDD
LCM wo VR
VSS

Voo-Vo: LCD Driving voltage

VR: 10k~20k
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Optical characteristics

TN type display module (Ta=25C, VDD=5.0V)

Item Symbol Condition Min. Typ. M ax. Unit
Viewing angle 0 -25 - -
gang C=4 deg
O] -30 - 30
Contrast ratio C - 6 - -
| Response time (rise) T - - 120 150 .
Response time (fall) T, - - | 1o 130
STN type display module (Ta=25"C, VDD=5.0V)
B Item Symbol Condition Min. Typ. Max Unit |
| Viewing angle 0 -60 - 35 ]
£ ang C.=2 = 3 : deg
@ -40 - 40
" Contrast ratio C - 8 - -
| Response time (rise) T: - - 200 250 ms
| Response time (fall) T: - - 300 350
Electrical characteristics
DC characteristics -
B Parameter Symbol Conditions Min. Typ. | Max Unit
| Supply voltage for LCD Vop-Vo Ta =25C - 4.6 - v
| [nput voltage Voo 4.7 - 55
| Supply current Iop Ta=25°C, Vpp=5.0V - 15 25 mA |
| [nput leakage current Iixa - - 1.0 uA |
[ “H level input voltage Vm 22 - Vop o
| “L” level input voltage A% Twice 1nitial value or less 0 - 0.6
| “H” level output voltage Von LOH=-0.25mA 24 - - \Y%
| <L level output voltage Voo LOH=1.6mA - - 0.4
| Backlight supply voltage | V¢ - - 4.6
Read cycle (Ta=25C, VDD=5.0V)
B Parameter Symbol Test pin Min. Typ. | Max Unit
| Enable cycle time te 500 - - ]
| Enable pulse width tw E 230 - -
| Enable rise/fall time e tf - - 20
| RS: R/W setup time tsu . 40 - - ns
| RS: R/W address hold time th RS, 10 - -
| Pata output delay td , - - 120
| Data hold time tdh DBO-DB7 5 - -
Write cyele (Ta=25C., VDD=5.0V)
B Parameter Symbol Test pin | Min. | Typ. | Max Unit
Enable cycletime tc 500 - -
Enable pulse width tw E 230 - -
Enablerise/fall time tr, te - - 20
RS; R/W setup time tsut _ 40 - - ns
RS; R/W address hold time th RS, RIW 10 - -
Data output delay tsu2 80 - -
Data hold time the DBO-DB7 10 - R
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Write mode timing diagram

RS
thi
R/W (. VITA
tw ‘ thi
VIHL VIHI ‘ tf
0 VIL1 VILL VILL
tr tsu2 tho
VIHI VIHI
DBO-DBY |y VALID DATA VLt
tc
Read mode timing diagram
R< VIH1
VILL
‘ tsu th
|
VIL1
R/ w / VILI
tw th
tf
5 VIHI VIH1
VILL VIL1 VILL
tr
td tdh
VIH1 VIH1
DEO—-DBY vy  VALID DATA VILL
te

Instruction description

QOutline
To overcome the speed difference between the internal clock of S6A0069 and the MPU clock, S6A0069 perfoms
internal operations by storing control in formations to IR or DR. The internal operation is determined according tohe
signal from MPU, composed of read/write and data bus (Refer to Table7).
Instruetions can be divided largely info four groams:

1) S6A0069 function set instructions (set display methods, set data length, etc.)

2) Address set instructions to internal RAM

3) Datatransfer instructions with internal RAM

4) Others
The address of theinternal RAM is automatically increased or decreased by 1.

Note: during internal operation, busy flag (DB7) is read “High”.
Busy flag check must be preceded by the next instruction.
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I nstruction Table

Instruction code Execution
Instruction | o | riw| p87| DB6| DBS| DB4| DB3| DB2| DB1| DBO Description tlzrgg g?_f;:
Clear Write “20H” to DDRA and set
Display 0 0 0 0 0 0 0 0 0 1 | DDRAM address to “00H” from 1.53ms
AC
Set DDRAM address to “00H”
Return ) ) ) ) ) ) From AC and return cursor to
I 0 0 0 0 0 0 0 0 1 - | Tts original position if shifted. 1.53ms
Home The contents of DDRAM are not
changed.
| Entry mode i i i i i ; Assign cursor moving direction T
get 0 0 0 0 0 0 0 1 I'D | SH And blinking of entire display 39%us
S C Set display (D), cursor (C), and
[ii;g 1?3 (').Nl/ 0 0 0 0 0 0 1 D C B | Blinking of cursor (B) on/off
C contro Control bit.
B Set cursor moving and display
Cursor or - A A e Shift control bit, and the .
Display shift 0 0 0 0 0 1 S/C| RL| - B Direction, without changing of s
DDRAM data.
B Set interface data length (DL: 8-
unction se g : - - fUA-bIL), NUMBeErs O Qisplay 39us
puctionsec | 0| 0 |0 |0 |1 [pu| Ny ot
Display font type (F: 5x11/5x8)
| det CGRAM ) ) ) ) ) ) ] Set CGRAM address in address
Zedt o 0| 0|0 | 1 |ACS|ACH |ACS | AC2|ACT|ACO| popar eSS address 30us
| set DDRAM i N R . n iy iy .| Set DDRAM address in address
Address 0 0 I JAC6|ACS | AC4 | AC3 | AC2Z|ACT |ACO| counter. 39us
_Read busv Whether during internal
Flag and 0 | I | BF |ACG|ACS |AC4{ACS AC2|ACL |ACQ| prertion ornol san be nown Ous
s y reading BF. The contents of
Address Address counter can also be read.
| \Write data i ) _ | Write data into internal RAM
/\’zggfef;‘t" ©0 1] 0 |D7|D6|Ds| D4 | D3 D2 | DL|DO| pHRANCGRAND 4us
_Fiead data ) ~ / . | Read data from internal RAM i
NOTE:

When an MPU program with checking the busy flag (DB7) is made, it must be necessary 1/2fos; s
necessary for executing the next instruction by the falling edge of the “E” signal after the busy flag (D7)
goes to “Low™.

Contents

1) Clear display

RS

R/W

DB7

DB6

DB3

DB4

DB3 DB2 DBl

DB0

0

0

0

0

0

0

0 0 0

Clear all the display data by writing “20H™ (space code) to all DDRAM address. and set DDRM
address t6 “00H " into AL (adaress courta)
Return cursor to the original status, namely, bring the cursor to the left edge on the fist line of the

display.

Make the entry mode increment (I/D="High”).
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2) Return home

RS RIW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 0 1 -

Return home is cursor return home instruction.
Set DDRAM address to “00H” into the address counter.

Return cursor to its original site and return display to itsoriginal status, if shifted.
Coulents 01 DDRAM does 0ot dnange.

3) Entry mode set

0 0 0 0 0 0 0 1 I/D SH

RS R/W DB7 DB6 DB3 DB4 DB3 DB2 DBI1 DBO }

Set the moving direction of cursor and display.

I/D: increment / decrement of DDRAM address (cursor or blink)
When I/D="high”, cursor/blink moves to right and DDRAM address is increased by 1.
When I/D="Low”, cursor/blink moves to left and DDRAM address is increased by 1.
*CGRAM operates the same way as DDRAM, when reading from or writing to CGRAM.

SH: shift of entire display
When DDRAM read (CGRAM read/write) operation or SH="Low”. shifting of entire display is ot
performed. If SH ="High™ and DDRAM write operation, shift of entire display is performed accordingto
(/D value. (I/D="high™. shift left, [/D="Low™. Shift right).

4) Display ON/OFF control

RS R/W DB7 DBo6 DB3 DB4 DB3 DB2 DBI DBO
0 0 0 0 0 0 1 D C B

Control display/cursor/blink ON/OFF 1 bit register.

D: Display ON/OFF control bit
When D="High™, entire display is turned on.
When D="Low", display is turned off, but display data remains in DDRAM.

C: cursor ON/OFF control bit
When D="High", cursor is turned on.
When D="Low". cursor is disappeared in current display, but I/D register preserves its data.

B: Cursor blink ON/OFF control bit
When B="High". cursor blink is on, which performs alternately between all the “High™ data and dispay
characters at the cursor position.

When B="Laowi ", biirik is o

5) Cursor or display shift

RS RIW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 1 SC R/L - -

Shifting of right/left cursor position or display without writing or reading of display data.
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Thisingtruction is used to correct or search display data.

During 2-line mode display, cursor moves to the 2nd line after the 40th digit of the 1st line.
Note that display shift is performed simultaneously in all the lines.

When display data is shifted repeatedly, each lineis shifted individualy.

When display shift is performed, the contents of the address counter are not changed.

Shift patternsaccording to S'C and R/L bits

S/C R/L Operation
0 0 Shift cursor to the left, AC is decreased by 1
0 1 Shift cursor to the right. AC is increased by 1
| 0 Shift all the display to the left, cursor moves according to the display
| 1 Shift all the display to the right, cursor moves according to the display

6) Function set

RS R/W DB7 DB6 DB3 DB4 DB3 DB2 DBI DBO
0 0 0 0 | DL N F - -

DL: Interface data length control bit
When DL="High”. it means 8-bit bus mode with MPU.
When DL="Low", it means 4-bit bus mode with MPU. Hence, DL is a signal to select 8-bit or 4-bit yys
mode.
When 4-but bus mode, it needs to transfer 4-bit data twice.

N: Display line number control bit
When N="Low". 1-line display mode is set.
When N="High™, 2-line display mode is set.

F: Display line number control bit
When F="Low”, 5x8 dots format display mode is set.

When F="High”, 5x11 dots format display mode.

7) Set CGRAM address

RS R/W DB7 DB6 DB3 DB4 DB3 DB2 DBI DBO
0 0 0 1 ACS AC4 AC3 AC2 ACl ACO

Set CGRAM address to AC.
The mstruction makes CGRAM data available from MPU.

8) Set DDRAM address

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBI1 DBO
0 0 1 | AG6 | AC5S | AGA | AC3 | AC2 | ACL | ACO

Set DDRAM addressto AC.

Thisinstruction makes DDRAM data available form MPU.

When 1-line display mode (N=LOW), DDRAM address is form “00H” to “4FH”.In 2-line display mode
(N=High), DDRAM address in the 1st line form “00H” to “27H”, and DDRAM address in the 2nd line is
from “40H” to “67H”.

Ver: A 7 2008.06.25




ADM1601G
9) Read busy flag & address

RS RIW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 BF AC6 AC5 AC4 AC3 AC2 AC1 ACO

This instruction shows whether S6A0069 isin internal operation or not.
If the resultant BF is “High”, internal operation is in progress and should wait BF is to be LOW, which by

then the nest instruction can be performed. In this instruction you can also read the value of the address
counter.

10) Write data to RAM

| 0 D7 D6 D3 D4 D3 D2 Dl DO

RS R/W DB7 DB6 DB3 DB4 DB3 DB2 DBI1 DBO }

Write binary 8-bit data to DDRAM/CGRAM.

The selection of RAM from DDRAM., and CGRAM. is set by the previous address set instructon
(DDRAM address set, CGRAM address set).

RAM set instruction can also determine the AC direction to RAM.

After write operation. The address is automatically increased/decreased by 1. according to the erry
mode.

11) Read data from RAM

| | D7 D6 D5 D4 D3 D2 DI DO

RS R/W DB7 DB6 DB3 DB4 DB3 DB2 DBI1 DBO0 }

Read binary 8-bit data from DDRAM/CGRAM.

The selection of RAM is set by the previous address set instruction. If the address set instructiorof
RAM is not performed before this instruction, the data that has been read first is invalid. as the directon
of AC is not yet determined. If RAM data is read several times without RAM address instructions st
pefore, read operation, the correct RAM data can be obtained from the second. But the first data would pe
incorrect. as there is no time margin to transfer RAM data.

In case of DDRAM read operation. cursor shift instruction plays the same role as DDRAM addss
set instruction, it also transfers RAM data to output data register.

After read operation. address counter 1s automatically increased/decreased by 1 according to he
entry mode.

After CGRAM read operation, display shift may not be executed correctly.

NOTE: In case of RAM write operation, AC is increased/decreased by 1 as in read operation.

At this time. AC indicates next address position, but only the previous data can be read by the rad
jnstruction.

Display character address code:

Displayposition | 1 | 2 | 3| 4 | 5| 6 | 7] 8| 9|10 11|12 13| 14] 15| 16
DDRAM address | 00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | 40 | 41 | 42| 43| 44| 45| 46| 47
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Sandard character pattern
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LCM Operation Precautions

(2) Itis an indispensable condition to drive LCD within the specified voltage limit since the higher voltage than the
limit causes the shorter LCD life. An electrochemical reaction due to direct current causes LCD's undesirable
deterioration, so that the use of direct current driver should be avoided.

(2) Response time will be extremely delayed at lower temperature than the specified operating temperature range

and on the other hand LCD's show dark blue color in the higher temperature. However, those phenomena do not
mean any malfunction or display out of order with LCD's, which will come back in the specified operation

temperature range.

(3) If the display area is pushed hard during operation, some fonts will be abnormally displayed. But it resumes
normal condition after turning off once.

(4) A slight dew depositing on terminals could be a cause for electrochemical reaction resulting in terminal open
circuit.

(5) Display contrast varies with the change of liquid crystal driving voltage (Vo). Adjust Voto show the best contrist.
(6) Condensation on terminals can cause an electrochemical reaction disrupting the terminal circuit. Therefore, i js
suggested to use the LCD under the relative condition of 40°C, 85% RH.

(7) When turning the power on, input each signal after the positive/negative voltage becomes stable.

[.Ous nin
-

Positive voltage %
GNO

)-*C min.50 ms mox.( forgrephic)

|

| \

|

b

: — L 0 nin.50 ns max.{forgraphic)
|

Lo

|

(8) The backlight must be operated within the condition of specification. The overload current or too high voltagewill

£

GNO

(Negative voltoge)

(signal)
GND -

jeduce the life time or destroy the backlight.

Handing Precautions

(1) The display panel is made of glass. Do not subject it to @ mechanical shock by dropping it or impact.

(2) If the display panel is damaged and the liquid crystal substance leaks out, be sure not to get any in your mout_ |
the substance contacts your skin or clothes, wash it off using soap and water.

(3) Do not apply excessive force to the display surface or the adjoining areas since this may cause the color tone tg
vary.

(4) The polarizer covering the display surface of the LCD module is soft and easily scratched. Please handle the
polarizer carefully.

(5) If the display surface becomes contaminated, breathe on the surface and gently wipe i t with a soft dry cloth. If it is
heavily contaminated, moisten cloth with one of the following solvents :

- Isopropy! alcohol

- Ethyl alcohol

(6) Solvents other than those above -mentioned may damage the polarizer. Especially, do not use the following.
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- Water

- Ketone

- Aromatic solvents

(7) Exercise care to minimize corrosion of the electrode. Corrosion of the electrodes is accelerated by water droplets,
moisture condensation or a current flow in a high -humidity environment.

(8) Install the LCD Module by using the mounting holes. When mounting the LCD module make sure it is free of

twisting, warping and distortion. In particular, do not forcibly pull or bend the 1O cable or the backlight cable.
(9) Do not attempt to disassemble or process the LCD module.

(10) NC terminal should be open. Do not connect anything.

(11) If the logic circuit power is off, do not apply the input signals.

(12) To prevent destruction of the elements by static electricity, be careful to maintain an optimum work
environment.

- Be sure to ground the body when handling the LCD modules.

- Tools required for assembling, such as soldering irons, must be properly grounded.

- To reduce the amount of static electricity generated, do not conduct assembling and other work under dry
conditions.

- The LCD module is coated with a film to protect the display surface. Exercise care when peeling off this protecie

{film since static electricity may be generated.

Installing Precautions
The hole in the printed circuit board is used to fix LCM as shown in the picture below. Attend to the following iterg
when installing the LCM.

(1) Cover the surface with a transparent protective plate to protect the polarizer and LC cell.

Protective plate

| ] C ] Fitting plote

v \ ] —J v
\
\ LM

| S—

(2) When assembling the LCM into other equipment, the spacer to the bit between the LCM and the fitting plate
should have enough height to avoid causing stress to the module surface, refer to the individual specifications fc

measurements. The measurement tolerance should be 0.1mm.

Storage Precautions

In case of storing for a long period of time for the purpose of replacement use, the following ways are recommended.
(1) Storage in a polyethylene bag with the opening sealed so as not to enter fresh air outside in it, and with no
desiccant.

(2) Placing in a dark place where neither exposure to direct sunlight nor light is, keeping temperature in the range

from -30°C to 80°C
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(3) Storing with no touch on polarizer surface by anything else. (It is recommended to store them as they have been

contained in the inner container at the time of delivery from us.)

Safety

(2) It is recommended to crush damaged or unnecessary LCDs into pieces and wash them off with solvents such as
acetone and ethanol, which should later be burned.

(2) If anv liauid leaks out of a damaaed alass cell and comes in contact with the hands. wash off thorouahlv with
soap and water.

Others
Liquid crystals solidify under low temperature (below the storage temperature range) leading to defecye

orientation or

the generation of air bubbles (black or white). Air bubbles may also be generated if the module is subject to a loy
temperature. If the LCD modules have been operating for a long time showing the same display patterns, the disfay
patterns may remain on the screen as ghost images and a slight contrast irregularity may also appear. A normal
operating status can be regained by suspending use for some time. It should be noted that this phenomenon dog
not adversely affect performance reliability. To minimize the performance degradation of the LCD modules resulng
from destruction caused by static electricity

etc., exercise care to avoid holding the following sections when handling the modules.

- Exposed area of the printed circuit board.

- Terminal electrode sections.
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