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1. SCOPE

The OSDV-20200-S1FBLY, dot-matrix LCD unit of a5 x 7 dot, 20-character x 2-line dot-
matrix LCD panel, LCD driver, controller LSl and yellow green LED backlight
fabricated on asingle PCB. Incorporating mask ROM-based character generator and
display data RAM in the controller LS, the unit can efficiently display the desired
characters under microprocessor control.

2. PRODUCT SPECIFICATIONS
2.1 Generd

The LCD of the unit is STN (Super Twisted Nematic) type.

Low power consumption with the dot-matrix LCD panel and CMOS LSI.
Built-in LED backlight with high luminance and stable radiation.

Thin, lightweight design permits easy installation in a variety of
equipment.

Allowing for being connected at genera-purpose CMOS signal level, the
unit can be easily interfaced to a microprocessor with common 4-bit and
8-bit parallel inputs and outputs.

Multiplexing driving : 1/16duty, 1/4bias, 6 0’ clock

Built-in character generator ROM and RAM, and display data RAM:
Character generator ROM

225 different 5 x 7 dot-matrix character patterns (Alphanumeric and
symbols)

Character generator RAM

8 different user programmed 5 x 7 dot-matrix patterns

Display dataRAM

80 x 8 bits

Numerous instructions

Display clear, Cursor home, Display ON/OFF, Cursor ON/OFF, Blink
character, Cursor shift, and Display shift
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2.2 Mechanica Characteristics

Item

Characteristic

Number of Characters

20x 2

Pixel Dimensions (mm)

0.60 (W) x 0.65 (h)

Pixel Pitch (mm)

0.65 (W) x 0.70 (h)

Character Size (mm)

3.20 (W) x 5.55 (h)

Active Area (mm)

73.50 (w) x 11.50 (h)

View Area (mm)

82.20 (w) x 18.20 (h)

Module Dimensions (mm)

116.0 (w) x 39.0 (h) x 14.5 (t)
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2.3 Electrical Absolute Maximum Ratings (excluding backlight)

Item Symbol Rating Unit

Supply Voltage Vpp (Note 1) -0.3t0 7.0 \
Input Voltage Vico (Note 1) | Vpp -15.0 to Vpp+0.3 \Y
Operating Temperature Topr 0 to 50 °C
Storage Temperature Tstg -20 to 60 °C
Note 1 : Referenced to Vs = 0V @ 25°C

Voltage greater than above may damage circuit

2.4 Electrical Characteristics (excluding backlight)

ITEM SYMBOL TEST CONDITIONS MIN TYP MAX | UNIT
Operating Voltage Vb 4.5 5.0 5.5 V
Internal oscillation or

Supply Current loo external clock 0.35 0.60 mA
(Vob = 5.0V fosc = 270kHz)
Input Voltage (1) Vin1 2.2 Vb \
(except OSC1) Vi --- -0.3 - 0.6 \%
Input Voltage (2) Vin2 Vop-1.0| --- Vb Vv
(OsC1) Vi -0.2 1.0 \Y
Output Voltage (1) Vo1 lon = -0.205 mA 2.4 - - \%
(DBO to DB7) Vou loL = 1.2 mA 0.4 \Y;
Output Voltage (2) Vo2 lo=-40 NA 0.9Vop --- \%
(except DBO to DB7) Vol lo =40 A 0.1Vob Vv
Voltage Dro Vdcou lo=%+01mA ! \Y
9 b Vdses °TET 1
Input Leakage ke Vin = 0V to Voo 1 1 m
Current
Vin =0V, Vpp= 5V
Input Low Current I (Pull up) -50 -125 -250 mA
Operating _ 0
Frequency fosc1 Rf E\}q ! Evg\i;)“ 190 270 | 350 | kHz
(internal Clock) eo
fosc 125 270 410 KHz
External Clock duty 45 50 55 %
tr, tF --- --- 0.2 s
LCD Driving Voltage Vico Vb — Vs (Y/5,1/4Bias) 3.0 13.0 \
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2.5 Optical Characteristics Absolute Maximum Ratings

ltem Symbol Rating Unit
Maximum Applied Voltage
(AC) Vac 10 \/
Maximum Applied Voltage
(DC) Vbc 50 mV
Operating Temperature Range Top -20~ 70 °C
Storage Temperature Range Tst -30 ~ 80 °C
2.6 Optical Characteristics
1/16™ Duty, 1/4" Bias,
ltem Symbol | Temp. Min. | Typ. | Max. Unit
0°C 4.80
Driving R
Voltage Vop 25 °C 4.50 \%
50 °C 4.20
Contrast q=0°
(Note 4) K f=0° 3 °
Frame Freq. fF 32 64 150 Hz
Viewing q o 30 | --- 40
Angle (Note iS 105 deg.
5) f =4 30 | --- 30
. ton 200 300
esponse R
Time (Note 6) 25°C ms
tofr 250 380
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Note 4: Definition of Contrast K

K =B, = Brightness of selected pixel

Light

Brightness

Dark

Kmax

Contrast Ratio (K)

Brightness of unselected pixel

unselected pixel brightness curve
(bias voltage appliedl

selected pixel
brightness curve

Operation voltage Vopr V)

Perpendicular to LCD surface

I
I
I
4 0

Definition of maximum contrast
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Note 5: Definition of anglesf and g.

Note 6: Definition of response time.

1/

’_I_\ : L\ —I_\
Voltage (V) B -
Unselected state Selected state Unselected state
lpixel affl Ipixel onl lpixel offl
by
Light A
Brightress °§ \
Dark
fan tatr
Vop: Operéting voltage (V) ton: Response time (rise) (ms)

ferm: Frame frequency (Hz) torr: Response time (fall) (ms)
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2.7 LED Electrical Specifications

2.7.1 Electrical Characteristics

Standard
ltem Symbol Condition Unit
Min Typ | Max
Forward Ve | ¢ = 210mA 38 | 42 | 44 Vv
Voltage
Luminous Iv |+ = 210mA — | 60 | — | cd/m2
Intensity
Peak
Emission AP l e =210mA 573 nm
Wavelength
Spectrum
Radiation A | ¢ = 20mA 30 nm
Bandwidth
Reverse _
Current IR Vg= 8V 2.1 mA

2.7.3 Absolute Maximum Operating Condition

ltem Symbol Value Unit
Power Dissipation Pap 1.80 W
Forward Current 13 410 mA

Reverse Voltage VR 8 \%
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3. RELIABILITY

Test Item Test Condition Evaluation and Assessment

No abnormalities in
functions* and
appearance**

Operation at high
temperature and
humidity

40°C + 2°C
90%RH for 500 hours

No abnormalities in

60°C + 2°C for 500 functions* and

Operation at high

temperature hours o
appearance
No abnormalities in
Heat shock functions* and

appearance**

No abnormalities in
functions* and
appearance**

-20°C + 2°C for 500

Low temperature
hours

Sweep for 1 min at

10 Hz, 55 Hz, 10 Hz

No abnormalities in

Vibration with amplitude of functions* and
1.5mm for 2 hrsin X, appearance**
Y, Z directions
Dropped onto a No abnormalities in
Drop shock board from a height functions* and

of 10cm appearance**

* dissipation current, contrast and display functions
** polarizer deterioration or other appearance defects

Expected Liquid Crystal panel service life 100,000 hours minimum at 25°C + 10°C.

Definition of end of LC panel servicelife:
- contrast less than 70% of initial value
current consumption 3 times initial value
alignment deterioration occursin LC cell layer
unusual operation occurs in display functions



4. OPERATING INSTRUCTIONS

4.1 Input Signal Connections
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Pin Symbol Function

1 Vss Logic ground

2 Vece Logic power supply (5V)
3 Vico LCD power supply

4 RS Data / Instruction select
5 W/R Read / Write select

6 E Enable signal

7~14 DBO~DB7 Data bus lines

15 LED K LED power supply
16 LED A LED power supply
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4.2 Timing Characteristics

Mode Characteristics Symbol | Min | Typ | Max Unit
E Cycle Time tc 500 | ---
E Rise / Fall Time tr, tr 20
E Pulse Width
(High, Low) tw ] 230 o -
, R/W and RS
Write Mode Setup Time tsu1 40 | --- ns
R/W and RS
Hold Time Tt 10— | -
Data Setup Time tsuz 80
Data Hold Time tho 10
E Cycle Time tc 500 | ---
E Rise / Fall Time tr, tr 20
E Pulse Width
(High, Low) tw 1230 ) - | -
Read Mode RIW anq RS tsu 40 ns
Setup Time
R/W and RS
Hold Time th 10 ] = |
Data Setup Time to --- | 120
Data Hold Time o 5
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RS ><

tsu 1H1
R/W
tw i ff
E
tr tsu2 tH2
DBO - DB7 ><Val|d Data
- f¢
Write Mode Timing Diagram

RS ><

tsu tH
R/W
I L L
E
tr 1D | fDH
DBO - DB7 ><Valid Data
tc

Read Mode Timing Diagram
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4.3 Instruction Description

Outline
To overcome the speed difference between the Internal clock of the KS0066U and the
MPU clock the KS0066U performs internal operations by storing control information
to IP or DR. Theinternal operation is determined according to the signal from the
MPU, composed of read/write and data bus lines. Instructions can be divided into
four groups:
1. KS0066U function set instructions (set display methods, set data length, etc.)
2. address set ingtructions 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 interna operation, Busy Flag (DB7) is held high. The Busy Flag must
be checked before proceeding with the next instruction. When the MPU checks the

Busy Flag (DB7) it is necessary to wait Yo before executing the next instruction

on the falling edge of the“E” signal after the Busy Flag (DB7) goes low.

Commands
1) Clear Display
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 0 0 1

Clear dl the display data by writing “20H” (space code) to all DDRAM addresses, and
set DDRAM addressto “00H” into Address Counter (AC). Return the cursor to the | eft

edge of thefirst line of the display.
Make the entry mode increment (1/D = “High”).
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2) Return Home

RS R/W DB7 DB6 DBS5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 0 1 -

-=Don’'t Care

Return Home is the cursor return home function.

Set the DDRAM addressto “00H” into the address counter.

Return cursor to its original site, first line upper left, and return display to its original

status, if shifted.

Contents of DDRAM do not change.

3) Entry Mode Set
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 1 I/D SH

Set the move direction of the cursor and the display.

I/D: Increment/Decrement of DDRAM address (cursor or blink)

When I/D is*“High” cursor/blink moves to the right and DDRAM addressis increased by
1.

When I/D is“Low” cursor/blink movesto the left and DDRAM is decreased by 1.
(CGRAM operates the same as DDRAM, when reading or writing to CGRAM)

SH: Shift of entiredisplay

When DDRAM read (CGRAM read/write) operation or SH = “Low”, shifting of the
entire display is not performed. If SH = “High” and DDRAM write operation, shift of the
entire display is performed according to I/D value. (/D= “High” shift left, I/D="Low”
shift right)
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4) Display On/Off Control

RS

R/W

DB7

DB6

DB5

DB4

DB3

DB2

DB1

DBO

0

0

0

Control display/cursor/blink On/Off 1 bit register

D: Display On/Off control bit
When D ="“High” the entire display is turned on.
When D =“Low” the display is turned off, but the display dataremainsin DDRAM.

C: Cursor On/Off control bit
When C = “High” the cursor is turned on.
When C =*Low” the cursor is not displayed, but the I/D register preservesits data.

B: Cursor Blink On/Off controal bit

When B = “High” cursor blink is on which alternately shows al pixels and displayed
pixels at the cursor location.

When B =*“Low” blink is off

5) Cursor or Display shift

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 0 0 1 S/C R/L - -

Shifting right/left cursor position or display without writing or reading of the display
data. Thisinstruction is used to correct or search the display data. During 2-line mode
display, the cursor moves to the 2™ line after the 40" digit of the 1 line. Note that the
display shift is performed simultaneously on al lines. When displayed data is shifted
repeatedly, each lineis shifted individually. When display shift is performed, the contents
of the address counter are not changed.

Shift patternsaccording to SC 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
1 0 Shift all of the display to the left, cursor moves with the display
1 1 Shift all of the display to the right, cursor moves with the display
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6) Function Set

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 0 1 DL N F - -

DL: Interface data length control bit
When DL =*“High” it means 8-bit bus mode with the MPU
When DL =“Low” it means 4-bit bus mode with the MPU

N: Display line number control bit
When N =*“Low” 1-line display mode s set
When N =*“High” 2-line display mode is set

F: Display font type control bit
When F =“Low” 5x8 pixel display format is set
When F = “High” 5x11 pixel display format is set

7) Set CGRAM Address

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 1 AC5 AC4 AC3 AC2 AC1 ACO

Set CGRAM address to AC. Thisinstruction makes CGRAM data available from the
MPU.

8) Set DDRAM Address

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 1 ACG6 ACS AC4 AC3 AC2 AC1 ACO

Set DDRAM addressto AC. Thisinstruction makes DDRAM data available from MPU.
When 1-line display mode (N = Low), DDRAM addressisfrom ‘O0H’ to ‘4FH’. In 2-line
mode (N = High) DDRAM address in the 1% lineis from ‘00H’ to ‘ 27H’ and DDRAM
addressin the 2" lineis from ‘40H’ to ‘67H’.
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9) Read Busy Flag & Address

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 BF AC6 AC5 AC4 AC3 AC2 AC1 ACO
This instruction shows whether the KS0066U isin interna operation or not. If the
resultant BF is“High” internal, operation isin progress and the next cannot be performed
until BF returnsto “Low”. Thisinstruction also reads the current value of the Address
Counter (AC).
10) Write datato RAM
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
1 0 D7 D6 D5 D4 D3 D2 D1 DO
Write binary 8-bit datato DDRAM/CGRAM. The selection of RAM from DDRAM, and
CGRAM s set by the previous address set instruction (DRAM address set, CGRAM
address set). RAM set instruction can aso determine the AC direction to RAM. After
write operation, the address is automatically increased/decreased by 1, according to the
entry mode.
11) Read datafrom RAM
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
1 1 D7 D6 D5 D4 D3 D2 D1 DO

Read binary 8-bit datafrom DDRAM/CGRAM. The selection of RAM is set by the
previous address set instruction. If the address set of RAM is not performed before this
instruction, the data that has been read first isinvalid, asthe direction of the AC is not yet
determined. If RAM datais read several times without RAM address instructions set
before the read operation the correct RAM can be obtained from the second. The first
datawould be invalid as thereis not time to transfer RAM data. In case of DDRAM read
operation, cursor shift instruction plays the same role as DDRAM address set instruction
it also transfers RAM data to the output data register. After the read operation, the
address counter is automatically increased or decreased by 1 according to the entry mode.
After CGRAM read, operation display shift may not execute correctly.




SPECIFICATIONSFOR LIQUID CRYSTAL DISPLAY MODULE
MODEL NO. OSDV-20200-S1FBLY

Note: In case of RAM write operation AC isincreased/decreased by 1 asin read
operation. At thistime, AC indicates the next address position but only the previous data
can be read by the instruction.

4.4 Instruction Table

Instruction Code Execution
Instruction RS R/W | DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description time
fosc=270kHz
Write ‘20H’ to
Clear DDRAM and set
Display | © | 0| O[O |0 0] 0| 0] 0| 1 |pgpamaddesto 153 ms
‘00H’ from AC
Set DDRAM address
to ‘O0H’ from AC
and return cursor to
Return its original position if
Home 0] 0| 0[O0 ]| 0| 0| 0| 0| 1| - |godme 153 ms
contents of the
DDRAM are not
changed
Assign cursor
Entry movement direction
Mode Set O 0 O O 0 O 0 l |/D SH and enable shift of 39 ng
the entire display
Display Set dis(pcl:z;ly(D)(,j
cursor(C), an
on/Off | 0 | O | O | 0O | 0|0 1| D | C | B | pinkng @ contol 39 s
Control bit
Set cursor moving
Cursor or and display shift
Display | 0 | O | 0| 0| 0 | 1 [S/IC|RL| - | - |Goouonhanare 39 m
Shift changing the
DDRAM data
Set interface data
length (DL:8-bit/4-
Function bit)number of
Set 0 0 0 0 1 DL | N F - = | display lines(N:1/2) 39 s
and display font
type(F:5x8/5x11)
Set Set CGRAM address
CGRAM 0 0 0 1 ASC Af ASC A2C A]_C AOC in address counter 39 ns
Address
Set Set DDRAM address
DDRAM 0 0 1 A6C A5C Af A3C A2C A]_C AOC in address counter 39 n3
Address
Check for internal
R::S aBrlIJcsiy 0 1 BE AC | AC | AC | AC | AC | AC | AC | operation and read 0ns
6 5 4 3 2 1 0 contents of the
Address address counter
Wirite Dat Write data into
ebadl 1 | o | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | internal RAM 43 ns
to RAM (DDRAM/CGRAM)
Read data from
ReadDa® | 1 | 1 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | intemalram 43 s
(DDRAM/CGRAM
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5. NOTES
Safety
If the LCD breaks, be careful not to get the liquid crystal in your mouth. 1
theliquid crystal touches your skin or clothes, wash it off immediately
using soap and water.
Handling
Avoid static electricity asthis can damage the CMOS LS.
The LCD pand is plate glass, do not hit or crush it.
Do not remove the panel or frame from the module.
The polarizing plate of the display is very fragile, handle it very carefully.
Mounting and Design
Mount the module by using the specified mounting part and holes.
To protect the module from external pressure, leave a small gap by placing
transparent plates (e.g. acrylic or glass) on the display surface, frame and
polarizing plate.
Design the system so that no input signal is given unless the power supply
voltageis applied.
Keep the module dry. Avoid condensation; this can cause the transparent
electrodes to fail.
Storage
Store the module in a dark place where the temperature is 25°C+10°C and
the relative humidity is below 65%.
Do not store the module near organic solvents or corrosive gases.
Do not crush, shake, or jolt the module (including accessories).
Cleaning
- Do not wipe the polarizing plate with adry cloth, it may scratch the
surface.
Do not use ketonic solvent (ketone and acetone) or aromatic solvents
(tolulene and xylene); they may damage the polarizing plate.
Wipe the module surface gently using a soft cloth soaked with petroleum
benzene.
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6. LCM DIMENSIONS
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