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CRYSTAL CLEAR TECHNOLOGY SDN. BHD.
Spec. No: G32160x03xxx00 REV 2.0

2.0 Record of revision

Rev Date Item | Page Comment Originator Checked By
1.0 | 15/09/10 Initial Release SCChong Azhar
2.0 | 22/07/11 Add Character ROM SCChong Azhar




CRYSTAL CLEAR TECHNOLOGY SDN. BHD.
Spec. No: G32160x03xxx00 REV 2.0

3.0  General specification
Display format: Graphics 160 (w) x 32 (h) dots
Dot size: 0.57 (w) x 0.57 (h) mm
Dot pitch: 0.60 (w) x 0.60 (h) mm
View area: 99.0 (w) x 24.0 (h) mm
Active area: 95.97 (w) x 19.17 (h) mm
General dimensions: 122.0 (w) x 44.0 (h) x 13.6 max (t) mm
Controller/Driver: ST7920-0B and ST7921 or equivalent
Interface: Parallel

Driving method: 1/32 duty
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MODEL MUMEER

ETD. GRAPHIC : Mo, of rows folawad by ro. of solumn
SERIES MUMEER FOR THIS STANDARD SPECIFICATION

BACKUGHT MODE

5 Side Led Backlight [Yellow Gimen)
E : Side Led Backlioht (B lue)

N : Side Led B acklight (Wit e)

M: No Eacklight

MODULE VERS 0N
SERIES MUMBER FOR THIS STANMDARD SPECIFICETION

LD MODE

D Velow Graen [STH)

: Gray [STH)

: Black & Nihte [FSTH)

: Meggtive [FSTH) Blue [ Singe Feterdaion |

: Meggtive [FSTHN) BlackMihite [ Couble Retardetion )
: Heggtive [STH] P uple

: Megative [STH] B lue

: Megative [FSTH] Blzckilbite [ Coukle Retamdgion | TRI-0H 5
WENIMG BMNGLE

T :Topuiew [ 12 S'alock ]

E : Eothom view [ & O'clock ]

W T =W LD

O PERATING TEMFERATURE

M : Hormd Tem petebae [ 0°C o +30%C ), where stotage tem petature is [-20°Cto+T0° 2]
I : Wlicke Tem pesature [ -20°0 to+70%C ), where sorage tem perabune is [-300C to +8070C)

SEMI - CUSTOMISE (MINGR CHANGES FROM STAHDARD M ODEL]

00 - STONDARD SFECIFICATION MODEL
REFER To FACTORY FOR OTHER WERSIONS. TERM S OMD CONDITIONS APFLY




CRYSTAL CLEAR TECHNOLOGY SDN. BHD.

Spec. No: G32160x03xxx00 REV 2.0

4.0  Absolute maximum rating (at Vss = 0V, ambient temperature = 25°C)
NO ITEM SIMBOL MIN | MAX | UNIT
1. Power Supply Voltage (Logic) Vb - Vss -0.3 6.0 \Y
2. Power Supply Voltage (LCD Driver) | Vbp— Ve -0.3 7.0 A"
3. Operating Temperature Top Refer page 3 °C
4. Storage Temperature Tt Refer page 3 °C
5.0  Electrical characteristics
NO ITEM SYMBOL | CONDITION MIN TYP MAX | UNIT
Power Supply B
1. Voltage (Logic) Vpp— Vss - 5.0 5.5 A%
Power Supply o 0
2. Voltage (Vicp) Vop-VEeE 25°C 4.7£5% A%
VIH 0.7 VDD - VDD
3. | Input Voltage Vi - 03 g 0.6 A%
Vb - Vgs =5V
4. | Current Supply Ipp Voo Vep = 5V - 0.8 1.0 mA
5.1 Backlight Options
FORWARD VOLTAGE | FORWARD CURRENT MIN
NO COLOR V) (mA) BRIGHTNESS
Min Typ. Max Min Typ. Max (cd/m2) *
1. White - 5.0 - - 40 50 200

*Note : 1. Brightness measured at backlight surface.

2. On LCD surface, brightness is only about 10% to 15% of backlight brightness.

3. Backlight lifetime : For White, Green = 20K hrs *
*(Condition: If = typical current and Ta = 25°C)

6.0  Environmental requirements
NO ITEM CONDITION
L. Operating Temperature Refer page 3
2. Storage Temperature Refer page 3
3. Operating Humidity 5% to 95%RH
4, Cycle Test 0 C @ 30 min to 50 C @ 30min for 1 cycle
run for 10 cycles
5. Lifetime 50000 HOURS (excluding backlight)

Note: The background on LCD has the possibility to be changed in different temperature range.




bTﬁ CRYSTAL CLEAR TECHNOLOGY SDN. BHD.

Spec. No: G32160x03xxx00 REV 2.0

7.0  Electro-optical characteristics (at ambient temperature, Ta = 25°C)
LCD TYPE
NO ITEM | SYMBOL | CONDITION | gTN STN SJEI FSTN | FSTN FSJ,;\I ) F_%,TEN REF.
YG | GREY | BLUE/ E\/V'\E/ B"L\L/JEE TRUE TRI
PURPLE B/W AXIS
Operating 0=0
1 Voltage Viep Cr = max 4.7+ 5% 7.1
(Volt)
o 0x 1 +25 +20 +35 +25 +35 +35 +40
Viewing g 5] CR22 s 1 20 | 35 | 25 | 35 | 40 | -40
2 Angle Vicp = 7.2
(Deg) Oy 1 4.7V -30 -25 -35 -30 -35 -35 -50
0y2 +30 +25 +35 +30 +35 +35 +30
Contrast 0=0"
3 . CR Vieo 3.0 2.3 6.0 3.0 | 6.0 20 20 73
Ratio
=4.7V
Rise
Time 0=0" 200
Response (Tr)
4 Time 7.4
(msec) Dc?cay 0
Time 0=0 250
(Td)
Note:
1. Viewing angle data is based on bottom view product by default. Should it be a
top view product, values are then swap.
2. Contrast ratio is based on typical data when using white colour as backlight.
3. Equipment Used Eldim; Ez Contrast 120R , Spot Size = 2mm




T 1
r(\\“Tﬁ CRYSTAL CLEAR TECHNOLOGY SDN. BHD.
Xy Spec. No: G32160x03xxx00 REV 2.0
NO | CHARACTERISTICS DEFINITIONS
7.1 Definition of Operating
Voltage (Vicp)
Viep
<>
1/F
Vicp : Operating Voltage
F : Frame Frequency
7.2 Definition of Viewing TOP

Angle

\<\ 0 REAR

LEFT //// RIGHT
FRONT |
BOTTOM
REAR (0y2)
LEFT(0x2) \\/ RIGHT(6x1)

FRONT (0y1)
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5 CRYSTAL CLEAR TECHNOLOGY SDN. BHD.

Spec. No: G32160x03xxx00 REV 2.0

7.3

Definition of Contrast
Ratio

NON-SELECT WAVE

BRIGHTNESS (%)
A SELECT WAVE

NN

OPERATION VOLTAGE

< o

[
»

Contrast Ratio = Brightness of non-selected state (b)
Brightness of selected state (a)

Conditions

(a) Operating Voltage: Vicp
(b) Temperature: 25°C
(c) Viewing Angle, 6 = 0°

7.4

Response Time

Luminance
(%)

90

10—/

<>

Td Tr

Time
Tr: Measured between 10% and 90% of LCD segment
maximum response with Von.

Td: With voltage switches to zero and the instant LCD
segment reaches 10% of its maximum response.




bTﬂ CRYSTAL CLEAR TECHNOLOGY SDN. BHD.

Spec. No: G32160x03xxx00 REV 2.0

8.0 Interface
8.1 Controller ST7920-0B OR EQUIVALENT
8.2 Display Driver ST7921 OR EQUIVALENT
8.3 Duty Cycle 1/32
8.4 Pin-out Assignments
Pin No Symbol Description
1 Vss Ground terminal of module
2 Vb Supply terminal of module
3 Vabps Power supply for Liquid Crystal Drive
Parallel Mode: Register select.
0: Select instruction register (write)
4 RS
or busy flag, address counter (read);
1: Select data register (write/read).
Parallel Mode: Read/Write control.
5 R/W 0: Write;
1: Read.
6 E Parallel Mode: 1: Enable trigger.
7 to 14 DBO to Data bus line
DB7
15 A Backlight supply
16 K Backlight ground




%Tﬁ CRYSTAL CLEAR TECHNOLOGY SDN. BHD.
A" Spec. No: G32160x03xxx00 REV 2.0

9.0  Functional Descriptions
9.1 Display Control Timing Waveform and Characteristics

9.1.1 MPU Write Data to ST7920

s P >
T L VIl |

™ |— Tosw TH
DEO-DB7 > Valid data ><

Ic >

Fy

9.1.2 MPU Read Data from ST7920

= L VILL A
13

Valid data

2
(i
|
1
[31]
1

=1

=

5]

;; ]

F

X ’

TIc

F Y
h 4




&7 CRYSTAL CLEAR TECHNOLOGY SD

N. BHD.
Spec. No: G32160x03xxx00 REV 2.0

AC Characteristics (T, = -30'C ~85°C, Voo = 4.5V) Parallel Mode Interface

Symbol | Characteristics | Test Condition | Min. | Typ. | Max. | Unit
Internal Clock Operation
fose | OSC Freguency | R = 33K0) | 480 | 540 | 600 | KHz
External Clock Operation

fex External Frequency - 480 540 600 KHz
Duty Cycle - 45 50 55 %
Tr,Te Rise/Fall Time - - - 0.2 s

Write Mode (Writing data from MPU to ST7920)
Tc Enable Cycle Time Pin E 1200 - - ns
Tew Enable Pulse Width Pin E 140 - - ns
Tr, T |Enable Rise/Fall Time Fin E - - 25 ns
Taus Address Setup Time Pins: RS RW E 10 - - ns
Tan Address Hold Time Pins: RS,RW E 20 - - ns
Tosw Data Setup Time Pins: DBO - DBV 40 - - ns
Tw Data Hold Time Pins: DBO - DB7 20 - - ns
Read Mode (Reading Data from ST7920 fo MPU)
Te Enable Cycle Time Pin E 1200 - - ns
Tew Enable Pulse Width Fin E 140 - - ns
Tr.Te |Enable Rise/Fall Time Pin E - - 25 ns
Tas Address Setup Time Pins: RS, RW E 10 - - ns
Tan Address Hold Time Pins: RS,RW E 20 - - ns
Toor Data Delay Time Pins: DBO - DBV - - 100 ns
Ty Data Hold Time Pins: DBO - DBV 20 - - ns
Interface Mode with LCD Driver{ST7921)

Tcowy | Clock Pulse with High Pins: CL1, CL2 800 - - ns
Tew Clock Pulse with Low Pins: CL1, CL2 800 - - ns
Test Clock Setup Time Pins: CL1, CL2 500 - - ns
Tsu Data Setup Time Pin: D 300 - - ns
Ton Data Hold Time Pin: D 300 - - ns
Towm M Delay Time FPin: M -1000 - 1000 ns

Timing Interface with 6800 series MPU

10



77 CRYSTAL CLEAR TECHNOLOGY SDN. BHD.
N Spec. No: G32160x03xxx00 REV 2.0

9.2 Relationship between GDRAM display coordinates and corresponding
address

GDRAM Horizontal address ( X

0 1 15

(&) ssaippe [eanIaA WVIAD

G Gt el ) ot a0 Pt P P P Pt Pt PPt Pt i e it s s ot s it i

0 00 =T LA Fae L B =

B LN G P = 0 ER 00 ) L e G Pl 0 GO LN B LR =

39

B15(b14|b13]|  rrerrernes b0
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r(\‘ | CRYSTAL CLEAR TECHNOLOGY SDN. BHD.
Spec. No: G32160x03xxx00 REV 2.0

N
~

10. Instruction Set

Instruction Set 1: (RE=0: Basic Instruction)

Code . Exec time
Inst. Description
RS | RW |DBT|DB6|DBS |DB4|DB3|DB2|DB1|DBO (540KHZ)
Display Fill DDRAM with "20H" and set DORAM address counter (AC)
0 0 0 0 0 1} 0 0 0 1 1.6 ms
Clear to "00H".
Return 0 0 _ 0 0 _ - ] X Set DDRAM address counter (AC) to "00H", and put cursor| 72 us
Home y ° to origin © the content of DDRAM are not changed ’
Entry Mode ~ N . Set cursor position and display shift when doing write or read
0 0 0 0 0 1} 0 1 |ID| s _ 72 us
Set operation
) D=1: Display ON
Display
0 a 0 0 0 0 1 D C | B |C=1 CursorON 72 us
Control .
B=1:. Character Blink ON
Cursor

) . . Cursor position and display shiit control; the content of]
Display 0 0 4] 0 0 1 |S/C|RIL| X X 72 us
DDRAM are not changed

Caontrol
DL=1 &-hitinterface
Function 0 DL=0 4-bitinterface
0 0 0 0 1 |DL| X X | X . . 72us
Set RE RE=1: extended instruction
RE=0: basic instruction
Set Set CGRAM address to address counter (AC)
CGRAM 0 0 4] 1 |ACE|AC4|AC3|AC2|ACT |ACD(Make sure that in extended instruction SR=0 (scroll or 72 us
Address. RAM address select)
Set
0 Set DDRAM address to address counter (AC)
DDRAM 0 0 1 ACE|AC4 |AC3|AC2|ACT [ACD o 72us
ACS ACE is fixed to 0
Address.
Read Read busy flag (BF) for completion of intemal operation, also
BusyFlag | O 1 | BF [ACE|ACS|AC4|ACI|AC2|ACT|ACD yhiag pe . pe ' Ous
(BE) & AC Read out the value of address counter (AC)
| ) -

Write data to internal RAM

Write RAM | 1 0 |DV|D6|D5|D4|(D3|(D2|D1|D0OY| ) ) _ 72 us
(DDRAM/CGRAMIGDRAM)
Read data from internal RAM

Read RAM | 1 1 (D7 |D6 | D5 (D4 | D3| D2| D1 | DO 72 us

(DDRAM/CGRAM/GDRAM)

Instruction set 2: (RE=1: extended instruction)

Code e Exec time
Inst. Description
RS | RW |DB7|DB6|DB5 |DB4 |DB3|DB2|DB1|DB0 (540KHZ)
~ N _ Enter standby mode, any other instruction can terminate.
Standby 0 0 1] 0 0 1] 0 0 1] 1 T2us
COM1...32 are halted.
Scroll or
RAM 0 0 . 0 0 . 0 0 1 lsr SR=1: enable vertical scroll position 7
Address. o ¢ SR=0: enable CGRAM address (basic instruction) feus
Select
Reverse Select 1 out of 4 line (in DDRAM) and decide whether to
_b" ine) 0 0 1] 0 0 1] 0 1 | R1 | RO |reverse the display by togagling this instruction T2 us
iy ]
s R1.R0 initial value is 0.0
DL=1 :8-bit interface
DL=0 :4-bit interface
Extended . )
] 1 RE=1: extended instruction set
Function 0 0 1]} ] 1 oL | X G ] . A T2us
Sat RE RE=0: basic instruction set
)
G=1 graphic display ON
G=0 -graphic display OFF
Set Scroll N .
0 0 0 1 |ACH|AC4 |AC3|AC2|ACT|ACD|SR=1: AC5~ACO the address of vertical scroll 72 us
Address
i Set GORAM address to address counter (AC)
Set Graphic ] .
) Set the wvertical address first and followed the horizontal
Display 0 0 0 |AC3|ACZ[ACT|ACO ) N
0 0 1 address by consecutive writings T2 us
RAM 0 [ACSH|AC4|AC3|AC2|ACT|ACD )
Wertical address range: AC5.. ACO
Address . n
Horizontal address range: AC3.. ACD

12
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CRYSTAL CLEAR TECHNOLOGY SDN. BHD.

Sy

10.1 Character ROM with alphanumerical fonts (16 x 8 dots)
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Spec. No: G32160x03xxx00 REV 2.0

CRYSTAL CLEAR TECHNOLOGY SDN. BHD.

Eﬁa

10.2 Character ROM with Chinese fonts (16 x 16 dots)

14
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CRYSTAL CLEAR TECHNOLOGY SDN. BHD.
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11.  Block Diagram and Power Supply

COMMON 1-32 SEGMENT 1-160
VSS >
VADI] >
ST7920/ ST7921
RS
R/W
E
DBO0 —
DB7
A >
" . BACKLIGHT
Block Diagram
Vb
5V
Vss
—— | Vams
Where Vpp-Vapy=LCD Driving voltage
LED BACKLIGHT

5.0V_‘_
—

Power Supply
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12.0  Quality Assurance

12.1 ZONE DEFINITION

ZONE A

ZONE B

(Outside Viewing Area)

—

EFFECTIVE VIEWING AREA

ZONE C
(Sealing Area)

12.1.1  Black Spot, White Spot and Foreign Material
Defect Defect Description Criterion Drawing Specification
Category
Black Spot, Black Spot, White
White Spot Spot and Foreign Zone / Acceptable No.
and Foreign Material Dimension A B C [
Material v
D <0.10mm NC NC | NC .
3 3 NC
0.10<D < 0.20mm D= (A +BY2
0.20 <D < 0.30mm 1 2 | NC
D > 0.30 mm 0 0 | NC
NC: No count
D: Mean Diameter of Defect
12.1.2 Line Shape and Scratches
Defect o o . . .
Defect Description Criterion Drawing Specification
Category
Line shape Line shape and
and scratches | scratches Zone /Dimension Acceptable No.
X Y A B C
- <0.0lmm | NC | NC | NC
<2mm | <0.02mm 1 1 NC
<lmm | <0.02mm 1 2 NC
12.1.3 Pin Hole
Defect Defect Description Criterion Drawing Specification
Category
Pin Hole Pin hole / void at [

light up segment

D < 0.20mm within 1 part/segment

A 4

A —>»

D=(A+B)2
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12.1.4 Polarizer Bubble/Foreign Material

D: Mean Diameter of Defect

Accept - if air bubble at the seal area does
not propagate into effective viewing area

Defect Defect Description Criterion Drawing Specification
Category
Polarizer bubble /
Foreign material Zone / Acceptable No. 7y
B
Dimension A B C - il
D <0.15mm NC NC | NC A —>
0.15 <D <0.30mm 3 5 NC
D=(A+B)2

0.30 <D < 0.50mm 3 NC
0.50 <D < 1.0mm 1 NC
NC: No count

Note: Total defects shall not exceed five
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Precaution for using LCM

1. Liquid Crystal Display (LCD)

LCD is made up of glass, organic sealant, organic fluid and

polymer based polarizers. The following precautions should

be taken when handling.

b)

¢)

d)

Keep the temperature within the range of use and
storage. Excessive temperature and humidity
could cause polarization degredation, polarizer
peel off or bubble.

Do not contact the exposed polarizer with
anything harder than HB pencil lead. To clean
dust off the display surface, wipe gently with
cotton, chamois or other soft material soaked in
petroleum benzin.

Wipe off saliva or water drops immediately.
Contact with water over a long period of time
may cause polarizer deformation or colour
fading, while an active LCD with water
condensation on its surface will cause corrosion
of ITO electrodes.

Glass can be easily chipped or cracked from
rough handling, especially at corners and edges.

Do not drive LCD with DC voltage.

2. Liquid Crystal Display Modules.

2.1 Mechanical Considerations

LCM are assembled and adjusted with a high
degree of precision. Avoid excessive shocks and
do not make any alterations or modification. The
following should be noted.

a) Do not tamper in any way with the tabs
on the metal frame.

b) Do not modify the PCB by drilling
extra holes, changing its outline,
moving its component or modifying its
pattern.

¢) Do not touch the elastomer connector,
especially insert a backlight panel (for
example, EL)

d) When mounting a LCM make sure that
the PCB is not under any stress such as
bending or twisting. Elastomer contacts
are very delicate and missing pixels
could result from slight dislocation of

any of the elements.

a) Avoid pressing on the metal bezel,
otherwise the elastomer connector
could be deformed and lose contact,

resulting in missing pixels.

2.2 Static Electricity

LCM contains CMOS LSI’'s and the same

precaution for such devices should apply, namely

a) The operator should be grounded whenever
he/she comes into contact with the module.
Never touch any of the conductive parts
such as the LSI pads, the copper leads on the
PCB and the interface terminals with any
parts of the human body.

b) The modules should be kept in antistatic
bags or other containers to static for storage.

c) Only properly grounded soldering irons
should be used.

d) If an electric screwdriver is used, it should
be well grounded and shielded from
commutator spark.

e) The normal static prevention measures
should be observed for work clothes and
working benches, the latter conductive
(rubber) mat is recommended.

f)  Since dry air is inductive to statics, a relative

humidity of 50-60% is recommended.

2.3 Soldering

a) Solder only to the I/O terminals.

b) Use only soldering irons with proper
grounding and no leakage.

¢) Soldering temperature: 280 °C

d) Soldering time: 3 to 4 sec

e) Use eutectic solder with resin flux fill.

f) If flux is used, the LCD surface should be
covered to avoid flux spatters. Flux residue

should be removed afterwards.
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2.4 Operation

a) The contras can be adjusted by varying the
LCD driving voltage VO

b) Driving voltage should be kept within
specified range, excess voltage shortens
display life.

¢) Response time increases with decrease in
temperature.

d) Display may turn black or dark blue at
temperature above its operational range, this
is (however not pressing on the viewing
area) may cause the segments to appear
“fractured”.

e) Mechanical disturbance during operation (
such as pressing on the viewing area) may

cause the segments to appear “fractured”.

2.5 Storage

If any fluid leaks out of the damage glass cell,
wash off any human part that comes into contact
with soap and water. Never swallow the fluid.
The toxicity is extremely low but caution should

be exercised at all the time.

2.6 Limited Warranty

Unless otherwise agreed between Crystal Clear
Technology and customer, Crystal Clear
Technology will replace or repair any of its LCD
and LCM which is found to be defective
electrically and visually when inspected in
accordance with Crystal Clear Technology
acceptance standards, for a period of one year
from date of shipment. Confirmation of such date
shall be based on freight documents. The
warranty liability of Crystal Clear Technology is
limited to repair and/or replacement on the terms
set forth above. Crystal Clear Technology will
not responsible for any subsequent or

consequential events.
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