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1.Module Classific ation
Information

O 1602 H—TFH AT#

Brand : WINSTAR DISPLAY CORPORATION

Display Type : H—Character Type, G—Graphic Type O—COG Type
Display Font : 16 characters x 2 Lines

Model serials no.

Backlight Type :  N—Without backlight

B—EL, Blue green D—EL, Green W—EL, White F—CCFL, White
Y—LED, Yellow Green

T—LED, White A—LED, Amber R—LED, Red O—LED, Orange G—LED, Green
P—LED, Blue

LCD Mode : B—TN Positive, Gray T—FSTN Negative
N—TN Negative, G—STN Positive, Gray

Y—STN Positive, Yellow Green M—STN Negative, Blue F—=FSTN Positive



LCD Polarize Type/ Temperature range/ View direction

A—Reflective, N.T, 6:00 D—Reflective, N.T, 12:00 G—Reflective, W. T, 6:00
J—Reflective, W. T, 12:00 B—Transflective, N.T,6:00 E— Transflective, N.T.12:00

H— Transflective, W.T,6:00 K— Transflective, W.T,12:00 C— Transmissive, N.T,6:00
F—Transmissive, N.T,12:00 I—Transmissive, W. T, 6:00 L—Transmissive, W.T,12:00

Special Code

AT : English and Japanese and European standard font #:Fit in with the ROHS Directions and
regulations

2.Prec autions in use of LCD
Modules

(1)Avoid applying excessive shocks to the module or making any alterations or modifications
to it.

(2)Don’t make extra holes on the printed circuit board, modify its shape or change the
components of LCD module.

(3)Don’t disassemble the LCM.

(4)Don’t operate it above the absolute maximum rating.

(5)Don’t drop, bend or twist LCM.

(6)Soldering: only to the I/O terminals.

(7)Storage: please storage in anti-static electricity container and clean environment.
(8)Winstar have the right to change the passive components

(Resistors,capacitors and other passive components will have different appearance and color
caused by the different supplier.)

(9)Winstar have the right to change the PCB Rev.

3.General S pec ific ation




Item Dimension Unit
Number of Characters 16 characters x 2 Lines —
Module dimension 62.8x 23.0x6.3 vl
View area 515x122 vl
Active area 476 x97 vl
Dot size 048 x0.54 vl
Dot pitch 0.53 x0.59 mim
Character size 260x467 vl
Character pitch 300x3507 vl
LCD type FSTIN Positive, Transflective
(In LCD production, It will occur slightly color difference. We can
only guarantee the same color in the same batch.)
Duty 1/16 , 1/5 Bias
View direction 6 o"clock
Backlight Type LED White
Item Dimension Unit
Number of Characters 16 characters x 2 Lines —
Module dimension 62.8x 23.0x6.3 vl
View area 515x122 mim
Active area 476 x97 vl
Dot size 048 x0.54 vl
Dot pitch 0.53 x0.59 mim
Character size 260x467 vl
Character pitch 3.00=x507 mim
LCD type FSTN Positive, Transflective
(In LCD production, It will occur slightly color difference. We can
only guarantee the same color in the same batch.)
Duty 1/16 , 1/5 Bias
View direction 6 o"clock
Backlight Type LED White




Item Dimension Unit
Number of Characters 16 characters x 2 Lines —
Module dimension 62.8x 23.0x6.3 vl
View area 515x122 vl
Active area 476 x97 vl
Dot size 048 x0.54 vl
Dot pitch 0.53 x0.59 mim
Character size 260x467 vl
Character pitch 3.00=x507 mim
LCD type FSTN Positive, Transflective
(In LCD production, It will occur slightly color difference. We can
only guarantee the same color in the same batch.)
Duty 1/16 , 1/5 Bias
View direction 6 o"clock
Backlight Type LED White

4.Absolute Maximum Ratings

Ttem Symbol Min Twp Max Unit
Operating Temperature Top =20 — +70 T
Storage Temperature Tst =30 — +80 T
Supply voltage for Logic VoD 0.3 — 6.0 Vv
LCD Driver Voltage VLD 7.0- Vs -0.3+ Vss v




5.Elec tric al Charac teristic s

LED Backlight)

Item Syvmbol Condition Min Typ Max Unit
Supply Voltage For Logic VoD-Vss — 3 33 (bon=1 v
max=3.5V)

Ta=-20°C — — — v
Supply Voltage For LCD VLicD Ta=25"C — 45 — v

Ta=70 — - — %
Input High Volt. VH — 07Vop| — VoD v
Input Low Volt. Vi — — — 0.2 VoD v
Output High Volt. Vo — 08Vop| — VLD V
Output Low Volt. VoL — — — 0.2VDD vV
Supply Current(No include - B B 018 B A




6.0ptic al Charac teristic s

Ttem Symbol Condition Min Typ Max Unit
Ve CR=2 30 — 60 deg
View Angle
(H) CR=2 -45 — 45 deg
Contrast Ratio CR — — 5 — —
T rise — — 250 400 ms
Fesponse Time
T fall — — 100 250 ms

Definition of Operation Voltage (Vop)

6.0ptic al Charac teristic s

Definition of Response Time ( Tr, TT)

Item Symbol Condition Min Typ Max Unit
e CRz=2 30 — 60 deg
View Angle
(H) e CR=2 -45 — 45 deg
Contrast Ratio CR — — 5 — —
T rize — — 230 400 ms
Response Time
T fall — — 100 250 ms

Definition of Operation Voltage (Vop)

Definition of Response Time ( Tr, TT)




Definition of Operation Voltage (Vop) Definition of Response Time ( Tr, TT)

Salected Comition
Intensity B Salacted Wae Comtion g oI
10024 i
(] Bﬁﬂ!]t‘. v
4 . '
T N f 1096
Cridax 1
10084 aes
IS
Vop Diniving Veltaze(V) LT N S
[positive type] [positrve type]

Conditions :

Operating Voltage : Vop Viewing Angle(d » ) :-0"» OF
Frame Frequency : 64 HZ  Driving Waveform : 1/N duty | 1/a bias

Definition of viewing angle(CR =2)




7.Interfac e Pin Func tion

e

Pin No. | Symbol Level Description
1 VOUT DC/DC voltage converter. Connect a capacitor between this
terminal and VIN when the built-in booster is used.
2 CAPIN For voltage booster circunt(VDD-VSS)
3 CAP1P External capacitor about () 1u~4 Tuf
4 VDD | 3.0/5.0V [Power supply
5 VSss GND
SDA (In I2C interface DB7 (SDA) is input data.
6 SDA and SCL must connect to I2C bus (I2C bus is to connect
a resister between SDA/SCL and the power of I2C bus ).
SCL (In [2C interface DB6 (SCL) is clock input.
7 SDA and SCL must connect to I2C bus (I12C bus is to connect
a resister between SDA/SCL and the power of I2C bus ).
8 RST RESET




8.Contour Drawing
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8.Contour Drawing

Applic ation sc hematic
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VDD=5.0V

1 VOUT
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CAPIN
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SDA
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|| DD|n|s W
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INITIALIZE:
MOV
MOV
LCALL
MOV
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL

(V)
I2C_CONTROL #00H

I2C DATA #38H
WEITE_CODE

[2C_CONTROL #00H

I2C_DATA #30H
WRITE_CODE
2C DATA=14H
WRITE_CODE
2C DATA=74H
WEITE_CODE
C DATA #54H
WEITE_CODE
I2C DATA #6FH
WEITE_CODE
I2C DATA 20CH
WRITE_CODE
2C DATA #01H
WEITE_CODE

WEITE COMMAND
:Function Set

WEITE COMMAND
:Function Set

Internal OSC frequency

;Contrast set

Power/TCON control/Contrast set

Follower control

Display ON/OFF

;Clear Display



INITIALIZE: (5V)

MOV 12C_CONTROL#00H ;WRITE COMMAND
MOV I2C_DATA#38H :Function Set

LCALL WERITE_CODE

MOV 12C_CONTROL #00H ;WRITE COMMAND
MOV I2C_DATA#39H :Function Set

LCALL WRITE _CODE

MOV I2C_DATA#14H Internal OSC frequency
LCALL WRITE _CODE

MOV I2C_DATA #79H :Contrast set

LCALL WERITE_CODE

MOV I2C_DATA #50H Power/ TCON control/Contrast set
LCALL WRITE_CODE

MOV I2C DATA #6CH :Follower control
LCALL WRITE_CODE

MOV I2C_DATA#0CH :Display ON/OFF
LCALL WRITE_CODE

MOV I2C_DATA#01H :Clear Display

LCALL WRITE _CODE

9.Func tion Desc ription

System Interface

This chip has all four kinds of interface type with MPU: 4-bit bus, 8-bit bus. 4-bit bus or 8-bit bus is
selected by DLbit in the instruction register.

During read or write operation, two 8-bit registers are used. One is data register (DR); the other is
instruction register (IR).

The data register (DR) is used as temporary data storage place for being written into or read from
DDRAM/CGRAM/ICON RAM, target RAM is selected by RAM address setting instruction. Each
internal operation, reading from or writing into RAM, is done automatically. So to speak, after MPU
reads DR data, the data in the next DDRAM/CGRAM/ICON RAM address is transferred into DR
automatically. Also after MPU writes data to DR, the data in DR is transferred into
DDRAM/CGRAM/ICON RAM automatically.

The Instruction register (IR) is used only to store instruction code transferred from MPU. MPU cannot
use it to read instruction data.

Using RS input pin to select command or data in 4-bit/8-bit bus mode.



RS |R'W Operation
- |Inatruction Write operaction (MPU writes Instruction code
L | [ ——
L H |Re=ad Busy Flag(DB7) and address counter (DBO ~ DBE)
H L |Data Wrice opsration (MPU writes daca into DR)
H H |Data Read coperation [F7 reads data from DR)

Table 1. Various kinds of operations according to RS and R/W bits.

12C interface

It just only could write Data or Instruction to ST7032 by the IIC Interface.

It could not read Data or Instruction from ST7032 (except Acknowledge signal). SCL: serial clock
input

SDA: serial data input

Slaver address could only set to 0111110, no other slaver address could be set

The 12C interface send RAM data and executes the commands sent via the 12C Interface. It could
send data bit to the RAM.

The 12C Interface is two-line communication between different ICs or modules. The two lines are a
Serial Data line (SDA) and a Serial Clock line (SCL). Both lines must be connected to a positive
supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy.

BIT TRANSFER

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable
during the HIGH period of the clock pulse because changes in the data line at this time will be
interpreted as a control signal. Bit transfer is illustrated in Fig.1.

START AND STOP CONDITIONS

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the
data line,

while the clock is HIGH is defined as the START condition (S). A LOW-to-HIGH transition of the
data line while the clock is HIGH is defined as the STOP condition (P). The START and STOP
conditions are illustrated in Fig.2.

SYSTEM CONFIGURATION
The system configuration is illustrated in Fig.3.

- Transmitter: the device, which sends the data to the bus
- Master: the device, which initiates a transfer, generates clock signals and terminates a transfer
- Slave: the device addressed by a master

- Multi-Master: more than one master can attempt to control the bus at the same time without
corrupting the message



- Arbitration: procedure to ensure that, if more than one master simultaneously tries to control the bus,
only one is allowed to do so and the message is not corrupted

- Synchronization: procedure to synchronize the clock signals of two or more devices.

ACKNOWLEDGE
Acknowledge is not Busy Flag in 12C interface.

Each byte of eight bits is followed by an acknowledge bit. The acknowledge bit is a HIGH signal put
on the bus by the transmitter during which time the master generates an extra acknowledge related
clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception of
each byte. A master receiver must also generate an acknowledge after the reception of each byte that
has been clocked out of the slave transmitter. The device that acknowledges must pull-down the SDA
line during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period
of the acknowledge related clock pulse (set-up and hold times must be taken into consideration). A
master receiver must signal an end-of-data to the transmitter by not generating anacknowledge on the
last byte that has been clocked out of the slave. In this event the transmitter must leave the data line
HIGH to enable the master to generate a STOP condition. Acknowledgement on the 12C Interface is
illustrated in Fig.4.

| | |
1 ] L
SDA 7 X Sy
T T | I
1 | | e
SCL [V “ L+ A
I data line I change |
# slable: l of data l
i datavalid | allowed |
Figure 1. Bit transfer

START con dition STOP con dition
Figure 2. Definition of START and STOP conditions




MASTER SLAVE SLAVE SLAVE SLAVE
TRANSMITTER/ RECEIVER (1) RECEIVER (2 RECEIVER i) RECEIVER ()
RECEIVER LURRELY URRRLT ol oL
SDA
SCL

Figure 3. System configuration

12C Interface protocol

The ST7032 supports command, data write addressed slaves on the bus.

Before any data is transmitted on the 12C Interface, the device, which should respond, is addressed
first. Only one 7-bit slave addresses (0111110) is reserved for the ST7032. The R/W is assigned to 0
for Write only.

The 12C Interface protocol is illustrated in Fig.5.

The sequence is initiated with a START condition (S) from the 12C Interface master, which is
followed by the slave address.

All slaves with the corresponding address acknowledge in parallel, all the others will ignore the 12C
Interface transfer. After acknowledgement, one or more command words follow which define the
status of the addressed slaves.

A command word consists of a control byte, which defines Co and RS, plus a data byte.

The last control byte is tagged with a cleared most significant bit (i.e. the continuation bit Co). After
a control byte with a cleared Co bit, only data bytes will follow. The state of the RS bit defines
whether the data byte is interpreted as a command or as RAM data. All addressed slaves on the bus
also acknowledge the control and data bytes. After the last control byte, depending on the RS bit
setting; either a series of display data bytes or command data bytes may follow. If the RS bit is set to
logic 1, these display bytes are stored in the display RAM at the address specified by the data pointer.
The data pointer is automatically updated and the data is directed to the intended ST7032i device. If
the RS bit of the last control byte is set to logic 0, these command bytes will be decoded and the
setting of the device will be changed according to the received commands. Only the addressed slave
makes the acknowledgement after each byte. At the end of the transmission the 12C INTERFACE-bus
master issues a STOP condition (P).



Wrlle mode

acknowhedge svent < bmowledgrment acksowledge mest wk oot acknowhedgeme st
from ST7002 froes STTOO2 froes ST7O324 from STT00N from ST7032
T I l I TT TrT I rTrT L 0 L T T
e, efoleld 2 3 e bl 2 D G B S Sl B T
Ll 1111111 LAl Lt el B L il i1
skave addeess L 1 byw ey
2a -altytes MSE ISB
command woed
Co Co
DOOOdODH 6006666
shave sdden conteod byw data byve

Figure 5. 2-line Interface protocol
Last control byte to be sent. Only a stream of data bytes is allowed to follow
This stream may only be terminated by a STOP condition
Another control byte will follow the data byte unless a STOP condition Is received

Co

During write operation, two 8-bit registers are used. One is data register (DR), the other is instruction
register (IR). The data register (DR) is used as temporary data storage place for being written into
DDRAM/CGRAM/ICON RAM, target RAM is selected by RAM address setting instruction. Each
internal operation, writing into RAM, is done automatically. So to speak, after MPU writes data to
DR, the data in DR is transferred into DDRAM/CGRAM/ICON RAM automatically.

The Instruction register (IR) is used only to store instruction code transferred from MPU. MPU cannot
use it to read instruction data. To select register, use RS input in 12C interface.

RS |R/IW

L

Operation

operation (MPU writes Instr

Instruction Write uction code
into IR)

H L |Data Write

I_I

e

DR)

:-:r_:=_rat:i_:r. (MPU writes data into

Table 2. Various kinds of operations according to RS and R/W bits.

Busy Flag (BF)
When BF = "High”, it indicates that the internal operation is being processed. So during this time the
next instruction cannot be accepted. BF can be read, when RS = Low and R/W = High (Read

Instruction Operation), through DB7 port. Before executing the next instruction, be sure that BF is not
High.

Address Counter (AC)
Address Counter (AC) stores DDRAM/CGRAM/ICON RAM address, transferred from IR.



After writing into (reading from) DDRAM/CGRAM/ICON RAM, AC is automatically increased
(decreased) by 1.

When RS ="Low" and R/W = "High", AC can be read through DB0 ~ DB6 ports.
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Display Data RAM (DDRAM)

Display data RAM (DDRAM) stores display data represented in 8-bit character codes. Its extended
capacity is 80 x 8 bits, or 80 characters. The area in display data RAM (DDRAM) that is not used for
display can be used as general data RAM. See Figure 7 for the relationships between DDRAM
addresses and positions on the liquid crystal display.

The DDRAM address (ADD ) is set in the address counter (AC)as hexadecimal.

@ 1-line display (N = 0) (Figure 8)
When there are fewer than 80 display characters, the display begins at the head position. For example,
if using only the ST7032, 16 characters are displayed. See Figure 8.

When the display shift operation is performed, the DDRAM address shifts. See Figure 9.



ﬁgh order tﬂi“._Lﬂw order bi'l:s_._ Example - DDRAM Address 4F

acelacs|acs |aca|Aac2 | ACt |ACD 1101011 11111

Figure 7. DDRAM Address

Display Position (digit)
1 2 3 4 5 6 78 79 80
DDRAM Address (00 |01 |02 |03 |04 (05| ....... |4D|4E | 4F
Figure 8. 1-Line Display
Display Position 1 2 3 4 16
DDRAM Address 00|01 02)03 —- oF
For Shift Left 01|02|03|04 10
For Shift Right 4F |00 | 01 |02 0E

Figure 9. 1-Line by 16-Character Display Example

@ 2-line display (N = 1) (Figure 10)
Case 1: When the number of display characters is less than 40 2 lines, the two lines are displayed
from the head. Note that the first line end address and the second line start address are not

consecutive. See Figure 10.



Display Position

1 2 3 5 B 38 39 40
DDRAM Adaress | 20 | 01 02|03 | 04 | 05 25|26 | 27
(hexadecimal) 40| a1]az2la3]aa]as 65| 65 |67

Figure 10. 2.Line Display

Case 2: For a 16-character 2-line display See Figure 11.

When display shift operation is performed, the DDRAM address shifts. See Figure 11.

Display
Position

DDRAM
Address

For Shift
Left

For Shift
Right

1

2

3

4

5

&

[

8

9

10

11

12

13

14

15

16

0o

01

02

03

04

05

06

o7

08

09

0A

0B

oc

oD

DE

OF

40

41

42

43

44

45

46

47

48

49

4A

4B

4c

4D

4E

4F

01

02

03

04

05

06

o7

08

09

0A

0B

oc

oD

0E

oF

10

a4

42

43

-

45

46

47

48

49

A

4B

4C

4D

4E

4F

50

27

0o

01

02

03

04

05

06

or

08

09

0A

og

oc

oD

0E

67

40

41

42

43

44

45

46

47

48

49

44

4B

4C

4D

4E

Character Generator ROM (CGROM)

The character generator ROM generates 5 x 8 dot character patterns from 8-bit character codes. It can
generate 240/250/248/256 5 x 8 dot character patterns (select by OPR1/2 ITO pin). User-defined
character patterns are also available by mask-programmed ROM.

Character Generator RAM (CGRAM)

In the character generator RAM, the user can rewrite character patterns by program. For 5 x 8 dots,

Figure 11. Z-Line by 16-Character Display Example

eight character patterns can be written.

Write into DDRAM the character codes at the addresses shown as the left column of Table 3 to show
the character patterns stored in CGRAM.

See Table 4 for the relationship between CGRAM addresses and data and display patterns. Areas that

are not used for display can be used as general data RAM.

ICON RAM




In the ICON RAM, the user can rewrite icon pattern by program. There are totally 80 dots for
icon can be written.

See Table 5 for the relationship between ICON RAM address and data and the display patterns.

Timing Generation Circuit

The timing generation circuit generates timing signals for the operation of internal circuits such as
DDRAM, CGROM and CGRAM. RAM read timing for display and internal operation timing by
MPU access are generated separately to avoid interfering with each other. Therefore, when writing
data to DDRAM, for example, there will be no undesirable interference, such as flickering, in areas
other than the display area.(In 12C interface the reading function is invalid.)

LCD Driver Circuit

LCD Driver circuit has 17 common and 80 segment signals for LCD driving. Data from
CGRAM/CGROM/ICON is transferred to 80 bit segment latch serially, and then it is stored to 80 bit
shift latch. When each common is selected by 17 bit common register, segment data also output
through segment driver from 80 bit segment latch.

Cursor/Blink Control Circuit

It can generate the cursor or blink in the cursor/blink control circuit. The cursor or the blink appears in
the digit at the display data RAM address set in the address counter.



ST7832-8D (ITO option OPR1=8, OPRZ=8)
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Character Code CGRAM Character Patterns
DDRAM Data Address CGRAM Data)
b7 b6 [b5 |b4 [03 [b2 b1 [b0 b5 [b4 [b3 [b2[b1 [b0 [b7 [b6 [b5 [b4 [b3 [62[b1 [bO
ojo]o 0(0|0 11111
olo|o MK olofpa]o]o
olo]lo 0l1]0 ololalo]o
ojlojo TERE olola]o]o
o ot oA L ololol® |1 ToTol | | [ololalolo
ololo 1101 ololalo]o
ojlofo 1110 olola]o]o
ololo MERE ojojlolo]oO
olol1 0|00 R
olo]1 FRE 10000 W
olol1 0l1]0 200001
olo/f1 0|11 1111 (0
010]9|¢ olo 1% "FTolol | | E8lc balo o
olol AE THRNE
olol1 1110 10000
olol1 BERE olojolo]o

Table 4. Relationship between CGRAM Addresses, Character Codes (DDRAM) and Character
patterns (CGRAM Data)

Notes:
1. Character code bits 0 to 2 correspond to CGRAM address bits 3 to 5 (3 bits: 8 types).

2. CGRAM address bits 0 to 2 designate the character pattern line position. The 8th line is the cursor
position and its display is formed by a logical OR with the cursor. Maintain the 8th line data,
corresponding to the cursor display position, at 0 as the cursor display. If the 8th line data is 1, 1 bit
will light up the 8th line regardless of the cursor presence.

3. Character pattern row positions correspond to CGRAM data bits 0 to 4 (bit 4 being at the left).

4. As shown Table 4, CGRAM character patterns are selected when character code bits 4 to 7 are all
0. However, since character code bit 3 has no effect, the R display example above can be selected by
either character code OOH or 08H.

1313

5. “1” for CGRAM data corresponds to display selection and “0” to non-selection,”-*“ Indicates no

effect.

6. Different OPR1/2 ITO option can select different CGRAM size.



When SHLS=1, ICON RAM map refer below table

ICON address SO FIAM b

D7 i3 D5 D4 D3 Dz D1 DO

00H - : - 51 52 53 54 55
01H - - - 56 57 58 59 510
02H - - - 51 512 513 514 515
03H - - - 516 s17 518 519 S20
04H - - . s 522 523 524 525
05H - - . 526 S27 528 529 S30
0&H - - - L% 5 | 532 5313 534 535
OTH - - - 536 Sar 538 539 sS40
08H - - . sS4 542 543 544 S45
oaH - - - 546 S47 548 549 S50
DAH - - . 551 552 553 554 555
0BH - - . 556 85T 558 559 S60
OCH - - . 561 562 563 S64 565
0DH . . . 566 56T 568 569 ST0
0OEH - - . 571 572 573 574 §75
OFH - - - 576 sTT 578 579 S80

When SHLS=0, ICON RAM map refer below table
- ICON RAM bits

D7 D6 D5 D4 D3 D2 D1 Do
00H - - - 580 579 578 ST 576
MH - - - 575 574 573 572 57
02H - - - 570 569 568 S67T S66
03H - - - 565 564 563 562 561
D4H . . - S60 S59 S58 S57 556
D5H . . - S55 S54 §53 852 S51
06H = = - 550 549 548 547 S48
O7TH = F S S45 S44 543 542 s41
08H - . - sS40 §39 S38 837 536
09H . . - 835 s34 533 532 31
DAH = = = S30 529 528 527 S26
DBH = i = 525 S24 523 522 521
OCH - = - 520 519 S18 S17 S16
0DH = - - 815 514 513 s12 s11
OEH 2 B E 510 59 S8 s7 56
OFH . E - 85 s4 83 52 51

Table 5. ICON RAM map

When ICON RAM data is filled the corresponding position displayed is described as the following table.

Instructions



There are four categories of instructions that:

Designate ST7032 functions, such as display format, data length, etc. Set internal RAM addresses

Perform data transfer with internal RAM Others

instruction table at “ Normal mode”

@ instruction table at “Extension mode”

(when “EXT” option pin connect to VSS, the instruction set follow below table)



Instruction Code Ext'c';:f:::‘m
Instruction | Description loscs 0SC=
RS [RW|087|DB6|DBS [DB4|083|082|DB1| 08B0 mmmtz 700KHz
Clear o o [ololololole mme "20H" to DDRAM. and set 1.08 | 0.76 [0.59ms
Display DRAM address to "00H" from AC | ms | ms
t DDORAM address to "00H" from
Return olololololololali| s ACandretum cursortoits original | 4.08 | 0.76 |0.59ms
Home sition if shifted. The contents of ms ms
DRAM are not changed.
ts cursor move direction and
Entry Mode pecifies display shift. These
1
Set opjlo|o|J]o|o|o]|]Oo]1]|w]|s silions a8 performed 0 26.3us|185us 143 us
ata write and read.
ONIO F 0 0 s] 0 0 0 1 D (o] 8 =1.curscron us us us
= 1.cursor position on
L: interface data is 8/4 bits
. o~ - number of line is 2/1
FunctionSetj o | o | o[ o | *+ |ou| n |oH| % | 1s H: double height font 26.3us|18.5us [14.3 us
S: instruction table select
gg(tjggsRAM DU . |colacslacelacalacalacilaco o::;:-RAM address inaddress  |oc oo loo e e liasus
Read Busy hether during intermal operation or|
flag and 0 | 1 | sr |acs|acs|ace|aca|acz|act[acoff®! can e known by reading BF 0 0 0
address he con(;nets ’:’ld address counter
an also .
Wite data rite data into intemal RAM
7
'EgRAM 1|0 |D7|D8|D5|04|D2|D2|D1|D0O DDRAM/CGRAMICONRAM) 263us|185us|143 us
ead data ead data from internal RAM
from RAM t|1|07[08)| 05| 04|03 020100k n0, 0 cGRAMICONRAM) 26.3us(18.5us (143 us
Note * ; this bit is for test command , and must always set to “0"
Instruction table 0(15=0)
C and R/L:
Cursor or t cursor moving and display shift
Display Shift| © | | @ |2 9| " |¥|®*| * onirol bit, and the direction, withour el el
hanging DDRAM data.
Set CGRAM | o | o0 | o | 1 |acs|aca|acs|acz|act ﬂCDE:::lS_RAH address in address o0 3 ys [18.5 us [14.3 us
Instruction table 1(1S$=1)
S=1:1/4 bias
Internal OSC S=0:1/5 bias
frequency 0|0jlo|o|o|1]|Bs|F2]|F1 2-0: adjust intemal OSC 26.3 us (18.5us (143 us
=TGN uency for FR freguency.
et t ICOM address in address
ddress 0|0]o|1] 0| o |ac3|acz|act Acnt':um_ 26.3 us [18.5us [14.3 us
PowerICON b
controlContr| o | 0 | o | 1 | 0 | 1 | on [8on| c5 | ca [P * s 26.3 us |18.5 us [14.3 us
ast S»Et 5.64 Contrast set for inlernal
lower mode.
on: set follower circuit onfoff
Eggﬁgfr oloflofl1]1]0|Fen “;" “:“' Hu E:uz-c: 26.3 us [18.5 us [14.3 us
lect follower amplified ratio
Contrastset |[o | o o |1 ] 1|1 |cs|cz|ecr|co ';":;"‘ set for internal follower 126 3 us [18.5 us [14.3 us
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10.Instruc tion Desc ription

& Clear Display

RS R'W DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
0|0 ojojo|jo0o|jO|j0O0|0]|1

Clear all the display data by writing "20H" (space code) to all DDRAM address, and set DDRAM
address to "00H" into AC (address counter). Return cursor to the original status, namely, bring the
cursor to the left edge on first line of the display. Make entry mode increment (1/D = "1").

® Return Home

RS R/W DBV DB6 DBS DB4 DB3 DB2 DB1 DBO
0|0 ojojofofo)j0]1|X

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 its original status, if shifted. Contents of
DDRAM do not change.

® Entry Mode Set

RS R'W DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
0| 0 ojojo|0j0O)|1 (VD] S

Set the moving direction of cursor and display.
@ 1/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 decreased by 1.

* CGRAM operates the same as DDRAM, when read from or write to CGRAM.

@ S: Shift of entire display

When DDRAM read (CGRAM read/write) operation or S = "Low", shift of entire display is not
performed. If

S ="High" and DDRAM write operation, shift of entire display is performed according to I/D value
(/D ="1" shift left, I/D = "0" : shift right).



S /D Description

H H Shift the display to the left

H L Shift the display to the right

® Display ON/OFF

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
010 ojojfojo|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 is remained in DDRAM. @ C : Cursor
ON/OFF control bit

When C = "High", cursor is turned on.

When C ="Low", cursor is disappeared in current display, but 1/D register remains its data. @ B :
Cursor Blink ON/OFF control bit

When B = "High", cursor blink is on, that performs alternate between all the high data and display
character at the cursor position.

When B = "Low", blink is off.

Alternating
duspla}

E'.-er,r
B4 frames

Cursor——= N L

® Cursor or Display Shift

RS RW DB7 DB6 DBS DB4 DB3 DB2 DB1 DBD
0|0 0|00 |1 |SICIRL| X | X

@ S/C: Screen/Cursor select bit

When S/C="High”, Screen is controlled by R/L bit. When S/C="Low”, Cursor is controlled by R/L
bit. @ R/L: Right/Left

When R/L="High”, set direction to right. When R/L="Low”, set direction to left.

Without writing or reading of display data, shift right/left cursor position or display. This instruction
is used to correct or search display data. During 2-line mode display, cursor moves to the 2nd line



after 40th digit of 1st line. Note that display shift is performed simultaneously in all the line. When
displayed data is shifted repeatedly, each line shifted individually. When display shift is performed,
the contents of address counter are not changed.

S/IC | RIL Description AC Value
L L Shift cursor to the left AC=AC-1
L H Shift cursor to the right AC=AC+1
H L Shift display to the left. Cursor follows the display shift |AC=AC
H H Shift display to the right. Cursor follows the display shift |AC=AC

® Function Set

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0|0 0[0)]1|DL|NI|DH] O [IS

@ 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. So to speak, DL is a signal to select 8-bit or
4-bit bus mode.

When in 4-bit bus mode, it needs to transfer 4-bit data by two times. @ N : Display line number
control bit

When N = "High", 2-line display mode is set. When N = "Low", it means 1-line display mode. @ DH
: Double height font type control bit

When DH =" High " and N= “Low”, display font is selected to double height mode(5x16 dot),RAM
address can only use 00H~27H.

When DH= “High” and N= “High”, it is forbidden. When DH =" Low ", display font is normal (5x8
dot).

EXT option pin connect to high [EXT option pin connect to low

o Display Lines | Character Font | Display Lines | Character Font
L L 1 5x8 1 Sx8

L H 1 5x8 1 5x16

H L 2 5x8 2 5x8

H H 2 5x8 Forbidden
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2 line mode normal display (DH=0/N=1)

SR, W B GO PEomOEo
LA
'::i i : g.'a i:#'g 3 =§: !. :

1 line mode with double height font (DH=1/N=0)

@ 1S : normal/extension instruction select

When IS=" High”, extension instruction be selected (refer extension instruction table) When IS="

Low”, normal instruction be selected (refer normal instruction table)

® Set CGRAM Address

RS RW DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
0|0 0 | 1 |[AC5|AC4/AC3|AC2[AC1|ACO

Set CGRAM address to AC.
This instruction makes CGRAM data available from MPU.

& Set DDRAM Address

RS R'W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0|0 1 |AC6|AC5|AC4|AC3|AC2|ACT|ACO

Set DDRAM address to AC.

This mnstruction makes DDRAM data available from MPU.

When 1-line display mode (N = (), DDRAM address 1s from "00H" to "4FH".

In 2-line display mode (N = 1), DDRAM address in the 1st line 1s from "00H" to "27H", and
DDERAM address in the 2nd line 15 from "40H" to "67H".

® Read Busy Flag and Address

RS R'W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0| 1 BF [AC6|AC5|AC4|AC3|AC2[AC1|ACO

When BF = “High”, indicates that the mtemnal operation 15 being processed. So dunng this ttme the next instruction

cannot be accepted.



The address Counter (AC) stores DDRAM/CGRAM addresses, transferred from IR.
After writing into (reading from) DDRAM/CGRAM, AC is automatically increased (decreased) by 1.
® Write Data to CGRAM,DDRAM or ICON RAM

RS RWwW DB7 DB6 DB5 DB4 DB3 DBZ2 DB1 DBO
110 D7 |D6 | D5|D4| D3| D2|D1|DO

Write binary 8-bit data to CGRANM, DDRAM or ICON RAM

The selection of RAM from DDRAM, CGRAM or ICON FAM, 1s set by the previous address set instruction

: DDRAM address set, CGRAM address set, ICON RAM address set. EAM set instruction can also determine the
AC direction to RAM.

After write operation, the address i1s automatically increased/decreased by 1, according to the entry mode.

® Read Data from CGRAM,DDRAM or ICON RAM

RS RW DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
111 D7 (D6 | D5 (D4 | D3 | D2 | D1 | DO

Read binary 8-bit data from DDRAM/CGRAMICON RAM

The selection of RAM is set by the previous address set instruction. If address set instruction of F.AM 1s not

performed before this instruction, the data that read first 1s invalid, because the direction of AC 1s not determined. If

you read RAM data several times without RAM address set instruction before read operation, vou can get correct

F.AM data from the second, but the first data would be incorrect, because there 1s no tume margin to transfer RAM

data.

3 Read data must be “set address™ before this instruction.

& Bias selection/Internal OSC frequency adjust

RS RAW DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
0|0 0OjOo|O|1|BS|F2|F1]|F0

@ BS: bias selection
When BS="High”, the bias will be 1/4 When BS="Low”, the bias will be 1/5

BS will be invalid when external bias resistors are used (OPF1=1, OPF2=1) @ F2,F1,FO0 : Internal
OSC frequency adjust

When CLS connect to high, that instruction can adjust OSC and Frame frequency.



Internal frequency adjust F“"Emm; ] :
F2 Fi FO | VDD=30V | VDD=50V o )
0 0 0 122 120 = 250 e
0 i] 1 131 133 = /
0 ; 0 144 149 j o s
0 1 1 161 167 = _"q'_‘
1 0 0 183 192 2
1 0 T 221 227 s P
1 i 0 274 277 g B
! L 1 347 347 ) hlnﬁu-cun:l Step )

® SetICON RAM address
RS R'W DBY DB6 DBS DB4 DB3 DB2 DB1 DBO
0 0 0 1 0 | 0 |AC3|AC2|AC1T1|ACOD

Set ICON RAM address to AC.

This instruction makes ICON data available from MPU. When 1S=1 at Extension mode,

The ICON RAM address is from "00H" to "OFH".

® Power/ICON control/Contrast set(high byte)

RS R'W DB7 DB& DBS DB4 DB2 DB2 DB1 DBO
0|0 0] 1| 0] 1 ]lon|Bon|C5|C4

@ lon: set ICON display on/off

When lon = "High", ICON display on. When lon = "Low", ICON display off. @ Bon: switch booster
circuit

Bon can only be set when internal follower is used (OPF1=0, OPF2=0). When Bon = "High", booster

circuit is turn on.
When Bon = "Low", booster circuit is turn off. @ C5,C4 : Contrast set(high byte)

C5,C4,C3,C2,C1,CO0 can only be set when internal follower is used (OPF1=0,0PF2=0).They can
more precisely adjust the input reference voltage of VO generator. The details please refer to the
supply voltage for LCD driver.

¢ Follower control

RS R\W DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO

Rab|Rab|Rab
0|0 01| 1] 0 [Fon 21110

@ Fon: switch follower circuit
Fon can only be set when internal follower is used (OPF1=0,0PF2=0). When Fon = "High", internal

follower circuit is turn on.



When Fon = "Low", internal follower circuit is turn off.

@ Rab2,Rab1,Rab0 : VO generator amplified ratio

Rab2,Rab1,Rab0 can only be set when internal follower is used (OPF1=0,0PF2=0).They can adjust
the amplified ratio of VO generator. The details please refer to the supply voltage for LCD driver

® Contrast setilow byte)

RS R'W DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
0|0 0] 1 1 1 |]C3|C2(C1|CD

@ C3,C2,C1,C0:Contrast set(low byte)

C5,C4,C3,C2,C1,CO0 can only be set when internal follower is used (OPF1=0,0PF2=0).They can
more precisely adjust the input reference voltage of VO generator. The details please refer to the
supply voltage for LCD driver.



11.Reliability

Content of Feliability Test (wide temperature, -200-T00)

Environmental Test
Tezt Item Content of Test Tezt Condition | Note
High Temperature  |[Endurance test applyving the high storage RO -
storage temperature for a long time. 200kzs =
Low Temperature Endurance test applving the high storaze 30 13
storage temperature for a long time. 200kzs !
. Endurance test applving the electric strazs -
g;gﬂh;ir;pemm:e (Voltage & Current) and the thermal strezs to the Iglus —_—
element for a long time.
Low Temperature Endurance test applying the electric stress under [-20°0 1
Operaticn lowr temperatura for 2 long fime. 200kzs
The module should be allowed to stand at 60
2 90%FH max
High Temperature’  |For 96hrs under no-load condition excluding the 607 90%FH 12
Hurmdity Operation  [polarizer, Yk ’
Then taking it cut and drving it af normal
tempearafure.
The sample should ba allowed stand the
followmg 10 eyclaz of
operation
Thermal shack -20° 25 o 20070
resistance C —_D 10 evelas T
30min  Smin 30min
1l cvele
Total fixed
amplitude : 1.5mm
Vibration
Frequency:
. Endurance test applyving the vibration during 10~33H=
Vibration test tranzportation mﬂpu;i; ) Omna cyels 60 :
zeconds to 3
directions of Z.Y 2
for Each
15 minutes
VE=800V E&=]3k
- - Endurance test applring the slectric stress to the  [£2
Static electricity test terminal CS=100F —_—
1 time

MNotel: No dew condenzation to be obzerved.



12.Bac klight Information

Specification
PARAMETER [SYMBOL MIN [TYP [MAX [UNIT [TEST CONDITION
Supply Current (ILED 8.8 11 s [(mA V=35V
Supply Voltage [V 34 35 36 |V
Eeverze Voltage (VR - - £ |V -
Luminonsz
Intenzity IV 4416 | =520 — [CDM: ([LED=32mA
(Without LCIN)
LED Life Time |— - 0000 (— Hr. ILFp=3ImA
Color White

Note: The LED of B/L iz drive by current only 5 driving voltage iz only for reference

To make driving corrent in safety area (waste current between minimum and

maximuom),

Notel :50K hours iz only an estimate for reference,

LEDB'L Drive Method

M

Dirive from A K

K

BL

L2,
|




MO | Ham Criterion AL
Srrrmbaols
x: Chip length v Chip width z: Chip thickness
k: Boal nndth t: Glazs thickmess  a: LCD side length
L: Elecirods pad length
§.2 Protrusion over terminal :
§.2.1 Chip on electrods pad :
z
X
v Clap width x: Chap length = Chap thackmess
¥= 05 x=18a 0=<=z=t
6.2.2 Non-conduetive poshon:
o | Class 23
crack

x: Clap length = Claipthickness
®¥=18a ===t

@ If the clapped swes touches the ITO tervanal, cwex 23 of the ITTO st

rerrein and be inspected accouding o electode texranal specifications.

= If the product will be heat s=aled by the customer, the slignment mack

y: Clip width
y=1L

not be dameged.
£.2.3 Bubstiate protuberance and mnternal cuacle.
X v wilth x length

y= 141 X¥E a




MO Ttem Critarion AQL
07 | Cracked glazss | The LCD with extensive crack 1= not acceptable. 2.5
8.1 Murranaton sowrce flickers when lit. 063
08 Backlight 2.2 Bpots o scrshehed that appesy when bt st be judzed. Uang 25
zlaments LT spot, lines snd contarmination standasd s,
£.5 Backlight doesn’  t light cx colos weong. 0.63
9.1 Bem] way not have sust, be deformed. o heare fingerpants, s
1, Bezal shain s or other contaranaton. E-'SF:_*
9.2 Beml vustcomply with job specifications.
OB seal - ot hawe pinhales largex than O 2 ox 15
e "
OB szal ace vy not have pinholes theough to the IC. F;q
22 henght ‘the COB should not exceed the haight T
dicated mthe zszembly diagram. 25
[here =ynot be more than 2mm of sealant outside the
@larea onthe PCE. And there should be no more than
ree  zas. 15
105 e lation or contammation PCE tarmmals. 063
10 | PCE- COB 'arts on PCB must be the same as on the production
= i shart. There should be ne wrong parts,
l1zsIng jarts O @Xcess paris. 0635
[he per nthe PCB chould conform to the product
f zolder on bezel tab pads, LEDY pad, zebra pad or
=y hold 1, make sure 1t 15 smocthed down. 15
‘he  iping testing standard for Copper Coating of PCB
%:I}I:
Y X *#FY==tmm?
11.1 No un-rmelted solder paste vy be present on the FCE. 23
11.2 Ho cald zolder joints, wassang solder connechons, ceridation oo 13
11 Soldermg tzicle. Nz
11.3 Ho residus cr solder bells on FOE. 053

11.4 Ho shoit cucwits in components on FCEB.




RO Ttam Criterion

=
L)
=

k2
L

121 Ho cenidation, contarmanstion, curres or, bends on interface Fin
(OLE) of TCF.

122 Mo cracks on interface pan (OLE)Y of TCF.

123 No conernmation, solder sesidue or solder bells on product.

124 The I on the TCF ey notbe dameged, clicuits,

125 The upperriost edge of the protective strip on the interface pin
st be present op lock as if iteause the interface pin tosewer.

Ceneral 126 The rezsidual rosin oo tin ol of soldering (oomponent ox clap

appearance cormponent) 1= not burned mbo beown cx black colox.

127 Bealant on top of the ITO civenit hes not hexdened.

122 Pin type rust wradeh type in specification sheet.

129 LCD pin looss ox wizang pins.

12,10 Product packaging wust the same s: specified on paclkaging
specification sheat.

12,11 Product dimension snd shwctuse wst conform to product
specification sheet,
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14. Material List of Components
for

RoHs

1. WINSTAR Display Co., Ltd hereby declares that all of or part of products (with the mark
“#”in code), including, but not limited to, the LCM, accessories or packages, manufactured
and/or delivered to your company (including your subsidiaries and affiliated company)
directly or indirectly by our company (including our subsidiaries or affiliated companies) do
not intentionally contain any of the substances listed in all applicable EU directives and
regulations, including the following substances.

Exhibit A : The Harmful Material List

Material (Cd) (Pb) (Hg) (Cr6+) PBBs PBDEs

Limited 100 1000 1000 1000 1000 1000



Value ppm ppm ppm ppm ppm ppm

Above
limited
value is set

up
according
to RoHS.

2.Process for ROHS requirement :

(1) Use the Sn/Ag/Cu soldering surface ; the surface of Pb-free solder is rougher than we
used before.

(2) Heat-resistance temp. : Reflow : 250°C,30 seconds Max. ;
Connector soldering wave or hand soldering : 320°C, 10 seconds max.
(3) Temp. curve of reflow, max. Temp. : 235£5C ;

Recommended customer’s soldering temp. of connector : 280°C, 3 seconds.

15. Rec ommendable storage

1. Place the panel or module in the temperature 25°C+5°C and the humidity below 65%
RH

2. Do not place the module near organics solvents or corrosive gases.

3. Do not crush, shake, or jolt the module















