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3. FEATURES

Single-chip LCD Controller & Driver
Driver Output Circuits

Y 160-segment / 32-common
On-chip Display Data RAM (DDRAM)
Y Capacity: 160x32= 5120 bits
Microprocessor Interface

Y 8-bit parallel bi-directional interface supports 6800-series MPU

Built-in Oscillation Circuit

Y Oscillator requires no external component
Y Programmable frame frequency

External RST (hardware reset) Pin

Various Display Functions

Yy Partial display

Low Power Consumption Analog Circuit
Voltage booster with internal capacitor (X6)
Wide voltage regulator output range
Built-in temperature compensation circuit
Voltage Gradient: -0.06%/°C

Built-in voltage follower for LCD bias voltages:
1/6 Bias

X XXX

4. GENERAL SPECIFICATIONS

ITEM DESCRIPTION UNIT
Outline Size 98.0X54.25X10.7 (Not including connectors) mm
LCD Type FSTN, Transflective / Positive,1/32Duty, 1/6Bias ---
Display type 160X 32 dots -
LCD View Area 81.0X18.6 mm
Display Area 75.16 X15.00 mm
Dots size 0.43X0.43 mm
Dots pitch 0.47X0.47 mm
Controller & driver ST7525-G4 -
View Direction 6 O’Clock -
Interface mode 8 bit 6800 -
VDD&VOP(Type) S50V&70V \Y
Backlight R-G-B LED, 5.0V; Uniformity = 75% ---
Operation Temp. -20~+70 C
Storage Temp. -30~+80 C
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5. OUTLINE DIMENSIONS

. 1.0 |2022-08-23| New Issue
Version
PCB 98.00+0.50
94.75 2.25
2.65 BL. 91.20£0.20 PIN SYMBOL
g 8 S 7.75 M\N75?16_(ZO/S/_A) 4.82]0.70MA>< 91.75 2.50 1 VSS
< N 310.67 J16(A. 1.00 120 88.25 375 ) VDD
> =7 % —P = = 3 VO
% L 4 E [ o BG16032-01 4 RS
2 R5s RN | F g BO(I;EN DItSPII_"AV 5 R/W
i ) ; 2 View Direction ? e M= r ww%v&zfeMn NIe—T:) [.)com 6 E
& .1 & o 7 DBO
sel o 7 e 7 j - "ejoa o ;f 8 DB1
@ g o %) K3 B— KS o |l ﬁ::}\ o D R > /o
2! TS% @ 4 “@ 1 G ol 1] q I ‘ P 9 DB2
') \ ky. : \}7 N & I g d mg %&5& d é Q 10 D33
Tof | 1= [ 4]0 e f L e e
i < ? K ? i e o - - # 12 DB5
21.1 30.50 3 N\ 2 § 3 E 13 DB6
11.87 17.25-—=15.50-—=—17.25 b8.63 © g |7 14 DB7
- o o STIFFENER  —, | ~—CONTACT SIDE B ﬂ i R
—-—o0.30+0.05 . 5*23701.1255%\N - ‘ 16 VSS
N 4.30 T 250 17 KN1
//5’10 go 470 2630 18 KN2
§30 3 O s 19 KN3
%, T '-F ] o 20 KN4
DETAIL.A t . - }» 15 C }; 15 c % %‘j LED_RK (40MA) 21 KN5
: DETAIL:B DOT DETAIL lg281 1g381 Ig58| 22 KN6
legsl €22l lgggl
iR w1 teos
I [ [ I 24 LED-B
SPECIFICATIONS: ERINEE
1. DISPLAY TYPE: FSTN / POSITIVE / TRANSFLECTIVE o BIACKLAGHTI pp—
2. DRIVE IC: ST7525 or EQV.
3. CONNECTOR: FLEX CABLE
4. OPERATING VOLTAGE: VOP =7.0+£0.2V, VDD =5.0V
b OPERATING VOLTAGE: o YOP= 10 BOCEN DISPLAY TECHNOLOGY CO., LTD.
6. STORAGE TEMPERATURE:  -30~80°C DESIGNED BY: Shawn BG16032-01 | version: 1.0
7. DRIVE MODE: 1/32 DUTY, 1/6 BIAS —
8. VIEWING ANGLE: 6 0'CLOCK CHECKED BY: William @% o I
9. BACKLIGHT: 4 PCS RGB LED, Vf=5.0V, If =60mA APPROVED BY: Rio I\‘ UNIT:  mm
10. CUSTOMER PART NO.: BOCEN STANDARD PRODUCT Website: http://www.bocentech.com DATE: 2022-08-23
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6. PIN CONNECTIONS

ST7525
Pin No. Pin Out Description
1 VSS Ground.
2 VDD Power supply for logic circuit.
3 Vo V0 is the LCD driving voltage for common circuits at
negative frame.
It determines whether the access is related to data
4 RS or command.
RS=“H” : Indicates that D[7:0] are display data.
RS=“"L"” : Indicates that D[7:0] are control data.
Read/Write control input pin.
5 R/W R/W=“H"”: read.
R/W="L": write.
Read/Write control input pin.
R/W="H“: When E 1s “H”, D[7:0] are 1in an
6 E output status.
R/W="1L": Signals on D[7:0] are latched at
the falling edge of E signal.
7 DBO
8 DBI1
9 DB2
10 DB3 8-bit bi-directional data bus. Connect to the data
11 DB4 bus of 8-bit microprocessor.
12 DBS5
13 DB6
14 DB7
15 LED R |Red LED backlight to LCD and Button.
16 VSS Ground.
17 KNI Button 1.
18 KN2 Button 2.
19 KN3 Button 3.
20 KN4 Button 4.
21 KNS5 Button 5.
22 KN6 Button 6.
23 LED G |Green LED backlight to LCD and KEY.
24 LED B |Blue LED backlight to LCD and KEY.
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BLOCK DIAGRAM

VSS ——p
VDD ——

VO —— P

RS ——— P

E ——
DO-D7 <« )

COM31~COM1

SEG16

ST7525

SEG175

COM30~COMO

COM1~COM31

SEGO

LCD

160x32Dots

SEG159
COMO0~COM30
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8. APPLICATION CIRCUIT EXAMPLE

5.0V

MPU KN
D0-D7 L CM

VSS

GND
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9. ABSOLUTE MAXIMUN RATING
ELECTRICAL ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL | MIN MAX UNIT
POWER SUPPLY FOR LOGIC VDD-VSS | -0.3 6.0 Vv
POWER SUPPLY FOR LCD DRIVE V0-XVO0 -0.3 13.5 A\
INPUT VOLTAGE VIN -0.3 | VDD+0.3 Vv
POWER SUPPLY FOR LED (RED) VA-VK -0.3 5.5 Vv
POWER SUPPLY FOR LED (GREEN) VA-VK -0.3 5.5 Vv
POWER SUPPLY FOR LED (BLUE) VA-VK -0.3 5.5 Vv
ENVIRONMENTAL ABSOLUTE MAXIMUM RATINGS
OPERATING STORAGE
ITEM MIN | MAX | MIN | MAX UNIT COMMENT
AMBIENT .
TEMPERATURE -20 +70 -30 +80 C
WITHOUT
HUMIDITY NOTE(1) NOTE(1) - CONDENSTION
VIBRATION / / / / B SEE “ITEMS OF
(M/S"2) RELIABILITY”
TEMPERATURE / / / / SEE “ITEMS OF
CYCLING TEST - RELIABILITY”
NOT NOT
CORROSIVE GAS ACCEPTABLE | ACCEPTABLE -
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10. ELECTRICAL CHARACTERISTICS (Vss=0V)

Item Symbol Condition Min. Typ Max. Unit note
Power Supply| v vs | Ta=0~+50C | 45 5.0 5.5 Volt
for Logic
Power Supply| ypp vgs | Tam0-+50C | 3.1 3.3 3.5 Volt
for Logic
Vi Vss 0.3 Vop Volt
Input Voltage Vdd=3V=*5%
Vi 0.7 Vbp - Vbbp Volt
Vo \Y - 0.3 Vop Volt
ot b vdd3vEss |
otage Vou 0.7 Voo - Vo Volt
. LCD Ta=0C - - -
driveVoltage(| v/, v Ta=25C 6.8 7.0 7.2 Volt
recommended -
Voltage) Ta=50C - - -
Vpbp =5.0V
I o, - 5 - mA -
Power Supply P T=25C
Current for R ILED VLED=5.0V -- 100 120 mA
LCM G ILED VLED= 5.0 V - 120 160 mA Notel
B ILED VLED=5.0V 120 160 mA
Notel:Backlight Electrical-Optical Characteristics
Item Symbol Min. Typ. Max. Unit Conditon
Lv (Red) - - - CD/m’
Luminance Lv (Green) - - - CD/m’ _
Lv (Blue) - CD/m* %;i(z)gmmﬁ
Red 620 - 625 nm IB=120mA
Wavelength Range Green 520 - 525 nm
Blue 462 467 nm
Brightness uniformity A% 75 - - % min / max * 100%
V.A/Z 50

50

~VA/Z ™

\w
\
V.A

@ ©®

VA

Uniformity Test
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ELECTRO-OPTICAL CHARACTERISTICS
Item Symbol Condition Min. Typ Max. Unit note
Viewing angle 62-61 T,225C 20 3 ) De K=1.4
range ® N i i i & AB
Rise Ti T Ta=25C - 200 300
ise Time r -
T.=0C i i i =10
. ms ©=0
) Ta=25C - 214 300
Fall Time Tt 5
Ta=0TC - - -
=10
Contrast Cr Ta=25C - 8 - - ©=0
11.1 Definition of angle 6 and ¢ 11.2 Definition of viewing angle ¢ 1 and ¢ 2
¢ <10° <
T . $1<10° <2
Leb Y(0=180° ) 7/4€ye
o
0=-90° ) S X(0=90")
\ ——— o1 92
(0 =0° NV ) Contrast Ratio K
e )\/ VS Viewing Angle ¢
POSITIVE TYPE POSITIVE TYPE

11.3 Definition of contrast “K”

Brightness (%)

brightness of non-selected segment (B2)

brightness of selected segment (B1)

Brightness (%)

Brightness curve for
non-selected segment

Setpoint driving voltage

NEGATIVE TYPE

11.5 Definition of contrast “K”
brightness of selected segment (B1)

brightness of non-selected segment (B2)

B1

\\ Brightness curve for
non-selected segment

Setpoint driving voltage
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11.4 Definition of optical response

‘W TT Dﬂ [ H Dﬂ Dﬂ [
Uf U U:::: ,,,, U U U
NON- NON-
selective selective

., |stata selective stata stata
£ .
5| S = =
| 37 |
tr TR
(rise time) (fall time)
NEGATIVE TYPE

11.6 Definition of ontical resnonse

Brightness

. TT FH"F:::H Sainnis
| Uf UJ U::::‘,,UJ UJ U
NON- NON-
ssﬂﬁgtive selective stata Ss%e{gtive
tr JJ %
(fall time) (rise time)
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11.7 DESCRIPTION OF MEASURING EQUIPMENT

_~ light
W@é source
< - =
\

_—
reflected

light

Reflective ty_pe

@2 light

—_ source .

~ — light source >

™~ (backlight) E@W

reflected light e
g 7

_—
[ B -
reflected

light

Transflective type
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12. CONTROLLER ELECTRICAL CHARACTERISTICS

DC Characteristics

VSS=VSS1=VS$52=V$53=0V; Bare chip; Temp. = -30 C to +85 C; unless otherwise specified.

. Rating _ | Applicable |
Item | Symbol Condition : Unit i
Min. Typ. Max. Pin
Operating Voltage (1) VDD1 1.85 — 3.6 \ VDDA1
. vDD2 vDD2
Operating Voltage (2) 24 — 3.6 vV
VDD3 VDD3
LCD Power Supply Voltage Vop 4.8 — 1.5 V VO-XV0
’ MPU
Input High-Level Voltage Vinc 0.7xVvDD1| — VDD1 \%
Interface
MPU
Input Low-Level Voltage Vi VSS1 — | 0.3xVDD1| V
Interface
Qutput High-Level Voltage Voue lout=1mA, VDD1=1.8V 0.8 xVDD1 — VDD1 \ D[7:0]
Qutput Low-Level VVoltage Voie lout=-1mA, VDD1=1.8V VSS1 — | 0.2xVDD1| V D[7:0]
MPU
Input Leakage Current I -1.0 — 1.0 HA
Interface
: Vop=10V, AV=1V — 0.7 — KQ COMx
Ta=25C
LCD Driver ON Resistance Ron ) VG=2.2V,
Bias=1/9 — 0.7 =2 KQ SEGx
AV=0.22V
1/65 Duty, FR[1:0]=(0,0),
Frame Frequency fFR 72 76 80 Hz
Ta = 25T

Note:

[ ] The LCD Output Voltage (Vop) range of the measurement environment is as follows:

VO to XVO : 1uF

| The maximum possible Vop voltage that may be generated is dependent on voltage, temperature and panel

loading.

Bare chip current consumption with internal power system:

» Rating :
Test Pattern Symbol Condition Unit Note
Min. Typ. Max.
- VDD1=VDD2=VDD3=3V,
Display Pattern: SNOW ]
] ISS Vop=10V, Bias=1/9, — 150 — HA
(Static) 5
Frame Rate=76Hz, Ta=25 C
VDD1=VDD2=VDD3=3V,
Power Down ISS & — 2 5 MA
Ta=25C

Note:

The Current Consumption is DC characteristics.
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13. TIMING CHARACTERISTICS

A0 >{7t —> —f —JK
R/w AWE AHE
CS0 \ ¥
(CS1="H")
4 tCYCﬁ' »
E 44 tEWHW >\ tEWLW »
t 7 L i ter
[7:0] boss ™ [ Lous
DL7:0
(Write)
Lone
D[7:0] Laces
(Read)
(VDD1 = 1.8V ~ 3.3V, Ta =25 C)
Item Signal Symbol Condition Min. Max. Unit
Control setup time AD tAWG 5 -
Control hold time R/W tAHG 10 -
System cycle time tCYCB 190 -
Enable H pulse width (WRITE) tEWHW 80 -
Enable L pulse width (WRITE) E tEWLW 100 - ns
Enable H pulse width (READ) tEWHR 100 -
Enable L pulse width (READ) tEWLR 100 -
Write data setup time DI7:0] tDS6 60 -
Write data hold time tDH6 5 -

Note :

1. All timing is specified using 20% and 80% of VDD1 as the reference.

2. The input signal rise time and fall time (tr, tf) is specified at 15 ns or less. When the system cycle time is extremely fast,
(tr + tf) < (tCYC6 — tEWLW — tEWHW) for (tr + tf) < (tCYC6 — tEWLR — tEWHR) are specified.

3. tEWLW and tEWLR are specified as the overlap between CS0 being “L” and E being “H".

RESET TIMING
l¢

% tow
RST ¢

h 4

—
s During Reset Reset Complete
Status
(VDD1 = 1.8V ~ 3.3V, Ta =25C)
Item Symbol Condition Min. Max. Unit
Reset time tR - 1
ms
Reset “L" pulse width tRW 1 -
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14. DISPLAY COMMANDS

The display commands shown below control the internal state of the LCD driver ICs. Commands are sent
from CPU to LCD module for the display control.( please to visit the web: http:www.sitronix.com.tw)

COMMAND TABLE

COMMAND BYTE

INSTRUCTION A0 RWR DESCRIPTION
(RWR)| p7 | b6 | o5 | pa | p3 | D2 | D1 | Do
Write Data 1 0 D7 D6 D5 D4 D3 D2 D1 DO | Write data to DDRAM
Read data from DDRAM
Read Data 1 1 D7 D6 D5 D4 D3 D2 D1 DO | Only for parallel interface
and I°C
Read Status Byte 0 1 IDO MX My WA DE 0 0 0] Read status byte
(parallel interface) 0 0 0 0 0 o ID2 D1 | Only for parallel interface
[ e g | g o | o | o | o |cas|ca2|cat]|cao
Set column address of RAM
oo RS | g | B o | o | o 1 | ca7 | crs | cas | cad
Specify line address for the
Set Scroll Line 0 0 0 1 SL5 | SL4 | SL3 | sL2 | SLd SLO |1 display line of DDRAM
(vertical scrolling)
Set Page Address 0 0 1 0 1 1 PA3 | PA2 PA1 PAQ | Set page address of RAM
Sat Coniast 0 0 1 0 0 0 0 0 0 1 2-byte instruction. Set Vop
EV7 | Ev6 | EV5 | Ev4 | EV3 | EV2 | EV1 | Evo |voltage
Eft Parialommen | o 0 1 0 0 0 0 1 0 | Ps |Ps=1: Enable partial mode
ode
Set RAM Address 0 0 1 0 0 0 1 ac2 | act | aco Set column anc;l page
Control address behavior
Set Frame Rate 0 0 1 0 1 0 0 0 FR1 FRO [Set frame frequency
Set All Pixel ON 0 0 1 0] 1 0 0 1 0 AP | Set all display segments on
Set Inverse Display 0 0 1 0 | 0 0 1 1 INV | Set inverse display
PD=0: Chipis i
Set Display Enable | 0 0 1 0 1 0 1 1 1 | PD RIS BRIy
down mode
Scan Direction 0 0 1 1 0 0 g | | g | g |EtoCMasaEGEmm
direction
Software Reset 0 0 1 1 1 0 0 0 1 0 Set software reset
NOP 0 0 1 1 i 0 0 0 1 1 No operation
Set Bias 0 0 1 1 1 0 1 0 BR1 | BRO |Setinternal bias circuit
1 1 9 1 0 0 0 1 2-byte instruction. Set
Set COM End 0 0 !
= -~ | CEN5 | CEN4 | CEN3 | CEN2 | CEN1 | CEND | display duty
. 1 1 1 1 0] 0 1 0 | Set partial start for partial
Partial Start Address 0 0 .
= -~ |DsT5|DsT4|DsT3|DsT2|DST 1| DsT o] display screen
1 1 1 1 0 0 1 1 Set partial end for partial
Partial End Address 0] 0 o
= — | DEN5 | DEN4 | DEN3 | DEN2 | DEN1 | DENO | @/SP1aY screen
1 1 | 1 0 0 0 0 Set test command table
Test Control 0 0
- -- - - -- -- H1 HO
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Serial Read Command Table (Enabled only in 4 line SPI)
INSTRUCTION AD m CHOMMAND BYT= DESCRIPTION
(RWR)I b7 | p6 | b5 | D4 | D3 | D2 | D1 | DO
0 0 1 1 1 1 1 1 1 0
Read Status Byte 0 4 IDO MX MY WA DE 0 0 0 Read status byte
0 0 0 0 0 0 D2 ID1
Read Data g g ! 1 L L ! L L 1 Read data from DDRAM
1 1 D7 Dé D5 D4 D3 D2 D1 DO

Note: 1. Do not use instructions not listed in these tables (Command Table).
2. “--” = Disabled bit. It can be either logic 0 or 1.

15. QUALITY LEVEL

Inspection conditions
Environmental conditions
The environmental conditions for inspection shall be as follows: Room temperature:22%3

°C ; Humidity:50%10%RH

The external visual inspection
The inspection shall be performed by using a single 20W fluorescent lamp for illumination

and the distance from LCD to eyes of the inspector should be 30cm or more.

Classification of defects
A major defect
A major defect refers to A defect which may substantially degrade usability for product applications.

Minor defect
A Minor defect refers to A defect which is not considered to substantially degrade product application or A

defect which deviates from existing standards almost unrelated to the effective use of the product or its
operation

Sampling procedures for each items acceptance level table

Defect type Sampling procedures AQL
Major defect M.IL-STD.-IOSD. Inspection leyell . 10
normal inspection Single sample inspection
Minor defect MIL.-STD-.IOSD. Inspection leyell . 25
normal inspection Single sample inspection
Life time

50,000Hrs(25°C in the room without ray of sun)
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Items of reliability

ITEM

CONDITIONS

CRITERION

High temperature operation test

+70°C \ 120 hours

1. It judged at room
temperature after 1 hours to be
good as appearance and
electrical test is normal after
the experiment.

2. Current consumption should

within the specification of Approval
sheet Electro-optical characteristics

Low temperature operation test

-20°C \ 120 hours

High temperature/humidity storage
test

+80°C,80%*10%RH \ 120
hours

High temperature storage test

+80°C \ 120 hours

Low temperature storage test

-30°Cc \ 120 hours

Temperature cycling test

-20°C (30 min)

Lot
25C (5 min)
Lo

70°C (30 min)

CYCLES: 10

5-10pcs

Vibration

Random Wave: 10 ~ 50 Hz
Each Direction (x, y, z ): 30
Min.

Cosmetic criteria of LCD screen

DEFECT JUDGEMENT CRITERION
Size d (mm) Acceptable quantity in active area
d<0.1 Disregard
Spots 0.1<d<0.2 4
B/ BT S st fL) 0.2<d<0.3 2
0.3 0
Note: d = (Length + Width)/2
Size d (mm) Acceptable quantity in active area
. d<<0.3 Disregard
Polarizer Bubbles 03<d<0.5 3
(6 A <) 0.5 0
Note: d = (Length + Width)/2
Width W (mm) Acceptable quantity in active area
Length L (mm)
W < 0.02 Disregard
Lines - L < 3.0 4
R ERE ) | D 30 0
0.05<W=<0.1 L =20 A
' ' L> 20 0
W> 0.1 See criteria for spots

Testing conditions: 20W fluorescent lamp at 30 cm distance at normal viewing angle
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16. PRECAUTIONS

Static charge
Since this LCD module contains CMOS LSI that are sensitive to static charge, care must be taken when handling it.

Power on sequence
1. Input signals should not be applied to the LCD module before the logic system voltage has reached the specified voltage. If the

above sequence is not kept, the LCD module might be permanently damaged.
2. When connecting the power supply, connect the LCD bias voltage after connecting the logic system voltage.
3. When disconnecting the power supply, disconnect the logic system voltage after the LCD bias voltage.
4. It is recommended to connect a serial resistor or fuse to the LCD bias power supply of the system as a current limiter. The

value of the resistor depends on the kind of LCD used, but is typically 50~100(2

Operation
1. TItis essential to drive the LCD within the specified voltage limits, since a higher driving voltage than allowed causes a shorter

LCD lifetime. Under these circumstances, electrochemical reactions will result in undesirable deterioration of the LCD.

2. The response time of the LC fluid is considerably longer at low temperature than in the normal operating temperature range.
On the other hand, the LCD will show a dark blue color at high temperatures. Those phenomena do not indicate a malfunction
or defect of the LCD. Back at normal temperatures, the LCD will return to its original behavior.

3. Ifthe display area is pressed hard during operation, some abnormal display patterns might appear. However, the display will
resume normal operation after turning the module off and on.

4.  Moisture on the terminals could cause an electrochemical reaction resulting in an open terminal connection. If the

environmental temperature is higher than 50°C, it is required that the relative humidity is 50% or less.

Long-time storage
For long-term storage the following methods are highly recommended:

1. Store the product in a polyethylene bag with a sealed opening to prevent fresh air entering from the outside. Placing it with a
desiccant is not necessary.

2. Store the product in a dark place, with the temperature in the range from -10C to 50°C.

3. Keep the sensitive polarizer surface of the LCD panels clear of any contact. We recommend using the container that was used
by Bocen to deliver the products.

Cleaning of product
To clean the product make sure to use absorbent cotton cloth or other soft material like chamois. Make sure to rub it gently and

do not use chemicals when cleaning.
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BOCEN Bocen Display Technology Co., Ltd.

E-mail: info@bocentech.com Website: www.bocentech.com

Address: 808 Esun Tech Building, No.22 Jia’an South Road, Bao’an District, 518101 Shenzhen, China.

Tel: +86-0755-23145782

PACKAGE INFORMATION
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BOCEN Bocen Display Technology Co., Ltd.

Tel: +86-0755-23145782  E-mail: info@bocentech.com Website: www.bocentech.com
Address: 808 Esun Tech Building, No.22 Jia’an South Road, Bao’an District, 518101 Shenzhen, China.
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