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1. Introduction

1.1 Scope of application

LCD specification: Dots 240xRGBx240.
As to basic specification of the driver IC, refer to the IC (ST7789V2)

specification and data book.
All material & processing of the LCD module should be Lead Free.

1.2 TFT features:

Structure: TFT PANNEL+IC +FPC+BL;

IPS Type LCD

240dot-segment and 240 dot-common outputs;
262K Color can be selected by software;
White LED back light;

4line SPI &8bit MCU interface

1.3 Applications:
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2. LCM General specification

ITEM Sandard value Unit
LCD Type Normally black --
Drive element TFT active matrix -
Number of pixels 240(H) RGB x 240(V) Dots
Pixel arrangement RGB Vertical Stripe --
Pixel Pitch (H*V) 0.0975(H) x 0.0975(V) mm
Active area 23.40(H) % 23.40(V) mm
Viewing direction ALL O’CLOCK -
TFT Driver IC ST7789V2
TFT interface 4line SP1&8bit MCU interface -
Approx. Weight TBD g
LCM Size(W*H*T) 26.20(W) x29.22(H) x1.46(T) mm

Touch structure

Touch Driver IC

Touch Interface
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8 7 6 5 4 3 2 1
REV DESCRIPTION DRG DATE DRAWN BY
First Desing 2022. 08. 08
Pin |Assignment]
——26.20+0.1(BL) ——=f
$ @ [———25.40(LCD)———=t=—0.40 146108 1 LEDA
ﬂ < || =——23.40(LCD AA 1.40 : ; 2 LEDK
AR R E T [ T
| i | 5 «WWHO
| | ~ e
~ ! [ W HL N 2
Ik ! ; ; E=EE RSN | yv/m/op 6 1 TML/2
28g | | 7 | _RESET
s | 8 CS
3330 9 [ D/C SCK
5 ON g 4
, 11| RD
, 12| SDA
HHHAIE T | ° 13| DBO
a il 14| DB1
0 15| DB2
o % 8 3
g A o 16| DB3
H /T LTKQ1BQVBLY02 & .b i Y7 g H_,‘N UW%
H Pee | e L1689 K (i 553 18| DB5
/ 19| DB6
I b 0.50+0.1 ——rpc+pi=0.30+0.03 l~—12.50+0.1- A 20| DB7
e m% WO.30+0.05 S 211 TE
) i r— $0.5%(24—1)=11.50%0.1 5 29 NC
5 : fo]
"l —12.50— 23| GND
17.50 FPCJEFF H 1% 241 GND
oY IM1/2=1 4-SPI
)\ 3 4 =
1. DISPLAY TYPE: 1.37, 2404240 TFT LCD 5 IM1/2=0 80-8BIT
2. DISPLAY MODE: transmissive Normally Black LEDA o+ o LEDK
3. VIEWING DIRECTION: ALL 0’ clock N
4. DRIVER IC:ST7789V2 L1
5. LOM (White 9 AVG 1/9)
Brightness: 1000cd/n’ (TYP)
Uniformity:80% (MIN) VIR = T N INT
6. BACK LIGHT: 2 chip white LEDs If=40mA, Vf=5.6V—6.4V En&:aﬁwwﬁww%%\?mm_wm\b E
7. OPERATING TEMP: —-20° C TO 60° C, STORAGE TEMP: —30° C TO 70° C PART 7 DL 7
8. * Critical Parameter, ( ) ref Parameter, [ ] cpk Parameter NO. : ETO13QVOs5-T NO. : Oo
Unspecified Tolerances: £0. 20mm DRAWN BY: LIv DATE: 2022.08.08 | PROJECTION: @ﬂl
Modification mark:
9. SUGGESTION:TP window size unilateral increase 0.370.5mm than LCM A. A CHECKED BY: DATE: SCALE:N.T. S ?_:_ mn
10. REQUIREMENTS ENVIRONMENTAL PROTECTION: RoHS APPROVED BY: L SHEET: 1 OF 1
8 7 6 5 4 7 3 2 7 1
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3.Absolute Maximum Rating

Characteristics Symbol Min. Max. Unit
LCM Operating Temperature Torr -20 +60 °C
LCM Storage Temperature Tste -30 +70 °C
Humidity RH - 90 %

4.Electrical Characteristics

4.1 TFT DC Characteristics

Characteristics Symbol Min. Typ. Max. Unit Note
Supply Voltage for 110 VDDIO 1.65 1.8 3.3 \%
Supply Voltage for(DC/DC) VDD 2.5 2.8 3.3 V
TFT Gate ON Voltage VGH 12 -- 18 Vv *1,72
TFT Gate OFF Voltage VGL -10 - -7 \% 1,72
TFT Common Voltage Vcom -2 - 5 \% *3

Note:
*1. VGH is TFT Gate operating Voltage.
*2. VGL is TFT Gate operating Voltage.
The storage structure of this model is Cst(Storage on Common)
*3. Vcom must be adjusted to optimize display quality Cross talk, Contrast Ratio and etc.

4.2 Back-Light Unit Characeristics
The back-light system is an edge-lighting type with white 2 LEDs. The characteristics of the back-light are

shown in the following tables.

Characteristics Symbol | Min. | Type | Max. Unit Notes
Forward Voltage VE 54 -- 6.4 V -
Forward current Ir -- 40 - mA -

Luminance(With LCD) Lv 1000 - cd/m? -
LED life time N/A - 30,000 -- Hr Note 1

Note:
(1) The “LED life time” is defined as the module brightness decrease to 50% of original brightness at

[1=20mA/LED. The LED life time could be decreased if operating I . is larger than 25mA/LED.

Backlight circuit diagram shown in below:
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5. Module Function Description

Pin No. Symbol LCM Description remarks
1 LEDA Power Supply For LED Backlight Anode Input.
2 LEDK Power Supply For LED Backlight Anode Input.
3 GND Ground
4 VDD2. 8V | Power Supply For LCD. (2.5-3.3V)
5 VDDIOL1. 8V | Power Supply For I/0. (1.65-3.3V)
6 IM1/2 The MCU interface mode select
7 RESET Global reset pin
8 CS Chip select signal input pin
9 D/C SCK | Serial clock signal.
10 WR_SDC Write strobe signal.
11 RD Read strobe signal.
12 SDA input/output signal pin

13720 DBO DB7 | MCU parallel interface data bus.
21 TE Frame head pulse for tearing effect.
22 NC NC

23724 GND Ground
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6. Timing Characteristics
Power ON/OFF Sequence

The power on/off sequence is illustrated below

— +— Trpyw = +/- no limit Tfew = +/- no limit — —

VDD 2 ' '3
VDD 7Z S.<
Tlmlw when the latter signal rises up to 90% of its typical value.

VDD comes later, this timing is defined a??he Cross
pomt of EEID % of 2.75V. mot 90% of 2.6V,

Timing when the |atter signal falls up to 90% of its typical value.
e.g. When VDD comes later. this timing is defined at the cross
point of 90% of 2.75V, not 90% of 2.6W.

fPW-CSX = +/- no limit
Ir — +|'I' no Ilr'nlt
PW-CSX

S -
CsX HorlL
Treggesy = + no limit
RESX e
i TfpwrESxH1 = Min > —
(Power down in 0% 120ms N
sleep-out mode)
3 Trpw.REs;( =+ no limit TfPW.HES)Q =min 0ms——s «—
RESX

(F’Dwe_r downin 30><_/ ~

sleep-in mode)

Tiew-resa 15 applied to RESX falling in the Sleep Out Mode.
Tfewres. 15 applied to RESX falling in the Sleep In Mode.
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8080 Series MCU Parallel Interface Characteristics: 18/16/9/8-bit Bus:
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Figure 1 Parallel Inter face Timing Characteristics (8080-Series MOCU Interface)
VODI=1.65 fo 3.3V, VDD=24 fo 3.3V, AGND=DGND=0V, Ta=25C

Signal Symbol Parameter Min | Max | Unit Description
Tast Address setup time ] ns
DICX -
Tant Address hold time (Write/Read) 10 ns
Ter Chip select “*H” pulse width 0 ns
Tes Chip select setup time (Write) 15 ns
i Tros Chip select setup time (Read I1D) 45 ns
Trcsrm Chip select setup time (Read FM) | 355 ns
Tesr Chip select wait time (Write/Read) 10 ns
Tesu Chip select hold time 10 ns
Twe Write cycle 66 ns
WRX T Control pulse “H” duration 15 ns
TwaL Control pulse “L” duration 15 ns
Tre Read cycle (10 160 ns
RO (107 Trow Control pulse “H" duration (10) 80 ns When read ID data
Trov Control pulse “L" duration (10) 45 ns
TrcAu Read cycle (FM) 450 ns
ROX When read from
T rosEm Control pulse “H” duration (FA) a0 ns
(FM frame memary
TrouAs Control pulse “L” duration (FM) 355 ns
D[17:0) TosT Data setup time 10 ns For CL=30pF
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8080 Serial Interface Characteristics (4-line serial):

" T:u. "-.L".'\-"T.\-.".'-.'Z*. -
Tess
- " | TowTar
SCL . A
A TarwTar

™ -

Vi & b
DA ) :
Vi X r *
. Win : E
DX Vo A ', T
i Lacc g T

DOUT il VS

N

A

Figure 5 4-line serial Interface Timing Characteristics

VDDI=1.65 to 3.3V, VDD=2.4 to 3.3V, AGND=DGND=0V, Ta=23T

Signal Symbol Parameter MIN MAX | Unit Description
Tess Chip select setup time (write) 15 ns
Tesn Chip select hold time (write) 15 ns
CSX Tess Chip select setup time (read) 60 ns
Tsoc Chip select hold time (read) 65 ns
Tesw Chip select "H" pulse width 40 ns
Tscvow Sernial clock cycle (Write) 66 ns
F 3 : -write command & data
L E-TTY SCL *H" pulse width {Write) 15 ns
ram
2o Tauw SCL “L" pulse width (Wnite) 15 ns
Tscver Serial clock cycle (Read) 150 ns
-read command & data
Tsur SCL “H" pulse width (Read) 60 ns
ram
Tsr SCL"L" pulse width (Read) 60 ns
Tocs D/CX setup time 10 ns
DICX
TocH D/CX hold time 10 ns
SDA Tsos Data setup time 10 ns
(DIN) TsoH Data hold time 10 ns
Tacc Access time 10 50 ns | For maximum CL=30pF
DouT .
Ton Output disable time 15 50 ns For minimum CL=8pF

Table 6 4-line serial Interface Characteristics

Note : The rising time and falling time (Tr, Tf) of input signal are specified at 15 ns or less. Logic high and low
levels are specified as 30% and 70% of VDDI for Input signals.
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Reset Timing:
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sl Mormal operation >< During reset >{ (Default for HAW reset)
1
Figure 7 Reset Timing
VDDI=1.65 to 3.3V, VDD=2 4 to 3.3V, AGND=DGND=0V, Te=25"
Related Pins | Symbol Parameter MIN MAX Unit
TRW Reset pulse duration 10 - us
RESX - 5 (Note 1, 5) ms
TRT Reset cancel
120 (Mote 1,6, 7) ms
Table 9 Reset Timing
Notes:

1. The reset cancel includes also required fime for loading ID byfes, VCOM seffing and ather seftings from NVM for similar devics) fo
registers. This loading is done every time when there is HW resef cance! time (tRT) within 5 ms affer a rising edge of RESX.

2. Spike due to an electrostatic discharge on RESX line does not cause irreguiar system resef according fo the fable below:

RESX Pulse Action
Shorter than Sus Reset Rejected
Longer than Sus Reset

Between 5us and Sus Reset starts

3. During the Resetting period, the display will be blanked (The display is enfering blanking sequence, which maximum time is 120
ms, when Reset Sfaris in Sleep Ouf —mode. The display remains the blank stafe in Sleep In —mode.) and then refumn to Defaull conditicn
for Hardware Reset.

4 Spike Rejection also applies during a valid reset pulse as shown befow:

10us

Reset iz accepred

10us

f———=5"

thw—mﬂmﬂw

M Less than 20ns width positive spike will be rejected

5. When Reset applied during Sieep In Mode.
6. When Reset applied during Sleep Out Mode.
7. It Iz necessary to wait Smsec affer releasing RESX before sending commands. Also Sleep Ouf command cannot be sent for

120msec.

10
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7.0ptical Characteristics

Wsat 4.1 4.3 4.5 W
Threshold Volta Fig.1
e s i Vih 16 | LB | ZOC NV 9
23 70 80 =
Horizontal
Viewing 29 CR>10 70 80 B Note 1
Angle N @12 : 70 80 o
26 70 80 o
Contrast Ratio CR a= 0° 00 200 MNote 2
Transmittance T %) a=0° 4.1 4.59 Mote 3
NTSC % a=0° 45 50
Rx 0.610 (0625 |[0.640
Red Note 4
Ry 0,295 |0.310 |[0.325 *Color
Reproduction Gx 0.280 |0.295 |0.310
Green g=0° filter
Of color Gy 0.503 (0.518 (0.533 P
- Bx 0.127 |0.142 [0.157 e
By 0128 [0.143 |0.158
Wx TED
Whit o=0°
e Wy TED
Response Time Tr+Tf e=0° 30 35 ms Note 5

Note:
1. Viewing angle is the angle at which the contrast ratio is greater than 10. The viewing are
determined for the horizontzl or 3, 9 o'clock direction and the vertical or 6, 12 o'clock direction with
respect to the optical axis which is normal to the LCD surface (see FIG.2).
2. Contrast measurements shall be made at viewing angle of ©@= 0° and at the center of the LCD
surface. Luminance shall be measured with all pixels in the view ficld set first to white, then to the
dark (black) state. {See FIG. 2) Luminance Contrast Ratio (CR) is defined mathematically.
Luminancs when displaying a white raster
Luminance when displaying 2 black raster
3. Transmittance is the value without APF Pol.

CR =

4, The color chromaticity coordinates specified in Tablel shall be calculated from The spectral data
measured with all pixels first in red, green, blug and white. Measurements shall b2 made at the
center of the C/F. Measurement condition is C - light source & Halogen Lamp

5. The electro-optical response time measurements shall be made as FIG.3 by switching the
"data” input signal ON and OFF,
The times needed for the luminance to change from 10% to 90% is Tr, and 90% to 10% is TT.

11
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Figure 1. The definition of Vth & Vsat
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Figure 2. Measurement Set Up
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Figure 3. Response Time Testing
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8. Reliability Test Item

No. Test Item Test Condition Notes
1 High Temp. Storage +70°C / 96H 1. Functional test isOK.
2 Low Temp. Storage -30°C / 96H Missing Segment,short,
: : unclear segment
3 High Tempe. Operating +60°C / 96H non-display.display abnormally
4 Low Tempe. Operating -20°C / 96H and liquid crystal leakare
High Temperature un-allowed.
5 o X 50°C x 90%RH / 96H
/Humidity storage 2. No low
temperature bubbles,end seal
Static state, -30°C (30min) ~60°C | loose andfall, frame rainbow.
6 | Thermal and cold shock .
(30min) , 50 cycles

9. Packing Method----TBD

- END -

13



