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1. Summary

This is a color active matrix TFT (Thin Film Transistor) LCD (liquid crystal display) that

uses amorphous silicon TFT as a switching device. This model is composed of a

transmissive type TFT-LCD Panel, driver circuit, and back-light unit. The resolution of
this 2.0" TFT-LCD contains 240x320 pixels, and it can display up to 65K/262K colors.

2. Features

a. Low input voltage: 3.3V (typ)
b. Display colors of TFT LCD: 65K/262K colors
8/9/16/18bit MCU interface

3/4 SPI + 16/18bit RGB interface
3-line/4-line serial interface

c. Interface:

3. General Specifications

Parameter Specifications Unit
Display area (AA) 30.60(H)*40.80(V) mm
Driver element TFT active matrix -
Display colors 65K/262K colors
Number of pixels 240(RGB)*320 dots
Pixel pitch 0.1275(H)*0.1275(V) mm
View angle direction 6:00 O’Clock
Controller IC ST7789V -
Temperature Operation -20 - +70 °C
Storage -30 - +80 °C
4. Mechanical Information
Item Min Typ Max Unit | Remark
Horizontal(H) 35.8 mm -
Vertical(V) 52.1 mm -
Depth(D) 3.70 mm -
Weight TBD g -
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5.

Input terminal pin assignment

Pin Symbol Description Remark
1 GND Ground P
2 VCI Supply voltage(3.3V) P
3 10VCC Supply voltage (1.65V - 3.3V) P
4 IM2 MPU parallel interface bus and serial interface select. Fix this pin at I
5 IM1 VCI or GND. I
6 IMO I
7 RESET This signal resets the device and must be applied to properly I
initialize the chip.

8 CS Chip select input pin ("Low" enable). Fix to pin to VCI or GND when I
not in use.

9 DC(SPI-SCL) | -Display data/command selection pin in parallel interface. I
DC="1": display data or parameter
DC="0": command
-Serial interface clock.
If not in use please fix this pin to VCI or GND.

10 WR(SPI-RS) | -Write enable in parallel interface. I
-Display data/command selection pin in 4-line serial interface
mode.
If not in use please fix this pin to VCI or GND.

11 RD Serves as a read signal and MCU read data at the rising edge. I
If not in use please fix this pin to VCI or GND.

12 VSYNC Frame synchronizing signal for RGB interface operation. I
If not in use please fix this pin to VCI or GND.

13 HSYNC Line synchronizing signal for RGB interface operation. I
If not in use please fix this pin to VCI or GND.

14 ENABLE Data enable signal for RGB interface operation.
fix this pin at VCI or GND when not in use.

15 DOTCLK Dot clock signal for RGB interface operation.
Fix this pin at VCI or GND when not in use.

16 SDA Serial input signal.
The data is latched on the rising edge of the SCL signal.
fix this pin at VCI or GND when not in use.

17-34 DB0-DB17 | 18-bit parallel bi-directional data bus for MCU system and RGB 1/0

interface mode.
Fix to GND level when not in use

35 SDO SPI interface output pin. 0
-The data is output on the falling edge of the SCL signal.
-If not used, let this pin open.

36 LEDA Anode pin of backlight P

37 LEDK1 Cathode pin of backlight P

38 LEDK2 Cathode pin of backlight P

39 LEDK3 Cathode pin of backlight P

40 LEDK4 Cathode pin of backlight P

41 XR Touch panel Right Glass Terminal. A/D

42 YU Touch panel Top Film Terminal. A/D

43 XL Touch panel LIFT Glass Terminal. A/D

44 YD Touch panel Bottom Film Terminal. A/D

45 GND Ground. P
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6. LCD Optical Characteristics

6.1  Optical specification

Iltem Symbaol Condition Min. Typ. Max. Unit. Note
Confrast Ratio CR ©=0 250 330
Response Rising Tr Normal viewing
) - 20 30 Y msec
time Falling Te angle
Color gamut S(%) - 60 - %
Wi 0276 | 0316 0356
White - %
W 0.316 0.356."% 0.406
Ry 0597 | *617 | 0637
Red R
Colar Filter Ry 0.342%, | 0.362 0.382
Chromacicity Gx 033 0.351 0.371
Green )
Gy S|~ 0.588 0.608 0.628
Bx " 0.131 0.151 0171
Blue
By 0.095 0.115 0.135
G 35 45 -
Hor.
OrR e 35 45 -
Viewing angle e, )
ou ! 35 45 -
Ver.
+ Op 20 30 —
Option View Direction ™. | 6: 00

6.2  Measuring Condition

Measuring surrounding : dark room
Ambient temperature: 25 +2°C
15min. warm-up time
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6.3

Measuring Equipment

Note 1: Definition of optical measurement system.

e optical characteristics should be measured in dark room. After 5 minutes operation, the optical
properties are measured at the center point of the LCD screen. All input terminals LCD panel must

be ground when measuring the center area of the panel. H
Photo detector ™
Field
TFT-LCD Module LCD Panel
ltem Photo detector | Field
The center of the screen Contrast
Ratio SR-3A 1"
Chromaticity
Response i .
Time BM-TA 2
Note 2: Definition of viewing angle range and measurement system.
viewing angle is measured at the center point of the LCD by CONOSCOPE(ergo-80).
Normal line | o o0
12 o'clock direction
6=p=0°"
I
B 7
s, e~ -~
P — -, O 7\} //J
P, < o g ;
gl Wl Vi
a r AV 'H“ ."';/"’ ‘/_/ #
' ©=180° 7 . S om0
N /// i~ MActive Area 7 7
b4 /r, = ' s ///
| FPC /_L/
- !/ 2 /
P=270"
6 o'clock direction
Fig. 1 Definition of viewing angle
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Luminance measured when LCD is on the " While" state
Luminance measured when LCD is on the "Black" state
Note 3: Definition of contrast ratio

Contrast ratio (CR) =

“White state *:The state is that the LCD should driven by Vwhite.
“Black state™ The state is that the LCD should dnven by Vblack.

Viwhite: To be determined  Vblack: To be determined.

Note 4: Definition of Response time

The response time is defined as the LCD optical switching time interval between “White” state
and “Black™ state. Rise time (TON) is the time between photo detector cutput intensity changed
from 90% to 10%. And fall time (TOFF) is the time between photo detector output intensity
changed from 10% to 90%.

(White (TFT OFF) Black (TFT ON) White (TFT OFF))
E ° 100%
53
-3
2w
el 0% —— ==
o
B~ 0%
o

Ton _-[Torp

Note 5: Definition of color chromaticity (CIE1931)
Color coordinates measured at center point of LCD.
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7. Electrical Characteristics

7.1  Absolute operation rating (Ta=25°C VSS=0V)

Item Symbol RATING Unit
Supply Voltage VI -0.3~4 & v
Cigital interface supply Voltage IOVCC -0.3~4.6 Y
Operating tem perature Top -20~+70 T
Storage temperature Tst -30~+80 T
7.2 DC Electrical Characteristics
Parameter Symbol Min. Tvp. Max. Unit | Note
Supply Yaltage _ -,\:;‘:CI 24 2.8 3.3 v
Digital interface supply Voltage I'(-)VCC 1.65 1.8 3.3 v
Normal mode Current
N Y IDD - 7 - mA
consumption (v
2% ViH 0.7 IOVCC lovee vV
Levelinput voltage
N Vi GND 0.310VCC vV
Vou 0.8 IOVCC [OVCC vV
Level output voltage
VoL GND 0.210VCC v
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7.3  LED Backlight Characteristics

The back-light system is edge-lighting type with 4 chips White LED

Item Symbol Min. Typ. Max. Unit Note
Forward Current IF 60 80 -- mA
Forward Voltage Vr -- 3.2 - v
LCM Luminance Lv 350 400 - cdim2 | Note3
LED life time Hr 50000 -- -~ (% «Hour MNote1,2
Uniformity AVg 80 -- -A i Note3

Note (1) LED life time (Hr) can be defined as the time in which it con-tin'ués to operate under the condition:
Ta=25+3 °C, typical IL value indicated in the above table L_mlil the brightness becomes less than 50%.

Note (2) The “LED life time” is defined as the module.brighihess decrease to 50% original brightness at

Ta=25'C and IL=80mA. The LED lifetime could be decf'e_aséd if operating IL is larger than 80mA. The

constant current driving method is suggested.
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NOTE 3: Luminance Uniformity of these 9 points is defined as below:
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minimum luminance in 9 points (1-9)

Uniformity = - : _ _
maximum luminance in 9 points (1-9)
h_l_ + A :
L_un;nmjahce= Total Lumman;:e of 9 points
."J-}-r:1 u
1 _1_|‘_t

L
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8. AC Characteristic

8.1

Display Paralleltg:‘w-bit Interface Timing Characteristics (8080 system)

Display Parallel 8/16-bit Interface Timing Characteristics (8080 system)

Tebvw
o
CEX N / tows
| 7 Txhy ! tows
N R
DCX i K
oy ry
- - -l le taht !
- twe | | N
WRX -,
\E - g e N
| e o
DE[ 7:0] rs ,
(Write) 2
Y .
treatcaim tant
tast tretecim
ROX b trautedirm trant 3
\ ‘f ranftrantm _k
Lra i/ ratfin, tooh .
DB[17:0] r ;“
Read
(Read) S
Signal Symbol Parameter minh max Unit Description
DCX tast Address setup time 0 - ns
taht Address hold time (Write/Read) 10 - ns
tchw CEX “H” pulse width 4] - ns
tes Chip Select setup time (Write) 15 - ns
CSX trcs Chip Select setup time (Read ID) 45 - ns
tresfm Chip Select setup time (Read FM) 355 - ns
tesf Chip Select Wait time (Write/Read) 10 - ns
wo Write cycle 66 - ns
WRX twrh Writa Control pulse H duration 15 - ns
wrl Write Conltrol pulsa L duration 15 - ns
trefm Read Cycle (FM) 450 - ns
RDX (FM) trdhfm Read Contrel H duration (FM) 90 - ns
tralfm Read Control L duration (FM} 365 - ns
tre Read cycle (ID} 160 - ns
RDX (1D) tradh Read Control pulse H duration 90 - ns
trl Read Control pulse L duration 45 - ns
D[7:0] idst Write data setup time 10 - ns
e ite d Id ti =
D[15:0], dht Write data hmil ime 10 = Far maximum CL=30pF
) trat Read access time - 40 ns o
D[e.0l, - Far minimum CL=8pF
D[7:0] tratfin Bead access time - 340 ns
trod Head output disable time 20 80 ns

Note: Ta = -30 to 70 C, IOVCC=1.65V lo 2.8V, VCI=2.6V lo 3.3V, GND=0V

t. =15ns
F70% 703
30% 309

t,=15ns
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CSX timings :

CSX

WRX, 1
RDX

tcsf >

Note: Logic high and low levels are specified as 30% and 70% of IOVCC for Input signals.

Write to read or read to write timings:

csXx o
WRX X y T 7
RDX

Note: Logic high and low levels are specified as 20% and 70% of IOVCC for Input signals.
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8.2  Display Serial Interface Timing Characteristics (3-line SPI system)

i i
\.l’lulﬁ
CSX VLS 7m
" i Tscvew/Tscyer _ :"“ T »
7 TCSS ,r g B :-GT_D
scL , 7f—ﬁx Tﬂms.mzwc
; Tsuw/TsHr | e 4 ViL
i .
Taps Taon i
sbA ™ zé S
Vo N 7‘4 Tﬁt’:(" | TOH | Vin
D ER— Vi
DOUT zi :’,:E
! -7
VDDI=1.65 to 3.3V, VDD=2.4 to 3.3V, AGND=DGND=0V, Ta=-30 to 70
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
Tscc Chip select hold time (read) 65 ns
Tenw Chip select "H" pulse width 40 ns
Taevew Sernial clock cycle (Write) 66 ns
Teww SCL "H" pulse width (Write) 15 ns
scL Tsuw SCL “L" pulse width (Write) 15 ns
Tscyver Serial clock cycle (Read) 150 ns
Teug SCL “H" pulse width (Read) 60 ns
Tar SCL "L" pulse width (Read) 60 ns
SDA Tsps Data setup time 10 ns
(DIN) TsoH Data hold time 10 ns
Tace Access time 10 50 ns For maximum CL=30pF
DOUT :
Tou Qutput disable time 15 50 ns For minimum CL=8pF

KDO02 OQVTMAO 08-RT Doc: Rev 1.0

Page 13




8.3  Display Serial Interface Timing Characteristics (4-line SPI system)

CSX
. B TsevewdTseyer .
Tess .
i ‘< 3( TawTsr
SCL — a >
7Z TamTanr i o A
- Tsps | " Tson
Wi ¥
SDA >
4
s [ Too
ET N
iz S D § D
= ~ Tacc Tou i
N 3
DOUT | Y
l‘!( W 7.4
i i

VDDI=1.65 to 3.3V. VDD=2.4 to 3.3V, AGND=DGND=0V, Ta=-30 to 70 {

Signal Symbol Parameter MIN MAX | Unit Description
Tess Chip select setup time (write) 15 ns
Tesn Chip select hold time (write) 15 ns
CcsX Tess Chip select setup time (read) 60 ns
Tscc Chip select hold time (read) 65 ns
Terw Chip select “H” pulse width 40 ns
Tscvow Serial clock cycle (Write) (515 ns ]
— - - -write command & data
T SCL "H” pulse width (Write) 15 ns
ram
scL Tow SCL “L” pulse width (Write) 15 ns
C
Tscver Serial clock cycle (Read) 150 ns
- -read command & data
Teur SCL “H” pulse width (Read) 60 ns
ram
Tar SCL “L” pulse width (Read) 60 ns
Tocs D/CX setup time 10 ns
D/CX - -
Tocn D/CX hold time 10 ns
SDA Tsps Data setup time 10 ns
(DIN) Teow Data hold time 10 ns
Tacc Access time 10 50 ns For maximum CL=30pF
DOUT - - . .
Tow Qutput disable time 15 50 ns For minimum CL=8pF
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8.4  Parallel RGB Interface Timing Characteristics

»
) T
HSYNC |
VSYNC ! |
v :
|
I(J—h‘-—)l: = H——[ENH—"I
1
v I Vil
ENABLE Z o o " E(
= T T |
. v T PWDH '
I PWDL ,]'_hl »
| | "\
V.l A ANY
DOTCLK =y v Vl]l/: IH G
Iy |
I b T J
" | | “
» Teoe o e Toou .
Data Bus >Si Vin Write Data Vi l: <
Write ar Ve
I
VDDI=1.65 to 3.3V, VDD=2 4o 3.3V, AGND=DGND=0V, Ta=-30 ~ 70 |
Signal Symbol Parameter MIN | MAX | Unit Description
HSYNC, )
Tavies WSYNC, HSYNC Setup Time 30 - ns
VSYNC
Tens Enable Setup Time 25 - ns
ENABLE
Tenn Enable Hold Time 25 - ns
PWDH DOTCLK High-level Pulse Width 60 - ns
PWDL DOTCLK Low-level Pulse Width 60 - ns
DOTCLK
Teven DOTCLK Cycle Time 120 - ns
Trghr, Trghf DOTCLK Rise/Fall time - 20 ns
DB Teps PD Data Setup Time 20 - ns
Teon PD Data Hold Time 50 - ns
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8.5  Reset Timing Characteristics

Shorter than Sus
: I i TRW—’iI
RESX 33 z": \ ﬁ
i 1 i i
I i
" ol
Display e _ _
status Normal operation >< During reset >{ (D;gﬂﬁlfgﬁ?ﬁ%fbor%set}

VDDI=1.65 to 3.3V. VDD=2.4 to 3.3V, AGND=DGND=0V, Ta=-30~70 (

Related Pins | Symbol Parameter MIN MAX Unit
TRW Reset pulse duration 10 - us
RESX - 5 (Note 1, 5) ms
TRT Reset cancel
120 (Note 1,6, 7) ms
Notes:

1. The reset cancel includes also required time for loading ID bytes, VCOM setting and other settings from NVM (or similar device) to
registers. This loading is done every fime when there is HW resef cancel time (tRT) within 5 ms after a nsing edge of RESX.

2. Spike due to an electrostatic discharge on RESX line does not cause irmegular system reset according to the table below:

RESX Pulse Action
Shorter than 5us Reset Rejected
Longer than 9us Reset

Between 5us and 9us Reset staris

3. During the Resetting penod, the display will be blanked (The display is entening blanking sequence, which maximum time is 120
ms, when Reset Starts in Sleep Qut —-mode. The display remains the blank state in Sleep In —-mode.) and then retumn to Default condition
for Hardware Reset.

4. Spike Rejection also applies dunng a valid resef puise as shown below:

| 10ps |

Reset is accepted

10us

psssmacrmaninei ) o M ] o

—+7 Less than 20ns width positive spike will be rejected

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

120msec.
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0.

Outline dimension

Side view Back view Bend view
MO. |Pin Nama
=3 T0 40, 2 TTAL ) onD
2,850, 2 LOH
- - 0,20 FILM 2 | va
Mo 0.70 LENS 3 | 1ovee
| i H 0.15 Foan 4 M2
E ELO20040X BLOZOO40X = It
W X F%H w3 H%8 & MO
D 7 | RESET
E B cs
2o 5 o 9 |prCisPr-sCL
'g ﬁ') g g 10 |WREPL-RE
= ]
5 & 3 g 7. 0540, 5 RD
(LR = 3 1 11
R R e o
= ]
22 =& & T Y e o e 12| HSYNC
g | 14| EM&BLE
i 15| DOTCLK
J 1= 16 SD A
7 Y w
= 17
ﬁ 1,600, 3 DED
1E| DEM
19| DEDZ
(=]
o e 20 DEDZ
X I+ z1| DeO4
3 i ° FPCEHTE%E E T oene
by w _
° E: 6.860.5 § FPCBRA H#E 23| DPOS
5 s z4| DBO7
@ v 25
l ?sm j cowract smE _|. PTAHE 4 pens
I g = [w]=]nlz]
*i‘ —=h0,30£0.03 o ! 27 DB10
—p0, B 4422, 000,05 ze| DB11
—33.00+0.1 . 29| DE12
32,89 +0.5
vl 20| DBEI3
31| DBE14
22| oDbB1s
NOTES: xL AR 2 |m1 | Do Interface type DB Pin in use 22 DB 6
1. DISPLAY TYPE: 2.07, TFT-LCD, B5K/262K COLORS 0 |0 | 0| DbBrTyb bt interface)  DR7-DBO ET DE7
2. DISPLAY MODE: T/N NORMALLY WHITE 0 | 0 1| oot e ierteed  DB15-DBO = =00
3. VIEWING DIRECTION: 6: 00 o "clock 0 | 1| 0| Derivb obitimerface|  DB8-DBO 36 LED A
4. LCM Luminance: 400 cd/m2 0|1 DBI Tyb_ 18-bit interfacg  DB17-DBO 27| LEDK1
5. Contrast Ratio: 600 L0 1] Gy e | SDA SCL CS 38| LEDKZ
B, DRIVER IC: ST7789% (COG) *lu XEL an Xf U] L] o | e TR opn SeL €S RS 29| LEDK3
7. VCI: 3.3V o Ci . i NOTE: 40 LED K4
8. OFERATING TEMP: -20° C TO 70° C A ircuit o ) ) ! o | R
STORAGE TOE: —30° C TO 80° C P — 1. If not use PIN, fix to the GND , IOVCC or NC.
6. BACK LIGHT: I;ED WHITE. 4 LED. B80mA. 2. 240,72V 1 YU 2.Tf wuse RGB mode must select serial interface| #2| ™M
. : , , , 3.2%40. R 43| FLNC)
10. RoHS COMPLIANT. 3 YD 44 | YD(NC)
ilm GND
= 45
#BE R
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