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1. General Description

LS028T10-M-V1 is a transmissive type a-Si TFT-LCD (amorphous silicon thin film transistor

liquid crystal display) module, which is composed of a TFT-LCD panel, a driver circuit and a

backlight unit. The panel size is 2.8 inch and the resolution is 240(RGB)*320, the panel can
display up to 262k colors.

2. Physical Features

TFT-LCD Module

Display Mode
Active matrix TFT, Transmissive type
Display Format Graphic 240(RGB) X 320 Dot-matrix
Input Data 8bit 8080 /SPI
Viewing Direction ™
(Grayscale Inversion)
Drive ST7789P3
3. Mechanical Specification
Item Specification Unit
Module size (HX'VXD) 50.0 X69.1 X2.3 mm
Number of dots 240(RGB) X320 pixel
Active area (HXV) 43.2X57.6 mm
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5. Absolute Maximum Ratings

Item Symbol Min Max Unit Remark
Supply voltage VCC -0.3 4.6 Vv
Supply voltage lovCC -0.3 4.6 Y% Note1
. Note2
Operating temperature TOPR -10 60 C
Storage temperature TSTR -20 70 T
6. Electrical Characteristics
Rating Uni
Item Symbol Min Typ Max t Remark
Supply voltage VCC 2.4 2.75 3.3 \%
Supply voltage IOVCC 1.65 1.8 3.3 \%
Note1
L level VIL 0 - 0.3*I0VCC| V
Input Voltage
H level VIH 0.7*10vVCC — IOvVCC V
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7. Module Function Description
7-1. Block Diagram Of LCM

TFT-LCD
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Soure Driver

Gate Driver
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PIN NO. Symbol /10 Description

1 GND Ground

2 LEDK Power for LED backlight cathode

3 LEDA Power for LED backlight anode

4 GND Ground

5 vVDD2.8V Power Supply

6 WR Write enable in MCU parallel interface.
- Display data/command selection pin in 4-line serial interface.
- Second Data lane in 2 data lane serial interface.
-If not used, please fix this pin at VDDI or DGND.

7 RD Read enable in 8080 MCU parallel interface.
-If not used, please fix this pin at VDDI or DGND.

8 CS Chip selection pin . Low enable. High disable

9 RS -Display data/command selection pin in parallel interface.
-This pin is used to be serial interface clock.(SCL)
DCX="1": display data or parameter.
DCX='0": command data.
-If not used, please fix this pin at VDDI or DGND.

10 SDA -When IM3: Low, SPI interface input/output pin.
-When IM3: High, SPI interface input pin.
-The data is latched on the rising edge of the SCL signal.
-If not used, please fix this pin at VDDI or DGND level.

11 DBO parallel interface data bus

12 DB1 parallel interface data bus

13 DB2 parallel interface data bus

14 DB3 parallel interface data bus

15 DB4 parallel interface data bus

16 DB5 parallel interface data bus

17 DB6 parallel interface data bus

18 DB7 parallel interface data bus

19 RESET This signal will reset the device and it must be applied to properly
initialize the chip.
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20 vDD2.8V Power Supply
21 IMO IM3 | IM2 | IM1 | IMO
0 0 0 0 80-8bit parallel I/F DBJ[7:0]
o ]
22 IM1
3-line 9bit serial I/F SDA: infout
0 1 0 1
23 IM2 SDA: infout
2 data lane serial I/F
WRX: in
0 1 1 0 4-line 8bit serial I/F SDA: in/out
24 GND Ground
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7-3 Timing Characteristics

74.1 8080 Series MCU Parallel Interface Characteristics: 9/8-bit Bus
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Figure 1 Parallel Interface Timing Characteristics (8080-Series MCU Interface)

VDDI=1.65 fa 8.3V, WOD=2.4 to 3.3V, AGND=DGND=0V, Ta=25°C

Signal Symbol Parameter Min | Max | Unit Description
Tast Adtiress setup time TBD - ns
DICX > -
Tamr Address hold time (Weite/Read) | TBD - ns
Tenw Chipsglect "H pulse width TBD - ns
Tes Chip.select'setup time (Vrite) TBD - ns
cex Tres Chip seleet setup time (Read ID) | TBD - ns
Tresrufl| ChipiSelect selup ime (Read FM) | TBD | - ns
T_r,:s'p Chip'selgetwait time (Write/Read) | TBD - ns
Tesx Chip select hold time TBD - ns
Toc Vifrite cycle TBD - ns
WRX Twrd Control pulse “H" duration TBD - ns
R Confrol pulse “L" duration TBD - ns
Tre Read cycle (1D) TBD - ns
RDX (ID) Trou Control pulse “H" duration (10} TBD - ns When read ID data
Trou Control pulse “L" duration (1D} TBD - ns
Tromm Read cycle (FM) TBD - ns
RDX When read from
TROHFM Control pulse "H" duration (FM) TBD - ns
(FM) frame memary
TroLFm Control pulse “L" duration (F M) TBD - ns
D[a:0] Tosr Data setup time TBD - ns For CL=30pF
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Tour Data hold time TBD - ns
Trat Read access time (ID) - TB-D ns
Tratrm Read access time (FM) - TBD ns
TooH Output disable time TBD | TBD ns

Table 4 8080 Parallel Interface Characteristics

Tr 1 I o Te Ta I 1
V=07 xVDDI : : ; Vors 0.8 x VDDI
| |
Vu=0.3xVDDI Vo=02 xVDDI
I I i
Te=Tr==18ns Tr=Te<=15n5

Te

Figure 2 Rising and Falling Timing for 1/O Signal

Vi =
WRX

ROX

Figure 3 Write-lo-Rea d and Read-to-Write Timing

Note: The rising time and falling timeyTr, Tirafinput signal and fall fime are specified at 15 ns or less. Logic high and low levels are

specified as 30% and 70% of VDD for Inpot Signais.

10
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7.4.2 Serial Interface Characteristics (3-line serial):
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Figure 4 3-line serial Interface Timing CharacteriStics
VDDI=1.65 to 3.3V, VDD=2 4 o/ 33V, AGNB=DGND=0V, Ta=25C

Signal | Symbol Parameter Min | Max | Unit Description
Tess Chip select setup time (write) | TBD - ns
TesH Chip select hold time (write)  TBDU), - fis
CSX Tess Chip select setup time (read) | TEBE - ns
Tsce Chip select hold time (re@d) {WTBD |, - ns
ToHw Chip select "H" pulse width TED - ns
Tscyew Serial 8lock cyele (Write) TBD - ns
Tatw SCETH pulsewidth (lrite) TBD - ns
Tauw SCL “L"puise width (Write) | TBD = ns
o Tscver Seralclock cycle (Read) TBD - ns
Tsur SCL “H" pulse width (Read) TBD - ns
T SCL"L" pulse width (Read) TBD - ns
SDA, i sos Data setup time TBD - ns
(BN TaoH Data hold time TBD - ns

T acc Access time TBD | TBD ns For maximum CL=30pF

aab Tou Output disable time TBD | TBD ns For minimum CL=8pF

Table 5 3-line serial Interface Characteristics
Note! : The rnising time and falling time (Tr, TF) of input signal are specified at 15 ns or lkess. Logic high and low levels are specdfied as
30% and 70% of VDD for Input signais.

Note?2 : In the read sequence of Senal interface, the 500nsec delay time is needed between read command and first read clock.

11
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74.3 Serial Interface Characteristics (4-line serial):
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Figure 5 4-line serial Interface Timing Characéteristics
vDDI=1.65 o &3V, VDD=24 to 3.3V, AGND=DGND=0V, Ta=25C
Signal Symbol Parameter MIN MAX | Unit Description
Tess Chip select setup time (Write) TBD - ns
Tesn Chip select hold timi@l{write) TBD | - | ns
CSX Tess Chip select setdptime (read) TBD - ns
Tsce Chipselect hald time(read) TBD - ns
Tenw Chip select “H" pulse width TBD - ns
Tscvew Serial clock cycle (Write) TBD - ns
-write command & data
Tsxw SCL *H" pulse width (Write) TBD - ns
ram
Sep Taw SCL "L" pulse width (Write) TBD - ns
Taccr Serial clock cycle (Read) TBD - ns
-read command & data
TaHR SCL "H" pulse width (Read) TBD - ns
ram
Tair SCL“L" pulse width (Read) TBD - ns
Tocs D/CX setup time TBD - ns
DICX
TocH DV/CX hold time TBD - ns
SDA Tsos Data setup time TBD - ns
(DIN) TsoH Data hold time TBD - ns
o Tacc Access time TBD TBD ns | For maximum CL=30pF
ToH Output disable time TBD | TBD | ns For minimum CL=8pF

Table 6 4-line serial Interface Characteristics

Note1 : The rising time and falling time (Tr, T7) of input signal are specified at 15 ns or less. Logic high and low levels are specified as

30% and 70% of VDD for Input signais.

12
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7.4.5 Reset Timing:

Shorter than Sus . o
E"—": r Trw | |
|
: : . N
|
| :
[ Tar 'I
Display — ==
i ; Initial condition
status PlOFTIal e ion >< During reset >{ (Defauit for H\W reset)
i
Figure 7 Reset Timing
VDDI=1.65 to 3.3V, VDD=24 fo 3.3V, AGND=DGND=0V, Ta=257
Related Pins | Symbol Parameter MIN MAX Unit
TRW Reset pulse duration 10 - us
RESX - 5 (Mote 1, 5) ms
TRT Reset cancel
120 (Mote 1, 6, 7) ms

Table 9 Reset Timing

Notes:
1. The reset cancel includes also required time for loading ID bytes, VCOM sefting and other settings from NVM {or simiar device) fo
reqisters. This loading is done every time when there is HW reset cancel time (IRT) within 5 ms after a nising edge of RESX.

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

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

Between 5us and Yus Reset starts

3. Dunng the Reselting period, the display will be blanked [ The display is ertering blanking sequence, which maximum time is 120
ms, when Reset Starts in Sleep Out =mode. The display remains the blank state in Sleep In =mode.) and then retum to Default condition
for Hardware Reset.

4. Spike Rejection also applies duning a valid reset puise as shown below:

10ps

B

Reset is accepted

10us

e

2ne Less than 200z width positive spike will be rejected

5. When Reset appied during Sleep in Mode.
6. When Reset appied during Sleep Out Mode.
7. It is necessary lo walt Smsec after releasing RESX before sending commands. Also Sieep Out command camnot be sent for

120msec.
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8. Electro-Optical Characteristics

Item Symbol Coc';'r?iti Min. | Typ. Max. Unit Remark
Response time Tr +Tf - 16 25 ms Note 1
Contrast Ratio CR ?)(() =By 300 | 500 - - Note 2
Transmittance T% 5.9 4.7 - %

Color W x = 0.304 | -
Chromaticity | White GX_ Oy
(CIE1931) Wy =0 — | 0344
6, 35 45
- ] 35 45 -
Viewing B
angle 6, CR> 10 35 50 — Deg. Note 3
6, 20 | 20
Luminance /
(1, = 80m4) L - 350 - cd/m2 Note4

Note :

1. Viewing angle is the angle at which the contrast ratio is greater than 10. The viewing
are determined for the horizontal or 3, 9 o’clock direction and the vertical or 6, 12 o’cl
ock direction with respect to the optical axis which is normal to the LCD surface.

2. Contrast measurements shall be made at viewing angle of 6= 0° and at the center of
the LCD surface. Luminance shall be measured with all pixels in the view field set firs
t to white, then to the dark (black) state. (See FIGURE 1 shown in Appendix) Lumina
nce Contrast Ratio (CR) is defined mathematically.

CR = Luminance when displaying a white raster
Luminance when displaying a black raster

14
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3. Center Luminance of white is defined as the LCD surface. Luminance shall be meas
ured with all pixels in the view field set first to white. This measurement shall be take
n at the locations shown in FIGURE 4 for a total of the measurements per display.
4. The White luminance uniformity on LCD surface is then expressed as : AY =
Minimum Luminance of 9 Points or 5 points / Maximum Luminance of 9
Points or 5 points(See FIGURE 2).
5. The color chromaticity coordinates specified in Table 5. shall be calculated
from the spectral data measured with C light. Measurements shall be made
at the center of the panel.
6. The electro-optical response time measurements shall be made as FIGURE 5 show
n in Appendix by switching the “data” input signal ON and OFF. The times needed for
the luminance to change from 10% to 90% is Td, and 90% to 10% is Tr.

TFT Off (Black) TFT On (White) TFT Off (Black)
A —> Tr — T
100%
S0% / \
10% h
0% |———— >
Time

Note(4) Backlight circuit

LED CIRCUIT DIAGRAM

W 2% 1 - TF=80mA, VF=3V (TYP)

15
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