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1. Basic Specifications

Screen Size(Diagonal) : 2.4”

Color Depth: 65K/262k color

Number of dots : 320 x 240(RGB)

Active Area : 48.96 x 36.72 mm

Dot Pitch : 0.153 x 0.153 mm

Display Technology : a-Si TFT active matrix

Display Mode : Transmissive/Positive

Pixel Configuration : RGB Stripe

Viewing Direction : 9H (*1) (gray scale inverse)

3H (*2)

Backlight Type: LEDs

Outline Dimension : 71.5x49.1 x 7.7TMAX

Operating Temperature : -20 ~ +70°C (No Condensation)

Storage Temperature : -30 ~ +80°C (No Condensation)
Note:

*1. For saturated color display content (eg. pure-red, pure-green, pure-blue or pure-colors-combinations).
*2. For “color scales” display content.
*3. Color tone may slightly change by temperature and driving condition.

1.1 Block Diagram

/BLEN Backlight Circuit
TFT Panel
320X 240(RGB)
VDD
VSS ——o— :
SO.SI.SCL,D/C,/RST./CS ST7789VI or equivalent
URL: www.topwaydisplay.com Document Name: LMTO024ENHFWL-NBN-Manual-Rev0.1
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1.2 Terminal Functions

Pin No. | PIN Name I/0 Descriptions
1 VSS P Negative power supply ,0V
2 VSS P Negative power supply ,0V
3 /BLEN I Backlight enable signal, active low
4 VDD P Positive power supply
5 VDD P Positive power supply
6 Sl I Serial data input
7 SCL I Serial clock input
Command or display data selection:
8 D/C I D/C= H, Transferring the Display Data
D/C = L, Transferring the Control Data
Reset Signal:
9 /RST I /RES =L, Initialization is executed
/RES = H, Normal running
Chip Select Signal:
10 /CS I /CS=L, enable access to the LCD module
/CS=H, disable access to the LCD module
11 SO o) Serial data output
12~28 NC - NO connection
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2. Absolute Maximum Ratings

ltems Symbol Min. Max. Unit Condition
Supply Voltage VDD -0.3 +7.0 \% VSS =0V
/IRST, SI,SO -
Input Voltage D/C.SCL./CS -0.3 |IOVvDD +0.5| V VSS =0V
Operating Temperature Top -20 +70 °C -
Storage Temperature Tst -30 +80 °C -

Cautions:

Any Stresses exceeding the Absolute Maximum Ratings may cause substantial damage to the device. Functional
operation of this device at other conditions beyond those listed in the specification is not implied and prolonged exposure
to extreme conditions may affect device reliability.

3. Electrical Characteristics

3.1 DC Characteristics

VDD=5V,VSS=0V, Top=25°C

Items Symbol MIN. TYP. MAX. Unit | Application Pin
Supply Voltage VDD 4.8 5 52 V VDD
Input High Voltage Vg 2.3 - 3.3 V /IRST,
Input Low Voltage Vi - - 1.0 Vv SI,D/IC,SCL,/CS
Output High Voltage Vou 2.6 - - \% SO
Output Low Voltage VoL - - 0.7 V
. lob - 78.0 100 mA Backlight are ON
Operating Current oo : 5.0 125 | mA | Backlight are OFF
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3.2 AC Characteristics
SPI Bus Timing

I3 S
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Figure 5 4-line serial Interface Timing Characteristics
VDD=5.0V,VSS=0V, Top=25°C
Signal | Symbol | Parameter min | max | unit description
D/C Tocs D/CX setup time 10 - ns
TocH D/CX hold time 10 - ns
Tecss Chip select setup time(write) 15 - ns
TcsH Chip select hold time(write) 15 - ns
ICS Tecss Chip select setup time(read) 60 - ns
Tscc Chip select hold time(read) 65 - ns
Tchw Chip select “H” pulse width 40 - ns
Tscye | Serial clock cycle(write)
16 - ns .
w -write command & data
T shw SCL “H” pulse width(write) 7 - ns ram
SCL Tsiw SCL “L” pulse width(write) 7 ns
Tscycr | Serial clock cycle(read) 150
Tewm | SCL"H’ pulse width(read) 60 read Comr’;‘ri”d & data
Tsir SCL “L” pulse width(read) 60
S| Tsps Data setup time 7 - ns When read ID
TspH Data hold time 7 - ns data
SO T acc Access time 10 50 ns | For maximum CL=30pF
Ton Output disable time 15 50 ns For minimum CL=8pF
Note:
*1. Input signal rise/fall time should be less than 15ns .
*2. All timing is using 20% and 80% of VDD as the reference.
*3. Please refer to ST7789VI datasheet for details
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Reset Timing
Shorter than Sps

RW
IRST \| %‘ \ |_?‘

Disploy Stafus Mormal operation X Resatting Initial condition

(Default for H/'W reset)

tRT

VDD=5.0V,VSS=0V, Top=25°C

Item Symbol MIN. TYP. MAX. Unit

Reset LOW pulse width Trw 10 - - us

Reset time Trt - - 120 ms
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4. Functions

4.1 Display Commands
Inswuction  DvCX |wRx [RDX| D178 | o7 DE DS D4 D3 D D1 DO | Hex |  Funclion
NOP 0|1 - o ] 0 o o ] o 0 [ioomy| Mo operation
SWRESET | 0 | 1 - v o D o v ] o 1 |ioin)| Sofware reset
0|1 - o o 0 o o 1 o 0 | (o4n)| Fead dsplay 1D
1] 1 - - - - - - - - Durrry read
RODID 11|t - D17 | 0% |5 | D14 | M3 | D12 | o1 | D1 ID1 read
I S I - D27 | D26 | D25 | D24 | D23 | D22 | D21 | D2 IDZ read
I S I - D37 | D% | D35 | D3¢ | D3 | D32 | D3 | D3 D3 read
Feead dsplay
0|1 - 0 o 0 o ] o 1 |y
SIS
11|t - - - - - - - - Durrry read
RODCST I S I - |esToM| My | Mx | MW ML | RGB | MH | 5T24 -
I S I - 5T23 | IFPF2 | IFFF1 | IFPFD | DMON | PTLON | SLOUT |NORON -
1] 1 - 5TI5 | 5Ti4 |INvON| sTi2 | sTi1 |DISoN | TEON | Gos2 -
11|t - GCS1 | GCS0 | TEM | sT4 | sTR | sT2 | ST | sTO -
Fead dsplay
0| 1 - v o D o ] 1 o |oan
DIVET
RODEM
1] 1 - - - - - - - - Durrry read
I I - | BsTON | IDMON |PTLCN | SLPOUT| NCRON | DISON [ © 0
0|1 - o ] 0 o ] 1 1 |iBen)| Feaddspay
ROD
I S I - - . - . - - - Durrry read
MADCTL
I S I - Y Mx | mv | s | RGB | MH | 0 o -
Fizad dsplay
0|1 - C 0 0 o 1 o o |mocn)
ROD pha!
coMon | 1| 1 |t - - - - - - - - Durry read
I S I - o DE D5 D4 o 0o D1 ol -
Feead dsplay
0|1 - 0 o 0 o 1 o 1 |oon)
mage
ROOIM
11|t - - - - - - - - Durrry read
I - |wssom| o |mwon| o o ac2 | GC1 | Goo -
Feead dsplay
o | 1 - o o 0 o 1 1 o |oeEn
RODSM signal
I I - - - - - - - - Durry read
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Instuction | OVCX | WRX |RDX | D17-8 o7 D6 (] O O3 02 | B E Hex Furciion
1 1 f - TECH TEM 0 a i a i} o -
Feead dsplay
i} 1 - 0 o 0 a 1 i 1 {DFh) | saf-dlagnosic
RDOSDR esult
1 1 f - - - - - - - Durmmy read
i 1 T - o7 D& 0 a 0 a a o -
SLPN i} 1 - o i o 1 0 a a 1] {10h) SleepIn
SLPOUT i} 1 - 0 o 0 1 i a i} 1 [11h]} Sheap ot
PTLOH i} 1 - o o o 1 0 a i o 112h) | Partial mode on
Parial o
MIORCN i} 1 - 0 o 0 1 i a i 1 {13h)
[Mormmal)
Cisplay Imversion
INOFF i} 1 - 0 o a i a i} o 120N
all
Cisplay Imversion
IO i} 1 - 0 o a i a i} 1 121h)
ol
i} 1 - o i a 0 a a 1 (26N Cisplay Inversion
GAMSET
1 1 - 0 o 0 a =23 i £ | =00 o
CHSPOFF i} 1 - o o a a a o 26N Display off
DISPON i} 1 - 0 o a a i} 1 20N Display on
Column address
i} 1 - o o a a i o (2&h]
st
1 1 - X515 xoid4 | X513 | X2 ¥E 20 | X549 XEE ¥ addrees slart
CASET
1 1 X5T X565 55 X54 x53 w2 x5 X=0 I=sX8<X
1 1 XE1E XE14 | XE13 | XE12 ¥E1 ¥EAD | XE3 ¥ES ¥ addrees siat
1 1 XET ¥ES HEE XE4 ¥E3 ¥E2 XE1 ¥ED SZXEZX
i} 1 - 0 o a a i 1 (2Bh) | Row address et
1 1 - ¥E1E YoI4 | Y513 | Y12 Y51 Y10 | ¥E9 V&8 ¥ adonees sat
RASET 1 1 ¥&T b ] | Yol Y53 Y2 &1 YO I=YssY
1 1 YEI5 YEi4 | ¥E13 | YE12 YE1 YEIO | ¥E9 YES ¥ addnees sat
1 1 YET YE& YES YE4 YE3 YE2 ¥E1 YEO SZYESY
i} 1 - 0 o a 1 i} o (2Ch}| Memony wiite
1 1 DifiTE]| D[ D Cri5] | OiE | DI[E | Od[] | DA
RAMNE
1 1 Dogi7TE) | Oufr] DnjE] O3] Cfd] D3] Dof2] | Cogd) D] Wite datz
1] s Dr(17:8]| Dn(7] | Onfe) | Oegs] | Ongg] | On@3] | On@ | On[1] | Ono)
RAMRD i} 1 - o i a 1 i 1] (2Eh} | Memorny read
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Instuction | DWCK | WRX |[RDX | D17-8 o7 DE [ ] O (Wi B s i DD Hex Furciion
1 1 f - - - - - - - - - Dy read
1 1 t |DAfITE]| O[A] D[ e Dv[4] o] | Of[F | OdA[1] | D
1| 1 |t |Dgi7a)| Doff] | Dol | OS] | Oof4] | O3 | Dog2) | Coqe] | Doy Read dam
1 1 t |DA17:5]| DnfF] Dnfg] D3] D<) Dn{E] | On[Z) | Dna1] | Dol
Parial sartend
o 1 - 0 o 1 o a a o {30n)
address 58t
1 1 - PSLIE | PEL14 | PSLI3 | PSL1Z | PSLIT | PSL10 | PSS | PELE Partal start
aidress: [0,
PTLAR 1 1 - PoLY PSLE | PELS PoELA PSL3 | PEL2 | PEL1 | PELOD
12, _F}
1 1 - PELIS | PEL14 |PELI3| PEL1Z | PEL11 | PEL10 | PELS | PELS Partal eng
address (0, 1,2,
1 1 - PELT PELE | PELS PEL PEL3 | PELZ | PEL1 | PELOD
3,. P}
ertical scroiling
o T - [ o 1 0 i} 1 1 1330)
definition
1 1 - TRAIE | TRAT4 | TRA1Z | TFAI2 | TRAT | TFAID | TRAS | TRAS
1 1 - TFAT TRAE | TRAS | TFRAL TFAZ | TRAZ | TFA1 | TFAD
WSCRDEF
1 1 - WISA1S | VEALL | WSR3 WEAI2 | VEAN | WSAID | VSAD | VEAB
1 1 - WSAT VEAE | WEAS | WEAL | VEAI | WBAZ | VSAT1 | VEAD
1 1 - BFA&1S | BRA14 | SFAT3 | BFA1Z | BRATT | BFAID | EFAS | BRAS
1 1 - SIFAT BF&E | BFAS EiFAA BFAZ | BFA2 | BFA1 | BFROD
Tearing affect
TEOFF o T - [ o 1 0 1 a o 134
Ine off
Tearing affect
TEOM o 1 - [ o 1 0 1 a 1 (3=
In= on
1 1 - - - - - - - - TEM
Memory data
o 1 - 0 o 1 0 1 1 o {36h)
MADCTL acess corinl
1 1 - K WX K ML RGE i} a o -
ertlzal seroiling
o 1 - [ o 1 0 1 1 1 ETi ]
s3r address
WSCRSADD
1 1 - WIEPS | VERMY WSR3 WEPI2 | VEP | WSPID | WSPS | VEPE
1 1 - WERT WEPE | WEPS | WEP4 | WEPI | WEPZ | VEP1 | VEPD
IDRACFF 1] 1 - 0 1] 1 i} [u} 1] 3En) | 1de mode off
IDRON o 1 - [ o 1 i} a 1 {35n) | idle mode on
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Instruction | Dvex |wiRx [Rox | D17 | o7 DE oS5 D4 D3 no D1 00 | Hex Function
Imertace pleed
0|1 - 0 i 1 (i 1 0 |@am
COLMOD format
1| 1 - 0 DE o5 D4 D 0o D1 o0 Inerface format
NEMOry Wiite
0| 1 - 0 ] 1 1 (] o0 |pem
COrCnue
RamwRc | 1| 1 pip7E]| o | o | oiE | DiE | oi@ | Do | Do) | DI
1| 1 Dog17:5)| Oxr] | Owge | Oogs) | Oogd) | Omg3 | Dog) | Cog) | O Wite data
1 1 Dn(17E]| On[7] | On[E | Onf5] | Onf<] | Dn@E@] | On(E | Dn[1] | On)
Memony raad
o | 1 - 0 0 1 1 1 o0 |mEem
CONCnue
1 1 t - - - - - - - - Dummy Read
RAMRDC
1 | 1|+ |opre| oy | ovg | oiE | o | oo | Do | e | DI
1| 1|t |og7E| o | oee | oqE | oo | DoE | oo | O | o
1 | 1 |+ |opr7e)| onp | OmpE | Ovgs) | Orgs] | Deg3) | On | Dnp1] | Do
0|1 - 0 1 0 (i D 1 0 0 |i44m) | St tear scanine
TESCAN | 1 | 1 - Wis | miga | w13 | miz | mit | wiD | me ME
1| 1 - NT ME M5 N4 N3 M2 M1 MD
o | 1 - 0 1 0 (] D 1 0 1 || cetscanine
1 1 t - - - - - - - - Dummy Read
ROTESCAN
11|t - - - - - - MO ME
11|t - NT ME M5 N4 M3 M2 M1 MO
o |1 - 0 1 0 1 D o i 1 |5M| yyme mspray
WRDISEV
1| 1 - pev? | oBve | oSvs | oeve | oeva | pevz | DEWH | DBWD brightriess
Fead dsplay
o | 1 - 0 1 0 1 D (] 1 o |e=m
brightness value
RODISEV
11|t - - - - - - - - Dummy read
11|t - pev? | oBve | oevs | oeve | Deva | oevz | DEwt | DEwD
Witia CTRL
o |1 - 0 1 0 1 D o 1 1 |i=m
WRCTRLD display
1| 1 - 0 0 |scTRL| o DO BL (] 0
Fiead CTRL
o |1 - 0 1 0 1 D 1 i 0 |imam
RDCTRLD value deiplay
11|t - - - - - - - - Durmmy read
11|t - 0 0 |scTRL| 0 DD BL i i
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Instruction | DVCX | WRX |RDX | D17-3 o7 D& 05 o4 03 0z O Do Hex Funicion
Write confent
adapiive
] t 1 - D 1 D 1 0 1 a 1 {55h) orighiniess
WRCACE
control and Color
enhancamnst
1 1 1 - CECTRL u] CE1 CED i a (8| o
Fead content
adapiive
1] 1 - 0 1 0 1 0 1 1 u] 56n)
orighiniess
ROCABC
commi
1 1 t - - - - - - - - - Durminmy read
1 1 t - D CECTRL D a b a L8| o
Witie CASC
] t 1 - D 1 D 1 1 1 1 i} (SEh) mrimum
WRCASCNE
beighiress
1 t 1 - CMBT | CMBS | CMBS | CMB4 | CMES | CMEZ | CMB1 | CMBD
Fead CABC
] t 1 - D 1 D 1 1 1 1 1 J5FI) mrimum
ROCASCNE baghtmess
1 1 t - - - - - - - - - Durminmy read
1 1 t - CMBT | CMBS | CMBS | CMB4 | CMES | CMEZ | CMB1 | CMBD
Feead Automatic
Brightness
] 1 1 - D 1 a a a i} {6 Corinl
— Sof-Dlagnosti:
Pt
N ] - ; . - - - - - Durmny read
1 1 t - o7 D& D a 0 a a i} -
o 1 1 - 1 1 b 1 1 a 1 8] (D) Read ID1
RDIDA 1 1 t - - - - - - - - - Durminmy read
1 1 t - o7 ID1E D15 D2 D13 D12 1011 DG Fead parameter
1] 1 1 - 1 1 0 1 1 a 1 1 {CEn) Read 102
RDIDZ 1 1 t - - - - - - - - - Durminmy read
1 1 T - D27 D2 IC25 D22 D23 D22 D21 D20 Fiead parameeter
RDID3 ] t 1 - 1 1 D 1 1 1 a i} {CxChi) Fezad 103
.7
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Instruction |D/CX|WRX|RDX| D17-8 D7 D& D5 D4 D3 D2 D1 DO Hex Function
1 1 T - - - - - Dummy read
1 1 T D37 ID36 ID35 ID34 D33 D32 D31 D30 Read parameter

Note: Please refer to Sitronix ST7789VI data sheet for more details.

4.2

4.3

Power off the LCD Module
It recommends that enter Sleep Mode before power off the LCD module.

Refreshing The LCD Module

It recommends that the operating modes and display contents be refreshed periodically to prevent

the effect of unexpected noise.
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5. Optical Characteristics

Item Symbol Min. Max. Unit Note/ Condition
Brightness Bp 280 - Cd/m? D=0°. ©=0° (L2
Uniformity /\Bp 80% - - =07, ©=0°("1,72)

OT(®=90 o) _60~+50 Deg
Viewing Angle 9B(#=270°) Deg (*3)
6L( #=180°) 60~+60 Deg
ER(®=0°) Deg
Contrast Ratio Cr - - - 6=0°
Response Time Ton - 30 ms 6=0°, ®=0° (*1,*5)
TorF
White X 0.2435 | 0.2935 | 0.3335
Y 0.2644 | 0.3144 | 0.3644
Red X 0.5355 | 0.5855 | 0.6355
Color of CIE Y 0.2798 | 0.3298 | 0.3798 6=0°, ®=0° (*1, *6)
Coordinate Green X 0.3039 | 0.3539 | 0.4039 ’ '
Y 0.5408 | 0.5908 | 0.6408
Blue X 0.0988 | 0.1488 | 0.1988
Y 0.0429 | 0.0929 | 0.1429
NTSC Ratio S - 53% - - 6=0°,0=0° (*1, *6)

Test Conditions:

1. VDD=3.3V,LI=20mA(Backlight current), the ambient temperature is 25C

2. The test systems refer to *1and *3

Note:
*1. Measurement

The 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.

Photo detector ™=

Field

TFT-LCD Module
LCD Panel

The center of the screen

*2. The luminance uniformity
It is calculated by using following formula.

/\Bp = Bp (Min.) / Bp (Max.)x100 (%)
Bp (Max.) = Maximum brightness in 9 measured spots

Bp (Min.) = Minimum brightness in 9 measured spots.
Measurement equipment PR-705 (d8mm)

Item Photo Detector | Field
Contrast Ratio
Luminance
SR-3A 1°
Chromaticity
Lum Uniformity
Response Time BM-7A 2°
y L
o ——r
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*3. The definition of viewing angle:
Refer to the graph below marked by 6 and @

Normal line ®=90°
12 o'clock direction

.

®=180°

6 o'clock direction

*4. The definition of contrast ratio (Test LCM using PR-705):

Contrast Ratio(CR)= Lum?nance When LCD ?s at “White” state
Luminance When LCD is at “Black” state
(Contrast Ratio is measured in optimum common electrode voltage)
“White state “:The state is that the LCD is driven by Vwhite.
“Black state”: The state is that the LCD is driven by Vblack.
Vwhite: To be determined Vblack: To be determined.

*5. 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 output intensity changed from 90%
to 10%. And fall time (TOFF) is the time between photo detector output intensity changed from 10% to
90%.

(Mite (TFT OFF) Black (TFT ON) White (TFT OFF))
3 4 100%
338 | 90%
58
g2
ﬂ) ot
°3 | 10%
5 & 0%
—
o
URL: www.topwaydisplay.com Document Name: LMTO024ENHFWL-NBN-Manual-Rev0.1

www.topwaysz.com Page: 15 of 17


http://www.topwaydisplay.com/�
http://www.topwaysz.com/�

TOPWAY LCD Module User Manual LMTO24ENHFWL-NBN

*6: Definition of Color of CIE Coordinate and
NTSC Ratio.
area of RGB triangle
area of NTSC triangle

x100%

1631 CIE Chromaticity Diagram
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6. Design and Handling Precaution

1. The LCD panel is made by glass. Any mechanical shock (eg. dropping form high place)
will damage the LCD module.

2. Do not add excessive force on the surface of the display, which may cause the Display
color change abnormally.

3. The polarizer on the LCD is easily get scratched. If possible, do not remove the LCD
protective film until the last step of installation.

4, Never attempt to disassemble or rework the LCD module.

5. Only Clean the LCD with Isopropy! Alcohol or Ethyl Alcohol. Other solvents (eg. water)
may damage the LCD.

6. When mounting the LCD module, make sure that it is free form twisting, warping and
distortion.

7. Ensure to provide enough space (with cushion) between case and LCD panel to prevent
external force adding on it, or it may cause damage to the LCD or degrade the display
result.

8. Only hold the LCD module by its side. Never hold LCD module by add force on the heat
seal or TAB.

9. Never add force to component of the LCD module. It may cause invisible damage or
degrade of the reliability.

10. LCD module could be easily damaged by static electricity. Be careful to maintain an
optimum anti-static work environment to protect the LCD module.

11. When peeling off the protective film from LCD, static charge may cause abnormal
display pattern. It is normal and will resume to normal in a short while.

12. Take care and prevent get hurt by the LCD panel sharp edge.

13. Never operate the LCD module exceed the absolute maximum ratings.

14. Keep the signal line as short as possible to prevent noisy signal applying to LCD module.

15. Never apply signal to the LCD module without power supply.

16. IC chip (eg. TAB or COG) is sensitive to the light. Strong lighting environment could
possibly cause malfunction. Light sealing structure casing is recommend.

17. LCD module reliability may be reduced by temperature shock.

18. When storing the LCD module, avoid exposure to the direct sunlight, high humidity, high
temperature or low temperature. They may damage or degrade the LCD module
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