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1. Basic Specifications

1.1 Display Specifications
1) LCD Display Mode : FSTN, Positive, Transflective

2) Display Color : Display Data = “1” : Dark Gray (*1)
: Display Data = “0” : Light Gray (*2)
3) Viewing Angle 6 H
4) Driving Method : 1/64 duty, 1/9bias
5) Back Light : White LED backlight
Note:

*1. Color tone may slightly change by Temperature and Driving Condition.
*2. The Color is defined as the inactive / background color
*3. Fine Contrast adjustment function is necessary in application design for optimal display result

1.2 Mechanical Specifications

1) Outline Dimension :34.2 x 24.9 x 7.9MAX(exclude FPC)
(see attached Outline Drawing for details)

1.3 Block Diagram

LED
BLA —
BLK Backlight Circuit
LCD Panel /L
128 x 64 pixels \7
VDD
VES
SDA,SCL/RSTAQ,/CS, s ST75161 or equivalent
CA1N,CA1PXVO,VO,VG
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1.4 Terminal Functions

Pin No. | Pin /0 Descriptions
K1 | Name 4-Line SPI
1 SDA I |SDA_IN, serial input data.
2 SCL | |serial input clock (SCL).
Reset signal.
3 /IRST I /IRST =L, internal Initialization is executed.

/RST = H, Normal running.

Register Select
4 A0 I AQ = H, Transferring the Display RAM data.
AQ =L, Transferring the Instruction data.

Chip select input pin.
5 /ICS I /CS=“L": This chip is selected and the MPU interface is active.
/CS="H": This chip is not selected and the MPU interface is disabled.

6 VSS Negative Power Supply, Ground (0V)
7 VDD Positive Power Supply.
8 CA1N P .
ower | DC/DC voltage converter. Connect a capacitor between CA1P and CA1N.
9 CA1P
10 XV0 Negative operating voltage of COM-drivers.
11 VO Positive operating voltage of COM-drivers.
12 VG VG is the power of SEG-drivers.

LED Backlight

1 BLA Positive Power Supply.
Power -
2 BLK Negative Power Supply, Ground (0V).
URL: www.topwaydisplay.com Document Name: LM6093ACW-Manual-Rev0.1.doc
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2. Absolute Maximum Ratings
Iltems Symbol Min. Max. Unit Condition
Supply Voltage Voo -0.3 4.0 V Vss = 0V
Operating Temperature Top -20 70 85 No Condensation
Storage Temperature Tsr -30 80 °C No Condensation

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
V53= OV, VDD = 30V, TDP = 25°C
Items Symbol | MIN. TYP. | MAX. Unit | Applicable Pin
Operating Voltage Voo 2:7 3.0 3.6 V VDD
Input High Voltage Vi 0.7Voo - Voo V SDA,SCL,/RST,A0,/CS
Input Low Voltage Vi Vss - 0.3V Vv
Operating Current lop - 0.66 1.75 mA VDD
3.2 LED Backlight Circuit Characteristics
BLK = 0V, BLA= 3.0V, Top= 25°C
Items Symbol MIN. TYP. MAX. Unit | Applicable Pin
Forward Voltage BLA - 3.0 - V. | BLA
Forward Current lsLa - 12.7 40 mA | BLA

Cautions:

Exceeding the recommended driving current could cause substantial damage to the backlight and shorten its lifetime.

BLA

BLK

NO.of LEDs = 2 pcs
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3.3 4-Line SPI MCU Interface

/C s 4 r(f-‘-.‘Fi .5'_.

-
E

S D\ First bit

/
/ / >< Last bit ><

4-Line SPI Interface Timing Diagram

Vss = OV, VDD = 30V, Top = 25°C

Item Symbol MIN. TYP. MAX. Unit
Serial clock period tSCYC 104 - - ns
SCL “H” pulse width tSHW 39 - - ns
SCL “L” pulse width tSLW 39 - - ns
Address setup time tSAS 26 - - ns
Address hold time tSAH 26 - - ns
Data setup time tSDS 26 - - ns
Data hold time tSDH 26 - - ns
CSB-SCLK time tCSS 26 - - ns
CSB-SCLK time tCSH 26 - E ns
CS “H” pulse width tCHW 0 - - ns

note: signal rise time and fall time should less than 15ns
3.4 Reset Timing
Vss=0V, VDD =3.0V, Top =25°C
Item Symbol MIN. TYP. MAX. Unit
Reset time R - - 1- ms
Reset “L” pulse width tRW 1 - - ms
L fRW’
RST + // |

During Reset ... Reset Finished

Internal
Status

Reset Timing Diagram
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4. Function Specifications

é SDA
= scL
JRST
= AD
- g /G2
TO MCU RE F““, W oo O s
u ’
0805 E_leoa
0ans Al
1M g _leaip
19 Ixvo
1 o
12 lve
R3 0805
0805 <. ——1uf
™M c2

V35

4.1 Application circuit(example)

4.2 Adjusting the Display Contrast

-- This LCD module equipped with latest digital contrast adjustment function.
-- Its display contrast could be adjusted by MCU command. (Please see the command tables
for details)

-- It is recommended to provide a contrast adjustment interface for end-user, where the best
display result could meet the individual preference in mass production.

4.3 Resetting the LCD module

The LCD module should be initialized by setting /RST terminal at low level after the power supply
stable.

4.4 Power off the LCD Module
It recommends that LCD module should enter sleep mode before power off.

4.5 Refreshing The LCD Module

It recommends that the operating modes and display contents should be refreshed periodically to
prevent the effect of unexpected noise.

URL: www.topwaydisplay.com Document Name: LM6093ACW-Manual-Rev0.1.doc
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4.6 Display Memory Map

Page
Address Data LCD Module Top View
D7
0 :
DO
D7
1 :
DO
57 128x64 pixels
5 :
DO
D7
7 :
DO
Column Address | 00H > 7Fh
| Internal Display RAM Address

Note: Display start line = 0,INV = 0.
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4.7 Display Data RAM (DDRAM)

:;_51[}? ] o "
@ | onlps [ 0 1
0 - _ . e
e =.E{ i o o
2 g o 1 o -
2 5;{[} n o
=| a2
N L
= gE[O] _° o o | ] . |
Ho o ] 1
Display Data RAamM ‘ Lig #iﬁ?:lal
Esos o o —
32: C2 1 1 ] -
Em|oi] m - > D O e e
EEA Y i
B = <l ] 18 a I I et 8
" o # E E B ] g
2 Bits Data
M=
OSS DDRAM | LCD
D2M+1| D2M
1 1 1 1
4] 0 0 Q
1 0 1 0
4] 1 0 1

DDRAM Mapping (4-Level Gray Scale Mode)

COnMO
! BH}[ o7l o | 1] 1| 1 0 COMO
COmM1
(1 Bit DEl 1 0 0 0 0 oM
E COnMZ T
i
&ln nn}[ pDsyoj 0|00 1 Comz
- ——_—— |
| COM3
=15 Bh}[ pa 0 [ 1| 1| 0 coM3
= | com
% 1 Bit D31 0 0 0 0 COMA
prat -
2 | coms
bl I ] B L B 1 COMS
COME
(1 Bi) D1l 0 0 0 1 0 COME
COM CoM?7
{1 Bty Dol 1 0 1 0 0
Display Data RAM Liguid Crystal Display
apping onocnrome wode
DDRAM M (M h Mode)
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4.8 Instructions
COMMAND BYTE
INSTRUCTION Al | RAY DESCRIPTION
D7 (D6 | DS | D4 | D3 | D2 | D1 DO
1. Extarson Command | 0 1] i i i 1 |EXT1| 0 1 | EXTO |Sel exdension instruchon
Ext[1:0]=0,0 [(Extension Command 1)
Sel LD display
2 Display ONOFF oo 1 il 1 i) 1 1 1 | DSP |DSP=0: Display alf
O5P=1: Display an
Sal invarsa dsplay
Ainverse Display 0 ] 1 i 1 ] f 1 1 Iy |INY=0: Mormal display
INV=1 Irvarsa display
Sal all pizal an mede
4.4l Piosl ONIOFF oo o il 1 o 0o 0 1 AP |AP=0: All pixel off mode
AP=1: &l pixel on mode
oo | 1| 1| el o | 1| 0| 1 | o [Bdsplayconml
GLD :Sat CL dwiding ratia
1o o |la|loe|0e |0 |cw|la e Uﬂiﬂ'-'?ﬂﬂ’ﬁﬂﬂﬂ”*
5, Displey Control pul. e
1| 0 |DT7 (DT | DTS | DT4 | DT3 | DT2 | DT1 | DTO gy got thg invarsion type of
frame at the end ol comeamon
1| 0| @ @ | LF4 | FI | LF3 | LFZ | LF1 | LFO |oean cyele
Sal power sava mode
6. Pawer Save oo 1 0 0 1 o 1 0 | SLF |SLP=0: Sleap oul mads
SLP=1: Sleep in moda
oo o 1 1 1 0 1 0 1 |Set page address
Starling page address:
7.5al Page Adoress 1 | 0 | ¥ST | v56 | ¥55 | ¥54 | ¥53 | ¥52 [ ¥S1 | v50 [MOh=YS:3Th
Erdling papa addness:
1 | 0 | ¥ET | YE6 | ¥ES | ¥E4 | YE3 | ¥YE2 | ¥E1 | YED [¥YS=YE=27h
o oo| o i 0 i i i il 1 |el column sddress
Starling column address:
8.3el Column Address | 1 | p | %27 | %86 | %56 | XS4 | X583 | ¥82 | ¥=1 | xgp (Oh=XS5=9Fh
Ending coiumn sddness;
1 | 0 | XET | ¥E6 | XES | XE4 | XE3 | BE2 | XE1 | XED [MS:=NE=0OFh
oo 1 0 1 1 1 1 il 0 |Sel normal’ inverss deplay of
9. Data Scan Direcion addres= arnd address scan
1 i} i il { ] f My | BX I |dirgchon
Do o 1 0 1 1 1 0 0
108 riie Dt Winite dala 1o DORAM
1| 0 |DF | D6 | D5 | D4 | D3 | D2 | D4 | D0
oo 0 1 0 1 1 1 0 1 |Read data from DORAK
11 Read Data {Cinly far paralkal intarface and
1|1 | o7 | D6 | D5 | D4 | D3 | D2 | D4 DO [IE3)
oo 1 a 1 o 1 0 0 0 |Sel partial area
Starling parsal display address:
12 Partial In 1 | 0 |PTST|PTSE| PTSS |PTS4|PTSY|PTS2 [PTS1 ) PTE0 (M0h PTS S %Fh
Ending parial deplay addrass;
1 | 0 |PTET|PTEG|PTES |PTE4|PTEL |PTEZ [PTE1 PTEQ [MOh=FTE = B6Fh
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COMMAND BYTE
INSTRUCTION | AD | RAW DESCRIPTION
o7 |06 | DS | D4 (D3 | D2 | D1 DO
13 Partial Out oo | 1| a1 | o | 1| 0| @8 | 1 Esithepadial made
I‘ﬂ“-“‘“"‘“‘“""""’i“‘ oo 1|1 1| o | 0| o o | 0 [Enablresdmodlywis
:__:J:"“W"-""""'"“‘ oo 1| 1 1| e | 1| 1| 1| 0 |Disableresdmedbywis
ool 1 |ae| 1o |1]|o]|1]|e
16.Serall Area 1| o |&7 | 6w | BLS | BLa | BL3 | BL2 | BL1 | BLO ﬁ'&'ﬂ?ﬁl 5'::]““". "L'r"”‘”m e
1| O |MNSLT|MSLG| NSLS |WNSL4 |WSL3 | WELZ | NSL1 NSLD !E’nlgl'-'liﬂl PR
1/ ofloflao| o | 0| 0| 0 |SCMiscM
o 0 1 a i ] 1 i 1 1
17 Sed Start Ling Eﬁ.ﬂ'—ﬂmm
1| 0 | 5.7 | 5L S5L5 | 5L4 | 5L3 | 5L2 | 5L1 | 5LO
16.05C ON oo | 1|1 0 | 1| 0| 0| @ | 1 [Tumnoniseicens cscikats
18.05C OFF oo | 1 |10 | 1| 0| 0| 1 | 0 [Tunaliseisens oscikalos
o [0 |0 | a| 1|0 o000 fomamnmmm
20 Powes Cantrol om [VF=: OFF, VF=1: ON
1 0 0 i L] 0 Ve 0 VE | YR hmen OFF, YR=1: 0N
ool 1o o |0 |0o| 0|01
21,581 Vop 1| 0| 0 | 0 |vopS|vopd |vop3 | vop2 |Vep! | VooD |Set vap
10| 0| o | 0 | 0 | 0 |vopd|vop? Vook
Cartral Vop
22 Mop Gontrol 0 ] 1 1 L1 1 0 1 1 WOL WOL=D: Vop Increass ons stap
W= VoD dacragssa ane glep
Sel read register mode
REG=[x raad the regisier value
E‘ﬂ‘:“’ Register ool o | 1 1| 1| 1| 1| 0 |REGkEVapsD]
REG=1: ragd the register value
of Vap[a:6]
24 Mop o ] o i 1 0 0 1 i 1 |Mooparation
25 Rmad Status Rnad status byte
{Paralial and FC) i e e Bl M e e B Bl [ ey
26 Rmad Status ] o 1 i i 1 i i i 0 Read stalus byte
{d-Line and 3-Line 4L ire and 3 Line 6]
5P} 0| 1|07 | D6 | DS | Da | D3| D2| D1 | DO
27 Data FormatSalect | 0 | 0 [ 0 | @ | @ | 0 | 1 |00 | o | o [S57PERenteNam mel
i} 1] 1 1 i 1 1] 0 0 1 |Set display mode
28, Display Meds Cokt=0r :Mana Deafault)
1 i} i} a i) 1 o o i} D |[DM=1 AGray Scale Mode

URL: www.topwaydisplay.com
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COMMAND BYTE
NESTRUCTION A | RAW DESCRIBTION
D7 | D6 DS | D4 | D3 | D2 | D1 Db
EnabiaiDizatia 1G0MN FLAM
20,581 1COM ol o m 1 1 1 ] 1 1 | ICOM ICOMN=1 : Erabie 120N RAM
[CI0M=0 - Disable 100N RAM
Euxt[1:0]=0,1 (Extanslon Command 2)
o a ] i 1 ] ] ] i L]
10| o a 0 o ] 0 a 0
ilao| o il 0 0 i} i a 1
10| o i 0 o ] 0 i 0
10| o a 0 |GL4|GL3 | GL2 | GL1 | GLD
1 ] ] i 0 | GL4 | GLI | GL2 | Gl GLD
10| o a 0 |G |GL3 | 6L | GLT | GLD
ilo| o a ] o i} 0 a
Sal gray scale eved
30. Set Gray Leval 110 O 0 0 1] 0o 0 i 0 |GLM0) Set Light Gray Lavel
11 al o | 0| o |Goa|cos|eoz|cot | coo|oCnD Sel Dark Gray Lavel
1 ] ] i L] ] ] ] i
10| o 0 ] 0 ] 0 a
ilo| o a 0 |GD4|cDs | coe| G0 | GDO
1 i ] i O | GDa | GD3 | GD2 | GD | GD)
10| o a 0 |GD4|cD3 | coe | G0 | GDO
1 ] ] i L] ] ] ] i L]
10| o 0 0 o ] 0 a 0
olao| o a 1 1 0 0 1 ]
31 Analog Circuit 5 1]19] 9 i ¢ ¢ o ’ i ! %f‘ﬂﬁf‘fﬁ‘m-

Lot Sed . 5 - HEﬂql 1]
10| o a ] o (] 0 | BE1 | BED |psS{3-0} Sed bins ralic
10| o a 0 o 0 | Bs2 | RS BSD
oo o 1 0 1 0 i i 1 |Sel booster lewel

32 Boaster Lewal BET=0; X8
1 |a]| 1 1 1 1 1 0 1 | BST |agT=1: %10
Porear t:.ll.‘.l&
33. Driving Sabkect oo o 1 1] o 0 0 0 | 0% |DS=h Intarmal {Defam)
05=1 -Exlesmial

o a 1 1 0 1 0 1 1 1 |Gl auto-read instruction
H A Read Congnol XARD=]: Enabla aulo regd
1 a i a 0 |¥KARD| 1 1 1 1 [KARD=1: Disalle auls read

o a 1 1 1 o o 0 q O |G7TF WRAD control

EE';"DJ; WHRRD WR R/RO=0: Erabde OTF read
1 1 1 a RO L 0 n a 0 F/RD=1: Erabde OTP wrile
AE0TP Control Cut ] ] 1 1 i ] ] a a 1 |OTP sartral oul
ITOTP Wiika o 1 1 1 1 1 o Q 1 . 0 |OTF write
ABOTP Read ] a 1 1 1 o ] a 1 1 |OTP read
URL: www.topwaydisplay.com Document Name: LM6093ACW-Manual-Rev0.1.doc
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COMMAND BYTE

INSTRUCTION | AD D7 ([ D6 | D5 | D4 | D3 | D2 | D1 | DO

g

DESCRIPTION

MT13 [MT12 |MT11 | MT10 | MTO3 | MTOZ | MTO1 [MTOO
MT33 [MT32 |MT31 | MT30 | MT23 | MT22 [MT21 [MT20
MTS3 |MTS2 | MTS1 | MTS0 | MT43 [MT42 | MT41 |MT40

MT73 | MT72| MT71 | MT70 | MTE3 | MTB2 | MTE1 | MTe0 [Set temperature gradient
compensation coefficient

43 Temperature
Gradient 1
Compensation

MTE3 | MTEZ | MTS1 | MTE0 | MTE3 | MTE2 | MTE1 | MTED
MTEZ | MTEZ|MTE1 |MTED MTAZ |MTAZ |MTAT | MTAD
1 MTD3 |MTD2Z | MTD MTDO|MTC3 (MTC2 |MTCT |MTCO

1 | 0 |MTF3|MTF2|MTF1 MTFO|MTE3|MTE2|MTE1 |MTED
Ext[1:0]=1,1(Extension Command 4)
o o | 1 1o | 1|0 |1 1 0 |Enable OTP

44 Enable OTP EOTP =0 ; Disable (Default)
1 0 0 0 0 |ECTP| 0 0 0 0 |EOTP =1 ; Enable

e N N R R I R AN R R N W
|0 1 1 o 0 1 |Ctri=0: Enable OTP Selection
ggt?rT; Programming ? z ; ; ; z 1: : ? : OTP programming setting
ool 1| 1] 1] 1] 0]0o]o0o]o0o
10| o | o | o |FRA4|FRA3|FRAZ|FRA1|FRAD
41.Frame Rate 10| o | o | o |FRB4|FRB3|FRBZ|FRB1|FRBO t':;“;:r;ﬁ;fa‘ﬂ;gi” different
10| o | o | o |FRca|FRC3|FRC2|FRC1|FRCO
10| o | o | o |FRD4|FRD3|FRD2|FRD1|FRDO
o ol 1|11 1] o]ol] 1] o0
‘;:23' I;r;;nperamm t [0 ] o [TA6|TAs |TAd|TA3 | TAz [TA1 | TRO| range seting
10| o |T8B6|TB5 | TB4 | TB3 | TB2 | TB1 | TBO
1 0| o |Tce|Tcs | Tca | Tea | Tc2 | TC1 | TCo
0
0
0
0
0
0
0
0

Note:
*1. Do not use any other command not listed, or the system malfunction may resuilt.
*2. For the details of the Display Commands, please refer to ST75161 data sheet.
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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 Isopropyl 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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