s ANBAEES E

USHENGTAI

Ju

Sitroni

fﬁ —f—t—
zerocap? |z BIE

ST712

-

Datasheet

Sitronix reserves the right to change the contents in this document
without prior notice, please contact Sitronix to obtain the latest
version of datasheet before placing your order. No responsibility is
assumed by Sitronix for any infringement of patent or other rights
of third parties which may result from its use.

0 2021 Sitronix Technology Corporation. All rights reserved.

V0.5

2021/09

Sitronix Technology Corporation



Sitronix ST7123

LIST OF CONTENT
1 GENERAL DESCRIPTION ...ttt ettt e e e et et e e e e e et e e e e e e e e e e e e e et e eeeeeseestaaseeeeesennranns 6
2 FE AT URES ..ot e ettt e e e e e e et e e e e e e e e e e e et e s e eeeeeees e ea e eeeeee e et b e eeeeesennraraaas 7
3 BLOCK DIAGRAM ..ottt e e oo ettt e e e e e e e e e et seeeeeee e et b e eeeeeseessaraseeeessensranas 9
3.1 [l U] N[0 T N [ 9
4 PIN INFOMATION. ..ottt e e e e e e ettt e e e e e et e e et e e e e e e e e es e e e e eeeeeesas b eeeeasenssaaaneas 10
4.1
4.1.1
4.1.2
4.1.3
4.1.4
4.2
4.2.1
4.2.2
4.2.3 MIPI Interface Pins.....co.. ..
4.2.4 Driver Panel Related Pin
4.2.5 Touch Related Pins...................
4.2.6 Test/Dummy Pins.......ccccccveiinininiinnenn.
4.3 POWER SUPPLY CONFIGURATION ...vuuieeeeerieernnnnnss
5 FUNCTION DESCRIPTION ..ot

51 FRAME TEARING EFFECT INTERFACE

5.1.1 Tearing Effect Line MOAES ........ccoviieiiiiiiiiiiieiee e

5.2 CONTENT ADAPTIVE BACKLIGHT CONTROL (CABC2.0) ..c.vviiiiiiieiieite ettt 61
5.2.1  Definition OF CABC .....ooiiiiiiii ittt ettt e b et e et e e e e 61
5.2.2  Minimum Brightness Setting of CABC FUNCHON .......ccoiiiiiiiiiiiiiiiae e 65
5.2.3  DiISPIAY DIMIMING ...ttt ettt ettt e e e e e e et bt et e e e e e e s naaeeeeeaaae e s e nbaeneeeaeeseaannrnneaeas 67
5.2.3.1  General DESCHPIION ...ttt et e e e e e st et e e e e e e e e b e ee e e e e e e e e e nnreneeeas 67
5.2.3.2  DIimMmiNg REQUIFEMENT .. .. ..ottt ettt e e e e e e st e e e e e e e e e nbaeeeeeaaeeeaanneeneeeas 67
5.2.4  Definition of Brightness TranSition TiMe .........coiiiiiiiiiii e 68

5.3 COLOR ENHANCEMENT (CE2.0) ...t iiiiitiiiiie e e e ittt e e e s e st e s e e e e s et e e e e e e e s snnsaaeeaaeeesssnnnanneeaeeesannnne 70

5.4 IMIPI-DST INTERFACE . ...cc.ttettestee ettt ettt ettt et sb e sb e sh e sb e h e ea bt ea bt e bt e bt e s bt e ehe e sa bt st e e bttt e beebeenbeenbe e 71
5.4.1 Display Module Pin Configuration for DSI ..........cuuiiiiiiiiie e 72
5.4.2 Display Serial INterface (DSI).....cuu ittt e e et a e e e ne e eas 73
o O R € 1= o 1=T = | I o (=TT o] ] ) £ o o PRSPPI 73
5.4.2.2 Interface level COMMUNICATION ...........iiiiiiii e 73

V0.5 Page 2 of 299 2021/09

Sitronix Confidential The information contained herein is the exclusive property of Sitronix and shall not be distributed, reproduced, or
disclosed in whole or in part without prior written permission of Sitronix.



Sitronix ST7123

54221 LC1= 01T o | PO PP P TP PUPPPPPPPRPTPPPRN 73
54222 DSI-CLOCK LANES ...ttt ettt ettt e bt ettt eneeeeeebeesbeesaeeaaeesasesseeanneaneeaneen 75
5.4.2.2.2.1  LOW-POWEr MOAE (LPM) ..ottt e et e e e e e e e neenee s 76
5.4.2.2.2.2 Ultra-Low Power MOde (ULPM) .......oiiiiiiiiiiiee ettt ee e e e e 78
5.4.2.2.2.3 High-Speed Clock MOAE (HSCM) ....coiiiiiiiiiiiiiii et 79
5.4.2.2.3 DSI-DATA LANES ...eieeeeuieeteeateeateeaieeaieeasee e e e te e teeateeateeaseeaaseaaeeabeeabeesaeeaseesseesseeanneanneaseens 81
B5.4.2.2.3. 1 GENEIAL.....eiiiiiii ettt e e 81
5.4.2.2.3.2 ESCAPE MODE ......oiiiiieiieiie ettt ettt sttt be e be e ste e eaeesne e ee e ne e teenreenaeas 81
5.4.2.2.3.3 High-Speed Data TransmisSION (HSDT) ....ccoouiiiiiiiiieiiiiie ettt 88
5.4.2.2.3.4  BUS TUMAIrOUNG (BTA) . .eiiiiiiiaiiiiiiieiei ettt e e e e e e st e e e e e e e s banaeeeaaeeeeannnenaeeas 91
5.4.2.3  Packer Level COMMUNICALION .........cciiiiiiiiiiie ettt e et e e 92
54231 Short Packet (SPa) and Long Packet (LPa) StrUCLUIe ..........cooviiiiiiiiiieeiiiieie e 92
5.4.2.3.1.1 Bit Orde BYtE 0N PACKELS ....coiiiiiiieie et 94
5.4.2.3.1.2 Byte he Multiple Byte Information on Packets ... 94
54.2.3.1.3 Pa Hea ) U TUIURTUUTURIURTURTVIRTURRURNTDY . WROUIRN . N RPN 95
5.4.2.3.1.4 Packet D P@/chet (LPA) e 109
5.4.2.3.1.5 Packet Footer (PE). on the Long.Packet (LPa)...........ccociieeeiiiiieiiiiee et 109
5.4.2.3.2 Packet Transmissions ... . T TSP 111
5.4.2.3.2.1 Packet from the MCU to iSPIAY:MOGUIE .........oooiiiiiiiii i 111
5.4.2.3.2.2 Packet from the Display Module tg the MCU .i............oeiiiiiiiiieee e 112
5.5 DIGITAL GAMMA........tieiieitieiiie ettt nees AV N . RSN 117
5.6 GAMMA CORRECTION FUNCTION .....ooviiiiiiienieenieesieenenian 4 TR TPPURRRURRPRN 118
5.6.1 Gamma Correction RegiSters ..........occoueeeiiieeeiiiiiiiieeeee s AV AR 118
5.6.2  Gamma fuNCtion arChitECIUIE..........uiiiiiiiiie e hii bt et e e 120
5.6.3  Grayscale voltage fOrMUIA ........cooi i et e e 121
5.7 RESET FUNCTION . ...ttt ettt ekttt ettt ettt b e s bt she e bbbt h e st e st e bt e bt sb e ebe e s ae e eab e et et e e e beenbeas 125
5.7.1  Reset TIMING DIAGIAM ..ottt e e e e e e s st e e e e e e e s bbb e aeaaeeeeannneeneeas 125
57.11 Power On Reset & HWRST RESEL ......cooiiiiiiiiii e 125
5.8 ABNORMAL POWER OFF FUNCTION ...ttt sttt ettt sttt ettt sttt et be b e b nnees 126
5.8.1  ADNOIMMAl POWET Off...cciiiiiiiiiiiiii ittt e et e e e st e e e e abneeeeaaes 126
5.9 BASIC OPERATION IMODE ...ttt ettt ettt sttt b e bt b e bttt ettt e b e e beenbeentees 127
5.10  POWER ON/OFF SEQUENCE. ......cttutttuttattateesteesteeateeatseasseasteesbeesbeesaeesbeesasessbeasbeebeenbeesbeesaeesaeesanennne 128
5.10.1 Power ON/OFf TIMING ....eeeeeiieeee ettt e e e e e e e e e e e e e e e nnrneeeaaaeeas 129
5.10.2 Power Ramp Up/Down SPecifiCationsS............cooii i 130
5.11  INSTRUCTION SETTING SEQUENCE ......eeittiiteiteeitrtitttatttasteanteesteesieesieesssesasessbeenbeebeenbeesbeesseesanesnneanne 131
511.1 Sy (1= oI g (=T ] o Y=o [ L= g ol SRR 131
5.11.2 Deep Standby Mode Enter/EXit SEQUENCES ....ccccoiiiiiiiiiiieae et e e 132
5.12  TOUCH INTERFACE PROTOCOL ....cttutttutteteeteesteesteestee sttt ease e et e sbeesbeesaeesbeesabeasbeasbe e bt ebeesbeenieeseeesnneanne 133
V0.5 Page 3 of 299 2021/09

Sitronix Confidential The information contained herein is the exclusive property of Sitronix and shall not be distributed, reproduced, or
disclosed in whole or in part without prior written permission of Sitronix.



Sitronix ST7123

5.12.1 SPHINTEITACE ..ttt e et e et e e e e e 133
5.12.2 L2 ettt ettt ettt a et et te Rt e Rt e Rt e eReeeE et eR et enee e bt e eteeeaeeeneeaneeeneeanaeas 136
5.12.3 2 L SRR 137

6 COMMAND DESCRIPTION ....uuiiiiiiiitiieaie et et et e it e eteeasee et et e beesteesteesseeaseeanseanseaaseeabeesaeesseesnsesnneas 138
6.1 USER COMMAND SET (UCS) LIST ..uutttiiiieeeiiiieiitieeeeesssstateeeeeeesssasssseeeseesssssssssessaeessssssssssseseessnnnsnns 138
6.2 USER COMMAND SET (UCS) DESCRIPTION ....ciiiiiiiiiiiiiiieee ettt e e e e siieee e e e e e s s snnanaeeaaeeaennnes 140
S22 \\ (@] (010] = ) I N[l @ =1 = 11T o TP 140
6.2.2 SWRESET (01H): SOftWAre RESEL.......eeiiiiiiiiiiiiiiie et e e e e 141
6.2.3 RDDID (04H) Read Display Identification Information.............cccccooiiiiiiiiiiiiinii e 142
6.2.4 RDNUMED (05H) Read Number of Errors 0n DSI ........oooiuiiiiiiiiiiiiiieece e 143
6.2.5 RDDST (09H) Read DiSplay SAtUS .........ccoiiiiiiiiiiiiiae et e e e s e aenbnee s 144

6.2.6 RDDPM (0AH
6.2.7 RDDMADC
6.2.8 RDDCO

6.2.9 RDDIM (
6.2.10 RDDSM (OE
6.2.11 RDDSDR(0OFH): R
6.2.12 SLPIN (10H): Sleep In.....4.".

6.2.13 SLPOUT (11H): Sleep Ouit.........:
6.2.14 NORON (13H): Normal display mode
6.2.15 INVOFF (20H) : Display Inversion Off

6.2.16 INVON (21H) : Display Inversion On..........ccc...........
6.2.17 ALLPOFF (22H): All pixel Off ..ot
6.2.18 ALLPON (23H): All pixel 0N ...
6.2.19 GAMSEL (26H): Gamma CUrve SEIECE ...........uuiiiiiiiiiiiee e 159
6.2.20 DISPOFF (28H): DISPIay Off.......eeiieiiieiie ettt ettt seeesaeeseeas 160
6.2.21 DISPON (29H): DiSPIAY O ...eeitieieeitee et eiee ettt ettt et e s e eseeaeeesbeesbeesaeeseeesaeesenas 160
6.2.22 TEOFF (34H): Tearing Effect LINE OFF.......coo e 162
6.2.23 TEON (35H): Tearing Effect LINE ON ......cooiiiiiiiiieee et e e e 163
6.2.24 MADCTR (36H): Memory Data ACCESS CONLIOl ..........ueiiiiiiiiiiiiiiiee e 164
6.2.25 IDMOFF (38H): 1dle MOAE Off ...ttt 166
6.2.26 IDMON (39H): 1dlE MOOE ON ...ttt sttt e e e sneeneeas 167
6.2.27 TESLWR (44H): Writ€ TE SCaN LINE .....oiiiiiiieiieiie ettt 168
6.2.28 RDSCNL (45H): R SCAN LINE ...eiiiiiiiiiieeieee et e e e 169
6.2.29 DSTB (4FH): Deep Standby Mode ON...........ooiiiiiiiii e 170
6.2.30 WRDISBYV (51H) Write Display BrightnessS. .......cooi i 171
6.2.31 RDDISBYV (52H) Read Display Brightness Value ... 172
V0.5 Page 4 of 299 2021/09

Sitronix Confidential The information contained herein is the exclusive property of Sitronix and shall not be distributed, reproduced, or
disclosed in whole or in part without prior written permission of Sitronix.



Sitronix ST7123

6.2.32
6.2.33
6.2.34
6.2.35
6.2.36
6.2.37
6.2.38
6.2.39
6.2.40
6.2.41
6.2.42
6.2.43
6.2.44
6.2.45
6.2.46

7 ELECTRICAL CHARA R

7.1 ABSOLUTE MAXIMUM RATI

WRCTRLD (53H) WIrit€ CTRL DISPIAY -..eeuveeteeitieiiieiit ettt siee st eee et see s seeesaee e e 173
RDCTRLD (54H) Read CTRL DiSPIaY......ccuttiutaiiiieeiieeitiesiieatie ettt sieesieesaeeseessnee e 174
WRCABC (55H) Write Content Adaptive Brightness Control...........ccoooiviiiiiieeiiiiiiiieeeeenn. 175
RDCABC (56H) Read Content Adaptive Brightness Control ............cccocciiieiieiiiiiiiiiineeenn. 177
WRCABCMB (5EH) Write CABC Minimum Brightness.........ccuuviiiiieiiiiiiiiieeeee e 178
RDCABCMB (5FH) Read CABC Minimum Brightness ..........cccuuieiiiiiiiiiiiiiieee e, 179
RDDID1 (DAH) Read Display Identification Information ..............cccceeiiiiiiiiiiniee e, 180
RDDID2 (DBH) Read Display Identification Information .............ccccceeiiiiiiiiiiici e, 181
RDDID3 (DCH) Read Display Identification Information ..o, 182
RDDDBS (A1H) : Read DDB S ....ccueiiiiiiiiiiieiiiee sttt sanaas 183
RDDDBC (A8H) : Read DDB CONUINUE .......ccciiiiiiiiiiiie ettt e 184
RDFCS (AAH) : Read First CheCKSUM ..........oiiiiiiiiiieie e 185
RDCCS (A ead ContinUe ChECKSUM ...t a e 186

RDICID
MIPI

€aAd SITONIX [C ID eeiiiie et e e e e raa e 187

7.2 DC CHARACTERISTICS ...c.vveveenens s
7.2.1 Basic Characteristics ................
7.2.2  Current ConsSumMption..........cccvveeeeeeeenninn
7.2.3  MIPI DC Characteristic
7.3 AC CHARACTERISTICS ...ttt ittt stee st st s b aneesneeneee
7.3. 1 MIPETIMING ceiutiitieiiee ettt see e seeeseeesaeeseeeaneens
7.3.2  MIPl Interface TimiNg .......cooiiuviiiiiiaeeeeie e
4R T T 124 O {11111 o TP
7.3.4  RESEE TIMING ..ttt e oottt et e e e e e e st e et e e e e e e e e aabbeeeeaa e e e e nbbbeeeeaaeseaannrnnneeas
RS BT A\ o (o4 4o F= L 0 011 o AT 200
7.3.6 Feed through voltage COMPENSALION. .......coiiiiiiiiiiiiii e e e 201
8  REVISION HISTORY ..iiiiiieitieitie et atee ettt e bt e bt e sbeeebeeeaeeameeamee e beeabeeaaeeabeeaaee st seaneeaneeanneenseeneeesees 202
V0.5 Page 5 of 299 2021/09

Sitronix Confidential The information contained herein is the exclusive property of Sitronix and shall not be distributed, reproduced, or
disclosed in whole or in part without prior written permission of Sitronix.



Sitronix ST7123

1 GENERAL DESCRIPTION

The ST7123 is a System-on-Chip (SoC) driver LSI designed for TFT LCD controller with a build-in touch panel controller
and suitable for small to medium size portable devices such as mobile phone or tablet. ST7123 can support up to
720RGBx1680 ( HD ) dots panel and support 16,777,216-color. There is no internal RAM in ST7123. The 720-channel
source driver has true 8-bit resolution, which generates 256 Gamma-corrected values by an internal D/A converter.

The ST7123 incorporates with several charge pumps to generate various voltage levels that form an on-chip power
management system for gate driver and source driver. The built-in timing controller in ST7123 can support MIPI
interface and included 4-lane/1-port display serial interface with low EMI noise and touch protocol via standard
integrated circuit bus(I2C) or serial peripheral interface(SPI). The ST7123 also supports a standby mode for power
control consideration. For further power control, the dynamic backlight control function basing on displaying image

content is also supported.

7y
W,
Z
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2 FEATURES

- Single-chip HD Amorphous TFT Controller/Driver.

- Display Resolution

[ ] 720RGB x 1680dots

- Display Modes (Color Mode)

[ | Full Color: 16M, RGB=(888) max. Idle Mode Off

[ ] Color Reduce: 8-color, RGB=(111), Idle Mode On

- System Interfaces

[ ] MIPI DSI: MIPI DSI (DSI v1.01.00, D-PHY v1.00.00 and DCS v1.01)

- Display Features

[ | Outputs 256y-corrected values using an internal true 8-bit resolution D/A converter to achieve 16,777,216
colors

[ | Supports CGO /CGOUTL[1:22] GIP control signal

[ | Individual g a corr etting for RGB dots(1 analog/ 3 digital gamma)

[ | Supports column/1- -d in |$

[ | Power saving mode (stan

[ | Supports low frame rate mode

- Built-in Color Image Processing Functions

[ | Support WB function

Support CDC function
Color enhance (CE 2.0)
Sunlight Readability Enhancement (SRE)
Sharpness Enhancement
Hue adjustment

Contrast Enhancement

HE ¢ ¢ ¢ o =

Content adaptive brightness control (CABC 2.0)

- On Chip Function

[ | Support VCOM ground level driving scheme

[ | Internal oscillator for display clock generation

[ | Timing controller

[ | Built-in NVM to store VCOM/GVDD calibration and ID1~1D3

[ | Built—in NVM to store analog gamma, digital gamma and color enhancement.
[ | Built—in NVM to store panel timing, analog power setting, and etc.

- Supply Power Range

[ | Logic power supply voltage (IOVCC): 1.65 ~ 1.95V
[ | Positive analog power supply voltage (AVDD): 4.5 ~ 6.3V
[ | Negative analog power supply voltage (AVEE): -4.5 ~ -6.3V
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- Touch Feature

E ¢ ¢ B &

- Optimized Layout F oG

- Operating Temperature Ral

Multi-touch coordinate sensing without ghost points
16-bits MCU optimized for capacitive sensing and other human interactions
Supports up to 18x32 electrodes to provide the highest possible accuracy
Scanner drive horizontal/vertical VCOM
64 analog front ends (AFES) supports up to 576 receiver pads
Supports 12C and SPI protocol for communication with the host
6 virtual button support
Support passive stylus
Support proximity
Hopping frequency range from 50kHz to 120kHz to minimize noise interference
High signal- to noise ratio (>50dB SNR) touch AFE enables

Wake-up gesture

Touch FW host

’a o
y
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3 BLOCK DIAGRAM

3.1 Block Function

FLASH_SPI_MISO |«
— Embedded Data Program
FLASH_SPI_CSN [—» Flash SPI Flash RAM RAM
FLASH_SPI_SCK [ Master
FLASH_SPI_MOSI [—» 4 [ A
Touch
Interface Y Y 4
TP_I2C_SDA |«—»{ Touch > Hardware
TP_I2C_SCL|—» 12C SITRONIX TDDI D Acceleration
TP_SPI_MOSI |—» - > > —
TP_SPI_CS [—»| > ouch Analog
-~ = Touch _bi
TP_SPI_SCLK[—# opy . 16-bit 80251 MCU - 42| RX0D[0:2]
TP_SPI_MISO <+
= 1P INT |l [4-{RX1D[0:2]
- A Rx
i 576
GPIO[3:0] fa—»| Dl%tal - -~ RX[1:576]
IovCce
VPP Display - Dynamic
(Internal VPP) Command —| Backlight +—»{ LEDPWM
Controller Controller
MIPI_CLKP/CLKN |—»
MIPI_DOP/DON |=t—{ al.Image Processing Block
MIPI_D1P/D1N aptive Backlight
MIPI_D2P/D2N f—»| DS |
Interface 720 SH:2160
MIPI_D3P/D3N |—»- Partial o Dot Inversion 12 SEUM _]
SRAM : > [0:3]
PNSW |—» Source Drivers
DSWI[0:1] —»{
i Scaling down fu
MIPI TE
DPHYVCC [—» VDD
Voltage
- Display
FRM - Timing Control
Level Shift
. « | CGOUTL[1:22]
0SC |—w Mming 1 [ Touch - (©P ~>| CGOUTR[1:22]
Generator Timing Control
VCOoM T 4
| R
AVDDF=> peipe Reference VGHNVGL > .
Convertor Voltage Voltage Level Shift
AVEE [ 9 9 >
¥ ¥ ¥
< < <
X @ )
m r I
m
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4 PIN INFOMATION

4.1 Pad Arrangement
41.1 Output Bump Dimension

Au bump height 9um ' SSEE
24pmx90um ====

Padl to Pad813

Au bump size

15umx100um
Pad814 to Pad4091

813 ‘:'E'IE:I
gl4 =2 Iﬂl
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41.2 Bump Dimension

[ ] Output Pads

Pad No. 814 ~ 4091

A B
C
Item
™o Bump Width
¥ Bump Gap 1 (Horizontal)
Bump Height
Bump Gap 2 (Vertical)
[ ] Input Pads
Pad No0.1~813
/'y
Bump Width
G Bump Gap
Bump Height
v Bump Pitch
‘ H L
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4.1.3 Alignment Dimension

([ ] Alignment Mark Left: L(X,Y)=(-15969.4, 440.5), Unit: um

125 25 25 25
<

A
Y
A
A AN

.
»

125 X
A

25

»'d

12.5*

[ J Alignment Mark Right: R(X,Y)= ( 15&// .

[ ] Chip Information

Chip size 32060um x 947um

Chip height & width tolerance 20um

Chip thickness 150um
Pad Location Pad center

Coordinate Origin Chip center
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4.1.4 Pad Center Coordinates

No. Name X Y No. Name X Y No. Name X Y
1 CGOUTL[1] -15839.50 -418 34 DUMMY -14552.50 -418 67 VDDATEST2_L -13265.50 -418
2 CGOUTL[2] -15800.50 -418 35 DUMMY -14513.50 -418 68 VDDATEST2_L -13226.50 -418
3 CGOUTL[3] -15761.50 -418 36 DUMMY -14474.50 -418 69 VGHO1 -13187.50 -418
4 CGOUTL[4] -15722.50 -418 37 VGL -14435.50 -418 70 VGHO1 -13148.50 -418
5 CGOUTL[5] -15683.50 -418 38 VGL -14396.50 -418 71 VGHO1 -13109.50 -418
6 CGOUTL[6] -15644.50 -418 39 VGL -14357.50 -418 72 DGND -13070.50 -418
7 CGOUTL[7] -15605.50 -418 40 VGL -14318.50 -418 73 DGND -13031.50 -418
8 CGOUTL[8] -15566.50 -418 41 VGH -14279.50 -418 74 DGND -12992.50 -418
9 CGOUTL[9] -15527.50 -418 42 VGH -14240.50 -418 75 DGND -12953.50 -418
10 CGOUTL[10] -15488.50 43 VGH -14201.50 -418 76 TX_OD -12914.50 -418
1 CGOUTL[11] 44 VGH -14162.50 -418 77 RX_0D[0] -12875.50 -418
12 CGOUTL[12] -14123.50 -418 78 RX_OD[1] -12836.50 -418
13 CGOUTL[13] -15371.50 -14084.50 -418 79 RX_OD[2] -12797.50 -418
14 CGOUTL[14] -15332.50 -418 -14045.50 -418 80 DUMMY -12758.50 -418
15 CGOUTL[15] -15293.50 -418 -418 81 DUMMY -12719.50 -418
16 CGOUTL[16] -15254.50 -418 49 -418 82 DUMMY -12680.50 -418
17 CGOUTL[17] -15215.50 -418 50 83 AGND -12641.50 -418
18 CGOUTL[18] -15176.50 -418 51 TEST1 AGND -12602.50 -418
19 CGOUTL[19] -15137.50 -418 52 TEST2 -13850.50 AGND -12563.50 -418
20 CGOUTL[20] -15098.50 -418 53 TEST3 -13811.50 AGND -12524.50 -418
21 CGOUTL[21] -15059.50 -418 54 TEST4 -13772.50 AGND -12485.50 -418
22 CGOUTL[22] -15020.50 -418 55 TEST5 -13733.50 -418 88 AGND -12446.50 -418
23 DUMMY -14981.50 -418 56 TEST6 -13694.50 -418 89 AGND -12407.50 -418
24 DUMMY -14942 50 -418 57 TEST? -13655.50 -418 90 AGND -12368.50 -418
25 DUMMY -14903.50 -418 58 TEST8 -13616.50 -418 91 AVDD -12329.50 -418
26 DUMMY -14864.50 -418 59 TESTY -13577.50 -418 92 AVDD -12290.50 -418
27 DUMMY -14825.50 -418 60 TEST10 -13538.50 -418 93 AVDD -12251.50 -418
28 DUMMY -14786.50 -418 61 TEST11 -13499.50 -418 94 AVDD -12212.50 -418
29 DUMMY -14747.50 -418 62 TEST12 -13460.50 -418 95 AVDD -12173.50 -418
30 DUMMY -14708.50 -418 63 VDDATESTO_L -13421.50 -418 96 AVDD -12134.50 -418
31 DUMMY -14669.50 -418 64 VDDATESTO_L -13382.50 -418 97 AVDD -12095.50 -418
32 DUMMY -14630.50 -418 65 VDDATEST1_L -13343.50 -418 98 TVL -12056.50 -418
33 DUMMY -14591.50 -418 66 VDDATEST1_L -13304.50 -418 99 TVL -12017.50 -418
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No. Name X Y No. Name X Y No. Name X Y
100 TVL -11978.50 -418 135 AVEE -10613.50 -418 170 VGH -9248.50 -418
101 TVH -11939.50 -418 136 AGND -10574.50 -418 171 VGH -9209.50 -418
102 TVH -11900.50 -418 137 AGND -10535.50 -418 172 VGH -9170.50 -418
103 TVH -11861.50 -418 138 AGND -10496.50 -418 173 VGH -9131.50 -418
104 TVH -11822.50 -418 139 AGND -10457.50 -418 174 AGND -9092.50 -418
105 TVH -11783.50 -418 140 AGND -10418.50 -418 175 AGND -9053.50 -418
106 AVDD -11744.50 -418 141 AGND -10379.50 -418 176 AGND -9014.50 -418
107 AVDD -11705.50 -418 142 TEST16 -10340.50 -418 177 AGND -8975.50 -418
108 AVDD -11666.50 -418 143 TEST16 -10301.50 -418 178 AGND -8936.50 -418
109 AGND -11627.50 -418 144 AVDD -10262.50 -418 179 AGND -8897.50 -418
110 AGND -11588.50 -418 145 AVDD -10223.50 -418 180 AGND -8858.50 -418
m AGND 146 AVDD -10184.50 -418 181 AGND -8819.50 -418
112 VCOM_PASS_L 147 AVDD -10145.50 -418 182 AGND -8780.50 -418
113 VCOM_PASS_L -10106.50 -418 183 AGND -8741.50 -418
114 VCOM_PASS_L -11432.50 -10067.50 -418 184 AGND -8702.50 -418
115 VCOM_PASS_L -11393.50 -418 -10028.50 -418 185 AGND -8663.50 -418
116 IovCC -11354.50 -418 -418 186 AVDD -8624.50 -418
17 IovCC -11315.50 -418 152 -418 187 AVDD -8585.50 -418
118 IovCC -11276.50 -418 153 188 AVDD -8546.50 -418
119 Iovcce -11237.50 -418 154 AVEE AVDD -8507.50 -418
120 lIovcc -11198.50 -418 155 AVEE -9833.50 AVDD -8468.50 -418
121 lIovcc -11159.50 -418 156 lovce -9794.50 AVDD -8429.50 -418
122 VCOM_OPT_L -11120.50 -418 157 lovce -9755.50 lovce -8390.50 -418
123 VCOM_OPT_L -11081.50 -418 158 lovce -9716.50 -418 193 lovce -8351.50 -418
124 VCOM_OPT_L -11042.50 -418 159 lovce -9677.50 -418 194 lovce -8312.50 -418
125 VCOM_OPT_L -11003.50 -418 160 lovcce -9638.50 -418 195 Iovcce -8273.50 -418
126 VCOM_OPT_L -10964.50 -418 161 lovcce -9599.50 -418 196 lovce -8234.50 -418
127 VCOM_OPT_L -10925.50 -418 162 VDDD -9560.50 -418 197 lovcce -8195.50 -418
128 VCOM_OPT_L -10886.50 -418 163 VDDD -9521.50 -418 198 AGND -8156.50 -418
129 VCOM_OPT_L -10847.50 -418 164 VDDD -9482.50 -418 199 AGND -8117.50 -418
130 AVEE -10808.50 -418 165 VDDD -9443.50 -418 200 AGND -8078.50 -418
131 AVEE -10769.50 -418 166 VDDD -9404.50 -418 201 AGND -8039.50 -418
132 AVEE -10730.50 -418 167 VDDD -9365.50 -418 202 AGND -8000.50 -418
133 AVEE -10691.50 -418 168 VGH -9326.50 -418 203 AGND -7961.50 -418
134 AVEE -10652.50 -418 169 VGH -9287.50 -418 204 AVEE -7922.50 -418
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No. Name X Y No. Name X Y No. Name X Y
205 AVEE -7883.50 -418 240 AGND -6518.50 -418 275 DPHYVCC -5153.50 -418
206 AVEE -7844.50 -418 241 AGND -6479.50 -418 276 DPHYVCC -5114.50 -418
207 AVEE -7805.50 -418 242 AGND -6440.50 -418 277 DPHYVCC -5075.50 -418
208 AVEE -7766.50 -418 243 AGND -6401.50 -418 278 DPHYVCC -5036.50 -418
209 AVEE -7727.50 -418 244 lovCcc -6362.50 -418 279 VDDM -4997.50 -418
210 AVDD -7688.50 -418 245 lovCcc -6323.50 -418 280 VDDM -4958.50 -418
211 AVDD -7649.50 -418 246 lovcc -6284.50 -418 281 VDDM -4919.50 -418
212 AVDD -7610.50 -418 247 lovce -6245.50 -418 282 DPHYGND -4880.50 -418
213 AVDD -7571.50 -418 248 lovce -6206.50 -418 283 DPHYGND -4841.50 -418
214 AVDD -7532.50 -418 249 lovce -6167.50 -418 284 DPHYGND -4802.50 -418
215 AVDD -7493.50 -418 250 lovce -6128.50 -418 285 DATA2P -4763.50 -418
216 AVDD -7454.50 251 lovce -6089.50 -418 286 DATA2P -4724.50 -418
217 AVDD 252 lovce -6050.50 -418 287 DATA2P -4685.50 -418
218 AVDD -6011.50 -418 288 DATA2P -4646.50 -418
219 AVDD -7337.50 -5972.50 -418 289 DATA2P -4607.50 -418
220 AVDD -7298.50 -418 -418 290 DATA2P -4568.50 -418
221 AVEE -7259.50 -418 -418 291 DATA2N -4529.50 -418
222 AVEE -7220.50 -418 257 -418 292 DATA2N -4490.50 -418
223 AVEE -7181.50 -418 258 293 DATA2N -4451.50 -418
224 AVEE -7142.50 -418 259 lovce DATA2N -4412.50 -418
225 AVEE -7103.50 -418 260 VDD -5738.50 DATA2N -4373.50 -418
226 AVEE -7064.50 -418 261 VDD -5699.50 DATA2N -4334.50 -418
227 VCOM -7025.50 -418 262 VDD -5660.50 -418 DPHYGND -4295.50 -418
228 VCOM -6986.50 -418 263 VDD -5621.50 -418 298 DPHYGND -4256.50 -418
229 VCOM -6947.50 -418 264 VDD -5582.50 -418 299 DATA1P -4217.50 -418
230 VCOM -6908.50 -418 265 VDD -5543.50 -418 300 DATALP -4178.50 -418
231 VCOM -6869.50 -418 266 DGND -5504.50 -418 301 DATALP -4139.50 -418
232 VCOM -6830.50 -418 267 DGND -5465.50 -418 302 DATALP -4100.50 -418
233 AGND -6791.50 -418 268 DGND -5426.50 -418 303 DATALP -4061.50 -418
234 AGND -6752.50 -418 269 DGND -5387.50 -418 304 DATALP -4022.50 -418
235 AGND -6713.50 -418 270 DGND -5348.50 -418 305 DATAIN -3983.50 -418
236 AGND -6674.50 -418 271 DGND -5309.50 -418 306 DATAIN -3944.50 -418
237 AGND -6635.50 -418 272 DPHYVCC -5270.50 -418 307 DATAIN -3905.50 -418
238 AGND -6596.50 -418 273 DPHYVCC -5231.50 -418 308 DATAIN -3866.50 -418
239 AGND -6557.50 -418 274 DPHYVCC -5192.50 -418 309 DATAIN -3827.50 -418
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No. Name X Y No. Name X Y No. Name X Y
310 DATAIN -3788.50 -418 345 DATA3P -2423.50 -418 380 AVDD -1058.50 -418
311 DPHYGND -3749.50 -418 346 DATA3P -2384.50 -418 381 AGND -1019.50 -418
312 DPHYGND -3710.50 -418 347 DATA3N -2345.50 -418 382 AGND -980.50 -418
313 CLKP -3671.50 -418 348 DATA3N -2306.50 -418 383 AGND -941.50 -418
314 CLKP -3632.50 -418 349 DATA3N -2267.50 -418 384 AGND -902.50 -418
315 CLKP -3593.50 -418 350 DATA3N -2228.50 -418 385 AGND -863.50 -418
316 CLKP -3554.50 -418 351 DATA3N -2189.50 -418 386 AGND -824.50 -418
317 CLKP -3515.50 -418 352 DATA3N -2150.50 -418 387 AVEE -785.50 -418
318 CLKP -3476.50 -418 353 DPHYGND -2111.50 -418 388 AVEE -746.50 -418
319 CLKN -3437.50 -418 354 DPHYGND -2072.50 -418 389 AVEE -707.50 -418
320 CLKN -3398.50 -418 355 DPHYGND -2033.50 -418 390 AVEE -668.50 -418
321 CLKN -3359.50 356 lovce -1994.50 -418 391 AVEE -629.50 -418
322 CLKN 357 lovce -1955.50 -418 392 AVEE -590.50 -418
323 CLKN -1916.50 -418 393 AGND -551.50 -418
324 CLKN -3242.50 -1877.50 -418 394 AGND -512.50 -418
325 DPHYGND -3203.50 -418 -418 395 AGND -473.50 -418
326 DPHYGND -3164.50 -418 -418 396 AGND -434.50 -418
327 DATAOP -3125.50 -418 362 -418 397 AGND -395.50 -418
328 DATAOP -3086.50 -418 363 398 AGND -356.50 -418
329 DATAOP -3047.50 -418 364 DGND TP_OPT_2 -317.50 -418
330 DATAOP -3008.50 -418 365 DGND -1643.50 P_OPT_3 -278.50 -418
331 DATAOP -2969.50 -418 366 DGND -1604.50 TP_OPT_4 -239.50 -418
332 DATAOP -2930.50 -418 367 DGND -1565.50 -418 DUMMY -200.50 -418
333 DATAON -2891.50 -418 368 DGND -1526.50 -418 403 DUMMY -161.50 -418
334 DATAON -2852.50 -418 369 DGND -1487.50 -418 404 DUMMY -122.50 -418
335 DATAON -2813.50 -418 370 DGND -1448.50 -418 405 DUMMY -83.50 -418
336 DATAON -2774.50 -418 371 DGND -1409.50 -418 406 DUMMY -44.50 -418
337 DATAON -2735.50 -418 372 DGND -1370.50 -418 407 DUMMY -5.50 -418
338 DATAON -2696.50 -418 373 DGND -1331.50 -418 408 DUMMY 33.50 -418
339 DPHYGND -2657.50 -418 374 DGND -1292.50 -418 409 DUMMY 72.50 -418
340 DPHYGND -2618.50 -418 375 AVDD -1253.50 -418 410 DUMMY 111.50 -418
341 DATA3P -2579.50 -418 376 AVDD -1214.50 -418 411 DUMMY 150.50 -418
342 DATA3P -2540.50 -418 377 AVDD -1175.50 -418 412 DUMMY 189.50 -418
343 DATA3P -2501.50 -418 378 AVDD -1136.50 -418 413 DUMMY 228.50 -418
344 DATA3P -2462.50 -418 379 AVDD -1097.50 -418 414 DUMMY 267.50 -418
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No. Name X Y No. Name X Y No. Name X Y
415 TP_TEST7 306.50 -418 450 TE 1671.50 -418 485 TP_OPT_1 3036.50 -418
416 TP_TEST8 345.50 -418 451 TE 1710.50 -418 486 TP_TEST9 3075.50 -418
417 TEST36 384.50 -418 452 TE1 1749.50 -418 487 TP_INT 3114.50 -418
418 TEST29 423.50 -418 453 TE1 1788.50 -418 488 TP_I2C_SDA 3153.50 -418
419 TEST30 462.50 -418 454 LEDPWM 1827.50 -418 489 TP_I2C_SCL 3192.50 -418
420 TEST31 501.50 -418 455 LEDPWM 1866.50 -418 490 TP_SPI_CS 3231.50 -418
421 TEST32 540.50 -418 456 PSWAP 1905.50 -418 491 TP_SPI_MISO 3270.50 -418
422 TEST33 579.50 -418 457 PSWAP 1944.50 -418 492 TP_SPI_MOSI 3309.50 -418
423 TEST34 618.50 -418 458 IM[0] 1983.50 -418 493 TP_SPI_SCL 3348.50 -418
424 TEST35 657.50 -418 459 IM[0] 2022.50 -418 494 FLASH_CS 3387.50 -418
425 80TESTO 696.50 -418 460 IM[1] 2061.50 -418 495 FLASH_CS 3426.50 -418
426 80TEST1 735.50 461 IM[1] 2100.50 -418 496 FLASH_MISO 3465.50 -418
427 80TEST2 462 DSWAPI[0] 2139.50 -418 497 FLASH_MISO 3504.50 -418
428 80TEST3 3 DSWAP[O0] 2178.50 -418 498 FLASH_MOSI 3543.50 -418
429 80TEST4 852.50 2217.50 -418 499 FLASH_MOSI 3582.50 -418
430 80TESTS 891.50 -418 2256.50 -418 500 FLASH_SCL 3621.50 -418
431 80TEST6 930.50 -418 229‘ -418 501 FLASH_SCL 3660.50 -418
432 80TEST7 969.50 -418 467 -418 502 TP_TEST_EN 3699.50 -418
433 80TEST8 1008.50 -418 468 TP_RESX 503 TP_TEST_EN 3738.50 -418
434 80TESTY9 1047.50 -418 469 TP_TESTO DGND 3777.50 -418
435 DGND 1086.50 -418 470 TP_TEST1 2451.50 DGND 3816.50 -418
436 DGND 1125.50 -418 471 TP_TEST2 2490.50 3855.50 -418
437 PWR_TEST3 1164.50 -418 472 TP_TEST3 2529.50 3894.50 -418
438 PWR_TEST3 1203.50 -418 473 TP_TEST4 2568.50 -418 508 DGND 3933.50 -418
439 80TEST10 1242.50 -418 474 TP_TEST5 2607.50 -418 509 DGND 3972.50 -418
440 80TEST11 1281.50 -418 475 TP_TEST6 2646.50 -418 510 VDDD 4011.50 -418
441 TEST20 1320.50 -418 476 PWR_TEST1 2685.50 -418 511 VDDD 4050.50 -418
442 TEST21 1359.50 -418 477 PWR_TEST1 2724.50 -418 512 VDDD 4089.50 -418
443 TEST22 1398.50 -418 478 DGND 2763.50 -418 513 VDDD 4128.50 -418
444 TEST23 1437.50 -418 479 DGND 2802.50 -418 514 VDDD 4167.50 -418
445 TEST24 1476.50 -418 480 PWR_TEST2 2841.50 -418 515 VDDD 4206.50 -418
446 TEST25 1515.50 -418 481 PWR_TEST2 2880.50 -418 516 lovce 4245.50 -418
447 TEST26 1554.50 -418 482 TP_UART_TX 2919.50 -418 517 lovce 4284.50 -418
448 TEST27 1593.50 -418 483 FLASH_HOLD 2958.50 -418 518 lovce 4323.50 -418
449 TEST28 1632.50 -418 484 FLASH_WP 2997.50 -418 519 lovce 4362.50 -418
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520 lovcce 4401.50 -418 555 AVDD 5766.50 -418 590 AGND 7131.50 -418
521 IovCC 4440.50 -418 556 AVDD 5805.50 -418 591 TVL 7170.50 -418
522 IovCC 4479.50 -418 557 AVDD 5844.50 -418 592 TVL 7209.50 -418
523 IovCC 4518.50 -418 558 AVDD 5883.50 -418 593 TVL 7248.50 -418
524 IovCC 4557.50 -418 559 lovCcc 5922.50 -418 594 TVL 7287.50 -418
525 IovCC 4596.50 -418 560 lovCcc 5961.50 -418 595 TVL 7326.50 -418
526 IovCC 4635.50 -418 561 lovcc 6000.50 -418 596 TVL 7365.50 -418
527 IovCcce 4674.50 -418 562 lovce 6039.50 -418 597 TVH 7404.50 -418
528 IovCcc 4713.50 -418 563 lovce 6078.50 -418 598 TVH 7443.50 -418
529 VCOM 4752.50 -418 564 GVDDP 6117.50 -418 599 TVH 7482.50 -418
530 VCOM 4791.50 -418 565 GVDDP 6156.50 -418 600 TVH 7521.50 -418
531 VCOM 4830.50 566 GVDDP 6195.50 -418 601 TVH 7560.50 -418
532 VCOM 567 GVDDN 6234.50 -418 602 TVH 7599.50 -418
533 VCOM 6273.50 -418 603 VAG 7638.50 -418
534 VCOM 4947.50 6312.50 -418 604 VAG 7677.50 -418
535 VCOM 4986.50 -418 6351.50 -418 605 VAG 7716.50 -418
536 AGND 5025.50 -418 639’ -418 606 VAG 7755.50 -418
537 AGND 5064.50 -418 572 -418 607 VAG 7794.50 -418
538 AGND 5103.50 -418 573 608 VAG 7833.50 -418
539 AGND 5142.50 -418 574 AGND AVDD 7872.50 -418
540 AGND 5181.50 -418 575 AGND 6546.50 AVDD 7911.50 -418
541 AGND 5220.50 -418 576 AGND 6585.50 AVDD 7950.50 -418
542 AVEE 5259.50 -418 577 AGND 6624.50 AVDD 7989.50 -418
543 AVEE 5298.50 -418 578 AGND 6663.50 -418 613 AVDD 8028.50 -418
544 AVEE 5337.50 -418 579 AGND 6702.50 -418 614 AVDD 8067.50 -418
545 AVEE 5376.50 -418 580 AGND 6741.50 -418 615 AVEE 8106.50 -418
546 AVEE 5415.50 -418 581 AGND 6780.50 -418 616 AVEE 8145.50 -418
547 AVEE 5454.50 -418 582 AGND 6819.50 -418 617 AVEE 8184.50 -418
548 AVEE 5493.50 -418 583 AGND 6858.50 -418 618 AVEE 8223.50 -418
549 AVDD 5532.50 -418 584 AGND 6897.50 -418 619 AVEE 8262.50 -418
550 AVDD 5571.50 -418 585 AGND 6936.50 -418 620 AVEE 8301.50 -418
551 AVDD 5610.50 -418 586 AGND 6975.50 -418 621 AVEE 8340.50 -418
552 AVDD 5649.50 -418 587 AGND 7014.50 -418 622 AVEE 8379.50 -418
553 AVDD 5688.50 -418 588 AGND 7053.50 -418 623 lovce 8418.50 -418
554 AVDD 5727.50 -418 589 AGND 7092.50 -418 624 lovce 8457.50 -418
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No. Name X Y No. Name X Y No. Name X Y
625 lovcce 8496.50 -418 660 AVEE 9861.50 -418 695 lovce 11226.50 -418
626 IovCC 8535.50 -418 661 AVEE 9900.50 -418 696 IovCcce 11265.50 -418
627 IovCC 8574.50 -418 662 AVEE 9939.50 -418 697 IovCcce 11304.50 -418
628 IovCC 8613.50 -418 663 AVEE 9978.50 -418 698 Iovcce 11343.50 -418
629 AVDD 8652.50 -418 664 AVEE 10017.50 -418 699 VCOM_PASS_R 11382.50 -418
630 AVDD 8691.50 -418 665 AVDD 10056.50 -418 700 VCOM_PASS_R 11421.50 -418
631 AVDD 8730.50 -418 666 AVDD 10095.50 -418 701 VCOM_PASS_R 11460.50 -418
632 AVDD 8769.50 -418 667 AVDD 10134.50 -418 702 VCOM_PASS_R 11499.50 -418
633 AVDD 8808.50 -418 668 AVDD 10173.50 -418 703 AGND 11538.50 -418
634 AVDD 8847.50 -418 669 AVDD 10212.50 -418 704 AGND 11577.50 -418
635 AGND 8886.50 -418 670 AGND 10251.50 -418 705 AGND 11616.50 -418
636 AGND 8925.50 671 AGND 10290.50 -418 706 AVDD 11655.50 -418
637 AGND 672 AGND 10329.50 -418 707 AVDD 11694.50 -418
638 AGND 10368.50 -418 708 AVDD 11733.50 -418
639 AGND 9042.50 10407.50 -418 709 TVH 11772.50 -418
640 AGND 9081.50 -418 -418 710 TVH 11811.50 -418
641 VGL 9120.50 -418 -418 711 TVH 11850.50 -418
642 VGL 9159.50 -418 677 -418 712 TVH 11889.50 -418
643 VGL 9198.50 -418 678 AVEE TVH 11928.50 -418
644 VGL 9237.50 -418 679 AVEE TVL 11967.50 -418
645 VGL 9276.50 -418 680 AVEE 10641.50 TVL 12006.50 -418
646 VGL 9315.50 -418 681 AVEEP 10680.50 TVL 12045.50 -418
647 AGND 9354.50 -418 682 VCOM_OPT_R 10719.50 -418 AVDD 12084.50 -418
648 AGND 9393.50 -418 683 VCOM_OPT_R 10758.50 -418 718 AVDD 12123.50 -418
649 AGND 9432.50 -418 684 VCOM_OPT_R 10797.50 -418 719 AVDD 12162.50 -418
650 AGND 9471.50 -418 685 VCOM_OPT_R 10836.50 -418 720 AVDD 12201.50 -418
651 AGND 9510.50 -418 686 VCOM_OPT_R 10875.50 -418 721 AVDD 12240.50 -418
652 AGND 9549.50 -418 687 VCOM_OPT_R 10914.50 -418 722 AVDD 12279.50 -418
653 VDDD 9588.50 -418 688 VCOM_OPT_R 10953.50 -418 723 AVDD 12318.50 -418
654 VDDD 9627.50 -418 689 VCOM_OPT_R 10992.50 -418 724 AGND 12357.50 -418
655 VDDD 9666.50 -418 690 lovce 11031.50 -418 725 AGND 12396.50 -418
656 VDDD 9705.50 -418 691 lovce 11070.50 -418 726 AGND 12435.50 -418
657 VDDD 9744.50 -418 692 lovce 11109.50 -418 727 AGND 12474.50 -418
658 VDDD 9783.50 -418 693 lovce 11148.50 -418 728 AGND 12513.50 -418
659 AVEE 9822.50 -418 694 lovce 11187.50 -418 729 AGND 12552.50 -418
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730 AGND 12591.50 -418 765 DUMMY 13956.50 -418 800 CGOUTR[14] 15321.50 -418
731 AGND 12630.50 -418 766 DUMMY 13995.50 -418 801 CGOUTR[13] 15360.50 -418
732 DUMMY 12669.50 -418 767 COGTEST3 14034.50 -418 802 CGOUTR[12] 15399.50 -418
733 DUMMY 12708.50 -418 768 COGTEST4 14073.50 -418 803 CGOUTR[11] 15438.50 -418
734 DUMMY 12747.50 -418 769 DUMMY 14112.50 -418 804 CGOUTR[10] 15477.50 -418
735 RX_1D[2] 12786.50 -418 770 VGH 14151.50 -418 805 CGOUTR[9] 15516.50 -418
736 RX_1D[1] 12825.50 -418 771 VGH 14190.50 -418 806 CGOUTR[8] 15555.50 -418
737 RX_1D[0] 12864.50 -418 772 VGH 14229.50 -418 807 CGOUTR[7] 15594.50 -418
738 TX_1D 12903.50 -418 773 VGH 14268.50 -418 808 CGOUTRI6] 15633.50 -418
739 DGND 12942.50 -418 774 DUMMY 14307.50 -418 809 CGOUTRI5] 15672.50 -418
740 DGND 12981.50 -418 775 DUMMY 14346.50 -418 810 CGOUTR[4] 15711.50 -418
741 DGND 13020.50 776 DUMMY 14385.50 -418 811 CGOUTR[3] 15750.50 -418
742 DGND 77 DUMMY 14424.50 -418 812 CGOUTR([2] 15789.50 -418
743 VGHO1 . DUMMY 14463.50 -418 813 CGOUTR[1] 15828.50 -418
744 VGHO1 13137.50 14502.50 -418 814 DUMMY 15893.45 53
745 VGHO1 13176.50 -418 -418 815 DUMMY 15883.75 173
746 VDDATEST2_R 13215.50 -418 -418 816 DUMMY 15874.05 293
747 VDDATEST2_R 13254.50 -418 782 -418 817 DUMMY 15854.65 53
748 VDDATEST1_R 13293.50 -418 783 DUMMY DUMMY 15844.95 173
749 VDDATEST1_R 13332.50 -418 784 DUMMY 15835.25 293
750 VDDATESTO_R 13371.50 -418 785 DUMMY 14736.50 15825.55 413
751 VDDATESTO_R 13410.50 -418 786 DUMMY 14775.50 15815.85 53
752 TEST13 13449.50 -418 787 DUMMY 14814.50 -418 DUMMY 15806.15 173
753 TEST14 13488.50 -418 788 DUMMY 14853.50 -418 823 DUMMY 15796.45 293
754 TEST15 13527.50 -418 789 DUMMY 14892.50 -418 824 DUMMY 15786.75 413
755 DUMMY 13566.50 -418 790 DUMMY 14931.50 -418 825 VCOM_PASS_R 15777.05 53
756 DUMMY 13605.50 -418 791 DUMMY 14970.50 -418 826 VCOM_PASS_R 15767.35 173
757 DUMMY 13644.50 -418 792 CGOUTR[22] 15009.50 -418 827 VCOM_PASS_R 15757.65 293
758 DUMMY 13683.50 -418 793 CGOUTR[21] 15048.50 -418 828 DUMMY 15747.95 413
759 DUMMY 13722.50 -418 794 CGOUTR[20] 15087.50 -418 829 VCOM_PASS_R 15738.25 53
760 PWR_TEST4 13761.50 -418 795 CGOUTR[19] 15126.50 -418 830 VCOM_PASS_R 15728.55 173
761 PWR_TEST4 13800.50 -418 796 CGOUTR[18] 15165.50 -418 831 VCOM_PASS_R 15718.85 293
762 PWR_TEST4 13839.50 -418 797 CGOUTR[17] 15204.50 -418 832 DUMMY 15709.15 413
763 PWR_TEST4 13878.50 -418 798 CGOUTR[16] 15243.50 -418 833 DUMMY 15699.45 53
764 DUMMY 13917.50 -418 799 CGOUTR[15] 15282.50 -418 834 DUMMY 15689.75 173
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No. Name X Y No. Name X Y No. Name X Y
835 DUMMY 15680.05 293 870 S23 15340.55 173 905 S49 15001.05 53
836 DUMMY 15670.35 413 871 S24 15330.85 293 906 S50 14991.35 173
837 DUMMY 15660.65 53 872 RX[573] 15321.15 413 907 S51 14981.65 293
838 SDUMO 15650.95 173 873 S25 15311.45 53 908 RX[564] 14971.95 413
839 SbumM1 15641.25 293 874 S26 15301.75 173 909 S52 14962.25 53
840 GRID20 15631.55 413 875 S27 15292.05 293 910 S53 14952.55 173
841 S1 15621.85 53 876 RX[572] 15282.35 413 911 S54 14942.85 293
842 S2 15612.15 173 877 S28 15272.65 53 912 RX[563] 14933.15 413
843 S3 15602.45 293 878 S29 15262.95 173 913 S55 14923.45 53
844 GRID20 15592.75 413 879 S30 15253.25 293 914 S56 14913.75 173
845 sS4 15583.05 53 880 RX[571] 15243.55 413 915 S57 14904.05 293
846 S5 15573.35 881 S31 15233.85 53 916 RX[562] 14894.35 413
847 S6 882 S§32 15224.15 173 917 S58 14884.65 53
848 GRID20 15214.45 293 918 S59 14874.95 173
849 S7 15544.25 15204.75 413 919 S60 14865.25 293
850 S8 15534.55 173 53 920 RX[561] 14855.55 413
851 S9 15524.85 293 921 S61 14845.85 53
852 GRID20 15515.15 413 922 S62 14836.15 173
853 S10 15505.45 53 RX[569] 923 S63 14826.45 293
854 Si1 15495.75 173 889 S37 RX[560] 14816.75 413
855 Ss12 15486.05 293 890 S38 15146.55 S64 14807.05 53
856 GRID20 15476.35 413 891 S39 15136.85 S65 14797.35 173
857 S13 15466.65 53 892 RX[568] 15127.15 S66 14787.65 293
858 S14 15456.95 173 893 S40 15117.45 53 928 RX[559] 14777.95 413
859 S15 15447.25 293 894 S41 15107.75 173 929 S67 14768.25 53
860 RX[576] 15437.55 413 895 S42 15098.05 293 930 S68 14758.55 173
861 S16 15427.85 53 896 RX[567] 15088.35 413 931 S69 14748.85 293
862 S17 15418.15 173 897 S43 15078.65 53 932 RX[558] 14739.15 413
863 S18 15408.45 293 898 S44 15068.95 173 933 S70 14729.45 53
864 RX[575] 15398.75 413 899 S$45 15059.25 293 934 S71 14719.75 173
865 S19 15389.05 53 900 RX[566] 15049.55 413 935 S§72 14710.05 293
866 S20 15379.35 173 901 S46 15039.85 53 936 RX[557] 14700.35 413
867 S21 15369.65 293 902 S47 15030.15 173 937 S73 14690.65 53
868 RX[574] 15359.95 413 903 S48 15020.45 293 938 S74 14680.95 173
869 S22 15350.25 53 904 RX[565] 15010.75 413 939 S75 14671.25 293
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No. Name X Y No. Name X Y No. Name X Y
940 RX[556] 14661.55 413 975 $102 14322.05 293 1010 5128 13982.55 173
941 S76 14651.85 53 976 RX[547] 14312.35 413 1011 S$129 13972.85 293
942 S77 14642.15 173 977 $103 14302.65 53 1012 GRID19 13963.15 413
943 S78 14632.45 293 978 S104 14292.95 173 1013 S$130 13953.45 53
944 RX[555] 14622.75 413 979 $105 14283.25 293 1014 S131 13943.75 173
945 S79 14613.05 53 980 RX[546] 14273.55 413 1015 S$132 13934.05 293
946 S80 14603.35 173 981 $106 14263.85 53 1016 RX[544] 13924.35 413
947 s81 14593.65 293 982 $107 14254.15 173 1017 $133 13914.65 53
948 RX[554] 14583.95 413 983 5108 14244.45 293 1018 S134 13904.95 173
949 S82 14574.25 53 984 RX[545] 14234.75 413 1019 S$135 13895.25 293
950 S83 14564.55 173 985 5109 14225.05 53 1020 RX[543] 13885.55 413
951 S84 14554.85 986 S110 14215.35 173 1021 S$136 13875.85 53
952 RX[553] 1454 987 si11 14205.65 293 1022 $137 13866.15 173
953 S85 14586.45 8 14195.95 413 1023 5138 13856.45 293
954 S86 14525.75 14186.25 53 1024 RX[542] 13846.75 413
955 S87 14516.05 293 173 1025 S$139 13837.05 53
956 RX[552] 14506.35 413 293 1026 S140 13827.35 173
957 S88 14496.65 53 992 413 1027 S141 13817.65 293
958 S89 14486.95 173 993 S115 1028 RX[541] 13807.95 413
959 S90 14477.25 293 994 S116 S142 13798.25 53
960 RX[551] 14467.55 413 995 S117 14128.05 $143 13788.55 173
961 S91 14457.85 53 996 GRID19 14118.35 S144 13778.85 293
962 S92 14448.15 173 997 S$118 14108.65 53 RX[540] 13769.15 413
963 S93 14438.45 293 998 S119 14098.95 173 1033 S$145 13759.45 53
964 RX[550] 14428.75 413 999 S$120 14089.25 293 1034 S146 13749.75 173
965 S94 14419.05 53 1000 GRID19 14079.55 413 1035 S147 13740.05 293
966 S95 14409.35 173 1001 S121 14069.85 53 1036 RX[539] 13730.35 413
967 S96 14399.65 293 1002 S122 14060.15 173 1037 $148 13720.65 53
968 RX[549] 14389.95 413 1003 S123 14050.45 293 1038 S$149 13710.95 173
969 S97 14380.25 53 1004 GRID19 14040.75 413 1039 S$150 13701.25 293
970 S98 14370.55 173 1005 S124 14031.05 53 1040 RX[538] 13691.55 413
971 S99 14360.85 293 1006 S125 14021.35 173 1041 S151 13681.85 53
972 RX[548] 14351.15 413 1007 S$126 14011.65 293 1042 S§152 13672.15 173
973 S100 14341.45 53 1008 GRID19 14001.95 413 1043 S153 13662.45 293
974 S101 14331.75 173 1009 s127 13992.25 53 1044 RX[537] 13652.75 413
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No. Name X Y No. Name X Y No. Name X Y
1045 S154 13643.05 53 1080 RX[528] 13303.55 413 1115 S$207 12964.05 293
1046 S155 13633.35 173 1081 S181 13293.85 53 1116 RX[519] 12954.35 413
1047 S156 13623.65 293 1082 5182 13284.15 173 1117 5208 12944.65 53
1048 RX[536] 13613.95 413 1083 5183 13274.45 293 1118 S209 12934.95 173
1049 S157 13604.25 53 1084 RX[527] 13264.75 413 1119 S$210 12925.25 293
1050 S158 13594.55 173 1085 S184 13255.05 53 1120 RX[518] 12915.55 413
1051 S159 13584.85 293 1086 5185 13245.35 173 1121 S211 12905.85 53
1052 RX[535] 13575.15 413 1087 5186 13235.65 293 1122 S§212 12896.15 173
1053 S160 13565.45 53 1088 RX[526] 13225.95 413 1123 $213 12886.45 293
1054 Ssi161 13555.75 173 1089 5187 13216.25 53 1124 RX[517] 12876.75 413
1055 S162 13546.05 293 1090 5188 13206.55 173 1125 S214 12867.05 53
1056 RX[534] 13536.35 1091 5189 13196.85 293 1126 S§215 12857.35 173
1057 S163 1352 1092 RX[525] 13187.15 413 1127 S$216 12847.65 293
1058 S164 13516.95 S190 13177.45 53 1128 RX[516] 12837.95 413
1059 S165 13507.25 13167.75 173 1129 S$217 12828.25 53
1060 RX[533] 13497.55 413 293 1130 S$218 12818.55 173
1061 S166 13487.85 53 413 1131 S$219 12808.85 293
1062 S167 13478.15 173 1097 53 1132 RX[515] 12799.15 413
1063 S168 13468.45 293 1098 S194 1133 $220 12789.45 53
1064 RX[532] 13458.75 413 1099 S$195 S§221 12779.75 173
1065 S169 13449.05 53 1100 RX[523] 13109.55 S§222 12770.05 293
1066 S170 13439.35 173 1101 5196 13099.85 RX[514] 12760.35 413
1067 S171 13429.65 293 1102 $197 13090.15 173 S$223 12750.65 53
1068 RX[531] 13419.95 413 1103 5198 13080.45 293 1138 S$224 12740.95 173
1069 S172 13410.25 53 1104 RX[522] 13070.75 413 1139 $225 12731.25 293
1070 S173 13400.55 173 1105 S$199 13061.05 53 1140 RX[513] 12721.55 413
1071 S174 13390.85 293 1106 S$200 13051.35 173 1141 5226 12711.85 53
1072 RX[530] 13381.15 413 1107 S201 13041.65 293 1142 S227 12702.15 173
1073 S175 13371.45 53 1108 RX[521] 13031.95 413 1143 5228 12692.45 293
1074 S176 13361.75 173 1109 5202 13022.25 53 1144 GRID18 12682.75 413
1075 S177 13352.05 293 1110 S$203 13012.55 173 1145 S$229 12673.05 53
1076 RX[529] 13342.35 413 1111 S204 13002.85 293 1146 $230 12663.35 173
1077 S178 13332.65 53 1112 RX[520] 12993.15 413 1147 S231 12653.65 293
1078 S179 13322.95 173 1113 S$205 12983.45 53 1148 GRID18 12643.95 413
1079 S180 13313.25 293 1114 S$206 12973.75 173 1149 $232 12634.25 53
V0.5 Page 23 of 299 2021/09

Sitronix Confidential ~ The information contained herein is the exclusive property of Sitronix and shall not be distributed, reproduced, or
disclosed in whole or in part without prior written permission of Sitronix.




Sitronix ST7123

No. Name X Y No. Name X Y No. Name X Y
1150 S233 12624.55 173 1185 S$259 12285.05 53 1220 RX[500] 11945.55 413
1151 S234 12614.85 293 1186 S$260 12275.35 173 1221 5286 11935.85 53
1152 GRID18 12605.15 413 1187 S261 12265.65 293 1222 S287 11926.15 173
1153 S235 12595.45 53 1188 RX[508] 12255.95 413 1223 5288 11916.45 293
1154 S236 12585.75 173 1189 5262 12246.25 53 1224 RX[499] 11906.75 413
1155 S237 12576.05 293 1190 5263 12236.55 173 1225 5289 11897.05 53
1156 GRID18 12566.35 413 1191 S264 12226.85 293 1226 S$290 11887.35 173
1157 S238 12556.65 53 1192 RX[507] 12217.15 413 1227 S291 11877.65 293
1158 S239 12546.95 173 1193 5265 12207.45 53 1228 RX[498] 11867.95 413
1159 S240 12537.25 293 1194 5266 12197.75 173 1229 5292 11858.25 53
1160 GRID18 12527.55 413 1195 S$267 12188.05 293 1230 5293 11848.55 173
1161 S241 12517.85 1196 RX[506] 12178.35 413 1231 S$294 11838.85 293
1162 S242 1250 1197 5268 12168.65 53 1232 RX[497] 11829.15 413
1163 S243 12498.45 g 12158.95 173 1233 S$295 11819.45 53
1164 GRID18 12488.75 12149.25 293 1234 S$296 11809.75 173
1165 S244 12479.05 53 413 1235 S$297 11800.05 293
1166 S245 12469.35 173 53 1236 RX[496] 11790.35 413
1167 S246 12459.65 293 1202 173 1237 5298 11780.65 53
1168 GRID18 12449.95 413 1203 S273 1238 S$299 11770.95 173
1169 S247 12440.25 53 1204 RX[504] S300 11761.25 293
1170 S248 12430.55 173 1205 S274 12091.05 RX[495] 11751.55 413
171 S249 12420.85 293 1206 S$275 12081.35 S301 11741.85 53
172 RX[512] 12411.15 413 1207 S$276 12071.65 293 S$302 11732.15 173
1173 S250 12401.45 53 1208 RX[503] 12061.95 413 1243 S303 11722.45 293
1174 S251 12391.75 173 1209 §277 12052.25 53 1244 RX[494] 11712.75 413
1175 $252 12382.05 293 1210 S278 12042.55 173 1245 S304 11703.05 53
1176 RX[511] 12372.35 413 1211 S279 12032.85 293 1246 S305 11693.35 173
177 S253 12362.65 53 1212 RX[502] 12023.15 413 1247 S306 11683.65 293
1178 S254 12352.95 173 1213 $280 12013.45 53 1248 RX[493] 11673.95 413
1179 S255 12343.25 293 1214 S281 12003.75 173 1249 S307 11664.25 53
1180 RX[510] 12333.55 413 1215 5282 11994.05 293 1250 S308 11654.55 173
1181 S256 12323.85 53 1216 RX[501] 11984.35 413 1251 S309 11644.85 293
1182 S257 12314.15 173 1217 5283 11974.65 53 1252 RX[492] 11635.15 413
1183 S258 12304.45 293 1218 S284 11964.95 173 1253 S310 11625.45 53
1184 RX[509] 12294.75 413 1219 5285 11955.25 293 1254 S311 11615.75 173
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No. Name X Y No. Name X Y No. Name X Y
1255 S312 11606.05 293 1290 S338 11266.55 173 1325 S364 10927.05 53
1256 RX[491] 11596.35 413 1291 S339 11256.85 293 1326 S365 10917.35 173
1257 S313 11586.65 53 1292 RX[482] 11247.15 413 1327 S366 10907.65 293
1258 S314 11576.95 173 1293 S340 11237.45 53 1328 GRID17 10897.95 413
1259 S315 11567.25 293 1294 S341 11227.75 173 1329 S367 10888.25 53
1260 RX[490] 11557.55 413 1295 S342 11218.05 293 1330 5368 10878.55 173
1261 S316 11547.85 53 1296 RX[481] 11208.35 413 1331 S369 10868.85 293
1262 S317 11538.15 173 1297 S343 11198.65 53 1332 GRID17 10859.15 413
1263 S318 11528.45 293 1298 S344 11188.95 173 1333 S370 10849.45 53
1264 RX[489] 11518.75 413 1299 S345 11179.25 293 1334 S371 10839.75 173
1265 S319 11509.05 53 1300 GRID17 11169.55 413 1335 S§372 10830.05 293
1266 S320 11499.35 1301 S346 11159.85 53 1336 GRID17 10820.35 413
1267 S321 1302 S$347 11150.15 173 1337 S373 10810.65 53
1268 RX[488] 11140.45 293 1338 S374 10800.95 173
1269 S§322 11470.25 11130.75 413 1339 S375 10791.25 293
1270 S$323 11460.55 173 11121.05 53 1340 RX[480] 10781.55 413
1271 S324 11450.85 293 1111. 173 1341 S376 10771.85 53
1272 RX[487] 11441.15 413 1307 293 1342 S377 10762.15 173
1273 S$325 11431.45 53 1308 GRID17 1343 S378 10752.45 293
1274 S326 11421.75 173 1309 S§352 RX[479] 10742.75 413
1275 S327 11412.05 293 1310 S353 11072.55 S379 10733.05 53
1276 RX[486] 11402.35 413 1311 S354 11062.85 S$380 10723.35 173
1277 S328 11392.65 53 1312 GRID17 11053.15 413 S381 10713.65 293
1278 S329 11382.95 173 1313 S355 11043.45 53 1348 RX[478] 10703.95 413
1279 S330 11373.25 293 1314 S356 11033.75 173 1349 5382 10694.25 53
1280 RX[485] 11363.55 413 1315 S357 11024.05 293 1350 S383 10684.55 173
1281 S331 11353.85 53 1316 GRID17 11014.35 413 1351 S384 10674.85 293
1282 S332 11344.15 173 1317 S358 11004.65 53 1352 RX[477] 10665.15 413
1283 S333 11334.45 293 1318 S359 10994.95 173 1353 S385 10655.45 53
1284 RX[484] 11324.75 413 1319 S360 10985.25 293 1354 S386 10645.75 173
1285 S334 11315.05 53 1320 GRID17 10975.55 413 1355 S387 10636.05 293
1286 S335 11305.35 173 1321 S361 10965.85 53 1356 RX[476] 10626.35 413
1287 S336 11295.65 293 1322 S$362 10956.15 173 1357 S388 10616.65 53
1288 RX[483] 11285.95 413 1323 S363 10946.45 293 1358 S$389 10606.95 173
1289 S337 11276.25 53 1324 GRID17 10936.75 413 1359 S$390 10597.25 293
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No. Name X Y No. Name X Y No. Name X Y
1360 RX[475] 10587.55 413 1395 S417 10248.05 293 1430 S443 9908.55 173
1361 S391 10577.85 53 1396 RX[466] 10238.35 413 1431 S444 9898.85 293
1362 S$392 10568.15 173 1397 5418 10228.65 53 1432 RX[457] 9889.15 413
1363 S393 10558.45 293 1398 S419 10218.95 173 1433 S445 9879.45 53
1364 RX[474] 10548.75 413 1399 $420 10209.25 293 1434 S446 9869.75 173
1365 S394 10539.05 53 1400 RX[465] 10199.55 413 1435 S447 9860.05 293
1366 S395 10529.35 173 1401 S421 10189.85 53 1436 RX[456] 9850.35 413
1367 S396 10519.65 293 1402 5422 10180.15 173 1437 S448 9840.65 53
1368 RX[473] 10509.95 413 1403 S423 10170.45 293 1438 S449 9830.95 173
1369 S397 10500.25 53 1404 RX[464] 10160.75 413 1439 S$450 9821.25 293
1370 S398 10490.55 173 1405 S424 10151.05 53 1440 RX[455] 9811.55 413
1371 S399 10480.85 1406 S425 10141.35 173 1441 S451 9801.85 53
1372 RX[472] 1047 1407 5426 10131.65 293 1442 $452 9792.15 173
1373 S400 10461.45 RX[463] 10121.95 413 1443 5453 9782.45 293
1374 S401 10451.75 10112.25 53 1444 RX[454] 9772.75 413
1375 S402 10442.05 293 173 1445 S454 9763.05 53
1376 RX[471] 10432.35 413 293 1446 5455 9753.35 173
1377 S403 10422.65 53 1412 413 1447 5456 9743.65 293
1378 S404 10412.95 173 1413 S$430 1448 RX[453] 9733.95 413
1379 S405 10403.25 293 1414 S431 $457 9724.25 53
1380 RX[470] 10393.55 413 1415 5432 10054.05 5458 9714.55 173
1381 S406 10383.85 53 1416 RX[461] 10044.35 S$459 9704.85 293
1382 S407 10374.15 173 1417 5433 10034.65 53 RX[452] 9695.15 413
1383 S408 10364.45 293 1418 S434 10024.95 173 1453 S460 9685.45 53
1384 RX[469] 10354.75 413 1419 $435 10015.25 293 1454 S461 9675.75 173
1385 S409 10345.05 53 1420 RX[460] 10005.55 413 1455 5462 9666.05 293
1386 S410 10335.35 173 1421 5436 9995.85 53 1456 RX[451] 9656.35 413
1387 S411 10325.65 293 1422 S$437 9986.15 173 1457 S463 9646.65 53
1388 RX[468] 10315.95 413 1423 5438 9976.45 293 1458 S464 9636.95 173
1389 S412 10306.25 53 1424 RX[459] 9966.75 413 1459 $465 9627.25 293
1390 S413 10296.55 173 1425 5439 9957.05 53 1460 RX[450] 9617.55 413
1391 S414 10286.85 293 1426 S440 9947.35 173 1461 S466 9607.85 53
1392 RX[467] 10277.15 413 1427 S441 9937.65 293 1462 S467 9598.15 173
1393 S415 10267.45 53 1428 RX[458] 9927.95 413 1463 5468 9588.45 293
1394 S416 10257.75 173 1429 S442 9918.25 53 1464 RX[449] 9578.75 413
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1465 S469 9569.05 53 1500 RX[447] 9229.55 413 1535 §522 8890.05 293
1466 S470 9559.35 173 1501 S496 9219.85 53 1536 RX[438] 8880.35 413
1467 S471 9549.65 293 1502 5497 9210.15 173 1537 S$523 8870.65 53
1468 GRID16 9539.95 413 1503 5498 9200.45 293 1538 S524 8860.95 173
1469 S472 9530.25 53 1504 RX[446] 9190.75 413 1539 $525 8851.25 293
1470 S473 9520.55 173 1505 S499 9181.05 53 1540 RX[437] 8841.55 413
1471 S474 9510.85 293 1506 S500 9171.35 173 1541 S$526 8831.85 53
1472 GRID16 9501.15 413 1507 S501 9161.65 293 1542 §527 8822.15 173
1473 S475 9491.45 53 1508 RX[445] 9151.95 413 1543 S$528 8812.45 293
1474 S476 9481.75 173 1509 S$502 9142.25 53 1544 RX[436] 8802.75 413
1475 S477 9472.05 293 1510 S503 9132.55 173 1545 S§529 8793.05 53
1476 GRID16 9462.35 1511 S504 9122.85 293 1546 S530 8783.35 173
1477 S478 9452 1512 RX[444] 9113.15 413 1547 S531 8773.65 293
1478 S479 9103.45 53 1548 RX[435] 8763.95 413
1479 S480 9433.25 9093.75 173 1549 S532 8754.25 53
1480 GRID16 9423.55 413 9084.05 293 1550 S533 8744.55 173
1481 S481 9413.85 53 907‘ 413 1551 S534 8734.85 293
1482 5482 9404.15 173 1517 53 1552 RX[434] 8725.15 413
1483 S483 9394.45 293 1518 S509 1553 S535 8715.45 53
1484 GRID16 9384.75 413 1519 S510 S536 8705.75 173
1485 S484 9375.05 53 1520 RX[442] 9035.55 S§537 8696.05 293
1486 S485 9365.35 173 1521 S511 9025.85 RX[433] 8686.35 413
1487 S486 9355.65 293 1522 S§512 9016.15 173 S538 8676.65 53
1488 GRID16 9345.95 413 1523 S513 9006.45 293 1558 S539 8666.95 173
1489 S487 9336.25 53 1524 RX[441] 8996.75 413 1559 S540 8657.25 293
1490 5488 9326.55 173 1525 S514 8987.05 53 1560 RX[432] 8647.55 413
1491 S489 9316.85 293 1526 S515 8977.35 173 1561 S541 8637.85 53
1492 GRID16 9307.15 413 1527 S516 8967.65 293 1562 S542 8628.15 173
1493 S490 9297.45 53 1528 RX[440] 8957.95 413 1563 S543 8618.45 293
1494 S491 9287.75 173 1529 S517 8948.25 53 1564 RX[431] 8608.75 413
1495 S492 9278.05 293 1530 S518 8938.55 173 1565 S544 8599.05 53
1496 RX[448] 9268.35 413 1531 S519 8928.85 293 1566 S545 8589.35 173
1497 S493 9258.65 53 1532 RX[439] 8919.15 413 1567 S546 8579.65 293
1498 S494 9248.95 173 1533 S$520 8909.45 53 1568 RX[430] 8569.95 413
1499 S495 9239.25 293 1534 S§521 8899.75 173 1569 S547 8560.25 53
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1570 S548 8550.55 173 1605 S574 8211.05 53 1640 GRID15 7871.55 413
1571 S549 8540.85 293 1606 S575 8201.35 173 1641 S601 7861.85 53
1572 RX[429] 8531.15 413 1607 S576 8191.65 293 1642 $602 7852.15 173
1573 S550 8521.45 53 1608 RX[420] 8181.95 413 1643 S603 7842.45 293
1574 S551 8511.75 173 1609 S577 8172.25 53 1644 GRID15 7832.75 413
1575 S$552 8502.05 293 1610 S578 8162.55 173 1645 S604 7823.05 53
1576 RX[428] 8492.35 413 1611 S579 8152.85 293 1646 S605 7813.35 173
1577 S553 8482.65 53 1612 RX[419] 8143.15 413 1647 S606 7803.65 293
1578 S554 8472.95 173 1613 S580 8133.45 53 1648 GRID15 7793.95 413
1579 S555 8463.25 293 1614 S581 8123.75 173 1649 S607 7784.25 53
1580 RX[427] 8453.55 413 1615 S$582 8114.05 293 1650 S608 7774.55 173
1581 S556 8443.85 1616 RX[418] 8104.35 413 1651 S609 7764.85 293
1582 S557 8434, 1617 S$583 8094.65 53 1652 RX[416] 7755.15 413
1583 S558 84. 8084.95 173 1653 S610 7745.45 53
1584 RX[426] 8414.75 8075.25 293 1654 S611 7735.75 173
1585 S559 8405.05 53 8065.55 413 1655 S612 7726.05 293
1586 S560 8395.35 173 805’ 53 1656 RX[415] 7716.35 413
1587 S561 8385.65 293 1622 173 1657 S613 7706.65 53
1588 RX[425] 8375.95 413 1623 S588 1658 S614 7696.95 173
1589 S562 8366.25 53 1624 GRID15 S615 7687.25 293
1590 S563 8356.55 173 1625 S589 8017.05 RX[414] 7677.55 413
1591 S564 8346.85 293 1626 S590 8007.35 S616 7667.85 53
1592 RX[424] 8337.15 413 1627 S591 7997.65 293 S617 7658.15 173
1593 S565 8327.45 53 1628 GRID15 7987.95 413 1663 S618 7648.45 293
1594 S566 8317.75 173 1629 $592 7978.25 53 1664 RX[413] 7638.75 413
1595 S567 8308.05 293 1630 S593 7968.55 173 1665 S619 7629.05 53
1596 RX[423] 8298.35 413 1631 S594 7958.85 293 1666 S$620 7619.35 173
1597 S568 8288.65 53 1632 GRID15 7949.15 413 1667 S621 7609.65 293
1598 S569 8278.95 173 1633 S595 7939.45 53 1668 RX[412] 7599.95 413
1599 S570 8269.25 293 1634 S596 7929.75 173 1669 5622 7590.25 53
1600 RX[422] 8259.55 413 1635 S597 7920.05 293 1670 S623 7580.55 173
1601 S571 8249.85 53 1636 GRID15 7910.35 413 1671 S624 7570.85 293
1602 S572 8240.15 173 1637 S598 7900.65 53 1672 RX[411] 7561.15 413
1603 S573 8230.45 293 1638 S599 7890.95 173 1673 S$625 7551.45 53
1604 RX[421] 8220.75 413 1639 S600 7881.25 293 1674 S626 7541.75 173
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1675 S627 7532.05 293 1710 S653 7192.55 173 1745 S679 6853.05 53
1676 RX[410] 7522.35 413 1711 S654 7182.85 293 1746 S680 6843.35 173
1677 S628 7512.65 53 1712 RX[401] 7173.15 413 1747 S681 6833.65 293
1678 S629 7502.95 173 1713 S655 7163.45 53 1748 RX[392] 6823.95 413
1679 S630 7493.25 293 1714 S656 7153.75 173 1749 S682 6814.25 53
1680 RX[409] 7483.55 413 1715 S657 7144.05 293 1750 S683 6804.55 173
1681 S631 7473.85 53 1716 RX[400] 7134.35 413 1751 S684 6794.85 293
1682 S632 7464.15 173 1717 S658 7124.65 53 1752 RX[391] 6785.15 413
1683 S633 7454.45 293 1718 S659 7114.95 173 1753 S685 6775.45 53
1684 RX[408] 7444.75 413 1719 S660 7105.25 293 1754 S686 6765.75 173
1685 S634 7435.05 53 1720 RX[399] 7095.55 413 1755 S687 6756.05 293
1686 S635 7425.35 1721 S661 7085.85 53 1756 RX[390] 6746.35 413
1687 S636 1722 S662 7076.15 173 1757 S688 6736.65 53
1688 RX[407] 7066.45 293 1758 S689 6726.95 173
1689 S637 7396.25 7056.75 413 1759 S690 6717.25 293
1690 S638 7386.55 173 7047.05 53 1760 RX[389] 6707.55 413
1691 S639 7376.85 293 703‘ 173 1761 S691 6697.85 53
1692 RX[406] 7367.15 413 1727 293 1762 5692 6688.15 173
1693 S640 7357.45 53 1728 RX[397] 1763 S693 6678.45 293
1694 S641 7347.75 173 1729 S667 RX[388] 6668.75 413
1695 S642 7338.05 293 1730 S668 6998.55 S694 6659.05 53
1696 RX[405] 7328.35 413 1731 S669 6988.85 S695 6649.35 173
1697 S643 7318.65 53 1732 RX[396] 6979.15 413 S696 6639.65 293
1698 S644 7308.95 173 1733 S670 6969.45 53 1768 RX[387] 6629.95 413
1699 S645 7299.25 293 1734 S671 6959.75 173 1769 S697 6620.25 53
1700 RX[404] 7289.55 413 1735 S672 6950.05 293 1770 S698 6610.55 173
1701 S646 7279.85 53 1736 RX[395] 6940.35 413 1771 S699 6600.85 293
1702 S647 7270.15 173 1737 S673 6930.65 53 1772 RX[386] 6591.15 413
1703 S648 7260.45 293 1738 S674 6920.95 173 1773 S700 6581.45 53
1704 RX[403] 7250.75 413 1739 S675 6911.25 293 1774 S701 6571.75 173
1705 S649 7241.05 53 1740 RX[394] 6901.55 413 1775 S$702 6562.05 293
1706 S650 7231.35 173 1741 S676 6891.85 53 1776 RX[385] 6552.35 413
1707 S651 7221.65 293 1742 S677 6882.15 173 1777 S703 6542.65 53
1708 RX[402] 7211.95 413 1743 S678 6872.45 293 1778 S704 6532.95 173
1709 S652 7202.25 53 1744 RX[393] 6862.75 413 1779 S§705 6523.25 293
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1780 GRID14 6513.55 413 1815 §732 6174.05 293 1850 S758 5834.55 173
1781 S706 6503.85 53 1816 GRID14 6164.35 413 1851 S759 5824.85 293
1782 S707 6494.15 173 1817 S733 6154.65 53 1852 RX[376] 5815.15 413
1783 S708 6484.45 293 1818 S734 6144.95 173 1853 S760 5805.45 53
1784 GRID14 6474.75 413 1819 S735 6135.25 293 1854 S761 5795.75 173
1785 S709 6465.05 53 1820 RX[384] 6125.55 413 1855 S762 5786.05 293
1786 S710 6455.35 173 1821 S736 6115.85 53 1856 RX[375] 5776.35 413
1787 S711 6445.65 293 1822 S§737 6106.15 173 1857 S763 5766.65 53
1788 GRID14 6435.95 413 1823 S738 6096.45 293 1858 S764 5756.95 173
1789 S712 6426.25 53 1824 RX[383] 6086.75 413 1859 S765 5747.25 293
1790 S713 6416.55 173 1825 S§739 6077.05 53 1860 RX[374] 5737.55 413
1791 S714 6406.85 1826 S740 6067.35 173 1861 S766 5727.85 53
1792 GRID14 6397, 1827 S741 6057.65 293 1862 S767 5718.15 173
1793 S715 63, RX[382] 6047.95 413 1863 S768 5708.45 293
1794 S716 6377.75 6038.25 53 1864 RX[373] 5698.75 413
1795 S717 6368.05 293 6028.55 173 1865 S769 5689.05 53
1796 GRID14 6358.35 413 293 1866 S770 5679.35 173
1797 S718 6348.65 53 1832 413 1867 S771 5669.65 293
1798 S719 6338.95 173 1833 S745 1868 RX[372] 5659.95 413
1799 S720 6329.25 293 1834 S746 S§772 5650.25 53
1800 GRID14 6319.55 413 1835 S747 5980.05 S773 5640.55 173
1801 S721 6309.85 53 1836 RX[380] 5970.35 S774 5630.85 293
1802 S722 6300.15 173 1837 S748 5960.65 53 RX[371] 5621.15 413
1803 S723 6290.45 293 1838 S749 5950.95 173 1873 S775 5611.45 53
1804 GRID14 6280.75 413 1839 S750 5941.25 293 1874 S776 5601.75 173
1805 S724 6271.05 53 1840 RX[379] 5931.55 413 1875 S777 5592.05 293
1806 S725 6261.35 173 1841 S751 5921.85 53 1876 RX[370] 5582.35 413
1807 S726 6251.65 293 1842 S§752 5912.15 173 1877 S778 5572.65 53
1808 GRID14 6241.95 413 1843 S753 5902.45 293 1878 S779 5562.95 173
1809 S727 6232.25 53 1844 RX[378] 5892.75 413 1879 S780 5553.25 293
1810 S728 6222.55 173 1845 S754 5883.05 53 1880 RX[369] 5543.55 413
1811 S729 6212.85 293 1846 S§755 5873.35 173 1881 S§781 5533.85 53
1812 GRID14 6203.15 413 1847 S756 5863.65 293 1882 5782 5524.15 173
1813 S730 6193.45 53 1848 RX[377] 5853.95 413 1883 S783 5514.45 293
1814 S731 6183.75 173 1849 S§757 5844.25 53 1884 RX[368] 5504.75 413
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1885 S784 5495.05 53 1920 RX[359] 5155.55 413 1955 5837 4816.05 293
1886 S785 5485.35 173 1921 S811 5145.85 53 1956 GRID13 4806.35 413
1887 S786 5475.65 293 1922 S812 5136.15 173 1957 5838 4796.65 53
1888 RX[367] 5465.95 413 1923 S813 5126.45 293 1958 S839 4786.95 173
1889 S787 5456.25 53 1924 RX[358] 5116.75 413 1959 S840 4777.25 293
1890 S788 5446.55 173 1925 S814 5107.05 53 1960 GRID13 4767.55 413
1891 S789 5436.85 293 1926 S815 5097.35 173 1961 S841 4757.85 53
1892 RX[366] 5427.15 413 1927 S816 5087.65 293 1962 5842 4748.15 173
1893 S790 5417.45 53 1928 RX[357] 5077.95 413 1963 5843 4738.45 293
1894 S791 5407.75 173 1929 S817 5068.25 53 1964 GRID13 4728.75 413
1895 S792 5398.05 293 1930 S818 5058.55 173 1965 S844 4719.05 53
1896 RX[365] 5388.35 1931 S819 5048.85 293 1966 S845 4709.35 173
1897 S793 5378 1932 RX[356] 5039.15 413 1967 S846 4699.65 293
1898 S794 S820 5029.45 53 1968 GRID13 4689.95 413
1899 S795 5359.25 5019.75 173 1969 S847 4680.25 53
1900 RX[364] 5349.55 413 5010.05 293 1970 5848 4670.55 173
1901 S796 5339.85 53 413 1971 S849 4660.85 293
1902 S797 5330.15 173 1937 53 1972 GRID13 4651.15 413
1903 S798 5320.45 293 1938 S824 1973 S850 4641.45 53
1904 RX[363] 5310.75 413 1939 5825 S851 4631.75 173
1905 S799 5301.05 53 1940 RX[354] 4961.55 5852 4622.05 293
1906 S800 5291.35 173 1941 5826 4951.85 RX[352] 4612.35 413
1907 S801 5281.65 293 1942 5827 4942.15 173 S853 4602.65 53
1908 RX[362] 5271.95 413 1943 5828 4932.45 293 1978 S854 4592.95 173
1909 $802 5262.25 53 1944 RX[353] 4922.75 413 1979 S855 4583.25 293
1910 S803 5252.55 173 1945 5829 4913.05 53 1980 RX[351] 4573.55 413
1911 S804 5242.85 293 1946 S830 4903.35 173 1981 S856 4563.85 53
1912 RX[361] 5233.15 413 1947 S831 4893.65 293 1982 S857 4554.15 173
1913 S805 5223.45 53 1948 GRID13 4883.95 413 1983 S858 4544.45 293
1914 S806 5213.75 173 1949 5832 4874.25 53 1984 RX[350] 4534.75 413
1915 S807 5204.05 293 1950 S833 4864.55 173 1985 S859 4525.05 53
1916 RX[360] 5194.35 413 1951 S834 4854.85 293 1986 S860 4515.35 173
1917 S808 5184.65 53 1952 GRID13 4845.15 413 1987 S861 4505.65 293
1918 S809 5174.95 173 1953 5835 4835.45 53 1988 RX[349] 4495.95 413
1919 S810 5165.25 293 1954 5836 4825.75 173 1989 5862 4486.25 53
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1990 S863 4476.55 173 2025 5889 4137.05 53 2060 RX[331] 3797.55 413
1991 S864 4466.85 293 2026 S890 4127.35 173 2061 S916 3787.85 53
1992 RX[348] 4457.15 413 2027 S891 4117.65 293 2062 S917 3778.15 173
1993 S865 4447.45 53 2028 RX[339] 4107.95 413 2063 5918 3768.45 293
1994 S866 4437.75 173 2029 5892 4098.25 53 2064 RX[330] 3758.75 413
1995 S867 4428.05 293 2030 S893 4088.55 173 2065 S919 3749.05 53
1996 RX[347] 4418.35 413 2031 S894 4078.85 293 2066 5920 3739.35 173
1997 S868 4408.65 53 2032 RX[338] 4069.15 413 2067 §921 3729.65 293
1998 S869 4398.95 173 2033 S$895 4059.45 53 2068 RX[329] 3719.95 413
1999 S870 4389.25 293 2034 5896 4049.75 173 2069 5922 3710.25 53
2000 RX[346] 4379.55 413 2035 5897 4040.05 293 2070 5923 3700.55 173
2001 S871 4369.85 2036 RX[337] 4030.35 413 2071 5924 3690.85 293
2002 S872 4360. 2037 5898 4020.65 53 2072 RX[328] 3681.15 413
2003 S873 4010.95 173 2073 5925 3671.45 53
2004 RX[345] 4340.75 4001.25 293 2074 5926 3661.75 173
2005 S874 4331.05 53 3991.55 413 2075 $927 3652.05 293
2006 S875 4321.35 173 53 2076 RX[327] 3642.35 413
2007 S876 4311.65 293 2042 173 2077 5928 3632.65 53
2008 RX[344] 4301.95 413 2043 S903 2078 5929 3622.95 173
2009 S877 4292.25 53 2044 RX[335] $930 3613.25 293
2010 S878 4282.55 173 2045 S904 3943.05 RX[326] 3603.55 413
2011 S879 4272.85 293 2046 S905 3933.35 S931 3593.85 53
2012 RX[343] 4263.15 413 2047 $906 3923.65 293 5932 3584.15 173
2013 S880 4253.45 53 2048 RX[334] 3913.95 413 2083 5933 3574.45 293
2014 S881 4243.75 173 2049 $907 3904.25 53 2084 RX[325] 3564.75 413
2015 5882 4234.05 293 2050 $908 3894.55 173 2085 S934 3555.05 53
2016 RX[342] 4224.35 413 2051 S909 3884.85 293 2086 S935 3545.35 173
2017 5883 4214.65 53 2052 RX[333] 3875.15 413 2087 S936 3535.65 293
2018 S884 4204.95 173 2053 S$910 3865.45 53 2088 RX[324] 3525.95 413
2019 S885 4195.25 293 2054 S911 3855.75 173 2089 S937 3516.25 53
2020 RX[341] 4185.55 413 2055 S912 3846.05 293 2090 5938 3506.55 173
2021 5886 4175.85 53 2056 RX[332] 3836.35 413 2091 $939 3496.85 293
2022 S887 4166.15 173 2057 5913 3826.65 53 2092 RX[323] 3487.15 413
2023 S888 4156.45 293 2058 S914 3816.95 173 2093 S940 3477.45 53
2024 RX[340] 4146.75 413 2059 S915 3807.25 293 2094 5941 3467.75 173
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2095 S942 3458.05 293 2130 5968 3118.55 173 2165 $994 2779.05 53
2096 RX[322] 3448.35 413 2131 S969 3108.85 293 2166 S995 2769.35 173
2097 S943 3438.65 53 2132 RX[320] 3099.15 413 2167 S996 2759.65 293
2098 S944 3428.95 173 2133 S970 3089.45 53 2168 RX[311] 2749.95 413
2099 S945 3419.25 293 2134 S971 3079.75 173 2169 S997 2740.25 53
2100 RX[321] 3409.55 413 2135 S972 3070.05 293 2170 5998 2730.55 173
2101 S946 3399.85 53 2136 RX[319] 3060.35 413 2171 S999 2720.85 293
2102 S947 3390.15 173 2137 S973 3050.65 53 2172 RX[310] 2711.15 413
2103 $948 3380.45 293 2138 S974 3040.95 173 2173 $1000 2701.45 53
2104 GRID12 3370.75 413 2139 S975 3031.25 293 2174 $1001 2691.75 173
2105 S949 3361.05 53 2140 RX[318] 3021.55 413 2175 $1002 2682.05 293
2106 S950 3351.35 2141 5976 3011.85 53 2176 RX[309] 2672.35 413
2107 S951 2142 §977 3002.15 173 2177 $1003 2662.65 53
2108 GRID12 2992.45 293 2178 $1004 2652.95 173
2109 $952 3322.25 2982.75 413 2179 $1005 2643.25 293
2110 S953 3312.55 173 2973.05 53 2180 RX[308] 2633.55 413
2111 S954 3302.85 293 173 2181 $1006 2623.85 53
2112 GRID12 3293.15 413 2147 293 2182 $1007 2614.15 173
2113 S955 3283.45 53 2148 RX[316] 2183 $1008 2604.45 293
2114 S956 3273.75 173 2149 5982 RX[307] 2594.75 413
2115 S957 3264.05 293 2150 5983 2924.55 S$1009 2585.05 53
2116 GRID12 3254.35 413 2151 5984 2914.85 $1010 2575.35 173
2117 S958 3244.65 53 2152 RX[315] 2905.15 413 S1011 2565.65 293
2118 S959 3234.95 173 2153 5985 2895.45 53 2188 RX[306] 2555.95 413
2119 S960 3225.25 293 2154 5986 2885.75 173 2189 $1012 2546.25 53
2120 GRID12 3215.55 413 2155 5987 2876.05 293 2190 $1013 2536.55 173
2121 S961 3205.85 53 2156 RX[314] 2866.35 413 2191 S1014 2526.85 293
2122 5962 3196.15 173 2157 5988 2856.65 53 2192 RX[305] 2517.15 413
2123 S963 3186.45 293 2158 5989 2846.95 173 2193 $1015 2507.45 53
2124 GRID12 3176.75 413 2159 S990 2837.25 293 2194 $1016 2497.75 173
2125 S964 3167.05 53 2160 RX[313] 2827.55 413 2195 $1017 2488.05 293
2126 S965 3157.35 173 2161 S991 2817.85 53 2196 RX[304] 2478.35 413
2127 S966 3147.65 293 2162 5992 2808.15 173 2197 $1018 2468.65 53
2128 GRID12 3137.95 413 2163 5993 2798.45 293 2198 $1019 2458.95 173
2129 S967 3128.25 53 2164 RX[312] 2788.75 413 2199 $1020 2449.25 293
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2200 RX[303] 2439.55 413 2235 51047 2100.05 293 2270 $1073 1760.55 173
2201 $1021 2429.85 53 2236 RX[294] 2090.35 413 2271 S$1074 1750.85 293
2202 $1022 2420.15 173 2237 51048 2080.65 53 2272 GRID11 1741.15 413
2203 $1023 2410.45 293 2238 51049 2070.95 173 2273 $1075 1731.45 53
2204 RX[302] 2400.75 413 2239 $1050 2061.25 293 2274 $1076 1721.75 173
2205 $1024 2391.05 53 2240 RX[293] 2051.55 413 2275 $1077 1712.05 293
2206 $1025 2381.35 173 2241 S$1051 2041.85 53 2276 GRID11 1702.35 413
2207 S1026 2371.65 293 2242 $1052 2032.15 173 2277 51078 1692.65 53
2208 RX[301] 2361.95 413 2243 $1053 2022.45 293 2278 $1079 1682.95 173
2209 S$1027 2352.25 53 2244 RX[292] 2012.75 413 2279 $1080 1673.25 293
2210 S$1028 2342.55 173 2245 S$1054 2003.05 53 2280 GRID11 1663.55 413
2211 S1029 2332.85 2246 $1055 1993.35 173 2281 DUMMY 1653.85 53
2212 RX[300] 2323 2247 51056 1983.65 293 2282 DUMMY 1644.15 173
2213 S1030 1973.95 413 2283 DUMMY 1634.45 293
2214 S1031 2303.75 1964.25 53 2284 DUMMY 1624.75 413
2215 $1032 2294.05 293 1954.55 173 2285 DUMMY 1615.05 53
2216 RX[299] 2284.35 413 194‘ 293 2286 DUMMY 1605.35 173
2217 S1033 2274.65 53 2252 413 2287 DUMMY 1595.65 293
2218 S1034 2264.95 173 2253 $1060 DUMMY 1585.95 413
2219 S1035 2255.25 293 2254 S$1061 1576.25 53
2220 RX[298] 224555 413 2255 51062 1906.05 1566.55 173
2221 S1036 2235.85 53 2256 RX[289] 1896.35 1556.85 293
2222 S1037 2226.15 173 2257 51063 1886.65 1547.15 413
2223 S1038 2216.45 293 2258 S1064 1876.95 173 2293 DUMMY 1537.45 53
2224 RX[297] 2206.75 413 2259 51065 1867.25 293 2294 DUMMY 1527.75 173
2225 S1039 2197.05 53 2260 GRID11 1857.55 413 2295 DUMMY 1518.05 293
2226 S1040 2187.35 173 2261 $1066 1847.85 53 2296 DUMMY 1508.35 413
2227 S1041 2177.65 293 2262 $1067 1838.15 173 2297 DUMMY 1498.65 53
2228 RX[296] 2167.95 413 2263 $1068 1828.45 293 2298 DUMMY 1488.95 173
2229 $1042 2158.25 53 2264 GRID11 1818.75 413 2299 DUMMY 1479.25 293
2230 S1043 2148.55 173 2265 $1069 1809.05 53 2300 DUMMY 1469.55 413
2231 S1044 2138.85 293 2266 $1070 1799.35 173 2301 DUMMY 1459.85 53
2232 RX[295] 2129.15 413 2267 $1071 1789.65 293 2302 DUMMY 1450.15 173
2233 S1045 2119.45 53 2268 GRID11 1779.95 413 2303 DUMMY 1440.45 293
2234 S1046 2109.75 173 2269 $1072 1770.25 53 2304 DUMMY 1430.75 413
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2305 DUMMY 1421.05 53 2340 DUMMY 1081.55 413 2375 DUMMY 742.05 293
2306 DUMMY 1411.35 173 2341 DUMMY 1071.85 53 2376 DUMMY 732.35 413
2307 DUMMY 1401.65 293 2342 DUMMY 1062.15 173 2377 DUMMY 722.65 53
2308 DUMMY 1391.95 413 2343 DUMMY 1052.45 293 2378 DUMMY 712.95 173
2309 DUMMY 1382.25 53 2344 DUMMY 1042.75 413 2379 DUMMY 703.25 293
2310 DUMMY 1372.55 173 2345 DUMMY 1033.05 53 2380 DUMMY 693.55 413
2311 DUMMY 1362.85 293 2346 DUMMY 1023.35 173 2381 DUMMY 683.85 53
2312 DUMMY 1353.15 413 2347 DUMMY 1013.65 293 2382 DUMMY 674.15 173
2313 DUMMY 1343.45 53 2348 DUMMY 1003.95 413 2383 DUMMY 664.45 293
2314 DUMMY 1333.75 173 2349 DUMMY 994.25 53 2384 DUMMY 654.75 413
2315 DUMMY 1324.05 293 2350 DUMMY 984.55 173 2385 DUMMY 645.05 53
2316 DUMMY 1314.35 2351 DUMMY 974.85 293 2386 DUMMY 635.35 173
2317 DUMMY 1304, 2352 DUMMY 965.15 413 2387 DUMMY 625.65 293
2318 DUMMY 12 955.45 53 2388 DUMMY 615.95 413
2319 DUMMY 1285.25 945.75 173 2389 DUMMY 606.25 53
2320 DUMMY 1275.55 413 936.05 293 2390 DUMMY 596.55 173
2321 DUMMY 1265.85 53 926’ 413 2391 DUMMY 586.85 293
2322 DUMMY 1256.15 173 2357 53 2392 DUMMY 577.15 413
2323 DUMMY 1246.45 293 2358 DUMMY 567.45 53
2324 DUMMY 1236.75 413 2359 DUMMY 557.75 173
2325 DUMMY 1227.05 53 2360 DUMMY 548.05 293
2326 DUMMY 1217.35 173 2361 DUMMY 538.35 413
2327 DUMMY 1207.65 293 2362 DUMMY 528.65 53
2328 DUMMY 1197.95 413 2363 DUMMY 858.45 293 2398 DUMMY 518.95 173
2329 DUMMY 1188.25 53 2364 DUMMY 848.75 413 2399 DUMMY 509.25 293
2330 DUMMY 1178.55 173 2365 DUMMY 839.05 53 2400 DUMMY 499.55 413
2331 DUMMY 1168.85 293 2366 DUMMY 829.35 173 2401 DUMMY 489.85 53
2332 DUMMY 1159.15 413 2367 DUMMY 819.65 293 2402 DUMMY 480.15 173
2333 DUMMY 1149.45 53 2368 DUMMY 809.95 413 2403 DUMMY 470.45 293
2334 DUMMY 1139.75 173 2369 DUMMY 800.25 53 2404 DUMMY 460.75 413
2335 DUMMY 1130.05 293 2370 DUMMY 790.55 173 2405 DUMMY 451.05 53
2336 DUMMY 1120.35 413 2371 DUMMY 780.85 293 2406 DUMMY 441.35 173
2337 DUMMY 1110.65 53 2372 DUMMY 771.15 413 2407 DUMMY 431.65 293
2338 DUMMY 1100.95 173 2373 DUMMY 761.45 53 2408 DUMMY 421.95 413
2339 DUMMY 1091.25 293 2374 DUMMY 751.75 173 2409 DUMMY 412.25 53
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No. Name X Y No. Name X Y No. Name X Y
2410 DUMMY 402.55 173 2445 DUMMY 63.05 53 2480 DUMMY -276.45 413
2411 DUMMY 392.85 293 2446 DUMMY 53.35 173 2481 DUMMY -286.15 53
2412 DUMMY 383.15 413 2447 DUMMY 43.65 293 2482 DUMMY -295.85 173
2413 DUMMY 373.45 53 2448 DUMMY 33.95 413 2483 DUMMY -305.55 293
2414 DUMMY 363.75 173 2449 DUMMY 24.25 53 2484 DUMMY -315.25 413
2415 DUMMY 354.05 293 2450 DUMMY 14.55 173 2485 DUMMY -324.95 53
2416 DUMMY 344.35 413 2451 DUMMY 4.85 293 2486 DUMMY -334.65 173
2417 DUMMY 334.65 53 2452 DUMMY -4.85 413 2487 DUMMY -344.35 293
2418 DUMMY 324.95 173 2453 DUMMY -14.55 53 2488 DUMMY -354.05 413
2419 DUMMY 315.25 293 2454 DUMMY -24.25 173 2489 DUMMY -363.75 53
2420 DUMMY 305.55 413 2455 DUMMY -33.95 293 2490 DUMMY -373.45 173
2421 DUMMY 295.85 2456 DUMMY -43.65 413 2491 DUMMY -383.15 293
2422 DUMMY 2457 DUMMY -53.35 53 2492 DUMMY -392.85 413
2423 DUMMY -63.05 173 2493 DUMMY -402.55 53
2424 DUMMY 266.75 -72.75 293 2494 DUMMY -412.25 173
2425 DUMMY 257.05 53 413 2495 DUMMY -421.95 293
2426 DUMMY 247.35 173 53 2496 DUMMY -431.65 413
2427 DUMMY 237.65 293 2462 173 2497 DUMMY -441.35 53
2428 DUMMY 227.95 413 2463 DUMMY -451.05 173
2429 DUMMY 218.25 53 2464 DUMMY -460.75 293
2430 DUMMY 208.55 173 2465 DUMMY -470.45 413
2431 DUMMY 198.85 293 2466 DUMMY -480.15 53
2432 DUMMY 189.15 413 2467 DUMMY -489.85 173
2433 DUMMY 179.45 53 2468 DUMMY -160.05 413 2503 DUMMY -499.55 293
2434 DUMMY 169.75 173 2469 DUMMY -169.75 53 2504 DUMMY -509.25 413
2435 DUMMY 160.05 293 2470 DUMMY -179.45 173 2505 DUMMY -518.95 53
2436 DUMMY 150.35 413 2471 DUMMY -189.15 293 2506 DUMMY -528.65 173
2437 DUMMY 140.65 53 2472 DUMMY -198.85 413 2507 DUMMY -538.35 293
2438 DUMMY 130.95 173 2473 DUMMY -208.55 53 2508 DUMMY -548.05 413
2439 DUMMY 121.25 293 2474 DUMMY -218.25 173 2509 DUMMY -557.75 53
2440 DUMMY 111.55 413 2475 DUMMY -227.95 293 2510 DUMMY -567.45 173
2441 DUMMY 101.85 53 2476 DUMMY -237.65 413 2511 DUMMY -577.15 293
2442 DUMMY 92.15 173 2477 DUMMY -247.35 53 2512 DUMMY -586.85 413
2443 DUMMY 82.45 293 2478 DUMMY -257.05 173 2513 DUMMY -596.55 53
2444 DUMMY 72.75 413 2479 DUMMY -266.75 293 2514 DUMMY -606.25 173
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No. Name X Y No. Name X Y No. Name X Y
2515 DUMMY -615.95 293 2550 DUMMY -955.45 173 2585 DUMMY -1294.95 53
2516 DUMMY -625.65 413 2551 DUMMY -965.15 293 2586 DUMMY -1304.65 173
2517 DUMMY -635.35 53 2552 DUMMY -974.85 413 2587 DUMMY -1314.35 293
2518 DUMMY -645.05 173 2553 DUMMY -984.55 53 2588 DUMMY -1324.05 413
2519 DUMMY -654.75 293 2554 DUMMY -994.25 173 2589 DUMMY -1333.75 53
2520 DUMMY -664.45 413 2555 DUMMY -1003.95 293 2590 DUMMY -1343.45 173
2521 DUMMY -674.15 53 2556 DUMMY -1013.65 413 2591 DUMMY -1353.15 293
2522 DUMMY -683.85 173 2557 DUMMY -1023.35 53 2592 DUMMY -1362.85 413
2523 DUMMY -693.55 293 2558 DUMMY -1033.05 173 2593 DUMMY -1372.55 53
2524 DUMMY -703.25 413 2559 DUMMY -1042.75 293 2594 DUMMY -1382.25 173
2525 DUMMY -712.95 53 2560 DUMMY -1052.45 413 2595 DUMMY -1391.95 293
2526 DUMMY -722.65 2561 DUMMY -1062.15 53 2596 DUMMY -1401.65 413
2527 DUMMY 2562 DUMMY -1071.85 173 2597 DUMMY -1411.35 53
2528 DUMMY -1081.55 293 2598 DUMMY -1421.05 173
2529 DUMMY -751.75 -1091.25 413 2599 DUMMY -1430.75 293
2530 DUMMY -761.45 173 53 2600 DUMMY -1440.45 413
2531 DUMMY -771.15 293 173 2601 DUMMY -1450.15 53
2532 DUMMY -780.85 413 2567 293 2602 DUMMY -1459.85 173
2533 DUMMY -790.55 53 2568 DUMMY -1469.55 293
2534 DUMMY -800.25 173 2569 DUMMY -1479.25 413
2535 DUMMY -809.95 293 2570 DUMMY -1149.45 -1488.95 53
2536 DUMMY -819.65 413 2571 DUMMY -1159.15 -1498.65 173
2537 DUMMY -829.35 53 2572 DUMMY -1168.85 -1508.35 293
2538 DUMMY -839.05 173 2573 DUMMY -1178.55 53 2608 DUMMY -1518.05 413
2539 DUMMY -848.75 293 2574 DUMMY -1188.25 173 2609 DUMMY -1527.75 53
2540 DUMMY -858.45 413 2575 DUMMY -1197.95 293 2610 DUMMY -1537.45 173
2541 DUMMY -868.15 53 2576 DUMMY -1207.65 413 2611 DUMMY -1547.15 293
2542 DUMMY -877.85 173 2577 DUMMY -1217.35 53 2612 DUMMY -1556.85 413
2543 DUMMY -887.55 293 2578 DUMMY -1227.05 173 2613 DUMMY -1566.55 53
2544 DUMMY -897.25 413 2579 DUMMY -1236.75 293 2614 DUMMY -1576.25 173
2545 DUMMY -906.95 53 2580 DUMMY -1246.45 413 2615 DUMMY -1585.95 293
2546 DUMMY -916.65 173 2581 DUMMY -1256.15 53 2616 DUMMY -1595.65 413
2547 DUMMY -926.35 293 2582 DUMMY -1265.85 173 2617 DUMMY -1605.35 53
2548 DUMMY -936.05 413 2583 DUMMY -1275.55 293 2618 DUMMY -1615.05 173
2549 DUMMY -945.75 53 2584 DUMMY -1285.25 413 2619 DUMMY -1624.75 293
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No. Name X Y No. Name X Y No. Name X Y
2620 DUMMY -1634.45 413 2655 S$1104 -1973.95 293 2690 S$1130 -2313.45 173
2621 DUMMY -1644.15 53 2656 RX[286] -1983.65 413 2691 S1131 -2323.15 293
2622 DUMMY -1653.85 173 2657 S$1105 -1993.35 53 2692 RX[277] -2332.85 413
2623 DUMMY -1663.55 293 2658 $1106 -2003.05 173 2693 S$1132 -2342.55 53
2624 DUMMY -1673.25 413 2659 $1107 -2012.75 293 2694 S$1133 -2352.25 173
2625 S1081 -1682.95 53 2660 RX[285] -2022.45 413 2695 S1134 -2361.95 293
2626 51082 -1692.65 173 2661 $1108 -2032.15 53 2696 RX[276] -2371.65 413
2627 $1083 -1702.35 293 2662 $1109 -2041.85 173 2697 S1135 -2381.35 53
2628 GRID10 -1712.05 413 2663 S1110 -2051.55 293 2698 S1136 -2391.05 173
2629 S1084 -1721.75 53 2664 RX[284] -2061.25 413 2699 $1137 -2400.75 293
2630 S1085 -1731.45 173 2665 S1111 -2070.95 53 2700 RX[275] -2410.45 413
2631 S1086 -1741.15 2666 S1112 -2080.65 173 2701 S$1138 -2420.15 53
2632 GRID10 -175 2667 S1113 -2090.35 293 2702 S$1139 -2429.85 173
2633 $1087 -1 -2100.05 413 2703 S$1140 -2439.55 293
2634 $1088 -1770.25 -2109.75 53 2704 RX[274] -2449.25 413
2635 S1089 -1779.95 293 173 2705 S1141 -2458.95 53
2636 GRID10 -1789.65 413 293 2706 S$1142 -2468.65 173
2637 S1090 -1799.35 53 2672 413 2707 $1143 -2478.35 293
2638 S1091 -1809.05 173 2673 S1117 2708 RX[273] -2488.05 413
2639 S$1092 -1818.75 293 2674 S1118 S1144 -2497.75 53
2640 GRID10 -1828.45 413 2675 S1119 -2167.95 S$1145 -2507.45 173
2641 S1093 -1838.15 53 2676 RX[281] -2177.65 S1146 -2517.15 293
2642 S1094 -1847.85 173 2677 S$1120 -2187.35 53 RX[272] -2526.85 413
2643 S1095 -1857.55 293 2678 S1121 -2197.05 173 2713 S1147 -2536.55 53
2644 GRID10 -1867.25 413 2679 S$1122 -2206.75 293 2714 51148 -2546.25 173
2645 S1096 -1876.95 53 2680 RX[280] -2216.45 413 2715 $1149 -2555.95 293
2646 S1097 -1886.65 173 2681 S$1123 -2226.15 53 2716 RX[271] -2565.65 413
2647 S1098 -1896.35 293 2682 S1124 -2235.85 173 2717 S$1150 -2575.35 53
2648 RX[288] -1906.05 413 2683 S$1125 -2245.55 293 2718 S1151 -2585.05 173
2649 S1099 -1915.75 53 2684 RX[279] -2255.25 413 2719 S$1152 -2594.75 293
2650 S1100 -1925.45 173 2685 S$1126 -2264.95 53 2720 RX[270] -2604.45 413
2651 S1101 -1935.15 293 2686 S1127 -2274.65 173 2721 S$1153 -2614.15 53
2652 RX[287] -1944.85 413 2687 S$1128 -2284.35 293 2722 S1154 -2623.85 173
2653 S$1102 -1954.55 53 2688 RX[278] -2294.05 413 2723 S1155 -2633.55 293
2654 S1103 -1964.25 173 2689 S1129 -2303.75 53 2724 RX[269] -2643.25 413
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No. Name X Y No. Name X Y No. Name X Y
2725 S1156 -2652.95 53 2760 RX[260] -2992.45 413 2795 $1209 -3331.95 293
2726 S1157 -2662.65 173 2761 $1183 -3002.15 53 2796 GRID9 -3341.65 413
2727 S1158 -2672.35 293 2762 S1184 -3011.85 173 2797 $1210 -3351.35 53
2728 RX[268] -2682.05 413 2763 $1185 -3021.55 293 2798 S1211 -3361.05 173
2729 S1159 -2691.75 53 2764 RX[259] -3031.25 413 2799 S$1212 -3370.75 293
2730 S1160 -2701.45 173 2765 51186 -3040.95 53 2800 GRID9 -3380.45 413
2731 S1161 -2711.15 293 2766 51187 -3050.65 173 2801 $1213 -3390.15 53
2732 RX[267] -2720.85 413 2767 51188 -3060.35 293 2802 S1214 -3399.85 173
2733 S1162 -2730.55 53 2768 RX[258] -3070.05 413 2803 S$1215 -3409.55 293
2734 S1163 -2740.25 173 2769 51189 -3079.75 53 2804 RX[256] -3419.25 413
2735 S1164 -2749.95 293 2770 S$1190 -3089.45 173 2805 $1216 -3428.95 53
2736 RX[266] -2759.65 2771 S1191 -3099.15 293 2806 $1217 -3438.65 173
2737 S1165 -276 2772 RX[257] -3108.85 413 2807 $1218 -3448.35 293
2738 S1166 -2779. 7 -3118.55 53 2808 RX[255] -3458.05 413
2739 S1167 -2788.75 -3128.25 173 2809 $1219 -3467.75 53
2740 RX[265] -2798.45 413 293 2810 $1220 -3477.45 173
2741 S1168 -2808.15 53 413 2811 S1221 -3487.15 293
2742 S1169 -2817.85 173 2777 53 2812 RX[254] -3496.85 413
2743 S1170 -2827.55 293 2778 S$1196 2813 $1222 -3506.55 53
2744 RX[264] -2837.25 413 2779 $1197 $1223 -3516.25 173
2745 S1171 -2846.95 53 2780 GRID9 -3186.45 4 S1224 -3525.95 293
2746 S1172 -2856.65 173 2781 51198 -3196.15 RX[253] -3535.65 413
2747 S1173 -2866.35 293 2782 $1199 -3205.85 173 $1225 -3545.35 53
2748 RX[263] -2876.05 413 2783 $1200 -3215.55 293 2818 $1226 -3555.05 173
2749 S1174 -2885.75 53 2784 GRID9 -3225.25 413 2819 S§1227 -3564.75 293
2750 S1175 -2895.45 173 2785 S$1201 -3234.95 53 2820 RX[252] -3574.45 413
2751 S1176 -2905.15 293 2786 $1202 -3244.65 173 2821 51228 -3584.15 53
2752 RX[262] -2914.85 413 2787 $1203 -3254.35 293 2822 $1229 -3593.85 173
2753 S1177 -2924.55 53 2788 GRID9 -3264.05 413 2823 $1230 -3603.55 293
2754 S1178 -2934.25 173 2789 S$1204 -3273.75 53 2824 RX[251] -3613.25 413
2755 S1179 -2943.95 293 2790 $1205 -3283.45 173 2825 S1231 -3622.95 53
2756 RX[261] -2953.65 413 2791 $1206 -3293.15 293 2826 $1232 -3632.65 173
2757 S1180 -2963.35 53 2792 GRID9 -3302.85 413 2827 $1233 -3642.35 293
2758 S1181 -2973.05 173 2793 $1207 -3312.55 53 2828 RX[250] -3652.05 413
2759 S1182 -2982.75 293 2794 51208 -3322.25 173 2829 S1234 -3661.75 53
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2830 S1235 -3671.45 173 2865 S1261 -4010.95 53 2900 RX[232] -4350.45 413
2831 S1236 -3681.15 293 2866 51262 -4020.65 173 2901 51288 -4360.15 53
2832 RX[249] -3690.85 413 2867 51263 -4030.35 293 2902 51289 -4369.85 173
2833 S1237 -3700.55 53 2868 RX[240] -4040.05 413 2903 $1290 -4379.55 293
2834 S1238 -3710.25 173 2869 S1264 -4049.75 53 2904 RX[231] -4389.25 413
2835 S1239 -3719.95 293 2870 51265 -4059.45 173 2905 S$1291 -4398.95 53
2836 RX[248] -3729.65 413 2871 51266 -4069.15 293 2906 $1292 -4408.65 173
2837 S1240 -3739.35 53 2872 RX[239] -4078.85 413 2907 $1293 -4418.35 293
2838 S1241 -3749.05 173 2873 $1267 -4088.55 53 2908 RX[230] -4428.05 413
2839 S1242 -3758.75 293 2874 51268 -4098.25 173 2909 S$1294 -4437.75 53
2840 RX[247] -3768.45 413 2875 S$1269 -4107.95 293 2910 $1295 -4447 .45 173
2841 S1243 -3778.15 2876 RX[238] -4117.65 413 2911 $1296 -4457.15 293
2842 S1244 2877 $1270 -4127.35 53 2912 RX[229] -4466.85 413
2843 S1245 -4137.05 173 2913 51297 -4476.55 53
2844 RX[246] -3807.25 -4146.75 293 2914 51298 -4486.25 173
2845 S1246 -3816.95 53 413 2915 $1299 -4495.95 293
2846 S1247 -3826.65 173 53 2916 RX[228] -4505.65 413
2847 S1248 -3836.35 293 2882 173 2917 S$1300 -4515.35 53
2848 RX[245] -3846.05 413 2883 $1275 2918 S$1301 -4525.05 173
2849 S1249 -3855.75 53 2884 RX[236] $1302 -4534.75 293
2850 S1250 -3865.45 173 2885 $1276 -4204.95 RX[227] -4544.45 413
2851 S1251 -3875.15 293 2886 $1277 -4214.65 $1303 -4554.15 53
2852 RX[244] -3884.85 413 2887 $1278 -4224.35 293 S1304 -4563.85 173
2853 S1252 -3894.55 53 2888 RX[235] -4234.05 413 2923 S$1305 -4573.55 293
2854 S1253 -3904.25 173 2889 $1279 -4243.75 53 2924 RX[226] -4583.25 413
2855 S1254 -3913.95 293 2890 $1280 -4253.45 173 2925 S$1306 -4592.95 53
2856 RX[243] -3923.65 413 2891 S1281 -4263.15 293 2926 $1307 -4602.65 173
2857 S1255 -3933.35 53 2892 RX[234] -4272.85 413 2927 $1308 -4612.35 293
2858 S1256 -3943.05 173 2893 51282 -4282.55 53 2928 RX[225] -4622.05 413
2859 S1257 -3952.75 293 2894 51283 -4292.25 173 2929 S$1309 -4631.75 53
2860 RX[242] -3962.45 413 2895 S1284 -4301.95 293 2930 S$1310 -4641.45 173
2861 S1258 -3972.15 53 2896 RX[233] -4311.65 413 2931 S1311 -4651.15 293
2862 S1259 -3981.85 173 2897 51285 -4321.35 53 2932 GRID8 -4660.85 413
2863 S1260 -3991.55 293 2898 51286 -4331.05 173 2933 S1312 -4670.55 53
2864 RX[241] -4001.25 413 2899 $1287 -4340.75 293 2934 S$1313 -4680.25 173
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2935 S1314 -4689.95 293 2970 S$1340 -5029.45 173 3005 S$1366 -5368.95 53
2936 GRID8 -4699.65 413 2971 S1341 -5039.15 293 3006 S$1367 -5378.65 173
2937 S1315 -4709.35 53 2972 RX[221] -5048.85 413 3007 51368 -5388.35 293
2938 S1316 -4719.05 173 2973 S$1342 -5058.55 53 3008 RX[212] -5398.05 413
2939 S1317 -4728.75 293 2974 S$1343 -5068.25 173 3009 S$1369 -5407.75 53
2940 GRID8 -4738.45 413 2975 S1344 -5077.95 293 3010 S$1370 -5417.45 173
2941 S1318 -4748.15 53 2976 RX[220] -5087.65 413 3011 S1371 -5427.15 293
2942 S1319 -4757.85 173 2977 S1345 -5097.35 53 3012 RX[211] -5436.85 413
2943 S1320 -4767.55 293 2978 S1346 -5107.05 173 3013 $1372 -5446.55 53
2944 GRID8 -4777.25 413 2979 $1347 -5116.75 293 3014 S$1373 -5456.25 173
2945 S1321 -4786.95 53 2980 RX[219] -5126.45 413 3015 S1374 -5465.95 293
2946 S1322 -4796.65 2981 51348 -5136.15 53 3016 RX[210] -5475.65 413
2947 S1323 2982 S$1349 -5145.85 173 3017 S$1375 -5485.35 53
2948 GRID8 -5155.55 293 3018 S1376 -5495.05 173
2949 S1324 -4825.75 -5165.25 413 3019 S1377 -5504.75 293
2950 S1325 -4835.45 173 53 3020 RX[209] -5514.45 413
2951 S1326 -4845.15 293 173 3021 $1378 -55624.15 53
2952 GRID8 -4854.85 413 2987 293 3022 S1379 -5633.85 173
2953 S1327 -4864.55 53 2988 RX[217] 3023 $1380 -55643.55 293
2954 S1328 -4874.25 173 2989 S1354 RX[208] -5553.25 413
2955 S1329 -4883.95 293 2990 S$1355 -5223.45 S1381 -5562.95 53
2956 GRID8 -4893.65 413 2991 S$1356 -5233.15 51382 -5572.65 173
2957 S1330 -4903.35 53 2992 RX[216] -5242.85 413 51383 -5582.35 293
2958 S1331 -4913.05 173 2993 S$1357 -5252.55 53 3028 RX[207] -5592.05 413
2959 S1332 -4922.75 293 2994 S$1358 -5262.25 173 3029 S1384 -5601.75 53
2960 RX[224] -4932.45 413 2995 S$1359 -5271.95 293 3030 $1385 -5611.45 173
2961 S1333 -4942.15 53 2996 RX[215] -5281.65 413 3031 S$1386 -5621.15 293
2962 S1334 -4951.85 173 2997 S$1360 -5291.35 53 3032 RX[206] -5630.85 413
2963 S1335 -4961.55 293 2998 S1361 -5301.05 173 3033 51387 -5640.55 53
2964 RX[223] -4971.25 413 2999 $1362 -5310.75 293 3034 51388 -5650.25 173
2965 S1336 -4980.95 53 3000 RX[214] -5320.45 413 3035 51389 -5659.95 293
2966 S1337 -4990.65 173 3001 S$1363 -5330.15 53 3036 RX[205] -5669.65 413
2967 S1338 -5000.35 293 3002 S1364 -5339.85 173 3037 S$1390 -5679.35 53
2968 RX[222] -5010.05 413 3003 S$1365 -5349.55 293 3038 S$1391 -5689.05 173
2969 S1339 -5019.75 53 3004 RX[213] -5359.25 413 3039 $1392 -5698.75 293
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3040 RX[204] -5708.45 413 3075 S$1419 -6047.95 293 3110 S$1445 -6387.45 173
3041 S1393 -5718.15 53 3076 RX[195] -6057.65 413 3111 S1446 -6397.15 293
3042 S1394 -5727.85 173 3077 $1420 -6067.35 53 3112 GRID7 -6406.85 413
3043 S1395 -5737.55 293 3078 S1421 -6077.05 173 3113 S1447 -6416.55 53
3044 RX[203] -5747.25 413 3079 S$1422 -6086.75 293 3114 $1448 -6426.25 173
3045 S1396 -5756.95 53 3080 RX[194] -6096.45 413 3115 S$1449 -6435.95 293
3046 S1397 -5766.65 173 3081 S$1423 -6106.15 53 3116 GRID7 -6445.65 413
3047 S1398 -5776.35 293 3082 S1424 -6115.85 173 3117 S$1450 -6455.35 53
3048 RX[202] -5786.05 413 3083 S$1425 -6125.55 293 3118 S1451 -6465.05 173
3049 S1399 -5795.75 53 3084 RX[193] -6135.25 413 3119 $1452 -6474.75 293
3050 S1400 -5805.45 173 3085 S1426 -6144.95 53 3120 GRID7 -6484.45 413
3051 S1401 -5815.15 3086 S1427 -6154.65 173 3121 51453 -6494.15 53
3052 RX[201] -582 3087 S1428 -6164.35 293 3122 S1454 -6503.85 173
3053 S1402 -5 -6174.05 413 3123 51455 -6513.55 293
3054 S1403 -5844.25 -6183.75 53 3124 GRID7 -6523.25 413
3055 S1404 -5853.95 293 173 3125 51456 -6532.95 53
3056 RX[200] -5863.65 413 293 3126 51457 -6542.65 173
3057 S1405 -5873.35 53 3092 413 3127 51458 -6552.35 293
3058 S1406 -5883.05 173 3093 3128 RX[192] -6562.05 413
3059 S1407 -5892.75 293 3094 $1433 51459 -6571.75 53
3060 RX[199] -5902.45 413 3095 S1434 -6241.95 S1460 -6581.45 173
3061 S1408 -5912.15 53 3096 GRID7 -6251.65 S1461 -6591.15 293
3062 S1409 -5921.85 173 3097 S$1435 -6261.35 53 RX[191] -6600.85 413
3063 S1410 -5931.55 293 3098 S$1436 -6271.05 173 3133 S$1462 -6610.55 53
3064 RX[198] -5941.25 413 3099 $1437 -6280.75 293 3134 S$1463 -6620.25 173
3065 S1411 -5950.95 53 3100 GRID7 -6290.45 413 3135 S1464 -6629.95 293
3066 S1412 -5960.65 173 3101 51438 -6300.15 53 3136 RX[190] -6639.65 413
3067 S1413 -5970.35 293 3102 S$1439 -6309.85 173 3137 $1465 -6649.35 53
3068 RX[197] -5980.05 413 3103 S1440 -6319.55 293 3138 S1466 -6659.05 173
3069 S1414 -5989.75 53 3104 GRID7 -6329.25 413 3139 S1467 -6668.75 293
3070 S1415 -5999.45 173 3105 S1441 -6338.95 53 3140 RX[189] -6678.45 413
3071 S1416 -6009.15 293 3106 S1442 -6348.65 173 3141 S$1468 -6688.15 53
3072 RX[196] -6018.85 413 3107 $1443 -6358.35 293 3142 S$1469 -6697.85 173
3073 S1417 -6028.55 53 3108 GRID7 -6368.05 413 3143 S1470 -6707.55 293
3074 S1418 -6038.25 173 3109 S1444 -6377.75 53 3144 RX[188] -6717.25 413
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3145 S1471 -6726.95 53 3180 RX[179] -7066.45 413 3215 S$1524 -7405.95 293
3146 S1472 -6736.65 173 3181 51498 -7076.15 53 3216 RX[170] -7415.65 413
3147 S1473 -6746.35 293 3182 S$1499 -7085.85 173 3217 $1525 -7425.35 53
3148 RX[187] -6756.05 413 3183 $1500 -7095.55 293 3218 51526 -7435.05 173
3149 S1474 -6765.75 53 3184 RX[178] -7105.25 413 3219 $1527 -7444.75 293
3150 S1475 -6775.45 173 3185 $1501 -7114.95 53 3220 RX[169] -7454.45 413
3151 S1476 -6785.15 293 3186 $1502 -7124.65 173 3221 51528 -7464.15 53
3152 RX[186] -6794.85 413 3187 $1503 -7134.35 293 3222 $1529 -7473.85 173
3153 S1477 -6804.55 53 3188 RX[177] -7144.05 413 3223 S$1530 -7483.55 293
3154 S1478 -6814.25 173 3189 S1504 -7153.75 53 3224 RX[168] -7493.25 413
3155 S1479 -6823.95 293 3190 S$1505 -7163.45 173 3225 S$1531 -7502.95 53
3156 RX[185] -6833.65 3191 $1506 -7173.15 293 3226 $1532 -7512.65 173
3157 S1480 -684 3192 RX[176] -7182.85 413 3227 $1533 -7522.35 293
3158 S1481 -6858.05 -7192.55 53 3228 RX[167] -7532.05 413
3159 S1482 -6862.75 -7202.25 173 3229 S1534 -7541.75 53
3160 RX[184] -6872.45 413 293 3230 S$1535 -7551.45 173
3161 S1483 -6882.15 53 413 3231 S$1536 -7561.15 293
3162 S1484 -6891.85 173 3197 53 3232 RX[166] -7570.85 413
3163 S1485 -6901.55 293 3198 S1511 3233 $1537 -7580.55 53
3164 RX[183] -6911.25 413 3199 S§1512 51538 -7590.25 173
3165 S1486 -6920.95 53 3200 RX[174] -7260.45 4 S1539 -7599.95 293
3166 S1487 -6930.65 173 3201 S$1513 -7270.15 RX[165] -7609.65 413
3167 S1488 -6940.35 293 3202 S1514 -7279.85 173 S$1540 -7619.35 53
3168 RX[182] -6950.05 413 3203 S1515 -7289.55 293 3238 S1541 -7629.05 173
3169 S1489 -6959.75 53 3204 RX[173] -7299.25 413 3239 $1542 -7638.75 293
3170 S1490 -6969.45 173 3205 S1516 -7308.95 53 3240 RX[164] -7648.45 413
3171 S1491 -6979.15 293 3206 S$1517 -7318.65 173 3241 $1543 -7658.15 53
3172 RX[181] -6988.85 413 3207 $1518 -7328.35 293 3242 S1544 -7667.85 173
3173 S1492 -6998.55 53 3208 RX[172] -7338.05 413 3243 $1545 -7677.55 293
3174 S1493 -7008.25 173 3209 S1519 -7347.75 53 3244 RX[163] -7687.25 413
3175 S1494 -7017.95 293 3210 $1520 -7357.45 173 3245 S1546 -7696.95 53
3176 RX[180] -7027.65 413 3211 S§1521 -7367.15 293 3246 $1547 -7706.65 173
3177 S1495 -7037.35 53 3212 RX[171] -7376.85 413 3247 51548 -7716.35 293
3178 S1496 -7047.05 173 3213 $1522 -7386.55 53 3248 RX[162] -7726.05 413
3179 S1497 -7056.75 293 3214 $1523 -7396.25 173 3249 S$1549 -7735.75 53
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3250 S1550 -7745.45 173 3285 S1576 -8084.95 53 3320 RX[151] -8424.45 413
3251 S1551 -7755.15 293 3286 S1577 -8094.65 173 3321 $1603 -8434.15 53
3252 RX[161] -7764.85 413 3287 S$1578 -8104.35 293 3322 S$1604 -8443.85 173
3253 S$1552 -7774.55 53 3288 RX[159] -8114.05 413 3323 $1605 -8453.55 293
3254 S1553 -7784.25 173 3289 S1579 -8123.75 53 3324 RX[150] -8463.25 413
3255 S1554 -7793.95 293 3290 $1580 -8133.45 173 3325 $1606 -8472.95 53
3256 GRID6 -7803.65 413 3291 51581 -8143.15 293 3326 $1607 -8482.65 173
3257 S1555 -7813.35 53 3292 RX[158] -8152.85 413 3327 51608 -8492.35 293
3258 S1556 -7823.05 173 3293 51582 -8162.55 53 3328 RX[149] -8502.05 413
3259 S1557 -7832.75 293 3294 51583 -8172.25 173 3329 $1609 -8511.75 53
3260 GRID6 -7842.45 413 3295 S1584 -8181.95 293 3330 $1610 -8521.45 173
3261 S1558 -7852.15 3296 RX[157] -8191.65 413 3331 S1611 -8531.15 293
3262 S1559 3297 51585 -8201.35 53 3332 RX[148] -8540.85 413
3263 S1560 -8211.05 173 3333 S$1612 -8550.55 53
3264 GRID6 -7881.25 -8220.75 293 3334 S$1613 -8560.25 173
3265 S1561 -7890.95 53 413 3335 S1614 -8569.95 293
3266 S$1562 -7900.65 173 53 3336 RX[147] -8579.65 413
3267 S1563 -7910.35 293 3302 173 3337 S$1615 -8589.35 53
3268 GRID6 -7920.05 413 3303 S$1590 3338 S1616 -8599.05 173
3269 S1564 -7929.75 53 3304 RX[155] $1617 -8608.75 293
3270 S1565 -7939.45 173 3305 S$1591 -8278.95 RX[146] -8618.45 413
3271 S1566 -7949.15 293 3306 $1592 -8288.65 51618 -8628.15 53
3272 GRID6 -7958.85 413 3307 51593 -8298.35 293 $1619 -8637.85 173
3273 S1567 -7968.55 53 3308 RX[154] -8308.05 413 3343 $1620 -8647.55 293
3274 S1568 -7978.25 173 3309 S$1594 -8317.75 53 3344 RX[145] -8657.25 413
3275 S1569 -7987.95 293 3310 S$1595 -8327.45 173 3345 S$1621 -8666.95 53
3276 GRID6 -7997.65 413 3311 S$1596 -8337.15 293 3346 51622 -8676.65 173
3277 S1570 -8007.35 53 3312 RX[153] -8346.85 413 3347 51623 -8686.35 293
3278 S1571 -8017.05 173 3313 $1597 -8356.55 53 3348 RX[144] -8696.05 413
3279 S1572 -8026.75 293 3314 51598 -8366.25 173 3349 S$1624 -8705.75 53
3280 GRID6 -8036.45 413 3315 S$1599 -8375.95 293 3350 51625 -8715.45 173
3281 S1573 -8046.15 53 3316 RX[152] -8385.65 413 3351 51626 -8725.15 293
3282 S1574 -8055.85 173 3317 $1600 -8395.35 53 3352 RX[143] -8734.85 413
3283 S1575 -8065.55 293 3318 S$1601 -8405.05 173 3353 $1627 -8744.55 53
3284 RX[160] -8075.25 413 3319 51602 -8414.75 293 3354 51628 -8754.25 173
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3355 S1629 -8763.95 293 3390 S$1655 -9103.45 173 3425 S1681 -9442.95 53
3356 RX[142] -8773.65 413 3391 S$1656 -9113.15 293 3426 51682 -9452.65 173
3357 S1630 -8783.35 53 3392 RX[133] -9122.85 413 3427 51683 -9462.35 293
3358 S1631 -8793.05 173 3393 $1657 -9132.55 53 3428 GRID5 -9472.05 413
3359 $1632 -8802.75 293 3394 51658 -9142.25 173 3429 S1684 -9481.75 53
3360 RX[141] -8812.45 413 3395 51659 -9151.95 293 3430 51685 -9491.45 173
3361 S1633 -8822.15 53 3396 RX[132] -9161.65 413 3431 51686 -9501.15 293
3362 S1634 -8831.85 173 3397 S1660 -9171.35 53 3432 GRID5 -9510.85 413
3363 S1635 -8841.55 293 3398 S1661 -9181.05 173 3433 51687 -9520.55 53
3364 RX[140] -8851.25 413 3399 51662 -9190.75 293 3434 51688 -9530.25 173
3365 S1636 -8860.95 53 3400 RX[131] -9200.45 413 3435 51689 -9539.95 293
3366 S1637 -8870.65 3401 51663 -9210.15 53 3436 GRID5 -9549.65 413
3367 S1638 3402 S1664 -9219.85 173 3437 S$1690 -9559.35 53
3368 RX[139] -9229.55 293 3438 S$1691 -9569.05 173
3369 S1639 -8899.75 -9239.25 413 3439 51692 -9578.75 293
3370 S1640 -8909.45 173 53 3440 RX[128] -9588.45 413
3371 S1641 -8919.15 293 173 3441 51693 -9598.15 53
3372 RX[138] -8928.85 413 3407 293 3442 S$1694 -9607.85 173
3373 S1642 -8938.55 53 3408 RX[129] 3443 $1695 -9617.55 293
3374 S1643 -8948.25 173 3409 S$1669 RX[127] -9627.25 413
3375 S1644 -8957.95 293 3410 S1670 -9297.45 S1696 -9636.95 53
3376 RX[137] -8967.65 413 3411 S1671 -9307.15 $1697 -9646.65 173
3377 S1645 -8977.35 53 3412 GRID5 -9316.85 413 51698 -9656.35 293
3378 S1646 -8987.05 173 3413 S1672 -9326.55 53 3448 RX[126] -9666.05 413
3379 S1647 -8996.75 293 3414 S1673 -9336.25 173 3449 S$1699 -9675.75 53
3380 RX[136] -9006.45 413 3415 S1674 -9345.95 293 3450 $1700 -9685.45 173
3381 $1648 -9016.15 53 3416 GRID5 -9355.65 413 3451 S1701 -9695.15 293
3382 S1649 -9025.85 173 3417 S1675 -9365.35 53 3452 RX[125] -9704.85 413
3383 S1650 -9035.55 293 3418 S1676 -9375.05 173 3453 $1702 -9714.55 53
3384 RX[135] -9045.25 413 3419 S1677 -9384.75 293 3454 S$1703 -9724.25 173
3385 S1651 -9054.95 53 3420 GRID5 -9394.45 413 3455 S1704 -9733.95 293
3386 S1652 -9064.65 173 3421 S1678 -9404.15 53 3456 RX[124] -9743.65 413
3387 S1653 -9074.35 293 3422 S1679 -9413.85 173 3457 $1705 -9753.35 53
3388 RX[134] -9084.05 413 3423 S$1680 -9423.55 293 3458 S$1706 -9763.05 173
3389 S1654 -9093.75 53 3424 GRID5 -9433.25 413 3459 $1707 -9772.75 293
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3460 RX[123] -9782.45 413 3495 S1734 -10121.95 293 3530 S$1760 -10461.45 173
3461 S1708 -9792.15 53 3496 RX[114] -10131.65 413 3531 S1761 -10471.15 293
3462 S1709 -9801.85 173 3497 S1735 -10141.35 53 3532 RX[105] -10480.85 413
3463 S1710 -9811.55 293 3498 S1736 -10151.05 173 3533 $1762 -10490.55 53
3464 RX[122] -9821.25 413 3499 S1737 -10160.75 293 3534 S1763 -10500.25 173
3465 S1711 -9830.95 53 3500 RX[113] -10170.45 413 3535 S1764 -10509.95 293
3466 S1712 -9840.65 173 3501 S$1738 -10180.15 53 3536 RX[104] -10519.65 413
3467 S1713 -9850.35 293 3502 S$1739 -10189.85 173 3537 $1765 -10529.35 53
3468 RX[121] -9860.05 413 3503 S1740 -10199.55 293 3538 51766 -10539.05 173
3469 S1714 -9869.75 53 3504 RX[112] -10209.25 413 3539 $1767 -10548.75 293
3470 S1715 -9879.45 173 3505 S1741 -10218.95 53 3540 RX[103] -10558.45 413
3471 S1716 -9889.15 3506 S$1742 -10228.65 173 3541 51768 -10568.15 53
3472 RX[120] -989 3507 S$1743 -10238.35 293 3542 $1769 -10577.85 173
3473 S1717 -9908. -10248.05 413 3543 S1770 -10587.55 293
3474 S1718 -9918.25 -10257.75 53 3544 RX[102] -10597.25 413
3475 S1719 -9927.95 293 -10267.45 173 3545 S1771 -10606.95 53
3476 RX[119] -9937.65 413 293 3546 S1772 -10616.65 173
3477 S1720 -9947.35 53 3512 413 3547 S1773 -10626.35 293
3478 S1721 -9957.05 173 3513 S1747 3548 RX[101] -10636.05 413
3479 S1722 -9966.75 293 3514 $1748 S1774 -10645.75 53
3480 RX[118] -9976.45 413 3515 S$1749 -10315.95 S1775 -10655.45 173
3481 S1723 -9986.15 53 3516 RX[109] -10325.65 S1776 -10665.15 293
3482 S1724 -9995.85 173 3517 S$1750 -10335.35 53 RX[100] -10674.85 413
3483 S1725 -10005.55 293 3518 S§1751 -10345.05 173 3553 s1777 -10684.55 53
3484 RX[117] -10015.25 413 3519 S§1752 -10354.75 293 3554 S1778 -10694.25 173
3485 S1726 -10024.95 53 3520 RX[108] -10364.45 413 3555 S1779 -10703.95 293
3486 S1727 -10034.65 173 3521 S1753 -10374.15 53 3556 RX[99] -10713.65 413
3487 S1728 -10044.35 293 3522 S1754 -10383.85 173 3557 $1780 -10723.35 53
3488 RX[116] -10054.05 413 3523 S1755 -10393.55 293 3558 S1781 -10733.05 173
3489 S1729 -10063.75 53 3524 RX[107] -10403.25 413 3559 $1782 -10742.75 293
3490 S1730 -10073.45 173 3525 S1756 -10412.95 53 3560 RX[98] -10752.45 413
3491 S1731 -10083.15 293 3526 S$1757 -10422.65 173 3561 $1783 -10762.15 53
3492 RX[115] -10092.85 413 3527 S$1758 -10432.35 293 3562 S1784 -10771.85 173
3493 S1732 -10102.55 53 3528 RX[106] -10442.05 413 3563 S$1785 -10781.55 293
3494 S1733 -10112.25 173 3529 S$1759 -10451.75 53 3564 RX[97] -10791.25 413
V0.5 Page 46 of 299 2021/09

Sitronix Confidential ~ The information contained herein is the exclusive property of Sitronix and shall not be distributed, reproduced, or
disclosed in whole or in part without prior written permission of Sitronix.




Sitronix ST7123

No. Name X Y No. Name X Y No. Name X Y
3565 S1786 -10800.95 53 3600 GRID4 -11140.45 413 3635 51839 -11479.95 293
3566 S1787 -10810.65 173 3601 S$1813 -11150.15 53 3636 RX[89] -11489.65 413
3567 S1788 -10820.35 293 3602 S1814 -11159.85 173 3637 $1840 -11499.35 53
3568 GRID4 -10830.05 413 3603 $1815 -11169.55 293 3638 S1841 -11509.05 173
3569 S1789 -10839.75 53 3604 GRID4 -11179.25 413 3639 51842 -11518.75 293
3570 S1790 -10849.45 173 3605 S$1816 -11188.95 53 3640 RX[88] -11528.45 413
3571 S1791 -10859.15 293 3606 S$1817 -11198.65 173 3641 51843 -11538.15 53
3572 GRID4 -10868.85 413 3607 51818 -11208.35 293 3642 S1844 -11547.85 173
3573 S1792 -10878.55 53 3608 RX[96] -11218.05 413 3643 51845 -11557.55 293
3574 S1793 -10888.25 173 3609 51819 -11227.75 53 3644 RX[87] -11567.25 413
3575 S1794 -10897.95 293 3610 51820 -11237.45 173 3645 51846 -11576.95 53
3576 GRID4 -10907.65 3611 S$1821 -11247.15 293 3646 51847 -11586.65 173
3577 S1795 -1091 3612 RX[95] -11256.85 413 3647 $1848 -11596.35 293
3578 S1796 -10927.05 -11266.55 53 3648 RX[86] -11606.05 413
3579 S1797 -10936.75 -11276.25 173 3649 51849 -11615.75 53
3580 GRID4 -10946.45 413 -11285.95 293 3650 51850 -11625.45 173
3581 S1798 -10956.15 53 413 3651 S1851 -11635.15 293
3582 S1799 -10965.85 173 3617 53 3652 RX[85] -11644.85 413
3583 S1800 -10975.55 293 3618 51826 3653 51852 -11654.55 53
3584 GRID4 -10985.25 413 3619 51827 51853 -11664.25 173
3585 S1801 -10994.95 53 3620 RX[93] -11334.45 S1854 -11673.95 293
3586 $1802 -11004.65 173 3621 51828 -11344.15 RX[84] -11683.65 413
3587 $1803 -11014.35 293 3622 51829 -11353.85 173 51855 -11693.35 53
3588 GRID4 -11024.05 413 3623 $1830 -11363.55 293 3658 51856 -11703.05 173
3589 S1804 -11033.75 53 3624 RX[92] -11373.25 413 3659 51857 -11712.75 293
3590 S1805 -11043.45 173 3625 S$1831 -11382.95 53 3660 RX[83] -11722.45 413
3591 S1806 -11053.15 293 3626 51832 -11392.65 173 3661 51858 -11732.15 53
3592 GRID4 -11062.85 413 3627 51833 -11402.35 293 3662 51859 -11741.85 173
3593 S1807 -11072.55 53 3628 RX[91] -11412.05 413 3663 51860 -11751.55 293
3594 S1808 -11082.25 173 3629 S1834 -11421.75 53 3664 RX[82] -11761.25 413
3595 S1809 -11091.95 293 3630 51835 -11431.45 173 3665 S$1861 -11770.95 53
3596 GRID4 -11101.65 413 3631 51836 -11441.15 293 3666 51862 -11780.65 173
3597 S1810 -11111.35 53 3632 RX[90] -11450.85 413 3667 51863 -11790.35 293
3598 Ss1811 -11121.05 173 3633 51837 -11460.55 53 3668 RX[81] -11800.05 413
3599 S1812 -11130.75 293 3634 51838 -11470.25 173 3669 S1864 -11809.75 53
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3670 S1865 -11819.45 173 3705 S$1891 -12158.95 53 3740 GRID3 -12498.45 413
3671 S1866 -11829.15 293 3706 51892 -12168.65 173 3741 51918 -12508.15 53
3672 RX[80] -11838.85 413 3707 51893 -12178.35 293 3742 $1919 -12517.85 173
3673 S1867 -11848.55 53 3708 RX[71] -12188.05 413 3743 $1920 -12527.55 293
3674 S1868 -11858.25 173 3709 51894 -12197.75 53 3744 GRID3 -12537.25 413
3675 S1869 -11867.95 293 3710 51895 -12207.45 173 3745 $1921 -12546.95 53
3676 RX[79] -11877.65 413 3711 51896 -12217.15 293 3746 51922 -12556.65 173
3677 S1870 -11887.35 53 3712 RX[70] -12226.85 413 3747 $1923 -12566.35 293
3678 S1871 -11897.05 173 3713 51897 -12236.55 53 3748 GRID3 -12576.05 413
3679 S1872 -11906.75 293 3714 51898 -12246.25 173 3749 51924 -12585.75 53
3680 RX[78] -11916.45 413 3715 51899 -12255.95 293 3750 $1925 -12595.45 173
3681 S1873 -11926.15 3716 RX[69] -12265.65 413 3751 51926 -12605.15 293
3682 S1874 -1193 3717 $1900 -12275.35 53 3752 GRID3 -12614.85 413
3683 S1875 -11945.55 g -12285.05 173 3753 $1927 -12624.55 53
3684 RX[77] -11955.25 -12294.75 293 3754 51928 -12634.25 173
3685 S1876 -11964.95 53 -12304.45 413 3755 51929 -12643.95 293
3686 S1877 -11974.65 173 53 3756 GRID3 -12653.65 413
3687 S1878 -11984.35 293 3722 173 3757 $1930 -12663.35 53
3688 RX[76] -11994.05 413 3723 $1905 3758 S$1931 -12673.05 173
3689 S1879 -12003.75 53 3724 RX[67] $1932 -12682.75 293
3690 $1880 -12013.45 173 3725 $1906 -12352.95 GRID3 -12692.45 413
3691 S1881 -12023.15 293 3726 $1907 -12362.65 51933 -12702.15 53
3692 RX[75] -12032.85 413 3727 51908 -12372.35 293 S$1934 -12711.85 173
3693 S1882 -12042.55 53 3728 RX[66] -12382.05 413 3763 51935 -12721.55 293
3694 S1883 -12052.25 173 3729 $1909 -12391.75 53 3764 RX[64] -12731.25 413
3695 S1884 -12061.95 293 3730 $1910 -12401.45 173 3765 S$1936 -12740.95 53
3696 RX[74] -12071.65 413 3731 S1911 -12411.15 293 3766 51937 -12750.65 173
3697 $1885 -12081.35 53 3732 RX[65] -12420.85 413 3767 51938 -12760.35 293
3698 $1886 -12091.05 173 3733 $1912 -12430.55 53 3768 RX[63] -12770.05 413
3699 $1887 -12100.75 293 3734 $1913 -12440.25 173 3769 $1939 -12779.75 53
3700 RX[73] -12110.45 413 3735 S1914 -12449.95 293 3770 $1940 -12789.45 173
3701 S1888 -12120.15 53 3736 GRID3 -12459.65 413 3771 S$1941 -12799.15 293
3702 S1889 -12129.85 173 3737 $1915 -12469.35 53 3772 RX[62] -12808.85 413
3703 S1890 -12139.55 293 3738 $1916 -12479.05 173 3773 $1942 -12818.55 53
3704 RX[72] -12149.25 413 3739 $1917 -12488.75 293 3774 51943 -12828.25 173
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No. Name X Y No. Name X Y No. Name X Y
3775 S1944 -12837.95 293 3810 $1970 -13177.45 173 3845 51996 -13516.95 53
3776 RX[61] -12847.65 413 3811 S$1971 -13187.15 293 3846 51997 -13526.65 173
3777 $1945 -12857.35 53 3812 RX[52] -13196.85 413 3847 51998 -13536.35 293
3778 S1946 -12867.05 173 3813 $1972 -13206.55 53 3848 RX[43] -13546.05 413
3779 S1947 -12876.75 293 3814 S$1973 -13216.25 173 3849 51999 -13555.75 53
3780 RX[60] -12886.45 413 3815 S1974 -13225.95 293 3850 $2000 -13565.45 173
3781 51948 -12896.15 53 3816 RX[51] -13235.65 413 3851 $2001 -13575.15 293
3782 S1949 -12905.85 173 3817 $1975 -13245.35 53 3852 RX[42] -13584.85 413
3783 S1950 -12915.55 293 3818 $1976 -13255.05 173 3853 $2002 -13594.55 53
3784 RX[59] -12925.25 413 3819 $1977 -13264.75 293 3854 $2003 -13604.25 173
3785 S1951 -12934.95 53 3820 RX[50] -13274.45 413 3855 S$2004 -13613.95 293
3786 S1952 -12944.65 3821 51978 -13284.15 53 3856 RX[41] -13623.65 413
3787 S1953 3822 $1979 -13293.85 173 3857 $2005 -13633.35 53
3788 RX[58] -13303.55 293 3858 S$2006 -13643.05 173
3789 S1954 -12973.75 -13313.25 413 3859 $2007 -13652.75 293
3790 S1955 -12983.45 173 -13322.95 53 3860 RX[40] -13662.45 413
3791 S1956 -12993.15 293 173 3861 $2008 -13672.15 53
3792 RX[57] -13002.85 413 3827 293 3862 $2009 -13681.85 173
3793 S1957 -13012.55 53 3828 RX[48] 3863 S$2010 -13691.55 293
3794 S1958 -13022.25 173 3829 S$1984 RX[39] -13701.25 413
3795 S1959 -13031.95 293 3830 51985 -13371.45 S2011 -13710.95 53
3796 RX[56] -13041.65 413 3831 51986 -13381.15 $2012 -13720.65 173
3797 S1960 -13051.35 53 3832 RX[47] -13390.85 413 52013 -13730.35 293
3798 S1961 -13061.05 173 3833 51987 -13400.55 53 3868 RX[38] -13740.05 413
3799 $1962 -13070.75 293 3834 51988 -13410.25 173 3869 S2014 -13749.75 53
3800 RX[55] -13080.45 413 3835 51989 -13419.95 293 3870 S$2015 -13759.45 173
3801 S1963 -13090.15 53 3836 RX[46] -13429.65 413 3871 S2016 -13769.15 293
3802 S1964 -13099.85 173 3837 $1990 -13439.35 53 3872 RX[37] -13778.85 413
3803 S1965 -13109.55 293 3838 S$1991 -13449.05 173 3873 $2017 -13788.55 53
3804 RX[54] -13119.25 413 3839 51992 -13458.75 293 3874 52018 -13798.25 173
3805 S1966 -13128.95 53 3840 RX[45] -13468.45 413 3875 S$2019 -13807.95 293
3806 S1967 -13138.65 173 3841 51993 -13478.15 53 3876 RX[36] -13817.65 413
3807 S1968 -13148.35 293 3842 51994 -13487.85 173 3877 52020 -13827.35 53
3808 RX[53] -13158.05 413 3843 51995 -13497.55 293 3878 S$2021 -13837.05 173
3809 S1969 -13167.75 53 3844 RX[44] -13507.25 413 3879 $2022 -13846.75 293
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No. Name X Y No. Name X Y No. Name X Y
3880 RX[35] -13856.45 413 3915 52049 -14195.95 293 3950 S$2075 -14535.45 173
3881 $2023 -13866.15 53 3916 GRID2 -14205.65 413 3951 S2076 -14545.15 293
3882 S2024 -13875.85 173 3917 S$2050 -14215.35 53 3952 RX[24] -14554.85 413
3883 S$2025 -13885.55 293 3918 S2051 -14225.05 173 3953 S$2077 -14564.55 53
3884 RX[34] -13895.25 413 3919 52052 -14234.75 293 3954 $2078 -14574.25 173
3885 S$2026 -13904.95 53 3920 RX[32] -14244.45 413 3955 $2079 -14583.95 293
3886 S$2027 -13914.65 173 3921 S$2053 -14254.15 53 3956 RX[23] -14593.65 413
3887 S2028 -13924.35 293 3922 S2054 -14263.85 173 3957 $2080 -14603.35 53
3888 RX[33] -13934.05 413 3923 $2055 -14273.55 293 3958 52081 -14613.05 173
3889 S2029 -13943.75 53 3924 RX[31] -14283.25 413 3959 52082 -14622.75 293
3890 S2030 -13953.45 173 3925 S$2056 -14292.95 53 3960 RX[22] -14632.45 413
3891 S2031 -13963.15 3926 $2057 -14302.65 173 3961 52083 -14642.15 53
3892 GRID2 -1397, 3927 52058 -14312.35 293 3962 S2084 -14651.85 173
3893 S$2032 -13982.55 -14322.05 413 3963 $2085 -14661.55 293
3894 S2033 -13992.25 -14331.75 53 3964 RX[21] -14671.25 413
3895 S2034 -14001.95 293 -14341.45 173 3965 $2086 -14680.95 53
3896 GRID2 -14011.65 413 293 3966 52087 -14690.65 173
3897 S2035 -14021.35 53 3932 413 3967 52088 -14700.35 293
3898 S2036 -14031.05 173 3933 52062 3968 RX[20] -14710.05 413
3899 S2037 -14040.75 293 3934 $2063 52089 -14719.75 53
3900 GRID2 -14050.45 413 3935 S2064 -14389.95 S$2090 -14729.45 173
3901 S2038 -14060.15 53 3936 RX[28] -14399.65 S$2091 -14739.15 293
3902 S2039 -14069.85 173 3937 $2065 -14409.35 53 RX[19] -14748.85 413
3903 S2040 -14079.55 293 3938 S$2066 -14419.05 173 3973 52092 -14758.55 53
3904 GRID2 -14089.25 413 3939 $2067 -14428.75 293 3974 $2093 -14768.25 173
3905 S2041 -14098.95 53 3940 RX[27] -14438.45 413 3975 S2094 -14777.95 293
3906 S2042 -14108.65 173 3941 52068 -14448.15 53 3976 RX[18] -14787.65 413
3907 S2043 -14118.35 293 3942 S$2069 -14457.85 173 3977 S$2095 -14797.35 53
3908 GRID2 -14128.05 413 3943 S$2070 -14467.55 293 3978 S$2096 -14807.05 173
3909 S2044 -14137.75 53 3944 RX[26] -14477.25 413 3979 $2097 -14816.75 293
3910 S2045 -14147.45 173 3945 S2071 -14486.95 53 3980 RX[17] -14826.45 413
3911 S2046 -14157.15 293 3946 $2072 -14496.65 173 3981 52098 -14836.15 53
3912 GRID2 -14166.85 413 3947 $2073 -14506.35 293 3982 $2099 -14845.85 173
3913 S2047 -14176.55 53 3948 RX[25] -14516.05 413 3983 $2100 -14855.55 293
3914 S2048 -14186.25 173 3949 S2074 -14525.75 53 3984 RX[16] -14865.25 413
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No. Name X Y No. Name X Y No. Name X Y
3985 S2101 -14874.95 53 4020 RX[7] -15214.45 413 4055 S2154 -15553.95 293
3986 $2102 -14884.65 173 4021 52128 -15224.15 53 4056 GRID1 -15563.65 413
3987 $2103 -14894.35 293 4022 $2129 -15233.85 173 4057 52155 -15573.35 53
3988 RX[15] -14904.05 413 4023 $2130 -15243.55 293 4058 52156 -15583.05 173
3989 S2104 -14913.75 53 4024 RX[6] -15253.25 413 4059 $2157 -155692.75 293
3990 S$2105 -14923.45 173 4025 S$2131 -15262.95 53 4060 GRID1 -15602.45 413
3991 $2106 -14933.15 293 4026 52132 -15272.65 173 4061 52158 -15612.15 53
3992 RX[14] -14942.85 413 4027 $2133 -15282.35 293 4062 $2159 -15621.85 173
3993 S$2107 -14952.55 53 4028 RX[5] -15292.05 413 4063 $2160 -15631.55 293
3994 S2108 -14962.25 173 4029 S2134 -15301.75 53 4064 GRID1 -15641.25 413
3995 S2109 -14971.95 293 4030 $2135 -15311.45 173 4065 SDUM2 -15650.95 53
3996 RX[13] -14981.65 4031 52136 -15321.15 293 4066 SDUM3 -15660.65 173
3997 S2110 -1499 4032 RX[4] -15330.85 413 4067 DUMMY -15670.35 293
3998 S2111 -15001.05 -15340.55 53 4068 GRID1 -15680.05 413
3999 S2112 -15010.75 -15350.25 173 4069 DUMMY -15689.75 53
4000 RX[12] -15020.45 413 -15359.95 293 4070 DUMMY -15699.45 173
4001 S2113 -15030.15 53 413 4071 DUMMY -15709.15 293
4002 S2114 -15039.85 173 4037 53 4072 DUMMY -15718.85 413
4003 S2115 -15049.55 293 4038 4073 VCOM_PASS_L -15728.55 53
4004 RX[11] -15059.25 413 4039 $2142 VCOM_PASS_L -15738.25 173
4005 S2116 -15068.95 53 4040 RX[2] -15408.45 OM_PASS_L -15747.95 293
4006 S2117 -15078.65 173 4041 $2143 -15418.15 DUMMY -15757.65 413
4007 S2118 -15088.35 293 4042 S2144 -15427.85 VCOM_PASS_L -15767.35 53
4008 RX[10] -15098.05 413 4043 $2145 -15437.55 293 4078 VCOM_PASS_L -15777.05 173
4009 S2119 -15107.75 53 4044 RX[1] -15447.25 413 4079 VCOM_PASS_L -15786.75 293
4010 S$2120 -15117.45 173 4045 S$2146 -15456.95 53 4080 DUMMY -15796.45 413
4011 S2121 -15127.15 293 4046 S$2147 -15466.65 173 4081 DUMMY -15806.15 53
4012 RX[9] -15136.85 413 4047 52148 -15476.35 293 4082 DUMMY -15815.85 173
4013 S2122 -15146.55 53 4048 GRID1 -15486.05 413 4083 DUMMY -15825.55 293
4014 S2123 -15156.25 173 4049 S$2149 -15495.75 53 4084 DUMMY -15835.25 413
4015 S2124 -15165.95 293 4050 $2150 -15505.45 173 4085 DUMMY -15844.95 53
4016 RX[8] -15175.65 413 4051 S$2151 -15515.15 293 4086 DUMMY -15854.65 173
4017 S2125 -15185.35 53 4052 GRID1 -15524.85 413 4087 DUMMY -15864.35 293
4018 S2126 -15195.05 173 4053 $2152 -15534.55 53 4088 DUMMY -15874.05 413
4019 S2127 -15204.75 293 4054 S$2153 -15544.25 173 4089 DUMMY -15883.75 53
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No. Name X Y No. Name X Y
4090 DUMMY -15893.45 173 Al Al -15969.40 440.5
4091 DUMMY -15903.15 293 A2 A2 15969.40 440.5

.. .
M,
y
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4.2 Pin Definition
42.1 Voltage Pins

ST7123

PAD Type
Name 1/0 Description
(Voltage Level)
IovVCC | Power Supply External power supply for internal logic circuit
AVDD | Power Supply External positive power supply for analog circuit
AVEE | Power Supply External negative power supply for analog circuit
AGND - GND Analog ground, need to connect to GND from FPC
DGND - GND Digital ground, need to connect to GND from FPC
DPHYGND - GND Ground for MIPI DPHY circuit, need to connect to GND from FPC
Regulator output for logic, all pins need to connect together from
VDD (0] Analog
FPC
Internal logic power for Touch logic, all pins need to connect
VDDD (0]
together from FPC
VDDM (0] egulator output for MIPI DSI
DPHYVCC | x‘ml power supply for MIPI PHY circuit
utput high voltage level, all pins need to connect together
TVH (0] .
tage level, all pins need to connect together
TVL (0] Analog
from
VAG (0] Analog Active guard connect together from FPC.
VGH Step-up output volta need to connect together
(0] Analog
from FPC.
VGHO1 (0] Analog Step-up output voltage, all pin 0 connect together from FPC.
VGL Analog Step-up output voltage for panel, all pins need to connect together
(0]
from FPC.
GVDDP Analog Positive LDO output for gamma circuit.
(0]
If not used, please keep it open.
GVDDN Analog Negative LDO output for gamma circuit.
(0]
If not used, please keep it open.
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4.2.2 Control Pins

PAD Type
Name I/0 Description
(Voltage Level)

RESX | Digital(IOVCC) | Global reset signal. Low active.

Interface mode select pins

IM1 IMO Interface Selection
0 0 DSl video mode
IM[1:0] | | Digital(IOVCC)
0 1 Reserved
1 0 Reserved
1 1 Reserved

Tearing effect output pin to synchronies MCU to frame writing, activated by

TE (@) S/W command. When this pin is not activated (TE function OFF), this pin is

TE1l (@) igi I s used for noise sensing of TP and generated per scan line.
LEDPWM
FRM |
PSWAP | Digital(IOVCC)
ap table
PSWAP DSWAPJ[1:0] D2P D2N D1P DIN CLKP CLKN DOP DON D3P D3N
00 D3N D3P KP DIN D1P DON DoP
01 D3N D3P CLKP DIN D1P D2N D2P
0
DSWAP[lO] | D|g|tal(|OVCC) 10 DON DoP DIN D1P CLKN CLKP D2N D2P D3N D3P
1 D2N D2P DIN D1P CLKN CLKP DON DoP D3N D3P
00 D3P D3N D2P D2N CLKP CLKN D1P DIN DoP DON
01 D3P D3N DOP DON CLKP CLKN D1P DIN D2P D2N
1
10 DoP DON D1P DIN CLKP CLKN D2P D2N D3P D3N
1 D2P D2N D1P DIN CLKP CLKN DoP DON D3P D3N
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4.2.3 MIPI Interface Pins
PAD Type
Name 1/0 Description
(Voltage Level)
CLKP MIPI MIPI-DSI clock lane positive-end input pin
CLKN MIPI MIPI-DSI clock lane negative-end input pin
MIPI-DSI data lane 0 positive-end input/output pin
DATAOP MIPI
* Please connected to GND if not used
MIPI-DSI data lane 0 negative-end input/output pin
DATAON MIPI
* Please connected to GND if not used
MIPI-DSI data lane 1 positive-end input pin
DATA1P MIPI
* Please connected to GND if not used
MIPI-DSI data lane 1 negative-end input pin
DATAL1N
* Please connected to GND if not used.
MIPI-DSI data lane 2 positive-end input pin
DATA 2P
* Please connected to GND if not used
DATA 2N
DATA 3P
DATA 3N
4.2.4 Driver Panel Related Pins
PAD Type
Name I/O Description
(Voltage Level)
CGOUTL[22:1] Analog Panel control signal output pads for left side GIP.
CGOUTR[22:1] Analog Panel control signal output pads for right side GIP.
Output source driver signals. The D/A converted 256-gray-scale analog
S1:52160 (@) Analog
voltage is output.
VCOM (@) Analog VCOM voltage output
COGTEST12
(0] No level For ITO resistance trace
COGTEST34
VCOM_PASS_R
- No level Pass line for VCOM_OPT
VCOM_PASS_L
VCOM_OPT_R
(@) Analog VCOM optional buffer output.
VCOM_OPT_L
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425 Touch Related Pins
PAD Type
Name 110 (Voltage Description
Level)
TP_RESX | Digital(IOVCC) | External reset for TP
TP_UART_TX | I/O | Digital(IOVCC) | UART TX pad
TP_INT (0] Digital(IOVCC) | Touch screen interrupt
TP_I2C_SDA 1/0 | Digital(IOVCC) | 12C interface data pin
TP_I2C_SCL I Digital(IOVCC) | 12C interface clock pin
TP_SPI_CS I Digital(IOVCC) | Slave chip select pin in SPI interface
TP_SPI_MISO (0] Digital(IOVCC) | Slave input data pin in SPI interface
TP_SPI_MOSI I Slave output data pin in SPI interface
TP_SPI_SCL I Slave clock pin in SPI interface
FLASH_HOLD (0] hold signal in SPI interface
FLASH_WP (0]
FLASH_CS (0] Digital(IOVC
FLASH_MISO | | Digital(lOVCC)
FLASH_MOSI | I/O | Digital(IOVCC)
FLASH_SCL | | Digital(lOVCC)
Output source driver sig erted 256-gray-scale analog
RX[576:1] (0] Analog
voltage is output.
RX0D[0:2],
RX1D[0:2], (0] Analog Touch keys, If not used, please kee pen.
TXOD, TX1D
4.2.6 Test/Dummy Pins
PAD Type
Name I/0 Description
(Voltage Level)
SDUMO:3 -- Dummy pad
GRID1:20 -- Dummy pad
DUMMY -- Dummy pad
TESTO~16
(@) -- TEST pad, please keep these pads open.
TEST20~36
VDDATESTO~2_L
(@) -- TEST pad, please keep these pads open.
VDDATESTO0~2_R
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TP_OPT_1~4 (@) -- TEST pad, please keep these pads open.
TP_TESTO0~9 (@) -- TEST pad, please keep these pads open.
TP_TEST_EN | -- TP TEST enable pin

80TESTO~11 (@) -- TEST pad, please keep these pads open.
PWR_TEST1~4 (@) -- TEST pad, please keep these pads open.

Yy
Dy, 9
i 4
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4.3 Power Supply Configuration

VGH (7 ~ 18 V, 100 mV/step)

45~6.3V /
AVDD
\ GVDDP (20 mV/step)

lovce 1.65~1.95V
DPHYVCC

AGND 0V
DGND

GVDDN (20 mV/step)

AVEE

V0.5 Page 58 of 299 2021/09

Sitronix Confidential ~ The information contained herein is the exclusive property of Sitronix and shall not be distributed, reproduced, or
disclosed in whole or in part without prior written permission of Sitronix.



Sitronix ST7123

5 FUNCTION DESCRIPTION

5.1 Frame Tearing Effect Interface
The Tearing Effect output line supplies to the MPU a Panel synchronization signal. This signal can be enabled or disabled
by the Tearing Effect Line off & on commands. The mode of the Tearing Effect signal is defined by the parameter of the
Tearing Effect Line On command. The signal can be used by the MPU to synchronize Frame Memory Writing when
displaying video images.
5.1.1 Tearing Effect Line Modes

Mode 1, the Tearing Effect Output signal consists of V-Blanking Information only (Figure 1):

Y /\ T\

Figure 1 Model

tVDH= The LCD display is n d from the Partial Memory or Host

tVDL= The LCD display i fi e Partial Memory or Host

Mode 2, the Tearing Effect Output sig anking and H-Blanking Information, there is one V-sync and 1680

H-sync pulses per field. (Figure 2)

1 [P |
Vertical Time Scale - m m\_

< 1st Line »* «2nd Line i ' 1679th ' ' 1e80th '

( Line > « Line >
Figure 2

tHDH= The LCD display is not updated from the Partial Memory or Hosta,

Mode3, in this mode, the tearing effect output when the display reaches line N. The output signal length of the high level is

tHDL= The LCD display is updated from the Partial Memory or Host

one line period. In below figure, it shows the TE pulse that can be select from 1%t line to 1920™ line by CMD44h.P1 and

CMD44.P2 (Figure 3)

For reference, For reference,
not belong to not belong to

| _mode3 | | N=1 | N=2 |N=1679 | N=1680) | mode3 |
[ Verical Tme Scalc SN S ST WS S GHNESTE e SUNF aux SIS oo S
S dsttner &2 Goron o)t
Figure 3 Mode3
CMD 35h CMD 44h
TE output
TEM TESN

0 0 TE high in V-porch region (mode1l)

1 0 TE high in all V-porch and H-porch region (mode2)

0 #0 TE high at N-th line (mode3)
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1 #0 Same as mode2

Where model, mode2 and mode3 timing chart is shown in below (Figure 4):

€¢—Porch——,

[ o
] |

Bottom Line -1

Bottom Line

| |
| |
| 1st Line |
| |

2nd Line

]

[ TEModel | ]
_ ~ UuuuL

I
B |
igure 4 TE Mode

Note: during sleep in mode, the !!ari S */e low.
AC characteristics of Tearing Effect Signal (FT
FTE’s rising-time and falling-time (tr,tf) are stipulated t (o)

0.8*vDDI 0.8*V

&

15ns when maximum loading is 30pF.

0.2*vDDI 0.2*vVDDI :
|

Figure 5 AC characteristics of Tearing Effect Signal
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5.2 Content Adaptive Backlight Control (CABC2.0)
521 Definition of CABC

A Content Adaptive Brightness Control function can be used to reduce the power consumption of the luminance
source. Content adaptation means that content gray level scale can be increased while simultaneously lowering
brightness of the backlight to achieve same perceived brightness. The adjusted gray level scale and thus the power

consumption reduction

Definition of Modes and target power reduction ratio:

Off mode: Content Adaptive Brightness Control functionality is totally off.

Ul [User Interface] image mode: Optimized for Ul image. It is kept image quality as much as possible. Target power
consumption reduction ratio: 10% or less.

Still picture mode: Optimized for still picture. Some image quality degradation would be acceptable. Target power

consumption reduction ratio: n 30%.

Moving image mode: Opti oving image. It is focused on the biggest power reduction with image quality

degradation. Target pow! duction ratio: more than 30%.

Off ode Ul image mode Still picture mode Moving image mode

Power Reduction 0% More than 30% More than 30%

Image Quality Best ‘)me image Some image

gradation degradation

Note 1: Updating partial area of the image data should be supported b
Note 2: Processing power consumption of CABC should be minimized.
Note 3: Customer need program NVM GAMMA when using CABC.
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The transition time for dimming function is illustrated below.

) Content Adaptive Brightness Control
Display brightness is changed, according to the image contents. The following graph mentions the case of

displaying three different images.

) Image A: -20% brightness reduction
) Image B: -30% brightness reduction
) Image C: -10% brightness reduction

Transition time from the previous image to the current displayed image is “transition time A”.

Image A Image B Image C
Brightness Brightness Brightness
reduction reduction reduction
ratio: -20% ratio: -30% ratio: -10%

100% —
n
AN I
Q | 70% | Content Adaptive
e ! I Brightness Control
I I I
2 | | |
= |
o I I I I |
> | | / [ |
o | | | | I
o | | | | |
QL 50% — I I I | I |
O I I I : I |
| | |
| | | ! :
I I I I
-¢—p Transition time A |<—>: Transition tim ' nsition time A
I I I I
I I I | I |
I I I | |
I I I | |
I I I : |
| | | | |
0% I | I T I .
| |
Time >
Figure 6 Transition time A
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® Manual brightness setting and Dimming function

Manual Brightness Setting

| |
| |
| |
| |
100% ——----- ]' ...................................... '[ ..... / ...........................
| 85% |

|
I 44444444444444444444444444444444444444444444
|
® | 85%
7] v 1 | | v V | | |
(] | | | I | | | | |
% ! | | | ! I : | |
4444444444444444 |.|.||
2 ! | | ! ! ! ! : i
o | | | | | | 60% | | |
> | I I I | I I I " | |
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® Combine Display brightness

ST7123

Green line in the following graph is for the output brightness of display. It is combined with both display brightness,

which are defined in the above graphs.

Maximum transition time is transition time A+B.
I
I
Display Brightnesks
“Content Adaptive Brightnegs Control”

|
|
|
|
|
/ | |
| |
| |
0, N N
100% N7 ! T
1 1 I d
| :

1)
i | o \
2 :\ —W N 70% S/ 76.5%
< » BB : : :
2 : : A TN g : A :
o) | / S |
> I : S | |
‘—éi : Display Output : : I I
£ 50% — Brightness  : ! !
e ! P 4 | |
I S S I I
| X R ¢ |
: : o |
I : R I
! ‘ 4 I I
: | : : | |
g : I I
I : B I I
0% - e ! !
|l a—p | Case 1

<4——» [Case3
T ition time A Transition time
ransition time A+B

Time

Figure 8 Maximum transition time is transi

Brightness level calculates with the following formula.

Display Output brightness = Manual Brightness setting * CABC brightness ratio

Manual Brightness setting Brightness ratio [CABC] Display Output brightness
Case 1l 85% 80% 68%
Case 2 60% 70% 42%
Case 3 85% 90% 76.5%
Transition time from the current brightness to target brightness is A+B in the worst case.
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5.2.2 Minimum Brightness Setting of CABC Function

CABC function is automatically reduced backlight brightness based on image contents. In the case of the combination
with the LABC or manual brightness setting, display brightness is too dark. It must affect to image quality degradation.
CABC minimum brightness setting is to avoid too much brightness reduction. When CABC is active, CABC cannot reduce
the display brightness to less than CABC minimum brightness setting. If CABC algorithm works without any abnormal

visual effect, image processing function can operate even when the brightness cannot be changed.

This function does not affect to the other function, manual brightness setting. Manual brightness can be set the display

brightness to less than CABC minimum brightness. Smooth transition and dimming function can be worked as normal.

When display brightness is turned off (BCTRL=0 of “Write CTRL Display (53h)"), CABC minimum brightness setting is
ignored. “Read CABC minimum brightness (5Fh)” always read the setting value of “Write CABC minimum brightness

(SEh)".

WRCABC (55h) Function RDCABCMB (5Fh) Image
Sleep-in WRCABCMB (5Eh)
CABC off WRCABCMB (5Eh) Original
CABC on 01b/10b/11b WRCABCMB (5Eh) CABC modified

Brightness level calculates with the following formula.: /
Display Output Brightness = Manual brightness setting * CA 60
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Below drawing is for the explanation of the CABC minimum brightness setting.

Display Brightness
“Content Adaptive Brightness Control”

|
|
100% |
N | :
g | 1 ’/
2 | 70% :
= | o
D2 | :
5 | Display Output
% | Brightness
= [ . ‘ .
2 50% —- | : : : ﬁ
[m] | : : : :
I 35% : : : :
| A : : .
| : . : :
| A \ : : 4
I : :
0% : : : : :
Case 1 - - Case 2 «——» [Case 3
Transition Transition
time B time B
Time -

Omum brightness setting

CABC minimum brightness value = 51 ightness)

Display Brightness Brightness ratio Calculation result of the Display Image
[manual setting] [CABC] display brightness Output
formula Brightness
Case 1 50% 70% 35% CABC modified
Case 2 20% 70% 20% CABC modified
Case 3 50% 70% 35% 35% CABC modified

At the case 2, the calculation result of the display brightness is 14%. CABC um brightness value is set to 20%

brightness. Actual display brightness is 20% as the CABC minimum brightness setting.
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5.2.3 Display Dimming

5.2.3.1 General Description
A dimming function (how fast to change the brightness from old to new level and what are brightness levels during the
change) is used when changing from one brightness level to another. This dimming function curve is the same in

increment and decrement. The basic idea is described below.

Hysteresis Step Up Dimming

Luminance‘ Luminance‘

o
Time

Wit ing
Dimming function can be enable @/i
5.2.3.2 Dimming Requirement /
the original brightness value and the target brightness value.

With Dimming

rite CTRL Display (53h)” (bit DD) for more information.

Dimming function in the display module should be i

400-600ms is used for the transition between
rri e steps between these two brightness
values are equal making the transition linear.

The dimming function is working similarly in both upward and downward-directions

An upward example is illustrating below

A
Target Luminance Value (v+4)
v+3
v+2
v+1
Original Luminance Value (v) » Time
t t+1 t+2 t+3 t+4 t+5
- _J
Y
400~600ms
Figure 10 Dimming Requirement
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5.2.4 Definition of Brightness Transition Time

® Shorter transition time than 500ms.

There is some stable time between transitions. Below drawing is for transition time: 400ms.

50% 60% 85%
Target brightness
100% —— | Lo Lo |
I [ I I
0 I I (. I
2]

0] 8% FA-—-————- e +—F————=
= I [ I
< I [ I
=) I [ I
8 60% [A-—————- t--——— [
- I I I I
© o L I I
a 50% 1o I
k) I 1o I
a I 1o I
I I I
I I I
I I I
I I I
I 1o I
I 1o I
I 1o I
I I I
I I

- —p
Transition Transition
time: 400ms  time: 400ms

Figure 11 Shorter Tr
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) Longer transition time than 500ms

There is no any stable time between transitions. Below drawing is for transition time: 600ms.

50% 60% 85%
Target brightness ° ° ?
100% — | | | | It starts 2™ transition
» : : : : when the 2™ brightness
3 85% fq-———————— m———————— F————— = target, 60%, is fixed
s [ [ | | during first transition
S ' | | time. Change point for
= | | | .
s 60% [q———————- i > | the new target is at
> | | | | 41.6% brightness.
& 50% —f—t+-——————— ! |
o | | rd e
L | | It starts 3™ transition at
a | | 57% brightness
| I
| I
| I
| I
| I
| I
| I
f T
| I
|

ition |
*600ms Transition

time: 600ms

V0.5 Page 69 of 299 2021/09

Sitronix Confidential ~ The information contained herein is the exclusive property of Sitronix and shall not be distributed, reproduced, or
disclosed in whole or in part without prior written permission of Sitronix.



Sitronix ST7123

5.3 Color Enhancement (CE2.0)

Color enhancement function enhances the color saturation by gamut expansion.

Figure 13 Color Gamut Expansion

An example of the color ent function is illustrated below:

Color Enhance Off a Color Enhancement On
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5.4 MIPI-DSI Interface

The Display Serial Interface standard defines protocols between a host processor and peripheral devices that adhere to
MIPI Alliance standards for mobile device interfaces. The DSI standard builds on existing standards by adopting pixel

formats and command set defined in MIPI Alliance standards.

DSlI-compliant peripherals support either of two basic modes of operation: Command Mode and Video Mode.
Which mode is used depends on the architecture and capabilities of the peripheral. The mode definitions reflect the
primary intended use of DSI for display interconnect, but are not intended to restrict DSI from operating in other

applications.

Typically, a peripheral is capable of Command Mode operation or Video Mode operation. Some Video Mode display

modules also include a simplified form of Command Mode operation in which the display module may refresh its screen

from a reduced-size, or partial buffer, and the interface (DSI) to the host processor may be shut down to reduce

power consumption.

Command Mode refers to operal in |W primarily take the form of sending commands to a peripheral,
such as a display module, that incorp troller. The display controller may include local registers and a
frame buffer. Systems using Command Mo from&e registers. The host processor indirectly controls
activity at the peripheral by sending commands, play controller. The host processor can also read
display module status information. Command Mode op irectional interface.
Video Mode refers to operation in which transfers from the host process¢ take the form of a real-time
pixel stream. In normal operation, the display module relies on the host proces ge data at sufficient
bandwidth to avoid flicker or other visible artifacts in the displayed image. Video infor should only be transmitted
using High-Speed Mode. Some Video Mode architectures may include a simple ti controller and partial frame buffer,
used to maintain a partial-screen or lower-resolution image in standby or Low-Power Mode. This permits the interface to
be shut down to reduce power consumption. To reduce complexity and cost, systems that only operate in Video Mode

may use a unidirectional data path.
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54.1

Display Module Pin Configuration for DSI

DSI_CLK Resistance: Inductiance:
TBDohm typ _TBDNH typ HSRX
Module Capacitance:l Resistance HS/LP +
Connector TBDpF Iyp; +
R I B
ohm typ
* *
Module Capacitance: hd
Connector TBDpF typj/;
M~ LP-RX
L
=
DSI'DO Resistance: ~Inductiance:
TBDohm typ _TBDNH typ HSRX
Module Capacitance:I Resistnce HS/LP +
Connector TBDpF Iyp; +
R I R
ohm typ
* *
CModu\e Capacitance: hd
onnector TBDpF typj/;
™~ LP-RX
L
[~~~
L
— 1 LP-TX
<~
‘ ~._LP-CD
L

Module
Connector

Resistance: Inductiance:
TBDohm typ TBDnH typ
Py
Module C: i hd
Connector TBDpF WP;

DSI-D2 TBDohm typ _TBDNH typ Hs:
Module Capacitance:l ressiance < IS/LP 4
Connector TBDpF WP/J; *

Resistance: Inductiance: Capacitance|
TBDohm typ TBDnH typ R‘-’S‘S'a"“-*g -
Py
*
Module C i hs
Connector TBDpF WP;
™~ LP-RX
L
[~~~
L

DSI-D3 TBDohm typ _TBDNH typ Hs:
Module Capacitance:l Resistnce HS/LP +
Connector TBDpF typ/J; +

Resistance: Inductiance: ‘Capacitance|
TBDohm typ TBDnH typ *m‘z"‘eg -
* \d
Module C i L
Connector TBDpF WP;
M~ LP-RX
L
>~
L

ST7123
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5.4.2 Display Serial Interface (DSI)

54.2.1 General description
The communication can be separated 2 different levels between the MCU and the display module:
- Interface level : Low level communication
- Packet level : High level communication
5.4.2.2 Interface level communication
54221 General
The display module uses data and clock lane differential pairs for DSI. Both clock lane and data lane0 can be driven

Low-Power (LP) or High-Speed (HS) mode. Data lanel, data lane2 and data lane3 can be driven High-Speed mode only.

Lane support mode
Unidirectional lane
High-Speed Clock only D-PHY ~—-o" [ -2
N = r—g N, D-PHY

Clock Lane i Lane Module L — —L// < »| L— —,~ Lane Module !
Data D-PHY |::> «> D-PHY [/
Lane0 Bi-directional Escape Lane Module <> Lane Module

Bi-direction LPDT

Unidirectional lane
Data Forward high-speed only > D-PHY [/
Lanel/2/3 | Simplified Escape Mode(ULPS Lane Module

Only)

Figure 14 The Interface Color Lane Types and Support Mode,

Low-Power mode means that each line of the differential pair is used in single end'mode and a differential receiver is
disable (A termination resistor of the receiver is disable) and it can be driven into a Low-Power mode.

High-Speed mode means that differential pairs (The termination resistor of the receiver is enable) are not used in the
single end mode.

There are used different modes and protocols in each mode when there are wanted to transfer information from the MCU
to the display module and vice versa.

The State Codes of the High-Speed (HS) and Low-Power (LP) lane pair are defined below.
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Lane Pair Line Voltage Levels High-Speed(HS) Low-Power(LP)

State Code Dn+ Line Dn- Line Burst Mode Control Mode Escape Mode
HS-0 HS Low HS High Differential-0 N/A, Note 1 N/A, Note 1
HS-1 HS High HS Low Differential-1 N/A, Note 1 N/A, Note 1
LP-00 LP Low LP Low N/A Bridge Space
LP-01 LP Low LP High N/A HS-Request Mark-0
LP-10 LP High LP Low N/A LP-Request Mark-1
LP-11 LP High LP High N/A Stop N/A, Note 2

High-Speed and Low-Power Lane Pair State Descriptions

Notes:

1. During High-Speed transmi w-Power observe LP-00 on the Lines.

2. If LP-11 occurs during E e mode e returns to Stop state.

. .
W,
Z
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54.2.2.2 DSI-CLOCK Lanes

DSI-CLK+/- lanes can be driven into three different power modes: Low-Power Mode (LPM LP-11), Ultra-Low Power Mode

(ULPM) or High-Speed Clock Mode (HSCM).

Clock lanes are in a single end mode (LP = Low-Power) when there is entering or leaving Low-Power Mode (LPM) or
Ultra-Low Power Mode (ULPM).

Clock lanes are in the single end mode (LP = Low-Power) when there is entering in or leaving out High-Speed Clock Mode
(HSCM).

These entering and leaving protocols are using clock lanes in the single end mode to generate an entering or leaving
sequences.

The principal flow chart of the different clock lanes power modes is illustrated below.

SW Reset
HW Reset
Power On Sequence

HS-0

\

N
CHst D HS0 D

i\HSCM (HS Clocking)

Figure 15 Clock Lanes Power Modes
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542221 Low-Power Mode (LPM)
DSI-CLK+/- lanes can be driven to the Low-Power Mode (LPM),when DSI-CLK lanes are entering LP-11 State Code , in

three different ways:
After SW Reset, HW Reset or Power On Sequence=>LP-11
After DSI-CLK+/- lanes are leaving Ultra Low Power Mode (ULPM, LP-00 State Code) =>LP10=>LP-11(LPM).

This sequence is illustrated below.

LPM

A 4

UM M
| I I |
: : }----- ---4-' /] :
| el L [ - ccccacsf
DSI-CLK+ 1 L] (A I DSI-CLK+
| ol R |
DSLCLK—: :i: : : : DSI-CLK-
ml T | |
| L LP-10 | . LP-11 |
| I | q
| I |
| Time |
1
|

/ m ULPM to LPM
O

After DSI-CLK+/- lanes are leaving High-Spee

S-0 or HS-1 State Code) =>HS-0 =>LP-11 (LPM).
This sequence is illustrated below.
Termination Resistor
is disable ,
|
LPM y

/]
DSI-CLK+ ====e==-

|

DSI-CLK+

DSI-CLK- DSI-CLK-

Figure 17 From HSCM to LPM
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All three mode changes are illustrated a flow chart below.

SW Reset
HW Reset
Power On Sequence

1

A
&>

.J/U

< 4
hea

i\_HSCM (HS Clocking)

Figure 18 All three mode changes to LPM
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54.22.2.2 Ultra-Low Power Mode (ULPM)
DSI-CLK+/- lanes can be driven to the Ultra-Low Power Mode (ULPM), when DSI-CLK lanes are entering LP-00 State

Code. The only entering possibility if from the Low-Power Mode (LPM, LP-11 State Code) => LP-10 => LP-00 (ULPM).

This sequence is illustrated below:

LPM !

P, LU,
I [ [ I
: ff——pereeeedpeeeq | |
I | W I8 | I - R —
DSI-CLK+ | \ ! :‘. | | DSI-CLK+
DSI-CLK- | \ A | bsieLk.
| o T |
' LP11 | | LP-10 |, | LP-00 |
< > < > < g
I [ [ I
| Time N
| |
Figure.19 From LPM to UPLM
The mode change is also illustral dbe ‘
/ SW Reset
HW Reset

Power On Sequence

v Mode
HS-1 @ Change

'HSCM (HS Clocking)

Figure 20 The mode change from LPM to UPLM
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54.22.2.3 High-Speed Clock Mode (HSCM)
DSI-CLK+/- lanes can be driven to the High-Speed Clock Mode (HSCM), when DSI-CLK lanes are starting to work

between HS-0 and HS-1 State Codes. The only entering possibility is from the Low-Power Mode (LPM, LP-11 State Code)
=>LP-01 =>LP-00 =>HS-0 =>HS-0/1 (HSCM). This sequence is illustrated below.

Termination Resistor
is enable

|
< >
|

|
|
|
DSI-CLK+ DSI-CLK+ eeccccaa

DSI-CLK- DSI-CLK-

The mode change is also illustra P ‘
SW Reset
HW Reset

Power On Sequence

@ @ Chgnge

i\_HSCM (HS Clocking)

Figure 22 Mode Change from LPM to HSCM on the Flow Chart
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The High-Speed clock (DSI-CLK+/-) is started before High-Speed data is sent via DSI-Dn+/- lanes. The High-Speed clock

continues clocking after the High-Speed data sending has been stopped.

Termination Resistor

Termination Resistor

is enable is disable
| |
| |
B L | ! | |__HsSCM | | ! L LPM '}
I I I I | I } I I | } I
| | P P | | i i |
| | I } } ! l l l /1 l "\( ‘\
DSkCLK | | \ ¥ // :'p: | fi B
DSI-CLK- / ) \ i
| | \ JASES S8 5 beeofp e £ | psicLk-
| Pr o T | | P |
| | | [ | ! | | | | ! | |
LP-11 LP-01 LP-00 HS-0 HS-0/1 HS-0 LP-11
D —— | e e« >
| - - Time |
i |
Data Lanes in High-
B LPM | Speed Mode | LPM N
| | | |
| | | m |
i | pst-pn+
DSI-Dn+ | ! R
DSI-Dn- ! | DSI-Dn-
1 e _ !
| - | =l LP-11 o
; ! 7 | N T~ i
| /Time T~ |
r — - - »
| - \ =~ |
1~ -
DSI-CLK+ T\ DSI-CLK# =-ocoeee
DSI-CLK: A DSI-CLK-
|
I
|
I
|
| s
DSI-Dn+ i DSEDn+ =eoceees
DSI-Dn- 1 DSI-Dn-
|
} LP-11 -
|
! 7
|_Low-Power Mode, Disable Rx Line Termination
! /
O A S
[
DSI-CLK+ :-.“ DSI-CLK+ ===eee--
DSI-CLK VAN DSI-CLK-
| |
| |
| | i
! Ll LPM N
P |
v, I 1
Jl J1 4l DN+ ecccececee
DSI-Dn+ ][ ][ T/’ i i DSI-Dn+
DSI-Dn- /
I 1r I 4 | DSI-Dn-
The last 1Ioad bit } } 1
} HS-0 or HS-1 1oL LP-11 N
! '} | Low Power Mode, !
| High Speed Mode, Enable Rx Line Termination | Disable Rx Line Termination |
€ » € »
| [ |
I
Figure 23 High-Speed Clock Burst
Note:
If the last load bits is HS-0, the transmitter changes form HS-0 to HS-1.
If the last load bits is HS-1, the transmitter changes form HS-1 to HS-0.
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5.4.2.2.3 DSI-DATA Lanes
54.2.23.1 General

DSI-D0+/- data lanes can be driven in different modes which are:
« Escape Mode (Only DSI-D0+/- data lane is used)
« High-Speed Data Transmission (DSI-D0+/-, DSI-D1+/-, DSI-D2+/- and DSI-D3+/- data lanes are used)

* Bus Turnaround Request (Only DSI-DO+/- data lane is used)

These modes and their entering codes are defined on the following table.

Mode Entering Mode Sequence Leaving Mode Sequence
Escape Mode LP-11=>LP-10=>LP-00=>LP-01=>LP-00 LP-00=>LP-10=>LP11(Mark1)
High-Speed Data Transmission LP-11=>LP-01=>LP-00=>HS-0 (HS-0 or HS-1) =>LP-11
Bus Turnaround Request LP-11=>L P-10=>LP-00=>LP-10=>LP-00 High-Z

Entering and leaving sequence

5.4.2.2.3.2 ESC, .
Data lane0O (DSI-D0+/-) can be used in di /
These Escape Modes are used to:
* Send “Low-Power Data Transmission” (LPDT) e.g. fro

« Indicate “Remote Application Reset” (RAR), which is reset the dlSp;

odes when data lanes are in Low-Power (LP) mode.

play module
ay the MCU
play e to the MCU

« Escape Command (EC), which is coded, when one of the data lanes is changing from low-to-high-to-low then this

« Drive data lanes to “Ultra-Low Power State” (ULPS)

« Indicate “Tearing Effect” (TEE), which is used for a TE trigger event from th

« Indicate “Acknowledge” (ACK), which is used for a non-error event from the dis

The basic sequence of the Escape Mode is as follow
« Start: LP-11
« Escape Mode Entry (EME): LP-11 =>LP-10 =>LP-00 =>LP-01 =>LP-00

changed data lane is presenting a value of the current data bit (DSI-D0+ = 1, DSI-DO- = 0) e.g. when DSI-DO- is changing
from low-to-high-to-low, the receiver is latching a data bit, which value is logical 0. The receiver is using this
low-to-high-to-low transition for its internal clock.

* Aload if it is needed

* Exit Escape (Mark-1) LP-00 =>LP-10 =>LP-11

e End: LP-11

This basic construction is illustrated below:
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Escape Load
Command If needed | Mark-1
< > ><

4'
<

Escape Mode Entry (EME)

3
>

DSI-Do+ DSI-DO+ ==eceee=

DSI-Do- DSI-DO-

Figure 24 General Escape Mode Sequence

The number of the different Escape Commands (EC) is eight. These eight different escape commands (EC) can be
divided 2 different groups: Mode or Trigger. The MCU is informing to the display module that it is controlling data lanes
(DSI-D0+/-) with the mode e.g. The MCU can inform to the display module that it can put data lanes in the Low-Power

mode. The MCU is waiting from display module event information, which has been set by the MCU, with the trigger e.g.

when the display module re w V-synch, the display module sent to the MCU a TE trigger (TEE), if the MCU has
been requested it.
Escape commands are defined on the e.

This basic construction is illustrated b

Command Type Entry Command Pattern
Escape Command Dn DO
Mode/Trigger (First Bit =»Last Bit Transmitted)
Low-Power Data Transmission Mode '- - o
Ultra-Low Power Mode Mode o o
Underfined-1, Note 1 Mode - -
Underfined-2, Note 1 Mode - -
Remote Application Reset Trigger - o
Tearing Effect Trigger - -
Acknowledge Trigger 0010 0001 bin - o
Unknow-5, Note 1 Trigger 1010 0000 bin - -
Notes:
1. This Escape command support has not been implemented on the display module.
2. n=1.
3. “o"=Supported
4. “-“=Not Supported
5. Tearing Effect Trigger cannot be used in MIPI Video mode.
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Low-Power Data Transmission (LPDT)

The MCU can send data to the display module in Low-Power Data Transmission (LPDT) mode when data lanes are
entering in Escape Mode and Low-Power Data Transmission (LPDT) command has been sent to the display module. The

display module is also using the same sequence when it is sending data to the MCU.

The Low-Power Data Transmission (LPDT) is using a following sequence:
« Start: LP-11
« Escape Mode Entry (EME): LP-11 =>LP-10 =>LP-00 =>LP-01 =>LP-00
* Low-Power Data Transmission (LPDT) command in Escape Mode: 1110 0001 (First to Last bit)
e Load (Data):
One or more bytes (8 bits)

Data lanes are in pause mode when data lanes are stopped (Both lanes are low ) between bytes

e Mark-1: LP-00 =>LP-10 =>L
*« End: LP-11

This sequence is illustrated for referen

Escape Mode Entry (EM

N Escape Mode
~~._ Entry (EME) __-~

| - Low-Power Data Transmission (LPDT)

1 I
[ | ) |
| | | |
| ! | |
— 1 aoon 1 1 :
DSI-DO+ | 1 1 Aot 1 1 | | DSKDO* =cscece-
I | I [T I ] I
DSI-DO- | | ! A ; ; | | DSI-DO-
1 1 ‘ — — 1 1
L LP-11 L 1 1 1 0 0 0 0 1.1 | L LP-11
— 1 > > —
1 Time J
| 1
Figure 25 Low-Power Data Transmission (LPDT)
Note:
Load(Data) is presenting that the first bit is logical ‘1’ in this example
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Load (Data)

\ 4

Load Byte n Pause

,_
o
o
o
w
=
@
>
+
X

DSI-DO+ =--=ceu-

\
|

[

\

1

\
DSI-DO+ |
DSI-DO- !
\

[

|

|

T

\

\

\

DSI-DO-

Time

Yy__yY_ _ L ________Y

Figure 26 Pause (Example)

Ultra-Low Power State (ULPS)

The MCU can force data lanes in Ultra-Low Power State (ULPS) mode when data lanes are entering in Escape Mode.

The Ultra-Low Power State using a following sequence:
« Start: LP-11
» Escape Mode Entry (EME): LP- >

LP. =>LP-01 =>LP-00
« Ultra-Low Power State (ULPS) omra> de: 0001 1110 (First to Last bit)
« Ultra-Low Power State (ULPS) when t I ta lanes low
e Mark-1: LP-00 =>LP-10 =>LP-11

« End: LP-11 /
This sequence is illustrated for reference purposes below:

Escape Mode Entry (EME)

. . J

N Escape Mode e
~~._ Entry (EME) __-~

| f Ultra-Low Power State (ULPS)

N
Ultra-Low N -
Power State | Mark-1 |

|
| |
| | |
: ) | | :
| oo \ \ 1

DSI-DO+ | 1 1 F I R 1 1 | | DSKDO* =cscece-
I | I [ S ! H ! H f | I

DG PR L R
l l ‘ * - 1 1 l l
LLP-11 .0 0 0 1 1 1 1 0.1 | L LP-11
> i > > A
1 Time J
| 1
Figure 27 Ultra-Low Power State (ULPS)
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Remote Application Reset (RAR)

The MCU can inform to the display module that it should be reset in Remote Application Reset (RAR) trigger when data

lanes are entering in Escape Mode.

The Remote Application Reset (RAR) is using a following sequence:

« Start: LP-11

« Escape Mode Entry (EME): LP-11 =>LP-10 =>LP-00 =>LP-01 =>LP-00

* Remote Application Reset (RAR) command in Escape Mode: 0110 0010 (First to Last bit)
e Mark-1: LP-00 =>LP-10 =>LP-11

* End: LP-11

This sequence is illustrated for reference purposes below:

Escape Mo (EME)

- Escape Mode
“~__ Entry (EME) _

|
|
|
| ——— :
| | | DO+ eccccces
DSI-DO+ } | i DSI-DO+
DSI-Do- | | | DSI-Do-
| | |
| | | |
| LP-11 | . 0 1 1 0 0 0 1 0 =11
| | | 4l | |
} ‘ ‘ Time ‘ ‘ J
1 1
Figure 28 Remote Application Reset (RAR)
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Tearing Effect (TEE)

The display module can inform to the MCU when a tearing effect event (New V-synch) has been happen on the display

module by Tearing Effect (TEE).

The Tearing Effect (TEE) is using a following sequence:

« Start: LP-11

« Escape Mode Entry (EME): LP-11 =>LP-10 =>LP-00 =>LP-01 =>LP-00

« Tearing Effect (TEE) trigger in Escape Mode: 0101 1101 (First to Last bit)
e Mark-1: LP-00 =>LP-10 =>LP-11

e End: LP-11

This sequence is illustrated for reference purposes below:

Escape Mo (EME)

- Escape Mode
~~__ Entry (EME)
<, -

|
}
}
| | | DO+ ecccccee
DSI-DO+ } | | DSI-DO+
DSI-DO-
} } } DSI-DO-
| |
L LP-11
| |
| 1
|
|
Figure 29 Tearing Effect (TEE)
Note: Tearing Effect (TEE) can not be used in MIP| Video Mode
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Acknowledge (ACK)

The display module can inform to the MCU when an error has not recognized on it by Acknowledge (ACK).

The Acknowledge (ACK) is using a following sequence:

« Start: LP-11

« Escape Mode Entry (EME): LP-11 =>LP-10 =>LP-00 =>LP-01 =>LP-00

» Acknowledge (ACK) command in Escape Mode: 0010 0001 (First to Last bit)
e Mark-1: LP-00 =>LP-10 =>LP-11

* End: LP-11

This sequence is illustrated for reference purposes below:

Escape Mode Entry (EME)

< »
<

=
Q
£
x
-

-
o
-
-

]
|
J

- Escape Mode ~
“~__ Entry (EME) -~

I
DSI-DO+ i i DSI-DO+ ---e--e-
DSI-DO- } } DSI-DO-

| |
| |
L LP-11
| |
| 1
|

1

Figure 30 Acknowledge (ACK)
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5.4.2.2.3.3 High-Speed Data Transmission (HSDT)

Entering High-Speed Data Transmission (T  sot of HSDT)

The display module is entering High-Speed Data Transmission (HSDT) when Clock lanes DSI-CLK+/- have already been
entered in the High-Speed Clock Mode (HSCM) by the MCU. See more information on chapter “High-Speed Clock Mode
(HSCM)".

Data lanes of the display module are entering (Tsort) in the High-Speed Data Transmission (HSDT) as follows
« Start: LP-11

* HS-Request: LP-01

¢ HS-Settle: LP-00 => HS-0 (Rx: Lane Termination Enable)

* Rx Synchronization: 011101 (Tx (= MCU) Synchronization: 0001 1101)

« End: High-Speed Data Transmission (HSDT) — Ready to receive High-Speed Data Load

This same entering High-S Transmission (Tsor of HSDT) sequence is illustrated below

DS-CLK+ DSI-CLK+ ==eeaaan
DSI-CLK- i A DSI-CLK-
|
i
|
i
DSI-Dn+ | DSI-Dn+  ==-n-eee
|
pskon- o Jf A \ DSI-Dn-
|
I
|_ Low Power Mode,
< gl
Figure 31 Entering High-Speed Data transmission (T
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Leaving High-Speed Data Transmission (T  eor of HSDT)

The display module is leaving the High-Speed Data Transmission (Teor of HSDT) when Clock lanes DSI-CLK+/- are in the

High-Speed Clock Mode (HSCM) by the MCU and this HSCM is kept until data lanes are in LP-11 mode. See more

information on chapter “High-Speed Clock Mode (HSCM)".

Data lanes of the display module are leaving from the High-Speed Data Transmission (Teor of HSDT) as follows

« Start: High-Speed Data Transmission (HSDT)

 Stops High-Speed Data Transmission

MCU changes to HS-
MCU changes to HS-

1, if the last load bit is HS-0
0, if the last load bit is HS-1

« End: LP-11 (Rx: Lane Termination Disable)

This same leaving High-Spee

Transmission (Teor of HSDT) sequence is illustrated below

| LPM |
| i
| |
| |

DS-CLK+ (™™, Sy —\~ 1 DSI-CLK+ =====eun

DSI-CLK- i Shlld ‘..,: DSI-CLK-

| |
| |
| |
| |
| |
| |
| mn |
| a

DSI-Dn+ | | DSIDNF weeeeees
|

DSI-Dn- \ " | pskon-
The last Joad bit | |
L HsOoM1 L HS-0 or HS-1 LP-11 |
b i Low Power Mode, }
| High Speed Mode, Enable Rx Line Termination able Rx Line Termination |
| |
|
Figure 32 Leaving High-Speed data Transmission (T
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Burst of the High-Speed Data Transmission (HSDT)

The burst of the High-Speed Data Transmission (HSDT) can consist of one data packet or several data packets. These
data packets can be Long (LPa) or Short (SPa) packets.

These different burst of the High-Speed Data Transmission (HSDT) cases are illustrated for reference purposes below.

DSI-Dn+/- LP-11 @ LPa @ LP-11

DSI-Dn+/- LP-11 SOT >< SPa >< EOT LP-11

Figure 33 Single Packet in High-Speed Data Transmission with EoT packet disabled
SPa >< SPa >< EOT LP-11

DSI-Dn+/- LP-11 EOT LP-11

DSI-Dn+/- LP-11

Figure 34 Multiple Packets in High-Speed D

DSI-Dn+/- LP-11 ﬁ LPa
EoT

Packet
DSI-Dn+/- LP-11 SOT >< SPa >< SPa ﬁ LP-11

ith EoT packet disabled

Figure 35 Single Packet in High-Speed Data Transmission with EoT packet enable

EoT
Packet

DSI-Dn+/-  LP-11 soT >< LPa >< SPa >< SPa >< EOT LP-11
EoT

Packet

ki
DSI-Dn+/-  LP-11 SOT >< SPa >< SPa >< SPa >< SPa >< SPa >< EOT LP-11

Figure 36 Multiple Packets in High-Speed Data Transmission with EoT packet enable
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Abbreviation Explanation
EoT End of the Transmission
LPa Long Packet
LP-11 Low-Power Mode, Data lanes are’l’s (Stop Mode)
SPa Short Packet
SoT Start of the Transmission
542234 Bus Turnaround (BTA)

The MCU or display module, which is controlling DSI-D0+/- Data Lanes, can start a bus turnaround procedure when it

wants information from a receiver, which can be the MCU or display module.

The MCU or display module i he same sequence when this bus turnaround procedure is used.

This sequence is describe ence purposes, when the MCU wants to do the bus turnaround procedure to the

display module, as follo
« Start (MCU): LP-11

e Turnaround Request (MCU): LP-11 e//
.

LP-10 => LP-00

* The MCU wait until the display module is s DO.data lanes and the MCU stop to control DSI-DO+/-

data lanes (=High-2)
« The display module changes to the stop mode: LP-00 =>

The same bus turnaround .procedure (From the MCU to the disp ed below.

| The MCU waits until the
I display module starts to
! control data lanes

| (its output drivers) when the
!

.

MCU Controls Data Lanes

MCU can put output drivers

Turnaround Request (TAR) in the High-Z mode.

DSI-DO+ ====e=-=

DSI-Do-

LP-00

Figure 37 Bus Turnaround Procedure

MCU and the display module terms are switched on above figure, if the Bus Turnaround (BTA) is from the display module

to the MCU..
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5.4.2.3 Packer Level Communication

54.2.31 Short Packet (SPa) and Long Packet (LPa) Structure

Short Packet (SPa) and Long Packet (LPa) are always used when data transmission is done in Low-Power Data
Transmission (LPDT) or High-Speed Data Transmission (HSDT) modes.

The lengths of the packets are

« Short Packet (SPa): 4 bytes

* Long Packet (LPa): From 6 to 65,541 bytes

The type (SPa or LPa) of the packet can be recognized from their package headers (PH).

LP-11:Low Power-Stop State
Packet Header (PH) SoT:Start of transmission
Al Dl:Data Identification (8 bit)
Data 0 and Data 1:Packet Data (8+8 bit)
ECC:Error Correction Code (8 bit)
2 EoT:End of Transmission

ECC EoT LP-11

|
g

J

Packet Data
A

LP-11 SoT DI

Pa).uctu re

Packet Header (PH) o
PN
( P411:Low p State
SoT:Start

LP-11 | SoT | DI | WordCount(WC) | ECC |5 pae xiontireation (ot

r Correction Code (8 bit)

T T - ———————————————~— — EoT:End of Transmission
[
\ Data0 | Data1 Data WC-2 | Data WC-1 J| Checksum(CS)
.
)
/
{ EoT | LP-11
\
~ L.

Figure 39 Long Packet (LPa) Structure

Note:
Short Packet (SPa) Structure and Long Packet (LPa) Structure are presenting a single packet sending (= Includes LP-11,
SoT and EoT for each packet sending).

The other possibility is that there is not needed SoT, EoT and LP-11 between packets if packets have sent in multiple
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packet format e.g.

* LP-11 =>SoT =>SPa =>LPa =>SPa =>SPa =>EoT =>LP-11
* LP-11 =>SoT =>SPa =>SPa =>SPa =>EoT =>LP-11

* LP-11 =>SoT =>LPa =>LPa =>LPa =>EoT =>LP-11

. .
Mo,
Z
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542311 Bit Order of the Byte on Packets

The bit order of the byte, what is used on packets, is that the Least Significant Bit (LSB) of the byte is sent in the first and
the Most Significant Bit (MSB) of the byte is sent in the last.

This same order is illustrated for reference purposes below.

DI WC (LS Byte) WC (MS Byte) ECC
29 hex 01 hex 00 hex 06 hex
olofo[ofo]o olofo[ofo]0
B|B[B[B|B B|B[B|B|B

2(3|4|5 2|3|a|5

o W

wwSs~ND o
o W

owSsNDo
o W

WwEND o

[@ oo =~
Wowrom =
wwHo o o
wwrom o

\ACEREIE

-

ime

Figure 40 Bit Order of Byte on Packets

5.4.2.3.1.2 the Multiple Byte Information on Packets

Byte order of the multiple bytes i ed on packets, is that the Least Significant (LS) Byte of the
information is sent in the first and the i S) Byte of the information is sent in the last e.g. Word Count (WC)
consists of 2 bytes (16 bits) when the L irst and the MS byte is sent in the last.

This same order is illustrated for reference pur|

WC (LS Byte) WC (MS Byte)
01 hex 00 hex
olofo[ofo]o olofofofo
B|B[B|B|B B|B|B[B|B
2|3|4|5 2(3|4l5

o W

[@ o~

Figure 41 Byte Order of the Multiple Byte on Packets
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54.2.3.1.3

Packet Header (PH)

The packet header is always consisting of 4 bytes. The content of these 4 bytes are different if it is used to Short

Packet (SPa) or Long Packet (LPa).

Short Packet (SPa):

« 1st byte: Data Identification (DI) => Identification that this is Short Packet (SPa)

« 2nd and 3rd bytes: Packet Data (PD), Data 0 and Data 1

« 4th byte: Error Correction Code (ECC)

Packet Header (PH)
A
DI Data 0 Data 1 ECC
15 hex 3A hex 07 hex 18 hex
1(0|1|0|1|0|0|OfO|1|O(1[1|1|0(Of1|1|1(0|0O|O|O(O|O|OfO[1]|1(OfOO
B|B|B|B|B|B|B(B|B(B|B|B(B|B(B|B|B|B|B|B|B|B(B|B(B|B|B(B|B(B|B|B
0|1(2|3|4(5|6|7|0|1(2|3|4(5|6(7|0(1(2|3(4]|5|6|7|0(1]|2|3(4|5|6|7
L ML ML ML M
S S|S S(s S(s S
1B B(B B(B B(B B
1 H A -
>
Figure 42 he Ort Packet(SPa)
Long Packet (LPa):
« 1st byte: Data Identification (DI) => Identification that this is (¢
« 2nd and 3rd bytes: Word Count (WC)
« 4th byte: Error Correction Code (ECC) y
Packet Header (PH)
A
DI WC (LS Byte) WC (MS Byte) ECC
29 hex 01 hex 00 hex 06 hex
1(0j0|1|0|1]|0|0f1|0|O(Of0O|O|O(Of(O|O|O(O|O|O|O(O|O|OfO[1]|1(OfO]O
B|B|B|B|B|B|B(B|B(B|B|B(B|B(B|B|B|B|B|B|B|B(B|B(B|B|B(B|B(B|B|B
0|1(2|3|4(5|6|7|0|1(2|3|4(5|6(7|0(1(2|3(4]|5|6|7|0(1]|2|3(4|5|6|7
L ML ML ML M
S S|S S(s S(s S
1B B(B B(B B(B B
Time
Figure 43 Packet Header (PH) on the Long Packet (LPa)
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) Data Identification (Dl)

Data Identification (Dl) is a part of Packet Header (PH) and it consists of 2 parts:
« Virtual Channel (VC), 2 bits, DI[7...6]
« Data Type (DT), 6 bits, DI[5...0]

The Data Identification (DI) structure is illustrated on a table below.

Data Identification (DI)
Virtual Channel (VC) Data Type (DT)
Bit 7 | Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Figure 44 Data Identification (DI) Structure

DI WC (LS Byte) WC (MS Byte) ECC
29 hex 01 hex 00 hex 06 hex
1]ofo[1[o[1]o[o]1]o[o]o[o[o]o[o[o]o[o]o]o[o]o]o|o[1[1]0]0[0]0]0
B|B[B[B|B[B[B B|B|B[B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
o[1]|2|3]4a|5|s6 2(3|a|5|6|7|0|1]|2|3|a|5|6|7|0|1]|2]|3|4a|5]|6|7
L ML MIC M
) s|s s|s s
B B|B B|B B
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) Virtual Channel (VC)

Virtual Channel (VC) is a part of Data Identification (DI[7...6]) structure and it is used to address where a packet is wanted
to send from the MCU.

Bits of the Virtual Channel (VC) are illustrated for reference purposes below.

Packet Header (PH)
A

4 )

DI WC (LS Byte) WC (MS Byte) ECC

29 hex 01 hex 00 hex 06 hex
110/0|1(0|1|(0|0|1|(0|0fO|O|O|O|O(O|O|Of(O|OfO|O(O(O|1(1]0|O|0O|O(O
B|B|B|B|B|B|B(B|B(B|B|B(B|B(B|B|B|B|B|B|B|B(B|B(B|B|B(B|B(B|B|B
0|1(2|3|4(5)6]|7)0|1(2|3|4|5|6[7|0(1(2|3(4]|5|6|7|0(1]|2|3[4|5|6|7
L M|L M[L M|L M
S S(s S(sS S(s S
B BB BB BB B
‘ Time ‘g

irtual Channel (VC) on the Packet Header (PH)
Virtual Channel (VC) can address 4 di e r e.g. 4 different display modules. Devices are using the same
virtual channel what the MCU is using t S .g.
e The MCU is using the virtual channel 0 when jSsplay module

« This display module is also using the virtual channel ets to the MCU

This functionality is illustrated below.

| This Display Module

I
Long and Short | H 7 C[ b (This display Module) |

Packets .
I ,\\ . /<;ir1ual [ >Resenved I
MCU p | Channel |
] / %eleCtor | > Reserved |
| ] Reserved |
. I

Figure 47 Virtual Channel (VC) Configuration
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) Data Type (DT)

Data Type (DT) is a part of Data Identification (DI[5...0]) structure and it is used to define a type of the used data on a
packet.

Bits of the Data Type (DT) are illustrated for reference purposes below.

Packet Header (PH)
A

4 )

DI WC (LS Byte) WC (MS Byte) ECC

29 hex 01 hex 00 hex 06 hex
1/0j0j1/0|1|0|0|1|0|Of(O(O|OfOfOfO|OfOfO|O|O|O|O|O|1|1|/0|0|O]|0]|O
B(B|B|B|B|B|B|B|B[B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
0(1(2(3[4|5]/6(7]|0]|1]|2|3|4|5|6|7|0(1|2|3(4(5(6(7(0(1]|2|3(4|5]|6]|7
L M|L M(L M|L M
S S|S S|S S|S S
B B|B B|B B|B B
‘ Time ‘g

éata Type (DT) on the Packet Header (PH)
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This Data Type (DT) also defines what the used packet is: Short Packet (SPa) or Long Packet (LPa). Data Types (DT) are

different from the MCU to the display module (or other devices) and vice versa.

These Data Type (DT) are defined on tables below.

Data Type Data Type Packet
Description

Hex Binary Size
01lh 00 0001 Sync Event, V Sync Start. Short
21h 10 0001 Sync Event, H Sync Start. Short
08h 00 1000 End of Transmission (EoT) packet. Short
02h 00 0010 Color Mode (CM) Off Command. Short
12h 01 0010 Color Mode (CM) On Command. Short
hh22h 10 0010 Shut Down Peripheral Command. Short
32h 11 0010 Turn On Peripheral Command. Short

13h 01 00 Generic Short WRITE, 1 parameter. Short

23h eneric Short WRITE, 2 parameters. Short
14h Short
24h Short
05h 00 0101 Short
15h 01 0101 Short
06h 00 0110 DCS READ, no p Short
37h 11 0111 Set Maximum Return Short
0%h 00 1001 Null Packet, no data. Long
19h 01 1001 Blanking Packet, no data. Long
29h 10 1001 Generic Long Write. Long
3%9h 11 1001 DCS Long Write/write_LUT Command Packet. Long
3Eh 11 1110 Packed Pixel Stream,24-bit RGB,8-8-8 Format. Long
Data Type (DT) from MCU to the Display Module (or Other Devices)
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From the Display Module (or Other Devices) to the MCU
DataType |B |B | B | B | B | B
Description Packet Abbreviation

Hex 5(4|3|2]1]|0
02h 0 0|0 |0 |1/ 0 | Acknowledge and Error Report Short AWER
11h 0|1 |0|0 |0 |1 | GenericShort READ Response,1 byte returned Short GENRR1-S
12h 0|21 |0 |0 |1 |0 | GenericShort READ Response,2 bytes returned Short GENRR2-S
1Ah 0|1 |1 |0 |1 |0 | GenericLongREAD Response Short GENRR-L
1Ch 0|11 |1 |0 |0 |DCSLongREAD Response Short DCSRR_L
21h 1|/0|0 |0 |0 |1 | DCSShort READ Response, 1 byte returned Short DCSRR1_S
22h 1|0|0 |0 |1 |0 | DCSShort READ Response, 2 bytes returned Short DCSRR2_S

Data e (DT) from the Display Module (or Other Devices) to the MCU

The receiver will ignore r Data T) if they are not defined on tables: “Data Type (DT) from the MCU to the
or

p T) from the Display Module (or Other Devices) to the MCU”.

//,, v
//7%,

Display Module (or Other Devic
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° Packet Data (PD) on the Short Packet (SPa)

Packet Data (PD) of the Short Packet (SPa) is defined after Data Type (DT) of the Data Identification (DI) has indicated
that Short Packet (SPa) is wanted to send.

The Word Count (WC) indicates the number of Bytes of Packet of Packet Data (PD) send after the Packet Header.
Packet Data (PD) of the Short Packet (SPa) consists of 2 data bytes: Data O and Data 1.

Packet Data (PD) sending order is that Data O is sent in the first and the Data 1 is sent in the last.

Bits of Data 1 are set to ‘0’ if the information length is 1 byte.

Packet Data (PD) of the Short Packet (SPa), when the length of the information is 1 or 2 bytes are illustrated for reference
purposes below, when Virtual Channel (VC) is 0.

Packet Data (PD) information:

« Data 0: 35hex (Display Command Set (DCS) with 1 Parameter => DI(Data Type (DT)) = 15hex)

« Data 1: O1hex (DCS'’s parameter)

Packet Header (PH)
A

DI Data 0 Data1 ECC

15 hex 35 hex 01 hex 1E hex
1]10/1|0f(1|o0(0|Of1({0|1(0|1|1|0|0|O|O|Of(O|1(0O|O(OJO|1(1]1|1]|0]|0(O
B|B|B|B|B|B|B(B|B(B|B|B(B|B(B|B|B|B|B|B|B|B(B|B|B|B|B(B|B|(B|B|B
0/1|12(3|4|5|6(7)0|1(2(3|4|5(6(7|0]|1(2|3|4(5|6|7Jj0(1(2|3(4(5|6]|7
L L ML L M
S SIS S(S S|s S
B BiIB B(B BiIB B

Time

Figure 49 Packet Data (PD) for Short Packet (SPa), 2 Byt form

Packet Data (PD) information:

« Data 0: 10hex (DCS without parameter => DI(Data Type (DT)) = 05hex)
« Data 1: 00Ohex (Null)

Packet Header (PH)
A
DI Data 0 Data 1 ECC
05 hex 10 hex 00 hex 2C hex
1|]o0(1|of(of0f0f(O0}JO|O|O|O|1|Of(O[O[O|O|O|O|O|O|O(OfO(O[1({1({O|1]0]|0O
B|B|B|B|B(B(B(B|B|B|B|B|B|B|B|B|B(B(B(B|B|B|B|B|B|B(B|(B(B|B|B|B
0|1(2|3|4(5|6|7)0|1(2|3|4|(5|6(7|0(1(2|3(4|5|6|7)0(1]|2|3(4|5|6|7
L L M[LC L M
S S|s S|s S|s S
B BlB BB BlB B
Time
Figure 50 Packet Data (PD) for Short Packet (SPa), 1 Bytes Information
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) Word Count (WC) on the Long Packet (LPa)

Word Count (WC) of the Long Packet (LPa) is defined after Data Type (DT) of the Data Identification (DI) has

indicated that Long Packet (LPa) is wanted to send.

Word Count (WC) indicates a number of the data bytes of the Packet Data (PD) what is wanted to send after

Packet Header (PH) versus Packet Data (PD) of the Short Packet (SPa) is placed in the Packet Header (PH).

Word Count (WC) of the Long Packet (LPa) consists of 2 bytes.

These 2 bytes of the Word Count (WC) sending order is that the Least Significant (LS) Byte is sent in the first and the Most
Significant (MS) Byte is sent in the last.

Word Count (WC) of the Long Packet (LPa) is illustrated for reference purposes below.

Packet Header (PH)
N
- A
DI WC (LS Byte) WC (MS Byte) ECC
29 hex 01 hex 00 hex 06 hex
1|]o0(o(1|(0f1|(0f(0}j1]0|0|O|O|OfOf(Of(O|O|O|O|O|O|O(OfO(1(1({0O(0O|O]|O]|O
B|B|B|B|B(B(B(B|B|B|B|B|B|B|B|B|B(B(B(B|B|B|B|B|B|B(B(B(B|B|B|B
0(1]2]|3]|4|5|6|7]J0(1(2]|3]|4|5|6|7|0(1(2(3|4|5|6|7)0|1(2|3|4(5(6(7
L M|LC M| L M|LC M
S S|s S|s S|s S
|B] B|B B|B BB B
' )
Figure 51 Word Count (/ ket (LPa)
r-Stop State
Packet Header (PH) issi
A entifi i
4 N i
Packet Data Data‘0.and D ket Data (8+8 bit)
AL : n Code (8 bit)
ya N\
LP-11 SOT DI Data0 | Datat ECC
Time ;}
Figure 52 Packet Data (PD) on the Short Packet (SPa)
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Packet Header (PH)
A

~
/

LP-11:Low Power-Stop State
SoT:Start of transmission
LP-11 | SOT DI Word Count (WC) § ECC |p|.pata Identification (8 bit)
o Data 0 and Data 1:Packet Data (8+8 bit)
) ECC:Error Correction Code (8 bit)
)T L T T T T T T - T~~~ —— — EoT:End of Transmission
{ Data0 | Data Data WC-2 | Data WC-1 | Checksum(CS)
\
)
s
{ EoT | LP-11
\
~ >
Figure 53 Packet Data (PD) on the Long Packet (LPa)
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) Error Correction Code (ECC)

Error Correction Code (ECC) is a part of Packet Header (PH) and its purpose is to identify an error or errors on the Packet
Header (PH):

The ECC protects the following field”

» Short Packet (SPa): Data Identification (DI) byte (8 bits, D[0...7]), Packet Data (PD) bytes (16 bits, D[8...23]) and ECC(8
bits: P[0...7])

* Long Packet (LPa): Data Identification (DI) byte (8 bits, D[0...7]), Word Count (WC) bytes (16 bits: D[8...23]) and ECC (8
bits, P[0...7])

D[23...0] and P[7...0] are illustrated for reference purposes below.

Packet Header (PH)
A

- r ™\

DI Data 0 Data1 ECC

05 hex 10 hex 00 hex 2C hex
1({o0|1|(o|ofof0|0fO|O|O|O|1(0|O|Of(O|OfO|OfO|O|O[Of§O(O|1|1(0|1([0]|0
D|D|D|D(D|D|D|D|D|(D|D|(D|D|D|(D|D|D|D|D|(D|D|D|(D|DjP|P|P|(P|P[P|P|P
0/1|12(3|4|5|6(7(8]|9(10{11/12/13(14|15/16/17(18/19|20(21(22]230(1(2|3(4(5|6|7
B|B|B|B|B|B|B(B|B(B|B|B(B|B(B|B|B|B|B|B|B|B(B|B|B|B|B(B|B(B|B|B
0|1(2|3|4(5|6|7|0|1(2|3|4|(5|6(7|0(1(2|3(4|5|6|7§0(1]|2|3(4|5(6]|7
| ML ML C ] |
S S|S S(S S|s S
B BIB BIB BlB ]
A .
»

Figure 54 D[23..0] and P[7...0] on aai
Packet Header (PH) y
A

- N

DI WC (LS Byte) WC (MS Byte) ECC

29 hex 01 hex 00 hex 06 hex
110/0|1(0|1|(0|0|1|(0|0fO|O|O|O|O(O|O|Of(O|OfO|O(OJO|1(1]0|0|0O|O(O
D|D|D|D(D|D|D(D|D(D|D|(D|D|D(D|D|D|D|D|(D|D|D(D|DjP|P|P|(P|P[P|P|P
0/1|12(3|4|5|6(7(8]|9(10{11/12/13(14|15/16/17(18|19|20(21(22]230(1(2|3(4(5|6|7
B|B|B|B|B|B|B(B|B(B|B|B(B|B(B|B|B|B|B|B|B|B(B|B|B|B|B(B|B|(B|B|B
0|1(2|3|4(5|6|7|0|1(2|3|4|(5|6(7|0(1(2|3(4|5|6|7§j0(1]|2|3(4|5(6]|7
L M|L M[L L M
S S(s S(sS S|s S
B BB BB els B
Time >

Figure 55 D[23...0] and P[7...0] on the Long Packet (LPa)

Error Correction Code (ECC) can recognize one error or several errors and makes correction in one bit error case

Bits (P[7...0]) of the Error Correction Code (ECC) are defined, where the symbol V' is presenting XOR function
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(Pn is ‘1’ if there is odd number of ‘1's and Pn is ‘0’ if there is even number of ‘1’s), as follows.

*P7=0

*P6=0

* P5 =D10"D11"D12"D13"D14”D15"D16"D17°D18"D19"D21"D22"D23

* P4 = D4"D5"D6”"D77°D8"D9"D16"D177°D18"D19"D20"D22"D23

* P3 = D1"D2"D3"D7”°D8"D9"D13"D14”D15"D19"D20"D21"D23

* P2 = DO"D2"D3*D5"D6”D9"D11"D12”"D15”"D18"D20"D21"D22

* P1 = DO"D1"D3"D4"D6”D8"D10"D12”"D14"D17”D20"D21"D22"D23

* PO = DO"D1"D2"D4"D5"D7~D10"D11"D13"D16"D20"D21"D22"D23

P7 and P6 are set to ‘0’ because Error Correction Code (ECC) is based on 64 bit value ([D63...0]), but this
implementation is based on 24 bit value (D[23...0]). Therefore, there is only needed 6 bits (P[5...0]) for Error
Correction Code (ECC).

Packet Header (PH)
A
~
DI Data 0 Data 1 ECC
05 hex 10 hex 00 hex 2C hex
1|10/1|0f(0|0(O|O|OfO|OfO|1|0|O|O|O|O|OfO|OfO|O|Of(O|Of1]|1|0|1]|0|O
D|D|D| |[D|D| (D D(D| |D D D(D|D(D
0|1(2 415 7 1011 |13 16 20[21)22(23,
D(D D D
0|1 4 10
D(D|D|D|D D(D|D D
4(5|16(7(8]9 16|17(18|19|20| (22|23
D(D|D|D(D|D|D|D|D(D| |[D|(D|D P
10(11/12/13{14|15(16/17[18{19| [21]22|23 5
B|B|B|B|B|B|B(B|B(B|B|B(B|B(B|B|B|B|B|B|B|B(B|B(B|B|B(B|B(B|B|B
0|1(2|3|4(5|6|7]|0|1(2|3|4|5|6[7]|0[1]|2|3|4|5(6]|7|0(1|2(3]|4|5|6]|7
L M[L M[L M|L M
S S(s S(sS S(s S
|B] BB BB BB B
Time ‘g
Figure 56 XOR Functionality on the Short Packet (SPa)
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Packet Header (PH)
A
- A
DI WC (LS Byte) WC (MS Byte) ECC
29 hex 01 hex 00 hex 06 hex
1|10/0|1(0|1(0f0|1(0|O0fO|1|0|0O|O|O|O|Of(O|Of(O|O|Of(O|1(1]0|0O|O|O|O
D|D|D| |D|D| (D D(D| |D D D(D|D(D
0|1(2 415 7 1011 |13 16 20[21)22(23|
D(D| (D(D| (D| (D| |D| |D| |D D D(D|D(D
0|1 3|4 6 8| (10| [12] 17 20[21|22(23]

D|D|D(D(D D|D|D D
415|6|7|8|9 16(17|18/19[20| (2223
D|D|D|D(D(D(D|D|D|D| |D|D|(D P
10[11|1213(14[15(16/17{18{19] [21|22|23 5
B|B|B|B|B(B(B(B|B|B|B|B|B|B|B|B|B(B(B(B|B|B|B|B|B|B(B(B(B|B|B|B
0(1]2]|3]|4|5|6|7(0[(1[(2]|3]|4|5|6|7|0(1(2(3|4|5(6]|7]|0|1|2|3|4(5(6(7
L M[L M| L M[L M
S S|s S(S S(S S
B B|B B|B B|B B
.Time P
/:ti on the Long Packet (LPa)
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The transmitter (The MCU or the Display Module) is sending data bits D[23...0] and Error Correction Code (ECC) P[7...0].

The receiver (The Display module or the MCU) is calculate an Internal Error Correction Code (IECC) and compares the

received Error Correction Code (ECC) and the Internal Error Correction Code (IECC). This comparison is done when each

power bit of ECC and IECC have been done XOR function. The result of this function is PO[7...0].

This functionality, where the transmitter is the MCU and the receiver is the display module, is illustrated for reference

purposes below.

MCU

Data : D[0---23]

This Display Module

ECC : P[0---7]

Figure 58 Internal E

n CC) on the Display Module (The Receiver)
.. re rec rr Q if a value of the PO[7...0]) is O Oh. The
sent data bits (D[23...0]) and ECC (P[7...0]) are not r t
0

The sent data bits (D[23...0]) and ECC (P[7.

-

Internal ECC (IECC)

Generator PI[0---7] T

'y

XOR f==p PO[7]

XOR {medp PO[0]

value of the PO[7...0]) is not 00h.

ECC P[7...0] 1 1 0 0
IECC PI[7...0] 1 1 0 0
XOR(ECC,IECC) 0 0 0 0
=>PQ[7...0]

L

S S

B B

Internal XOR Calculation between ECC and IECC Values-No Error

ECC P[7...0] 1 1 0 0 0 0 0 0 03h
IECC PI[7...0] 1 1 1 1 0 0 0 0 OFh
XOR(ECC,IECC) 0 0 1 1 0 0 0 0 =0Ch=> Error
=>PQ[7...0]

L M

S S

B B

Internal XOR Calculation between ECC and IECC Values- Error

V0.5

Page 107 of 299

2021/09

Sitronix Confidential ~ The information contained herein is the exclusive property of Sitronix and shall not be distributed, reproduced, or
disclosed in whole or in part without prior written permission of Sitronix.




Sitronix ST7123

The received Error Correction Code (ECC) can be 00h when the Error Correction Code (ECC) functionality is not used for

data values D[23...0] on the transmitter side.
The number of the errors (one or more) can be defined when the value of the PO[7...0] is compared to values on the

following table.

Data Bit PO7 PO6 PO5 PO4 PO3 PO2 PO1 POO Hex
D[0] 0 0 0 0 0 1 1 1 07h
D[1] 0 0 0 0 1 0 1 1 0Bh
D[2] 0 0 0 0 1 1 0 1 oDh
D[3] 0 0 0 0 1 1 1 0 OEh
D[4] 0 0 0 1 0 0 1 1 13h
D[5] 0 0 0 1 0 1 0 1 15h
DIé] 16h
D[7] 19h
D8] 1Ah
D[9] 1Ch
D[10] 23h
D[11] 25h
D[12] 26h
D[13] 29h
D[14] 2Ah
D[15] 2Ch
D[16] 31h
D[17] 32h
D[18] 34h
D[19] 0 0 1 1 1 0 0 0 38h
D[20] 0 0 0 1 1 1 1 1 1Fh
D[21] 0 0 1 0 1 1 1 1 2Fh
D[22] 0 0 1 1 0 1 1 1 37h
D[23] 0 0 1 1 1 0 1 1 3Bh

One error is detected if the value of the PQO[7...0] is on : One Bit Error Value of the Error Correction Code (ECC) and the
receiver can correct this one bit error because this found value also defines what is a location of the corrupt bit e.g.

* PO[7...0] = OEh

« The bit of the data (D[23...0]), what is not correct, is D[3]

More than one error is detected if the value of the PO[7...0] is not on: One Bit Error Value of the Error Correction Code

(ECC) e.g. PO[7...0] = OCh.
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542314 Packet Date (PD) on the Long Packet (LPa)
Packet Data (PD) of the Long Packet (LPa) is defined after Packet Header (PH) of the Long Packet (LPa). The number of

the data bytes is defined on chapter “Word Count (WC) on the Long Packet (LPa)".

5.4.2.3.15 Packet Footer (PF) on the Long Packet (LPa)
Packet Footer (PF) of the Long Packet (LPa) is defined after the Packet Data (PD) of the Long Packet (LPa). The Packet
Footer (PF) is a checksum value what is calculated from the Packet Data of the Long Packet (LPa).
The checksum is using a 16-bit Cyclic Redundancy Check (CRC) value which is generated with a polynomial

X16+X12+X5+X0 as it is illustrated below.

ey Lofoafeufenlonlon}- e fon o o o o)

‘ e
The 16-bit Cyclic Redundancy C ( nerator is initialized to FFFFh before calculations. The Least
Significant Bit (LSB) of the data byte (PD) is the first bit what is inputted into the 16-bit Cyclic
Redundancy Check (CRC).

An example of the 16-bit Cyclic Redundancy C

9 16-bit Cyclic Redundancy Check (CRC) Calculation

is illustrated (step-by-step) below.

Step In IN"C0O |C15({C14|C13|C12 | C11 |In"COMC11 C4 InfCO”C4|C3 |C2|C1 | CO
0 |1(LSB) 0 1 (11 1 1 1 1 1 11111
1 0 1 0 1 1 1 1 0 1 111]1 1
2 0 1 1 0 1 1 1 0 0 o1 /|1 1
3 0 1 1 110 1 1 0 0 oO(0|1 1
4 0 1 1 1 1 0 1 0 ojofof11|1]|1 0 of0|O 1
5 0 0 1 1 1 1 0 0 ojofofo|l1|1]|1 1 of0|O 0
6 0 0 0 1 1 1 1 1 ojofofoflo0|1]|1 1 1101]0 0
7 |O(MSB) 0 0|01 1 1 1 1/0|0|0|O0O|0{|1 1 111]0/|O0
8 X X 0|00 1 1 X 1|/1|0(0|0O0|0O0f|O X 11110

CRC Result: 0|0]|O 1 1 1|/1/0(0|0|0]|O 11|10
MSB LSB
Figure 60 CRC Calculation — Packet Data (PD) is 01h
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A value of the Packet Footer (PF) is 1EOEh in this example. This example (Command 01h has been sent) is lllustrated

below.

Packet Header (PH)

N

4 N

DI WC (LS Byte) WC (MS Byte) ECC

39 hex 01 hex 00 hex 15 hex
1/0(0|1|1(1|0|0|1|(0|O|OfOf(O|O|Of(O|O|O|Of(O|O|OfO|1]|O|1(0O|1]0(O(O
B(B|B|B|B(B|B|B(B|B|B|B(B|B|B|B(B|B(B|B|B|B|B|B|B|B(B|B|B(B|B|B
0(1|12(3(4|5|6|7(0|1|2(3|4|5(|6(7|0]|1(2(3|4(5(6|7|0|1(2|3]|4(5|6]|7
L M|LC M|LC M|LC M
S S|S S|S S|S S
B B|B B|B B|B |B]

Packet Data (PD) Packet Footer (PF)
A A

4 Y N\
Data 0 CRC(LS Byte) CRC(MS Byte)

01 hex OE hex 1E hex
o|jojofoj0|0|O 1|/1(1(0jofof0|O0|1(1[1]1]0(0]|O
B B B(B(B|B|B|B(B|B|B(B|B
2 5 5/6(7|0|1]|2(3|4]|5(6]|7
M[L M
S|S S
BB Bl
>

Figure 61 Packet oo

The receiver is calculated own checksum value from received Pac eiver compares own checksum

and the Packet Footer (PF) what the transmitter has sent. The received acket Footer (PF) are
correct if the own checksum of the receiver and Packet Footer (PF) are equal and vice, the received Packet Data

(PD) and Packet Footer (PF) are not correct if the own checksum of the receiver cket Footer (PF) are not equal.
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5.4.2.3.2 Packet Transmissions
542321 Packet from the MCU to the Display Module

o Display Command Set (DCS)

Display Command Set (DCS), which is defined on chapter “Command Description”, is used from the MCU to the display
module. This Display Command Set (DCS) is always defined on the Data 0 of the Packet Data (PD),which is included in

Short Packet (SPa) and Long Packet (LPa) as these are illustrated below.

LP-11:Low Power-Stop State

Packet Header (PH) SoT:Start of transmission
A Dl:Data Identification (8 bit)

"\Data 0 and Data 1:Packet Data (8+8 bit)
( PaCKSt\Data ECC:Error Correction Code (8 bit)
o EoT:End of Transmission
LP-11 | SOT ‘ DI Datal | ECC | EoT | LP-11
Time #I

Packet Header (PH)

/

LP-11:Low Power-Stop State
SoT:Start of transmission

LP-11 | SOT DI | Word Count (WC) | ECC |p.pata Identification (8 bit)

Data 0 and Data 1:Packet Data (8+8 bit)
) ECC:Error Correction Code (8 bit)

;T T T ————— — 7~ = — — EoT:End of Transmission
/
\ I Data0 ‘ Data1 Data WC-2 | Data WC-1 | Checksum(CS)
s
! EoT | LP-11
\
~ -
D Packet D
D Display Command Set (DCS)
Figure 62 Display Command Set (DCS) on Short Packet (SPa) and Long Packet (LPa)
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5.4.2.3.2.2 Packet from the Display Module to the MCU

o Used Packet Types
The display module is always using Short Packet (SPa) or Long Packet (LPa), when it is returning information to the MCU
after the MCU has requested information from the Display Module. This information can be a response of the Display

Command Set (DCS) or an Acknowledge with Error Report.

The used packet type is defined on Data Type (DT).

A number of the return bytes are more than the maximum size of the Packet Data (PD) on Long Packet (LPa) or Short

Packet (SPa) when the display module is sending return bytes in several packets until all return bytes have been sent

from the display module to the MCU.

It is not possible that the displ le is sending return bytes in several packets even if the maximum size of the Packet

Data (PD) could be sent on

Figure 63 Return Bytes on Signal Packet
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From the Display Module (or Other Devices) to the MCU
DataType |B |B | B | B | B | B
Description Packet Abbreviation

Hex 5(4|3|2]1]|0
02h 0 0|0 |0 |1/ 0 | Acknowledge and Error Report Short AWER
11h 0|1 |0|0 |0 |1 | GenericShort READ Response,1 byte returned Short GENRR1-S
12h 0|21 |0 |0 |1 /|0 | GenericShort READ Response,2 bytes returned Short GENRR2-S
1Ah 0|21 |1 |0 |1 |0 | GenericLongREAD Response Short GENRR-L
1Ch 0|11 |1 |0 |0 | DCSLongREAD Response Short DCSRR_L
21h 1|0|0 |0 |0 |1 | DCSShort READ Response, 1 byte returned Short DCSRR1_S
22h 1|/0|0 |0 |1 |0 | DCSShort READ Response, 2 bytes returned Short DCSRR2_S

Data Type for Display Module-sourced Packets

The display module is retur S (1st packet: Data, 2nd packet: Acknowledge with Error Report ) to the MCU when

mmand. These return packets are illustrated for reference purpose below.

e

the display module has ived a

eturn Bytes

Figure 64 Exception When Return Bytes on

Note:

1. AWER=Acknowledge with Error Report
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) Acknowledge with Error Report (AWER), Data Type = 00 0010(02h)

“Acknowledge with Error Report” (AWER) is always using a Short Packet (SPa), what is defined on Data Type (DT,00
0010b), from the display module to the MCU.

The Packet Data (PD) can include bits, which are defining the current error, when a corresponding bit is set to ‘1’, as they

are defined on the following table.

Bit Description Sitronix LCD Driver Implementation
0 SoT Error NO

1 SoT Sync Error NO

2 EoT Sync Error NO

3 Escape Mode Entry Command Error YES

4 Low-Power Transmit Sync Error YES

5 NO
6 YES
7 NO
8 YES
9 YES
10 YES
11 YES
12 DSl Virtual Channel (VC) ID Invalid

13 Invalid Transmission Length

14 Reserved, Set to ‘0’ internally

15 DSI Protocol Violation

Acknowledge with Error Report (AWER) for Short Packet (SPa)

Note

AwWER will return1-bit zero if the item is no implementation.
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These errors are only included on the last packet, which has been received from the MCU to the display module before

Bus Turnaround (BTA).

The display module ignores the received packet which includes error or errors

Acknowledge with Error Report (AWER) of the Short Packet (SPa) is defined e.g.
« Data Identification (DI)
Virtual Channel (VC, DI[7...6]): 00b
Data Type (DT, DI[5...0]): 00 0010b
« Packet Data (PD):
Bit 8: ECC Error, single-bit (detected and corrected)
AwWER: 0100h
« Error Correction Code (ECC)

This is defined on the Short P Pa) as follows.
Packet I-Ijeder (PH)
N
acket Data(PD)
DI AwWER(LS Byte) AwWER(MS Byte) ECC
02 hex 00 hex 01 hex 3A hex
o|1|0(0|0|O|OfO|O|OfO|O|O|O(O(O|1]|0O(O|O|Of(O|O|O|O|1(O|1]|1(1]|0]|O
B(B|B|B|B(B(B|B(B(B|B|B|B|B|B|B(B|B|B(B(B|B|B(B|B|B|B(B|B|B|(B|B
0|1(2(3|4|5|6(7|0]|1(2|3|4|5(6|7]|0]|1(2|3|4(5|6|7|0|1(2|3]|4(5|6]|7
L ML ML ML M
S S|s S|s S|s S
B B|B B|B B|B B
Time

Figure 65 Acknowledge with Error Report (AWER)-

It is possible that the display module receivers several packets, which include err the MPU before the MPU

performs the Bus Turnaround (BTA).Some examples are illustrated below for reference purpose.

Packets from the MCU

A

Includes an error

Packets fr% the MCU

DSI-Dn+/- LP-11 SOT >Q SPa >< SPa >< SPa §< EOT LP-11 BTA

Includes an error

Figure 66 Error Packet
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Therefore, there is needed a method to check if there has been errors on the previous packets. These errors of the

previous packets can check “Read Number of the Errors on DSI (05h)" command.

The number of the packets, which are including an ECC or CRC error, are calculated on the RDNUMED register, which
can read “Read Number of the Errors on DSI (05h)” command. This command also sets the RDNUMED register to 00h

after the MCU has read the RDNUMED register from the display module.

Y,
Dy, 9
i 4
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55 Digital Gamma

Digital gamma correct makes three sub-pixel (Red, Green, Blue) gamma curve by using one analog gamma curve.

By setting the digital gamma correction registers we can make three equivalent gamma curve Vgamma_total_r,

Vgamma_total_g, Vgamma_total_b as desired.

= C - - . ) _—_____—

. | | | lvgamma_total_r
sub_pixel_r —I—|-> dgc_r I—l-> | — =
sub_pixel_g —I—:—> dgc_g :—:—> Vgamma_ana : IVgamma_totaI_g
sub_pixel_b —I—>: dgc_b —»: : : IVgamma_total_b

R e bl Eletaelefegote b
ital gamma analog gamma
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5.6

ST7123

Gamma Correction Function
ST7123 incorporates the gamma correction function to display 16,777,216 colors for the LCD panel. There is a
analog gamma correction is performed with 2 registers to set both positive and negative polarity voltage for gamma

curve.

5.6.1 Gamma Correction Registers

The all of grayscale reference levels are shown blow.

Register Groups Gamma Polarity Description
Positive Negative
Grayscale VGMPO0[9:0] VGMNO[9:0] 1023-to-1 selector (voltage level of R grayscale 0)
adjustment VGMN1[9:0] 1023-to-1 selector (voltage level of R grayscale 1)
VGMNZ2[9:0] 1023-to-1 selector (voltage level of R grayscale 2)
VGMN3[9:0] 1023-to-1 selector (voltage level of R grayscale 4)
1023-to-1 selector (voltage level of R grayscale 8)
VGMP5[5:0] 1023-to-1 selector (voltage level of R grayscale 12)
VGMP6[9:0] 1023-to-1 selector (voltage level of R grayscale 16)
VGMP7[5:0] 0 ’ -to-l selector (voltage level of R grayscale 24)
VGMP8[9:0] VGMNS8[9:0 elector (voltage level of R grayscale 32)
VGMP9[5:0] VGMNO9[5:0] or (voltage level of R grayscale 48)
VGMP10[9:0] VGMN10[9:0] ge level of R grayscale 64)
VGMP11[3:0] VGMN11[3:0] el of R grayscale 80)
VGMP12[9:0] VGMN12[9:0] level of R grayscale 96)
VGMP13[3:0] VGMN13[3:0] 1023-to-1 selector (voltage level of R grayscale 112)
VGMP14[9:0] VGMN14[9:0] 1023-to-1 selector (voltage level of R grayscale 128)
VGMP15[3:0] VGMN15[3:0] 1023-to-1 selector (voltage level of R grayscale 144)
VGMP16[9:0] VGMN16[9:0] 1023-to-1 selector (voltage level of R grayscale 160)
VGMP17[3:0] VGMN17[3:0] 1023-to-1 selector (voltage level of R grayscale 176)
VGMP18[9:0] VGMN18[9:0] 1023-to-1 selector (voltage level of R grayscale 192)
VGMP19[3:0] VGMN19[3:0] 1023-to-1 selector (voltage level of R grayscale 208)
VGMP20[9:0] VGMN20[9:0] 1023-to-1 selector (voltage level of R grayscale 224)
VGMP21[3:0] VGMN21[3:0] 1023-to-1 selector (voltage level of R grayscale 232)
VGMP22[9:0] VGMN22[9:0] 1023-to-1 selector (voltage level of R grayscale 240)
VGMP23[3:0] VGMN23[3:0] 1023-to-1 selector (voltage level of R grayscale 244)
VGMP24[9:0] VGMN24[9:0] 1023-to-1 selector (voltage level of R grayscale 248)
VGMP25[3:0] VGMN25[3:0] 1023-to-1 selector (voltage level of R grayscale 250)
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VGMP26[9:0] VGMN26[9:0] 1023-to-1 selector (voltage level of R grayscale 252)
VGMP27[9:0] VGMN27[9:0] 1023-to-1 selector (voltage level of R grayscale 254)
VGMP28[9:0] VGMN28[9:0] 1023-to-1 selector (voltage level of R grayscale 255)

. .
Mo,
Z
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5.6.2 Gamma function architecture

VGMP/NO[9:0]
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7
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VGMP/N1[9:0] v da
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[ >
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R, VGPIN[8]
i
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Ry 3 =]
. VGPIN[16]
a e
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s e
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e
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i
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Figure 67 positive and Negative grayscale voltage generation
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Notel. VFT: Feed through voltage

Note2.VREGP: VFT+VGPAMP=feed through voltage + positive gamma amplitude.

Note3.VREGN: VFT+VGNAMP=feed through voltage + negative gamma amplitude.

5.6.3 Grayscale voltage formula

Grayscale Voltage |Formula Grayscale Voltage Formula

VO VGP/NO V64 VGP/N10

V1 VGP/N1 V65 15/16 * VGP/N10 + 1/16 * VGP/N11
V2 VGP/N2 V66 14/16 * VGP/N10 + 2/16 * VGP/N11
V3 1/2*V 1/2* VGP/N3 V67 13/16 * VGP/N10 + 3/16 * VGP/N11
V4 V68 12/16 * VGP/N10 + 4/16 * VGP/N11
V5 V69 11/16 * VGP/N10 + 5/16 * VGP/N11
V6 2/4 * VGP . V70 10/16 * VGP/N10 + 6/16 * VGP/N11
V7 1/4 * VGP/N3 + 9/16 * VGP/N10 + 7/16 * VGP/N11
V8 VGP/N4 . 8/16 * VGP/N10 + 8/16 * VGP/N11
V9 3/4 * VGPIN4 + 1/4* VGP/N 7/16 * VGP/N10 + 9/16 * VGP/N11
V10 2/4 * VGPIN4 + 2/4* VGP/N5 6/16 * VGP/N10 + 10/16 * VGP/N11
V11 1/4 * VGP/N4 + 3/4* VGP/N5 6 * VGP/N10 + 11/16 * VGP/N11
V12 VGP/N5 V76 /N10 + 12/16 * VGP/N11
V13 3/4 * VGPIN5 + 1/4* VGP/N6 V77 P/N10 + 13/16 * VGP/N11
V14 2/4 * VGP/IN5 + 2/4* VGP/N6 V78 VGP/N10 + 14/16 * VGP/N11
V15 1/4 * VGP/IN5 + 3/4* VGP/N6 V79 1/16 * VGP/N10 + 15/16 * VGP/N11
V16 VGP/N6 V80 VGP/N11

V17 7/8 * VGP/NG6 + 1/8 * VGP/N7 V81 15/16 * VGP/N11 + 1/16 * VGP/N12
V18 6/8 * VGP/NG6 + 2/8 * VGP/N7 V82 14/16 * VGP/N11 + 2/16 * VGP/N12
V19 5/8 * VGP/N6 + 3/8 * VGP/N7 V83 13/16 * VGP/N11 + 3/16 * VGP/N12
V20 4/8 * VGP/N6 + 4/8 * VGP/N7 V84 12/16 * VGP/N11 + 4/16 * VGP/N12
V21 3/8 * VGP/N6 + 5/8 * VGP/N7 V85 11/16 * VGP/N11 + 5/16 * VGP/N12
V22 2/8 * VGP/NG6 + 6/8 * VGP/N7 V86 10/16 * VGP/N11 + 6/16 * VGP/N12
V23 1/8 * VGP/N6 + 7/8 * VGP/N7 V87 9/16 * VGP/N11 + 7/16 * VGP/N12
V24 VGP/N7 V88 8/16 * VGP/N11 + 8/16 * VGP/N12
V25 7/8 * VGP/N7 + 1/8 * VGP/N8 V89 7/16 * VGP/N11 + 9/16 * VGP/N12
V26 6/8 * VGP/N7 + 2/8 * VGP/N8 Va0 6/16 * VGP/N11 + 10/16 * VGP/N12
Va7 5/8 * VGP/N7 + 3/8 * VGP/N8 Va1l 5/16 * VGP/N11 + 11/16 * VGP/N12
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V28 4/8 * VGP/IN7 + 4/8 * VGP/N8 V92 4/16 * VGP/N11 + 12/16 * VGP/N12
V29 3/8 * VGP/N7 + 5/8 * VGP/N8 Va3 3/16 * VGP/N11 + 13/16 * VGP/N12
V30 2/8 * VGP/N7 + 6/8 * VGP/N8 Vo4 2/16 * VGP/N11 + 14/16 * VGP/N12
V31 1/8 * VGP/N7 + 7/8 * VGP/N8 V95 1/16 * VGP/N11 + 15/16 * VGP/N12
V32 VGP/N8 V96 VGP/N12

V33 15/16 * VGP/N8 + 1/16 * VGP/N9 |V97 15/16 * VGP/N12 + 1/16 * VGP/N13
V34 14/16 * VGP/N8 + 2/16 * VGP/N9 |V98 14/16 * VGP/N12 + 2/16 * VGP/N13
V35 13/16 * VGP/N8 + 3/16 * VGP/N9 |V99 13/16 * VGP/N12 + 3/16 * VGP/N13
V36 12/16 * VGP/N8 + 4/16 * VGP/N9 |V100 12/16 * VGP/N12 + 4/16 * VGP/N13
V37 11/16 * VGP/N8 + 5/16 * VGP/N9 [V101 11/16 * VGP/N12 + 5/16 * VGP/N13
V38 10/16 * VGP/N8 + 6/16 * VGP/N9 (V102 10/16 * VGP/N12 + 6/16 * VGP/N13
V39 9/16 * VGP/N8 + 7/16 * VGP/N9 |V103 9/16 * VGP/N12 + 7/16 * VGP/N13
V40 8/16 * 8 +8/16 * VGP/N9 |V104 8/16 * VGP/N12 + 8/16 * VGP/N13
V41 +9/16 * VGP/N9 |V105 7/16 * VGP/N12 + 9/16 * VGP/N13
V42 V106 6/16 * VGP/N12 + 10/16 * VGP/N13
V43 V107 5/16 * VGP/N12 + 11/16 * VGP/N13
Va4 4/16 * VGP/N12 + 12/16 * VGP/N13
V45 3/16 * VGP/N8 + 13/16 ? Vi1 3/16 * VGP/N12 + 13/16 * VGP/N13
V46 2/16 * VGP/N8 + 14/16 * VGP/} 2/16 * VGP/N12 + 14/16 * VGP/N13
Va7 1/16 * VGP/N8 + 15/16 * VGP/N9 1/16 * VGP/N12 + 15/16 * VGP/N13
V48 VGP/N9

V49 15/16 * VGP/N9 + 1/16 * VGP/N10 V113 | VGP/N13 + 1/16 * VGP/N14
V50 14/16 * VGP/N9 + 2/16 * VGP/N10 |V114 VGP/N13 + 2/16 * VGP/N14
V51 13/16 * VGP/N9 + 3/16 * VGP/N10 [V115 6 * VGP/N13 + 3/16 * VGP/N14
V52 12/16 * VGP/N9 + 4/16 * VGP/N10 V116 12/16 * VGP/N13 + 4/16 * VGP/N14
V53 11/16 * VGP/N9 + 5/16 * VGP/N10 [V117 11/16 * VGP/N13 + 5/16 * VGP/N14
V54 10/16 * VGP/N9 + 6/16 * VGP/N10 V118 10/16 * VGP/N13 + 6/16 * VGP/N14
V55 9/16 * VGP/N9 + 7/16 * VGP/N10 (V119 9/16 * VGP/N13 + 7/16 * VGP/N14
V56 8/16 * VGP/N9 + 8/16 * VGP/N10 |V120 8/16 * VGP/N13 + 8/16 * VGP/N14
V57 7/16 * VGP/N9 + 9/16 * VGP/N10 |V121 7/16 * VGP/N13 + 9/16 * VGP/N14
V58 6/16 * VGP/N9 + 10/16 * VGP/N10 (V122 6/16 * VGP/N13 + 10/16 * VGP/N14
V59 5/16 * VGP/N9 + 11/16 * VGP/N10 |V123 5/16 * VGP/N13 + 11/16 * VGP/N14
V60 4/16 * VGP/N9 + 12/16 * VGP/N10 (V124 4/16 * VGP/N13 + 12/16 * VGP/N14
V61l 3/16 * VGP/N9 + 13/16 * VGP/N10 |V125 3/16 * VGP/N13 + 13/16 * VGP/N14
V62 2/16 * VGP/N9 + 14/16 * VGP/N10 |V126 2/16 * VGP/N13 + 14/16 * VGP/N14
V63 1/16 * VGP/N9 + 15/16 * VGP/N10 (V127 1/16 * VGP/N13 + 15/16 * VGP/N14
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Grayscale Voltage |Formula Grayscale Voltage Formula

V128 VGP/N14 V192 VGP/N18

V129 15/16 * VGP/N14 + 1/16 * VGP/N15(V193 15/16 * VGP/N18 + 1/16 * VGP/N19
V130 14/16 * VGP/N14 + 2/16 * VGP/N15(V194 14/16 * VGP/N18 + 2/16 * VGP/N19
V131 13/16 * VGP/N14 + 3/16 * VGP/N15(V195 13/16 * VGP/N18 + 3/16 * VGP/N19
V132 12/16 * VGP/N14 + 4/16 * VGP/N15(V196 12/16 * VGP/N18 + 4/16 * VGP/N19
V133 11/16 * VGP/N14 + 5/16 * VGP/N15|V197 11/16 * VGP/N18 + 5/16 * VGP/N19
V134 10/16 * VGP/N14 + 6/16 * VGP/N15(V198 10/16 * VGP/N18 + 6/16 * VGP/N19
V135 9/16 * VGP/N14 + 7/16 * VGP/N15 |V199 9/16 * VGP/N18 + 7/16 * VGP/N19
V136 8/16 * VGP/N14 + 8/16 * VGP/N15 |V200 8/16 * VGP/N18 + 8/16 * VGP/N19
V137 7/16 * VGP/N14 + 9/16 * VGP/N15 |V201 7/16 * VGP/N18 + 9/16 * VGP/N19
V138 6/16 * +10/16 * VGP/N15|V202 6/16 * VGP/N18 + 10/16 * VGP/N19
V139 4.+ 11/16 * VGP/N15(V203 5/16 * VGP/N18 + 11/16 * VGP/N19
V140 /1 V204 4/16 * VGP/N18 + 12/16 * VGP/N19
V141 3/16 * VGF | {15(V205 3/16 * VGP/N18 + 13/16 * VGP/N19
V142 2/16 * VGP/N14 2/16 * VGP/N18 + 14/16 * VGP/N19
V143 1/16 * VGP/N14 + 15/16 * 1/16 * VGP/N18 + 15/16 * VGP/N19
V144 VGP/N15 VGP/N19

V145 15/16 * VGP/N15 + 1/16 * VGP/N16 15/16 * VGP/N19 + 1/16 * VGP/N20
V146 14/16 * VGP/N15 + 2/16 * VGP/N16 (V210 *VGP/N19 + 2/16 * VGP/N20
V147 13/16 * VGP/N15 + 3/16 * VGP/N16(V211 P/N19 + 3/16 * VGP/N20
V148 12/16 * VGP/N15 + 4/16 * VGP/N16|V212 12/ , P/N19 + 4/16 * VGP/N20
V149 11/16 * VGP/N15 + 5/16 * VGP/N16|V213 *VGP/N19 + 5/16 * VGP/N20
V150 10/16 * VGP/N15 + 6/16 * VGP/N16(V214 10/16 * VGP/N19 + 6/16 * VGP/N20
V151 9/16 * VGP/N15 + 7/16 * VGP/N16 |V215 9/16 * VGP/N19 + 7/16 * VGP/N20
V152 8/16 * VGP/N15 + 8/16 * VGP/N16 |V216 8/16 * VGP/N19 + 8/16 * VGP/N20
V153 7/16 * VGP/N15 + 9/16 * VGP/N16 |V217 7/16 * VGP/N19 + 9/16 * VGP/N20
V154 6/16 * VGP/N15 + 10/16 * VGP/N16|V218 6/16 * VGP/N19 + 10/16 * VGP/N20
V155 5/16 * VGP/N15 + 11/16 * VGP/N16 (V219 5/16 * VGP/N19 + 11/16 * VGP/N20
V156 4/16 * VGP/N15 + 12/16 * VGP/N16|V220 4/16 * VGP/N19 + 12/16 * VGP/N20
V157 3/16 * VGP/N15 + 13/16 * VGP/N16(|Vv221 3/16 * VGP/N19 + 13/16 * VGP/N20
V158 2/16 * VGP/N15 + 14/16 * VGP/N16(|Vv222 2/16 * VGP/N19 + 14/16 * VGP/N20
V159 1/16 * VGP/N15 + 15/16 * VGP/N16 (V223 1/16 * VGP/N19 + 15/16 * VGP/N20
V160 VGP/N16 V224 VGP/N20

V161 15/16 * VGP/N16 + 1/16 * VGP/N17 (V225 718 * VGP/N20 + 1/8 * VGP/N21
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V162 14/16 * VGP/N16 + 2/16 * VGP/N17 (V226 6/8 * VGP/N20 + 2/8 * VGP/N21
V163 13/16 * VGP/N16 + 3/16 * VGP/N17 (V227 5/8 * VGP/N20 + 3/8 * VGP/N21
V164 12/16 * VGP/N16 + 4/16 * VGP/N17 (V228 4/8 * VGP/N20 + 4/8 * VGP/N21
V165 11/16 * VGP/N16 + 5/16 * VGP/N17|V229 3/8 * VGP/N20 + 5/8 * VGP/N21
V166 10/16 * VGP/N16 + 6/16 * VGP/N17|V230 2/8 * VGP/N20 + 6/8 * VGP/N21
V167 9/16 * VGP/N16 + 7/16 * VGP/N17 (V231 1/8 * VGP/N20 + 7/8 * VGP/N21
V168 8/16 * VGP/N16 + 8/16 * VGP/N17 (V232 VGP/N21

V169 7/16 * VGP/N16 + 9/16 * VGP/N17 (V233 7/8 * VGP/N21 + 1/8 * VGP/N22
V170 6/16 * VGP/N16 + 10/16 * VGP/N17|V234 6/8 * VGP/N21 + 2/8 * VGP/N22
V171 5/16 * VGP/N16 + 11/16 * VGP/N17 (V235 5/8 * VGP/N21 + 3/8 * VGP/N22
V172 4/16 * VGP/N16 + 12/16 * VGP/N17|V236 4/8 * VGP/N21 + 4/8 * VGP/N22
V173 3/16 * VGP/N16 + 13/16 * VGP/N17|V237 3/8 * VGP/N21 + 5/8 * VGP/N22
V174 2/16 * . 5 + 14/16 * VGP/N17|V238 2/8 * VGP/N21 + 6/8 * VGP/N22
V175 6.+ 15/16 * VGP/N17(V239 1/8 * VGP/N21 + 7/8 * VGP/N22
V176 , V240 VGP/N22

V177 15/16 * VG V241 3/4* VGP/N22 + 1/4* VGPIN23
V178 2/4 * VGP/N22 + 2/4* VGP/N23
V179 13/16 * VGP/N17 + 3/16 1/4 * VGP/N22 + 3/4* VGP/N23
V180 12/16 * VGP/N17 + 4/16 * VG VGP/N23

V181 11/16 * VGP/N17 + 5/16 * VGP/N18 3/4 * VGP/N23 + 1/4* VGPIN24
V182 10/16 * VGP/N17 + 6/16 * VGP/N18|V246 2[4 * VGPIN23 + 2/4* VGP/N24
V183 9/16 * VGP/N17 + 7/16 * VGP/N18 |V247 P/N23 + 3/4* VGP/N24
V184 8/16 * VGP/N17 + 8/16 * VGP/N18 |V248

V185 7/16 * VGP/N17 + 9/16 * VGP/N18 |V249 GP/N24 + 1/2* VGP/N25
V186 6/16 * VGP/N17 + 10/16 * VGP/N18|V250 VGP/N25

V187 5/16 * VGP/N17 + 11/16 * VGP/N18 (V251 1/2 * VGP/N25 + 1/2* VGP/N26
V188 4/16 * VGP/N17 + 12/16 * VGP/N18|V252 VGP/N26

V189 3/16 * VGP/N17 + 13/16 * VGP/N18[V253 1/2 * VGP/IN26 + 1/2* VGP/N27
V190 2/16 * VGP/N17 + 14/16 * VGP/N18|V254 VGP/N27

V191 1/16 * VGP/N17 + 15/16 * VGP/N18|V255 VGP/N28
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57 Reset function

The Reset function of ST7123 is triggered by RESX input. After reset function is triggered, the ST7123 is into a reset

period, and the duration of this period must be at least 1ms. During this period, the ST7123 and its power circuit is

initialized.

Initial State Of Output Pins

Output Pins Name Initial State
S[720:1] (source output) GND
VGH GND
VGL GND
VGHS AVDD
VCOM GND
SOUT[ P signal) GND

5.7.1 Reset ng Di
ST7123 provides Power On R a T (I‘SX) for IC initialization and exit Deep Standby Mode (DSTB). For
exiting DSTB Mode, HWRST pin sho ti /

Power On Reset & HWRS

east 10ms. The timing diagram is located at below.

&
.
HWRST Reset

-

57.11

Power on Reset

-+

IOVCC /

|
!
:
DPHYVCC .
l
|
|
|

| | |
} T T
I I |
I I |
I I I
| | |
| | |
| | |
AVDD | : :
|
AVEE —\4'( : : |
| |
L 1 |
: HWRST pin tie low at legst 1ms |
I I |
RESX ! More than | | More than !
I 10ms I 10ms :
| 1
T |

M
|
|

Initial condition

I
Initial condition><

DSTB Command setting

Display
status X XX

Figure 68 Power on Reset and HWRST reset

Note: RESX should be tied to high when exiting DSTB Mode.
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5.8 Abnormal Power off Function

ST7123 provides Power Drop detection. If external power drops lower than circuit detection voltage, then the system will

enter into Sleep In Mode.

5.8.1 Abnormal Power Off
Abnormal Power Off circuit can detect external voltage source IOVCC, AVDD, AVEE, if one of them is below detection
voltage, then the system will be into Sleep In Mode. The following schematic is to show how the detection circuit produces
abnormal signal.

5us  Filter out

AVD i
VIH, AVDDe = Sp e cc e ecceee AVDD— AVDD AVDD abnor]
- Vv _ Detect -
TH, AVDD
Abnormal Off
AVEE .pnor o Sequence
> Digital >
IovCC ’CC abnor|
Detect
Iovccabnor
Figure 69 Abnormal Off Function Bocia’
I I
I I
I
I
IOVCC/AVDD/AVEE T~ !
I I
I
Abnormal signal :
T
IAbnormal Sequence > 10mg
I I
Display ' :
status Sleep ‘?Ut Mode >< Sleep In Mode

Figure 70 Abnormal Off Sequence Diagram

Notel: Abnormal function is working only in Sleep Out Mode

Note2: External power supply drop can't be so quickly, drop time must be longer than 100ms linearly (see AC characteristic).
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5.9 Basic Operation Mode

The basic operation mode of ST7123 is illustrated below. When changing from one mode to another, make sure to follow

the sequence indicated in below figure.

ardware Reset

Deep Standby
Cmd >150us

T * """" T e T """" A

]
™
w
>
1l
-

Resx Set To High

Sleep In Mode

(Resx=H)
X
......... h AN
{ SleepOut
i Command |
4 N
Sleep Out Mode

A 4

Sleep Out Sequence
| Abnormal Power off |
l i Sequence About 10ms
[ Display ]
Abnormal Power O

ST §'|é;ﬁ n ' Detection
H Command K (IOVCC/AVDD/AVEE)

h 4
Sleep In Sequence <

N /
Figure 71 Basic Operation Mode
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5.10 Power On/Off Sequence

The power On/Off sequence is illustrated below.

Power on sequence
> < Normal Display on >

< Power supply on
v

DISPOFF Command
(set DISPOFF (28h))

v

Power off sequence

Hardware Rest

2ms or more +
SLPOUT Command SLPIN Command
(set EXIT_SLP_MODE(11h)) (set SLPIN (10h))

+ 100ms or more

DISPON Command
Power supply off

PON (29h))

10ms or more +

(set DI

ff sequence block diagram

//73,}

2021/09
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5.10.1  Power On/Off Timing

The power On/Off timing diagram is illustrated below.

>1ms

I0VCC/ £ 50%
DPHYVCC 10%

i£90%
AVDD A
N L Soms
T\ 2
(] : >2ms
AVEE N
#1 #2

4;;"“ >1 VIH
RESX '.l rrISQ.‘ q ms
. v Vil
Note1

i >1ms
—

MIPI Video
Stream Packet

Noted

Note2 SLPOUT command : iDISPON command

MIPI Command ~ [TTTTTTIUTONCNSUTTTTM H
0

: LP-11 State !

Transfer : :
>0ms i
—

Backlight

Backlight control

=0ms '

lovce/ "
DPHYVCC Nio%

AVDD i

>0m

AVEE fmﬂ.a

90% 7

- >15ms |

T VIH S
RESX I e 70T

>100ms |
Note5 i

MIPI Video ;
Stream Packet

EDISPOFF, + SLPIN command

MIPI Command >33ms (Min 2 Frame)
Transfer
Backlight ——| Backlight control
16ms > Backlight Off > Oms

Figure 73 The power on sequence timing

Note 1: The RESX of #1 is better than that of #2.

Note 2: MIPI lanes must go to LP11 after Power IOVCC/DPHYVCC is ready

Note 3: After SLPOUT command, driver IC will start internal power on action. Any other settings should be set after SLPOUT command
with a minimum of 10mS.

Note 4: MIPI video stream packet should be sent after both of RESX tied to high with a minimum delay time of 2mS, and video data will
not be captured until DISPON.

Note 5: DISPOFF and SLPIN command should be set after SLPOUT command with a minimum delay time of 100mS.

Note 6: RESX tied low into deep standby mode with a minimum time of 15ms.
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5.10.2  Power Ramp Up/Down Specifications

The power ramp up/down specifications are illustrate below

lovce! Joseorr e,
DPHYVCC 90% 3 A oo
X(10%
AVDD 90% % Trsp E 90%
ETDOFFZ 0% : 10%7 TDONZE
7( 10% 10% %
A —\!
AVEE 90% E TDOFF1 TpD TDON1I E 90%
Figure 74 The power ramp up/down timing
Iltem Symbol | Unit Min. Max.
System power (IOVCC) rise time (10% to 90%) Trsp ms - 2
System power (IOVCC) on to AVDD on time Toepon ms 1 -
IAVDD-AVEE on delay time (10% to 10%) Toon1 ms 0 -
IAVDD-AVEE on delay time (90% to 90%) Toonz ms 0 -
AVEE-AVDD off delay time (10% to 10%) Toorr1 ms 0 -
AVEE-AVDD off delay time (90% to 90%) Toorr2 ms 0 -
IAVDD off to system power off time Tosporr | mMs 0 -
Power down time Tep ms 10

N/
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5.11 Instruction Setting Sequence

5.11.1  Sleep Enter/Exit Sequences
When setting instruction to the ST7123, the sequence shown in below figure must be followed to complete the instruction

setting.

Display Off Sequence

S CEEETTY

Sleep In Command (10h)
Enter Sleep In Mode

Sleep Out Command (11h)
Exit Sleep In Mode

Wait >10 mS
Reload NVM Value & Power On Seque

Y

Display On Sequence

Figure 75 Sleep Enter/Exit Setting Sequence
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5.11.2  Deep Standby Mode Enter/Exit Sequences

When setting instruction to the ST7123, the sequence shown in below figure must be followed to complete the

instruction setting.

Display Off Command (28h)
Enter Display Mode

I
|
¥
Sleep In Command (10h)
Enter Sleep In Mode
I

y

Deep Standby Command
(Command=4Fh, Parameter=01h)
Enter Deep Standby Mode

Waiting time>100ms

Note:

For MIPI IF, if deep standby mode used, pull
HSSI CLK & HSSI DO~D3 PIN to VSS after
executing deep standby command

— Yy
Exit Deep Standby Command

(Set RESX Pin low pulse>1ms then rise to high)

Note:
After exiting deep standby mode, please enables
HSSI CLK &HSSI DO~D3 Pin to 1.2V

L

( Initial Command Setting )

1

( Display On Sequence )

Figure 76 Deep Standby Mode Enter/Exit Setting Sequence
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5.12  Touch interface protocol

ST7123 supports SPI and 12C interface, which allows full-duplex, synchronous, serial communications with host

controllers. ST7123 SPI equips four serial signals, SS, SCK, MISO and MOSI.

5.12.1  SPlinterface
ST7123 operates as a SPI slave device and data length is 16-bit. TP_SPI_SS, TP_SPI_SCK and TP_SPI_MOSI are
Schmitt trigger inputs. The data on TP_SPI_MOSI is latched on rising edge of TP_SPI_SCK and the data on
TP_SPI_MISO output on falling edge of TP_SPI_SCK. The maximum SPI clock rate is 16 MHz.

I0VDD

I0VDD I0VDD
SCK TP_SPI_SCK
SDA TP_SPI_MOSI
SDO TP_SPI_MISO
CS TP_SPI SS
Host TDDI
Mointor TP_TSIX

The information transmitted by SPI can be divided into command packet and data packet. Command packet can
access register and data packet can access internal RAM. The most significant bit, called ID bit, after TP_SPI_SS falling
edge is used to identify command or data packet. And the following bit, called R/W bit, is used to identify write or read

operation.

) Command Protocol

In command protocol, ID bit of 1st word after TP_SPI_SS falling edge is “0” to indicate register access. R/W bit is
“0” to indicate write operation and “1” to indicate read operation. Bit13 to bitO of 1st word, called ADD bits, are address of
register to be accessed. If at write operation, the 2nd word on TP_SPI_MOSI will update the register which is addressed

by ADD and afterward ADD will increase one automatically. If at read operation, the 2nd word on TP_SPI_MOSI is dummy
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word (value doesn’t care). The 3rd word on TP_SPI_MISO will be outputted from register addressed by ADD and similarly

ADD is increment afterwards. Keep writing and reading words can access the consecutive registers during one SPI
transmission. If accessing non-consecutive register is happened, SS should return to “1” to end current transmission and

start another SPI command protocol to assign new register address.

SS
sek — JUUIWQUU LU QU UL JULUL Uy
b15 b14 ... ... b1 b0 b15 b14 ... .. b1 b0 b15 b14 ... ... b1 b0 b15 b14 ... ... bl b0 b15 b14 ... ... bl bO
MOSl ‘ 0 ‘ 0 ‘ Register Address ‘ Register Value (of Address+0) ‘ Register Value (of Address+1) ‘ Register Value (of Address+2) ‘ ‘ Register Value (of Address+N) ‘
MSB LsB
MISO ‘ Don't Care ‘ Don't Care ‘ Don't Care ‘ Don't Care ‘ ‘ Don't Care ‘

Host write register command

—
sck — |[1J1IY JULTU NN T WU

b15 b14 ... S
MOSI ‘ 0 ‘ 1 ‘ Register Address
MSB LsB

Don't Care |

Don’t Care Don't Care

b1 b0 b15 b14 ... ... b1 bO b15 b14 ... ... bl b0
‘ Register Value (of Address+1) ‘ ‘ Register Value (of Address+N) ‘

Host read regis a

In data protocol, ID bit of 1st word after SS falling edge is “1” to indicate RA

MISO ‘ Don't Care ‘

) Data Protocol
cess. R/W bit is “0” to indicate write
operation and “1” to indicate read operation. Bit13 to bitO of 1st word, called ADD bits, are address of RAM to be accessed.
If at write operation, the 2nd word on MOSI will update RAM which is addressed by ADD and afterward ADD will increase
one automatically. If at read operation, the 2nd word on MISO is 16-bit header. The 3rd word on MISO will be outputted

from RAM addressed by ADD and similarly ADD is increment afterwards. Keep writing and reading words can access the
consecutive RAM addresses during one SPI transmission. If accessing non-consecutive RAM address is happened, SS

should return to “1” to end current transmission and start another SPI data protocol to assign new RAM address.

ss ] —
S ininigPalyinininipipPalsiginininipWalgiainininipl aipininbaisiim.

b5 b14 ... . bl b0 b5 bi4 ... . bl b0 bi5 b14 ... . bl b0 bi5 bi4 ... b1 b b15 bi4 ... . bl b0
MOSI [1]o] RAM Address ‘ RAM Data (of Address+0) ‘ RAM Data (of Address+1) ‘ RAM Data (of Address+2) ‘ ‘ RAM Data (of Address+N) ‘
MSB LsB

MISO ‘ Don't Care ‘ Don’t Care ‘ Don't Care ‘ Don't Care ‘ ‘ Don't Care ‘
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Host write RAM data

S [
sck T UV QUUUUUUWUUUUUU QU U U UV UL U U UUU R
b1S bl4 ... ... bl b0
MOSI ‘ 1 ‘ 1 ‘ Register Address ‘ Don't Care ‘ Don't Care ‘ Don't Care ‘ Don't Care ‘ ‘ Don’t Care ‘
MOS MSB LSBbleM‘H ... bl b0 DbIS bl4 ... ... bl b0 DbIS bl4 ... ... bl b0 bIS bl4 ... ... bl B0 bls bl4 ... ... bl b0
0 ‘ Don't Care ‘ Data Header 0 ‘ Data Header 1 ‘ Data Header 2 ‘ RAM Value (of Address+0) ‘ ‘ RAM Value (of Address+N) ‘

Host read RAM data

Y.
D, 9
i 4
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5.12.2 12C

ST7123 protocol supports operating speeds up to 400 kb/s with 7-bit addressing and 8-bit data bytes. The
TP_I2C_SCK, TP_I2C_SDA, and TP_TSIX pins are typically used in an I2C interface.

The values of the pull-up resistors should be chosen to ensure that the rise times of the TP_I2C_SDA and
TP_I2C_SCK signals are within the limits set by the 12C specification. These values depend on what other devices, if any,

are on the 12C bus. Typical values fall within the range of 2 kQ to 10 kQ.

IOVDD

——— \WN—F0

IOVDD IOVDD
SCK TP_I2C_SCK
SDA TP_I2C_SDA
Host ‘ TDDI
Mointor TP_TSIX
®  |12C Pin Definition
Name I/0 Description Connect Pin
IOVDD I Power supply for I/O system IOVDD
SCK I 12C clock pin TP_12C_SCK
SDA I/O | 12C data pin TP_I2C_SDA
IRQ O | Data ready interrupt pin TP_TSIX

) 12C clock timing
When a transaction contains the slave address and R/W bit (start condition), the sensor can hold SCL low and
checks that the slave address matches. If the slave address fails to match, the sensor no longer clock stretches on

subsequent byte transmission until it detects the next start condition. When the slave address matches, the sensor
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acknowledges and can continue to clock stretch at the end of subsequent bytes within the same transaction.

START STOP
(7X D6 XD5X D4 XD3 X D2 DTX DO XACK)
wLese T ANANANANNANANNANNNNNNNNNS

K

TP_I2C_SD
A

5.12.3 IRQ
ST7123 provides an interrupt pin(TP_TSIX) that is asserted to indicate that new data is available for reading by the
host. The TP_TSIX signal is intended to be used as interrupt source to a host. IRQ functionality is added by MCU firmware.

The IRQ to host connection as below.

N
<— SPI/12G—»

Touch Touch IC TP_TSIx—»| Host
The TP_TSIX pin behavior

New data is ready De-assert IRQ

TP_TSIX
MOSI/ MISO Host send read cmd Slave output Coordinate data
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6 COMMAND DESCRIPTION

6.1 User Command Set (UCS) List
Write/Read | NVM Parameter
Command (Hex) Function MIPI Transmission
/Command | option Number
NOP 00 C No No Operation 0 LPDT/HSDT
SWRESET 01 C No Software Reset 0 LPDT/HSDT
RDDID 04 R No Read Display Identification Information 3 LPDT/HSDT
RDNUMED 05 R No Read Number of Errors on DSI 1 LPDT/HSDT
RDDST 09 R No Read Display Status 4 LPDT/HSDT
RDDPM 0A R No Read Display Power Mode 1 LPDT/HSDT
RDDMADCTL 0B R No Read Display MADCTL 1 LPDT/HSDT
RDDIM 0D No Read Display Image Mode 1 LPDT/HSDT
RDDSM OE No Read Display Signal Mode 1 LPDT/HSDT
RDDSDR OoF Read Display Self-Diagnostic Result 1 LPDT/HSDT
SLPIN 10 . Enter Sleep In mode 0 LPDT/HSDT
SLPOUT 11 C Enter Sleep Out mode 0 LPDT/HSDT
NORON 13 C No orm&isplay mode 0 LPDT/HSDT
INVOFF 20 C No sion Off 0 LPDT/HSDT
INVON 21 C No 0 LPDT/HSDT
ALLPOFF 22 C No 0 LPDT/HSDT
ALLPON 23 C No All pixe 0 LPDT/HSDT
GAMSEL 26 C No Gamma curve selec 1 LPDT/HSDT
DISPOFF 28 C No Display off 0 LPDT/HSDT
DISPON 29 C No Display on 0 LPDT/HSDT
TEOFF 34 C No Tearing Effect Line Off 0 LPDT/HSDT
TEEON 35 w No Tearing Effect Line On 1 LPDT/HSDT
MADCTL 36 w Yes Memory Access Direction Control 1 LPDT/HSDT
IDMOFF 38 W No Idle Mode OFF 0 LPDT/HSDT
IDMON 39 W No Idle Mode ON 0 LPDT/HSDT
TESLWR 44 W No Write TE Scan Line 2 LPDT/HSDT
TESLRD 45 R No Read Scan Line 2 LPDT/HSDT
DSTB 4F W No Deep standby mode on 1 LPDT/HSDT
WRDISBV 51 W No Write Display Brightness 1 LPDT/HSDT
RDDISBV 52 R No Read Display Brightness Value 1 LPDT/HSDT
WRCTRLD 53 W No Write CTRL Display 1 LPDT/HSDT
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RDCTRLD 54 R No Read CTRL Display 1 LPDT/HSDT
WRCABC 55 w No Write Content Adaptive Brightness Control 1 LPDT/HSDT
RDCABC 56 R No Read Content Adaptive Brightness Control 1 LPDT/HSDT
WRCABCMB 5E W No Write CABC Minimum Brightness 1 LPDT/HSDT
RDCABCMB 5F R No Read CABC Minimum Brightness 1 LPDT/HSDT
RDID1 DA R Yes Read ID1 1 LPDT/HSDT
RDID2 DB R Yes Read ID2 1 LPDT/HSDT
RDID3 DC R Yes Read ID3 1 LPDT/HSDT
RDDDBS Al R No Read DDB Start 8 LPDT/HSDT
RDDDBC A8 R Yes Read DDB Continue 8 LPDT/HSDT
RDFCS AA R No Read First Checksum 1 LPDT/HSDT
RDCCS AF R No Read Continue Checksum 1 LPDT/HSDT
RDICCD F4 No Read Sitronix IC ID 2 LPDT/HSDT
MIPIEXTFMAT F9 YES MIPI Extension Format 1 LPDT/HSDT
Note: LPDT (Low Power M , HSD M/om
&
//,, %
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6.2 User Command Set (UCS) DESCRIPTION
6.2.1 NOP (00H) : No Operation
00H NOP (No Operation)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
NOP Write 0 0 0 0 0 0 0 0 (O0H)
Parameter No Parameter -
Description |- This command is empty command. It does not have effect on the display module.
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.2 SWRESET (01H): Software Reset
01H SWRESET (Software Reset)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
SWRESET Write 0 0 0 0 0 0 0 1 (01H)
Parameter No Parameter -
- When the Software Reset command is written, it causes a software reset. It resets the commands and parameters to their S/W|
Description
Reset default values and all source & gate outputs are set to VSS (display off).
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.3 RDDID (04H) Read Display Identification Information
04H RDDID (Read Display Identification Information)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDDID Write 0 0 0 0 0 1 0 0 (04H)
15t Parameter Read ID1[7:0] FFh
2" Parameter Read ID2[7:0] FFh
3 Parameter Read ID3[7:0] FFh
- Read Display Identification Information
-ID1 : LCD module's manufacturer ID (FFh: not programmed)
Description
-ID2 : LCD module/driver version ID (FFh: not programmed)
-ID3 : LCD module/driver ID (FFh: not programmed)
Restriction |-
Availability
Register
Yes
Availability
Yes
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6.2.4 RDNUMED (05H) Read Number of Errors on DSI
05H RDNUMED
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDNUMED Write 0 0 0 0 0 1 0 1 (05H)
15t Parameter Read DSI_NUMBER][7:0] 00h
Description |- Read Number of Errors on DSI, DSI_NUMBER][7:0] is a number of the errors on DSI.
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.5 RDDST (09H) Read Display Status
09H RDNUMED(Read Display Status)
Inst / Para Write/Read D7 D6 D5 D4 D3 D2 D1 DO (Default)

RDDST Write 0 0 0 0 1 0 0 1 (09H)
1st Parameter Read Booster_on 0 0 0 0 BGR 0 CA 00h
2nd Parameter Read LA 0 0 0 IDMON 0 SLPOUT | NORON 00h
3rd Parameter Read 0 0 INVON| ALLPON | ALLPOFF | DSPON TEON |GAMM_SEL[2]| 0O0h
4th Parameter Read GAMMA_SEL[1] | GAMMA_SEL[0] [TEMOD 0 0 0 0 EOD 00h

- This command indicates the current status of the display as described in the table below :

Bit

Description

Value

Booster_on

Booster status

‘1’ = Booster on.

‘0’ = Booster off

‘1’ = Decrement, (Right to Left, when MADCTL (36h) CA="1")

CA olumn Address Order (CA)
‘0’ = Increment, (Left to Right, when MADCTL (36h) CA="0")
‘1’ = Row/column exchange, (when MADCTL (36h) LA="1")
LA )
“ ‘0’ = Normal, (when MADCTL (36h) LA="0’
‘1’ = BGR Order, (When MADCTL (36h) BGR="1")
BGR
#B Order, (When MADCTL (36h) BGR="0)
IDMON Idle Mode On/Off
SLPOUT Sleep In/Out Mode
Description "= Normal Mode
NORON Normal mode
‘0’ = Normal Mode @
‘1’ = Display On Mode
DSPON Display On/Off Mode
‘0’ = Display Off Mode
‘1’ = Inversion On Mode
INVON Inversion On/Off Mode
‘0’ = Inversion Off Mode
‘1’ = All pixel on
ALLPON All pixel on
‘0’ = Normal mode
‘1" = All pixel off
ALLPOFF All pixel off
‘0’ = Normal mode
‘1’ = Inversion On Mode
TEON Tearing effect line on/off
‘0’ = Inversion Off Mode
‘000’ = Gamma curve 1(gamma 2.2)
GAMMA_SELJ[2:0] | Gamma curve selection
‘others’ = reserved
TEMOD Tearing effect line mode ‘1’ = V- blanking and H-blanking
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‘0’ = V-blanking only
‘1’ = Error
EOD Error on DSI
‘0’ = No Error
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.6 RDDPM (0AH): Read Display Power Mode
0AH RDDPM (Read Display Power Mode)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDDPM Write 0 0 0 0 1 0 1 0 (OAH)
1% Parameter Read Booster_on| IDMON 0 SLPOUT | NORON DSPON 0 0 00h
- This command indicates the current status of the display as described in the table below:
Bit Description Value
1’ = Booster on.
Booster_on Booster status
‘0’ = Booster off
1’ = Idle Mode On,
IDMON Idle Mode On/Off
‘0’ = Idle Mode Off
Description ‘1’ = Sleep Out Mode
SLPOUT Sleep In/Out Mode
‘0’ = Sleep In Mode
‘1’ = Normal Mode on
‘0’ = Normal Mode off
‘1’ = Display On Mode
DSPON
‘0’ = Display Off Mode
Restriction |-
Status Availability
Register
Sleep Out, Display On es
Availability
Sleep In
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6.27  RDDMADCTR (OBH): Read Display MADCTR

0BH RDDMADCTR (Read Display MADCTR)

Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDDMADCTR Write 0 0 0 0 1 0 1 1 (0OBH)
1% Parameter Read 0 0 0 0 BGR 0 CA LA 00h

- This command indicates the current status of the display as described in the table below:
Bit Description Value
‘1’ = Decrement, (Right to Left, when MADCTL (36h) CA="1")
CA Column Address Order (CA)
‘0’ = Increment, (Left to Right, when MADCTL (36h) CA="0")
Description ‘1’ = Row/column exchange, (when MADCTL (36h) LA="1")
LA Row Address Order (LA)
‘0’ = Normal, (when MADCTL (36h) LA="0’
‘1’ = BGR Order, (When MADCTL (36h) BGR="1")
GB/ BGR Order
‘0’ = RGB Order, (When MADCTL (36h) BGR="0")
Restriction -
Status Availability
Register
Sleep Out, a Yes
Availability
Sleep In Yes
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6.2.8 RDDCOLM (0CH): Read Display Color Mode
ODH RDDIM (Read Display Image Mode)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDDIM Write 0 0 0 0 1 1 0 1 (OCH)
1% Parameter Read 0 0 0 0 0 DBI[2:0] 00h
- This command indicates the current status of the display as described in the table.
DBI[2:0] Color Format
Oh~4h Reserved
Description 5h 16-bit/pixel
6h 18-bit/pixel
7h 24-bit/pixel
Note: For DBI[2:0] definition refer to interface Pixel Format (3Ah)
Restriction |-
Status Availability
Register
Yes
Availability
Yes
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ODH RDDIM (Read Display Image Mode)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDDIM Write 0 0 0 0 1 1 0 1 (ODH)
1% Parameter Read 0 0 INVON ALLPON | ALLPOFF GAMMA_SEL[2:0] 00h
- This command indicates the current status of the display as described in the table below:
Bit Description Value
‘1’ = Inversion On Mode
INVON Inversion On/Off Mode
‘0’ = Inversion Off Mode
‘1" = All pixel on
ALLPON All pixel on

Description ‘0’ = Normal display

‘1" = All pixel off
All pixel off
‘0’ = Normal display
‘000’ = Gamma curve 1(gamma 2.2)
mma curve selection

‘others’ = Reserved

Restriction |-

Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.10 RDDSM (0OEH): Read Display Signal Mode
OEH RDDSM (Read Display Signal Mode)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDDSM Write 0 0 0 0 1 1 0 1 (OEH)
1st Parameter Read TEON TEM 0 0 0 0 0 EOD 00h
- This command indicates the current status of the display as described in the table below:
Bit Description Value
‘1’ = Inversion On Mode
TEON Tearing effect line on/off
‘0’ = Inversion Off Mode
Description ‘1’ = V- blanking and H-blanking
TEM Tearing effect line mode
‘0’ = V-blanking only
‘1’ = Error
Error on DSI
‘0’ = No Error
Restriction |-
Status Availability
Register
Sleep Out, a Yes
Availability
Sleep In Yes
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6.2.11 RDDSDR(OFH): Read Display Self-Diagnostic Result
OFH RDDSM (Read Display Signal Mode)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDDSDR Write 0 0 0 0 1 1 1 1 (OFH)
1st Parameter Read RLD FD 0 0 0 0 0 CCR 00h
- This command indicates the current status of the display as described in the below:
-RLD: This bit is the Register Loading Detection
-FD: This bit is the Functionality Detection
Description
-CCR: The checksum compare result.
0 = Checksum is the same.
1 = Checksum is not the same
Restriction |-
Availability
Register
Yes
Availability
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6.2.12  SLPIN (10H): Sleep In
10H SLPIN (Sleep In)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
SLPIN Write 0 0 0 1 0 0 0 0 (10H)
Parameter No Parameter -
- This command causes the LCD module to enter the minimum power consumption mode.
- In this mode the DC/DC converter is stopped, Internal display oscillator is stopped, and panel scanning is stopped.
Sleep In
- 1
e A 29, 8 L 0 ot ot S o6 o G o6 G o6 e
Description ]
Gate Output Stop : Stap
|
Source Output “ o : o
[ = I
I Blanking Display(1 Frama)
- This command has no is.already in sleep in mode. Sleep In Mode can only be exit by the Sleep Out
Command (11H). .
- It will be necessary to wait 5ms befor ; this is to allow time for the supply voltages and clock circuits to
Restriction
stabilize.
- It will be necessary to wait 120ms after sending Slee n.in Sleep In Mode) before Sleep In command can
be sent.
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In No
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6.2.13  SLPOUT (11H): Sleep Out
11H SLPOUT (Sleep Out)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
SLPOUT Write 0 0 0 1 0 0 0 1 (11H)
Parameter No Parameter -
- This command turns off sleep mode.
- In this mode the DC/DC converter is enabled, Internal display oscillator is started, and panel scanning is started.
Sleep Out
Intarnal Oscillator Stop :
Description |
Gate Output Stop : Stop : [ [
|
Source Cutput ov : o M
| K4
: Blanking Display{over 1 Frame)
- This command has no effect in sw out mode. Sleep Out Mode can only be exit by the Sleep In
Command (10H).
- It will be necessary to wait 5ms before sendin s is to allow time for the supply voltages and clock circuits to
stabilize.
Restriction |- DRIVER loads all default values of extended and test comma ing this 5msec and there cannot be any
abnormal visual effect on the display image if those default and regis when this load is done and when the
DRIVER is already Sleep Out mode.
- It will be necessary to wait 120ms after sending Sleep In command (when leep Out mode) before Sleep Out command can
be sent
Status Availability
Register
Sleep Out, Display On No
Availability
Sleep In Yes
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6.2.14  NORON (13H): Normal display mode On
13H NORON (Normal Display Mode On )
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
INVOFF Write 0 0 0 1 0 0 1 1 (13H)
Parameter No Parameter -
- This command is used to return display to normal display mode.
Description
-.This command can exit all pixel on/off mode to normal display mode.
Restriction
Status Availability
Register
Out, Display On Yes
Availability
Yes
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6.2.15 INVOFF (20H) : Display Inversion Off
20H INVOFF (Display Inversion Off )
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
INVOFF Write 0 0 1 0 0 0 0 0 (20H)
Parameter No Parameter -
- This command is used to recover from display inversion mode.
- This command makes no change of contents of frame memory.
- This command does not change any other status.
{Example)
Memory Display
Description
~
Restriction |- This command I‘already in inversion off mode.
Status Availability
Register
Sleep Out, Displa: Yes
Availability
Sleep In Yes
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6.2.16 INVON (21H) : Display Inversion On
21H INVON (Display Inversion On)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
INVON Write 0 0 1 0 0 0 0 1 (21H)
Parameter No Parameter -
- This command is used to enter into display inversion mode.
- This command makes no change of contents of frame memory. Every bit is inverted from the frame memory to the display.
- This command does not change any other status.
(Example)
Memory
Description
Restriction |- This command has no Iready in inversion off mode.
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.17  ALLPOFF (22H): All pixel off
22H ALLPOFF (All pixel off)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
ALLPOFF Write 0 0 1 0 0 0 1 0 (22H)
Parameter No Parameter -
- This command is used to black display In sleep out mode.
Description |- Exit from this command by All pixel on(23H) or Normal display mode(13H)
Restriction
Status Availability
Register
Out, Display On Yes
Availability
No
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6.2.18  ALLPON (23H): All pixel on
23H ALLPOFF (All pixel off)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
ALLPON Write 0 0 1 0 0 0 1 1 (23H)
Parameter No Parameter -
- This command is used to white display In sleep out mode.
Description |- Exit from this command by All pixel off(22H) or Normal display mode(13H)
Restriction
Status Availability
Register
Out, Display On Yes
Availability
No
V0.5 Page 158 of 299 2021/09

Sitronix Confidential

disclosed in whole or in part without prior written permission of Sitronix.

The information contained herein is the exclusive property of Sitronix and shall not be distributed, reproduced, or




Sitroni

ST7123

6.2.19 GAMSEL (26H): Gamma Curve Select
26H (Gamma Curve Select)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
GAMSEL Write 0 0 1 0 0 1 1 0 (26H)
Parameter Write 0 0 0 0 GC[3:0]
- This command is used to select gamma curve, and only 1 curve (gamma 2.2) can be selected.
GCJ[3:0] Gamma Curve
Description
1 Gamma 2.2
others Reserved
Restriction
Status Availability
Register
Out, Display On Yes
Availability
No
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6.2.20  DISPOFF (28H): Display Off
28H DISPOFF (Display Off)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
DISPOFF Write 0 0 1 0 1 0 0 0 (28H)
Parameter No Parameter -
- This command is used to enter into DISPLAY OFF mode. In this mode.
- This command makes no change of contents of frame memory.
- This command does not change any other status.
- There will be no abnormal visible effect on the display.
- Exit from this command by Display On (29H)
Description Memory (Example} Display
Restriction  |-This command has no effect y Off mode
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In
6.2.21  DISPON (29H): Display On
29H DISPON (Display On)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
DISPON Write 0 0 1 0 1 0 0 1 (29H)
Parameter No Parameter -
- This command is used to recover from DISPLAY OFF mode.
Description |- This command makes no change of contents of frame memory.
- This command does not change any other status.
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(Example)
Memory Display

Restriction  |-This command has no effect when module is already in Display Off mode.

Status Availability
Register
Sleep Out, Display On No
Availability
Sleep In Yes
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6.2.22  TEOFF (34H): Tearing Effect Line OFF
34H TEOFF (Tearing Effect Line OFF)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
TEOFF Write 0 0 1 1 0 1 0 0 (34H)
Parameter No Parameter -
Description |- This command is used to turn OFF (Active Low) the Tearing Effect output signal from the TE signal line.
Restriction |- This command has no effect when Tearing Effect output is already OFF.
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.23  TEON (35H): Tearing Effect Line ON
35H TEON (Tearing Effect Line ON)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
TEON Write 0 0 1 1 0 1 0 1 (35H)
1% Parameter Write 0 0 0 0 0 0 0 TEM 00h

-Tearing Effect Mode ON

- Mode 1: When TEM ="0’, The tearing effect output line consists of V-blanking information only.

fan

1] by e

Vertical
Time Scale

Description
- Mode 2: When TEM ="1": The tearing effect output line consists of both V-blanking and H-blanking information.
F .
L th'liﬁ o tm:lh
Wertical
Time Scala .~
~ ad
Note: During Sleep In M@ Line On, Tearing Effect Output pin will be active Low.
Restriction |- This command has no effect w
Status Availability
Register
Sleep Out, Display On
Availability
Sleep In
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6.2.24  MADCTR (36H): Memory Data Access Control
36H MADCTR (Memory Data Access Control)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
MADCTR Write 0 0 1 1 0 1 1 0 (36H)
1% Parameter Read 0 0 0 0 BGR 0 CA LA 00h
- Bit Assignment
Bit Description Value
‘1’ = Decrement, (Right to Left, when MADCTL (36h) CA="1")
CA Column Address Order (CA)
‘0’ = Increment, (Left to Right, when MADCTL (36h) CA="0")
‘1’ = Row/column exchange, (when MADCTL (36h) LA="1")
LA Row Address Order (LA)
‘0’ = Normal, (when MADCTL (36h) LA="0’
‘1’ = BGR Order, (When MADCTL (36h) BGR="1")
BGR GB/ BGR Order
‘0’ = RGB Order, (When MADCTL (36h) BGR="0")
-CA
e . .
,0 Top-Left (0,0)
MIPI Input
\
Description -
Top-Left (0,0) v Top-Left (Q,0) v
Y
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SIG SIG

SIG

SIG

LA:
Top_Left (0;0) TOp-Left (0,0)
MIPI Input \ Display
‘ [ Send first ‘
[ Send 2nd
LA="0
HEEEEN [ Send last TT1 111
Top-Left (0.0) Top-Left (0,0)
Yy MIPI Input N Display
[ [Send last
LA="1
-
—
‘ ‘ ‘ ‘ ‘ ‘ ‘ [ Send first
BGR :
M \.

H.N

SIG720

' '

B.E NN ---

'

,

l

.13
AN

Display Display
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.25 IDMOFF (38H): Idle Mode Off

38H IDMOFF (ldle Mode Off)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
IDMOFF Write 0 0 1 1 1 0 0 0 (38H)
Parameter No Parameter No Parameter -

Description  |-This command is used to recover from Idle mode on.

Restriction  |-This command has no effect when module is already in idle off mode

Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.26 IDMON (39H): Idle Mode On

38H IDMOFF (Idle Mode Off)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
IDMON Write 0 0 1 1 1 0 0 1 (39H)
Parameter No Parameter No Parameter -
-This command is used to enter into Idle mode on.
-There will be no abnormal visible effect on the display mode change transition.
-In the idle on mode,
1. Color expression is reduced. The primary and the secondary colors using MSB of each R,G and B, 8 color depth data is
displayed.
2. 8-Color mode frame frequency is applied.
3. Exit from IDMON by Idle Mode Off (38h) command
Description

Color B[7:0]
Blank OXXXXXXX OXXXXXXX
Blue OXXXXXXX IXXXXXXX
Red IXXXXXXX OXXXXXXX
Magenta IXXXXXXX IXXXXXXX
Green OXXXXXXX OXXXXXXX
Cyan OXXXXXXX IXXXXXXX IXXXXXXX
Yellow TXXXXXXX TXXXXXXX OXXXXXXX
White IXXXXXXX TXXXXXXX IXXXXXXX
Restriction  |-This command has no effect when module is already in idle on mode
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.27  TESLWR (44H): Write TE Scan Line
44H WRTESCN (Write TE Scan Line)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
TESLWR Write 0 1 0 0 0 1 0 0 (44H)
1% Parameter Write - - - - TESN[11:8] 00h
2" Parameter Write TESN[7:0] 0oh
- This command turns on the display module’s TE signal when the display module reaches line TESN.
Description
Restriction |- The command takes affect with the end of one frame.
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
V0.5 Page 168 of 299 2021/09

Sitronix Confidential

disclosed in whole or in part without prior written permission of Sitronix.

The information contained herein is the exclusive property of Sitronix and shall not be distributed, reproduced, or




Sitroni

ST7123

6.2.28 RDSCNL (45H): Read Scan Line
45H RDSCNL (Read Scan Line)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDSCNL Write 0 1 0 0 0 1 0 1 (45H)
1% Parameter Read - - - - TESN[11:8] 00h
2" Parameter Read TESN[7:0] 0oh
Description |- This read byte returns the current scan line.
Restriction |- The command takes affect with the end of one frame.
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.29  DSTB (4FH): Deep Standby Mode ON

4FH DSTB (Deep Standby Mode ON)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
DSTB Write 0 1 0 0 1 1 1 1 (4FH)
Parameter Write 0 0 0 0 0 0 0 DSTB O0OH
- When DSTB = 1 :Deep Standby Mode ON
Description
Exit deep standby mode by pulling low "RESX" pin at least 1ms
Restriction |- Only effect at Sleep In mode.
Status Availability
Register
Sleep Out, Display On No
Availability
Sleep In Yes
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6.2.30 WRDISBV (51H) Write Display Brightness
51H WRDISBYV (Write Display Brightness)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDSCNL Write 0 1 0 1 0 0 0 1 (51h)
1% Parameter Write DBV7 DBV6 DBV5 DBV4 DBV3 DBV2 DBV1 DBVO 00h

- This command is used to adjust the brightness value of the display.

- It should be checked what is the relationship between this written value and output brightness of the display. This relationship

Description
is defined on the display module specification.
- In principle relationship is that 00h value means the lowest brightness and FFh value means the highest brightness.
Restriction |-
Status Availability
Register
Out, Display On Yes
Availability
Sleep In Yes
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6.2.31 RDDISBV (52H) Read Display Brightness Value
52H RDDISBYV (Read Display Brightness Value)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDDISBV Write 0 1 0 1 0 0 1 0 (52h)
1% Parameter Read DBV7 DBV6 DBV5 DBV4 DBV3 DBV2 DBV1 DBVO 00h

- This command returns the brightness value of the display.

- It should be checked what the relationship between this returned value and output brightness of the display. This relationship is
defined on the display module specification.

- In principle the relationship is that 00h value means the lowest brightness and FFh value means the highest brightness. - See

command “Write Display Brightness (51H)".

Description
- This command can be used to read the brightness value of the display also when Display brightness control is in automatic
mode.
- DBV [7:0] is 1 display is in sleep-in mode.
- DBV [7:0] i it BCTRL of “Write CTRL Display (53H)” command is ‘0’.
- DBV[7: ess specified with “Write CTRL Display (53H)” command when bit BCTRL is ‘1’
Restriction |-
Status Availability
Register
Sleep Out, Displa: Yes
Availability
Sleep In Yes
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6.2.32 WRCTRLD (53H) Write CTRL Display
53H WRCTRLD (Write CTRL Display)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
WRCTRLD Write 0 1 0 1 0 0 1 1 (53h)
1% Parameter Write 0 0 BCTRL 0 DD BL 0 0 00h

- This command is used to control ambient light, brightness and gamma settings.

-BCTRL : Brightness Control Block On/Off. This bit is always used to switch brightness for display and keyboard.
'0’ = Off (Brightness registers are 00h)

‘1’ = On (Brightness registers are active, according to the other parameters.)

-DD : Display Dimming

‘0’ = Display Dimming is off

Description 1’ = Display Dimming is on
-BL : Backlight
‘0’ = Off (Col n off backlight circuit. Control lines must be low. )
'1'=0n
-Dimming functio dap @ S r]. registers for display and keyboard when bit BCTRL is changed at dimming-on
(DD=1).
-When BL bit changed from ‘on"to "o ed ithout gradual dimming, even if dimming-on (DD=1) are selected.,
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Y
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6.2.33 RDCTRLD (54H) Read CTRL Display
54H RDCTRLD (Read CTRL Display)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDCTRLD Write 0 1 0 1 0 1 0 0 (54h)
1% Parameter Read 0 0 BCTRL 0 DD BL 0 0 00h
-This command returns ambient light and brightness control values.
-BCTRL: Brightness Control Block On/Off, This bit is always used to switch brightness for display.
0' = Off
‘1’=0n
-DD: Display Dimming On/Off (Only for manual brightness setting)
Description [0’ = Off
‘1’=0n
-BL: Bac
0’ = Off ‘
‘1’=0n
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Y
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6.2.34  WRCABC (55H) Write Content Adaptive Brightness Control
55H WRCABC (Write Content Adaptive Brightness Control)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
WRCABD Write 0 1 0 1 0 1 0 1 (55h)
1% Parameter Write CEON | SREON EN_LEVEL[1:0] 0 0 CABC_MODE[L:0] 00h
- CEON: Color and Skin Enhancement ON/OFF.
‘0’ = OFF
‘1’=ON
- SREON: Sunlight Readability Enhancement ON/OFF
‘0’ = OFF
‘1’=ON
-EN_LEVEL; ent mode Selection
CEON SREON EN_LEVEL[1:0] Function
0 Enhancement OFF
1 0 CE LOW
1 . CE MIDDLE
1 0 CE HIGH
0 1 SRE LOW
Description 0 1 0 SRE MIDDLE
0 1 1 SRE HIGH
0 1 1 1 ER DEFINE
1 1 0 0 CE / SRE LOW
1 1 0 1 CE / SRE MIDDLE
1 1 1 X CE / SRE HIGH
Note: “X" is don’t care
-CABC_MODE: CABC mode selection
CABC_MODE Function
0 Off
1 User Interface Mode
2 Still Picture
3 Moving Image
Restriction |-
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Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.35 RDCABC (56H) Read Content Adaptive Brightness Control
56H WRCABC (Write Content Adaptive Brightness Control)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDCABD Write 0 1 0 1 0 1 1 0 (56h)
1% Parameter Read CEON | SREON EN_LEVEL[1:0] 0 0 CABC_MODE[L:0] 00h
- CEON: Color and Skin Enhancement ON/OFF.
‘0'= OFF
‘’=0ON
- SREON: Sunlight Readability Enhancement ON/OFF
‘0’ = OFF
‘1’=ON
-EN_LEVEL; ent mode Selection
CEON EN_LEVEL[1:0] Function

0 Enhancement OFF
1 0 CE LOW
1 CE MIDDLE
Description
1 0 CE HIGH
0 1 SRE LOW
0 1 IDDLE
0 1
0 1
Note: “X" is don'’t care.
-CABC_MODE: CABC mode selection
CABC_MODE[1:0] Function
00b Off
01b User Interface Mode
10b Still Picture
11b Moving Image
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.36 WRCABCMB (5EH) Write CABC Minimum Brightness
5EH WRCABCMB (Write CABC Minimum Brightness)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
WRCABCMB Write 0 1 0 1 1 1 1 0 (5Eh)
1% Parameter Write CMB7 CMB6 CMB5 CMB4 CMB3 CMB2 CMB1 CMBO 00h

- This command is used to set the minimum brightness value of the display for CABC function.

Description |- In principle relationship is that 00h value means the lowest brightness for CABC and FFh value means the highest brightness
for CABC.
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.37 RDCABCMB (5FH) Read CABC Minimum Brightness
5FH RDCABCMB (Read CABC Minimum Brightness)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDCABCMB Write 0 1 0 1 1 1 1 1 (5Fh)
1% Parameter Read CMB7 CMB6 CMB5 CMB4 CMB3 CMB2 CMB1 CMBO 00h

- This command returns the minimum brightness value of CABC function.

Description |- In principle the relationship is that 00h value means the lowest brightness and FFh value means the highest brightness.
- See command “Write CABC Minimum Brightness (5EH)".
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.38  RDDID1 (DAH) Read Display Identification Information
DAH RDDID1 (Read Display Identification Information 1)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDDID1 Write 0 0 0 0 0 1 0 1 (DAH)
15t Parameter Read ID1[7:0] FFh
- Read Display Identification Information
Description
ID1:LCD module's manufacturer ID (FFh: not programmed)
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.39 RDDID2 (DBH) Read Display Identification Information
DBH RDDID2 (Read Display Identification Information 2)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDDID2 Write 0 0 0 0 0 1 0 1 (DBH)
15t Parameter Read ID2[7:0] FFh
- Read Display Identification Information
Description
ID2:LCD module/driver version ID (FFh: not programmed)
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.40 RDDID3 (DCH) Read Display Identification Information
DCH RDDID 3 (Read Display Identification Information 3)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDDID3 Write 0 0 0 0 0 1 0 1 (DCH)
1% Parameter Read ID3[7:0] FFh
- Read Display Identification Information
Description
ID3:LCD module/driver ID (FFh: not programmed)
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.41 RDDDBS (A1H) : Read DDB Start
AlH RDDDBS (Read DDB Start)

Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)

RDDDBS Write 1 0 1 0 0 0 0 1 (A1H)
1% Parameter Read SID[7:0] FFh
2" Parameter Read SID[15:8] FFh
3 Parameter Read MID[7:0] FFh
4" Parameter Read MID[15:8] FFh
5 parameter Read RID[7:0] FFh
6™ Parameter Read RID[15:8] FFh
7™ Parameter Read DDB_ID_1[7:0] FFh
8" Parameter Read DDB_ID_2[7:0] FFh
9™ Parameter DDB_ID_3[7:0] FFh
10" Parameter DDB_ID_4[7:0] FFh

Note:
1. This information is not the

//

2. Parameter 8" is an “Exit code”, th

Read
Read
- This col nd ret . 7% and display module / revision information.
A
i h

Ch ‘mands are returning.

sfie more data in the DDB block.

Description
This read sequence can be interrupted by any comman C inued by “Read DDB Continue(A8h)” command
when the first parameter, what has been transferred, is the par j been sent e.g. RDDDBS => 1% parameter
has been sent => 2" parameter has been sent => interrupt => RDDD > 3 er of the RDDDBS has been sent.
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.42 RDDDBC (A8H) : Read DDB Continue
A8H RDDDBC (Read DDB Continue)

Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)

RDDDBC Write 1 0 1 0 1 0 0 0 (A8H)
15t Parameter Read DDB1[7:0] FFh
2" Parameter Read DDB2[7:0] FFh
3 Parameter Read DDB3[7:0] FFh
4" Parameter Read DDB4[7:0] FFh
5% parameter Read DDB5[7:0] FFh
6" Parameter Read DDB6[7:0] FFh
7" Parameter Read DDB7[7:0] FFh

- This comman

supplier’s identification and display module model/revision information from the point where RDDDBS

command t by an other command e.g. RDDDBS was interrupt after 3 parameter (DDB3). The first parameter
Description
(DDB1), t RDDD,
See also section
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.43  RDFCS (AAH) : Read First Checksum
AAH RDFCS (Read First Checksum)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDFCS Write 1 0 1 0 1 0 1 0 (AAH)
15t Parameter Read FCS[7:0] 00h

- Read the first checksum that has been calculated from user commands after write access to these commands has been

Description done.
Restriction  |-only in sleep out mode
Status Availability
Register
Out, Display On Yes
Availability
Sleep In Yes
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6.2.44  RDCCS (AFH) : Read Continue Checksum
AFH RDCCS (Read Continue Checksum)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDCCS Write 1 0 1 0 1 1 1 1 (AFH)
15t Parameter Read CCS[7:0] 00h

-Read the continue checksum that has been calculated continuously after the first checksum has calculated from user

Description  |[commands after write access to these commands has been done.
Restriction |-
Status Availability
Register
Out, Display On Yes
Availability
Sleep In Yes
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6.2.45 RDICID (F4H) : Read Sitronix IC ID
F4H RDICID (Read Sitronix IC ID Code)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
RDICID Write 1 1 1 1 0 1 0 0 (F4H)
15t Parameter Read 0 1 1 1 0 0 0 1 71h
2" Parameter Read 0 0 1 0 0 0 1 1 23h
Description |- Read Sitronix IC ID Code
Restriction |-
Status Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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6.2.46  MIPIEXTFMAT (F9H) : MIPI Extension Format
FOH MIPIEXTFMAT (MIPI Extension Format)
Inst / Para Write/Read D7 D6 D5 D4 D3 D3 D1 DO (Default)
MIPIEXTFMAT Write 1 1 1 1 1 0 0 1 (F9H)
15t Parameter Write 0 0 0 0 0 0 PIXEL_EXTEN[1:0] 00h
-The PIXEL_EXTEN is used for pixel extension format.
PIXEL_EXTEN[1:0] 5-6-5 Format 6-6-6 Format 8-8-8 Format
R[7:0] = {R[4:0] , 000b } R[7:0] = {R[5:0] , 00b } R[7:0] = R[7:0]
00 G[7:0] = {G[5:0] , 00b } G[7:0] = {G[5:0] , 00b } G[7:0] = G[7:0]
B[7:0] = {B[4:0] , 000b } B[7:0] = {B[5:0] , 00b } B[7:0] = B[7:0]
R[7:0] = {R[4:0] , 111b} R[7:0] = {R[5:0] , 11b} R[7:0] = R[7:0]
G[7:0] = {G[5:0] , 11b} G[7:0] = {G[5:0] , 11b} G[7:0] = G[7:0]

B[7:0] = {B[4:0] , 111b}

B[7:0] = {B[5:0]

, 11b}

B[7:0] = B[7:0]

Description
R[7:0] = {R[4:0] ,R[4:2]} R[7:0] = {R[5:0] ,R[5:4]} R[7:0] = R[7:0]
={G[5:0], G[5:4]} G[7:0] = {G[5:0] , G[5:4]} G[7:0] = G[7:0]
B[7:0] = {B[5:0] , B[5:4]} B[7:0] = B[7:0]
, G[5:3]} R[7:0] = {R[5:0] , G[5:4]} R[7:0] = R[7:0]
z‘ G[7:0] = {G[5:0], G[5:4]} G[7:0] = G[7:0]
B[7:0] = {B[5:0] , G[5:4]} B[7:0] = B[7:0]
Restriction |-
Availability
Register
Sleep Out, Display On Yes
Availability
Sleep In Yes
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7 ELECTRICAL CHARACTERISTICS

7.1 Absolute Maximum Ratings

Item Symbol Range Unit
Supply Voltage (Analog) IovVCC -0.3~+21 \Y
Supply Voltage (I/O) DPHYVCC -0.3~+21 \
Driver Supply Voltage AVDD-VSS -0.3 ~ +6.6 \
Driver Supply Voltage AVEE-VSS -6.6 ~+0.3 \
Driver Supply Voltage VGH-VGL -0.3 ~+30.0 \
Logic Input Voltage Range VIN 0.5 ~DPHYVCC + 0.5 \
Logic Output Voltage Range VO 0.5 ~DPHYVCC + 0.5 \
Operating Temperature Range TOPR -30 ~ +85 T
Storage Temper. TSTG -40 ~ +125 T

i
Z
%
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7.2 DC Characteristics
7.21 Basic Characteristics
Specification
Parameter Symbol Condition Unit Note
MIN. TYP. MAX.
Power & Operation Voltage
IOVCC 1.65 1.8 1.95 Vv
DPHYVCC 1.65 1.8 1.95 Vv
Power supply Voltage
AVDD 4.5 55 6.5 Vv
AVEE 4.5 5.5 6.5 Vv
Gate Driver High Voltage VGH 7.3 20 \% Note 2
Gate Driver Low Voltage VGL -5.3 -18 Vv
Input / Output
Logic-High Input Voltage VIH 0.7vDDI VDDI Vv Note 1
Logic-Low Input Voltage VIL VSS 0.3vDDI Vv Note 1
Logic-High Output Voltage VOH IOH =-1.0mA 0.8vDDI VDDI \% Note 1
Logic-Low Output Voltage VOL IOL = +1.0mA VSS 0.2vDDI \% Note 1
Input Leakage Current lL VIN=VDDI/VSS -0.1 +0.1 uA Note 1
VCOM Voltage
VCOM amplitude VCOM -2.75 -0.2 Vv
Source Driver
Gamma Amplitude
(Positive) VGPAMP 3 6 v
Gamma Amplitude
(Negative) VGNAMP -6 -3 v
Feed through voltage VFT 0 1.2 \%
Notes:
1. TA=-30to 70 C (to +85 T no damage).
2. When evaluating the maximum and minimum of VGH/VGL. IOVCC/AVDD/AVEE is typical value.
V0.5 Page 190 of 299 2021/09

Sitronix Confidential

disclosed in whole or in part without prior written permission of Sitronix.

The information contained herein is the exclusive property of Sitronix and shall not be distributed, reproduced, or




Sitronix ST7123

7.2.2 Current Consumption
(Ta=25C)
Specification
Parameter Symbol Test Condition Unit
MIN. TYP. MAX.
IOvCC =1.8 - TBD UA

Deep standby mode
AVDD =5.5 - TBD uA
No load on panel

AVEE =-5.5 - TBD uA
Power supply

voltage IOvVCC = 1.8 - TBD mA

Sleep in mode

AVDD =5.5 - TBD mA
No load on panel

AVEE =-55 - TBD mA

Q/;
//o,/.a
y
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7.2.3 MIPI DC Characteristic

VOI £ Y720 GEERER S VOI TMAX
V. LP-TX Ouput High .

onMN Do LP-RX Input High
VI HMIN T T TTT—T—T—T—T—T"—"T—"—T -~ —~"~"~"~"~""~""" " “~"~“""®*""f&]f®™™-—~"*""™*"~"~"~~"~~"~"~"~"~"~~—"+— VIHMN

V]L,M/\X ______________________________________________ VII,,M/\X
lly U T T — VHHIS
LP-RX Input Low
p HS-RX — — M — — — — — — — — VCMRXDC.MAX
HS-RX Common
VOI,.M/\X Input Range Mode AV
GND B ___ _______ InputRanges™ — =~ — — — — — - CMRXDCMIN
_ B R P 72— AR W
Vorvm Vins
Low Power Low Power High Speed
Transmitter Receiver Receiver

Figure 77 MIPI Signaling Voltage Levels

Specification
Parameter Symbol Unit
MIN TYP MAX

Operation Voltage for MIPI Receiver

Low power mode operating voltage VLPH - - - \

MIPI Characteristics for High Speed Receiver

Single-ended input low voltage VILHS -40 - - mV
Single-ended input high voltage VIHHS - - 460 mV
Common-mode voltage VCMRXDC| 70 - 330 mV
Differential input impedance ZID 80 100 125 ohm

MIPI Characteristics for Low Power Mode

Pad signal voltage range VI -50 - 1350 mV
Logic 0 input threshold VIL 0 - 550 mV
Logic 1 input threshold VIH 880 - - mV
Output low level VOL -50 - 50 mV
Output high level VOH 1.1 1.2 1.3 \
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7.3 AC Characteristics

7.3.1 MIPI Timing

DSI-CLK+
DSI-DO+
DSHCLK-
. e ) DSI-DO-
UI\NSTA Ul\NSTB
| I DSI-CLK+
L Y
' 22Ul '
DSI-CLK-
Figure 78 High Speed Mode — Clock Channel Timing
Specification
Signal Symbol Parameter Unit Description
MIN TYP MAX
DSI-CLK+/- Double Ul instantaneous 1.6 - 10 ns
DSI-CLK+/- Ul instantaneous half 0.8 - 5 ns
fDSI-CLK+/- MHz
DSI-Dn+/-
DSI-Dn+/-
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DSI-CLK+\— g I — - r — I — la — Il {a r i) /
D3|_C|_K_m \y/ \y/ b 7 \/\7—/\:/\?3 y 7 \yj \y/ y F) \¥/ \y/ \y/ b 7 b J\ﬁ/;_J\
> Tiex o THS-PREF‘ARE‘ Thsizero iy Ths-sync >
Disconnéct
DSI-Do-+ Termina‘or\ i
VIHLPRX(Min) —————— -\ ————— A —— 4 B m o S ittt Wﬁyﬁfﬁﬁ
VIHLPRX(Max) —————==N-————— =& -~ ————4 o i iy et sty /ety | il Ik et/ = SRR L
\ I Vi XXX I
DSI-DO- Capture® Ths-gkiP o
IHS-TERM-EN > Data Bit < Teor
Tus-seTTiE N LP:11
P Ths-TRAIL iy Ths-eXT
LP-11 LP-01 LP-00 Low Power Mode,
Disable Rx Line
Disabll_:\g)’z (IJ.‘i':g'IMe(;ieiﬁation High Speed Mode, Enable Rx Line Termination TerminationA
Figure 79 High-Speed Data Transmission
Specification Un
Parameter Symbol
MIN TYP MAX it
Time to drive LP-00 to prepare for H ns| THs-PREPARE 40+4UI - 85+6UlI ns
Time from start of t HS-TRAIL or t CLK-TR Teor - - 105+12UlI ns
Time to enable data receiver line termination mea: THs-TERM-EN - - 35+4UlI ns
Time to drive flipped differential state after last payload data bi THs-TRAIL 60+4UlI - - ns
Time-out at RX to ignore transition period of EoT Ths-skip 40 - 145+10UlI ns
Time to drive LP-11 after HS burst 100 - - ns
Length of any Low-Power state period 50 - - ns
Sync sequence period - 8Ul - ns
Minimum lead HS-0 drive period before the Sync sequence 105+6UlI - - ns
Time interval during which the HS receiver should ignore any Clock Lane HS transitions,
Tewk-setTie 95 - 300 ns
starting from the beginning of Tcik-Prerar
Time interval during which the HS receiver shall ignore any Data Lane HS transitions,
starting from the beginning of THs-prePar.
Ths-seTTLE 85+6UlI - 145+10UI ns
The HS receiver shall ignore any Data Lane transitions before the minimum value, and
the HS receiver shall respond to any Data Lane transitions after the maximum value.
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Disconnect
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Figure 80 Switching the Clock Lane between Clock Transmission and Low-Power Mode

Specification
Parameter Symbol Unit
MIN TYP MAX

Time that the transmitter shall conti er the last

T cik-posT 60+52Ul - - ns
associated Data Lane has transitioned to
Detection time that the clock has stopped togglin i CLK-MISS - - 60 ns
Time to drive LP-00 to prepare for HS clock transmission T cLK-PREPARE 38 - 95 ns
Minimum lead HS-0 drive period before starting Clock epaRe +T cLk-zERO 300 - - ns
Time to enable Clock Lane receiver line termination measured from

- - 38 ns

Dn cross VIL,MAX
Minimum time that the HS clock must be set prior to any associated date

T cik-Pre 8 - - ul
lane beginning the transmission from LP to HS mode
Time to drive HS differential state after last payload clock bit of a HS

T cik-TRAIL 60 - - ns
transmission burst
Note: 3-Lane = (1000 / fmipi* 8 * 52 -Tns_trai- 60) / (1000/fmipi)

4-Lane = (1000 / fmipi* 8 * 39 -Ths_trai- 60) / (1000/fmipi)
Example: 3-Lane, 600Mbps : n = (1000 / 600 * 8 * 52 - Tus_traiL- 60) / (1000/600) = 340
4-Lane, 600Mbps : n = (1000 / 600 * 8 * 39 - Tus_traL- 60) / (1000/600) = 236
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MPU is Controlling Control Change Display Module is Controlling
DSIDO+ L _ . _ _ Ty IO i Oy T 2 oo,
DSI-DO- . / i€ » /
\ / ¥ /
\_ _____ ’ . \_ _____ — — e — o — e — — - o — — — . ’
LP-11 i b LP-10 Jf Jf LP-00 ¢ JF LP-10 0 LP-00 LP-00 pi LP-00 ¢ LP-10 i i LP-11
a TTA-GETD g
Figure 81 Bus Turn-around Procedure
Specification
Parameter Symbol Unit
MIN TYP MAX
Length of any Low-Power state period : Master side Trex 50 - 75 ns
Length of any Low-Power state p ve side Trex 47.5 - 52.5 ns
Ratio of Tiex (MASTER)/ Tiex een Master and Slave side Ratio Ttex 2/3 - 3/2
Time-out before new TX si T Ta-surRe Tiex - 2 Tipx ns
Time to drive LP-00 by new TX . T racer - 5 Tiex - ns
Time to drive LP-00 after Turnaround Req 4 Tiex - ns
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7.3.2 MIPI Interface Timing

Parameter Symbol Min. Typ.. Max. Unit
Horizontal Sync. Width HPW 2 - - Byte Clock
Horizontal Sync. Back Porch HBP 2 - - Byte Clock
Horizontal Sync. Front Porch HFP 4 - - Byte Clock
Vertical Sync. Width VSW 2 - - Line
Vertical Sync. Back Porch VBP 2 - - Line
Vertical Sync. Front Porch VFP 4 - - Line
Vertical Frequency - 60 - Hz

Yy
Dy, 9
i 4
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7.3.3 I2C timing

4 )
thp.DAT = LsupAT
IIII
IIII
tgu
SCL J
tsysro
SDA
N - - J
Rating
Item Condition Unit
Min. Max.
SCL clock frequency - 400 kHZ
SCL clock low period 1300 |-
SCL clock high period 1300 |-
Data set-up time 100 -
Data hold time 0 -
ns
Setup time for a repeated START condition 600 -
Start condition hold time 600 -
SDA
Setup time for STOP condition 600 -
Bus free time between a STOP and START 1300 -
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7.3.4 Reset Timing
Shorter than
10us will be rejected
1 1 : Trst_widlh :
¢ >
RESX T90% | /!Ll)[]-'_é
10%) i 10% 1 :
Trst_ op_nrj i Tm_" me,
!
Display ) . : o .
Status Normal operation >< During DSTB >|< Initial condition
1

Figure 82 Reset Operation

RESX \

Trst_ dstb_nrj

/i

Shorter than 100 ns will be rejected

I
:
: TrsL time
|
I
]

Display
status

X

During DSTB

Initial condition

U

Reset Timing Characteristics IOVCC=1.65~1.95v Ta=25 C

Figure 83 Reset Noise Rejected Diagram

Specification
Parameter Symbol Unit
Min. Typ. Max.
Reset low width Trst_width 1 - - ms
Reset time Trst_time 10 - - ms
OP noise reject Trst_op_nrj - - 10 us
DSTB Noise reject| Trst_dstb_nrj - - 100 ns

- During the reset period, the display will be blanked, then return to default condition for IC initialization

- It is necessary to wait 2ms after releasing HWRST pin before sending commands.
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7.3.5 Abnormal Timing:

ST7123 provides abnormal power drop detection function, but there has a premise that external power must drop at low ramp, or the

discharge function will not work. The following diagram is show how much time that external power drop from 90% to 10% is suitable.

o
>

I
A >100ms |
! I
IOVCC/AVDD/AVEE 90%, !
: : 10%]
Abnormal signal ! !
| ' T
! P! I
| : |
| E |
Display : i :
status Sleep Out Mode | >< 1 Sleep In Mode
i P

Abnormal Sequence > 10ms

Figure 84 Reset Noise Rejected Diagram

Reset Timing Characteristics IOVCC=1.8v, AVDD=5.8v, AVEE=-5.8v Ta=25 C

Power drop time from 90% to 10%
External
Unit
power .
Min. Typ. Max.
IOvVCC 100 ms
AVDD 100 ms
AVEE 100 ms
Note: Due to IOVCC is critical for whole chip, keep IOVCC as stable as possible.
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7.3.6

Feed through voltage compensation

ST7123 provides VCOM=GND mode and DC VCOM mode to compensate feed through voltage

VREGP
VPO
VREGP VPI VREGP
VPO VPO
\Y
VPl Gamma Amplitude | VP
Gamma Amplitude | VP234 Gamma Amplitude
VP255
VP254 VET VP254
VP255 VN255 VP255
R e eemceeecmeecmeeenmeeacd VN254 VFT=GND
VCOM=GND
VN255 VN255
VCOM
VN254
VN254 Gamma Amplitude | V25
. VN1 .
Gamma Amplitude — Gamma Amplitude
VNO
VNI N VNI
VREGN
VNO VNO
VREGN VREGN
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8 REVISION HISTORY

Version Date Description
V0.1 2019/06 First issue
V0.2 2021/01 Add block diagram and pin description
V0.3 2021/05 Fix type error in user command set.
V0.4 2021/07 1. Modify positive and negative power supply rang, p.7.

2. Modify operating temperature range, p.8.

V0.5 2021/09 Modify pin definition: pad 760~763, pad 774~777, p.20
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