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1. Description

Thipsur pose doofc utmkeing has been created to pr
speci ficatdObn3sMA joar tdife purposefebeds®udspemef sc.
for system dpeesrifgonr, magnucaeh dctoynCt raoplp,l i cati ons

Th€O53d@vice i<haphs i RMAM sepl ay dri vefrori nit RS e
AMOLED that incorpartaitmisngad @n tdredrivileas ases Wlii df weelg Is g
an d a gl ass power SsppdapadBeERAF0 5RGBIKS,4
400 RGCBXIDVGCGBXD, 360 RGBXIBORGCGBXxBHMGBXx 388Q2Q0RGBXx 360,
S3DPRGBxXx 32MDRGB® ,30RGB ,2 7TRGB4&48,0 240RGBx240, 240R
192RGBx960, 180RGBx560, 18WRGBxb AO0erbh8DRGBABYIO
al8420Mmits internal memor y.

ThE€O0O53680pporrtls | Mitaenrqf e er i al peri pRaadsPl )nt e
The source resolutionananthecgdjtesi ed 480 RGBa
| i nest he detail ed triemgqgl uptlieG@aBes &@epfleirc attaThhe Not
speciGRiIAéMdi ndow area can be updmdwidngepiectt unved
di splayed simultaneously independent of the s

Th€O05308 also able to make gamma correction
to allowdpbestgents to panel characteristics,
CO530mcl udeds botostmras t hat g edire rvaitneg tvhod t AM@L
resneséeaand fwdlltoaveper CcANMOIEID | (\CEb 3tPOes sesses i nt
GRAMiIi th comprnéamdioct®8l R B&0 2x¥ DU6tME odloor | mages
deep standby mode is al soosspmptted.for | ower

Th€Oo53aDsopsmesL functi on Oborri ghhtem AaSMsOLIE |1t ' s
reduce the total power ¢ onigunmdancdamkta dyp dANMQL BY
t i me

Thi s LSI i svsesauiabah led pepelfviocdaat ¢ lowaitrcdy and smar't

CHI PONE Te dBenio)iCaggt. d Page Dat asVi@e2 02
www. c hi .p@om e



CHIPGNE

; ﬁl] 1h , i INTEGRATED MEMORY LOGIC

2. Features

- 0 o o o o

o O O O

S e
vV e
r
r

tt
r

w u u um " O u um
O O —~~— 0O 0O 0O 0O 2 0o o o o

]

A Single chip wearable device AMOLED control |
A Display Resolution support. For det ai
iU 480RGB (k148011122 pl exer flor source dr
U 454RGB x 454 (1:6/slaulr2c eMudrtiiwdre)x er f
U 400RGB x 400 (1:6/1:12 Multiplexer f
0O 390RGB x 390 (1:6/1:12 Multiplexer f
U 360RGB x 480 (1:6/1:12 Multiplexer f
U 360RGB x 360 (1:6/1:12 Multiplexer f
U 340RGB (13@801: 12 Multiplexer for sou
u 320RGB x 360 (1:6/1:12 Multiplexer f
0O 320RGB x 320 (1:6/1:12 Multiplexer f
U 320RGB x 480 (1:6/1:12 Multiplexer f
O 300RGB x 300 (1:6/1:12 Multiplexer f
U 272RGB x 480Mu(i1ipl e&xe&?2 for source dr
U0 240RGB x 240Mu(i1ipleéxe? for source dr
U 240RGB x 320 (1:6/1:12 Multiplexer f
0O 192RGB x 960 (1:6/1:12 Multiplexer f
0 180RGB x 560Mu(1i ¢/1sktoxubrec ef odrr i ver)
0 180RGB x 540Mu(i1iplexe? for source drive
A Display data RAM {(8420@e bnemory) :
A Display mode (Color mode)
4 Full col or -cnooldoer:s 16. 7 M
0 Reduced Col orc dModres 262K
0t Reduced Col ocoMods: 65K
0 SuppoNoeddl|di spl ay Mode
0 Nor mal Into.déell| @2Ko | &BHK,0l or s
0 Idle modepl| p6s-GMAIDOS)] 08 s
A I nterface

a Ml PI DS

|l-PHYr fMA@28I(:D1. 01. 00, DCS:1.01.
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MI P I | / F Sdigptparht @nex chamel @ wutnéedgribstherof
CMD2n MI PI LP mode, dred ptrioigs amengids tbegr M &1

E Support 1l ane/ 2l ane (1l ane: 500Mbps)

E Maximum tot al bit r-at e dat,ac000dbgnavBiwti t hl
bit dat,a 3f2drMbetsb iwi tdhatla6 f or mat

0 Quaskri al peripher&Pli)nterface (Quad

A Display Feature
0 I'ndividual gammasfcoorr rRRGHB idoont ssett i ng
u Partial display function

A On chip

U DC/ DC converter

0 Supports cowWtSIRoIL[ A0 MgdI12SRIROU:SIW[ R 2,) 1]
to gate dAMOlEEBDainrelt he

0 I nt eOsnaill | ator for display clock generati

0 On module checksum checking

0 Sunlight readable technol ogy

U VREBPVREFVN I tage generator for panel volta

U VGHR/ VGLR voltage for gate control signal

0 Source MW[péu:tl] / MUX[hlI 2@ source output pi:

0O Supports gate control signals to gate dr.i
A Buiilnt OTP function to adjust panel setting

Pr ovMTdP2tmes) t o store GOAat ic@a nPfavd et t i ngs
ot Prvoi de MTP (3 tliDhe s) Dt2q dtb8r,e DDB

A SeiDfi agnostic Function
U ESD detection
O Low Vol tage Detection
A Control powewi It € bptSinteeac@ontrol)
A Supply Voltage Range
O Logic / interface power SBpply voltage VD
CHI PONE Te dBenio)lGaggt. d Pagée Dat asV@ez 0
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i

Anal og

power supply voltage

vCcl = 2.

7TV ~

A Output voltage |l evels
U Positive gate driver AVDbt 49 e srtaempgea .f2or VG
U Negative gate driver VWdA-1594 g es tregpn Pe 2fVor VG
U VREFP panel vol5thavgst e M@ea ¥ EOV.IIBD
0 VREFN panel vedltgestrampiayvyLTVl +10). 3
U Step 1, 2 ooluttegpgue rvange for
AVDD: 4 .Vstepb VEL3V.;55~pVst &p 0.5
U Gamma hight a9ev v@ange for
VGMP: 2. @V st &p 312V D~ 4.H5tVep 12. 5mV
A Package: COF
A Chip size emadwmé@alm(including scribe |ine)
CHI PONE Te dBenio)lGaggt. d Page Dat asV@ez 0
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3.

3.1

VCIC/VCIA/NVCIR
VDDI
VCC

VSSC
VSSA
VSSD
VSSI
HVSSAM

HSSI_CLK_P/N
HSSI_DO_P/N
HSSI_D1_PIN

DSWAP
PSWAP

IM[1:0]
RESX
csX
WRX_SCL
DCX
SDI_RDX
SDO
D[7:0]
TEL

TE

OLED_EN

SWIRE

MTP_PWR

Block diagram

N/d2T1O
N/dTTO

adanv

Device Overview

N/devO
N/dTvO
10N

N/dT€D

TOA
N/dT2O

HOA

=
=<

aand

(SSAT3_1)asdAg
(@an13 nasdng

SN43IN/Sd43HA

d434A

%

HTOA
HHOA

by
822 | |222 || 828 £
e o s 2 g5k g<
Esq Eca Lsa =5
55
0osC 91¢
NVM 3
(OTP) Clock =
Generator
i ) 08 VSR_L[10:1]
CD .
| Register Timing |2 3: \éSR_R[lzq_l]
= i CTRL > Generator " 8 3 W_L[12:1]
e 35 SW_R[12:1]
.y <3
S ]
2s
n3 A  / -
E % = Address - - -
~ D o) Counter
o) 3 P g ®
5 ree | S F Sl 15l | =] |2 @
w < &K — < @) =
) Pata | 5| | SRAM sl lal |9 |8 A
T | O = v g "
- =8 2 = = 9 N
= o = ) =, >
= | > = = < S
Sl © ©
@
q aalantl wil S
n ®
VGMP > = & 28
VGSP— £ 5 s
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CO5300 Block diagram
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4. Pin Description

4.1 Pins for Power Input
Symbol I/O Type Description
-Power gswpPICYDC f pxvie€ use.
Power -l't can be supported by fAexternal PM
VCIC
Supply |-vcl Cc= B.76W.~
-VCI C, VCIA, W&€ItRhes hoaihal i npot syst eam
-Power dgswppmlnl dcgpbPplo@euse.
Power -l't can be supported by fAexternal PM
VCIA
Supply |-vCl A= 2.7V ~ 3.6V.
-VCI C, VCI A, We&€ltRhes hoatha i npot syst eam
-Power duwppfiDI C use.
Power -l't can be supported by fAexternal PM
VCIR
Supply |-vCIR= 2.7V ~ 3.6V.
-VCI C, VCI A, W&€ltRhes hvaha i npot smeVCh
-Power su I to 1/ O.
VDDI Power pply
Supply |-vDDI = 1.65/V ~ 3.3
vee Power -Power subyYDD) rfergul at o
Supply -ln case of COF, connect VCC to VDDI
VSE P&‘G’Sr ~Ground for DC/DCSBORO¥rter
Power -Ground for anaV®JAsF¥.t em
VSSA GND -Iln case of COF, connect VSSA to VSS
HVSSAN Power -Ground for MI PI interface.
GND -l'n case of COF, connect HVSSAM t o sy
vss Power -Ground /fQcre pt MI Pl interface
GND -ln case of COF, connect VSSI to sys
o Power -Ground for intern¥8SDOF@QVtal system
GND -ln case of COF, connect VSSD to sys
-MTP rogrammin 8. W2e5r t [ a in
MTP PWR Power p g g p( $pbpal) p o
- Supply -Must be left op&BSS®ON oonmat¢t edndot i
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4.2 Pins for QSPI Interface
Symbol /0 Type Description
cox Digital Input | -Chi p select input QpPIh I(MEowd enabl
(vDDI-VSSI) | -1 f not wused, p/IDdDase connect to
Digital Input | - SCL: A synchronous clock signal in QSPI I/F.
WRX_SCL
(VDDI - VSSI) | - If not used, please connect to VSSI.
-Di splay data / cdQ@mand/ el ecti on i
o Digital Input D/ CX = 0600 Command
D/CX
(VDDI - VSSI) D/ CX = 010 Di splay data or Paran
-l'f not used, please connect to VSE
-SDI : Seri al SPPdutl /Fi.gddle idmrtiasiins
Digital /0 QsrPp g g
SDI_RDX the SCL signal
(vDDI - VSSI) . .
-l f not used, please open this pin.
-Serial outQ@uRl sli/ghalThien data is ou
. Digital Output fof t he SCL signal. | f thrkei tmpedana
(VDDI - VSSI) during the read interval, the SDI
-l f not used, please open this pin.
570 Digital 1/0 -8bi tdibriecti onal data bus for RGB |
[7:0] (vDDI-VSSI) |-TeRse pins are noMl Bsedpfies sgiPb.pen
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INTEGRATED MEMORY LOGIC

4.3 Pins for MIPI Interface

Symbol /0 Type Description
-DSCLK-/i fferenti al clock signals
-HSSI _CLKarPed Ndi fferenti al signal s.
HS S| CL shortest so that COF and FPC resist
HSSI_CL—K_N MIPTinput -For MIPI | /HSSpl eEaeoPflPl br VSSI wh
standby mode.
-l f not used, pleasdV&AMIect these
-DSI +DPdi fferenti al clock signals
-HSSI _P0&Nre differential signal s. i
HSSI DO shortest so that COF and FPC resist
HSSI_DO_N MIPIIO -For MIPI |/ HASSp| ®atNe -Gp® lor VSSI wh ¢
standby mode.
-1 f not used, pleasdélvEBKMnect these
-DSI1 +Bdi fferential <c¢clock signals
-HSSI _Pl1&re differential signal s. T
HSSI DI MIPI /O shortest so that COF and FPC resist
HSSI_D1_N -For MIPI |/ RASSpl PatNe -GQp® lolr VSSI wh ¢
standby mode.
-l f not used, pleasdélVEBAKnect these
-lnput pin to select HSSI _DO/ D1 dat a
interface only.
0_P O_N| LK_P| LK_N| 1_P 1_N
P S WA P Digital Input 0 0 DO+ Do CLK+| cLK D1+ D1
DSWAP | (VDDI - VSSI)
0 1 D1 + D1- CLK+| cLk DO + DO-
1 0 Do DO+ | CLK | CLK+| D2 D1 +
1 1 D1 D1+ | CLK | cLk Do DO +
-1 f not used, pl ease connect to VSS
*NOTE: fAlo = VDDI Il evel, fi00o = VSSI | evel
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4.4  Pins for Interface Logic Control
Symbol I/O Type Description
Digital Input -This signal will reset the device an
RESX Signal is active | ow.

(VDDI - VSSI) -There is no internal pul l high resis
-lnterf sxed etchkpeon. The connections of
invalid.

Digital Input

Moy | ore P
(vDDI - VSSI) 00 MI P MI P
01 MI P MI P
10 Ml P1UADS@® | Ml PQUA/BS P |
-Boost mode selection pin.
Digital Input 2PWR(VDDI, VCI
BSTM i
(VDDI - VSSI) 0 AVDDBb> internal
VCL-> internal
1 Reserved
TE Digital Output -Tearing effect output pin to synchro
(VDDI-VSSI) | command.
Digital Output -When this pin is not &dowivated, this
TEL (VDDI - VSSI) -l'f not wused, please open this pin.
Digital Output
SWIRE (VDD - VSSI) -Swire protocol setting pin of Power
Digital Output
OLED_EN (VDDI - VSSI) -Power | Cccemtarbdle pin, I f not used, pl
*NOTE: Alo = VDDI l evel, A0O0 = VSSI |l evel
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4.5 Pins for Analog Output of OLED Display Driving
Symbol I/O Type Description
-OL ED xpel electrode driving output
S1-~5240 Analog Output -l f not uskeedetphp$ efalp@atsi ng
-These pins are used dummy for GOA
SDMY[24:1] N.A. -l f not uskeedetph et efals@eatsi ng
SDMY_R[2:1] -These pins are used source dummy.
SDMY_L[1] N.A. -I'f not uskeedetph ps efalpeatsi ng
VSR_L[10:1] Analog Output | -These pins are used OLED panel co
VSR_R[10:1] (VGHR - VGLR) -I'f not uskeedetphp$ efalseatsi ng.
SW_L[12:1] Analog Output | -These pins are used OLED panel co
SW._R[12:1] (VGHR - VGLR) -l f not uskeedetph p$ efalseatsi ng.
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INTEGRATED MEMORY LOGIC

4.6 Pins for DC/DC Convert Pins
Symbol I/O Type Description
-Out put voltapgeci rgaemdera&tped .from V
AVDD CP Output -Connect a capacitor for stabiliza
-Output voltagecifrom st4ep generate
VCL CP Output -Connect a capacitor for stabiliza
-Out put voltage cfiZreamidt ep
VGH CP Output -Connect a capacitor for stabili za
-Outtpuvol t ageupf rcoinr csutietp 3
VGL CP Output -Connect a capacitor for stabiliza
-Capacitor connesta@apncpirecsi towhi lcd
ciip, C| Analog -Connect capacitor as requirement.
Cil2P, CI Output .
pins.
C41P.1NC| Analog -Capacitor connectdiupncpiresitomwht locd
C42P,2 NC/H Output -Connect carpeaqguitroe merst .
-Capacitor connectiupncpiresi towhi locd
C21P,1NCY gﬁ?;)ﬁ -Connect capacitor as requirement.
-Capacitor connectiupncpiresi towhi locd
C31P,1NCH gﬁ?;)ﬁ -Connect capacitor as requirement.
-Out put voltage generated from VGH
VGHR LDO Output -Connect a capacitor for stabiliza
-When not in use, please open this
-Out put gehnergtted from VGL. LDO ou
VGL R LDO Output -Connect a capacitor for stabilizad
-When not in use, please open this
-Out put voltage generated from AV
VGMP LDO Output high voltage generator.
-Out put voltage generated from AVD
V LDO Output voltage generator.
-LD@utput for internal reference
WFE F LDO Output -Connect capacitor for stabilizati
-LD@utput for |l ogic system power.
DVDD LDO Output -Connect a capacitor for stabiliza
-LDO output wused for OLED panel di
VREFPS LDO Output -Connect a capacitor for stabili za
-LDO output used for OLED panel di
VREFNS LDO Output -Connecapacitor for stabilization.
BVP3D L DO Output -Positiv-e output voltage generat-ed
(lELVDD) panel di spl ay. Connect a capacit g
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pl ease open this pin.
-Connect a capacitor for stabili za

-Negative ot gwretnevalttead from VCL. |

BVN3D L DO OutbLL panel display Connect a capacitor
(IlELVSS) utpu open this pin.
-Connect a capacitor for stabiliza
CHI PONE Te dBenio)iCaggt. d Pagk®s Dat asVi@e2 02
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E ﬂ 1h H INTEGRATED MEMORY LOGIC
4.7 Test Pins
Symbol /0 Type Description
Analog -Test mpsh,be |l eft open.
ANALOG_TEST[2:1] Output -ANALOG_TEST1 \-2¥AD
utpu -ANALOG_TEST2 \(-O/LS)S A
Anolog .
PCD_DET -Panel crack detect pin, I f not
- Input
TEST1-~-3 Digital /O |-Test mpsth,be |l eft open.
TESTEN Digital Input | -Test mpishn, be tied |l ow by COF or
EXTCLK Digital Input | .Test mpsh,be |l eft open.
DUMMY_L[10:1]
DUMMY_R[10:1]
DUMMY_C1[8:1]
N.A. -Dummy PWBt be |l eft open.
DUMMY_C2[8:1]
DUMMY_C3[7:1]
DUMMY[7:1]
CHI PONE Te dBenio)iCaggt. d Pag® Dat asVi@e2 02
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5. Function Description

5.1 Interface Selection

INTEGRATED MEMORY LOGIC

ThEO53p0

lpiec Is eil ® cd ehtaenrdnmamr eed choyn n e
pins of

wn in table are bel ow.

—o
-
m
o
™
o+
o<

ARG Display Data| __ Command

00 M1l P MI P
01 MI P MI P
10 MI Pl /-SQUAD MI PQUABPI
CHI PONE Te dBenio)iCaggt. d Pag® Dat asVi@e2 02
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E ﬂ 1h H INTEGRATED MEMORY LOGIC
5.2 QUAD SPI Interface
CO53Wwoul d sQWpADrsPI interface (Refer to the
provi-deselfor writing [/ -wieraei fngr cwmmtainmdg m@inxde
chip selection pndp&CiLy ssl dwiaehi ¥eom high to
to high durindheheowti peocgegsker provides info
while the display module reads the host proce
5.2.1 QUAD SPI command format
The QUAD SPIlI interface contains three opera
Quad SPI These modes structure as bel ow.
RGBWR MODE ]
(4-wire) 32h/12h
{ (2-wire) 72h/52h
RGBWR MODE
(72h/52h/32h/12h)
| Standard SPI }
(1-wire)
A A
Disable QPI (FFh) Disable Dual SPI (FFh)
Enable QP! (38h) Enable Dual SPI (38h)
\ \ i
( Quad SPI | Enable QPI (38h) _ ( Dual SPI
(-wire) ) Enable Dual SPI (SBh)‘ (2-wire)
The QUAD SPI interface instruction code as

Instruction‘ Description ‘

Ox FF Reset dual &sgqgumgtleSBPItoO
0x 3B Enter dual SPI

0x 38 Enter quad SPI

0x 02 Command / pixel write
0x03 Command / pixel read

0x 32 4-wire pixel write (addre]
O0x12 4-wire pixel write (addre
0x72 2wi re pixel write (addre
0x52 2wi re i xteé (address: 12¢(
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5.2.2 Write Cycle and Sequence

The QUAD SPI interface write command sequences are described in the following
figure as below.

QSPI write protocol contain as below

Instruction[7:0] = 02h Command write
AD[ 23:0] = {86h00, CMDfivériDcommard addess }
PAM[7:0] Driver IC parameters

QSPIlwilre write

csx |
0 1 2 3 4 5 6 7_8 31 32 39
Host to DDI SCLK _ -
\
SI00 ( Instructiof 7:0] = 02h X AD[23.0] X PAMI[7:0] ) \
_______________________________________ //
/
CsX [
\ 40 47 48 55 56 63
Host to DDI SCLK ~
Slel ( PAM2[7:0] X PAM3[7:0] X PAMA[7:0] )

QSPIlwi2re write

— Instruction ! ADDR[23:0] I Bytet | Byte2 [
CSX K K 2

D ZA\Y

0O 1 2 3,4 5 6 7 8 9 10 11 12 13 14 15
SCLK
Host to DDI

SN € €5 €0 €5 € € @3 5 €5 €5 ) @5 &5 @3 @3 €3 €3 ©3 € €3 € © €

I I I I
si1

QSPIlwidr e write

~cex — S o)rll( ADDR[23.0] ):( Byte1>:( Byte2>:( Byte3>:< Byte4>:

O 1,2 3 4 S5 67,8 9,10 11,12 13, 14 15

SCLK

Slfely (isa Xoso K o X o XapeXapoX o X o X o4 X 0o X 04 X o X 04 X 0o X 02 X 0o )
I I I I I I
Si1 Ciss Xos1 X o X o XapsXaoiX o X o X os X o1 X 05X o1 X os X o1 X os X 01)

SI2 (se Xs2 X o X o XapsXaoeX o X o X o6 X 02 X o6 X 02 X b6 X 02 X 06 X 02
I I I I I I
_ SI3 Lis7 Xos2 Ko X o XaprXaosX o X o o7 X o2 X o7 X o2 X o7 X 02 X 07 X 03 )

Host to DDI <

CHI PONE Te dBenio)iCaggt. d Pag2l Dat asVi@e2 02
www. c hi .p@om e



CHIP@NE & i
way
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GRAY 2

The QUAD SPI interf ace dsautpap ofrotrsmadtisf fweirtehn ts idx sc
RGB8 8 8, RGB66 6, RGB565, RGB332, RGB111,
1-wi r e
CSX
0 7 8 31 32
Host to DDI SCLK _ -
SI00
csx [
\
Hosttoopl 4 selk S LML L L L L L L L L L L
SI00 (Cor Xos X a5 X o4 X o3 X o2 X_o1 X_co XTBr XTe X85 X e X(83 X2 X8 X80 X_rr X Re X_rs X ra X ra X_r2 X "t X_R0)
1st G data 1st B data 2nd R data
2-Wil r e
CSX
0 1 2 3 4 5 6 7 8 31 32 33
SCLK _
Host to DDI
sio0 ¢ 7oh X E )
si1 D EE D)
CsX
sk Ly e L L
s (EEEE E X e e X e X EE X T @ E X e o @)
si1 EEEE X E EEEE Y EEE T
CSX
0 7 8 18 19
SCLK
Host to DDI
sioo 52h D € €3 @ 5 € £ ) @ &3 @ @ €5 €D & &5
si1 3 € @ @ 0 €5 € € @D €5 € @ € € & &
CSX
SCLK e e e e e
SRS € €3 € €3 07 17 47 €5 0 € €5 € € € €3 0D D €5 5 €D & &5 &,
si1 D € € 0 05 05 00 €0 €5 €D €9 €0 €3 € €3 0 05 0D 0 €D €3 6D &
4-wi r e
(— CSX
0 1 2 3 4 5 6 7 8 31 32 33
SCLK _
SI00 ( 37h X X
Host to DDK
s X @EEE )
si2 6 € 6 6 6 & &
_ si3 EE @@ E ™
1st R 1st G 1st B 2nd R
data data data data
(— Ccsx
0 7 8 13 14
SCLK
J o ( oh 0 ) 5 @D @ €D €D € €D ) ) & &5
Host to DDI
si1 0 5 ) @ @ €3 €D € €D 0 6 € &
si2 0 5 5 @ @ €D € €D € 0D 0 €D €
L s D @ 0 5 @ @ €D € €D € 0 0 €D €

IstR istG istB 2nd R
data data data data
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RGB666

1-wi r e
CsX
0 7 8 31 32
Host to DDI SCLK _ -
SI00 ¢
CsXx
H \
ost to DDI SCLK ~
SI00 (Ces Xea XCea Xez X er Xeo X o X o XTesXTeaXTea XTea XTeXTeo X o X_o XTrs X ra Xra X r2 X R XTro X o X o)
1st G data 1st B data 2nd R data
2-wi r e
(~ csx |
0 1 2 3 4 3 6 7 8 31 32 33
SCLK | LI L L ] LI o ] L1 | LM
Host toDDI <
SI00 { 72h X 0x002C00 / 0x003C00 (R )Xo X (e (s (o)
L_ sit (REX R XRX o A XaXeiX o)
1stR data 1st G data
(" csx
SI00
\_ snh
1stB dafa 2nd R data 2nd G data 2nd B dafa 3rd R dafa 3rd G data
CsX
o 7 ] 18 12
SCLK I I I I I I I I | I I I
Host to DDI
SI00 ( 520
sl
¢ 1s 3
CsX
selk LU e L L e
SI00
s
1stG dafa 1stB data 2nd Rdam 2nd G data 2nd B data 3rd R data
4-wi r e
(— Ccsx
0 1 2 3 4 5 6 7 8 31 32 33
SCLK
SI00
Host to DDK
Si1 {CRa X0 XCes X o XTBEX o XTReX o)
si2 {CRa X(Cro X o4 X oo XTBAXTBIX Re X R9)
_ si3 (Crs XCra Xes X o XTes XTot X =s X r1)
IstR 1stG 1stB 2nd R
data data data data
(— csx
0 7 8 13 14
SCLK
b SI00 ( 12h (o X o Xapa)XaooX o X o XTra X o X o2 X_ o XTE2X o Xr2 X o)
Host to DDI
Si1 (o X o Xaos Xaot X0 X o XTra X o Xca X o XTEaX o Xra X o)
si2 (o X o Xavo X amz X o X o XTra XTro X4 X co XTea XTe0 X ra X o)
_ si3 (o X o XaorXans X o X o XTrs XTra X es X o1 XTes XTerX ks X i)
IstR istG istB 2nd R
data data data data
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1-wi r e
csx — ]
0 7 8 31 32
Host to DDI SCLK __ _
~
\
Sl ( 0zh 0x002C00/ 0x003C00 {(Ra X(R8 X(R2 X R X Ro X &5 X 64 X ¢3) \
1st R data 1st G data /
e e e e e e e  — — — — — —— — — — — — — — — — — — — — — — — — — — — __//
-
/
CSX I
\
Host to DDI SCLK A I A I I 6 I
SI00 K Ra X Re X Ra X R X Ro X es X ca X ca X_c2 X o1 X co )
1st G data 1st B data 2nd R data 2nd G data 2nd B data
2-Wi r e
(~ CSx L
1] 1 2 3 4 5 [ 7 g 31 3 33
SCLK oy eIy rrwrowroroe
Host DDl <
SI00 { /ih X 000 2C00 Ok 00 3C00 0 D D
L_ s LI 0 3
1=t B 1=G 1B
data datz data
(— CSx
SCLK pEpEpEpEpEpEpEppipEpEpEnEpEpEpEpEpEpEpEpEpEEEn
-
SI00 T Y ) D (BN o= e W e ) (R TR = W W e )
. sH (TR e W ) ) (e TR e W ea o) e e TR e sz Y )
¢ Ind B Ind G IndB 3rdR 3rd G 3rd B 4t B 4th G 4th B 3
datz dag dag datz data data data dag dag
CSX
m — T
sk L L L Lo LI LM [T LML
Hest to DD
SI00
Si1
CSK
SCLK
5100 ) T R R A R ) D
Si1
1= G 1=t B 2ndR 2nd G 2nd B 3rdR 3rdG 3rdB
dag datz data dag data dag data data
4-wi r
31 32 33
SI00 ( 32h X 0x002C007 0x003C00

Host to DD

G EVED, T € D,

6 D 1 6 CED

e
csx
0 1 2 3 4 5 6 7 8
SCLK L

(CRaXCRo X c2 XTB3IXRa )X(Ro X G2 )
1st Pixel 2nd Pixel

CsX
o 7 8 13 14
S LS I e e I
sioo ( 12h (o X0 Xaoa)X(aoX 0 X o XTRX G3)
Host to DDI

si1 (Lo X0 Xaos)X(aoiX 0 X o XTRz X e X co XTBEX(Ra X c4 X o)

Sz (Lo X0 XlaosX(a0zX 0 X o XTRa X es X c1 XTI (R X o5 X 61)

Si3 (Lo X0 XworX(aoaX o X o XTraX(Ro X c2 XTI Ra X RO X G2)

1st Pixel 2nd PixelH
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1-wi r e
CSX
0 7 8 31 32
Host to DDI SCLK _ -
N\
SI00 ( 0zh 0x002C00/ 0x003C00 (Cra X(Cre X(Ro X2 X1 X0 XTeLXTE0) \
1st Pixel
/
—— - Y Y Y Y Y Y (Y (Y Y e Y Y Y = —~
/
CsX [
\
Host to DDI SCLK ~
SI00
2nd Pixel 3rd Pixel 4th Pixel
2-wi r e
CSX \
0 1 2 3 4 5 6 7 8 31 32 33
SCLK T I
Host to DDI
Sioo 72h 0x002C00/ 0x003C00 (CRa X ez X o @B Ra X c2 X 0 (83D
sii (CRa X CRo ) o1 )8R Re )Y((Ro X c1 )(BED)
1st Pixel 2nd Pixel
data data
CSX
0 7 8 18 19
SCLK
Host to DDI
el 52h X0 X0 X0 X0 Xaos(ane ) a0z X(a0o X 0 X0 X "o X o }TRaX ez X co XFEOIN(RLX ez X co O
Si1 (o X0 Yo X o Xaor(aps ) ava X(ao1 X 0 )Xo X "o X o X(Re XTRoX c1 XEBE((Rz )(Ro X o1 YLD
st Pixel 2ndPixel
data data
4-wi r e
( Csx
0 1 2 3 4 5 6 7 8 31 32 33
SCLK
SI00
Host to DDK
si1 (Cro XL X ro X8 X R0 X821 X Ro X(B1)
si2
L si3
1st 2nd 3rd 4th
Pixel Pixel data Pixel
(— csx
0 7 8 13 14
SCLK
2 SI00 ( 12h (o X o XamaXaoX 0 X o X c2 XTBOX c2 XTBo X c2 XTeo X c2 XTe0)
Host to DDI
Si1 (o X o XamsXaoaX_ o X o XTro XTea X ro XTe X" ro XTe1 X o X(61)
si2 (o X o XameXaoz X0 X o XTra X o XTRa X co Xre X co X(ra X co)
_ Si3 (o X o XaorXaos X0 X o XTra X er XTre X_c1 X R X c1 X(r2 X 1)

¢ 1st 2nd 3rd 4th
Pixel Pixel data Pixel
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RGB11i1
ORGBORGB
csx T |
0 7 8 31 32
Host to DDI SCLK _ I
N\
SI00 ( 0zh 0x002C007 0x003C00 (o Xro X co XTBaX o X(ro X_co XTE9) \
1st Pixel 2nd Pixel Y
_______________________________________ -
/7
csx [

Host to DDI SCLK \\
Silel) (Co XTro X co XTeoX o Xro X co YT X o XTro X co XTe0X o Xro X co XTeoX_ o XTro X_co XTE0X o X ro X co XTe0)

3rd Pixel 4th Pixel 3
CsX
0 7 8 31 32
Host to DDI SCLK _
SI00 ( 02h
(o X oo X0 X eo X0 Xco X o X c0)
¢ 1st 2nd 3rd 4th
Pixel Pixel Pixel Pixel
CsX
0 7 8 31 32
Host to DDI SCLK _ -
N\
SI00 ( 0zZh X y o X(ro) \
/
—_— e ———_—— . L e e e e e e e = -
7/
CsX [

Host to DDI SCLK \\
SI100 (Co X0 XTro X co T8 Tro X co XTEOX_ o X o X(ro X co XT8oXro X co XTI o X o XTRo X o XTe0Xro X co XT60)

3rd Pixel 4th Pixel
csx |
Host to DDI SCLK _
SI00 ( 02h
(o XCro XTEaX co X_o X“ro XTEaX o)
1st 2nd 3rd 4th
Pixel” ™ Pixel Pixel” ™ Pixel
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1-wir e
CSX
0 7 8 31 32
Host to DDI SCLK _ -
SI00
CsX
\
Host to DDI SCLK ~
SI00
3rd Pixel 4th Pixel 2nd Pixel
4-wi r e

Host to DDK
si1
si2
_ si3
1st 2nd 3rd 4th
Pixel Pixel Pixel Pixel
(— csx
0 7 8 13 14
SCLK
SI00 ( 12h (o X o XapaX(anoX o X o XTea X co X ca X co X e4 X co X ca X co)
Host to DDI <
si1 (o X o Xans X(am X o X o XTes Xox X o5 X ea X es X o1 X(es X 1)
si2 (o X o Xaos X(ao2 X o X o XTes X ez X co X c2 X e X 2 X (o X c2)
_ SI3 (o X o XaorXansX o X o XTez Xea X o7 X e3 X e7 X 3 X ez X c2)
¢ 1st 2nd 3rd 4th 5
Pixel Pixel Pixel Pixel
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5.2.3 Read Cycle and Sequence

The QUAD SPI interface read mode are described in the following figure as below.

|l nstruction[7:0] = O0O8bmmand read
AD[ 23: @p0s LMUMDH O], DF i ver 1 C command addre
Dout ][ 7: 0] Driver 1 C output to hos
osx T
0 1 2 3 4 5 6 7 8 31 32
HottoDDl < sctk [ LT L LT LT L LT L L L L L L LT L L L L
{ SI00 Instruction[7:0] = 03h AD[23:.0] Hi-Z
DDI to Host 00 Hi-Z: Dout1[7:0] Dout2[7:0]
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5.2.4 QUAD SPI Function

lwormhmode change

The QUAD SPI interface utilizes CSX, SCL, SIOO0, SI1, SI2 and SI3 signals. SCL is driven
from high to low then pulled back to high during the write cycle. The host processor provides
information during the write cycle while the display module reads the host processor
information on the rising edge of SCL.

The QUAD SPlinterfaceSend i nstruction in current

csx_|0 [

1 2 3 4 5 6 7

Host to DDI SCLK ||||||||||||||||
SI00

CSX | [
0 1 2 3
SCLK LT LI L1
Host to DDI
SI00
si1
(— CSsX | |
0 1
SCLK L]
SI00 IS0
Host to DDI <
sl 1S1
SI2 1S2
\_ SI3 IS7X1S3
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2. Reset Functi on

If the host is operating in 1-wire SPI protocol and the driver IC is operating in 2-wire or
4-wire SPI protocol, then the DDIC interface is reset to 1-wire SPI.

Host to DDI <

( csx ] [

0 1 2 3 4 5 6 7

seek U UUUL
sio0 COCOCOEOEEE D

Host to DDI <

_ SI1 CX X XA X X X X X X X X x X x)

( csx | [

0 1 2 3 4 5 6 7

scek [T
sio0 XX XD
Si1 CX XX XXX XX X X X X x X x)
SI2 CxX X X XX X X X x X x X x X x)

__ SI3 CX X XX X X X X X X x X x X x)
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5.3 Tearing Effect Output

The tearing effect output line supplies to the HOST a panel synchronization signal. This
signal can be enabled or disabled by the Tearing Effect Line off and on commands. The
mode of the tearing effect signal is defined by the parameter of the set_tear_on (35h) and
set_tear_scanline(44h) commands. The signal can be used by the HOST to synchronize
internal VSYNC when displaying video images.

5.3.1 Tearing Effect Line Mode

Mode 1,
The tearing effect osymomtdB¥Naghkahoges onadii otn oMl VY :

| tvdl | tvdh |
— 1
thdl thdh
tvdh = The LCD display is not wupdated from th
t vdl = The LCD display is updated from the fr
Mode 2,
The tearing effect output signal consistof V-Bl an ki n@®| am#é&ihgh are incl

V-sync and H-sync information:

| el (.
.<—>! <—>| - <—>|
Invisible 1st nth
Line Line Line
thdh = The display is not wupdated from the fr
thdl = The display is updated from the frame
n = Vertical scanning resolution

Mode 3,

This mode turn on the tearing effect output signal when vertical scanning reaches line N.
In below figure, it shows that TE only output one line period pulse that can be selected from
2nd line to 1280th line by register 44h.

I

WJ‘_EW

N = The N-th scanning line which set by register N[15:0] of command STESL(44h).
n = Vertical scanning resolution
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Bottom Line I |

1% Line l_l

2" Line m

TE(mode2) [ | S T I B | B | )

TE(modeny | = |

Note. During Sleep In mode, the tearing effect output signal is active low.
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5.3.2 Tearing Effect Line Timing

The tearing effect

vdl

t
<
e BN
Horizontal Timing / \ / \

thai

AC characteristics of
Not es:
The signal dés rise and
Tr Tf
{ _"| OB=1OWCC

08*10VCC

02*10VCC N\ ozFlovCe

The Tearing Effect Output
avoid tearing effect:
The betlesscd sTot Posi b \Remi

signal

i s

tudn

N\

_ than

fall

Tearing

[

Lin

ster

described as bel o
Effect Signal ( F

mesr (tésstrhamar 5

e is fed back to

35h and 44h.

0 0 TE higphorianh Mreagli wehi ng of VBP 3
1

1 0 TE high -gpaor ¢anlcll udi ng of HvwpBoP
including ofr éddlddiPd and THF Mhode Z

0 uo TE highhalti Ne for TE mode 3

1 0o TE high -paor cdnlcll udi ng of YoBoPr
including of HBP and HFP regi
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5.4 Display Serial Interface (DSI) MIPI Interface

5.4 1 Interface Level Communication

5411Gener al
The display module uses data and clock lane differential pairs for DSI (DSI-1M). Both
differential lane pairs can be driven to Low Power (LP) or High Speed (HS) mode.
Low Power mode means that each line of the differential pair is used in the single ended mode,
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 ended mode.
Different modes and protocols are used in each mode when transferring 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.

The State Codes of the High Speed (HS) and Low Power (LP) lane pair define

Lane Pair State Code Line DC Voltage Levels | High Speed (HS) Low Power
DATA P DATA_N Burst Mode Control Mode | Escape Mode
HS-0 Low (HS) | High (HS) Differential - 0 Notel Notel
HS-1 High (HS) | Low (HS) Differential 1 1 Notel Notel
LP-00 Low (LP) | Low (LP) Not Defined Bridge Space
LP-01 Low (LP) High (LP) Not Defined HS-Request Mark-0
LP-10 High (LP) | Low (LP) Not Defined LP-Request Mark-1
LP-11 High (LP) | High (LP) Not Defined Stop Note 2

Note 1: Low-Power Receivers (LP-Rx) of the lane pair will check the LP-00 state code when the Lane Pair is in the High
Speed (HS) mode.

Note 2 : If Low-Power Receivers (LP-Rx) of the lane pair recognizes the LP-11 state code, then the lane pair will
return to LP-11 of the Control Mode.

Note 3: n =0, and 1(D1P/N, and D2 P/N lanes only for HS-0 and HS-1).
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CLKP/N lanes can be driven into three different power modes: Low Power Mode (LPM),
Ultra-Low Power Mode (ULPM) and High Speed Clock Mode (HSCM). Clock lane is in the single
ended mode (LP = Low Power) when entering or leaving Low Power Mode (LPM) or Ultra-Low
Power Mode (ULPM). Clock lane is in the single ended mode (LP = Low Power) when entering
in or leaving High Speed Clock Mode (HSCM). These entering and leaving protocols use Clock
lane in the single ended mode to generate an entering or leaving sequence. The principal flow
chart of the different Clock lane power modes is illustrated below.

SW Reset
HW Reset
Power on Sequence

Clock Lane Power Modes
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5413Low Power Mode (LPM)
CLKP/N lanes can be driven to the Low Power Mode (LPM), when CLKP/N lanes enter LP-
11 State Code, in three different ways:

1) After SW Reset, HW Reset or Power On Sequence => LP-11.

2) After CLKP/N lanes leave Ultra-Low Power Mode (ULPM, LP-00 State Code) => LP-
10 => LP-11 (LPM). This sequence is illustrated below.

ULPM LPM
LP- 00 LP- 11
ST R |
’ || )7
’f ||
CLKP [/ ;s L /
W )
CLKN 77 //
LP- 00 LP- 10 LP-11 CLKP  ====--
Time CLKN

From ULPM to LPM

3) After CLKP/N lanes leave High Speed Clock Mode (HSCM, HS-0 or HS-1 State
Code) => HS-0=> LP-11 (LPM). This sequence is illustrated below.

LPM
HSCM Termination LP-11
Resistoris [
disable SN p—
CLKP I
[ |
CLKN \ M )
\_____‘-':.‘___)’
HS- 0 or HS- 0 LP- 11 CLKP =====-
Hs- 1
Time CLKN

From High Speed Clock Mode (HSCM) to LPM
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The changes of all the three modes are illustrated in the flow chart below.

SW Reset
HW Reset
Power on Sequence

Mode change ——»>

All Three Mode Changes to LPM
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5414U1l t-caw Powe r( UMoPdw)
CLKP/N lanes can be driven to the Ultra- Low Power Mode (ULPM), when CLKP/N lanes
enter LP-11 State Code, in three different ways:

1) After SW Reset, HW Reset or Power On Sequence => LP-11.

2) After CLKP/N lanes leave Low Power Mode (LPM, LP-11 State Code) => LP-10 => LP-
00 (ULPM). This sequence is illustrated below.

LPM ULPM
LP- 11 LP- 00
| SR
|
——————————————————— III == -y
| R
I [ A
CLKP L N
.‘.-. 'Iﬁ' :| :I \\ I;- :
CLKN S T -
LP- 11 LP- 10 LP- 00 CLKP ===m o
Time CLKN
From LPM to ULPM
The mode change is also illustrated below.
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SW Reset
HW Reset
Power on Sequence

Mode change ——P»>

SR W

Mode Change from LPM to ULPM
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5415Hi gépeed Clock Mode (HSCM)

CLKP/N lanes can be driven to the High Speed Clock Mode (HSCM) when CLK lanes start
to function 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.

LPM
LPr 11
{—I—\ Termination HSCM
e [ Resistor is enable HS- 0
\ \ HS- 1
K \
K | —
\
A}
Y ‘. | _J".“ .r____“" 5:""
\ LA || ’ |
\ | I | | / |}
CLKP Y I . X\ L
v | [ . / N
! I Il Mlm ===t —_—)
CLKN i B e B N
LP-11 LP-01 LP- 00 HS-0 HS- 0/1
Time

From LPM to HSCM

The mode change is also illustrated below.
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SW Reset
HW Reset
Power on Sequence

Mode change ——P»>

Mode Change from LPM to HSCM
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The high speed clock (CLKP/N) starts before high speed data is sent via data lanes. The
high speed clock continues clocking after the high speed data sending is stopped.

End state is

The burst of the high speed clock consists of
- Even number of transitions.
Start state is HS- 0.

HS- 0.

o Terminaton fmnaten Y
LP-11 Resistor is enable HSCM esistorisdisable  LP- 11
—— ‘
......... . B —— \/
\ \ 3
\ \ Y By p— ot
\ [ A
v [ . At CLKP -~~~
CLKN \ . : CLKN -
v N A PSS J e N
LP- 11 LP- 01 LP- 00 HS-0 HS-0 LP-11
_________________________________ N e e o
DnP H ' Dnp  ------
1 1
DnN I ] DnN
| |
LP-11 i ! LP- 11 n=0,1,2 and3
| 1
Tirn,e/
Preparationfrom Low PowAe to High Speed M%\DT-S!&I of the Transmission) HSDT
Tex THS-PREPARE
-—2 = = - e .
wr XXX XA Yy
CLKN | — -y | p—— e A - N - N M
DnP ---p---mm
DnN

—== ——— -
\ , \ ‘ \ ’
— [ [ —]

akp  ------
CLKN
— ST T \ ST DnP  mmmm-es
\ o o 0 ) 1 1 4 0 X 1
1 \ ——e)) mmm e m—am N DnN
- - Rx Synchronized
LP- 11 LP- 01 LP- 00 x Synchronizel n=0,1,2 and 3
THE-SETTLE Tx Synchronized
Low Power Mode Disable Rx Line Termigation High Speed Mode, Enable Rx Line Termination
HB“S!/WAT?HHH@IW\

Teot LP-11
CLKP “‘\,\'""\ “'X“"\ _\,'“'\/ ST ST Clkp -mmm--
CLKN 2L VAN N _/_ AN AN AN CLKN —_—
DnP  ====---
Note OnN
—_—
DnP . . ,": """""""""""""""""""
DnN R )

The lastload bit

High Speed Mode, Enable Rx Line Termination

n=0,1,2and3
THe-skip

THe-TRAIL

THE-EXIT
HS-0, or HS-1

Note:

If the last load bit is HS- 0, the ransmitter changes from HS- 0 1o HS- 1.
Ifthe last load bit is HS- 1, the transmitter changes from HS- I to HS- 0
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www. c hi .p@om e

Low Power Mode, Disable Rx Line Tg

rmination

High Speed Clock Burs

Pag#

Dat asV@e2 0



CHIPGNE &5}
£ 01 4t %5 ZﬂL

5.4 2 Interface Level Communication - DSI Data Lane

5421Gener al
DOP/ N, R/InM Ddta | anes can be driven into dif
- Escape Mode ( Only DOP/N data lane is used).
- High- Speed Data Transmission (all data lanes are used).
- Bus Turnaround Request (Only DOP/N data lane are used).

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

Modes and entering code define

Mode Entering Mode Sequence Leaving Mode
Sequence
LP- 00A LP-10A LP-
Escape Mode LP- 11A LP-10A LP-00A LP-01A LP-00 11 ( Mark-1)
High- Speed Data Transmission | LP- 11A LP- 01 A LP-00 A HS-0 (HS- OLCI’;HS' DA
Bus Turnaround Request LP- 11A LP-10A LP-00A LP- 10A LP-00 Hi- Z
CHI PONE Te dBienio)iCaggt. d Pag43 Dat asVeez 02

www. c hi .p@om e



CHIPGNE &5
£ 01 4t %5 ﬂlL

5422Escape Modes
DOP/ N data | anes dahf eeenseBscape Modes wher
Power (LP) nmosde.peThvwosdees are used to:
- Send {#obwwr Data Transmissiono (LPDT) from
- Drive data FHeome sPotwerfi Blttartae 0 ( ULPS) .
- Indicatei Remot e Application Reseto (RAR), whicl
- I ndicate AAcknowledgeo ( ACK) ,-errarleventtiromitle u s ¢
display module to the MCU.

The basic sequence of the Escape Mode is as follows:

- Start: LP-11.

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

- Escape Command (EC), which is coded, when one of the data lanes changes from low-
to-high-to-low then this changed data lane presents the value of the current data bit
(DOP = 1, DON= 0). When DSI-DO changes from low-to-high-to-low, the receiver will
latch a data bit, which value is logical 0. The receiver will use this low-to-high-to-low
transition as its internal clock.

- Aload if it is needed.

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

- End: LP-11.

This basic construction is illustrated below.

Escape Load If
Escape Mode Entry ( EME) Command Needed

W

DOP \ /
)

DON [ ]

b | DON

LP-11 LP- 10 LP- 00 LP-01 LP- 00 LP- 00 LP- 10 LP-11

Time

General Escape Mode Sequence
A total of eight Escape Commands (EC) are divided into two types: Mode and Trigger, as
shown in below Table.

An example of the Mode type Escape Commandis AUI-t ov@a Power Mode |,
MCU instructs the display module to enter its Ultra-Low Power Mode.
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Escape commands are defined in the following table.

Escape commands define

Entry command
Command Type Pattern
Escape Command Mode / Trigger (First BitA Last Bit bn DO
Transmitted)
Low- Power Data Transmission Mode 1110 0001 bin
Ultra- Low Power Mode Mode 0001 1110 bin X X
Underfined- 1, Notel Mode 1001 1111 bin
Underfined- 2, Notel Mode 1101 1110 bin
Remote Application Reset Trigger 0110 0010 bin X
Acknowledge Trigger 0010 0001 bin X
UnKnow- 5, Notel Trigger 1010 0000 bin
Note 1: This Escape command support is not implemented on the display module.
Note 2: n=1.
Note 3: x= supported.
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5423Lowower Data Transmission (LPDT)
The MCU can send data to the display module in the Low-Power Data Transmission (LPDT)
mode when data lanes enter the Escape Mode and Low-Power Data Transmission (LPDT)
command is sent to the display module.

The display module also uses the same sequence when it sends data to the MCU. The Low
Power Data Transmission (LPDT) uses the 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 the Escape Mode: 1110 0001 (first
to last bit).

Load (Data).

One or more bytes (one byte = 8 bit).

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

Mark-1: LP-00 => LP-10 => LP-11.

End: LP-11.

This sequence is illustrated for reference purposes below.

Escape Mode Entry { EME)

1 prics
I \
-----------------------
...............................
Lp-11 LP-10 | | LP-00 LP-01 _ _LP-00 LP-00  _LP-10  LP-11
Escape Mode Low Power Data Transmission (LPDT)
Entry ( EME) | Lcad(lData) Mark- 1
r T r 1
por [T Ha @ e M M M ' haa i "
Do > H [\ [\ [ [\ P [
) € Td Lo / [ [ \ PN H
DON Do " A [\ [ Y B [ T A T A DOP - mme-
T L T e A Y A W A
RN A e R L N A O Y L D U -
i Lo Lo v \ | | | \ Vo v
e~ Lo S SRR SN S S Lo I P
P11 1 1 1 0 [ 0 0 1 1 Nete Lp-11
Time

Low- Power Data Transmission (LPDT)

Note: Load (Data) presents that the first bit is the logical 1 in this example.

Load (Data)
Load Load
Byten Pause Byte n+1

DON

Pause (Example)
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5424U1 ttbcaw Power State (ULPS)
The MCU can force data lanes get into the Ultra-Low Power State (ULPS) mode when data

lanes enter the Escape Mode. The Ultra-Low Power State (ULPS) uses the following sequence:
- Start: LP-11.

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

- Ultra-Low Power State (ULPS) command in the Escape Mode: 0001 1110 (first to last
bit).

- Ultra-Low Power State (ULPS) when the MCU keeps data lanes low.

- Mark-1: LP-00 => LP-10 => LP-11.

- End: LP-11 (Next command must wait 100us after data lanes leave ULPS).

This sequence is illustrated for reference purposes below.

Escape Mode Entry ( EME)

.......

LP- 11 P-10 | _LP-00 LP-01 | LP-00 LP-00 _LP-10  LP-11

Escape Mode Ultra- Low Power Status (ULPS) Ultra-Low i
Entry ( EME) L Power State ~ ~— pjark- 1

LP-11 0 0 0 1 1 1 1 0 LP-11

Ultra- Low Power State (ULPS)
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5.4.

25Remot e Application Reset (RAR)

The MCU can inform the display module that it should be reset in Remote Application Reset
(RAR) trigger when data lanes enter the Escape Mode. The Remote Application Reset (RAR)

uses

the 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).
Mark-1: LP-00 => LP-10 => LP-11.
End: LP-11.

This sequence is illustrated for reference purposes below.

Escape Mode Entry ( EME)

| NFrk-l
i |
"""T _______ \ ‘
\ \
\ \
LP-11 P-10 | | LP-00 _  LP-01 | LP-00 LP-00 , _LP-10 LP-11
Escape Mode Remote Application Reset (RAR) Mark- 1
E:ﬂry} EMTE) I fJ_\
pop [ ° :’"-‘ """
DON ,’ "\‘
," ". DOP -------
[~ : DON
LP- 11 LP-11
0 1 1 0 o 0 1 0 .
Time
Remote Application Reset (RAR)
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5426Acknowl edge ( ACK)
The display module can inform the MCU an error is not recognized by Acknowledge (ACK).
The display module sends the Acknowledge (ACK) with the following sequence:
- Start: LP-11.
- Escape Mode Entry (EME): LP-11 => LP-10 => LP-00 => LP-01 => LP-00.
- Acknowledge (ACK) command in the Escape Mode: 0010 0001 (first to last bit).
- Mark-1: LP-00 => LP-10 => LP-11.
- End: LP-11.

This sequence is illustrated for reference purposes below.

Escape Mode Entry ( EME)

| f NFrk-l
_"“"K ——————— o e
\ \
\ \
LP-11 | P-10 | | P-00  LP-01 | _LP-00 LP-00 , _LP-10 LP-11
Escape Mode Acknowledge (ACK) Mark- 1
E:ﬂryi EMTE) I —
P [ mm M [ oy o\ M\ Yy My Ty EEeTT
DON
DOP  -------
DON
LP-11 LP-11
0 0 1 0 0 0 0 1 N
Time
Acknowledge (ACK)
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5427Enteri n-gpdieggh Data Transmission (TSOT of

The display module enters High-Speed Data Transmission (HSDT) when Clock lane
CLKP/N have already entered the High-Speed Clock Mode (HSCM) by the MCU. See more
i nformation i n-SpebdeC| necdkt iMond efiDigteHgES MPPAN. and D1P/N of
the display module enter the High-Speed Data Transmission (TSOT of 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) 1 Ready to receive High-Speed Data Load.

The sequence of entering High-Speed Data Transmission (TSOT of HSDT) is illustrated
below.

Preparationfrom Low Power Mode to High Speed Mode ( Tsor= start of the Transmission) HSDT

Pkt N e W S N A N b e T L W e B W R WP LT L = p-—— - ~== -
; \ \ / \ / v / \ J \ , \ ;
e\ s vA _/ -\ AN AN A _\_/ \
CLKN 1] LS A Ve A— S . — Vo ] CLKP ===
0]} —— CLKN
DnN \
\ \
\ T T T 4 . WA e
\ _ — 4 * ST Dnp mmme
\ \ [ 0 0 0 ] 1 1 1 L 0A 1
‘,_ ________ Y P S S Sy e S — o N\ DnN
LP-11 LP-01 LP- 00 HS-0 Rx Synchronized n=0,1,2 and3
THe-SETTLE Tx Synchronized
Low Power Mode Disable Rx Line Termination High Speed Mode, Enable Rx Line Termination

Entering High- Speed Data Transmission (TSOT of HSDT)
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5428LeavingSpegth Dragdrasmi ssi on (TEOP of HSDT)

The display module leaves the High-Speed Data Transmission (TEOT of HSDT) when
Clock lane DSICLKP/N are in the High-Speed Clock Mode (HSCM) by the MCU, and this HSCM
is kept until data lanes DOP/N and D1P/N are in the LP-11 mode. See more information in the
sect i od4bpeddtCiockMode( HSCM) 0. D[DOHR/Mand HLR/M af the display module
leave the High-Speed Data Transmission (TEOT of HSDT) as follows:

- Start: High-Speed Data Transmission (HSDT).

- Stops High-Speed Data Transmission.

- MCU changes to HS-1, if the last load bit is HS-0.

- MCU changes to HS-O0, if the last load bit is HS-1.

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

The sequence of leaving High-Speed Data Transmission (TEOT of HSDT) is illustrated
below.

High Speed Data

Termination Teor LP- 11
+—
CLKP —U_\<_ _“ _\:\// -\ -\ [ _\ _\' _\ | CLKP -
CLKN |/ P W A _/_ﬂ I s _/ ‘\_| CLKN
' DnP ----
Note DnN
+—
DnP —_———=— | [—— ==, n=0,1,2 and 3
DNN I..<_ A | N — ) R—
THE-skIP
The last load|bit J HETRAIL THE T
HS- 0, or H5- 1
High Speed Mode, Enable Rx Line Termination Low Power Mode/|Disable Rx Line Termination

Note:
Ifthe last load bit is HS- 0, the transmitter changes from HS- 0 to HS- 1.
If the last load bit is HS- 1, the transmitter changes from HS- 1 to HS- 0

Leaving High- Speed Data Transmission (TEOT of HSDT)
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5429Bur st of -$pheedHi @t a Transmission (HSDT)
The burst ®fpeeldde DAHagWMransmi ssiono (HSDT) C
data packet(s). These data packets can be Long (LPa) or Short (SPa) packets. These packets
are defined in the (sSePcat)i oann di Sthoorrg FPaacckkeett ( L Pa
different burst of the High-Speed Data Transmission (HSDT) cases are illustrated for reference
purposes below.

DnP/N
N=0,1,2and3 LP-11

LPa
(Long Packet)

[ sor EOT LP- 11

DnP/N
N=0,1,2 and 3

SPa
(Short Packet)

LP- 11 EOT LP- 11

Single Packet in High- Speed Data Transmissions

The multiple packets in High-Speed Data Transmission are illustrated for reference
purposes below.

DnP/N LPa SPa

- { X X X ) LP-11
N=0,1,2and 3 LP-11 >0T /% (Long Packet) /' (ShortPacket) /' EOT
DnP/N SPa SPa

- ¢ SOT K A EOT LP-11
N=0,1,2and 3 LP- 8 \ /\_(Short Packet) /" (Short Packet) /'

Multiple Packets in High- Speed Data Transmission i Example

Explanations of Packet Abbreviation

Abbreviation Explanation
EOT End of the Transmission
LPa Long Packet
LP-11 Low PowerMo d e , Bot h of Da t(&toplMade)e
SPa Short Packet
SOT Start of the Transmission
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54210Bus Turnaround (BTA)

The MCU or display module, which controls DOP/N Data Lanes, can start a bus turnaround
procedure when it requires information from a receiver, which can be the MCU or display module.
The MCU and display module use the same sequence when this bus turnaround procedure is
used. The sequence, when the MCU wants to do the bus turnaround procedure to the display
module, is described for reference purposes as follows:

- Start (MCU): LP-11.

- Turnaround Request (MCU): LP-11 => LP-10 => LP-00 => LP-10 => LP-00.

- The MCU waits until the display module starts to control DOP/N data lanes and the MCU

stops to control DOP/N data lanes (= High-2).

- The display module changes to the stop mode: LP-00 => LP-10 => LP-11.

The bus turnaround procedure (from the MCU to the display module) is illustrated below.

Bus Turnaround (BTA)
k
[ ]
MCU Controls Data Lanes Display Module Colntrols Data Lanes
| ] [ |

The MCU waits until the Display
Module starts to control data

Turnaround Request (TAR) lanes (it output drivers ) when LP- Requests
MCU can put output drivers in
| the high 7 njode |
[ I | ]
DSI-DO+ - - - m -l A ey v et bt
DSI-DO-
\ ‘ \ 3
\. .I. ‘\- f.

LP-11 LP-10 LP-00 LP-10 LP-00 LP- 00 LP-00 LP- 10 LP-11
T DSI-DO+

DSI-DO-

Bus Turnaround Procedure

MCU and display module terms can be switched on above figure, if the Bus Turnaround
(BTA) is from the display module to the MCU.
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5.4 3 Packet Level Communication

5431Short Packet (SPa) amdrwacngrkRascket (LPa)
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): 6 to 65,541 bytes.

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

Packet Header (PH)

]

Packet Data

)

LP- 11 : Low Power — Stop State
SOT : Start of Transmission

‘ LP- 11 ‘ SOT DI ‘ Data 0 ’ Datal ECC ‘ EOT ‘ LP-11 DI : 8-bit, Data Identification
. Data0/Datal: 8-bit, Packet Data
ECC : 8-bit, Error Correction Code
Time EOT : End of Transmission

Short Packet (SPa) Structure

Packet Header (PH)

)
f \

‘ LP-11 SoT ‘ DI wWcC F ECC ‘ Data0 ‘ Datal LP- 11 : Low Power — Stop State
SOT : Start of Transmission
Time DI : 8-bit, Data Identification

WC: 16-bit, Word Count
ECC: 8-bit, Error Correction Code
Data0....Data(WC-1) : Packet Data (0™ 65535 bytes)

[ Data (WC-2) | Data (WC-1) cs EOT LP- 11 CS: 16-bit, Check Sum = Packet Footer (PF)
~ EOT : End of Transmission

Time

Long Packet (LPa) Structure

Notes 1. Short Packet (SPa) Structure and Long Packet (LPa) Structure present a single packet sending (= Includes LP-11,
SOT and EOT for each packet sending).
Notes 2. The other possibility is that SOT, EOT and LP-11 are not heeded between packets if packets are sent in multiple
packet format, e.g:
-LP-11f SOTf SPaf LPaf SPaf SPaf EOTF LP-11
-LP-11f SOTf SPaf SPaf SPaf EOT I f LP-11
-LP-11 7 SOT 7 LPa 7/ LPa 7 LPa 7 EOT 7/ LP-11
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5432Bit Order of the Byte on Packet
The bit order of the byte, what is used in packets, is that the Least Significant Bit (LSB) of
the byte is sent first, and the Most Significant Bit (MSB) is sent last. The order is illustrated for
reference purposes below.

DI WC - LSB WCi MSB ECC
(Data Identification) (Word Count i LSB) (Word Count i MSB) (Error Correction Code)
806b 29H 86b 01H 86b O0O0OH 86b 06H

i1|jo0j0fj1|j0|1|0|j0O}]J212|0|O|O|O|O]|O|O]JO|O|O|O|O|O|O|O]JO|1|12|0O|0O|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

o|1/2|3]4|5|]6]7)]0]1|2|3|4|5]6|7}]0(1]2|3]4]|5(6|7]10]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

Bit order of the byte on packet

5433Byte Order of the Multiple Byte I nformatic
Byte order of the multiple bytes information, what is used in packets, is that the Least
Significant (LS) Byte of the information is sent first and the Most Significant (MS) Byte is sent
last. For example, Word Count (WC) consists of 2 bytes (= 16 bits); while the LS byte is sent
first and the MS byte is sent last. The order is illustrated for reference purposes below.

WC - LSB WC i MSB

(Word Count i LSB) (Word Count i MSB)

86b O01H 86b O0O0H
1/0j]0|0|]O0O|JOjOjJOJOjJO|jO|jO|O|O|O]|O
B(B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
o(1(2|3|4|5|6|7]J]0|1[2|3[4|5|6]|7
L M| L M
S S|S S
| B BB | B |

Time

Order of the multiple byte information on packets
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5434Packet

Header
The packet header always consists of 4 bytes. The content of these 4 bytes are different for
Short Packet (SPa) and Long Packet (LPa).

Short Packet (SPa) :
- 1st byte: Data Identification (DI) => Identify that this is a Short Packet (SPa).
- 2nd and 3rd bytes: Packet Data (PD), Data 0 and 1.
- 4th byte: Error Correction Code (ECC).

( PH)

DI Data O Data 1 ECC
(Data Identification) (Packet Data) (Packet Data) (Error Correction Code)
86b 15H 86b 3AH 86b O07H 86b 18H
1/o[1|of1|o]ofo]of1]of1]|a|1fo]o]a|1f1]o[o]|o|o|o]o]o|ofa]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
ol1]2|3|]4|5|]6|7]J]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 | BB BB BB | B |
Time
Packet Header (PH) in a Short Packet (SPa)
Long Packet (LPa) :
- 1st byte: Data Identification (DI) => Identify that this is a Long Packet (LPa).
- 2nd and 3rd bytes: Word Count (WC).
- 4th byte: Error Correction Code (ECC).
DI WC - LSB WC i MSB ECC
(Data Identification) (Word Count i LSB) (Word Count i MSB) (Error Correction Code)
86b 29H 86b O01H 86b O0O0H 86b 06H
1/o|lof1|o]1]|0|o]1|o|ojo|O0|o0|O|O0]O|O|O|O|[O|O|O|O]JO|1]|21|0]O|O]|O]O
B|B|B|B|B|B|B|B|B|B|B|B|{B|B|B|B|JB|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B
o|1/2|3]|]4|5[6]7)J0]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 M] L M
S S|S S|S S|S S
| B | BB BB BB | B |
Time

Packet Header (PH) in a Long Packet (LPa)
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5435Da

- Dat

t a

a

|l dent i

Type

fi

cat

i on

6 b

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

it s,

DI

[ 560]

The Data Identification (DI) structure is illustrated, see the figure below.

DI (Data Identification)

VC DT
(Virtual C?hannel (Data Type)
Identifier)
Bit 7 Bit 6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0

Data Identification (DI) Structure

Data Identification (DI) in the Packet Header (PH) is illustrated for reference purposes

below.
DI WC - LSB WCi MSB ECC
(Data Identification) (Word Count i LSB) (Word Count i MSB) (Error Correction Code)
86b 29H 86b O01H 86b O0O0OH 86b O06H
ijo0yj0f12j0|1|/0|j0Oj21|0|0O|0O|O|O]JO|O}JO|JO|O|O|O|O|O|O]JO|1|1|0O|0O|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
ol1]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

Data Identification (DI) on the Packet Header (PH)

Y
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5436Virtual Channel (VvQC)
Virtual Channel (VC) is a part of Data Identification (DI [7:6]) structure, and it is used to
address where a packet is to be sent from the MCU. Bits of the Virtual Channel (VC) are
illustrated for reference purposes below.

DI WC - LSB WCi MSB ECC
(Data Identification) (Word Count i LSB) (Word Count'i MSB) (Error Correction Code)
806b 29H 86b O01H 86b O0O0OH 86b 06H

i1j]0j0j12joj1j0j0oj12j0j0j0o0j0jO0j0O|j0O}JOJO|]O|O|O|O|O|O]JO|1|1|0O|0O|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

ol1]2|3|4|5)]6|7]1]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 | BB BB BB | B |

Time

Virtual Channel (VC) on the Packet Header (PH)

Virtual Channel (VC) can assign 4 different channels for 4 different display modules.
Devices will use the same virtual channel as which the MCU uses to send packets to them, e.g.

- The MCU uses the virtual channel 0 when it sends packets to the CO5300.

- The CO5300 also uses the virtual channel 0 when it sends packets to the MCU.

This functionality is illustrated below.

This Display Module
Long and

Short
Packets

DI[7:6]= VC[1...0]=00b (This display Module)

Reserved
Virtual

Channel
Selector

MCU

Reserved

Reserved

lllustrate of Virtual Channel (VC)

Virtual Channel (VvVC) is always 0 (DI [ 7: 6]
Transmi ssi ont hRa cdkiestpol atyo modul e. See the secti
( E o T Phisdisplay module does not support the virtual channel selector for other devices (1
to 3) when the only possible virtual channel (VC [1:0]) is 00b for the CO5300.
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5437Data Type (DT)
Data Type (DT) is a part of Data | dent.i

fi

the type of the used data in a packet. Bits of the Data Type (DT) are illustrated for reference
purposes below.

DI WC - LSB WCi MSB ECC
(Data Identification) (Word Count i LSB) (Word Count'i MSB) (Error Correction Code)
86b 29H 86b O01H 86b O0O0OH 86b 06H

i1jo0j0j12joj1jo0joj12j0jojojojojojojojojojojojojojojoj1j1jo0jo0jojojo

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

ol1]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 | BB BB BB | B |

Time

Data Type (DT) on the Packet Header (PH)

This Data Type (DT) also defines the used packet is a Short Packet (SPa) or a Long Packet
(LPa). Data Types (DT) are different from the MCU to the display module (or other devices) and
vice versa. These Data Types (DT) are defined in the tables below.

Data Types (DT) define List

From the MCU to the Display Module

Hex

Description

Short / Long Packet

01

Sync Even, V Sync Start

SPa ( Short Packet)

11

Sync Even, V Sync End

SPa ( Short Packet)

21

Sync Even, H Sync Start

SPa ( Short Packet)

31

Sync Even, H Sync End

SPa ( Short Packet)

08

End of Transmission Packet (EOTP) Note1

SPa ( Short Packet)

02

Color Mode Off Command

SPa ( Short Packet)

12

Color Mode On Command

SPa ( Short Packet)

22

Shut Down Peripheral Command

SPa ( Short Packet)

32

Turn On Peripheral Command

SPa ( Short Packet)

03

Generic Short WRITE, no parameters

SPa ( Short Packet)

13

Generic Short WRITE, 1 parameters

SPa ( Short Packet)

23

Generic Short WRITE, 2 parameters

SPa ( Short Packet)

04

Generic Short READ, no parameters

SPa ( Short Packet)

14

Generic Short READ, 1 parameters

SPa ( Short Packet)

24

Generic Short READ, 2 parameters

SPa ( Short Packet)

05

DCS Write, No Parameter

SPa ( Short Packet)

15

DCS Write, 1 Parameter

SPa ( Short Packet)

06

DCS Read, No Parameter

SPa ( Short Packet)

37

Set Maximum Return Packet Size

SPa ( Short Packet)
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From the MCU to the Display Module

09 Null Packet, No Data, Note2 LPa (Long Packet)
19 Blanking Packet, no data LPa (Long Packet)
29 Generic Long Write LPa (Long Packet)
39 DCS Write Long LPa (Long Packet)
1E Packed Pixel Stream, 18-bit RGB, 6-6-6 Format LPa (Long Packet)
oE Ilzg(r)rfgty Packed Pixel Stream, 18-bit RGB, 6-6-6 LPa (Long Packet)
3E Packed Pixel Stream, 24-bit RGB, 8-8-8 Format LPa (Long Packet)
X0 DO NOT USE

XF All unspecified codes are reserved

Note 1: This can be used when the MCU wants to make sure that it is the end of the transmission in High Speed

Data Transferring (HSDT) mode.

Note 2. This can be used when data lanes are to be kept in High Speed Data Transferring (HSDT) Mode.

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

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

From the Display Module to the MCU

Hex

Description

Short / Long Packet

02h

Acknowledge with Error Report

SPa ( Short Packet)

1Ch

DCS Read Long Response

LPa (Long Packet)

21h

DCS Read Short Response, 1 byte returned

SPa ( Short Packet)

22h

DCS Read Short Response, 2 byte returned

SPa ( Short Packet)

1Ah

Generic Read Long Response

LPa (Long Packet)

11h

Generic Read Short Response, 1 byte returned

SPa ( Short Packet)

12h

Generic Read Short Response, 2 byte returned

SPa ( Short Packet)

Note: The data type for Generic write/read: 1Ah, 11h, 12 will be disable (ignored packet) if bit DS 1 G i to A0O
The receiver wil/l ignore other Data Type (DT

(DT) from the MCU tot he Di spl ay Modul (or Ot her Devi cc¢

Display Module (or Other Devices) to the MC U 0 .
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5438Packet Data (PD) in a Short Packet (SPa)
Packet Data (PD) of the Short Packet (SPa) is placed after Data Type (DT) of the Data
Identification (DI) and indicates a Short Packet (SPa) is to be sent. Packet Data (PD) of a Short
Packet (SPa) consists of 2 data bytes: Data 0 and Data 1. The sending order of the Packet Data
(PD) is that Data 0 is sent first and the Data 1 is sent last. Bits of Data 1 are set to O if the
information length is 1 byte. Packet Data (PD) of a Short Packet (SPa), when the length of the

information is 1 or 2 bytes and Virtual Channel (VC) is 0, are illustrated for reference purposes
below.

- Packet Data (PD) information:
Data 0: 26Hex (Display Command Set (DCS) with 1 Parameter => DI ( Data Type
(DT)) = 15Hex).
Data 1: 01Harameier). DCS0os

DI Data O Data 1 ECC
(Data Identification) (Packet Data) (Packet Data) (Error Correction Code)
86b 15H 86b 26H 86b 01H 86b 3EH
i1/]0/1/0|1|0]0O]O]JO]1]1]|0|0O]2]|0O|OJ1|0O|O|O|O|O|O]JO}JO|1]1]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]J0o|1]|2|3|4|5|6|7]0]|1]|2]|3|4]|5]|6]7
L M| L ML M| L M
S S|s S|s S|sS S
| B | B|B B|B B|B | B |
Time
Packet Data (PD) for Short Packet (SPa), 2 Bytes Information
- Packet Data (PD) information:
Data 0: 10Hex (DCS without Parameter => DI ( Data Type (DT)) = 05Hex).
Data 1: 00Hex (Null).
DI Data 0 Data 1 ECC
(Data Identification) (Packet Data) (Packet Data) (Error Correction Code)
86b O5H 86b 10H 86b OOH 86b 2CH
i1/]0/1/0|0|0O]O]O]JO]O]O|O|1]|]0]|O|O]JO|O|O|O|O|JO|O]JO]JOJO]1]1]|0|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 M| L M| L M| L M
S S|s S|s S|s S
| B | B|B B|B B|B | B |
Time
Packet Data (PD) for Short Packet (SPa), 1 Byte Information
CHI PONE Te dBienio)iCaggt. d Pagel Dat asVeez 02

www. c hi .p@om e



CHIPGNE &5}
£ 01 4t %5 :ﬂL

5439Wor d Count (WC) in a Long Packet (LPa)

Word Count (WC) of the Long Packet (LPa) is placed after Data Type (DT) of the Data
Identification (DI) and indicates that a Long Packet (LPa) is to be sent. Word Count (WC)
indicates the amount of data bytes of the Packet Data (PD) that is to be sent after the Packet
Header (PH). The location of the Word Count (WC) in a Long Packet is the same as which of
the Packet Data (PD) in a Short Packet (SPa), as shown in Figure 5.4.9-2. Word Count (WC) of
the Long Packet (LPa) consists of 2 bytes. The sending order of these 2 bytes of the Word Count
(WC) is that the Least Significant (LS) Byte is sent first, and the Most Significant (MS) Byte is
sent last. Word Count (WC) of a Long Packet (LPa) is illustrated for reference purposes below.

DI WC - LSB WCi MSB ECC
(Data Identification) (Word Count i LSB) (Word Count i MSB) (Error Correction Code)
86b 29H 86b O01H 86b O0O0OH 86b O06H
i1/0(0|1|0|1|0}|0O]J2]O|JO|O|O|O|O|O]JO|O]JO]JO]JO|JO|O|O}JO]2]|2])0]0OJ0O]O0O]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
o0|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| L M| L M| L M
S S|S S|S S|S S
| B | BlB BlB BlB | B
Time
Word Count (WC) in a Long Packet (LPa)
Packet Header (PH)
\
[ )
cket Da
1
[ |
LP- 11 : Low Power — Stop State
SOT: S f Transmission
LP-11 soT DI | Data 0 | Datal | ECC EOT LP-11 B e
DataO/Datal: 8-bit, Packet Data
ECC : 8-bit, Error Correction Code
Time EOT : End of Transmission
Packet Header (PH)
1
[ )
LP-11 SOT ‘ DI wcC ECC LP- 11 : Low Power — Stop State
SOT : Start of Transmission
Time DI : 8-bit, Data Identification
WC: 16-bit, Word Count
ECC: 8-bit, Error Correction Code
Data0....Data(WC-1) : Packet Data (0~ 65535 bytes)
| Data0 Datal Data (WC-2) | Data (WC-1) cs EOT LP-11 CS : 16-bit, Check Sum = Packet Footer (PF)
EOT : End of Transmission
Time
Packet Data in Short and Long Packets
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543.10Er r or

Correcti
The Error Correction Code (ECC) is a part of Packet Header (PH) and its purpose is to

on

Code (ECC)

identify an error or errors. The ECC protects the following fields:

(L
[

- Short Packet (SPa): Data Il dentificati on
bytes (16 bits: D [8€é23]) and ECC (8 bits:
- Long Packet (LPa): Data Identificati on ( D1 ) byte (8 bits: D
bytes (16 bits: D [8€é23]) and ECC (8 bits:
for reference purposes below.
DI Data O Data 1 ECC
(Data Identification) (Packet Data) (Packet Data) (Error Correction Code)

86b O05H 86b 10H 86b 0O0H 86b 2CH
1/o|1]0o|o|0|o0|oJo|O|O|O|1|0|0|OJO|O|O|O|O|O|O|OJO|O|1]2|0]|1]0]0O
B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|B|J]B|B|B|B|B|B|B|B|B|(B|B|B|B|B|B|B
ol1]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
D [23:0] and D 7:0] in a Short Packet (SPa)
DI WC - LSB WCi MSB ECC
(Data Identification) (Word Count i LSB) (Word Counti MSB) (Error Correction Code)

86b 29H 86b 01H 86b 0O0H 86b 06H
1/o|oj1|of1]o|o|1]|0o|o|o|0o|O|O|OJO]|O|O|O|O|O|O|OJO|1]|1]0|0]|O]|O]O
B|B|B|B|B|B|B|B|B|B|B|B|B|B|(B|B|JB|B|B|B|B|B|B|B|B|(B|B|B|B|B|B|B
o|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

D [23:0] and D 7:0] in a Long Packet (LPa)

Error Correction Code (ECC) can recognize one or several error(s) and can only correct

one-bit error. Bits (P[ 7¢é 0] )

An present
number of 1) as follows.
P7 =0.
P6 =0.

of
s the

t he

Error

P5 =D10"D117D127"D13"D14"D15"D16"D17°D18"D19"D21"D22"D23.
P4 = D4"D5"D6"D7/D8"D9"D16”D17"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 = DOMD1MD2"DAND5ND77D107D11"D13"D16”D20"D21"D22"D23.
P7 and P6 are set to 0 because Error Correction Code (ECC) is based on 64 bit value (D
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XOR Function on Long Packet (LPa)

The transmitter (= the MCU or the Display Mc
Correction Code (ECC)P [ 7é0]. The receiver (= the Displa
the Internal Error Correction Code (IECC) and compare 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 performed the XOR function. The result of this function is PO

[ 7é0]. This functionality, where the transmitt
is illustrated for reference purposes below.

XOR P[7]

MCU

Data: D[23:0] Interface ECC(IECC)
’ ’ Generator PI[0:7]

DSI I/F

ECC: P[7:0]

XOR P[O]

Internal Error Correction Code (IECC) on the Display Module (= the Receiver)

The sentdatabits(D[ 23é€0]) and ECC (P [7é0]) are corr
PO [7€é0]) is 00h.

The sent data bits (D [23é0]) and ECC (P [ 7E€
the PO [7é&0h ) is not

ECC P [7:0] 1100 000 O 03h

IECC PI [7:0] 11000 000 03h

XOR (ECC, [ECC) => PO[7:0] 0 00 00 O 0O O =00h=>NoError
L M
s s
B B

Internal XOR Calculation between ECC and IECC Values i No Error
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ECCP [7:0] 11000000 03h

IECC PI [7:0] 11110000 OFh

XOR (ECC, IECC) => PO[7:0] 001 100 0 0 =0Ch=>Error
L M
S S
B B

Internal XOR Calculation between ECC and IECC Values i Error
The received Error Correction Code (ECC) can be 00h when the Error Correction Code
(ECC) functionisnotusedf or data values D [ 23¢é0]numberoftiee t r
errors (one or more) can be defined whentheval ue of the PO [7€é0] i s
in the following table.

The number of the errors define

DataBit | 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 0Dh
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
D [6] 0 0 0 1 0 1 1 0 16h
D[7] 0 0 0 1 1 0 0 1 19h
D [8] 0 0 0 1 1 0 1 0 1Ah
D [9] 0 0 0 1 1 1 0 0 1Ch
D [10] 0 0 1 0 0 0 1 1 23h
D [11] 0 0 1 0 0 1 0 1 25h
D [12] 0 0 1 0 0 1 1 0 26h
D [13] 0 0 1 0 1 0 0 1 29h
D [14] 0 0 1 0 1 0 1 0 2Ah
D [15] 0 0 1 0 1 1 0 0 2Ch
D [16] 0 0 1 1 0 0 0 1 31h
D [17] 0 0 1 1 0 0 1 0 32h
D [18] 0 0 1 1 0 1 0 0 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
An error is detected if the value of the PO
this one bit error because this found value also defines the location of the corrupt bit, e.qg.
- PO [7é0]. = OEhD
- The bit of the dat a ( DisD[2]¥é&dthanane arrdr & tletectesd n o t
if the value of the PO [7é0] is not in Tab
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54311Packet Data (PD) in a Long Packet (LPa)
Packet Data (PD) of a Long Packet (LPa) is placed after the Packet Header (PH) of a Long
Packet (LPa). Thea mount of the data bytes is defined I

Long Packet (LPa)o.

54312Packet Footer (PF) in a Long Packet (LPa)
Packet Footer (PF) of a Long Packet (LPa) is placed after the Packet Data (PD) of a Long
Packet (LPa). The Packet Footer (PF) is a checksum value that is calculated from the Packet
Data of the Long Packet (LPa). The checksum uses a 16-bit Cyclic Redundancy Check (CRC)
value which is generated by a polynomial X16+X12+X5+XO0, as illustrated below.

In XOR(In,C0) —+/C15/C14 C13/C12|C11 XOR(XOR(In,C0)),C11 — c10| c9 c8 ‘ c7 ce‘ C5 | ca } XOR(XOR(In,C0)),c4 | c3 c2| c1 co}

16-bit Cyclic Redundancy Check (CRC) Calculation

The 16-bit Cyclic Redundancy Check (CRC) generator is initialized to FFFFh before
calculations. The Most Significant Bit (MSB) of the data byte of the Packet Data (PD) is the first
bit which is inputted into the 16-bit Cyclic Redundancy Check (CRC). An example of the 16-bit
Cyclic Redundancy Check (CRC), where the Packet Data (PD) of a Long Packet (LPa) is 01h,
is illustrated (step-by-step) below.

In XOR(In,C0) —+|C15/C14|C13/C12|C11 XOR(XOR(In,C0)),C11 C10| Cc9  c8 ‘ c7 ce‘ C5|ca } XOR(XOR(In,C0)),C4 ‘ c3 cz‘ (€l co}
Step| In_[XOR(inC0)[ C15] C14[C13] C12[C11] XOR(XOR(In,C0),C11,(Step-1)) [ C10 | C9 [ €8 [ C7 | C6 [ C5 [ C4 | XOR(XOR(n,C0).C4,(Step-1)) [ C3 [ c2[c1]co]co
0 % % RN % c el e[ ¥ NN E
1 |iase 0 o 1t i ] t el ey Ll [l
2 0 1 1 0 1 1 1 4] 0 1 1 1 1 1 1 9] 9] 1 1 1 1
3 0 L Lt o]t 0 o lo 1t i1l 0 ololt]i]t
4 0 L L1t Jifo]t 0 o Jofolif1]1] 0 olofofi]1
5 0 I t it lift]o 0 o loflofofl1 1] 0 ololofolao
6 0 0 o 1t i ] 0 o Jololoflolil 0 tloflolaolo
7 0 0 o o111 1 t JoJololofolu 0 tl1fJolalo
5 |0(MSE) 0 o lolof 1|1 L Lt 1 lololoflolo L L1 f[1lolo

Lbyte |CRC result o lolofl 1|1 t 1 Jololofolo tl1fi]o

[MSE | |L3E |

CRC Calculation i Packet Data (PD) is 01h
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The value of the Packet Footer (PF) is 1EOEh in this example (Command 01h has been
sent), and is illustrated below.

DI WC - LSB ECC
(Data Identification) (Word Counti LSB) (Word Count i MSB) (Error Correction Code)
86b 39H 86b O01H 8 01bH
1/0(]0|1(1|1 o)1 0j0j0O|oO 0 oj1/0j1j0(1|0(|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
0]1/2[3]4]|5 7101112 ]|3[]4]5 7 1 710[1]2(3[4]5]6]7
L M| L M M| L M
S S|S S S|S S
| B | B|B B B|B | B |
(Packet Data) CRC-MSB
OO0H H 86b 1EH
0|0 o(o0jo|1]|1 0|0]oO 1 1/0/0]0
B|B B|B|B|B|B B|B|B|B|B B|B|B|B
0|1 6|7]0]1][2 6|/7]0]1][2 415]16|7
L M| L M] L M
S S|sS S|sS S
B B|B B|B B

Packet Footer (PF) Example

The receiver calculates its checksum value from the received Packet Data (PD). The
receiver compares its checksum and the Packet Footer (PF) that the transmitter has sent. The
received Packet Data (PD) and Packet Footer (PF) are correct if the checksum of the receiver
and Packet Footer (PF) are equal. The received Packet Data (PD) and Packet Footer (PF) are
not correct if the checksum of the receiver and Packet Footer (PF) are not equal.
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5.4 4 Packet Transmissions

5441Di spl ay Command Set (DCS)
Display Command Set (DCS), defined i n t h €onsnmamdtli ®@e si@r i pt fromn o,
the MCU to the display module. This Display Command Set (DCS) is always defined in the Data
0 of the Packet Data (PD), and is included in Short Packet (SPa) and Long packet (LPa), as
illustrated below.

Packet Header (PH)

]

Packet Data

| 1

LP- 11 : Low Power — Stop State
SOT : Start of Transmission

‘ LP- 11 ‘ soT DI Data0 | Datal ECC ‘ EOT ‘ LP-11 e ' il

. ) Data0/Datal: 8-bit, Packet Data

ECC : 8-bit, Error Correction Code

Time EOT : End of Transmission
Packet Header (PH) DCS Packet Data
[ I 1 1
LP-11 SOoT DI WC ‘ ECC Data0 Datal LP- 11 : Low Power — Stop State
s SOT : Start of Transmission
Time DI : 8-bit, Data Identification

WC : 16-bit, Word Count

ECC: 8-bit, Error Correction Code
Data0....Data(WC-1) : Packet Data (0™ 65535 bytes)
CS : 16-bit, Check Sum = Packet Footer (PF)

EOT : End of Transmission

Data (WC-2) | Data (WC-1) cs ‘ EOT ‘ LP-11

{ )] Time
f

Packet Data

Display Command Set (DCS) in Short Packet (SPa) and Long Packet (LPa)
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5442Di spl ay
ADi splay Command

Command

Set

Set

(DCS)
(DCS)
0101b), is always used in a Short Packet (SPa) from the MCU to the display module. These
commands are defined in a table below:

DSCWN-S Commands

Wr iSt) e,

Wr i

Command

NOP (00h)

Software Reset (01h)

Sleep In (10h)

Sleep Out (11h)

Normal Display Mode On (13h)

INVOff (20h)

INVON (21h)

All Pixel Off (22h)

All Pixel On (23h)

Display Off (28h)

Display On (29h)

Tearing Effect Line Off (34h)

Idle Mode Off (38h)

Idle Mode On (39h)

A Short Packet (SPa) is defined as:

Data Identification (DI):

No
N o

Par ame

t e, Par amet

Virtual Channel( VC, DI [.7é6]): 0O0b
DataType( DT, DI [5€é0]): 00 0101b
- Packet Data (PD):
Data O0: ASleep In (10h)O0 Di spl ay Comman
Data 1: Always 00hex.
- Error Correction Code (ECC).
DI Data 0 Data 1 ECC
(Data ldentification) (Packet Data) (Packet Data) (Error Correction Code)
86b O5H 86b 10H 86b OOH 86b 2CH
i110(j12j0f0fO0Oj0O|jO}JO|O|JO]JO|]1]O|O|O]JO|JO|JO]JO|]O|O|OjOJO|Of2|2|0Of12|0]|O
B|s|{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
0Ol1[2|3|4|5|6|7]of1|2]|3|4|5|6|7]Jo]1|2[3|4|5]6|7]Jo|1]|2|3|4|5|6]7
L ML M|L M| L M
S S|s S|s S|s S
| B | B|B B|B B|B | B |
Time
Display Command Set (DCS) Write, No Parameter (DCSWN-S) i Example

CHI PONE Te dBienio)iCaggt. d
www. c hi .p@om e

Pag®#

Dat asV@e2 0



CHIPGNE &7
sogy oML
5443Di splay Command Set (DCS) WSi)hHhte, 1 Par amet
ADIi splay Command Set (DCS) A8 whickeis definediaData me t
Type (DT, 01 0101b), is always used in a Short Packet (SPa) from the MCU to the display
module. These commands are defined in the table below.

DSCW1-S Commands

Command
Gamma Curve Set (26h)
TEON (35h

DCS

DI ECC
(Data Identification) (Error Correction Code)
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