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A1 2913 TFT(TD = Al 2278 A Z(SCAND) 2helell A2 E AlolE =t Holy o] A4 =g w= 4
% TFTOOD S A48 Al =N 22 w28 23t FHHo= A1 29% TFI(T1)] AOE »&
= Al 270 NS (SCAND) kel AZA= A1 270 AS(SCAND Ol o3 ® 25AY | 2= dr). Al ~9F
TFT(TD ] & === dojy glel AA=] deoly dy(Vdata), A1 71F A(refl) 2 A2 71& At
(Vref2)& F% TET(DD) 2] AlolE xxto] Agditl, Al 293 TFT(TD e A2 =% F% TFTDD) e AolE
o A4 AAEr.

ol

T o

olol whe}, A1 270 AZE(SCAN1)7F &Fo] AElel A9-, A1 2914 TFT(TD) &= ¥ 2= deole H<(Vdata),
A1 713 Ast(Vrefl) @ A2 71% At (Vref2)E % TFTDN) Y AOE wrto| FFsit}.

A2 2~ A TFT(TZ)—E A2 270 A Z(SCAN2) EFelel]

A4 AGE ==, 27138 AL (Vinit) el 28 =
geol == 9 = TFIDNY A4 w29 dZE &x wud 233t Aoz, A2 293 TFN(T2)9 A

E A2 &7 AE(SCAN2)7F 3he] ejl A9 A2 293 TFI(T2)7F § = Hvh, A2 =913 TFI(T12)
718k At(Vinit)S A2 =Z=(N2)ol %u?‘ah:}. A2 293 TFTI(12) 9] A2 =EE T% TFTODD 9 A2 =
F71 g A22HD) 9] ool AAE A2 ==(N2)o HH AAFT.

olo] w}, A2 A7 AZ(SCAN2)7} dto] AEjel A9, A2 29F TFI(T2)E 8 £50o] 27|13 AY(Vinit)S
A2 =E=(N2)oll Fw3ste], 7] &3 220Dl 719 ¥ 1 ol H<eH(Vdata)S %713} A]71t}.

Al

=

-
a—
-
as

o

e
wa B fm r

9] (VD) ehelel dZA® =<l

[
i

=
—>

3 2913 TFN(T3) = 33 Aol A (EM) el A+

2 % TFTOT) Y =#e w=¢9 949 &Ax w=8 . FAHoR, A3 293 TFI(T3)Y Aol
= g Alo] AE(EM) #hlel AAEo], wF Alo] AS(EM)7F sto] AEll A5 A3 2=91% TFI(T3) =
Hk, A3 29A TFT(T3)9] =8 =2 19 @Ah(ViD) 2ol 24 JAd=).

Tl
L =Ty
— ol

2
o

omomob X
}ol'

-

a-
2

L

olo] we}l, wF Ao} AZ(EM)7}F o] AEjel A%, A3 29 TFN(T3)+ 8 5o uAd9 A¢(VD)S +%
TFT(DD) 9 =&l wxo FF3te], %5 TFT(T) 7 dlole At (Vdata)ol <8] 7] &4 2xH0D)e AFHS
ZA 3%}

27he] ATAE = s TFTDD O] AlolE mE Es A wEo I7bE = AhS Adsks A% AWAHE -
Ak, w3, 2788 A E= T-E TFT(DT) ] A2t i

FAReZ, Al AMAEH(C = 5 TFTOD Y ACE =220 Al ==(N1) % F5 TFTODe A&
A2 ==(N2)¢F A7|Her AAFG. old, Al AMWAHCHE Al ==N1) 2 A2 ==(N2)e 217}
Qo] polntE APS AAFTE. A2 AMAIE(C2)E %5 TFTDN Y 4 =29 A2 ==(N2) 2 2
(VD) #R1¥} A7 ox Addrt, gk, A2 AHAE(C2)E A2 ==(N2)olA #11 AHAE(C1) <}
Adtt. oo, A2 ANAE(C2)E A1 AMAIE(CL) <} A At Eulel <k dehs A3t

d=2 S, Al AFWAEHCDHE Al ==(ND) 2 A2 ==(N2)2] A Ao]l= %5 TFT(N) 9 #8 AU A%
sto] AMEH . ®=g, dloly Ay (Vdata)o] A7bE= A5, Al AHMAE(CD = A2 AHAE(C2) &S] Het
ool o) AREE Ade AFste] Tragyditt. &, Al AFAECDH 2 A2 AMAEC)E La F
2% (source-follower) WA o2 % TFT(DT)9| +¥ ﬂ%% AZY3), Al ==(N) 2 A2 ==(N2)9] A
A7F WskE A9, AL ANAECD 2 A2 APAE(C2) = A BulE S8l Al ==(N1) 2 A2 ==(N2)9]
A5 247 At Al AHAE(CD O] AEH I z2agyo] #six e & 45 Fxste] FEgrh.

T 4= FEYA P Bt = 30 =X 34 3R dEYdE A5E UehE gy roltt. AHe AS
sl = 38 Fxst FE3

T 45 Fzxed, fZdA 3 Pr)e 2718 7R, AEE 7H(t2), LRI
(tH)& Egetth, gz Ar] FHPr)S vgF 1 £33 7)oz dA-E & e Hg
T2 I3 FH(t4)o] TFREA FE R JdTh. ZHAl FIHPr) T kA ool 1 7
of siEE kAol dlelE7t 71gdEnt. FAAHLRE, FHEZEA FIHPr) F< ska FZ2Ze FF TFT(D)
Heto]l MEY o, Fy ArE dolE AH(Vdata)o] WAFEITE, oo, Ey At F#aA Hr) L3

2l
s A
191 A%k
LR

Y r>~1

Bl
tq =zl A];\]oﬂoﬂ/q 1

= o
=
i

offt
oo
B 1T o o

F
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AHOD) el AFe] AHD & QES vloE MH(Vdata)ol Ao} Faiel |QH}. & 4elA 275 F1b
(t), BEY F70(12), TR F7H3) B WY FHed) Zzho] AT A B fA5E Ao BA
g0, 2718 PR, AEY FRH2), ZadW TH3) D WY TIH4) 22 Azhe A do]
wel kel Wste 5 gl

WA 27]3F F2H(t1)e] AFEE =7F Al 27 AF(SCAND) 2 A2 =7 A5 (SCAN2) 7} ghol A o] &ho] A
B2 fr), o]e} sAlo] g Ao} AB(EM)v R E 2 FEE Hrh. olo], 278t #3H(tl) Bt Al &~
93 TFT(TL) 2 A2 293 TFI(T2)E ¥ 253, A3 293 TFIN(13)E 8| $xFtl. old wpel, Al 293
TET(TD Ol ola) "ol gelezRE Al 71 HA¢(Vrefl)o] Al ==(NDo| FFATh. T3, A2 293
TFT(T2)e] J& Z7]st St (Vinit) IS =2RE] 273t A¢(Vinit)o] A2 ==(N2)o TFHY. =, 75§
TFT(DT) Y A~ w==9¢l A2 ==(N2)d 27|13t A (Vinit)o] FFH| wat, 7] &3 A0D)o] 7199
o8] A (Vdata)o] Z7]|3drt}.

AMEE F7Ht2) S, Al 2 A S (SCAND = 8ol JElE fAE AL, A2 270 A S (SCAN2) = 29 FHE F
A, MEY F7Ht2) 0] AFEE =t T Aol AE(ENE ol Eo] MEH F7H(t2) B8 dlo] AHE
FA G, o, MEZE FZH(t2) FF Al A9F TFN(TD) 2 A3 293 TFN(13)E 8 253, A2 293
TFT(T2)= | 2x¥v), od wah, ' &% A1 293 TFN(TDHE B3l Al 7I& d4(refl)o] Al ==
DE Fg¥a, | 2% A3 294 TFN(1)E &3 289 A(VD)e] T TFT(DD ] =8l =2 T34
o, &, AEY FHt2) T Al ==(NDo AYe Al 7E ALd(Vrefl) o2 FAF 1, A2 ==(N2)2] A

& F& TFTOOD 9 =#d-42 7F AF(olsh, Idsghar el o3 dsdet. 9714, &2 F29(source-
follower) W2lol 93] F%& TFT(DT)L Alo]E-22 3 A(o]3), VesEl &) 5 TFT(DD ] 8 HdAe=
MEHETE, o]9} o] é.% H % TFTOOD 9] 8 A2 Al AAAECD A AT, o], &L 73
(t2) B¢k Al ==(ND 9] A A1 7]+ Ag(Vrefl)olx, #12 ==(N2)9] A4S Vrefl-Vtho|t}.

TR FHE3) B9 Al 27 AS(SCAND = ko]l AElE A E AL, A2 27 AS(SCAN2) = 29 HE
A, 2oy F3H(3)0] AREE 3 @ Ale] AE(EME IO TRadw FIHt3) T =
S AEE fAZ, oo, TR F7Ht3) B Al A9F TFN(THW © 2531, 72 293 TFT(12) %
A3 2% TFN(T3) & | e=xdc), oo wal, & &9 Al 29% TFN(TDHE T8 dole At (Vdata)o] Al
LENDE FFYL, 5 TFTODY =d9) == 2 A2 == Z7Y Hr),

oy F7H3) ¢ Al ==l dlolE d¢(Vdata)e] TFRL=EMN, Al =5(NDe| ¢t W3
AL ANATE(C) 2 A2 ANAE(C2) Apolol A ek Eul=ar, A2 ==(N2) Ag2 Ay e Azt
2 A4HEg. FAHeE, Al =N Ak WAz data—VreflO]Fi, 2492 AZ2% Al AHAE(CD) R
A2 ATHAE(C2) Abolel At Eulz Qld), Tz FIH(t3) Fo A2 :=E(N2)olAe et wElEe
C1/(C1+C2)*(Vdata-Vrefl)oltt. &, A2 ==(N2)9] A2 WEH FH(t2)dA 27dH Vrefl-Vthel]l Z =18
WOFE(t3) T A2 =E=(N2)oll A9 At WSkl C1/(C1+C2)*(Vdata-Vref1)S Wk gto] Hrh. thA] &3y,
2o FHt3)A A2 ==(N2)9 At (Vrefl-Vth)+C1/(C1+C2)*(Vdata-Vref1)o]lar, <% TFT(DT)<
Vgs& (1- C1/(C14C2))*(Vdata-Vref1)+Vth® T2 1gi ),

I E7H(t4) Bor, Al A7 AZ(SCANDE 2 AEE Ha, A2 AW AS(SCAN2)E 2 AFE
g, wbd FR(td) o] AFEE = =3F BE Alo] AS(ENE gheldEe] g F7H(t4) B st AHE
A geh, oo, g F3H(t4) B Al 29F TFT(TD) 2 A2 29A TFNT2)E © x5, A3 =9
TFT(TH & © Hc}. ol wheh, ' =% A3 2=9H TFN(T3)E &) a9 dH(VDD)e] F+& TFT(DT) 2 =#
¢l =7 FFHI, Vds>Vgs>Vth7b Ho] 3% TFTDE E3) 7] ¢4 240D E AF7F S8k, FA8L
2, 9y P7(t4) B FE TFTOOD ] Vgsoll 2l #7] 24 AxH0D)o 225 AF(loled)7} AL,
Ioledol o3 7] w3 AxH(0D)7} wFale] vt FsalA Hrh, o|ef Zo] W F7H(t4) S 7] 2
2ZHD) o] E2% HAF(loled) = v [48H4] 1] 2t}

S

y

o Jo

[_/’Zé‘l—/ﬂ 1]

b |

k
Ioled = — [(1—C") X (Vdata — Vref1)]?

A7), ki 8ta 3|29 theke gqlo] wkd®E Hld Agrolal, C'= C1/(C1HC2)olth. [8H4] 118 HAEf A
[428H4] 1114 Vtht &2A o], £7] &34 A2xH0D)o] T2 AHF(loled)E= % TFTDT) Y F& Ao <33
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% 5% 59 §9 71 Bl % 3 BAR 8k f2e] Qs A5 vehis sgnelrh, Hyel e
2 98l 1 99 Ve TFoR & 3% gxete] $EaT
5 b

T 5ol EAE vle} o], 4 EY TZHPh)ECF, Al A7 AF(SCANDE 29 AEHE Sxati, A2 ~
AE(SCNDE 29 FehE FA50, B3 Alo] VEEDE st FehS Fx5tm, dolg 2lolE A2 7]
Ak(Vref2)o] ¢171H T},

olel, 43 &Y FIHPh) T A1l =9 TF(TD % A2 =93 TFN(T2)E ® 2=Ha, A3 =94
TFT(T3)= "%k, olo] wel, 43 &9 F3HPh)dA © 2% A3 293 TFNT)HE T3l L9 HAEOD
D)ol -5 TFT(DD)®] =<l »== FgFHL, FZHA FHPr)dA AdE 5 TFT(DD) ] Vgsoll & 7]
g 220D AR EE 7] wE AAH0D)7F wgEkAl f.

dely 7-55-(140)= 2 Z A 71H(Pr)set dolH dsh(Vdata) B Al 715 A¢(ref)S &=staL, &
B &9 7ZHPh)Et Al 7Ie Ast(refDEY w991 A2 71e Ast(ref2)S 93t =, Al 7I& A
S(refl)& A2 7I& A (Vref2) Kl 2z $jo|tt.

Xy

N

A7), A2 71 Ad(Vref2) 3 &9 F3H(Ph)ol EHF & 7|5 AL 2ueAnt, old A=A i,
Ad FEol ofd Ak i F WE I s
23 A2 71F Ag(Vref2)S 1.4%—2 A9 4 Q).

agar Al 71 A (refl)2 XﬂZ 712 A4 Oref2) By Aoy, 423 94 58S 9Aste], #7] &%
27H0D)7F Hd $1= B A s d g e 9] Welel slojof i

TFAM o, ofg o] [F3A 1]e whel, f7] wF AAHOD) ] 2= AF gh(loled)o] AR, ol2ld A
(loled) o2 Q& §7] W33 2zH0D)Y 37t 2AHC}.

Mx

rLL

u

(584 1)

k
Ioled = — [(1—C") X (Vdata — Vref1)]?

=, vloly Ak (Vdata)¥} A1 71 Ak(Vref1) o] zkelo] Alwrol ml#lste], #7] w3 4xH0D)] 3=7F 27
Hr}.

ofol, A1 7l A¢(refD Hol A= dold dd(Vdata)¥ A1 715 Ag(Vrefl)e] zbole] Alugto=
Aall #71 HF 2ZHO0D)7F HA F=] onitE FHT F d=F AAdAT. osk W=, Al Ve A4
(Vref1)o] #HA A= dloly HsH(Vdata)# A1 71 AG(Vrefl) o] 2ol AlFgtow Qs 7] w3 2%
(OD)7F Hdl 3=5 =49 5 A=F g9y,

L)

A2, Al 71% AYgrefl)o] 0V WA 0.75Vd A%,
Jo o =

9 FY PP 27 AEsk B AE o)
80%elstz Woix|A| go}, QA4 i} gl 2 e

olgA AAdd AHAA Al 71 A
Aol F7hste, 3 wrt Z7kste 4@
= A1 715 Ad(Vrefl) e Ao 7

et(Vrefl)ell o3}, dlole] A (Vdata) A1 715 AL (Vrefl)o] zko]o]
dE BAEk] flal, dHold =eholH (140)= g EZ Al 7H(Pr)Eet =
|z3te] BAg® doly HMet(Vdata) S &9 4 lrt.

FARCZ ol Eetolw(140)t maAlA FHPr)ER} Al 7% AA(refl)e] Ao 7)zate] Be] ]
F v Agtel AAEC] Qb gvh AYHE Eaew, vl Aol B J)E v Agk @ olgdd,

doly A (Vdata)S =3

jﬂ

.-L‘

o714, 7l= vk A4 54 3= 28 F A= A4, 54, A 4] dely deh(Vdata)s o] d

o}

FAHoR ® 1o E=AE wRel o], FEoAdwrA A FEol wEl Al 71FE At(Vrefl)o] 1.4V o,
Init, 3nit, l4nit, 64nit, 159nit, 300nitES FAS}7] 18 HA a1 A dlolg <t (Vdata)o] 2zt A
A 4= o, B owbygol A AAldo wel, Al 7] Ad(Vrefl)o] 0.75VY W], Init, 3nit, 14nit, 64nit,
159nit, 300nitE ‘A7 sk A, =4 AHA dolg M(Vdata)o] 247 AAE 4 Ut}
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[ 1]
Vref 1 1.4V 0.75V
2 & (nit) Red Green Blue Red Green Blue
300 3.433 | 4.006 | 3.433 | 2.915 | 3.476 2.861
159 3.058 | 3.607 | 3.116 | 2.453 | 2.982 | 2.456
65 2.637 | 3.177 | 2.783 1.955 2.485 | 2.040
14 2.127 | 2.684 | 2.410 1.332 1.909 1.567
3 1.759 | 2.350 | 2.158 0.891 1.523 1.253
1 1.487 | 2.097 1.974 | 0.555 1.218 1.015
1% % Aetd, Al 71% A (Vrefl)o] 1.4VY wje] H=9) 7“3} 71 A A1 7E Zdﬁ;(\/refl)o] 0.75V
o wje] Haro] Fmp 7]+ %i%‘fi xﬂl 71 Ad(Vrefl)e] zho] 0.65V wiee] Hdents zejdty. =, Al
7% Ag L(Vrefl)«l shdE A9 o] vk Ve A ‘%«JTOi dlelel A (Vdata)S HAE ? AT
%, dloly ek (Vdata)d} Al 71% ASk(refl) o] xfolo] Alwgks dAsHA A8k, 71 &3 AA0D)7F
RE WA I=E 29T+ JA g

Zefar, doly =ghol(140)= A1 71E A (Vrefl)o] 0.75Vd o AA4E H4o] 54 3 =o] g ]%
nb Agk e wEstel, EE Fmol o vk dAsh @& AAste], olE HolE dU(Vdata) o=

o)
PR

A=, Al 71F& A4 (Vrefl)o] 0.75VL o 300nitel Ao AA 7% 7np Age 2.915Ve]a, 159nitel A9
A 71E Zmp ASHe 2.453Vo]BE | 299nit WA 160nitE FAEr] 3 HA Zwl Age 2,915V WA
2.453ve] HeHE wujste] 4bEstar, ol& A doly dt(Vdata)o® EHE 4 Ut o]et TS dF=
158nitelste] 3= F7tol e FAatA AEste], RE ko] g 2w At s 285k, olF dHolE AW
(Vdata) o2 93 + gt}

olo] tatel, Efoly AEE(120)% a AN TRHPr)ES EEEE AL 71E A (refl)e] Aglel 7] %3
o] 9 HolH(RGB)E HASa, BAE A4 dlolE(cRGB)E dlolg Z=glo]w(140)] &3k},

o714 BAgE G4 dHelH(cRGB)= Al 71 Ad(refl)] A$7F spdshel upeba @A = ¢

sHERk ofe}, MAR P M2E Wsle] tiEstr] fste], 9 Al=BoRRY QIVFE A Hl°1E1(RGB)%

AMZE G dlelEl(cRGB) = WP oz nidd 5 3.
ol

T 6adll T=AIE wke} o], XA FIHPr)l A7MEE Al 71E AG(refl)o] 98 &9 F3HPh)ol <17}
HEe A2 7158 AL(Vref2)3 EAdA 1.4VE Q7FE ASo|= 2.5% Ao EFAl 3%l 215nit2] 67% AL
145nit = 3| =7} <53 A Har, 4.5%7F FHojAoF e}l 3=l 216nitel] =EskA H}.

ool Whall, %W 6boll wAlE kel o], EHAl FIE(Pr)el QI7FEE Al 71E At(reflo] +38 &9 71t
(Ph)ell A7hsl= A2 71 Ak(Vref2)]l 1.4ViEe Ad919l 0.75V=2 <7k A9, 0.5% B $=9
212nit 9] 81% HES] 175nit® =7t A5/ Har, 1.5%7F HojAof B4 %2l 215nite] =Rl Ht.
=, AL 715 Ask(refl)o] shdge=2X, +3 &9 11K Ph)°ﬂ*1-°4 z7] S=7F dsetA Ha, e £9
TP 7] A EIh B fEe] mgals AZME as Hel, 43 BdW FHPh)olA 27] #wst
s BARS AT 5 oA "
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T 72 FEYA 37 Bt el o2 AAde] wE 3] ZA9 A IR dEEE AlsE UER
= 9ol
T 79 ZAlE upe} o], Eowtwe] thE Ao w2 {7 @ B4 FX = 2 drol A Ao umE
71 @G ZA Aol H3] 2718 d(Vini o] wHHA 4 ).
o7, & wge] tE AAlde] wE f7] B3 FA X9 ska F 2o Q7ME= x27)8F A (Vini ') Al
715 Ad(refl)o] Aglel 7] %35} %%Jél < Jdu. &, 2713 AdWini ) Al 71FE AG(Vref) I A2
71 Ad(Vref2)9] A TE 242" = U,

AAog Hed v} o], Al 7|E& AL (Vrefl)E 0.75VE A2 7|5 At(Vref2)2l 1.4Vel H]& 0.65V
Zrsidornz, B ool s AAde]| wE {7] @ FA AX9 st 3Rl AvtEE x7Ist A
(Vini') =3 0.65V4A & &+ 9t}

wep, AL 71%E Ag(refDol7t #2RAEd 2718 A (Vini)el TR FAE, 45
A6l A1 1% A(refD) 2713 AVini)el AR = dassl A o9, BE
Fa® Al 1% AF(OrefDF 2718 A(Vini)el AAAR Qal, AEL TN TF
De) w8 AL(Vthol Hos) WEY B4 ek = Atk

T(t2)9 %
TH(t2) ol A
EWX~H(OD

web olgl, B weel thE AAdel wE f7] BF EA FAe) ke 218 A Al NFE
ArelDe] 4910 ladel SFosd, BEY FU -~
g3 AEGsel, 471 WY EA FA Rk A2 R Y 43 29T 5+ QA Gk

E
° Lo
=y
offt
(m
)
X
¥
i
=)
=2
RS
M
T
3
o
Py
=
Z
O

w ool o ANde] W 7] g EA FAE AClE ehel 2 dlole el AAE Bgel i vl
e HATY, AoE eele] 20 AE W W Ao} AEE EPsh Aol TER 2 94 HolHE vt
wob, dlole] ehelol #elx] PrHES dlold A @ Al /1 AGS FHsy, £ BY FAHES A2 V)
F A4S FYste doly TERE E¥RA, Al 1F A4S A2 J1F ARt 449 AYse], 27
A% ke PAT 5 Aok,

oo oo 540 wa2d, deold e 59 7IE vt dste]l AAH dE Ay AgE-E X
stal, Al e Al 71 zste] Aol v)xste], B4 vE Awl Aeks 2HE S

2 o] oE 5o wad, doly sl glZuAl s Al 71 HAske] Aol Tzt WA
d G delHE st ol Aloy-E o EFT.

oo o gE S wEY, 559 sthd WA HE gA e, AoE == B 42 w=Ed Q7
Aol 71x3ke], {71 $F LA E2% AFE Aolste ?LE TFT, A1 =70 Ao 7]Zxsko], doly At
2 7)F AHAGS FE TFT9 AlolE xEo] QA7ekE Al 293 TFT 2 A2 270 A3 71x3ke], 27|38 At
S 5 TFTY 22 o A7behs A2 293 TFT 2 33 Ao AZof 7|%8ke], 149 A4S 5 TFTY
=l wxof Q7lsks A3 293 TFTS E3Heic

2 e = gE B4 w2, Al 7E AYY Ad A9 771 2 22 HA JeE 29 F U=
= AAdn.

ool & ogE 54 mEw, Al Ve Age HA Adee /7] 2 A A RS 29T 5 A=
= AAdn.

2 oage] v EAd mEW, Al 7|E AES 0V WA 0.75Ve| .

2 gl koo

2 54 w2, 2715k Ak Al 71 Ao Aol 7zt @I
B

R wug Fxstel ¥ wgel ANES O% PAsA APsnon,
AelE FRHE AL opdm, B ow@el Eade
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ool Aol oste] s oF b, 19} TS HE Ul UE EE Ve AME2 B Iyl AT
o] 3= Ao 7 A Eojof & Ao|r}.
B9 HYF
[0122] 100: 7] &3 ZA| GA
110: B2 W4
120: Eloly HEEH
130: Al°]E =glolH
140: ©lo]E] =gtolH

Vdata: dlolg A%t

L
2

Vrefl: Al 7|+

2
2

Vref2: A2 7|+

=y
R=2%)
100
RGB > a
120 -RGB 140
SYNC > o
DCS |DL|DL|DL|DL |DL|DL
7
GCS Y,
GL Vdata,Vref 1,Vref 2
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