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Il. TFT-LCD Data Driver®] g
741 s

<18 1>8 8-bit data driverd block

diagrame]tth. data driver?] e F&& A
mape o3 2ok TRT-LCDe) Q7bes o

HSYNC
HCLOCK

LOAD

Reference
Voliage

(a2l 1) TFT-LCD data driver2| T4
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; TFT-LCD§ Data Driver A%

7} A g, FASEAE 3= color deptholl w
2k R, G, B 22} 6-bit, 8—bit == 10-hito.
2 79 2 row?] pixelo] si3sh= digital
video data7} <TAFOZ S5oJeW  shift
registers= sampling latch9] cell& A2 02
enable Al#A 7} §)3]oll SFEH= video dataE
sampling 3}, One row—line time ¥+ 919
722 sampling 52| ¢a59, LOAD A5
98sampling latchel] A%E ZE 94 457}
Z x| holding latch® A9%o] one row—
line time &<t FA1¥]H, o] 4 A= Znlz
DACZ =¥t} Sampling latch® holding
latch® F4 A5 & ALt & o row?]
4 A E samplingd}7] A&ttt G4 Mg
DACE %3] TFT-LCD 7% 23 analog
Agoz wekEty TFT-LCD panel?) data
line& o1¢- 2 capacitive load (54~ ¥ pF)
o] wiell A& T4 9 HHE Y3 buffer
amplifierg &3 T&stA €k

Iil. DAC(Digital-to-Analog
Converter)

DACS 455 YERll= ARl resolution,
output range, INL, DNL, gain error, offset
error 5°] 3t} Resolutione DAC7} ¢33}
T AdE 2 AR Urd] Esh=AE Ve
W Aiojct. UdrE’l DACY A binary
code® 948 w7] wiiel, 98 ¥ binary
coded bit & resolution®® ¥A|FH}, <1
2 2>9} 7o) INL (Integral Non—Linearity) <
AA -z AA S8k Alo) 5 Hdlgks v
B3, DNL (Differential Non—Linearity) +

Analog ideal
output output ,
7/8 ” Real
output
6/8 7
7
5/8
34 7 =1
478 2/ i 5/4 'DNL=  LSB
V2 » |
’ R
RT7:] SRR > INL 3 LSB
’
2/8 7
y; ;
J
18} |
: Digital
7 input

(3% 2) INLZF DNL

A 28 7HA% AA £l 1A Aol
AYzke YrEhdth Gain errors A% DAC
olEztat AA FYHE oI5k Alold] eAE
VehH, offset erroris DACS] #7A &8 7to]
A AAG AAZE ALl eAE vhERITH
TFT-LCD data driverolX AH#5& DAC
= AR Argsky B4 Wil <I¥ 559
7ol HIX® A £4 9] DACE ARgllof sith &
8 data driverol® t4=2] DAC7} BAlol A4
o] shtel e FAsior 7] wiel
uniformity7} 53| Fo38h, Az ddY
< 7] 48 monotonicity 7} BAFE ojof g,

4 analog output

718 — : \
\
34 — v ideal
gain i ) analog output
58 error { ! :
oo
12 - oo
{ ' | |
| ' ! )
38 — A
S
14 A R
| i ! | K |
e o AL
1
0 T N PO N
T T T T T gl
000 001 010 011 100 101 110 {19 inPutcode

- (2% 3) Gain error
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4 analog output
718 ' \

|
! ]

3/4 ﬂ : i anakl)dgeglutput

i

- 3
5/8 . ! :
|0 R
12 oo
\ i ! ! i

318 : : : (

| |

14 - S

| ! ! H : |
) i ! i | | !

178 — { ! i 1 '
offsefi—— - Lo - |
errorr—L R S S S S

T | [ | | | [ t digital

000 001 010 011 100 101 110 111 Inputcode

(3% 4) Offset error

_ Output analog voltage

input digital code

(3% 5) TFT-LCDE DACS! ¢f=i-&3 TM

o

19} #& 2719 7P Agst Fee] DACY
1% 6>3 22 R—string based DACo|t}. &}
A%k R—string based DACY 7-¢ decoder®
3l & WA-E 2A5}kL, resolution®] 1 bit &
ofd W vt} DACS] WAL 2wz Frhetch
Data driver ICo|A DACS] W2 & Aul olAhs&
AABtE R, DACS WA F7he ZHEE chip 7}
7 40 F olojzint, wEtA A T AJF 2
425 9, £ resolution?] DACE Aw
207 3= 7o) DAC AAl] o} 71 &
23} issue ©Jth

2 dME A EE st Wy
A E-& AE3 data driver§ DAC 2 7IXZ
a7hskaAr gt <18 7>& 8—bhit R—string

N

DATAD  DATA! DATAS DATA?
| | o

o~0To-ses —o’ro—«]/e-
o~0To o & & —To010

w253
Vet 253 A ot o ¢ 0 8 —0 1 o0t o
. . °
* * L] b OUT

L 4

.
:i:___o,vm-z | ‘o-oca—th/o—o’g/tﬂ
-—--—0’va | |o-¢.o—-0§/0—0’10-

Ro

Vol o o0 To-e ¢ ¢ —0T 00T o
VREFLOW~
| IL 1
Gamma Reference ROM Type Decoder
Voltage Generator

{18! 6) ROM-type R-string based DAC

Dighat Data <8:2 D9 D:" <>
VREF_Ho oy 38 +
5 Decoder M
il
¢
A
I S———
| Anslog Outpus
Smmfans s
2
i
1T
¢
VREF_{, 6

(% 7) 8-bit R-DAC?} 2—bit C-DACE
F815104 7138t 10-bit DAC
DACS®} 2-bit capacitor DACE ZE3}¢]
10-bit DACE 783 ool 8-bit
R-string DACYIA 2719] analog voltages &
&l 2-hit capacitor DACHIA R-DACIA
293 5 AL thA 4709 AYO R et
capacitor7} ARFE F-ol ek Hgdel A
3L capacitor Bl& 2AP7F o150 HEAY
o] MM W& =& £57} A4ty A
2 FA7y ) T3 29X 8 2717 AR
W Agoe] Zolgo] T £5IF AssiARL

switching $&o] W2 charge injection®
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TFT-LCD4® Data Driver 4% ‘

clock feedthrough 52l switching error7} H
A g

<1 8> 8-bit R—string based DAC%}
2-bit R—string DACE %3819 10-bit DAC
E 7HE Aot 8-bit DACS 2-bit
DAC Atolo}) unity gain buffer amplifierZ A}
{3t F DACE E8AH =4 buffer amp?]
Ao Z Qlslo] 10-bit DAC €3¢ buffer
amplifiere] offset® I3t a7} o#iA]
DAC €99 4843 4] 744 siAA
@}, &3 o] channel vt} & 49 buffer
amplifier’} AMEHEE 0|2 Q18 28] HY Y
HA S7p7t A

olglgt TAIE slEsky] #18t 8-bit R-
DACS$} 2-bit R-DAC A}e]ef| buffer amplifier
B AN @ PR BEHAG. o]
2 buffer amplifierE ARE3HE tjal <728 0>
¥ 2-bit R—string®] 8—bit R—string¥} 2]
A AFENE W 73 agE A% 29319
errors ARHOoR BASI, ol £¥9
monotonicity S FA15H= 4421 1/2 LSB ©uj7}

HEg dAstgch st 2ot aAE A% &

g A F2& 1/2 LSB ol3kz 317] 934
£ 2-bit R—string®] A& wWl-¢ A AA

igitad Date <1:0>
LI S —
3

Dacoder

VREF L,

(3% 8) 8—hit R-DACS} 2-bit R-DAC, buifer
amplifier® O[R}04 T35t 10~bit DAC

L@mcm

VREF N

Shit resistor strl
{only one per nin)

(18] 9) 8-bit R-DACZ} 2-bit R-DACE
XBISH0{ 7818t 10-bit DACH!

2bit resist,
prabivenpeurit

glof tE2 FALTIL A8tE 1, data driver
o] Wao] AR FA7} dAgTh

<8 10> cyclic DACEIL &8l serial
capacitor Ha DACY E&& vt
cyclic DACS] bit 4~ phasel, 2 2913 B
9] o] 23] A=, resolutiond] F7}e
BAGol Hao] YA W, 32 |94 =
oA uwl$ FeEjgt Fojvh Eg switched
capacitor F2t9l] 2J&) buffer amplifier?] offset
Agto] BAFEo] HE 9 offset MY BAF 73
o} slZ7} Fadkx Yt 22yt capacitord
% ZA9 switch F&o] o|Fo|F wuir} i+ -
9= switching error’} DAC £4¢2] A 84

{R) Vous = Vo

[v,_m }c &
2

c.
—
W%CQ*‘" Gut
vgm'*-ﬂéy - | out ' +
{Vor — by Vo) Cy — .

be by
d; FoY Pt
) Vous Voo (d) Vou [4 +3 Vaes

|

(72 10) Cyclic DACS| &&#¥

— 1058 ~



2010 109 HxpFodx] §37H Hiox o

i

10-Bit Channe{ BAC
+ Raii-to-Rail Output Buffer

VDDA

Vree H

VB, : :

L[ ve,} Voacour

4| o!
- VB,
Ve, .

Vio

Switching Block

Vrer_L

Gamma

Reference

{2& 11) 10-bit linear variable—current—control interpolation DACH

& A8k, switching E2H8 HEH 0% 429
ok sk, DACS] F2tol Hagh Alzto] A
Hog Q) A~Q¥rh S FYE HAGto]
linear 2%, TFT-LCDY] data drivere] A&
3171 YalMs HAl Helsh= data®) resolution
B o & resolutiong 7F4= DACE &3l
of gitt.

<71¥ 11>& 6-bit R—string DACS} 4-bit
current DAC, buffer amplifierd Zsle] ok
E 10~bit DACe]EHY, Buffer amplifier 23}
transistor®]] R—string based DACY F &Y
& 183k, 4-hit current DACE ©]€3}4
¥ A4S interpolation 8} 3FAY channel
uniformity 2+ monotonicity S s123}7] $siA
¥ current DACE A AAgof sh= @4o]
Atk

IV. Buffer Amplifier

TFT-LCDY] & Ql7bagte) F4o): &

32}5”}317 Hgte) 71 Qe Yo Fapgol 4
. kA ddhs 7] (gray scale) ol 3]
ArS YAl (pixel) of) A7Fshd Hdhk= ¢
A& & vk AR DC AYE ke
, ' (panel) & 34 FAollA] g s
BeEo]l A o] Ao oA 3 °ﬂ
Ato] W= image sticking @7do] EAYgITE
Image sticking A& A As W Ao 22
719} FAt FHGE F713 % ol 7}
A QI7FsR=H| ©]& polarity inversion ©]&}
T 3t 292 F94E frame ratestal $

Polarity inversionolli= theFst who} gt
Frame inversion< #'d9] data line ¥ A2
Fa7} w7 Wl
Znjdego] ZAut horizontal U vertical
crosstalk &/do) Vel BEdt AN &
o 71719) mismatch® Q8] 3pHo] Zwol= &
AH(flicker) ©] YERALE. Line inversions 14
3k column lineol] AL SAUe] WAEHE
2 flicker@io] &€}, 3HAT vertical

crosstalk @72o] FASHY, One—~dot inversion

3_4 ol
MFL

o
f

ﬂl Oﬁ of C-g

2 ~lo

&S

capacitance® %, WA

o
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; TFT-LCD% Data Driver 4%

Two-dot (N-dot)
inversion

gol 7V Ark= 7ol 9lth 8t
A9F #¥9] data line row linemfo} & W4
sjof st g Aujdeo] ujg- Ao} npAuto g
N~dot inversion flicker &AM FolHA L
”\B]Z‘ig—:‘.‘% A k= o) ol

Z 5ol Uz, 13kd TFT-LCDel gt
28RS @77 F7FebHA data driver buffer
o s dalol & 7|4l H 7] AlE0] Q)
o A WA= S (resolution) X frame
rate 7}l W row—line A7+ 7hao|th 9
Aol dsk= Ak ke fsliMe TSt
ZAAAI el HapARt A (1) off Yol &
45 9 frame rate®] F7H= row—line A7t
2N A1) Y Trowts row—line A7k
Nrowt= row—line® 7§ 183 frr frame

rates LFERATEH

_{; ol

i

_|_4

’

i
TRO =
" Neow * fex

¢y

5 WA= TFT-LCD 349 37171 718t
o we} buffer’t F-Eslor & 57| Eoljuhe
EAlolth <718 13> Bufferst 499 data
line @ ¥Ale] mdlojt}, TFT-LCDE 3do]

TFT-LCD Panet

...................................

Data driver IC

. .

VDAC . M
@mz oMWy Voo ®
& .

- . :

: :

: :

+ 22 Cline == Cline B Cline FSCline IR Crinet »

:

.

{718 13) Buffer

dl pPaneie| D!

AXA Zr JA AAHAGE data lined] 7]
A capacitance 3 7] A &o] AR ek
4712 2] RC time—constant’t F7FsH7] o
o] Vpixeloll ¥3h= Aol 17171 744 A
A71o] ol Row—line AlZto] o]
A} RC time constant’} EolU= &
7 AYshE Fo7 A7k Qb ke A
51*./‘4‘011 Q7tE 4 gl dido] vehdrt
et ZARE sk 7P A &
A& Buffer/) slew-rate® TN E A
It} Bufferd] £8x:591 Vnears Huli$h wih
27 Fddsithd 22 row-line AlZE St
151 AkE A Avte 5 Sik
TFT-LCD data driver buffer £33t
o]5 @ 2}(gain error) & £°0]7] 3 & A
o]5-g 7}Moks} L, data driver DACS] A &
g A M Adatr] Yall 2 rail-to—rail
zzto] 7hssfob dhr} FEEE AnH[HFo] A
N—dot inversion® T@3a7] H8) push—pull
%‘ﬂ-o} 7}.1:3]]0]; 6]-\:]- xLQ_ /\B]xae_:] ol xitz}x%
TZ T3 2% T Aol ol 2
ukEsly] 8 <19 14> rail—to-rail folded
cascode class—AB opamp?*'} TET-LCD data
drivero] 9] AFEE T YT, o] opamp= 2
QtolEo| AT rail—to-rail?] Y& HAE 7}
Ao 4H|MEoe] &3 push—pull F&e] 7hsdt
U2 data driver buffer amplifiere] #3sich.

T
Eis
=

_‘dr1rr

2
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1O
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ﬂlO
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M17

Vout
M2

M18

M15 Jj—e viail_n

ML’{}—
vss

(a8 14) Rail—to—rail folded cascode class—AB
opamp

T [5]9] ampE data driver buffer®
AR ol Aleko] girh EoTi= row—line
ARy EAE &dste® TFT-LCD data
driver buffer amplifier?) slew—rateS A
#H A2 7k (settling time) S Zojo} i} 3}
A5t [519] opampE 2 (2) off UERIRO] Hlo]
o~ AxF U ¥ AAYAIE (compensation

capacitor) o] 93 A E slew—rateE 712}

SR = 'C“*“ Q)

[

slew—rate® 77171 $181A4E op—amp
9} tail current (lay) & S7HA 714 B2 F9)
AEH(Co) & FoloF sttt 3A|WE B2 7 HiAlE]
g Y A% HJodF-(phase margin) 7} 44
sto] A|2Klo] QPR A Al Lus S7F
A7l 7S, Anjdgo] Srkeit) wgt [5]9)
op—ampy EWAAE S £7} 7] wiite] |
Aol HAth= o] gtk

olof w}e}, =& slew—rate® 7MY, H&A 3}
Auldgoe] zta Push—Pull 2] 715

data driver buffer7} o2 +=ollX A70= St
AukAe] 2—stage opampy T2/} 7Hdsh
T EWAXRE M7 Aojx HAo] ok A
o] olth. 18] 1 Hjw A & AYe|5E 7L
Aeo] HojA] data driver buffere]
AN class—ATE0])7] wlltol
push—pull 71%5°] gle1A N—dot inversion®l|
AHEE 4= Qloke o] it
<19 15> Yukdel 2-stage opamp®l
comparatorZ 57}3t9} push—pull F&°] 7}
582 W= data driver buffero]th AlF F2F
& ot gk Vi3 wlel= MeHS Al
o]E xgto] ujzizith, whebr M6H EWMAILE7}
2 AFE ZejA LCD panel®] data line 2 24
& w2 Agke] Zdsith o] o comparator 9
F2 VSSell 7HHA vigl7lE 2 M 7
A et V7t Welzd 29 MeH7F AA| 2
M7HZ A77F &8 F3lo] 289 d¢s A

¥
=
k>
=3
N,
41
[o]

Comparator =

{22l 15) Opamp in [6]
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(1% 16) Opamp in [7]

A2 riojoi el
2% M7HE 3

o] W comparator®)

Stk AT M7HS Al E %
AU VenlZ 14 Ho] glo
AsrE ),
output A F538t7] whitol MHl= & Vs
7} Q7ETE oled wEl MHE 2 W3 ARFE
Agetas Fake] b Alzbe] dEETh
<29 16> 7|8 2-stage opampdl] 37N
o] EWX2HE F7I8H positive feedback
loopE @A push-pull 7s& T
Ve 7h A5 455 delM st (619 F
A3 Fdsith Vw7t 338 ¢ Msel 52
= AF7F Ztskn, M8 AFAE (current
mirror) of oJsf M52] F7KE ARF7F M7l A
FH Ly Al ARAE S8 Meel A
‘**Qoi Mbell 2= AFE HS S/
olg]gt F&o] BHEHTA o] ALIA AR
of B3 Ly AFARC] 28 Sl wE FU1
ato] M10el| gt A%8IM dashs

2= AR

2 huos 9=, ol= Ba} Aok vrAA S
A 71}
V.E2& E

¥ o= 313kd TFT-LCDE 938} data

driver®] A7l thste] Attt DACH=
7182 R~string based DAC® resolution®]l

B 9ATAE dEsk] A% 2 7 s
o] A= G o, obA kAt ARG A|Als)
A= 23t ok Buffer amplifier?] 3% &
& slew-rate$} AWA, A4 push—pull &
ZHE Yok 2 7EA] Wpgo] AN HGleW mhabt
A7 A AR A Eaka At o
2t zehd TFT -1LCDY) T4 AdAE o]
#He FAES MET F e AMEL data
driverd] 7o) HA3] @€,
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