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Test and Improvement of Large Capacitor Load LCD Driver Chip

LI Tuo, LI Qi-fen, LI Fu-le, CHEN Zhi-liang
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Abstract: This paper proposed a test scheme for a dedicated, multi-channel, large capacitor
load LCD driver chip. The 12.5 MHz basic clock, control vectors for state change and frame
frequency selection are provided by the FPGA, decreasing data is written to registers in the
chip. With 200 pF capacitive load, the output signal range can realize 1 024 gray level and
over 12 V voltage swing. Through testing the DAC and output buffer module in the chip, it
is found that charging speed of the buffer to miller capacitor and the DAC to sampling capacitor
cause the problem of longer full-swing rising/falling time and nonlinear output. It can be
improved by reducing the on-chip convert resister or sampling capacitor to some extent.
Finally, an improvement scheme is proposed, which uses switched-capacitor DAC and Class-
AB output buffer error amplifier.
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Fig. 1 Structure of LCD driver chip
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Fig. 3 Block diagram for LCD driver chip test
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Fig.5 Fitted curve of the output signal when Vipp,p =12 V
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Fig. 6 Fitted curve of the output signal when Vppp =15 V
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Table 2 Test data of the chip

ot 3 sz f
R UETES 1.85 kHz
SHC A% 7.51V
PR R .19V
KA IR 12.18 V

AR L FI | (CL =200 pF) 6.2 ~8.8 s
Uik 1.244 W

3.3 Wik4a R

X A A s BT R AT AR
By iy S B A o AR AT R LR AR 12 VR
FRIR LA S 10 bit Bk BE 55 10 T RE 5 (W] B A7
16— R] JT, = R PAE LA R PS5 1

(1) 44208 b Jt it a] (200 pF %5 1 7 30
BK.

(2) %t P s WA U (T 58 RIS A7 A — i B 1Y
etk

R 43 AT LA 1 A T R A A 4 ) s



% 5 2 %L, RO R LCD SRS A A IR R v g Bt 623

Jr H I A SRS B Cha 4 BIK 3l 2% RV BORE 36 30 25 R A7
T
3.3.1 Lk Jhaf e A

3 LA A I 4 SR B OR O A TR B RO
B0 o 1 =2 N = 3 11 e D 1
R T/ R REm e 6.2/5.1 ps. i g ETH/F
BT 8. 8/6. 6 s, Wk FIB £ AR 5 B 47
Wy BRAG A i b I Bl P B 1) Miller M2 R 25 30/
VR 1/ 2 KH B i 1 B Bl L s ) A 1 T
I ] Y 8. 8 s 4 S K 5.9 pus . EL & 1 9K Bl i I 35
I TSRO B 04 B[] A BT 380

iy t0 K 2 A% PR I R B i 3 4 R O
200 pF ZEPE 8 21208 L IHH Y 4. 88 ps.
s e

LR o i LA B D45 L Bulfer 55 — 90 2%
X Miller HL 25 (4 78 75 i 388 B2 BR ) 1 /T R it
] o 42 fe A5 400 P B 43 19 A Fi s AT AN PR 78
HL B Viopoa A 18 VB die bR B T/ 7R B A Jia] ik
DEN5.2/4.0 pso B I O B B 3l B AL Y
AR R AR /N BT S U 2 R e e
HL R AR/ s J3 A T2 22 000 i 1 B AT 48
RS2, B v A F A B 256 % i i 9K 3l 9
) D R 3% R O /N TS A 25 6 e R UL 1)
S
3.3.2 FEZEFA

TE55 R A R D 3 (] ) O B 2% A7 R (Vi =
12 V, Rexr =30 kQ) ,DAC Ay 1218 © 288 ot
12 V(22 13.5 V), H i i e B0 B 5 9 3R 26
M. ¥ Voo & 2 15 VAT LAY B i R e
M 5 A e I A A 0/ DAC w225 i i Y
KN A H g RS o 12 V, M BETE Vo N
12 VIGO0 T 13 2 2k i

DAC Wi i BoT i g5 i an 18 7 firos . 15
AL Rexr 7] LABCAE DAC A L YA R /DN
AT B 72 0 P R 4 . R AR B F IR TR Y
PMOS 4 My F1 My s 4 FL  (DAC it
O R T Voo + [ Ve [+ & W PMOS 48 i
NN X 38 A e R AR Lk

WAk LA By B, IR 45 A DR 25 L WA 2
T« BSR40 45 XoF SR A P 25 1Y) 7 L R BR A T R
Sl K H A2 ) B R O 1 e e R
KBV EOR A A5E K Rexr » i DAC 1 i
S RS F 13,5 V A X REA RETE — ik

‘/I\I!A

7 IR ST

Fig. 7 Current unit

I S N 22 0 RFE A ST 2 12 V. B,
#r Vooo IIREER 12 VI DAC i 5 L s A IR 4tk
S FBUR L ARL M . AT B L R )
tﬂv%?%% Voo MRS R R %,I Voo =15V
A A H PR B W Wl 8 (I &1 6 )

BBt ik B, B R B DAC P A % AR
3 R ) RS AR SR A 12 VR e T A R
R B 15 VL JE o 1 s/ B e id 72 7 1 B
. ZARIE DAC B £ 1 B2, Ho i A s A BE
12 VA | Ve | T B & 4 i 2 12 V
A2 K il b 2P DAC X RAEHLZE Cs 1Y
FEHLHEE .

DAC X RAEH A Cs 7t i R iy i i R
Vo 2 T

VO:IR-R:%S-J;IC-dt (1
XA
I+ Ic = Ins (2)
hR D R @A LLE 3,
Vo = Iyn « R+ (1—¢?"0) (3)

RO BT LS ok 3 24 8/ DAC By o eh 42 i B
R B R DL BCRBEHLZE Cs SR I8/ 78 L B[R]
WH c=RXCs, IR EFTEHEE,

4 HHRITE
SRHT IR S+ % B A7 A AR A 75 et

975 1«
(1D 3 8 DAC 9K 3l € J1 BR il 44 i o T



624 " A

% 26 &

TR 5

(2) 242 L FH A

(3) F B 3 9K 3 T S i 29 220 pA,
e K.
4.1 HEFEHR AR

T RTINS o o WA O ) IS R
DAC %yt ) B0 2 HE U 7 5% 40 o i S Y 0 72
HA] RS R A B IR B RE I I T . WG T R
2% el T S L 45 8 DAC, BRSEH o 8 e
AR Ho DAC (i i T LR IR O
%[ED,- : c,+3i2§0]1), 6] w

i=5

Vuut -

T TLILLI
I

- GND

RST) RST

Kl 8 10 bit JFRH AR DAC 454
Fig. 8 Structure of a 10 bit switched-capacitor DAC

TR AR DAC X 4t s 67 268 L 2 b B
RN B 2 Coy DAC fii i e e 3235 5
(DFFWRE R -

GVl Lo LS

32)3_2[2D’ C”ng;a C’}

i=5

Vo= (1

(5

SLAE PRAE AT BE Y A5 R AT AL 45 1 5K Bl RE
I3 i e 2B B 2%
4.2 HHIREHZ B

BT 28 v PR P miller AT IE
TS — P NP B cascode G544 L 55 9% o #fE 5 i
g, O T PR UE P PR ARE R AUINACK 1 miller
R S RBOR DR . O T AR K
S A R A I AE, W LR T AN 9 F R B A iR
ZORARI AB i 2" .

R R AR EA, BKSl PMOS 4 48 M, 3 17
BICHL L EA, K3 NMOS fii th 4 My X 5 2801 e
TE S 15 HL % M ~ Mg » Mgy ~ Mg FOR $2 153 4

&l 9

Fig. 9 Class-AB output buffer with error amplifier

PR 28 B AR 9 AB i 3K 3l %

CENESE FoR SO e RS N U X O N P O S R ]
Vouw ARG o Vouen A2 S AR L X FE R UL/ i H 9K
A S B S BRI FE M 2R . A
e R A 55 65 Voue, B AR My 0 HL 3 K, 938
i M F1 M T2 8000 HL W BE 0 IR 22O #7 EA R
PEAAT 1 R FiL i » LA et R s A
H o AL AR ST+ My ~ Mg 19/ FHT RT3 2 2 AL A3 0 B
(GER

TEEL 9 JIr 7 9 i 40K 2l 2 25 4 1R 22 TR
wr (EA/EAD SHES fiy th 96 (M, /Mo B i B %
T8 980/ 1 3K Bl FL 0 A b BT 389 0 T 9% 3l AE
T1 o BRFETIOR AR B IF IR £ A BE KK X AF AT LA
a0 FL A A i G R PR T 0] i 8 A Mo . M
S A PR A e R e

5 %

e

ik FPGA Sy i 8 F B 436 4 i ) i S
1) i B UE T AR BRALOT R B —Ff L ] LCD BK )
ST HIIRE. g3 TR R B KA R B XS
223038 R LA ST DRI 42 0 R T
R JRE T i R R Y R X R AR
SR B P A R RS e e e e A1 iy 1 3R 3 580 kAT
T 45 TR R PERE Y R R L
AT R OB T % .



% 5 A LS RH AR LCD SRS A i i & vk B ke ok 625

Z F X #:

U1 T #MA. AR s 7 b i 2 e AR FH BT 5 20 B G % D [ ], AR 2 77,2007, (7) :45-51.

C2] FARMEATER. GBS — 1 024 K KA A A LCD B RIKSNE A RI]. & f5 % 5,2011,26(1).
78-82.

[ 3] AW ABPE &5 . BRI . —Fh T LCD 383l iy IR S #6 i ik 28 oP it K28 L) ). & dh 5 2 7, 2010,25(2) :225-229.

L4 TP BEAE, £ 4. 5. — A JE T 46 PTAT A sl (9 IR % BB AT A BE IR (T ], & & B £ 7,2010,25(1):
105-109.

[ 5] Sansen W M C. Analog Design Essentials [ M]. Beijing: Tsinghua University Press,2006:177-179.

[ 67 Allen P E.Holberg D R. CMOS Analog Circuit Design [M]. Beijing: Science Press.1995:514-520.

[ 77 Gral P R.Hurst P J. Lewis S Huet al. Analysis and Design of Analog Integrated Circuits [ M]. Fourth Edition,
Beijing : Higher Education Press,2003:384-391,

[8]Le HB,Do X D,Lee S G. Compact low-power high-slew-rate buffer for LCD driver applications [ J]. IEEE Electronics
Letters ,2010,46(20) :1370-1371.

[ 9] Woo J K,Shin D Y,Jeong D K,et al. High speed 10-bit LCD column driver with a split DAC and a class-AB output
buffer[J]. IEEE Transactions on Consumer Electronics s2009,55(3):1431-1438.

P3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

(hEXEMERE T

CHEDE2E) WA Tl Ad JFA TS5 ISSN 1674-2915/CN22-1400/O4 5 [8 4 S A ¥ K AT, il & AR
S E N 12-140, H 4 BM6782,

Yo H E B O 5 T

* T EDGF SRR B 2 B2 T

S ] 2 R ) O A RO U8 39 1)

WENB:ABALF ALELEEAABR LEFZELERR BLSHABRRK ERLFE S+,
HERFEEH LBRE FEAFERAR AL TFHRAREEH FELF HEAFHHA AF L A
RAFE L K FR R P E ARG 5 R .,

ERER . ZAMIRE SR HEZEG RO AR NR) A EAEA S MEGHR K
RS A B AR AR R B AT AR K R A9 B AR R AR T S BT S A AR R 69 AR R M A BT IS 1 A
HEMRE AR EZSTFRB N AFHRRFRAR REHIFRRLELYGEERBL,

R AR AR A R AR

ER S oAk

EhELA.FEARFRRELFHEIRS B ZIF AT

S8R o COF B R ) 4 4531

F A5 M bk http://chineseoptics. net. cn

WE 4 Hy 3t chineseoptics@ ciomp. ac. cn, gxyygx2007@126. com

Bk A W 9% . (0431)86176852;(0431)84627061 1% A .(0431)84627061
AR ML . KA T AR d ) K #3888 5 (130033)

GI-EXITE T



