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sion Driving Method , TDDM ) 5% 3 5 #1245 3R 119 in-cell fil 45, 35 B 1k il 5 5 5 28 . 1% GOA HEL B S Rp 914 - B 45 - J e A
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Highly Reliable Gate Driver on Array Circuit Using Time-Division
Driving Method Base on IGZO Thin Film Transistor

ZHOU Liu-fei', SHAO Xian-jie’, WANG Hai-hong’, WANG Bao-ping'
(1. School of Electronic Science and Engineering , Southeast University, Nanjing, Jiangsu 210096, China;
2. Research and Development Department, Nanjing BOE Display Technology Co. , Ltd., Nanjing, Jiangsu 210033, China)

Abstract: This paper presents a novel bidirectional gate driver on array (GOA) circuit based on IGZO (Indium Galli-
um Zinc Oxide) thin film transistor (TFT), especially for use in in-cell touch displays. The proposed GOA circuit exploits
the time-division driving method (TDDM) to implement the in-cell touch panels with a high report rate and prevent the dis-
tortion of touch signals. This GOA circuit can operate in a scanning-pausing-restarting mode, i.e., after outputting dozens
of continuous scanning pulses of display addressing, the gate driver outputs pause for touch sensing periods. During the
time interval for touch operation, touch control unit of proposed GOA is started to work, so that all gate lines will output
low potential in order to eliminate interferences from display driving signals. Moreover, the proposed GOA utilizes dual
low-level maintaining (LLM) units to suppress threshold voltage shift of LLM TFTs. The operation principle of the GOA is
described in detail. The simulated results illustrate that the proposed GOA circuit generates uniform output waveforms re-
gardless of whether the circuit operates in forward or backward scanning, and output waveform in touch holding stage is al-
most identical to that in normal stage. We fabricated 10.4 inches in-cell touch display panel using IGZO TFT to assess the
proposed GOA, and 90 Hz display with 180 Hz touch reporting rate can be perfectly supported. Moreover, the lifetime of
GOA circuit under harsh environment is further improved with process and design optimization, the reliability test such as
operation at high temperature and humidity (85 ‘C/85%) 500 hours has been successfully passed.

Key words: IGZO thin film transistor; gate driver on array; time division driving method; reliability; threshold volt-

age shift; in-cell touch
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1 gl =5 | Display: 1 Frame (60 Hz) 1 B
AR SR Ml B LB 45 2415 8 R (B F L D Towh(83m9 ! 24 Touch(®3 m) | H SR

Al P R 2B T A H A ) A = SR T, (AL A L i
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cell il i 7 B A5 28 UM A L L AR A A 4% Sensor 2457
TIAl— TFT Hebi |, fild 4 5 W55 4 (i 2 g
W) BB 22 R A . B E S TE il
P AT DU BV A (142 Bl ), g (55 AT B 2/ T3 AR F
ZEIREA RO T 2R L, S 3 i 45 R 4215 R L (Signal to
Noise Ratio, SNR) A . At P& X A4 [A] 75, Lee a \ 4
P T 40— Wit %) B B TR )R A S e TR PRA T
P ATI F BIK B0 5 1, AR T I T B s R R A
i a5 A A DAL Ot ik 2 A0 0 0 ORG BE 527 B PR . Kim 55
APV T R 43 8K 8 )7 % (Time Division Driving
Method , TDDM) , % J5 {2 £ — Wt A $RA T 22 U s 42 403000 LA
FEORE b 0 2 A7 8 00, S 90 i A s 3R A F
120 Hz, 29 /- il BT R A 4%

TDDM H1& 1 FT7R | in-cell fift ¥ & 7% B 4 fik /s 55 fi
P53 IR 53 R m 5 n A5 X, HLAS ) 4 X5 IR 43 X
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e . 146 Display_1 43 DX B2 X 1 T SR SRS
Touch_1 43 DX PHAT 12 DX 38l 14 s 42 A0 00 5 LA ] 19 07 =X
Display_2 % Display_n 43X 5 Touch_2 Z Touch_n 431X,
MR A 5 AE 5 Touch_n 43 X fih 425 457 M #1417 J5 , Dis-
play_n+1 2 Display_m 73 X 55 Touch_1 & Touch_n 43X,
PR S BHAE  RE, 2EA~ B 7R X 38 (Display_1 &
Display_m A3 KO BEHRAE 1 i B, 3™ fih 428 X 38 (Touch_1
% Touch_n 73 X)W EEVE 2 4 .

TH S A 45 4 M A B B (Gate driver on array,
GOA) T WL Ay & 43 #8245 0 AE Wl s 10 AR Y 32 U 4%
AT, G LA SR B 28 A0 B B, B R TR 2 A R
PR, HLfA b 7B R DA A . R GOA LR E
ZEWIZ I T 4% 2 R4S B 2 7R (Thin Film
Transistor-Liquid Crystal Display, TFT-LCD) 7= ', (H 2
SIS 53 3K B 1Y in-cell fill 4% GOA B4 S8 HA Pk
P % FAL5 LCD(Liquid Crystal Display) .7~ , GOA 3K
B A A R AR AL 3 S A AT S AR R R
TSR EK S in-cell filifs W, MG BEAN I 22 9 A T4 F Dk
103X e TR Ml 0T IR] GOA T AT S o TR
RHLAL (VGL) , D5 R BIR 2 Ml ek 20 8 7 3K 2l 47 55 % fi
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0TI R 5C 14 2.7 [0 L, D32 ) ik 4 452 4 240 5 40 A T
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(b) 60 Hz TR MHi% 5 120 Hz filda 4 s R /e ad i
E1 B3R s ) s filda s 2

AR LY, SRR 20K S TDDM ) GOA LK 920Kk T
VETEA - 45 a B, B T 28 10 221l s
B RS, GOA i 5 IF-PA T 42 A . e B fih
TN , GOA FB A sh A4k k17 W os 41k, N 0L E
BE Sl A L Al R N RO . B AT, SRR
B GOA L B AT 2 R AL . Moon 2 NP HRGE T
S5 L ADS AL, 24 R AR 45 P DA ik A0 o, R
i B 2% o A AR AR DR I T O . AR T, B ORI
GOA FLERZEH T I , TRT i A (EZ 1% GOA A& T
MRIEZ S RE (Low Temperature Poly Silicon, LTPS) 78 I 5
PARAE, DRLAY fih 4 Aot o A e, 5530 ) L 2 e A R
ARG, T A7 i H e v A 1 % oo i A 78 7K 52 8048
[F] B9 1F F e B . R AR i (amorphous—Silicon s
a-Si) R A RS 2 2R A Y GOA HL [ A 1 1 AT S )
i, 5 &4 GOA i I B R Sl 5 JBE 1 R 5 ) pE
Lin % AR08 T8 2 B S ARG BT a-Si A 1
GOA Hi,[H 38 32 184 & A1 1 Fi, 25 o A7 0 23 L AT . i
GOA H I D A2 R 122 o b R Al Ao 00 401 ) 3
PG, A 2 v db VR 1 H, P g 6 2% A2 JLF- AR [ 5 {5
JEAFTERAM HL A FIAR C Y 3R 31 TFT I GOA L % 52 2%
PRSI R . A, B0 44 A AR BK B D RE X R B
WL I3 S A, SR [a] I 52 30 2 AT R 4 4 5
S FEL AT AR FE T BE 9 in-cell fil 355 0 % GOA H % IF R
@%m,m.

2004 4=, Nomura 28 A 2 1 4F f 1GZO (Indium Gal-
lium Zinc Oxide, IGZO ) 1] /B2 K 15 38 #1 K . 1GZ0
WM ARE AL REE e EBR(RT
8 em’/V+s) AU UL (/DT 1072 A) AR 159 2 1
(/NT 0.3 Videe) iR ¥ —HE(G8.5 ) 55, 51 AT
BRI AR T 241 TGZ0 3 5 T A48 (14 33k 2L A e
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PR TIZ2 0 SR AR G & L 1620 B s B —18
b N7 FH A BIR Sl T A, T AR T B R v
BRI FE R VI TR I, 2 AR R el R X
1GZ0 £E Wit SR sl RFS AT TiE 2 WF5% , 5% 1GZ0
TR R K T AR S TR 1 B H TR (Threshold
Voltage, V., ) IR [ 4 1 ZFp AR GOA HL i
forﬁ“f FEREE AT R L FH T 5 43 B 5 5 Rl B o

R RN, W T in-cell filt 5 R I HL S ERI 40K
zJJE'J IGZO GOA Hi /DA it . A SCHEH T 2T 1620
RS T AR (1Y) in-cell fili 2 2R FH GOA WL O H 2 15
XS] 45145 5 143 3R sh DI RE . 1% GOA HL %% 11 T Touch
IR, TAE T -2 - R A e B 3K 3
o fib A5 S B T, 420 T in-cell fil 45 A0 A 435 1 1
BEAN AR SCHE 1 GOA HiL R AU RIS A B T AR
AR T ARV, SR e A SO R T %
GOA HLEE Y TARIEL R AL IR I T T A DG 240 B H
TR A SR I B IGZO GOA HL i, i3k sh T 10.4 3%
ST in-cell fi 45 i 7 T8 A, SEEL T 90 Hz R il R 5
180 Hz fih 4545 0555 5 f0e 5, 1% d5e ™ w7 4 S 38 (e
I5L 85 °C JBJE 85%) KA GOA B i S , AU i TS
RN R TERA T2 55 £,
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Integration, TDDI) , [A] 52 30 LCD i 78 B 3 5 Touch i
WK 5 0 2 3% % (Fringe Field Switching, FFS)
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T . AR AR SCHE ) GOA HL B SR IE O8] 414
WE 2(a) FrR, GOA PN AE T 3% 40 R 1 m 4,
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B REMEL)E . ALZ)ZE JAS TR &
(FF 133, FF /0 2 4 L2 DR 8 S /s o o R s
AE. WA 2(c) B, AR SCHY in-cell fii 5 (R K Y 228
TARRAT : HI/E Ti/Cu 42 J8E (FEJE 35/300 nm) (A
Gate; 2K F SiN,/SiO, (JK 5 355/55 nm ) il {5 #4246 2% )2
GI, & X GIiE 1L ; I/ 1GZ0 (55 85 nm) I3 JZ 5 Hil/E
MoNb/Cu 42 (BEJEE 35/300 nm) (9 PR IR 55 Sense 2845 ;
R Si0,/SiN, (S 300/50 nm ) il E 5 — 41k )2 PAST;
TIVEA HLA 2 )2 TAS (B 2 300 nm) , iE X JAS AL ; %
FHITO (JEJEE 70 nm) Hil/E A HEHL % Com s R SiN, (JEE &
200 nm) Hil /555 — 4l fk )2 PAS2, & X PAS i £L ; % H
ITO ()R 70 nm) il /E1Z K FL % Pixel.
3 BF4rIREI GOA BB R

AR SCAR Y — T 1GZ0 I 5 A 45 1% I 43 3K 5
GOA HL %, SZ3H 90 Hz {7 Fill 1 % 5 180 Hz il 45 41z rii
PRI GOA LR TAE T H# -85 a5, Bl
BT AN 2 Y R K RS GOA il th 2T 45
DU TP AT Al 42 00, B GOA J37 I sh 4k St i 34
SEEH ko 5 5, AT GOA far Hh 2 8452 F T AT

—n o~ = o~ >
MMM MO m e
[SRCRORTR=N =R OR%

LW M A SE I AR R L IR 3 R T IGZO I3 3R 5
GOA HL % 1) IR HE [, i T 1GZO TFT 1Y i i 7 R 4F
P, 2R FH B RS LA /N GOA FL 6 it 1 1 A, S B A8
HE . 2200 GOA 3R Bl B A Gate, 47 1] GOA 5K 5 {H %k
9 Gate, ffi H CK1~CK8 211 8 MHH (55 . (HAF—F2E11)
&L A IR R 43 3K B GOA HL B, — 28 & L F LTPS
TR Sk [11,13], 95— KT a-Si
SRR, W SCHER[15~17]. LTPS GOA Wyt # & i T
TFT LT3 7 5, GOA R i L/ H I FEAR,
H 5 T 52 B 8 2 5 % SR M AEFE /T TFT
T AR HE Y — 2053, S8 = A
e FLME LI VE F RORSH I s AR 4R . a-Si GOA 134
JETFT T AR, Sy = F i AR 2 H AR, (H 2 a-
Si H IR RAK, FEGOA Hy 1% o5 JH g Aok ELIhRE 4%
1R, EOME S B = BT R S R SR 1GZ.0 TR A
ELA iR R AR T R A8 R R R T T
g T o5 T O/ N N I P S B - P s o N
Y IGZ0 B 733K 31 GOA Hi, % it (&1 T AR/ IN L DIAEAR, 7]
ek S 45 e RT3 5 R S R OF HoT & T GRS i
fRek.

(<]
: Hin—2%Gate b
| Hn-12Gate |
I HnZiGate [ ]
[ Hint+1%Gate |
: n+24 Gate |
| Fnt+3%Gate I
@

B3 1GZOBF 439K 5l GOA HL Y G I ATE ]

AR B IGZ0 I 433K 5 GOA H [ S F5 Xl 1
i, HEAT WA R i 4 (o) Bios , S5 L& 154
TFT 5 14 AZE 25 CL, 0 40 7B . (1) B hids il
BiHEM1A 5 MIB(M1A FFIE a4, M1B FHF I a1 45
)5 (2) ERIAE M10; (3) T RIALE M9; (4) & AH A%
M5/M6; (5) AU HL - EFF B, MBA/MT 1A #4 A% A 41,
M8B/M11B #4 it B 41, A/B P ZE ARG i, S 4 A5 e 5 5 T
5 (6) ¥ 25 BEH M2/M3/M4;; (7) Touch 2 il 5 e M12.
G, /& GOA HLE& I 55 n 9 Gate iy i1, Q, FH T4 FF M10 X

G, AT LR T4, AT Y Gate Bk iP5 5. B 4(b) i
R T HE Y GOA H B IF ) 55 B2 1) 448 14 4 1 B 1L
55 4(a) F1(b) , LA in-cell fil 4 575 10 B A 1F 1) 394
i G, (265 n 2% Gate fii ) A, 1% GOA H I i 454 7T 43
JLAF SAH B (1)Q, ERIBBE, G, fi i f S
MIA$THF, Q, FEA & L&, R M104T5F, CK, 2
i%, G, 5 AL 5 (2) G, ERIB BE, CK, H Ik 28y
o L, B A M0 AL T AR ZS {6 4 b s e o, B
Q, T CLHEARN A2 E W m i, X 6, Fhr &
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VGH; (3)G, FHili B, CK, & B P-4 M AICH -, e
QM5 e HLF-, K IE G i R AR HL T VGL; (4)Q, M Hz By
B, 2 CK AR HL AR Ry g L, MO AT IF 8 Q, Hh =i FR
SERAR AR L 5 (5)Q, 5 G, 4E 5 [ Bt , s 4 15 458
He iy SRS MBA/M11A 5 M8B/M11B 28 & w11 9F , %+
Q,/G, 4 ¥F T VGL, S f5 5k 8l . ILAh, Y in-cell fil 45
BRI R AR, E e, G, i L TEQ,
R BATIF MAB, A Q, FEA i HL- L ROk,
W ERE S LAk I m R B E 2R, L CK B A
], a0 4(b) F7s

G G .,
MIA MIB
5 Q J_h': M10
P, €l
T G,
GSP
=2 w7} M5,-|_|: T:' = =
MSA | M11A MI1IB |M8B
Pro
6K, P,
q—ﬂ: M9 M6£| M7 M3 |—:|-|—ng2:|}—<%
M2
VGL GKonsg
o : : :
(a) JRHLE
TE Istls2s31s41 S5 RACEREL Isils2Is3ls4l s
oS I T I A ok 1 LTl L 1 r
ks T L LT cky [ 1 MLt [
CKs [ | Ky L [TU 1 1]T] L
kg LML T ek gy L .
1 1
|

|
CKs [l M cxs '
K L MM Mook LAt
Ky [ 1 I_| : : !_| [ : f+|: : 1
Sl U8 S vl 158 Sl
Qi T = Q ,__I_= t
noo e T L T T
P, Pu2
P | Ll_l_l_l—l [ R |—l—|—|—l—‘ L
G, 10 ) BT G, P 2

(b) WHFE

B4 $2HAYIGZ0 /38K E GOA H %

AR SCRI T b B S — BT A DU H S 2 R A
P, FIH GOA A B 55 P,_, 5P, ., /3 #I ¥ M8A/
M11A 5 M8B/M11B, 38 & 4 F5 G /Q, FAR AL VGL, Ik
BT TG IR A B A B A G5 IRk sl AR . 1%
4t GOA B H S 4 77 (Low Level Maintaining, LLM)
PR KA F E i RS BV, B ™, AT 5
M) GOA L J% 14 o8 FH 5 i . A SCARE S A1) XL el B A8 5
TAE, LLM SR 48 4R 2 4b F XU P ik s J& (Bipolar
Pulse Bias, BPB )R , A 0 il 5 445 109 v, I8, 42
T+ GOA B iy . Wi 4(b) Ay SSBYBE,P, , 5P, .,
SRR L B Q /G EFET VGL. 24P, , W VGH
P, , A VGL i}, M8A/M11A T JF 3 A4b F 1E B JE s B,
M8B/M11B 3 M - 4b F f M FE i & . 24 P,_, 2 VGL.,
P,.,  VGH i} , MSA/M11A 3 41 I 4b T 1 et J 4t 5

M8B/M11B FT ¥ H-4b F 1F H = fl B . Ak, MBA/M11A
5 M8B/M11B 38 4T FF , H 34 4b T XU P ik oo s 1R
A 00 R A AMERION I8 5% T LLM SRRV, 1
E RS PR e mT DA 85 ] v, RS

K5 R T ARSCHT 20 3R 8l GOA L B4 A S i A5
SHRFEE . MESPR,G, /G,/G, ., i VGH & HL
L 4l CKYCK/CK, P2 A AR R G, 5 G, o
PR R 2 TS 2 JEIEH 9%,Q, . 5Q,.
e FLE ] R 23.4 ps. NG, B G, s Bl IFHT9,
LA Q, 2 Q,, s 1Y 1=y HL - Hsf ) 75 22 P ZE K 180 ps (FH T
fik 25 AT 00 (% B R) ). AE Sl (T B ), BT AT CK AR
(CK,~CKy) W #2285, B AR VGL AL, LAR)
b A A AR A OV B A A A 40 Sk L AE g o
WAL, G, TG, , Q1T SR RFE VCL A (HE
T8 P BN BEARIE N VGH, i T Fr A CK A5 S8 8k F
$1 3 VOL S HMS ANREFT I, K, et G, | 5 G, 4k
TFARIEH AERRIRAE . B PR I A3 9L GOA F fil 42 4o ) 5
] 5 g 4 1 R 1Y VL FLA , A SCHEE HH 1) GO A HAL i
1T Touch #HIFHL . WIE 4(a) s, M12 A MR % 422
fil 422 i g {5 5 (Touch Enable signal, TE) , M12 1) PR AR/
Tt 43 3% 42 VOL/G . TEAR S 7E il i3 8] VGH
T 7E A T ] R VOL AR FE, an &l 5 87 . DA
J5 2, A fil g Aot 399 18] TE &y 75 B8 o, BF A 9% GOA (1)
M2 B 4TI, AR UE T4 2% G, i HH RSE () VG LAY

Display time I Touch sense time | Display time
CKs 4 1
CKy 1 1 1
CK> 1 1 1
Ky 1 ! ! | I
CKy4 'I L 1
(G S . ! I
Ks —1T 1 : - —
CK7 ' 1
Gy 1 1
Qug —r—TF — 1 1
Gn 1 | |
O — e— T
[ 1

—t +

Q1 — 1 T -
G2 1 1
2 — T —+ —
Gni3 1 !
Q3 e L
Gnia : |
Qa7 T =
Gas : :
Quss T T —_—
G 1 1 1
Ques ! _t—
TE | S —— 1

5 MRS GOA HL B A S 55 i )y BE

4 HFER5IHL
4.1 GOA H BRI

e, Al SRR Agilent B1SOOA &l T
G8.5 0Lk (B EE KA L ~F 4 2 500 mmx2 200 mm) i/
1 BCE 4 1GZO % i A A5 R i £k, P 5 Utmost 3K
TFLA 5 A BIGZO Fa B AL, LT GOA Hi % iy 5
L. K6 BR T AR IGZO TFT Sl 5814 1 etk
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(I-Veo) HHZE B IRAE W/L=10/5 pm, V, BEE R 12.1 V.
B (B RV, iR B R B E R R 4 o 2.7V
9.5 em*/(V-+s),0.24 V/dec. % 10.4 55} FHD+ (43 ¢
Z 4 1 200RGBX2 000) in-cell fili 5 37 i A , 2 1K GOA
H % 3R BK 2 2 000 17 i , >R HI 53 GOA BK 31, LCD 2
M GOA HL IR 5l 1 000 2 735017, 470 Y GOA HL j#%
IX3h 1 000 WA T . B 7 B T GOA HLES ML
BT, S GOA R AL 470 umx225.6 wm, X 1525
FIGZO Wi S AR S 1T A R L 75 Rk . B dn , A8 3¢
1GZ0 GOA HL % H i K RUSH 1 M10 S AR S W HUE

700 wm, SR 1M >R FH a-Si AR A 1A A WOIRC(E ) 7 2
1300 pm DL L.
10+
105
10-¢
107
10
\{3 100 —B—- Measurement
~ 1010 —— Simulation
1011 W/L=10/5 pm
Vps=12.1V

10712 ¢ . A3 e Fsits B v,’j
1013 [ :

1014
-15 -10 -5 0

5 0 15 20 25
Vas/V

6 I SHIA T IGZO TFT R Rk 2k

E7 $2H1HY1GZ0 GOA HL I R [ ¥

i I Gateway 11 B 455 05 B T 42 19 15 43 3K 2
1GZO GOA HL % iz 153, 3T 90 Hz B/n il % 5
180 Hz fili 2 2 25,2, TH B[R] 15 B 0 3.9 ps. CK ~CK, 1
W54 90 Hz, CK A5 5 1 i HL P B 9 2H B )24 7.8 s,
I HE S 6H B[] Ay 23.4 s, HLEEE B R 18 V/-12 V. 4
SRR B 28K 114 LB HL 254300 R 2.76 kQ 5 72.85 pF.
WAL, TR B 230 3K 5 TDDM, B8 A4S (i 7R — i gk %) 43
F1TA R X 5 A i g 43 X, BEAS Sk 7 43 X ]
4480 ws , FEA AR 53 X TE] A 180 ws. 1 180 ps B
SR AT A5 O DT Al A T e B ] [ B i s
PAT 16 K filds , IR GOA Fiy HE B2 16 UK.

{5 BLIGAE T 10.4 351 in-cell filt 45 5 71 HiHZ GOA Hi
L) 1482 A Gate JEIE . ANIE 8 () 7R, M 1E [0 41
T, Grg90 Gooys G G s ES2HR L FE IR 0T , G, 5
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