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Effect of high temperature adhesion on

liquid crystal bubbles

LIU Xiang® , CHEN Yan, WU Wei, DAI Jun-feng, LI Kai, LIU Bin, WU Si-xiang

(Wuhan BOE Optoelectronics Technology Co., Lid., Wuhan 430000, China)

Abstract: The liquid crystal bubble defect occurred in large-size products under high-temperature-op-

eration-test are systematically analyzed and summarized from the occurrence of the defect, hypotheses

on the mechanism, and through experimental tests to verify the hypothesis mechanism. It is concluded

that the adhesive of the sealant is reduced greatly in the high temperature environment, resulting in

the formation of liquid crystal bubble defect. At the same time, it is demonstrated that by selecting

sealant materials with high T, point and optimizing the bonding interface, the high-temperature adhe-

sion is improved, thereby the problem is solved effectively, the product quality is ensured, and the

production yield of LCD monitors and customer satisfaction are improved.

Key words: sealant;liquid crystal bubbles;high-temperature adhesion;interface
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Sy A R 3 E e 2 3 0 AN A SO WA SO AR
Ro Ty 2 b B A 0 1 422 26 0 R AE BT R AN
s TR AR T R S T Y A

TH L S A B RR Y B R KRBT DL 4y
A RE R EE DL IR A SRR, I
WA R AN R 2R S HE R (1526 )
LR, Hgm R R R84 . (D35 S 0C
(Over coat, FHHAL)Z) (B [7] fE PI(Polyimide) ™ &
fefEflfL 2 PVX (Passivation SiN, ) %5 (2) £ HE i
(R 1T A 38 5 (3D EFHENE I B Re e 5 (4) BHHE e 9 B

ASCEXF G10.5 T.J7 139.7 em (55 in) 7=
T T T AL AR BN B AN RIS
PRI 2 LB 5 43 O 3 SE g ik, I A R
7 DR L s A R R L B T AR
PPRBEE R PR,

2 RRINZ LRI

T WA= 139.7 em (55 in) 7= §h 78 EAT &
&S AT A5 M K ( High  Temperature
Operation Test, HTO,60 “C) I, 24 h [# & &
KA WU (Bubble) BY B4, WA 1 BT s,
AR X HE i © &k R TS, BE 41 B AR (Thin
Film Transistor, TFT) 5% AR (Color Filter,
CE) S22 R B P55t 5 o A B DX B HE JiE 58 42 ) 55
e TFT i,

3 SO H A R R (SEMD ik, 7E
SEM I AUAS B X 38 AT UL B4 HE i 5 A AL eE A4 2
PVX fEAE 4T 24050 ANl 2 s o AR 22 W00 5 1

B 1 WA
Fig.1 Liquid crystal bubble

B A SEM. 4y W0 2% 2% S ml 4fi ) He R Sy < (D)
HHERE AN L B 1% . () BaRBRE
HTO P55 1A i il 5% ), B 6028 0% | (8] B 7E [
PLEA RS T A EER S OC #5 , i ik f
MRS TET A R 48 B, (3) B HE I 35 %5 7 i 4b
[ PVX(OC) J2 iy 2 T MRS BE 5 8, 5 B0H L A
ME 2. (D EERYS PVX 1) &4
N2, BHER S PVX Z i FHE 2.6
SPRRAEFET , & N S N5 55 X3 LB
WEWNB S &b K iE, FEURH PVX JF
HOH DM EAEHSEEER S OC #ES ., ©
HIER S OC WEmliEESE 12, EHERS OC
HEdEP . M TN EER, BHERS TFT
AR PVX JZHITF B4,

Regulus 10.0kV x3.00k SE(UL)

2 HAEKRS PVX 4B SEM &
Fig.2 SEM image of gap between sealant and PVX

3 MR &Rk

31 Mg E

S T A A D AN B A BB (M-
croscope, SEC-2000-ST-945) , {1 B F & &5
(SEM Regulus8100, HITACHD , J& ¥ /7 & ¥ 55
(AFM,XE15, Park) , $i 4k Ji 15 & (38 [ 5 B 5
#EHA L 5965) .
32 Mk Ak

(ODHTO iR EEE 7 E 60 C)

#1735 J7 4 (Pressure Cook Test & Peel off,
PCT): PCT M 5% 14 o ¥ W &b & & T 121 C.
100 %R .2 KRR M BT h g 12 h&.24 h,
B BRI BRI R . Peel off 2EAR
[ ] PCT & I3 $5 7 B 19 3¢ 8515 50, PCT 1iif
B 11 :Spec.=14.7 N(1.5 kgf) ,PCT J5 3} 17 : Spec.
=2.98 N(0.3 kgD,
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IR R L HE B T i (3 25 J1) PEBE R GF

CF:HR F EIRE
~
- |1 o
OC/PI
TFTHAR —
FHHERR

B3 W/l s &
Fig.3 Diagram of normal/high temperature adhesion

test

[

B4 P R 2

Fig.4 Diagram of tension test

4 fBRaRIIE

Wk FIRAY 4 BT — S A DM S
UE . HEATAS R4 1 & B
4.1 EERNIR

TFT 5 CF X & )5 . HHER T E LA 4
JEGELR e AT KA e (UVD) B AL B, 4 | 2k Xt
UV G —E MRS, 25 TF FORAR R, BHHE 5 i) &
S N € L U E P AR &=

H A KX (NG FI I8 4 X COK) B FLBCHE , X
& B4 X 3 (Line) 5 4 J& £k 1] it X 4k ( Open)
AT B R i [ Ak Z 3, OF 5 T 4 )8 4 P IX
I (Ref.) 2 AE 2 & 4k %% e, T34 & i 5
iR, K6 RBEHER LR 450, NE AT F

o, DATE 4 i 2 P X8R (D) Ak R AR SR 1
BAE A HE R R IX 5 58 4 X B AE R bl 3 AR
FH G 58 7 B i A5 S0 B AR 43 1) 1 A 2R 2 7
0.99~1.02, ¥ & [] iy [8 4k % 6 22 5= IR iz AN
B0 7 A 5 st HE G R Ak R TG

)]

<)

5 (a), ()NG X EAL R (b) OK X [ fk %
DI 5 (D TE 43 Ja 2R 4 X [ Ak A i

Fig.5 (a),(c) Curing rate test of NG zone; (b) Cu-

ring rate test of OK zone; (d) Curing rate test

for the area without metal wire shielding.
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Fig.6 Curing rate results of frame sealant
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38 o 2 A R B R AR WA A A B R
SR, EMAET LI AL E (EREA R KO A
— R S A R TE R RGN o R E A IR
SR R AK W SR #8277 A — 8 BT AE (De-
formation) , FE PO S N TP, TR T
Vo B S L A5 0 T A HE i 32 B 5T U0 0 AR
S AN K (Bubble) B9 724,

i PR A AR W OIS R & A R
Uit AE 55 3 Il A B IS A AR L B 7 TR L 4
JeFF W AT AT B B AR A2 BUAR X T AR T
XEBIHE S 23 52 2 59 1) 77 /9 M T B4R 07 13
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M4 %R 545 SEM /NEE, 34T SEM W
LRI PVX SEME 432508 4, an &l 8 i
VLR I A R ZAR AN ESHE,

F
—

CF
i

F

K7 9 oR B

Fig.7 Diagram of shear force

Reguius 10.0kKV x10.0k SEUL)

K 8 YY) Sl SEM 45 53

Fig.8 SEM results of shear force simulation

43 FREFEREENK

HARXEEEWR L PVX 25k OCJZ %
THHLRE B 5 56 0 XA 22 5 L& 11 35 0 e 7 42
HERAMMESSHFAEES, SRHEK S PVX
(OO WIEE 1 5% 77 S IR R A R,

il & A R X (NG) 5 5% 4 X (OK) ) TFT
i/ CF ) L5 46 i, 48 AFM i 4% 0 38 5 ) 4
MEJE B3 PVX JZ2F1 OC BFEHE X HARKX S
SEHFIX PVX R OC Ri-FHEFERES, &
it AFM 238, AR X PVX 5 OC (%) 3 1 HLURE BF
(Ra )51 25 nm #1 15 nm, 584 X PVX 5
OC W2 T LIS BE 0 518 30 nm AT 13 nm, NG X
5 OK X i 2% 1o HURS B2 JC W & 5%, an &l 9 By
N o 145 L U B 3 T REURE B 2% AR N BT .

(@)

(©)

@

B9 (a),(b) OK X5 NG X PVX 3% Ifi #L K i 5
(). (d) OK X5 NG X OC F R .

Fig.9 (a),(b) PVX surface roughness in OK zone
and NG zone; (¢), (d) OC surface roughness
in OK zone and NG zone.
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CFER ~ F
ocmr — l// Rt
TFTEAR — :

HHEMR

E10 & iR A AR B R
Fig.10  Schematic diagram of high temperature dete-

rioration simulation

B 11 @i SEM 45
Fig.11 Simulated SEM results of high temperature de-

terioration

it bk 4 PR g UE S 5, Al A kAR
HTO R ERJEd TEAER S OC By &l #%
2% R T AT 18 5 Tl SO AR
TR0 G Sl S R BN A o TR e A T E A
BHHTO VAR, MG mEHER S PVX Ak
ZEPRIFE RN EHER S OC B &b, b T 1
FEAEHT A5 B AE B S PVX A 2 3] — A i
il 8

5 RERIE

3 o Al 15 ML 30 E 52 4 L A5 7 A AR
AR FEFEREHERS OC WiEE T 2ES
B AR — T AR R R T R, (DIEER
A7 ) A4 RE A8 0T, B AE i ST AT S2, OC C1 Fi C2;
(DIEERMAT ,BHHERS OC #E . HHERYS
PICAC [ B % . Wit N HTO Ml PCT & Peel
of {5 BV I3t , % ¥R 7 4 I 3k R v YR 122 5 1
T, PPl 25 42 26 5 1 U] 22 5, 6 Y SR R4 A
51 OCHRBELTE

SKHT N H AT OC C1 A C2, H A TH
(8 T2 A5 A ) 45 L VR A & B B AE SR ST
PEAT T NP IR, Mg R an 2 1 ARl 12 BF
Ne METATLUEH PR OC C1 fit C2 W7EfF
P D3 R AR R AR UL BRI OC i AR T

XA RIS

F1 AEOC EEHENIRLER
Tab.1 Reliability test results among different OC

PCT&.Peel itk g1/
Item HTO
off N
KA SR
Cl OK 402
.48 h
KR AR
C2 OK 244
.48 h
20CC1 mOCC2
Z
R
T
o 5756

.

90

B 12 OC Cl 5 C2 MEHER I/ miREE N

Fig.12  Normal/high temperature adhesion of OC

C1 or C2 to sealant

52 HIERMBEZE

SRR H EE S R BAER ST RS2, A
] 1 T 20 45 A ) 2% 10 R 8 B . OC SR C2,
PEAT T PR I, R 25 R an gk 2 1| 13
N DN 2 AT LU B AE e S2 7845 s
R R LA RS E . BEZA B nl i
S HE A R AY AE B DR AT 0 s A 13 AT LA
BIHEME ST BEUREE 0+, HA% 5 1 TR 2,
AHE T8 I SRS B TR 80 CH L, HEEE T

®2 FRHEREHEMNRER

Tab.2 Reliability test results of different frame sealants

PCT&.Peel itk g1/
Item HTO
off N
KA
S1 ) OK 102
iy, .48 h
TC T
S2 o OK 460
KL kA
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R 49.6 % M B HE I S2 Y43 1 F [ 8.3 % . BHHE
JiE S2 1 i R R B AL T EHE R S1. A
LA S AVH IR 3 S S5 R F L B IR T BHE R
S2 (R B S T B B S1. Nk, fE 3
fig b BHHERE S2 8T S1.

B Seal S1 @ Seal S2
14

11.76 11.56

10.88

BE NN

Bl 13 HAERZ S1 5 S2 Mk /w44 71
Fig.13 Normal/high temperature adhesion between

frame sealant S1 and S2

£3 TRAHEFAAEHEMNLER

Tab.3 Reliability test results of the different interface

PCTR&.Peel Bk i/
Item HTO
off N
KA
S18&.C2 ) OK 402
S 848 h
TC W i
S1&.P1 o OK 441
RWEE
i T i
S28.C2 o OK 510
KWEA
T
S2&.P1 o OK 715
Kkt

53 BEERETE

W PR 12 AT, Hy J5E ok i) T A Ok A7 A2
A0 IR TG 6 B 4 U A1 {45 B AE S 55 PT IR 4
. Mg Rk 3 FME 14,15 iR, &3]
S AR T R A L AR HE R S PTEE A, AT
UE HTO K &4, RNigEHHER S1 82
S2,5 Pl & B & Bk k&5 R T 5
OC#:%F. NE 14,15 AT AEH . HER S1 5
S2 5 PLWH & iiEE ¥R TE OC, XU
e Sk fE b BHHE i/ PT B 25 L A T BHAE
E/0C,

®Seal SI&OC T = Seal S1&PI

BE NN

HE/C
K14 HAERR S1 5 OC C2 M PIRIH /miREE H
Fig.14 Normal/high temperature adhesion of frame
sealant S1 or OC C2 to P1

OSeal S1I&OC T B Seal S1&PI

BE NN

50 60 70
R/ °C
B 15 HHER S2 5 OC C2 fl PLAH /EinEE N
Fig.15

Normal/high temperature adhesion of frame

sealant S2 or OC C2 to PI
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AEAR A o = AE e B i 43 32 B 0% Y R A )
FIE (o S 4% 76 SF i o7 B BT AR 2 MR R AT T,
B, 35 HE JE B g 43— Ot 3 3 ), 53— 32 8 XF
5 1 SR 207 ) O R DAl S B A T 7 B O iR
By, DA 2 B0 L 5 5 ORI AR oA A P Al
Wy 2 R A . BHAE S ST R S2 1Y T, 005 A
40~50 °C.60~70 °C, HTO {5 #i 1 I 35 1} i) 20
B EE N 60 °C 728 6 AAT BT, WoR & 8 i
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