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Improvement on Fat Edge Defects of Polyimide
Coating Film in LCD Alignment Process

Student : Chien-Haw Lai Advisor : Dr. Stone Cheng
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National Chiao Tung University

Abstract

The purpose of this research is for the improvement of fat edge defects of
Polyimide (PI) membrane after pre-bake heating in the LCD alignment process.
The objective is to study the heating procedure to reduce the PI membrane
edge non-uniform region and the:sectional difference, which are the key issues
of the active area and the cornervisual abnormality.

Two heating modes (heating plate made contact or non-contact with Pl
membrane) in pre-baking process are discussed in this thesis. In the contact
mode with 70°C 10 second heating period, the experimental results showed
that the "temperature increasing curve” and. "un-uniform region reducing" are
better than in non-contact mode. This can solve the active area issue. Besides
the two heating modes operation; the heat flux between glass substrate and
pre-baking furnace is also discussed. After.final baking process, the alignment
film is analyzed by several instruments such as optical microscope, pre-tilt
angle confirmation, focus ion beam analyzer, and Fourier transformation
infrared rays analyzer. The results showed that the alignment film
corresponded with engineering specifications. The experiment also discovered
that heating the polyimide by way of instantaneous elevates temperature
increment will have the broken bumping hole on the film. This research can be
a strategy for reducing defect during alignment film production, decreasing the
energy needs, and saving cost to enhance the competitiveness of a company in
the TFT-LCD industry.

Keywords: Polyimide, fat edge, alignment process, bumping hole.
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The Fourier rate equation

(4.1)

B 4.26 # @ E 7 % B
Qo © # 1% E #d £ (W/m?)
Kk ©opbay 4 @8 %ic(W/m? -
T, - RTRETRFER
Toass * AR TR T 35
dx @ A& 4 & A& (m)

75 (Convection) @ T g & ik HORy g 4 chd g o

The Newton rate equation

(4.2)

Bl 4.27 £ i1 LR
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Qv @ # R R (W/m?)

h o $Hin# @ % d(Wim? - K)
T, ©ARERET £ E A (K)
Toass - FE TR E T AR A (K)
AT =T, Ty
5 5 (Radiation): 3 "R A ehT & M TR > St £-2 F 4 F @i

The Stefan-Boltzmznn Law

%208T4:>qr :% (4.3)

qr @ B HE R (WMP)
g Tt 0.82

o F-pk g =¥ #K 5.67x10° W/(m? - K*)
T, P ATk BT 4 £ 48 B (K)

T P RRRET 3§ R AEK)

4.5.1 #E 238

BAEEE

q = BOE BRI+ Bl

q=qc+qv+qr
= [k (T T )/ L] +[h(Th ~Tyass )J +[ 0 (Tyn —Toar) |
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g=qc+qv+qgr
= [ k(T =Ty ) L[+ DT, =Ty ) |+ [ 60 (Tar ~Toair) ]
[0.52*(353-345)/0.0005 | +[ 20(353—345) | +| 0.82*5.67*10° (3734~ 3534) |
8320+160+178
8658(W /m?)
Th =353 K(80°C) 5 Tglass= 345 K (72°C) 5 Tair = 373K (100°C)
bt % e=0.82
PRI A G E G k=052 W/(m - K)
6= 5.67x10-8 W/(m? » K*)
ZF OB AR # @ % h=20W/(m® - K% L=0.0005m

SRR R

# (& % : 8320/ 8658 = 96%

# 4% 1 160/ 8658 = 1.9%

i 5 1 178 /8658 = 2.1%

Z%Jg;gz;] N0 S B

BB = RO E X AESH
= 8658 (W/m?) x 0.67 (m?)
= 5800 (W)
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o
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ﬁ

=3 = 5

& : 200 VAC
1 33A
F 1 P=A3%1%V
=1.73 - 33 200
= 11,418 (W)
158 2 RaEAER
a) k4 # ~ 7 /IR 8 o 5 = 5800(W)/11418(W) = 50.8%
b)E % & 47 B 4c 4 hsb = 100% - 50.8% = 49.2%
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Bl 514 1T T EF L+ FIBWNE A7 L4 M

i AT s aE ~ LCD R R WS WA A e
% 5 Pre-bake E 44§ it 3 »cec L B % & & % o Polyimide 7 323 % 3 Fat
edge » BRI E EL L o) ¢ 4848 d 3500 3 F »kecd 1 1000 % o IT & < 48
MR E £ d 2500 4} vk d 3 820 B @ S R /P £ 7 LCD 2k
LA H T % o

5.3 i B%®E
WA~ Fring sceed fatedge 7 25 LCD & fr ¥ & @ * pracr &
FPHRB AR A TR AAERELCD 6 B A FHBFLRE Y
7 ¢ &4 Mura # %ﬁ'gﬂié"%%‘??éi‘@“ﬁ_ié Bhip i BB OIT
WAEE 7 & IE G HE MR

3051 ¢ ZpH CPT R HiRE %2 i

TR

S W

LSN-L640104-007 4 #: e 3% % 1* % 4.4 ~ LSN-L640104-022
WIR B 3R % (T ¥ 2R 4 - LSN-L640104-002 % iF i 5 5% (7 % R

# ~ LSN-L640104-003 % f B /B % 3% T £ R4 -
LSN-L640104-006 % i % /&% iv3# 5 ¥ ¥ R # ~LSN-L640104-005
BB E (TR (T £ 45 - LSN-L640104-010 & 4 5 17 £ 24

N

W Em R

3 & 4240 [T A © LSN-7630700-000 ¥ # & % % % # = 44
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# 5.2

R RER I

BE.| %P W E A ERK G
1 k& F R 3 L1A 52420090 sk & &M pl 2 % %
-20~60C ~ & 1hr~
2 4 A 3 L1A 52420051 # # fm# % % (k4)
100cycles
1.5G\5~500Hz0.50ctave/
3 P i 3 L1A 52420080 =& 285 % %
min,X ~ Y ~ Z axis & 1Hr
4 BRI 60°C ~ 240hr 3 L1B 68320112 = 8 5 /R i% 5 % %
BB IRIE
5 60°C ~ 90%RH -~ 48hr 3 L1B 68320216 = |7 /B&& (T %
=
3R A RS
6 50°C -~ 90%RH ~ 240hr 3 L1A 52420031 =R 2R iv 5 %
it
7 B R BT 50°C ~ 240hr 3 L1A 52420030 =8 = Bé> v %
8 Rk % F e ~4hr 3 L1A 52420010 # 2 & k%R
Customer: L1B0905001 R_V3 L1B 154WB03A Cell#5 55 EX TR kSR I bR TEPIn EL A B B
Ttem / (unit) Symbol Panel 1 Panel 2 Panel 3 ZELlF Pt BoME | EEME | BAE P
Serial No SN T300TG6H | T300TGBA T300TGHE | B35 | 496 | max min 5
Luminance (cd/m2) | L (CEN) 234.50 251.30 251.30 24570 | 25373 | 25840 | 25040
Contrast CR (CEN) 1368.94 1411.80 1338.13 13729 | 11328 | 12175 | 10427 | 500 800 ok
Theta L 49.67 49.83 -49.69 4973 | 4831 | 4798 | -48.56 40 45 ok
Viewangle (Deg.) Theta R 49.80 49.32 4873 4928 | 4901 | 49.17 | 4874 40 45 ok
CR>=10 Theta U 24.70 24.67 24.46 161 | 2465 | 2473 | 2452 10 15 ok
Theta D -80.70 -80.93 -81.99 8121 | 7525 | 7468 | -75.59 30 35 - ok
Tr 2.81 2.81 2.97 2.86 2.69 277 2.62 3 6 ok
Response time (ms)
TF 5.47 554 581 561 5.58 5.64 5.54 5 10 ok
CPT-GAMMA 2,07 209 208 208 2.10 211 208
VESA-GAMMA 2.07 2.09 2.08 2.08 2.08 2.09 2.07 2.0 22 24 | ok
VESAFFE-TR00TGEA VESATN - TI0TGEH VES A7 7o TI00TGHE
. |- 2 e
- / Lroom / e //
150000 LS00
- — i w0 / / - e B
50000 o 50000

B 5.15 6Bit-VESA-Gamma3-T300TGHE
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© | ATL-L1B-1005001 | 43=% §2 g | Pooling~ 3B | (3 O R © © @O mew
26" (g ©) 26" 12+ @ ®
B 154WB03 eS| oA F BpliE ©) @ s G G (o |2010&57 260
MDL data Pooling (sec) ¥ (sec) 5 B (kg) £ .
Panel-1D | @ Ol @] ®Jist|2nd[3rd[4ath[sth[=]-»] O] O] B[ O] O] ®] © © |Rank)] " ™
1 | T3R07GQG Rank2 | 72 00
2 | T3ROTGSA Rank2 | 65 46
3 | T300TGHC Rank2 | 5. 20
4 )
s\ ]
6 [\ ]
[l ]
s\ J
o [ 1 ]
w|[ ]
11 \/
2] ]
3]/
[ [
5] [\
6] [
[
18]/ \
19 [/ \
20 | HHHH
2 8 ¥%L:T-L640104-009-A k01 LEFP
Bl 5.16 %'z
% 537 AR LB R S
Fr N ‘ BRI P AR N ) ‘
R Yok N T BE%IE P & Bt
5 P2 2 At
1 % g £ B OK # £
' W (S ATH
2 %A e B #
B/Lmura*3/3pcs-RANK 2
N SRR 15 ATH /
3 /o S A #
7%
, , 5 15 AT
4 B R ROF B H,
B/Lmura*3/3pcs-RANK 2
5 |BEBIRFF B #
B/Lmura*3/3pcs-RANK 2
. , k5 15 AT
B/Lmura*3/3pcs-RANK 2
, R (5 ATH R MY R
7 R BT B £
/*3/3pcs-RANK 1
8 B R OK # #
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W T OK &7 :
L I piFEERTE Pin &g oo
RLE CPIESRE & -
ik EE S EATH 2 22w L OK e
EHER CEREF S OKe

AEEEIFZ R /8RR R%E/5E B R T BIL
mura*3/3pcs (rank2 » *TR PN ) B kE P a2 i OKo

v $4*3/3pcs (rankl > LR PN ) B2k P hm B 2|

BB H Tl
%“5@ R
o L3 OK>»
/ELFB
kg 2R

“InSpec £ H Rl FiF EIREPE o

154WB03A V3 11M = ¢ f & & & =% SPEC

252:10-245.70 -6.40 --

R

1170.37 1372.96 +202.59 500.00

5P # R

236.90 225.86 -11.04200.00

5P 41t

1192.19 1317.17 +124.97 --

Gamma

2.092.08 -0.01 2.00~2.40

# % £ Polyimide e Wk G4 B P AT BRI HE LS L F ok
FL &AL AR S RA RS 0 2 R (Gamma)ip k0 & ik

LR R E

ERu g iE s B ok RBBIFETEPMEF

A HAFECBRET LA FEFFT IR I ZRRETRAALL

il A LA N R

Z_0kK
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AR EH

v 18 (Fat Edge) ¢ Bl 1= (picture framing) = % L % K& Bop > £ M I -
iE AR ¥ 5 chzgo(bead) 2 A Kk (band) IR G s o v B ¥ B 4 A
WAFTHEHRE AT - LGRS BRSPS PILHRA R LY
B RAZG P TRa KALEGT L hAdH Fd > REL IS R
BLEIRFNEGESFA(CTRFAT LA EBA0%S) ERPIH
it AL GG A AR R PRARKL T - BT R RIAF S S
Bt Hdr e e 3 4o P o R A GESERT Y FE A LG K

PR ERAFES AL PR o

Sk

AT EY A R E R EFSRE D A AW S I polyimide % 1 o
&4 hot plate 2 ;8 i& {7 pre-bake - polyimide = # » /3 # = & * NMP B 4>
L o PRI S e X G e B o g ehn B R A e RIR T o o
Bl F F IR LA G RRR G R T Gk
S RERE K FR B ERRPLIEREERT R PR R R R
Ea e R da A ERT RBEFeRET 7L LCD & B Cell
WAz 2 Pl G RALTEFRTFATR I BFLRBFAFZER
it 5 70°C v % i 4 Fat Edge B 0 & 4 73 WAL R o G ok
sl e B 3 BB RN (R 6.1,6.2) 0 B YL 2R ERNA
WHRE T I H o

d1
yaux
Polyimide "z fat edg

[r77r7r7r7r77777

® 6.1 Polyimide -2 Fatedge sRi= > d 2 # Fl& h 5 (L £
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AR RS L FIB AT ~ A S R RE LR RIF
BMAskn 29 kis LB Ry oreeyd fatedge 2 Fv i X A9 % P o

dl

T—m

[r1777777777

B 6.2 ~# % 7 »xec L Fatedge o » "% i< d & h
1 F v

“JH-
‘_

dFHRED PREMEIEABTIEL A FRIf e E G

# % Fatedger — %2 % LCD # B @42 ¥ few W v 45 % 5 ¥ §E pre-bake>

BRERZ100C 27 ERBAERER L T0C > 7 &4 7% WAz

B BB A E A R TG asc LG B 4 Fatedge o AR~

LCD #W Az s 7 »xecd Pl sperd jx fatedge sw B £ 4 > igd o 1 M eni
R E N EHE BT oA ? %7 35 (Mura) 7

LoA R AR A HRIAL R ET ~FgREA o

6.2 REIHKFR

AL AP RELREN TOCT S ¥ 7 53 % BT

Ed ’i‘ﬁﬁz—/ﬁ’_&ﬁ—i“ 80C ~90°C¥ 100C » #ME & ik 80C 7323 %
MR 70C > A 80C 100C* 323 R iksminT AL E 2 & o

OCLvFARFEHPNFRGF AT AR B 3 %] B(4H 6.3) » 100
MR BB RSSO BACET AR5 RV Rk 0 2k B 5 (*8000)F 7 o
polyimide & AL B % > ix 2 70 C E &P & PRI KR ¥ (B 6.6)
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Bl 6.3 %R % BME B 5 (*1)

B 6.5 % &I 4 AT ACA B % (¥1000)&(*3000)
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B 6.6 2% I 4 AACA R % (*8000)

AR RS HF R R R BE A #atPolyimidef s jc s on % &R
<~ Mg £ R > A% pl¥tpolyimidesiic fatedgeis 2 2 F 50 4 F R é_pfa
v WPre-bake ®l A2 £ * B H 4R 23V & 8 B & (80°C )rr i 4 fat edgerx
%3 T70°C 0 80°C~100C 2 #cfffatedgez £ 7 ~ > 2 ¢ 290 CHA 7 4R
FRRS P RZ NS GE VR BT B ES Rt iupolyimidep: B
B BERE AL G AERR LS RA(bumping hole) sk % » £ = F 2% &
EEERMATONC RAEKERMAIB L FAES 2100C 0 22K

Bl 5290 CHE = B2 % > 2+ 5 (*8000)pL % » d » 4] F cn% Bl s 14
ATV B ETV R A "i"iﬁ;’;i'l I G o FHAKBEZRT RN > MR T
MsolventBAERE 3 < - KA B ”Q‘Kpolylmlde,,. R JEETT L PR
ko B EEEV - HAY

-
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‘e < ¥ T & 2010 Taiwan Display Conference

LCD Polyimide # i+ Fat edge #7 7 #x &
griw L if 37
TR F PY Epkd 1R

iF &

AP G P s d Plpes Wl A2 % & (5 5 d pre-bake {5 & &) if 4 fat
Edge e » BB P RS AT M Pl il 7393 R R ILHEFREEL
%ﬁﬂ%%’Eigﬁﬁiﬁsz& B EARERY XTI A
THRMENI REYDPIfRe Gl T ARERFELT A AL IR
k4T b iR D F R doi A H P TR LCD AT R o
1.%% 2

Ay % — 48 polyimide #1 # (AL21004)& % 8408 & & T % #H 0 &
AHEd Pl# &S 59 hotplate 38 i 7 pre-bake - polyimide % # >
AAE A Y NMP B4l o opiig = o X4 2o L F » A% )
AP e RIFATH 0 2 BT E g R iR RE o G RER
s EY P Aa %A LERRS CERIAA RN PIIREERF L
ARG TEs AR B PR i R TS RERY

AFE W5 LCD &7 FCell Pl i WAERIFTS 7 b i - F 17 &

BHEP S N B R Mt e RS ] T EER RS ) SR
PR R RBER T KRN

% - % ployimide = 4 4 (» % % 3 AL21004)

ST A
Type £y
7 4] & (W%) NMP y-BL BC
AL21004 6 16 66 12 21
AL22620 6 12 64 18 26
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Bl - Polyimide %2 Fatedge ;% > d % #Fl& h & K4
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r— [hi
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Bl = h%ec i Fatedge g » 41 d 2 h

2.9 %3 NE&RB L

2-1 P

SR AR E G 2 T S e w4 surface tensiondk Kook H
R A PRS-k TR 10005 1ITOFE “4FEF) A 46 & TR E
e gF Er iBBEFEEE D%

A% AT A B AR SN EEFTT B2 A REY AT
Pin» BB 3mm > f1% s dr 2B 1% 3 5 #n ~ BH -~ T4 2 3
B G I AR B Bl LB B Pm#%’ﬁﬁ%%ﬁﬁﬁ% PR
o A1 REZRA F 2SR SRR e 0k (S GF 4 Far edge it
GEAi o ARl E T R GA5 R 4 ¢ (730mm*920mm) o 4o B T
SR FeAE Y s BRE RBFE O L HF Y0 Fatedge £ ¥ R

B4l e 0.2mm g R LT o
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B= #4r&4c# 4 FF 3mmPin &

L =8 Iufadie

8.5mm ., /
T

Bl AFESS#BFEZRD

$20mm
Tdlum

P (4) TRF) %t (4)

BT H3RGAS AH<FF %

polyimide
FHF-HHcoating
ITO
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4 |

e

RS S T
2-2 ks pe
AFTT A RAT Y fe WAL AMCH T BB 4 Fatedge A A o 3 B §ec i
LR RFEFIHDIRERE B - 2B~ 5 B 3mm g 5 d pre-bake T o
S5 R BB REEF S B BUR B 5 k2 “E 3 Fat
edge > BB E £ R 70C P R % 4 w5 | 30 60C eh s 750738 -
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| EEH Pin_{EEE || EEHPin_cHEDE || EHPin S |

Bl = %t 60°C 4 # 4 " i 3mm 2. Fat edge 3 %

0B HPin_HENE TOEEH Pin_ HHENEE TOEHPin_FRENE

Bl ~ i+ 70°C 4 # 4 FF §E 3mm 2. Fat edge R %

B4 2B 5 2 4579 pre-bake e ¥ I % > BB B RFEILT 3593
B sk s o Y
;J-_‘;: o

0 MR AR 2T

‘ 605 MEFin_SEEIE |

if % 60°C v 4 4F B 4 ff 2. Fatedge B %
0 R rin_ R 70 BPin_ G 70 [ B Pin_ St AR

B+ 15 70°C e 2 E #4579 2 Fatedge 3R %
2-3H B Y MRRE

PRFHRFEEA RS RLBNE S JI RFBEFTER R R K TG
0C > #REEEMEIOfH P g2 R 70C > e 3mm A & 120 )
HEINTOC RS- oA F LR LI0F) > HI R A R GG
HEFIPEALAR J T RFERE AR E L polyimide i3 # ¢ o
NMP...% 3 5 » @ = 4~ ¢ solvent B] & % 2 JF4cR| * 35 » F&F § s L o
FodNN AL EES % o
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C0H00 COEL) COEND GOS0 Gonelh QGRG0 0 00 CLDD G20 O30 2 40 Q) 36 ()

B+ - FkiFELEd R
2-4 £ RI%E :
1~ M8 72353 % 5 & £ 8

OM*1 & CCD £ 7 Fatedges £ f]' > ;\ 2 £ Rl dm7r 453 B8 % &>

dAZRFHTETERBRTREEE TR LAEMERLEFR T L RE
AEdROPREERER OCEEEMH TRy E Y Jedg s & < R e
_.,2; °
- FHhiEE&ES
BEHRELREE
2 Pos.A Pos.B Pos.C Pos.D
BB °C 60 60 70 70
E /B EE 3mm E & e 3mm ER B e 3mm

w7353 % dimm) 0.176 0.483 0.107 0.405

¥ 7353 % d(mm) 0.179 0.468 0.106 0.391

t6_% 353 % d(mm) 0.189 0.461 0.102 0.372

2~ F R E

W =

Z FIB & 17 -

3B 3mm hE B £ L
¥ 8 5 1550 4 o 5E
ﬂ o

% >t 4000 &
FERH b X AR B E
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4~ FTIR o oh s % 3 A 47 -

Fape wgd R TFAALI TR B AFA IR F
FFTIR . 3# 4 17 {4 (B~ = )FEsu4r fo C-Hék shstretching & &5 % Jc = % 4
f 3000~2840cm™ » C=C 4 fc ) & 1600~1680cm™ 2 @ » 3 % Bl
HELE > FTAAX|OOELFRFREPN -

R MY

a5 96

ekt 5 96

I

P r —L

B~ = 3R FT-IR A4
25 BEER

A S AR REMIOCT HH s A 305 R B o (Fe

$ o #E R KA D 80C ~ 90°C #1100  BILE R 5 2 80T 1 23 B B e

5 80°C 1 10004 $93 % A Mclrse A L8 % 90T

,?%'.f(f%-%':‘ 70C » =
EVARFEPMFRT AR R P B R R F e (4o Bl 4 ) 100°C HIR %

SRR GRS BARET AR RISk e B 5 ¥ 4 0 polyimide i
ARG o 5 T0CE BB ELFERS G EEFT(R- L2)

B+~ BEE3mmFT-IR & 4%

Bl= - RkEL R 5 (*D)

Bl -1 s R F(*1)

Bl- L — Bffichr @ % (*1000) Bl- * - (*3000) El= = (*8000)
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g Z R 2 pletpolyimidesid i ax B iEF Al B b 3
Frf - SRS ERGBOC) min g fmy figEnT70C

BY L REMIHOOCAE T ARFR RSP RENRS R
B B pcHLT BLBEF s upolyimideg P B BB S @ A 6 AER
% o P & £ 5 %% (bumping hole)sR % » ;8 & Hi 4 3 95°C >
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