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Investigation on exposure Mura in TFT process

HUANG Shuang-shuang”™, YU Yue, MA Guo-yong, ZHAO Hui, GAO Wen,
SHEN Jian-hua, CHEN Ping, YANG Zhi-lin, LI Lian-feng, MA Xin-xing

(Nanjing CEC Panda FPD Technology Co., Ltd., Nanjing 210046, China)

Abstract: In the TFT manufacturing process, the exposure process directly affects the quality of the
final pattern of the film. In order to analyze and solve the exposure Mura problem, it is necessary to
investigate and study the lighting phenomenon of the panel and manufacturing process. Firstly, the
cause of failure was investigated by scanning electron microscope analysis, shift exposure experiment,
and data analysis. At the same time, with the help of the open source software GIMP and Fiji perform
image processing to obtain panel gray data, the Mura degree was quantitavely evaluated. Then, the
ratio of exposure Mura was decreased from above 10% to below 1% through adjusting the
illumination uniformity of exposure equipment and controlling the optimal production path, effectively
improving the panel display quality. Finally, the formation mechanism of exposure Mura was further
elaborated based on Expertl.CD optical simulation data and capacitive coupling effect analysis. It is

found that pixel CD should be controlled within a certain range and good uniformity. If the pixel CD is

W75 B H#5:2020-06-11; 13T B #3:2020-10-25.
* 1 {F B & A, E-mail : huangshuangshuang@ncpd.com.cn



CHER]

R .S TFT i et (0 22 0 5% 413

too small or too large, the exposure Mura will be easier to appear. Meanwhile. The CD of each con-

ductive layer also needs to ensure good uniformity to reduce the effect of coupling capacitance on the

display.

Key words: TFT; exposure Mura; image processing; illumination uniformity; feedthrough voltage

un\a

1 7]

U AR I AR I A L TE b TR K R L T B
M X TFT-LCD, AM-OLED 4§ -4z 2 7 £ R
FERR IR T RN . RORAT L AR A A A
SR K L T T A H AR N L S DA it B
KT A% . 45 28 R 4% 1 1 A B O i 2
TET B 4 SE7E B R AR R 1 14 20 ¥ Al — 20t
FH . 22 | 5 X E B R AT R 26 5 S, FR e 20
T T i 2 (1 3 I P 58 2% 9 5 e A R 11 T
SN TG o8 B B s AR F . AR L o AR
L BEOE (522 (Mura) 55 ity DR (] BEUAS T 5k 4

(25 4G W 4% 5 BE R 2 20 Tl R AR
N G RR MR B8R FH B 8 B 0 17 %8 MRV, A )4
b A 7 HRE i TR I TR £ 5 5 R R AT A 22 L TGk
PE— e o B, BRI 0 22 R ML T 23 Y
—REZERGERR L T B0 2 5 b T AR AN E
S5O 20 S T AR B (H T R B S8 L BIE 5T O A O
PEIY AR SOW I 6 22 HEAT IR A S RESY . RS
Pt L B 25 9 20 BT T ik, R 8 25 R K HEAT E R
IR AT A RO 8 25 1Y 3 O SO B AR R UL
T 0T Pl S AR SRR R

2 RRMA

o3 X R A ST LA AR L i e 2% 2
EEAWFHARIES . H—EFEH 15~20 mm
LEAT I A 450k €8 25, A AP £ 22 [F] BE O 105 mm A2
Ai——Obi 2% &9 105 mm 2847 13k
ARAD 2 L AHABHRIR [X o 2 PR AH 5 28 B B 42— Mk
a2, RIE L AT RUE e B TR A 7 A X
IO TE AR AT BETE 2 B 1(b) | (o) i 7 F4 75 e
B EE 2, 2R, 7MY T AR 8 % B
— 2 LA B AR A RO € 2 , AR R R A B B
SE BN R R A A R A AN LR PR 9 A A X
H X R T R FEA SIS IR L

AT A R DY 8 25 1 o BB B 2 DR EL ol D )V o

) " s\ s Y s Y

- O T <«

(a) 5 52 5 TR AR 491 48 o7 1 JRL 7R

(a)Diagram of lens and panel scan position

T T T T
(b) Obi Mura (c) Module Mura

1 Ee 2 ER

Fig.1 Diagram of exposure Mura

PEREAS [RL T A AN (5] o HGE 2 J8 20 4 ' 6 22 1) 1
B 38 3 O R BRI AN Ve Vi Va5 5% 10
ARMEAE AN B S 8. R RSEHLRD Cn TV AL 2
M A T AR X I ) 3 A B HL B A AR T
T B 1 ' 6, 2 A0 Bt AR X [ 2, 1T DLl i De-
mura AR M 5 /N RS HLA CanFHL5R) 1A R T
ARRT AN S A S 738 DX 38 N K 45 5 WL 4 31 5 9 —
B PR 53 A1 Y B O 0, 22 5 78 2B 0 AS I & s A
BLFR b, RO 0, 22 [ J 2 AN 5 1

3 RROA

£ TET il F2 v, Bt 5 0 O B3 456 19 o &
AR (i1 7 BE A A% 2= M6 0 10 1) 25 58 S L P 4 o
Yo & O, o3 B AR RO E 7
%o FXANA 3FRRAH Tk,
3.1 SEM&#f

FH 7 B30 (SEM) & — Fl R — Wk
FAF 5 AR LI it SO S5 1Y 43 A 0 =K,
FH SEM il i AN R FE il 4 J2 510 5F 1 2 80 OF R
8,26 X 5 TE DX R PR B0 47 X0 L4 A, R



414 W5 B

836 %

SEH L WA

FEL64 JK By I TE , R R AR OE R X B2 B
R, @ XEEEZ . WE 2 PR .4 SEM
P TN S RN R & T N e R [l = R R
0.13 pm, [ AR R — X80 R sk 71 ) N R R
e S RUSE W AT I sl AR R WL 25 5, Al 4% 2
R 1 2 0 R I R TR Y 1% R I R SE IR 8
WS, RILa M. mRgEImARS 2R H
Wt 8 22 (8 R R . 3B IR B o A, A 2
(O Frm, 8 22 KR R I A R HAE 4B IX 3K
0.11 pm. H AT UL AR ZE N AR F i Roakoad /b
¥oaFsazkt.

(a) SEM El{%
(a) SEM image

265

26

285 :"\\.\/":\\'//.._./: ]
g 25 4"\‘,»\.*,,0—-0\:\
§ 245 VAR -
e
YAAVAVAYa

235

2.

AP I PP AP PSP A PP S
IS SIS EEEEEEEE s
—e—Sample 1 —®—Sample2 —o—Sample3

Mura area

(b) 2% CD 4O
(b) Pixel CD data®

25
245
24
5.235 Aot gttty
5 23 & J/ 2N
O NN e NP
3 225
X
= 22
215
21
NEE T ENEEX RSN NN O A S O,
A NTNININININD S ,'7@5@?9;;@%;/;}&%’53' 94’4’3“%;‘3/%/9/%/%@?

P B PP PR R W Lo p PP
WG EEELR % LN CEEEEEEEE e

Mura area
(o) 8% CD HHE@
(¢) Pixel CD data®
[ 2 SEM 4 $idis
Fig.2 SEM analysis data

32 HAEXSW
T AR €00 2 DX ) b R 1 2 0 5 T DA LA
TEW] .22 5 il ik SEM 23 B v] AT A RS
TR A R PR RS HI 2 T W) X 22 S, A R R T 9 Ik
77 A0 LA B . BROG I, e AR 5 07 B A oL B AR
X I SE A% V2= BB L B B A B A
A RE R 2 M R L 5 MR I IR 3 5 Xk L ) Al
A R R A 7 B4 B ' O T R A AL
Bt
UntEl 3 B AR SEAT B AR I L SR AR L A
(1/2/3) i B 5 8 B e 58 & X — — X B, 7R 5
— JE RGN TR BRI b A b A RE Al L T AR 1
AR B T M 2 XF L Y o B R G | T B 2 9 R ) i
TR 3 Xof 7 14 o 5 M OIG  TT B 3 9 oRE  HE Ol IX
AISP A AT, Horb Wit 1.2 B sCpR§5 5¢
U FTIEH RiSE . AR 3 AT HEAT & 5, A ] R LGB
A1 5977 2O U LU IE R R B SE K
P R B AL R
U

]
D ﬂ Panel 1 D []
1 (1
D i Panel 2 povs D [] Panel 1
7313
D D
[] Panel 3 ﬂ Panel 2
g g
N N

3 L R

Fig.3 Diagram of shift exposure

R 1 FTIR AT AR P B L W O T A S AT B %
H B AT A RO R LA 2 RN Z .

x1 HAEEAE

Tab.1 Shift exposure experiment

%*}i Lens E*ﬁﬂi% Mura fﬁﬁ
B BN RO WL RO
Panel 1 A A
Panel 2 B B A
Panel 3 C C
Mura f Bk %  Mura fif B &
) e o e AL S o G A = R A
Conclusion
= Ch AE B BB )E R
5P [ )2




55 3 3 R .S TFT i et (0 22 0 5% 415

33 HIESW

W 0,25 A T 1, AT RE SR B — RS2 B OB AN 1
— 3 L IR AT BE R 2 A B ) OO ) — & Y 4
Wl RS BRI, T LA A B B 2
DA B — ), B JC 2 5 i 22 5 2 8 52 il 1) A
B NI AR — PR S AT 0 v o TR K
B 525 J2 v B A T SO R DT I A5 RO 8 2
PR ) S T ER i

e b TET Bl 7845 )2 Wi RO 5 L ik
20 J HEAT 5 A RO L P ] — 00 R A L 0
N EID SR A S NG = )15 € 1 o S B
B AT 4% R R R B B R B HEAT , R OG S L
20 J 5 AR A B A LG AT R AR 43 ik 220 T2
i o £ 14 5 W)

TR A VR 52 8 W B 4 FToR 76 s = 2R 58 v o,
S TH MR, 8 B T A BE [ E AR BIL . 4 TE AR 164
FRB s KT B4 , 3 > 8 B AR AL R O 2 85015 B AL 4y
M . PR A LA B8 fA S RO S 8O A8 TR
P TE AR AT TR REHA 48 164 K B B A AT B4 L 4K
U8 A5 3] B MO Al BT A 67 B T A 1 R AT B4
KR

P4 TR EE U E R

Fig.4 Diagram of panel gray-scale measurement

X TR A AT B IR R AT Ak L 45 2 AR Y
BB - e e Bl GIMP B4 X A B AT 5% 17
RO R TR R IE . R )5 6 Fiji #00F XS
9 1E i 00 PR AT AR L 45 3 B Y 8 2 18] O
P 5 A F B R Kl o e xR K R Al
BEAT LG - L BR IR T, BEAT -0 A0 B, 15 2K
2 AL BB B T A S TR

AT A% 0L TR AR K RE A L 5 A% )R I AR A
I Al B RS B o DX R B B0 R g — PR
PEREAT VEBC 73 AT AN RLSCIA B 45 IR 1A

() HITHEE R

(a) Picture of lighting phenomenon

(b) K&l

(b) Grayscale image

138 ]
137 wﬁ ij
%‘ 136
: i
5 135
134
0 200 400 600 800 1000 1200
Distance/pixels
Co) 3 Ak ¢ BE A4l
(c) Quantitative gray level data
15
THBREE
LN A I
o 05
3
>
g 0
0.5 | V
-1

| L ! ! L L
200 400 600 800 1000 1200

Distance/pixel
(d) b B K B ith £k

(d)Gray level curve after processing
K5 B b 3 IE R

Fig.5 Diagram of data processing



416 W5 B

836 %

4 FREE

253 fEATT 30 TE 55 B0 S B T B R 4 IX AR
B ST 25 7 2 1 RO 8 25 1Y F BRI
MR MEY - MEAERSBRRRART R
M) R PR, o R O A 2% ) B T A
SRR A B — k. A 6 TR R R Im 5
RF 22 5385 0.07 pm B, (5 22 72 BB
TSR T ) B R I, DR AR ER I SRR 25 R A
FEAE 0.07 porm LAY, HEXH 8 B4 158 45 HE R 24— 1k 1
BYEAE 0.70 % AN .

ICOER | \ratess
c =5

0.03 7

(a)Mura B2 5 CD 2= 5 4 &%

(a)Correlation between Mura degree and CD difference

0.2

0.15— %y
0.1

0.05

CDZ H\um
o

-0.05

01 Ny

Y
0.15 -

o

-0.2
20 -15 -1.0 -05 0.0 0.5 1.0 1.5 20

WHE 5E1%
(b)CD 2% 5 5 B Ji 2% 57 A G A

(b) Correlation between CD difference and illumination
difference
Kl 6 Mura T2 5 BEEH —PERY R
Fig.6 Correlation between Mura degree and illumi-

nation uniformity

TEBRC A O™ AR B R & it — R 5
T R G fi il FROL BEA X AR Dl % IR
BN L ORI L R AR B R
Febe bl 7 s Ho ROLEDR RO .
X D AT AR R OL SR L B R e S

| Feedback
m&mﬁwﬂm; Relay Lensi
1 5
1, . i ‘
N ! =
-0
{ Shuttef | L5 ] i
[ i
' Pl Shutter
¢ i § i I Wedge
E; ﬂﬁ:; *]‘ ,:"'I. : Fly EyC
. i
Lamp House
BwLens [ | l '
Plateii —-__TTTTTITS
(N RG

(a)Diagram of light source system

(b) B

(b) Condenser lens

Co) X {424 0k I 4%

(¢) Light reduction filter

‘TR i
A | ALl s
8 YT ARy A I - R
& o s Y- (BER)
ey ™ — Spec Max
® ) \/ VI fL e din

. N L IR
2 [ [71

(d) PROBE 38— PR 4
(d)Tluminance uniformity data
&7 BREE B — PR E R

Fig.7 Diagram of lluminance uniformity adjustment

el B AL PR 2 (i ROL BT ROLHOR & 22 A AL
Py B 3 A5 XU} DR I 4% 55 10 . 5 B Ot 1R
JEE B — 1A

N W D' 8 % a7 R RE Ll e 9 X BURE
UE Y A R R OC B s LR — e TR RE R
TCIE A 18 B b T R R, B2 T A —
LES S JEN

HE— PRI R B, A T LR i A RSE X RO
B 4 W R E A R AR TR . AN &L 8 B L T AR
JEE B 5 B AR S B R ey L DT AR



55 3 3 R .S TFT i et (0 22 0 5% 417

Lens Xf R 4%
L3

“— Pixel CD

~—~— SDCD
~—— Gate CD

Bl 8 4% W2 CD a5 T M K B AH G Pk
Fig.8 Correlation between CD trend and panel

grayscale

F I AR S T AR f8 25 1 5 e R A K AE SD
5 S R 225 v (2 A 18 X3 T AR K B i 4
A i W g 25 1% 35 1 AL R F R 2k, BB SD Il
B RS e B AR B b A — 5 AR B O 5 5 A A I
B RT3 5 T AR e 4ok D B A G L
5 AR A /N

AN [ W Y 15 £ A B 1) R Y TE AN [, HL s 7=
st 45 B 1 I SR R 25 S R A [R) L T B 5 1 o
V25 (T 550 0 45 S J2 1 53 RO~ o € 2 1) 5% i)
FREE BERE A0 A AR 77 AR . DRI o IR I A 7
A I A R R M (B 25 W X

WA 9 BT o 3 a8 4 W O 18 A5 HRRE 4 — 1k
HERRENETBAE B EZE KA RN 10X
EREE1%LIANBFERND20% NG, BIEE S i
M S A AT AR E 0.2 % LR s RO I

N q o © o ().%04q %0 sqno,‘.9
Sy D M PPN
EF T P
wefi fit —e—Ratio —+—~ND20% NG Ratio
Time

B9 BREG Mura 23 &

Fig.9 Improved effect of exposure Mura
5 RRBEMAI S

022 2 N R 5 J3E ) 22 5, 52 A 1l 38

R ZES . ORIEHARE R G AR R R F N T )
FAOCHE , AT R JH 622 B ExpertLCD #E4T #1410
1E FFS BT SRR LG5 L 2 1 i
i, 375 3 AR B A 18 10 Frs  FE —E L HI N
75 1o R 53R W I 0 R ST 1 A R
TR AN AR R BT RO AR
ST P 25 S o 35 o AR A L Xk L )8R e SR RSB
Lo ifs i RARM R SAFAE — E 22 5 BB H
22 IR N RN N B o
R AT CR ] e 53 RS 22 S5 X B 119 38 i 4% 22 5
HO HBEE (22 HA S W,

B
7
6.5
2R
¥ 6
po]
K55
5 \
N
45
1 1112131415161.71.81.9 2.0 212223 2425 26272829 3.0

Pixel CD
10 AU s
Fig.10  Simulation data

e AN AR X S s 5 T B K Y A AR R AR
Cu Copo R TIHEBEEH FEH] EE A [F] B L X
W C oo JCop A7AE—E M 22 AR R 2 B AR &
AR, SRR 2. T OB A

B RO B A5 R B 52 I L6

HLAERE S S 1 2 A L A ORI A )
A — Ui HL AR A R TR ST R SR 53 A — i
(AR AEEE

LTI LI
1177 ;Iffﬂ 17

v BV BV BV

5V
@) PHERE () VIZRHETHS V

B A A AN R BEA

Fig.11 Capacitive coupling effect diagram

(o) LA P-4 AL AL

WE 11 R, & a4 SRR E A —
ELRIEHEAL Vb0 VRV, B R
AV, AP EANRE A L FERL A C) it Z1
MW ARt AV, | T C, 5 HAN 3 4 A E
TE— L, A L [E] 278 F for 3t 8l L 2 3k 2 Pl L I &
HLA— 3, P R AR



418 W5 B % 36 %

C, 04
e I N G e 5 s s
1 g o025 o S~ asetecet™
5><m:0.5 V. @D ‘E Oolz PYLL b
THT AR A [ X IR 4 48 5 1% 2% ok i ] ) 2 26 7o
B CoAETERE T B IR FE AR il 77 P A
LA Cu ek T 45 27 A LA AR 2 I SR R T ecttough volugev.
INAFAE LAY C 0N HE G S BN HL R 22 57 0K (DB AL E S SD IG5 R ~F % &
T AR 5 o R 2% S O (b)Feedthrough voltage vs. SD CD shift

BEBARERAMGSHER V, T3
VBSR4 R WAL 548 1 i, WA 5 2 3 15

6 e

LAY PR 2 8] AT A A C ok HRE e . ////
K B JE AT 2R h g

V[Ccdthmugh: (Vgh*Vgl) ° ﬁ (2) ?

TR X C, A7 7E 2 5 310 B A LR 8 D < 0 I T T
A ARFR I F R8N AR Cu BN A v
H e 22 S BOK TR i R 22 e Bk, [ 12(a) (o) HLJR % it Rl 2k
(b) 45 A5 FE i R SR SD i FE R SF A i HE (c) V-T curve
BT 484078 0 0 90 Ao JE 10725 1 98 1 12 R R et
12(¢) j’»] B R-i8 o % E Q)% (V-T), E'ﬂ AT @R% Fig.12 Correlation between transmittance and CD shift

R NS /A N D AN S S e ST 37 N f
KB T 1 R 28 S AN 2 R, BRI 5t

. 6 % w
PR Gyt Bl SD s FR TR, C R IR A =
PR BT SD RS R K. ‘ R

RIESEAFOS) t 5RRA 3 31D 2 R Lk
et 228 5 B[R . & S 2 0 I B R S @(TEX#@%*EEL#1TE§:T:FTJI s f;@(*ﬁi]}?jﬁi £l
(EREE ) — P N A Bt B gy, e CEIRRI A R RS i DR 5 IR IS D88
B R A e B 5 s 2

0.7
06 f- ST HE— 2 WA (5,22 B0 LR . 76 TET
L == A R/ T2 R AR
8 63 L e S 7 R OB S 4 U B — M 0.7 % LA
£ % B R &L PR G TR T — 52 3 P O AR AIE A 48 X 4 1%
003 S R (E 20,07 o B I 45 B
T oy TR 7 BN 2 A RO L AR
Cad A PRI 515 3% I RS 0 0 WEgExt TFT MO AR R 5 T 2B A
() Feedthrough voltage vs. pixel CD shift H—EMSHEEL,
5 % X W

(1] BAF . RIE.ABERFEEIETRHEFTZEFREL ZHIMLALE  fF Dol RAE 2016,
LIAO Y P, SONG Y Z, SHAO X B, et al. Thin Film Transistor Liquid Crystal Display [ M]. Beijing: Publish-
ing House of Electronics Industry, 2016. (in Chinese)



%34 HRRAR 5 TEFT il 2 ot (22 0 5% 419

(2] KER.R#EA.FEFTET OLZFEAMER L]k & 142,2019,46(5) : 180444,

ZHANG Y H, XUH T, LIY W, et al. The improvement of TFT lithography plane compensation [ J]. Opto-Elec-
tronic Engineering s 2019, 46(5): 180444. (in Chinese)

(3] REM AKX, G ER.F TFT-LCD R K AR & o A 0 s i BT i 2 ma [ ]k dh 5 27,2019, 34(5)
459-464.

ZHAO CY, SUQJ, MIAO Y M, et al. Influence of pixel electrode coupling capacitance on the display quality in
TFT-LCD []]. Chinese Journal of Liquid Crystals and Displays, 2019, 34(5): 459-464. (in Chinese)

(4] Frof . b, Ewemh . % TFT-LCD HADS R s a0 F 2 Mura HLHEAT 5 X BT RALLT ] & & 5 25 ,2019.34
(3):261-266.

ZHENG X Y, YUAN S, CUI X P, et al. Mechanism research and design optimization of black and white Mura in
TFT-LCD HADS display mode [J]. Chinese Journal of Liquid Crystals and Displays. 2019, 34(3): 261-266. (in
Chinese)

[5] GONZALEZ R C,WOODS R E. 4 5 B 4 4 2 [ M. BUAkF, BrF &, 9.2 B AL 50 dF Tolk i it , 2007,
GONZALEZ R C., WOODS R E. Digital Image Processing [M]. RUAN Q Q, RUAN Y Z, trans. 2nd ed. Bei-
jing: Publishing House of Electronics Industry, 2007. (in Chinese)

(6] ks, B, et 18, 5 KA s 4% Mura B FE K 07 338 L) ], & F @l X, 2017 (6) : 50-52.

ZHANG P, MA T T, YANG Y H, et al. Mura defect and measurement method of liquid crystal display [J]. Elec-
tronic Test, 2017(6): 50-52. (in Chinese)

[7] PAZ V F, KOHLENBECKER S, PERSIDIS E. Sparkle characterization of anti-glare layers on displays with a grey
value histogram analysis [J]. SID Sym posium Digest of Technical Papers, 2018, 49(1): 76-79.

(8] Z#R.TFT-LCD & 5 ikt [M]AbsT . H 7 Toll i, 2011,

MA Q G. Principle and Design of TFT-LCD [ M]. Beijing: Publishing House of Electronics Industry, 2011. (in
Chinese)

(9] % Z4% R RE (TET) B o) & i HOR M. L 52 B R Uk, 2007,

GU Z H. Thin Film Transistor (TFT) Array Manufacturing Technology [ M]. Shanghai: Fudan University
Press, 2007. (in Chinese)

[10] QUIRK M,SERDA J.¥ § 4k i& HOR [ M]3 A4 B b 5t B Tolk it , 2004,

QUIRK M, SERDA J. Semiconductor Manufacturing Technology [ M]. HAN Z S. trans. Beijing: Publishing
House of Electronics Industry, 2004. (in Chinese)
ERE

ERE1992—), B LW ILIL A, %42, 2014 45 TR Aol R 4005 % 26, EEMF TFT L
F % TAE ., E-mail: huangshuangshuang@ncpd.com.cn



