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Research and Improvement of TFT-LCD Node Mura
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Abstract: To resolve a kind of node Mura of 116. 8 cm(46 in) Fringe Field Switching panel in
array actual 4mask etching process, scanning electron microscopy,focused ion beam, energy
dispersive spectroscopy Macro/Micro and critical dimension are used to verify the composi-
tions and crystals. Also GI test,PVX layer’s front and backside in 1% HF corrosion experi-
ment, elevating 10 “C in lower electrode, varying ash and AT (after treatment)of n™ step and
active BT conditions are carried out. In addition, the effect of the n* doped a-Si thickness is
studied. So the Mura sources, influencing factors and the Mura mechanism are revealed:
First factor is its first formation on the substrate back scratch,the other is the film changes
between contact and non-contact electrode layer etching regional in temperature changes, the
third is by-products adhesion to the substrate backside in active layer dry etch, followed by a
multi-layer film deposition and amplified after wet etch-strip process. Finally the flat and
rough lower electrode is adopted,remaining a-Si thickness is restricted between 210 nm and
230 nm, and temperature is elevated to 50 “C,then node Mura has not been found and the
overall Mura ratio is less than 0. 08%.
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Fig.1 Mura glass front(a),back(b)and lower electrode

emboss dots(c).
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116. 8 cm(46 in) etch rate contrast of PVX layer
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o T2 RS B Mura (9 XU E T 10 em X
10 em (7 Hes 120 09 HEF 2 W 20 ik 36 385 56 4
M ey O PVX R, 25 3 & 20l 3.5
min f5 3¢5 B AR M Mura tht (AT HEZ
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Bl 3 PVX A GI B33 i Mura Y2 Z1 5 5% 8 9 SEM &
Fig. 3 Residuals SEM result of PVX layer and GI layer after glass back wet etch

SEM-1 3.0 kV 8.7 mmx3.50 k SE(M) 1/25/203 10:52

4 116.8 cm(46 in) TFT 4k 4 5 J2 I 5 fir 2 1A
Fig. 4 Measurement positions of 116. 8 cm(46 in) TFT
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4 )2 BB Z il S W SEML BT s 3 )
AL Mura A 57 B F0IE B A7 TE T 78 18 A1 AL 4
fEEJE K CD A,

mk 1., i TFT & & )2 )&, T-Mo
(Gate) \TFT a-Si fil Al(Data) f# K% 5, L&
BAn kb & ERE Al ZEARRER HES
J& 22 5 o AL ESD S H: At i S BORTRR A G, A
IR Mura %A B 4% REK,

PEHIIIE n' etch AT BFjEfli TFT F a-Si %
AR 170 nm, 197 nm, 211 nm, 243 nm
F1 258 nm, 45 5 & PR 211 nm Ml 187 nm J& &
Mura A& A= B8 B2 % Ab o HA RT3 2246 At
M 5 Mura FIJE 4% a-Si JE B ELE LR,

FE# 116. 8 em (46 in) A K AIIE & X 48 ) %4
P 2 5 B RIS . Mura & A= B9 67 B FIUAR KA AF
B IBA W 220, B S AE (810, 05) pm,
FEAT M R (1,140, 06) pm,

£ 1 116.8 cm(46 in) ARAMIEE XiE TFT & EEEER
Table 1 Thickness of 116.8 cm(46 in) abnormal and normal area TFT layers
B-Mo Al T-Mo TFT  Channel B-mo Al T-Mo Slope
DX 3 F%  (Gate)/ (Gate)/ (Gate)/ a-Si/ a-Si  (Data) (Data)/ (Data)/
nm nm nm o nm Loss/nm nm nm nm Angle/ ()
1 325 250.9  75.0  389.8  247.9  106.2  24.2  165.9  97.7  59.59
) 2 26.1  257.4  85.6  399.1  250.0  108.3  24.9  252.8  87.3  64.13
N 3 24.0  268.0  69.3  392.7  245.1  103.6  21.2  265.1 103.4  42.17
Ave 27.5  258.7  76.6  393.8 247.6  106.0  23.4  227.9  96.1  55.30
1 24.2  250.8  72.4  38.8 231.1  95.0  24.0  120.6  94.9  55.35
OK 2 29.7  270.8  52.3  387.0  222.4  92.0  29.9  168.7  77.9  57.25
3 21,2 265.1  69.3 3842  225.2  109.0  27.0  182.7  95.0  65.20
Ave 25.0  262.2  64.6  386.0 226.2  98.6  26.9  157.3  89.2  59.27
ING—OK | 2.5 3.467 11.9 7.8 21.4 7.3 3.5 70. 6 6.8 3.97
SEM ¥l 116. 8 cm (46 in) A B HIIE 5 X 5
CD fH . IE % XA CD V¥ 5 T Mura £ 4
X8 0. 18 pms I 22 B J& 5 30 Mura 175 W AT L
Mura [ Al g Jt I 2 —
AT 20 ol JE AR SE /O, 1 3 it 43 1 R
- - 200 cm?®/min. 12 000 em®/min F&fK K 300 cm?/
———— min.9 000 cm®/min, A1 T 500 cm®/min & <
(He) 458 TR 214k . F RE IR/ R &
UyZ N 15 kW/15 kW BE%] 9 kW/9 kW, PR Ash
FIE BE M 1 000 nm/min [F %] 920 nm/min, ¥ —
PEI 122 g B/ F 8%, B3 CD IR M 2.4
pm JE/NE] 1.8 pm, WA Mura &£ R EEEA T
B 5 116.8 cm(46 i) TET () data line(b) CD e+ A 27 60 T FER 23. 700,

B
CD measurement positions of 116, 8 cm (46 in)

TFT (a) and data line (b)

Fig. 5

3.4 Mura IR B 57
Xof B T Mura s5 FF F ™M Sk 6T )
It 25 # e 47 FIB F1 EDX B4 87 .
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&2 116.8 ecm(46 in)TFT 4 CD &
Table 2 Critical dimensions of 116.8 ecm(46 in) TFT section

for for fir for for fir £ for fir fir for i & fir
1/;1m Z/ym 3/#1’)’1 4/;1m S/ym 6/#1’)’1 7/;1m S/ym 9/#1’1’1 10/#1’]’1 11/#1’1’1 12/;1m

X 3K FFs

1 0.7209 4.4870 5.3836 4.2890 5.3836 4.8843 0.7672 0.9193 1.0185 5.7275 4.8876 0.916 0

2 0.9358 4.2229 5.7970 3.8261 5.7474 4.5205 0.8499 1.0946 1.1442 6.1971 4.3684 1.4418

e 3 0.8069 4.1799 5.6911 4.0311 5.5919 4.5271 0.757 3 1.0813 1.1806 6.1111 4.504 0.952 4
Ave  0.8212 4.2967 5.6239 4.0487 5.5743 4.6440 0.7915 1.0317 1.1144 6.0119 4.5867 1.1034

1 0.6052 4.7024 5.2183 4.4544 5.1687 5.0496 0.7837 0.9788 1.078 5.3704 5.046 3 0.658 1

OK 2 0.7308 4.7255 5.1455 4.4775 5.1455 5.0728 0.5093 0.8796 0.978 8 5.8208 5.0463 0.7077
3 0.707 7 4.798 3 5.2712 4.3519 5.0728 5.1951 0.6812 1.078 1.028 4 5.668 4.847 9 1.005 3

Ave  0.6812 4.7421 5.2117 4.4279 5.1290 5.1058 0.658 1 0.978 8 1.0284 5.6197 4.9802 0.7904
ING—OK]| 0.140 0 0.4453 0.4122 0.3792 0.4453 0.4619 0.1334 0.0529 0.0860 0.3922 0.3935 0.3130

3.4.1 HFAME @ Mura & FIB f= SEM 547 SRR Y Sk B

WA 6, —AREd 3 A S AT iy . 45 WE 7,86 & C.O.S1.S ALLCL & i A
W= R R H A B3 MR EA C.O0 W B HB H A 2 1™ R B Sk By Cal Zr, L
ALCL S4B B Gy DL B PR de RN sk R85 FIB K45 SR 76 AR R & b AH o, aff—
By Ca O AL, A5 3 38 & A 30 HL A 2 i ™ A IGE T M a5 Mura 8 Az BB AR H R
Sk Ze, AW Mura B0 & A BB AE RN Sk BV B A AR .

Cap/eV
Cap/eV

Energy/keV Energy/keV Energy/keV

K 6 116.8 cm(46 in) 31 Mura & SEM E Fl FIB i/ & 43 ke
Fig. 6 SEM and FIB compositions ratio of 116. 8 cm(46 in)

304 b)
243-
3 182 g
&
121
Ca
60
_L Zn

1.00 3.00 5.00 7.00 9.00 11.00 13.0015.00
Energy/keV

K7 116.8 cm(46 in) 3 M Mura {i & SEM E 1 EDX 4y & 43 Lt
Fig.7 SEM and FIB compositions ratio of 116. 8 cm(46 in)s mura happened glass back
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3.4.2 Mura X %898 &4 T 4 EDX #= SEM 447

B ot T 8 L R 2 T i Sk S R X RG R
WAy i o3 M. dnlEl 8 prs E#E47 CL0.ClLL
Si &5 KL 5 A AR IR Sk By Zr
HIEARE Cao 53X U2 [Ny 2R B 3 ARAE T 38 o Bl
RIS o T Sk BEA HE Ml BEAR TS 0. X RE T
T K45 R A B I A S 3 BE ZE R IR Mura & A2 R
IR . 35 A B KR B R R AR IS0 2 W R Al
AR AEAE L Ak 3] 43

(b)
5,
4,
=
% RisELE | N W 3z oo
& :
M |
1,
| T
% 1 2 3 4 5
Energy/keV
(R8O B SRS 4 SEM 8 EDX 04 P
Said

Fig.8 SEM and EDX compositions of emboss dot peeled

from lower electrode

3.5 ERGIRE MK

S A 2 T B R TN Ak TR R B B L B B A
Ik 2 %0 (« 50/300=230X10 "m/C ~38X10 '
m/C) . e 30 “C LYY B A8 f Y5 Rl 1] LA

Bl 9

HEF 826 i )5 1 3238 00 IR 5 5 R &

Fig. 9 Enlarged size of glass scratch after HF acid corro-

sion

AN T FE X T B BSR4 i RS e . B T Ak IR
A B 25 F 640 N/mm®, 7E B 55 3L AR 15 &6 FH 6 5
TR it fin 10 N B Fp i Bl 15 pm A9
FERUEE R, 4 1% HF B35 4 min J5 ik
H 40 pm B F IR . DA AR R AN B R 34 0 b AT
U Z R RS AR AL (1 9) . ] WL vk Z1 i &
H Mura HREAZ K.
3.6 TC# BC A&¥ TR

R T P B AR R A ik T 0 5 e AT R
TC/BCAH & AT, TC 2 500 V/BC 400 Pa
Fl 2 200 V/400 Pa, 255 & A R B B FEAK, 7351
4. 7%/ 9. 2%, HEEREHAET, AR E
% ,BC L E 26 cm®/min, s 12 cm® /min
) B 2 A SR BRI 41 2 4 1k L o AR e i AT B A
17 SR % AN EB R S i e AR R, L 3R PR O
M fr B AmAL G 5 B RN R iR &R
0 E B 2 1 3k R . RIIE 2 200 V/400 Pa Hfig
FHPEMR , ok &7, BC '8N 467 Pa J5 FE i
T B AN 3457 o 21 A0 I LS 3 Sk 7 R R D 2R T
WSk 70, 3~80.0 °C, Hu0s X 48 3 A M H
35~55 CL B2 KT 10 CHRHA BRI L],
F R Z il i 3 — R ) 15. 790 46 B 27. 0%,
PR TE 15 38 ik TC B AR AT BC fin oK ok 58 42 9 BR
Mura,

Zia L BRI 25 R 15 ) 8 Mura R AR
e N e T i Y N R P L T D S SR R
o1y Sk 2 ik 7S 7 70 S 30 R 2 i DX 3 AT 2 22 ok o iR
XS, % TFT F A oS R 2 5 m k4
Mura; 28 355 8 75 Z1 il Fl PR 3 85, fff Mura 37K,
7 K AR RS ™ Mura & 4=

4 FHHAEgER

R T > Mura KA FATHE K T ™ Sk
ORI S ™ Sk 1 BE 3 ) 243K 50 wm R 150 pm
PRS2 MOT SR AR AR AE 15 d R A R ALF
1.02% fH 2 15~30 d KA R N Eik 3.65%.,

FRAT A 0 2 T o Sk RLRE - TED T FL B OFL
B Ra 3.5), TC/BC #HH-& K 2 500 V/400 Pa,
YIE n' Z0 s LA 30 s WK 26 s, BIAR Y a-Si
JERETE 210 ~ 230 nm Z [A], & # HL B U BE R
50 C L85 BAE KA LA Mura, B& Mura 19
AR R 0. 08% AR
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TFT 38 a-Si ) 43 59 JEJE AE 210 ~230 nm
Z 8], Mura B9 & 4 R AL, X & T & RN Sk
ARGl DX 38 1 30 25 38 AR Y 78 38 ) R a-Si R B 22
SoaSUBBEZ T L,/ LB Pk A Mura ¥k
DEcE SUESER Pk S URIR

Mura 3¢ 55 ¥ 10 i 0 72 ) A= i CL O, SI,
S.CLANN # Al 2= 18 /9 ™ 3k B % Ca, O, Zr J%
13 33X ey 0 B 5 A SR AR L AS B g Tk ATk
¥, Mura B AR R 5 T F L Al 2% T8 ™ R 1Y
M SR R By 4 BT BEAH ELENGIE . ML AR BT
Y& AL Ca Fl Ze CF 30 o B 3R 10 M & 09 0 3k
PERED S UESE T H H AR 2 1T Sk A7 B 4 RN b i 7
M4 . Mura X8 [ 45 5 W) & 5 2T 308 1Y &

& % X #:
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