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Optimizing Process Parameters of Ultrasound Fine Atomization CMP on
TFT-LCD Glass Substrate

MO Yi-dong, LI Qing-zhong
(College of Mechanical Engineering, Jiangnan University, Wuxi 214122, Jiangsu)

Abstract: To investigate the influence of the polishing pressure, the rotating speed of the polishing pad and the flow
rate of polishing fluid on ultrasound fine atomization chemicla mechanical polishing (CMP) of TFT-LCD glass substrate,
and to realize polishing with high efficiency and quality, an orthogonal design was employed. The material removal rate
(MRR) and the surface roughness (Ra) were taken as assessment factors, and the best parameter combination was ob-
tained according to the test result. Then the polishing effects of the traditional polishing and the ultrasonic atomization
polishing were compared. The results show that in ultrasonic atomization polishing, the MRR is 219 nm/min and Ra of
the glass substrate is 1. 14 nm. When polishing pressure is 0. 055 MPa, the rotating speed of the polishing pad is 65 r/min and
the flow rate of polishing fluid is 8. 3 mL/min. Under the same test conditions, the MRR and Ra of the traditional polishing
are 335 nm/min and 1. 20 nm respectively. Although the polishing effects of these two methods are close to each other,
the quantity of the slurry in ultrasonic atomization polishing is only 1/10 of that in traditional polishing.
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Table 1 Chemical composition and mechanical properties of the TFT-LCD glass substrate

Mechanical properties

Material Chemical composition, w/%
Si0, B, O, Al O,
TFT-LCD glass 67-75 5-15 7-13
substrate SrO BaO
0-5 0.1 0.1

Li, O+ Na, O+K,O

Density (g + cm *): 2.35-2.55

5-15 Elastic modulus; =70 GPa

Thermal expansion coefficient (X107 /C)
30-38

1.2 KA *E

% AR/ R 20 mm X 20 mm, JEJFH 0. 7 mm,
FTHLKEE Sy 6 nm 1) TET-LCD 358 5Lt 1E N
AR 4 T S R Rz 42 R 50 nm [ 48 1
Bl FORLAZ R 15 ~20 nm Y SiO, K .pH 1 77
R B2 23 20— i) Fn 3 187 195 P 77 R 2975 L g e
i) ) 46 28 3 I 5 T B, MUK $E 30 min, - 75 43
20 min, 15 5] 73 HOPE FIAS 2 P 5 4T Y 4 6 R .
Szasfd Hl UNIPOL — 1502 78 3 5 52 35 B F1 58 44
Bk H 6 4 L 4 6 ] K 5 min,

K% 46 CMP 1y LA B an & 1 Fni 2 e
TN S TERF A Y BE 55 2l 22 [) R O A8 5 4 1A N B
() s 22 ) AT %5 5, JF 78 TAE & 8 22 6 A Bl
PRSP OGIT 2 FEHLB B AN

7
" 8
9
/10
ompresso
Filter | T - i’{"/ Tap
device h /] ‘

Pure
water
machine

1—Equipment combines shiny applied and pressure; 2—
Pad; 3—Work table; 4—Shaft; 5—Sealing device; 6—
Boby wall of polisher; 7—Pipe; 8—Cover; 9—Influent;

10—Drainage; 11—Emergency stop button

1 AR A% CMP i T4 J5 3 g
Fig. 1 Principle diagram of the ultrasound fine atomiza-

tion CMPL-
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Fig. 2 Schematic diagram of the polishing machine
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TEHL 6 R J5 . A % W K F (XS205DU
KRS EE A 0. 01 mg) X B RS JEAT R L 8 i 5 (D
THEM B L BR

kyrg = (M, — M,) X 107/({0>< S X o) (1)

K ke M BHEBR % . nm/min; M, 1 M,
G3M RCHT JE B W B g5 o O B AR AR 1Y
WRE . g/em’ 5 Sy S BB R TE B TE AR em® 5 S il
JEI [E], min,

i 3 4 TR BT B (CSPM5000 9 Wi 2%
Tl B 1 2 T A O 0 HG TR RS BE L 0 4k
A F T X8R 10 pm X 10 pm,

i 5 A - W UL O 43 O Ok BE i (UV - 1901
AU W 5 5 1) ok S 0 Y I RV L S AT DL
SOt JE L B 400~800 nm,
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Table 2 Levels and factors of the process parameters in

orthogonal experiment

A B C
Level Pressure/ Flow/ Speed/
MPa (mL ¢ min™)  (r+min™")
1 0. 041 4.3 55
2 0. 055 6.3 65
3 0. 069 8.3 75

2.2 REERSH

I A P TEO B B » ROBPRE 2 BR  Gev)
IR T RLRE B2, O i3 P98 b5 1 202 B (Ra) fE
B G S HOR S5 AT o0 v g 45 R e AT
PRI AT . AR AR I 25 S AR 23 2k 2 AR A
2% U0 1 R e 21U v 0 B S 1 LR
7 BB R 2248 b 118080 25 R A0 s b 9156
S5 IRIGHEBARAR P BT 7 ¥R X O RIEAT SR 1k
Pl — Fh 5 25, 28 A 45 B8 (Overall desirability,
OD) Y322 s =0 (2D PR «

()D - b,‘] Y,l + biZYiZ + b + [),'J’Y,'J (2)

s by BN T REL Fom 45 TR bR 7E 25
FIMBCRE I RS ALY, AR ARs N
i Sk O HEER.

Xt PR A 9 45 2R 0EAT 48— RO POT T BR
A RIAL B A s GO R

Yi/ - 100 >< (yi/ - y/min)/(y_/max 7y_/nlin) (3)

s Ve A G AEAR T BCR BB 45 R
Vimin FER J AEARH /N IR A R

B A AT B B Y BORE & BR R AR
I RDRE B2 HL 9 2 X 1 358 SR AR A e SIOR [R) 55
HEL NI by A 0.5, by H—0.5,

A2 )3 513 B AL 22 5 P o0 ]
W2 3, 13 3 Al AL 5 5 4Ll 1) 25 B I 4 I
w9 ALK i AR 22 {EH R, AT RAAR



124 2 EH X W L E

2015 4F

3 AN PR 20 25 A 5 SR 1 S ) E R B /IR IR R i
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Y A T2 S 80 A 2017 55 4k ik i 56
FE g8 4 o't i 50 (% 4 4 O i 40 0% W &
80 mL/min) 3B M5 RN 4 R, MWK 4
AN % CMP [ kwrr (219 nm/min) L 1% 48
CMP WAIG, P& 065 1 22 moHLRE JE AR . 1B 3
A RN 7 0 IS 1 3 TE T SN - 31, 3
%4k CMP (il e i i R A 8. 3 mL/min, j&f%
4 CMP (14322 — . X J2& i T 9 5% 1k 55 1k Ak
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AR R 4y T A A% G 07 1 0 1 B R AR 15
Z5 A G AT AR AT AR G 1) 2 1 i
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Table 3 Results of the orthogonal experiment with atomization CMP
No. A B C Furr/(nm + min™) Ra/nm OD
1 0.041 4.3 55 182.7 1. 56 —30. 85
2 0. 041 6.3 65 192.7 1. 27 12.82
3 0.041 8.3 75 203.3 1. 44 8. 33
4 0.055 4.3 65 195.7 1.53 —10.99
5 0.055 6.3 75 209. 3 1.41 19. 21
6 0. 055 8.3 55 215.0 1. 60 6. 30
7 0. 069 4.3 75 198.7 1.74 —29.49
8 0. 069 6.3 55 206. 7 1. 66 —10.72
9 0. 069 8.3 65 221.7 1.59 15. 96
K, —9.70 —71.33 —35. 27
K, 14.52 21.31 17.79
K; —24. 25 30. 59 —1.95
K, —3.23 —23.78 —11.76
K, 1. 84 7.10 5.93
K, —8.08 10. 20 —0.65
R, 12.95 33.98 17. 69
n6m = nm nm
0g ¢ ; - 1.10§\ 1.(2)2;\
- i ~ =
pm()}\z(x\u’/b/ }4//)6// 8 pmé\}\z\///a//‘éf 3 HH? 4‘>~\ ,»’/2/26/ g
0 2 pm 0 pm 6/ 2 pm
(a) Before CMP (b) Atomization CMP (b) Conventional CMP

B3 RMOGHT ek T LS55k CMP FifE 45 CMP Ji5 85 B JEAR 14 22 181 31

Fig. 3 Surface morphologies of the glass substrate before CMP, after the ultrasound fine atomization CMP with op-

timal process parameters and the conventional CMP
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Table 4 Polishing effects of the atomization CMP and

the conventional CMP

Fl()W/ kMRR / Rﬂ/
Item
(mL * min') (nm e+ min™') nm
Atomization CMP 8.3 219 1.1
Conventional CMP 80 335 1.2
95
—a— Atomization CMP
o4l —4— Conventional CMP
93 -
xX
=
92+
91+
90 1 | 1 1 | 1 1 | 1
350 450 550 650 750 850
Wavelength / nm
Kl 4 Z4k CMP itk 48 CMP J5 3 18 B AR 1 6 2= Mg
Fig. 4 Optical performance of the glass substrate by at-

omization CMP and conventional CMP
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(1) 3 AR X Z5 G 46 A5 19 52 ) |y K 3]/ I
JF S 4G R U B G B O s B AR
Ot TESEA A IO E J) 0. 055 MPa, §il)
Wi s 8. 3 mL/min,. G EFE# 65 r/min,

(2) RMEAE LT ZLZH A MO IE 1A R
BR324 219 nm/min, LEPHKEEE Ky 1. 1 nm, 562
BEARLAZ=92. 6 00 AL Gl O T B AR HE L B
WOCRORA I B 25 A6 CMP By 40 W ] = 4 1%
4t CMP 1y 1/10, 2 B K 240 25 fe 96 BE g 15 48 K
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