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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
Material Chemical composition, w/ % Mechanical properties
Si0, B, O. Al Ca .
e A 20 a0 Density (g + em™): 2.35-2.55
TFT-LCD glass 67-75 5-15 7-13 5-15 Elastic modulus: =70 GPa
substrate SrO BaO Li,O+ Na, O+K,O Thermal expansion coefficient (X107 /°C)
0-5 <0.1 <0.1 30-38
1.2
20 mmX 20 mm, 0.7 mm,
6 nm TET-LCD
s ( 50 nm
15~20 nm Si0O; ).pH
( ) (
) ; 30 min,
20 min, ° 1—Equipment combines shiny applied and pressure; 2—
UNIPOL-1502 Pad; 3—Work table; 4—Shaft; 5—Sealing device; 6—
s 5 min, Boby wall of polisher; 7—Pipe; 8—Cover; 9—Influent;
CMP 1 2 10—Drainage; 11—Emergency stop button

1 CMP A
Fig. 1 Principle diagram of the ultrasound fine atomiza-

tion CMP"



2 , : TFT-LCD 123

5~15 pm ’ ’
s s 3
) (L,(3*) ) 2 o
2

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
’ (kygr)
Fig. 2 Schematic diagram of the polishing machine ’ MRR
) (Ra)
1.3 ’
, (XS205DU °
, 0.01 mg) . (1 ’
Fae = (Mo = My) X107/ XSy X0 (1) o (Overall desirability,
s burr ,nm/min; M, M, OD) (2)
A 183p OD = bierl +bi2Yi2 + + szY,j (2)
,g/cm’; S, sem® 52
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\ \ , ,
A2B3C2, ,
( 4, 4 ,
80 mL/min) , 4 o 4 92.6%,
, CMP Purg (219 nm/min) , TFT-
CMP , o 3 LCD 450
~500 nm
CcMP 8.3 mL/min, s
CMP o
3
Table 3 Results of the orthogonal experiment with atomization CMP
No. A B C Purr/(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, 4. 84 7.10 5.93
K —8.08 10. 20 —0. 65
R, 12.95 33.98 17.69
3 N CMP CMP

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

4 CMP CMP

Polishing effects of the atomization CMP and

the conventional CMP

Flow/ kyrr /

(nm * min!)

Ra/

nm

Item
(mL * min'")

Atomization CMP

Conventional CMP 80

8.3 219 1.1

335 1.2

Fig. 4

4 CMP CMP

Optical performance of the glass substrate by at-

omization CMP and conventional CMP

(1]

(13
0. 055 MPa,
8.3 mL/min, 65 r/min,
(2)
219 nm/min,
>92.6%, s
) CMP
1/10,
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CMP

TFT-LCD ( )
[l , 2013, 40(10): 39-50.
Xu M J. Focused on market and development of glass plate
for TET -LCD (Part 1) [J]. Journal of Glass, 2013, 40
(10); 39-50(in Chinese).

(2]

[3]

[4]

[6]

L7]

[8]

9]

[10]

L. ,
2004, 22. 85-87.
Wang Y R. The new development of TFT LCD [J]. Jour-
nal of Modern Electronic Technique, 2004, 22: 85-87(in
Chinese).

. TFT-LCD (1.

, 2009, 36(5): 46-49.
Tian X L, Li G F, Wu G W. Introduction of TFT -LCD
glass substrate [ J]. Journal of Glass, 2009, 36(5): 46-49
(in Chinese).

, . TFT -LCD
[l » 2011(9) : 64-67.

Lu D, Xu G. Material properties and production character-
istics of TFT-LCD glass substrate [ J]. Advanced Materi-
als Industry, 2011(9): 64-67(in Chinese).
TFT-LCD
[JJ. + 2005(2): 114-118.
Zheng S D. Technologies equipments and materials of the
fifth generation TFT -LCD production line [J]. Electronics
Process Technology, 2005(2): 114-118(in Chinese).
, . LCD 0J.
, 2010, 31(2): 110-111.

Feng Z H, Bai B X. Process discussion of LCD glass lap-
ping machine [J]. Electronics Process Technilogy, 2010,
31(2): 110-111(in Chinese).

7. . 2003, 39
(10): 100-5.
Guo DM, Kang R K, SuJ X, et al. Future develop on wa-
fer planarization technology in ULSI fabrication [J]. Chi-
nese Journal of Mechanical Engineering, 2003, 39 (10):
100-5(in Chinese).
Cook L. M. Chemical processes in glass polishing [ ] ].
Journal of Non-crystalline Solids, 1990, 120-152.

, s , CMP
Ll ( ). 2013, 12(6): 698-702.
Zhu B, Li Q Z, Wang C, et al. Study on the process and
experimental equipment of atomizing slurry applied chemi-
cal mechanical polishing [J]. Journal of Jiangnan Universi-
ty(Natural Science Edition), 2013, 12(6): 698 -702 (in
Chinese).

1. , 2001(8); 43-48.
Tao J C, WuJ M. New study on determining the weight of in-
dex in synthetic weighted mark method [J]. Systems Engineer-

ing-theory & Practice, 2001(8): 43-48 (in Chinese).



