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abrasive solid content, polishing pad and down pressure on chemico-mechanical polishing (CMP) rate of zirconia ceramic. pH
of silica sol was regulated to 10 by using sodium-type steady silica sol with particle size of 80 nm and sodium hydroxide solu-
tion (as pH regulator). CP-4 polisher was used to performzirconia ceramics polishing experiment and collect coefficient of fric-
tion, and viscosity tester was used to test viscosity of silica sol of different solid content, and scanning electron microscope
(SEM) was used to analyze microstructure of two SUBA series polishing pads. When the solid content of silica sol was 37%, the
material removal rate (MRR) was the quickest (54.3 nm/min), and COF was the minimum (0.1501). Continuous increase of
solid content was accompanied by dight increase of COF which remained at around 0.1540. The polishing mechanism in which
solid content of silica sol was over 37% was the result of hydromechanics, while the polishing mechanism in which solid content
of silica sol was below 37% was the result of hydromechanics and mechanics. Compared with microstructure of SUBA600 pol-
ishing pad, that of SUBAB8O0O0 polishing pad exhibited more and smaller pores. The MRR of SUBA800 was10 nm/min higher
than that of SUBAG00, since abundant pores have changed the contact mechanism of silica sol and polishing pads, increased
shear force and COF, and intensified mechanical effect, which further accelerated polishing rate. The COF had no connection
with down pressure. The MRR conformed to Preston equation when the down pressure was lower than 3.5 psi. For the CMP of
zirconia ceramics, MRR is the quickest at the solid content of 37%. SUBAB8QO is more suitable for zirconia ceramics polishing
than SUBAG0O. If the down pressure is below 3.5 psi, the MRR conforms to Preston equation and COF has no connection with

down pressure.
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Tab.1 Polishing processparameter s ofzir conia ceramics

Parameter Value
Pad rotation speed/(r-min™) 100
Wafer rotation speed/(r-min™Y) 0
Down pressure/psi 1~10
Slurry feed rate/(mL-min™) 120
Polishing time/min 20
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Fig.1 Variation of MRR and COF with different solid content
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& 5 J&435d ] SUBAG00 1 SUBASOO 724
TG R, L5 R, fiiH SUBASOO il
BRI T SUBAGOO, il % 4H2% 10 nm/min 247 .
Kl 6 Z{fi ] SUBAGOO Fll SUBABOO ¥ Fiiii 3t it
A4 Bl I I R A R A, A5 AR R W, ff ] SUBAG0O
il EE 382 R 0N T SUBASOO Hles, il
R B A AR AR 1 S PR R A AR R A HLARAE o
JEEPE R AN, BRE Z eIt AR b LR F 8%
55 o MR AR BT T R I Y R SHOUL S5 A8 T A
SUBAS800 #il % #kH H, SUBABOO #il Y4 , JH: % i B %%
L HALBR RS8N, XERERSE , ST aaer, fL
B RS K SUBAGQO il G 45 A 24Kk —
AACREORL , TS5 1E A 2 [RIE i — 5 W e 2
B R E AR R 2 (R i e . BRI, B
() P 10 17 7 25 A 7 b R AR o AR 23 20(2) , VIR 7 A1

230/ COF, [H 1, SUBABGOO i Y #v fit B8 48 22 K A%
W5z, fdi] SUBASOO il ik, itk 5l
Z W HLAAE R s . A, SUBASOO il ytHvls:
T3 A A A B 1Y

0 I I

SUBA600 SUBAS800

K5 ARREHLLE T A5
Fig.5 MRR with different polishingpads

(=)
(=)

H W
oS O

[\
(=]

—
(=]

Material removal rate/(nm - min™')
w
IS




- 270 - F W O OR

2018 4 9 H

0.16

0.14 -
0.12 1
8 0.10 |-
© 0.08 -
0.06
0.04 -
0.02
0

SUBA600 SUBAS800

Bl 6 A[EHOCET B R AL
Fig.6 COF with different polishing pads

2.3 TR EEE O A0 S Z i 50

B 7 32T TR D70 BRI R R EE A8 ) (R, ] A
RfidE TSI MBE K, BERER A 0.3600 KL Ars,
IR RS, i EESEE JIBE T R AR R ok, A
BT A A B B AL 2= U P, R R X R R A
JLT-8A . X4 A Homma 2 A8 T4
TRAEL

0.370 10
_ 03651 s
S
2 0.360 |- 2
20355} <
'g 4 .§
£ 0350 |- 2
8 59
© 0345 2
0.340 0

115 2i0 215 3?0 3t5 4?0 4:5
Down pressure/psi
K7 ANTER T B BE 58 R ORI BE 52 ) 1) 72 Ak
Fig.7 Variation of COF and friction force under
different down pressure

& 8 J& A4k B B e R Bl PV AR
AIHIBEE TR JIR93E R, Pt EeR B K, TR
F G K3 IN T I CE AR IS Z B A 2l AR, P 2
(] B BE 2 1 e e R, P HUR B W K K (4)
Y5 T 2 Preston A 2%,

(=) ~ ~
(] (=) w
T T T

60
551

Material removal rate/(nm - min™)

100 200 300 400 500 600
PV /(psi - r- min™)

&8 LR PV ALk
Fig.8 Variation of MRR with PV

MRR = KPV (4)

KA. K4 Preston F i, © HEGR DGR
Ak 2= R T A FH AR B 2 X (4) R EL 7 W] LA
W, MFES/NT 35 psi fF, Ak %R bl
WAL YCAT & Preston 7R ; 4R R 1B K T
3.5 psi fif, MRR W28 fb A Fiif & Preston A3, P&
TR PR, MOGEAR R IG nGHAE S22,
(ERIERE53csc )| 8

3 #ig

1) XFF A AL b & AL AU O, B 7
R 3T%0, PG R A, [ /N T 37%R AL
R A ) 2= R T SERIFE R A 452585 &R T
7% SCAIL TR T A ) 2= VR 455

2 % T [6]— £ %] SUBAS8OO #il SUBAG0O il G2,
SUBABOO it 5t 43 B A7 1| T S Ak £ P 5 19 1k 2= HL Ak
¥

3) TR JIAS s AR Ak A B s A A HUAR A D'
FESERRL, M FIES/NT 35 psi i}, #OEHCRMT S
Preston /7 F2; T HEJIRT 3.5 psi Bf, HiltEFA
54 Preston Jr e, [HA3SR 2 LML

SEH:

[1]] MANICONE PF, IOMMETTI PR, RAFFAELLI L. An
overview of zirconia ceramics: Basic properties and
clinical applicationgJ]. Journal of dentistry, 2007, 35(11):
819-826.

[2] PICONI C, MACCAURO G Zirconia as a ceramic bio-
material[J]. Biomaterials, 1999, 20(1): 1-25.

[3] GARVIER C, HANNINK R H, PASCOE R T. Ceramic
steel[J]. Nature, 1975, 258(5537): 703-704.

[4] KOSMACT, OBLAK C, JEVNIKAR P, et a. The effect
of surface grinding and sandblasting on flexural strength
and reliability of Y-TZP zirconia ceramic[J]. Dental mate-
rials, 1999, 15(6): 426-433.

[5] ZHAO D, HE Y, WANG T, et a. Wafer bending/orienta-
tion characterization and their effects on fluid lubrication
during chemical mechanical polishing[J]. Tribology in-
ternational, 2013, 66: 330-336.

[6] LEI H, ZHANG P. Preparation of alumina/silica core-
shell abrasives and their CMP behavior[J]. Applied sur-
face science, 2007, 253(21): 8754-8761.

[71 LI Z, INAK, LEFEVRE P, et al. Determining the effects
of slurry surfactant, abrasive size, and abrasive content on
the tribology and kinetics of copper CMP[J]. Journal of
the electrochemical society, 2005, 152(4): G299-G304.

[8] ZHANG Zefang, LIU Wei-li, SONG Zhi-tang. Effect of
abrasive particle concentration on preliminary chemical
mechanical polishing of glass substrate[J]. Microelec-
tronic engineering, 2010, 87(11): 2168-2172.

[9] LIAOX,ZHUANGY, BORUCKI L J, et al. Effect of pad



FarE B oM

FOORAE: A FHURIL G T ESHO0 4 Ak B ) e e AR A i - 271 -

(10]

(11]

(12]

(13]

(14]

surface micro-texture on coefficient of friction and re-
moval rate during copper CMP process[J]. Electrochemi-
cal and solid-state letters, 2011, 14(5): 201-204.
SOROOSHIAN J, HETHERINGTON D, PHILIPOSSIAN
A. Effect of process temperature on coefficient of friction
during CMP[J]. Electrochemical and solid-state letters,
2004, 7(10): 222-224.

HUDSONG F. Method for chemical-mechanical planari-
zation of a substrate on a fixed-abrasive polishing pad:
United States, US5972792[P]. 1999-12-28.

SONG Xiao-lan, LIU Hong-yan, YANG Hai-ping, et a.
Chemical mechanical polishing removal rate and mecha-
nism of semiconductor silicon with nano-SiO, slurries[J].
Journal of the Chinese ceramic society, 2008, 36(8):
1187-1194.

YAN Wei-xia, ZHANG Ze-fang, GUO Xiao-hui, et a.
Effect of concentration on chemical mechanical polishing
of sapphire[J]. Chinese physicsletters, 2015, 32(8): 088301.
ZHANG Ze-fang. Effect of mechanical process parame-
ters on friction behavior and material removal during
sapphire chemical mechanical polishing[J]. Microelec-

(19]

(16]

(17]

(18]

(19]

(20]

tronic engineering, 2011, 88(9): 3020-3023.

MALE A T. A Method for the determination of the coeffi-
cient of friction of metals under conditions of bulk plastic
deformation[J]. JInst Metal, 1964, 93: 38-46.
PHILIPOSSIAN A R A, SCOTT O. Fundamental tribol-
ogy and remova rate studies of inter-layer dielectric
chemical mechanical planarization[J]. Japanese journal of
applied physics. 2003, 42(10): 63-71.

LUDEMA, KENNETH C. Friction, wear, lubrication: A
textbook in tribology[M]. New York: CRC Press, 1996.
HOMMA Y, FUKUSHIMA K, KONDO S, et a. Effects
of mechanical parameters on CMP characteristics ana-
lyzed by two-dimensiona frictional-force measurement[J].
Journal of the electrochemical society, 2003, 150(12):
G751-G757.

LEE H, PARK B, JEONG H. Mechanica effect of proc-
ess condition and abrasive concentration on materia re-
moval rate profile in copper chemical mechanica pla-
narization[J]. Journal of materials processing technology,
2009, 209(4): 1729-1735.

PRESTON F W. Glass Tech[J]. J Soc, 1927, 11: 214-247.



