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Effects of Abrasive Particles and Pads’ Characteristics on Ultrasonic Assisted Chemical

Mechanical Polishing for Sapphire
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Abstract: Different abrasive particles and polishing pads have important impact on ultrasonic flexural vibration assisted
chemical mechanical polishing (UFV-CMP) for the sapphire. Such effect was investigated using a self-made UFV-CMP
equipment. The particles were diamond, alumina and silica. The pads were polyurethane pad with porous surface and no
grooves, IC1000 pad, and IC1000/SubalV compound pad. The MRRs based on weight reduction show that the sapphire MRR
of the silica slurry is 3.2 um/h. It is close to 3.8 um/h for the alumina slurry and much bigger than that of of the diamond
slurry, 0.3 pm/h. Moreover, the sapphire surface polished by the silica slurry is smooth without damage observing from AFM.
The roughness of the polished sapphire caused by different polishing pads is similar to be about 0.1 nm. However, the sapphire
MRR of the polyurethane pad is 3.2 pm/h, much bigger than 1.9 pm/h of the IC1000 pad and 1.6 um/h of the IC1000/SubalV
compound pad. Therefore, the silica slurry and polyurethane pad are suitable for sapphire UFV-CMP to simultaneously obtain
high MRR and atomically smooth surface.
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Fig.1 Stepped disc with ultrasonic bending vibration
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Table | Parameters of three kinds of polishing slurries
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Table 2 Parameters of three kinds of polishing pads

Pad Polyurethane ~ IC1000 SubalV
Material Polyurethane Polyurethane Non-woven fabrics
Shore hardness 75 60 42.8
Thickness / mm 1.5 1.25 1.28
Compression ratio 0.8

Abrasive Size / nm Concentration / % pH
Diamond 280 10 6.4
Alumina 170 10 9.9

Silica 70 15 10.9

1.4 b
G R I AR e N R —, M
SEHT At G BT e 6 B AN X,

2 HRSWE

2.1 FEHFRRIHAILR
SR 1 TR &R B A
foaik 3 FAS [ S RL O, EARIE & T,
XoF W T A A A TR A AR sl Bl Ak 2 LG
I, SR R ERCR . 5 RO R
Bttt , Pk S5 EHREFEH N 80 t/min, il
YeH J1k 7.0 Psi(1 Psi=6.9 kPa), G 7 K
90 mL/min. ¥ 5 AL IR TESOCHT G #F T FRE
H 22 BRI B AR R BR R AN A 2 FR .
H1 11 2 W] DL R BRI ) LB Rk,
3.8 um/h; AEALRERDER Y LR RIRZ, N
3.2 um/h; R MG 2B 3w /N A AL AR A
AR REROE IR LB, AU 0.3 pm/h, X
DA (A AR B e s, AR AR R i 5 A
SR 2RI A K G Z ALOsH20. Al(OH);P*
(=X (DH@2) i), PKE RN 2=E T
WG BFEAE e, PR Y, HAECIR AR SOk A B
SRR, XA B TR I A R R BRER



128 b B KR BT L E 2018 4%
45 Al, O3 + SiO; = Al SiOs5 (3)
40

—; 35 L Al, O3 +2Si0, + 2H,0 = Al,Si,07 - 2H,0 (4)
g
30T H A RNA G e R S R i
ol 9 X 3 1 SR SRR L TR A A R AL
Ll KL K5 T A B T 9 I PR
ag o L Arrhenius J5 2 ] FH R S Ak 27 i I ok o4 5 iR EE 2
*os | ISR, JrBAst (5) Fse,
0 |
Silica Alumina Diamond K = Ae—% (5)
Particles

& 2 R[G50 R I Y B
Fig.2 Material removal rates of sapphire under different abrasive
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