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Development of polishing pad with self generating porosity

- Nano-polishing of brittle material using ultra-dispersed diamonds -

Toshiji KUROBE, Yoshinori YAMADA, Tomoyuki MORITA and Yoshihiko YAMANAKA

The pad with self generating porosity has newly been developed, which is made of the petroleum pitch and the salt grains.

Polishing of a silicon wafer is conducted using a new pad which is immersed into the slurry of the ultra-dispersed super fine

diamonds. It is found that the surface roughness of silicon wafer decreases drastically with the polishing time, in which the

slurry of polycrystalline diamonds yields a rapid decrease of surface roughness rather than that of singlecrystalline

diamonds. Experiments show that the developed pad has an excellent performance for polishing of the silicon wafer rather

than the conventional vesicant polyurethane pad.
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Fig.1 Schematic view of manufacturing process of pad
with self-generating porosity
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Fig.2 Optical micrographs of surfaces of pads
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Fig.3 Transmission electron micrograph of UDD
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Fig.4 Schematic view of polishing machine

Table 1 Polishing conditions

Pads New pad with self-generating porosity
Foamed polyurethane pad
Work piece Silicon wafer
Slurry
Grain Ultra dispersed diamond
Solvent Ion exchanged water
Concentration | 5wt%
Revolution
Spindle A 250rpm
Spindle B 50rpm

Polishing load | 2N
Polishing time | 0-180min
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Fig.5 Results of the polishing tests with pads with and without
porosity
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Fig.6 Results of polishing tests with three kinds of UDD
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Fig.7 Optical micrographs and profiles of work surfaces
(pad with self-generating porosity, polishing time 90min)

120
é%}{y//‘*gf'%ﬂ‘kk——ﬂ
100
i —O—Polycrystalline UDD
g L —@— Monocrystalline UDD
& 80 —=— Non-treatment UDD
2 H —LI—no UDD (water only)
9 L
< 60 -
= L
< L
(] L
% 40
=
) L
20 |
07““““\““\“‘
0 50 100 150 200

Polishing time min

Fig.8 Results of polishing tests with three kinds of UDD
(foamed polyurethane pad)
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Fig.9 Optical micrographs and profiles of work surfaces
(foamed polyurethane pad, polishing time 180min)
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Fig.10  Results of polishing tests with foamed polyurethane pad and pad with
self-generating porosity
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Fig.11 Schematic view of the effect of abrasive size on the
polishing efficiency



15
g [ —o— Foamed polyurethane pad
s 10p —e— Pad with self-generating porosity|
-
g [
5] [
g r
B S
"Q" L
0 O S E S P
0 100 200 300 400 500

Loaded time sec

Fig. 12 Effect of displacement between foamed polyurethane pad
and pad with self-generating porosity
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Table 2 Vesco—elastic properties of pads

Foamed polyurethabe pad Pad s;l(iﬁggratmg
Mean diameter of pore mm 0.40 0.61
Area ratio % 43.8 39.0
Spontaneous deformation value ¢#m 30.6 32
Retarded deformation value ¢ m 10.7 2.6
Viscosity ¢ m/min 0.76 0.27
Retardation time sec 22.5 29.0

Recovered deformation

<

Pad

Work

Abrasive
(a) Foamed polyurethane pad (b) Pad with self-generating
porosity

Fig. 13 Polishing mechanisms
DA CRBRIOEIINECH N EBXOND. ZOZ LI
WEBIER NG 725 2 L2 BT 5. T72bh, Ny RO%E
FEAC Lo TRRRLIZAT 5- S p = L ¥ — (F]) 233y R
MR O - DI —ER L, HEER T E L CTHEZICIER
L&w:&%% Eo TS,

IR LT, SRR & < TR REPEICIE-S < R/
émT?HEA/F@FAi,ﬁﬁﬁﬁ??*%@mﬁiﬂy
R (B F) REIZEVIALE b EERRRIO K 2 ki L 72 5.
Fiz, —HOBKIIY Y T3y K EEZRE L0 6BET 5.
ZOEHIZ, AT HAE Y ROLGETLEERRRIC X DHFEI7EH
LHRENC KA o EMERDES LICE CHHBBER N E £ D
LOLELND., ZOZER, BEARI ULE LRy RERT
HA Sy ROBIBERED IR > THNZ LD EEZ HNS.

5. #%

ARy F 2L LIegillie ty K (RT7E4E Ny K)
R L, ROFEEARY U L&y RIC L AHERE & b
WRRE L7z, @A A Yy REAWTY Y ar vz
BEUT-AER, LUFOfEim a7,

(1) FHUCBIR LA T A4%y NiE, EROBRRY v

L&y REY IEENTFERE &R T

(2) BHMZAYEY FAT U —2HWEEICENT, £

FEER A A VY RERRLTER A A Y'Y FERLE D L8

AV EERE ) & 7R T

B YVarvz EZ@EEMLAYEL FAT U —Z2Hn

TS 5L, 7/ A— MA—FOEREHS ETHETFS

LW TEAS.

i

il [

WIEAEET, @RKREFIN R v 7 — D a5 TiES
NibOTHY, EIBMMY A ¥E L NTMARGTO LY
a URRESRAS N DRt E R .. LU THEERT.

2 E X ®

D A R EIIvIsNIAY RT vy, ATILIEHENL  (1987)
138.

2)  Danilenko V.V. : Synthesizing and sintering of diamond by
explosion, Energoatomizdat(in Russian), Moscow (2003) 87.

3) BRI, PG, mILEH AR Y v OREIERE), #k 38,
434 (1989) 1346.

BRI S5 Vol.70,No. 10,2004 1285





