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High Performance Polishing M ethod

—M echanochemical Polishing by Soft Abrasives—

Nobuo Y ASUNAGA

School of Engineering, Tokai University
1117 Kitakaname, Hiratsuka, Kanagawa 259-1292

(Received December 14, 2000)

The principle of mechanochemical polishing and examples of the method are described. By using the method we can
polish hard and functional materials with the abrasive powders that are mechanically softer than the materias. If the
powders supplied are chemically reactive with the materials to be polished, mechanochemical reactions take place at the
real contact points. Applications of this method to sapphire, silicon wafer, quartz and silicon carbide are shown.
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Tablel Examplesof mechanochemical polishing.

Materials to be worked | Polishers or tools Abrasives and atmosphere Researcher
Quartz glass plate Silica powder etc., dry N. Yasunaga(ETL)
. . . . - Gutsche (Monsanto),
Sapphire substrate Synthetic resin pad Colloidal silica Mendel (IBM)

Cryptomeria board

Heated water vapor

Okutomi (ETL)

Concave sapphire Hardened stedl

Silica powder, dry

K. Noto (Hitachi)

Sintered aluminarod

Silicapowder bonded tape, roller pressed

K. Suzuki (Nippon 1. T.)

CVD diamond film Cast iron plate

In hydrogen gas (0 73000 )

M. Y oshikawa (Tokyo I. T.)

Diamond tip edge CVD SO:; film tool

No abrasive, dry

T. Nishiguchi (Hitachi)

Edge Technologies
Crystal substrate Copper plate Fe,O, powder, dry . Yasunaga (ETL)
Bakelite plate BaCO:; powder, dry . Yasunaga (ETL)

Si wafer substrate Porous Teflon BaCO:; powder, KOH solution . Hatta (Nippon Stedl)

CaCO; powder loosely bonded resin disk, dry

. Kawada (Taiho Ind.)

Ferrite single crystal Lead or tin plate

Alumina powder, diluted HCI solution

Bakelite

Fe.0; powder, dry/wet

. Vora (Honeywell)

Cr.0; powder bonded resin disk, dry

. Suga (Tokyo Univ.)

Polycrystalline SizN,

Cr,O; powder bonded resin stick, low-fr. vibr.

. Suzuki (Nippon 1. T.)

Cr.O; powder bonded tape, roller pressed

. Suzuki (Nippon 1. T.)

Noncontact

‘ Fe.O; powder slurry electrophoretic collision

N
N
K
K
Y. Ochiai (Hitachi)
H
-
K
K
T

. Kurobe (Kanazawa Univ.)

Single-crystal SIC

Polycrystalline SIC Cr,O; powder bonded resin disk, dry

T. Suga (Tokyo Univ.)

Polyurethane polisher | Si0J/CeO: powder, dry

Polycrystaline ZrO,

SO, powder bonded resin disk, dry

M. Senba (Fukuokal. T.)
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Fig. 1 Mechanochemical polishing model.
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Reactive with the

materials to be worked

Suitable for polishing

hard materials

Mechanically softer than
the materials to be worked

No indentation action
of the abrasive

_m_ Usable of comparatively
hard plate

Un-necessary of
grain size control

Flatness improvement

Efficiency
improvement

Scratching free

Environment

Keeping the environment clean ]

Same as the conventional process I

Fig. 2 Specific features of mechanochemical polishing.
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SiO:z powder (3-5 um) polishing Diamond powder (1 um) polishing
(polisher: quartz glass plate) (polisher: unwoven cloth sheet)

(b) Sapphire surfaces etched with HsPO, at 3000
Fig. 3 Microscopic features of polished sapphire (0001) surfaces.

————y [

SiO: powder (3-5 um) polishing Diamond powder (1 um) polishing
(polisher: quartz glass plate) (polisher: unwoven cloth sheet)

Fig. 4 Multipleinterference images of the polished sapphire surfaces.
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Si02 :R-Al2Os= | : |
36 kbal

1230°C

" I

° 5 10 15 20
JT (t: Reaction time, sec)

Fig.5 Proportion o of kyanite formation related to /'t .
o proportion of formed kyanite to its full formation.
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Fig. 6 Poalishing rate of sapphire by various abrasive.
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Table2 Comparison of machining efficiency in mechanochemica polishing of

sapphire (1012) surface.

Polished depth after 60 min polishing (um)
Polisher — —
Wet condition Dry condition
Unwoven polyurethane | Pure water (pH 5.8) 1.0 15.8
Pure water (pH 5.8) 35,37
Porous teflon - 56,64
KOH solution (pH 10.7) 32
Quartz glass Pure water (pH 5.8) 2.6 11.3

Abrasive: SiO»(0.01 um), polisher revolution: 50 rpm, polishing pressure: 0.2 MPa

Table3 Polishing characteristics of quartz crystal Z face.

Abrasive | Polisher Environment Polishing rate
(mglem?0 h)
FeO, Copper Dry 0.68
0 O (AT) 0.55
O O (BT) 0.49
Cloth Dry 112
| Wet 0.30
MnO. Copper Dry 0.92
O Wet 0.86
CeO; Pitch Wet 133
Cloth Wet 1.78

AT, BT: typical crystallographic cut-face.
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Fig. 7 Polishing characteristics of S wafers by dry BaCOs powder com-

pared with silicaslurry.
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Polished by 0.1 um BaCO:s powder on dry condition

Polished by silicaslurry in KOH solution (pH 10.5)

Fig.8 Comparison of AFM images of the Si wafers polished by dry BaCOs and

silicadlurry.
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1000

600

800

1608

10wt CaCOsdurry, 50 kPa

860

1000 16000

Silicadkali slurry, 15 kPa

Fig.9 AFM imagesof Si wafers polished by water-based CaCO; slurry and alkali

silicaslurry.
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—WMW

1 5nm

Spm
(a) Polished by Cr203 MCP disk

Snm

-—

Spm
(b) Polished by loose diamond abrasive

Fig. 10 Comparison of surface roughness of the polished

Supplying roller
(New polishing tape)

Polishing tape

Contacting roller
(Urethane rubber)

’v/

F

W Winding roller

Workpiece
(Round bar)

Fig. 11 Schematic diagram of the tape polishing apparatus.

SiC single crystals.
Film(Cra0,.#10,000), 11S90, F=102N, Vw=100m/min,
Vs=90ma/min, f=560cpm, §=5mm,
= 1200 &~ S1,N (¢20mR. Rmax=1.2/0.63um)
=
=
[}
-
= 800
)
b=
o
1 9%
[}
Q
< 400
b
3
w
0
0 15 45 60

Polishing time Tp(min)

Fig. 12 Roughness change of the SisN4 ceramic rod surface polished by Cr.Os tape.
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