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ABSTRACT: The work aims to develop equipment for polishing inside walls of micro-holes based on magnetic-field-assisted
polishing technology. The polishing equipment applicable to inside walls of micro-holes was designed and developed by utiliz-
ing properties of magnetic-field-assisted polishing solution and drawing on traditional polishing theory. Based upon this polish-
ing equipment, a series of performance studies were performed to the equipment. Polishing studies were applied to porous nickel
samples and normal silicon wafers under different conditions, and polishing results were analyzed. Performance study results of
the polishing equipment showed that stable gradient alternating magnetic field was generated by the equipment, which coincided

with our expectation and could be used for further studies of sample polishing. Though the equipment had no obvious effect on
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polishing of porous nickel samples, the roughness of silicon wafers decreased from 1.24 nm to 0.56 nm. Polishing studies of sil-

icon wafers showed that the roughness decreased as time advanced. The self-made equipment for polishing inside walls of mi-

cro-holes based on magnetic-field-assisted polishing technology can be used for polishing silicon wafers. The relationship be-

tween polishing effect and magnetic field control parameters can be explored subsequently, and the polishing equipment can be

applied to polishing of samples with micro-hole structure step by step.

KEY WORDS: magnetic-field-assisted polishing technology; polishing inside walls of micro-holes; polishing equipment;

magnetic flux density; roughness
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Fig.1 Schematic of polishing principle based on magnet-
ic-field-assisted polishing technology

Diode Coil

AC Power
a HLEAE
B2 ffL R R

Fig.2 Equipment for polishing inside walls of micro-holes: a)
circuit diagram, b) photograph of the equipment for polishing
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Fig.3 Current diagram of equipment for polishing inside walls
of micro-holes: a) Simulated current diagram for currents in
two coils, b) measured current diagram for currents in two
coils and instantaneous value of magnetic flux intensity in the
central position between two magnetic poles
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Fig.4 Comparison of magnetic flux density at different ap-
plied voltages on 30 Hz
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Fig.6 Comparison of magnetic flux density at nine points on
the plane near one magnetic pole at 80 V and 25 Hz
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Fig.7 Holder of porous nickel samples and its installation

Magnetic fluid trough Holder
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Tab.1 Main parameters of porous nickel samples

Samples Value/mm
Side length 0.5
Depth 1
Hole spacing 0.1
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Tab.2 Polishing conditions of porous nickel samples

Polishing Particle Particle mass

No. Frequency/Hz Voltage/V Peak magnetic flux density/Gs time/h  size/um concentration/wt/% Roughness/nm
1 25 60 650 1.5 0.6 3.6 3.06
2 25 80 900 1.5 0.6 3.6 3.08
3 25 80 900 2 0.6 5 4.38
4 25 80 900 2.5 0.6 30 3.49
5 25 100 1130 1.5 0.6 30 3.36
6 25 120 1430 3 0.22 15 4.06
7 15 70 1300 3 0.6 30 3.17
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Tab.3 Polishing conditions summary of silicon wafer samples
. . Polishing Particle Particle mass
No. Frequency/Hz Voltage/V  Peak magnetic flux density/Gs time/h  size/um concentration/wt% Roughness/nm
1 5 10 520 1 2.2 5 1.050
2 5 10 520 2 2.2 5 0.909
3 5 10 520 3 2.2 5 0.949
4 5 10 520 4 2.2 5 0.865
5 5 10 520 5 2.2 5 0.871
6 5 10 520 6 2.2 5 0.840
7 5 10 520 8 2.2 5 0.613
8 5 10 520 10 2.2 5 0.566
4.7nm
-4.0 nm

a POBRT
Kl 8 HCHTEF A RER T AFM HH K

Fig.8 AFM images of silicon wafers surface: a) before polishing, b) after polishing

P TS )3 Rk R T G B e, AT T

e Bl K B ) B e IR =Y, A5 30 0 Rk i RELRES BB K 24

h 1.24 nm, HEEH AFM S5 ENE 8 Fis . SRJGTH#

3 PRSI TG, PGS, SF R RE SR T AR RS

JE BEA DGR ] AR AL AR 9 R . BV, BEE

SERF ] A3 0, S A RE ORLRE BE ST R B, MRS e

AT 35 0.566 nm, HCAERTAY 1.24 nm A — & FE B
FEA .

FETIF AR W A MOERCR , e B AT LR 2

1.3

12+

1.1}

1.0+
09
0.8+
0.7+
0.6
0.5

Roughness/nm

0 2 4 6 8 10
Time/h
B9 S R R A ot R 2 Bt 41 D' ek 1] 22 A6 ]
Fig.9 Variation of silicon wafer surface roughness with po-
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