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Characteristics of Micro-polishing using the Electro-rheological Fluid
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J. J. Lee, E. S. Lee, K. H. Hwang (KIMM),
S. K. Min (Graduate School, ChungNam Nat'l Univ.)"

Abstract

In the recent, electro-rheological fluid has been
used for micro polishing of the 3-dimensional
micro-aspherical lens and some sectional parts with
The ER fluid has
the properties that its viscosity has drastic changed
Therefore, ER fluid can
be applicable to the micro polishing for some parts
this paper, the
experimental device has been constructed using the

defects on the wide flat wafer.

under some electric fields.

using these properties. in

precision milling machine in order to micro
polishing for some sectional parts of a 4 inches

wafer. It is consisted of a small steel electrode, a
DC10mA and 5KV power supply
the ER

possibility of amending for

wafer fixture,

unit, and a controller unit. Using
experimental device,
wide flat wafer and micro polishing of some micro
part has been analyzed.

micro polishing,

Key words electro-rheological

fluid, micro parts, and abrasive

1. ME

BREA % R
TR A

_38_

ot o)d) wal, 2HUY
3 zsbatn sln ol9ld)
P EREPREE YR
2783 Qv

ol# ¥ wholA

A}

o 2l
Wi b

o] A

ald
ot
N
of
N
i
o

o N e n
oW o
d e |
e L
2
-
ko 8
MO oa2 4B

N

g}

N

N
—

Ho

R N oA i

-
M

ki ol

CMP= Setd 297lel st} FaEe E
s o2 WA ATl

A4 fAG ANIEFAS
Wl 2gs dgHoz 7
S

=
©

kg
o

9
oo
sz

o o

-

—

o o4

it
o

[a—

At
_q

1A
N

b, dupeiel v]e] e FiE XA
2 Quirt 7be

T me AupdAz AFE EHY

7¥&°l 7be

k) I A B g R R I R e e

4) M309] FAH S M2500)8te] EHE
Zte mAEtE, B3¢ 299 24
7be

5) 300mm#) o] 2] 500Ac]ste] B
°] 7b%

6) AvtETE A - AFE AHgFoEH
o dutH=rt 28 FAHA 234

)

2
=

2)

=1
=

=

A=l
=



Wy oj T}

B AFaE daF 2¥d EAAIZ] ERF-
A9} vt 2 Greem ceramic, Optical emery
DiamondZ& A}£3}a) 4inch glo]H ol AsPA) o
3 Herd) 7tEdds #IT

o] AHNA ERFA Y 71FEA, TFH
713 Avle] wWE AvtEAd 2 dwrAe BA
o mE ArEAHE BMoY, o Ad¥A
e gFE Jouddels] Pde] Has L wi
o ZRAY AvirtFol 4T AFoint.

L
L

A

¢

=
T
3T
o

2. ER7d9 54

ERGAE %ol FojFe 471%e Z=
of Hestel FESAH0l WaW, e A7
o] wa ERGAE 343 2olAtd ol

HAFS o], Az}, BIFA Tl 23 AslelF
ik
o] % ERGAE A EX=o u}z} Shear mode

(rotational shear mode), Flow mode % Squeeze
modeZ 3T}

Shear mode H &3 F 7o AHZFoA
AZo] nAHR, G2 Fo HFo] A
o} % & 3t Hejolty. Flow modes F HFo
R dx, FE F AFA|E FATL o
sobe geoln By fAe dPass
87} Ao} ot He)oltl. Squeeze mode:
A9 §5% A2 gAYl +48 PPoz
dojue ®Eo|. B ATo|AE Shear mode
Al EREAAD S s34t

o]#@ g ERFA 2 AT FA EA uwet
t}21} Laminar flow& 7}73l¢] Bingham body=Z
2dgdEy, gy 2 ez Ay

=
=
L
2
=

r=77+r,(E) )
714, & degd, yE AGSEH, e
=2 onay, ,(E)e ERFAY FE 3
sadg ygdn. ,(E)e #7139 g4z, 2

sty A7IA ol Ao} ¥l st
F7rgo

ASgea o

E A FoAE Shear modeE o] &3l Wersh
7VEE 85I 7HEdEe Figld 2o

_39_

Displacement

+ Digplacement + Displacement
’

i

ekt

Abrasive Particle

ER Particle

Chain of ER Particles

Fig.1 Schematic diagram of the mechanism for
the ER fluid behavior
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Fig.2 Schematic diagram of the mechanism for
the ER fluid characteristics
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Fig.3 Experimental set-up
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Fig.4. Characteristics of Shear stress
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Table 1. Experimental conditions using GC

Condition #1 Condition #2
| __________|

Power DC 2.5kv DC 4.5kV
Current 0.1mA 0.44mA
Abrasive GC 11.5um GC 11.5pm
Spindle Speed 1600rpm 1500rpm
Clearance 150pum 100pm
Polishing Time 10min 10min
Material Si-wafer Si-wafer
Recipe (Abr/ERF) 25% 25%

Table 2. Experimental conditions using diamond

]
Condition #3 | Condivon #4 | Condition #5

1

Power DC 3kv DC 3.5kv DC 3.5kv
Current 10mA 10mA 10mA
Abrasive Diamond Diamond Diamond
Spindte Speed 600rpm 800mm 600rpm
Clearance 100pm 70pm 70um
Polishing Time 16min 30min 50min
Material Shwafer Si-wafer Shwafer
Recipe (Abr/ERF}) 15% 25% 25%
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(a) condition #1

Fig.4 Polishing results under each
conditions
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Fig. 6 Shapes of the surface roughness

for the lapped

surface of wafer under polishing condition #1
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Fig.8 Measured surface roughness using Ex.#5
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Table 3. Polishing results for each condition

R | R |

Ra

0.48um 0.64um 7.0um
0.4pm 0.6um 4.8um
0.34um | 0.44um | 2.83um |
0.65um 0.8um 4.3um
0.54um | 0.7um | 3.68um
0.52um | 0.64um | 320um |{m

M Ra: Roughness average W Rgq: Roughness root mean square

W Rmax : Roughness max
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