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Characterization of the Chemical Mechanical Micro Machining
for Single Crystal Silicon

Sang-cheol Jeong*, Jun-Min Park*, Hyun-Woo Lee*, Hae-Do Jeong**

ABSTRACT

The mechanism of micro machining of reacted layer on silicon surface were proposed. The depth of reacted
layer and the change of mechanical property were measured and analyzed. Depth of hydrated layer which is
created on the surface of silicon by potassium hydrate was analyzed with SEM and XPS. The decrease of the
micro vickers hardness of silicon surface was shown with the increase of the concentration of potassium hydrate
and the change of the dynamic friction coefficient by chemical reacted layer was measured due to the readiness
of machining. The experiment of groove machining was done with 3-axis machine with constant load. With
chemical mechanical micro machining the surface crack and burrs generated by both brittle and ductile micro
machining were diminished. And the surface profile and groove depth was shown in accordance with the
machining speed and reaction time with SEM and AFM.

Key Words : C3M(Chemical Mechanical Micro Machining), grooving, PCD(Poly Crystal Diamond), XPS(X-ray
Photoelectron Spectroscopy), AFM(Atomic Force Microscope)

LA E Hgsted vlo)laz g JUE, & 7H3A

o] Yastch AT A 7HE D7t FotAg

g F2EL 4 vlolmzulee AYUEE 7} E AR AAA o da3Ee FAsA Ft

AdA, = FuEY ggoz PR U Al &a1, oo whep A9 JAVIFLRE wholA
2H®olg & & gt} wEgoA Es L= 7 vAdY mgd AYEE FHIINIL o
tjulol 2o Az B Abd A FH S th) B3 delEy g2 AFAY Ase A4 H

oA vj2a g Ae F 4T 24 o) ge] of o w& Holrh

A Yt HHE YA Erh o] wholAR wAFoAe FLEY FEA
Y P2 AYES At Aurlee & AUSI) A G A7 ddEa .

T 2001 8¢ 29 A+
* Badsta A2 AE G
*x Batdista 7| A3 EE

186



344 - B

ol@$ - U= : FFFYFHAA A19W A1E

K. Tagashira 52 34 ¥ L#dAE ¢33 99
X% F @ EAKOrthgonal Cutting)dt H 34
o eAUZ &3 A7EAh JHEAstE 3
of thallA 0.2 mass%2] L THEHE FAA
a1, 7128 WY ¥ REL PN E Ao
=245, He B3 =#(Infrared Spectrum
Measuring) -2 dAte A3 o] A9 (Dislocation)
7} Bol dojd BEL gt B9} Feo] HH
atE o] dojd AL FUAF F AR

M. Yoshiro 52 #d2j&9 233 HE&
st e, FALA AV H(SEM) oA & FF
A4S e, B2 AF ol T A(fracture)E F
ol: winel e EHL 9oE H Fa3 ¢S o
tha EEEHGT.

F. Katsuki & #4382 &9 oA &
pHoll tigh A& & ®3} Si0, Aol wEATE
AFMO 2 zAlsIGon, A2 E §9y %54 93
A S8i-0-Si9] BB X (bridge)E E T A7t &
Arglzrgol o) falEAA Ao 3 (bond
rupture)7} Gojub= Aol disl At

a2 AelE 9ol Zovt ed-g AN
A 7bFagoY AEE HolA gy A{ o R v
A7FEEHE Aol didiA e oy AF7E 2aE o]
A &e AAHol

A& AZAAodE FAHHNO)FH E4HHF)&
Bolu ZAHCH;COOH)ol A& 2z}goho] UukA
o7 AlgHT Aihe AEH Hesto WA
Si0E WHE Il SiO:w HFH2HE-3te] B3 HSiFed
AAElE o] Aol Zol Z oW 27 gitol
dojutr}. A B AP sehHd whEF
< FAstE Aol Eolng ukg g Hio] Eo
g, HeEL HFE FUt g7 ",
Ab, BAbd 2o gl 8 ALRERA @i, pH 12
o] 4Arsl ZHE(Potassium Hydrate) 80] A}E-5
Fea=

5}
ZE]

2. A+t wEky |2l
21 AU

EfolME set7iAE vl A 7HE 7] &(Chemical
Mechanical Micro Machining ; C3M)&] Ad& A Al
g 1 7hE dAUEE wile d FHE FA
t}, &= XPS9} SEMOE W32 FAE FA3R

187

on, gl g ZAHA 249 WEE =X
gigich. 22l 3 SI)AH vA7HE 7 &S At
o 1444 ¥ FHE TG

Principle

+Reated Laye

Formation
: Hard Brittle reacled layer J
matenal Micro Structure ' pmsta!tPrewr
Fabrication Indentaion
Fig. 1 Principle of Chemical Mechanical Micro
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Fig. 2 Machining concept of C3M on the surface of
silicon
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Fig. 3 Basic experimental setup for C3M
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Table 1 Experimental condition of C3M for silicon

Chemical Condition
KOH(pH12, 0.1 w%)
reagent grade
Buffered chemical Acetic acid
Machining Condition
Poly Crystal Diamond(PCD)

Chemical

Tool nose radius : 100um
Load 1.5N
Speed 30 mm/s
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(a)Without reacted layer

(b)With reacted layer
Fig. 4 Pictures by optical microscope of grooved
silicon wafer for 1 cycle
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(a) Without reacted layer  (b) With reacted layer

Fig. 5 Pictures by optical interferometer of machined

surface of silicon for 1 pass
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Table 2 Experimental condition of C3M for silicon
for continuous machining

Chemical Condition

KOH(pH12, 0.1 w%)
reagent grade

Chemical

Buffered chemical Acetic acid

dipping time 10 min

Machining Condition

Poly Crystal Diamond(PCD)

Tool .

nose radius : 100um
Load 400 mN
Pass 1, 5, 10, 20 times
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Fig. 6 Line width difference for multi-pass machining
using optical microscope
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Fig. 7 Line width with respect to the increase of
passed times
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(b) 10 min. reaction
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Fig. 8 Section view images of reacted layer by
SEM
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Fig. 9 XPS depth profile for each atomic existence
in hydrated silicon wafer
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Table 3 Experimental Condition for pin-on-disk with
KOH of 50wt%

Chemical | KOH 50wt%
Reacting time 10 min
Normal load 30N
Cylinderical, SCM435
Type )
(5mm dia. 10mm length)
Frequency 02 Hz
Stroke 10 mm
Distance slid 6m
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Fig. 11 Schematic view of pin-on-disk
experiment
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Fig 12 Pictures by optical microscope of silicon
wafer after pin-on-disk experiment
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Fig. 13 Difference of dynamic friction co-

efficient by KOH on the surface of
silicon
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Table 4 Machining condition of lower load
machining
Chemical Condition
KOH(50 w?
Chemical (50 w%)
reagent grade
dipping time 1, 10, 40 min

Machining Condition

Tool stylus tip
Load 46.8 mN
Machining speed 75, 150, 600 (/s
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(b) With the reacted layer

Fig. 15 Line profile at 48.6mN with stylus tip with

and without the reacted layer
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Fig. 16 Line profile with respect to the tool speed
using C3M



B3A D - WS- AT FIAYIRIA 19D s
54 ST AX olM7IEA| BHEAl 2ol o E

TH AE

Ao e ZHAM dR A 7o) W E
FQth. 2817904 B uke} gol, 308 B
SN2 gl ARE FE) R A
ARslA] gon T Y Fog AEyAD Y A

2 2 % gtk 102 93 T AEE A A4 3
Hlok 308 g ¥ 4FE Anchs AR 4
@b BAR AR Fe dwAD e

£ AT

Not reacting 10 min.

30 min.

Fig. 17 Line profile difference with respect to the
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Fig. 18 AFM profile of machined silicon surface

with respect to the reacting time
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