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ABSTRACT

Micro machining technology has been studied to fabricate small size and high accuracy milli-structure
products. To perfectly overcome the conventional mechanical machining methods, the chemical mechanical micro
machining(C3M) process was developed. The mechanism of C3M process is that chemical solution etches the
material and results in the generation of the chemical reacted layer, and the mechanical micro tool subsequently
removes the layer. From the fundamental experiments, the C3M process has been founded to have the advantages
of lower machining resistance, tool wear, and higher surface quality and form accuracy than conventional

methods. This study focuses on the micro grooving of both the metallic material(SKD11, Al) and hard brittle

silicon oxide.
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Table. 1 General characteristics of materials [3]
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Fig. 2 Schematics of C3M process
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Table 2 Conditions of diamond cutting

tool PCD(Poly Crystal Diamond)
S45C(HRc:35, ¢ 20 mm)
5 um ( total depth : 1 mn )

workpiece

depth of cut

rpm 3,000
. Vertical Machining
machine
Center (MAZAK)
AFG-M, dilution ratio 50 : 1
electrolyte
(NORITAKE)

voltage 30V




(a) general cutting (b) C3M applied

Fig. 3 comparison of diamond cutting

(a) Not applied C3M (b) applied C3M
Fig. 4 Comparison of diamond tool wear
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Table 3 Experimental conditions of ductile

material
chemical solution HNOs (10wt%)
etching time thour
cutting depth 2um
feedrate 3mm/sec
workpiece Al 5052
measurement AES analysis
% 3x1J
é Chemically oxidized surface
a 28 EN| Naturally oxidized surface
Fon)
X
(o]

1x18

§ S0 10Qg 1508 20%%, %880

Depth from surface(nm)

Fig. 5 Comparison of oxygen density

/measuring direction
Grooved part

v/

Hig banes

(a) without reacted layer (b) with reacted layer

Fig. 6 SEM photographs of groove edge
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Table 4 Experimental condition of Si wafer

machining
machine lapping machine
workpiece 6" Silicon wafer
chemical KOH(pH 11)
buffer Chemical Acetic acid
tool PCD (R100um)
load 150 N
rpm 30
measurement optical microscope
ACCURA

hydrated layer mechanical removal

<

removal of hydrated layer

Fig. 7 C3M process flow in Si wafer
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Fig. 8 Optical microscope under unhydrating
condition for one pass
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Fig. 9 Optical microscope under hydrating
condition for one pass
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