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Silicon carbide (SiC) is chemically stable, highly heat-resistant, and resistant to thermal shock. SiC having excellent
characteristics in a high temperature and high voltage environment is used in high-power semiconductors, high-
precision mechanical devices, optical components, etc. As it is used in various industries, there is a growing demand
for processing fine holes or grooves in silicon carbide. In this study, micro holes and grooves were machined on 4H-
SiC and sintered SiC using electrical discharge machining (EDM). Silicon carbide which has very high hardness can
be easily processed by EDM as compared with mechanical processes. As a tool material, a polycrystalline diamond
(PCD) which has high wear resistance was used and a micro tool of a diameter of 100 um was fabricated by wire
electrical discharge grinding (WEDG). In the EDM of SiC, the machining characteristics such as surface roughness,

discharge gap, and tool wear were investigated.
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Fig. 1 (a) 4H-SiC wafer, (b) Sintered SiC
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Fig. 2 Schematic of experimental system

Fig. 3 Schematic of tool fabrication by WEDG
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Table 2 Hole machining conditions

Hole machining condition

Rotational speed [RPM] 3,000
Feed rate [um/s] 1
Capacitance [pF] 5,600 /10,000 / 100,000
Hole depth [pm] 200
. 4H-SiC wafer
Materials Sintered SiC

Table 3 Groove machining conditions

Groove machining condition

Rotational speed [RPM] 3,000
) . X-axis feed rate [um/s] 5,000
Fig. 4 PCD tool fabricated by WEDG
Z-axis feed rate [um/s] 3
Table 1 Tool machining conditions Capacitance [pF] 5,600 /10,000 /100,000
Tool machining condition Groove depth [um] 100
Rotational speed [RPM] 2,250 Groove length [pm] 400
Feed rate [pum/s] 1 Materials 4;;22;?;?
. 20,000 (rough)
Capacitance [pF] 5.600 (finish)

PCD rod @ 1 mm
(Grain size 10 pm, Binder: W-Co)
Brass wire & 200 um

Materials
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(a) (b)
Fig. 5 Schematics of (a) drilling and (b) grooving
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(a) 5,600 pF

(b) 10,000 pF

(c) 100,000 pF

Fig. 6 SEM images of micro holes machined on 4H-SiC wafer

(a) 5,600 pF

(b) 10,000 pF

(c) 100,000 pF

Fig. 7 SEM images of micro grooves machined on 4H-SiC wafer
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Fig. 8 SEM images of micro holes machined on Sintered SiC
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(a) 5,600 pF

i}

(b) 10,000 pF

(c) 100,000 pF

Fig. 9 SEM images of micro grooves machined on Sintered SiC
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Fig. 10 (a) Average surface roughness of the groove surface, (b)
tool wear in the machining of groove on 4H-SiC and
Sintered SiC according to capacitance

Table 4 Roughness of EDMed groove surface
Roughness [um]

Capacitance [pF] 4H-SiC Sintered SiC
5,600 0.197 0.154
10,000 0.215 0.163
100,000 0.285 0.175
Table 5 Tool wear in groove machining
Tool wear [pm]
Capacitance [pF] 4H-SiC Sintered SiC
5,600 8 29
10,000 7 22
100,000 0 6

o]-= 4H-SiC%} Sintered SiC 715 A| EH A&7} 3+ v}
o] H7)of o)z} WA Ao R AT 25 o]of gigl o
Be Q77 wasi,
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