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Electrical Discharge Machining and Grinding of SiC Single Crystal
Using a Disc-type Hybrid Tool of Polycrystalline Diamond

Tomoko KUROSAWA and Jiwang YAN

Abstract

Silicon carbide (SiC) single crystal was machined using a disc-type hybrid tool of polycrystalline diamond
(PCD). The tool can be used to perform electrical discharge machining (EDM) as a roughing process and grinding
as a finishing process. The width of the discharge gap and the thickness of the resolidified layer caused by EDM
were measured, the results of which were then used to optimize the subsequent grinding conditions. As a result,
ductile mode grinding was realized by removing the EDM-induced resolidified layer completely. In addition, a low
surface roughness was obtained after grinding by utilizing the electrical discharges in EDM to dress the PCD tool
surface. Finally, high surface integrity and productivity were successfully sustained by optimizing the EDM-

grinding cycles.
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(b) After EDM process
Fig. 1 Schematic of PCD surface topography change

due to the dressing effect of EDM
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Table 1 Properties of 4H-SiC
Surface plane (0001)
Doping type N-type
Electrical resistivity [Q/cm] 0.015~0.028
Mohs hardness ~9.2
Thermal conductivity [W/cm- K] 3.7
Melting point [°C] 2730
Sublimation temperature [°C] 2830
Dielectric constant 9.76
Band gap [eV] 3.23
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Fig. 2 Position of tool and workpiece after EDM
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Fig. 3 Schematic of experiment for measuring width

of discharge gap

Table 2 Machining conditions

Tool rotation rate
3000
[rpm]
Dielectric fluid Casty EDM oil
Input voltage [V] 90
Capacitance [pF] 3300
Roughing . Tool : +
Polarity .
process Workpiece : —
(EDM) Machining depth -
[nm]
Feed rate [um/s] 5
Depth of cut per 1
step [um]
o Perpendicular feed
Finishing 0.1
rate [um/s]
process Total depth of cut
(Grinding) P 4~13
[nm]
Transverse feed rate
03~25
[pnv/s]
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Fig. 4 Schematic of the hybrid machining process
using a disc-type PCD tool
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Fig. 5 Microscope images of tool and hole
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(b) Cross section of the SiC sample

Fig. 6 SEM images of resolidified layer of SiC
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Fig. 13 Surface roughness of PCD tool
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Fig. 14 SEM images of PCD tool surface
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