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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.

1. ME

L, WA, a9, 3 59 thest HofollA nlA| ¥
& 7ol digh a7k S7skar glew Ziof wheh dA), A4t
glo|A, WA, Aal 75 & vhket 249 7h 3ol o W
= A7F sEA JAoH1-8]. 2 F AP 7Pl =(Silicon
Carbide, SiC), |27 o}, et2ui} S3} ke 1AE Alehy
Aol gt Ay 7k =87 ok QleH1]. E3] wiAl 3
el 271 9 pmol|lA] 4= pm7hA] TheksiA] @tEaL gle
o mA] FAolls vheket FA4dol Al 4 AN 1 & 7t
Fol 71 wol a-tEaL Yok

Al sptol i Bl 0 R Qbg Aol 1E BAelA d
F20) Jshthe B4 AT gom 958 AE B2
AL Qlo] MEY VLA, WA B BE, 9% 4B

Copyright © The Korean Society for Precision Engineering

Manuscript received: November 13, 2023 / Revised: January 2, 2024 / Accepted: January 4, 2024

W) HEe] AR FEE W glch shAle R Huet
A2

29 gA= 9] H7I—J—°] ol EAIF o] Ut 1].

Suzuki 52 #o|AE o]&sto] A tholotEE W] F ¢
E ARt § o]& o]g38te] SiCE 7lastaon 943t 3
ZA9] njA] A= o o] B=E A|ZSITHI]. Yan 52 SiC

o] FHoZ ulA 11 FARS 71Est H 7 oA SiCe]
A& s 9 RSl el Atsklen W vy & A

& 7Hlo|ErE AelEa) w2 FofjE= S HRTH10].
Klivev & go]245F o83 WA 7S #3gstgem ¢
7Y gA 2 59 7k 270 wE 7h EA0 el A
TSFATH 1]

B oA wEA AEE shlol=9l  4H-SiCet
Sintered SiC(&7Z SiC)2] w|A| ¥4 72 %*301 o 3l
Ak SiCE g2k 13-25 mQ-cm?] B

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.023.137&domain=http://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

132/ February 2024

e 2o Aol T %
A = o WhEA| axfu); gohiE o] a7
B TR AR &7 SiCE IHE 71AH BE Sl /\]"RQ
o W A1gelN B Aol AR A vhmo] o)

1S 7t= o dA  tho]olE = (Polycrystalline Dlamond,
PCD)E AR&3FGleH, ofofo] W 7139 UF2l efojof
7 4K (Wire Electrical Discharge Grinding, WEDG)2.2 X
5 100 pme] AT F7 AFE ARt APS Aaystel
CH16-19]. A|ZeE 5 o]&3) A2 7huto|=of WA 7}
Foz Tum 52 ATIHAT. B AT A, A4S &
A &l whek A oA 27|17 R ER 4 8%
Hotof| whE gt 2o A-Y], WHEe A7), 3wl A, 7t
T AZE, Tela F) i Jr o] jo|g A ste] vlas}
k.

2
ol
[o

2. SiC MZ2} AY K|

AlFo| A AMREE SiC: Fig. 13+ 722 4H-SiC  Wafere}
Sintered SiCo|w, Z} SiCol|A] & o2 LYyt 52 71
3o SIC ZRoll T 71T B4 ZfolS vl wBkL

Fig. 2= 2 Aol AMgat 7k %719) Aekwolch. of 3
um @x}o] AYES Zh= X-Y-Z 35 o]F AH|O]X](300AT,
Parker Hannafin Corp.)2 TtA%E o] QloH, Z=o]+= PCD 3+
AL A3t 4= 9 utedo] Q11 X, YEo|= glolo] HhA

A 913k ofolo] HA7L AAElo] Yk B AR 4 )
Qo FHEES ] WA B F 4 YRS $2E
Astoich. A 200 WA F2E A (Resistortt E7

7|(Capacitor)2 ©]F01%] RC BFR9| 2] 2ot

r_>d

i

o Hﬂrﬁ

[¢]

w
1>
o

2

3.1 PCD 37 M= 783
I AZ AYEE PCDE AFL313th PCDE =2 L:0)A
[e]

T 52 Aot YrtnAdS zku glon dHmAdo] fpdtke]

7142 hgolut Al 7HgelAl B uhist vk B4o] glct.
PCDE & ZEE 23 9l7] W] vl 37 AR o) o
At e 7| AA Ahguch A ABoR AR Ao Hek

X
st mebd B AReIAE Fig 33t o) Sfolo] WAl <
AHWEDG)©.2 PCD 378 ARSIt 375 A2k o
43} 713 2L Table 17} 2t}

2 AgeAe 24" 2717F 10umel 2§ 1 mme] PCD
S WA 7bEsle] Fig. 49F o] A& 100 um, & Zo]
1,000 umo] Y=3 F 2 71Eslich. Fig 4= FAPAA S|
73 (GeminiSEM300, Carl Zeiss Corp.) &2 243t ARl o]t}

(@) (b)
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

3.2 Y™ FHI F IS

Fig. 29 A3 AA9 fgeel 2 S
WEDG ZE 4o SiC W 7H-& & 4 =S FHdS A
27] 93t 425 AX oh 71 el AlEE argst
< AYspet. Ao ZE= 247 FA 500 umet
SiC ¢Jjo|#H 9} Sintered SiC2] TAS ARE-3FSITH.

g 72 HP O = Fig 5(a)2} o] AlES 1AE &
gk 5 A HFe R YewA A vhesta o A



February 2024 /133

e ala= g
=T= 500k Scan Spred = 00 m G N ZEISY
WD = 114 mm M=t o it i oy

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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