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Experimental study on ultrasonic-electrochemical mechanical
polishing of silicon carbide
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Abstract; To explore an efficient polishing method for ultra-hard brittle silicon carbide materials, an ultrasonic-
electrochemical mechanical polishing experiment was performed on the SiC specimens by controlling variable
method. The SiC specimens were polished by cast iron polishing plate, polyurethane polishing plate and semi-fixed
abrasive polishing plate in three kinds of polishing liquids, i.e. tap water, KOH solution and Fenton reaction
solution respectively, and the optimized polishing process parameters based on the material removal rate and surface
quality of SiC specimen were obtained. The results show that the material removal rate is high when using cast iron
polishing plate, but the surface quality is poor. The surface quality is best when using semi-fixed abrasive polishing
plate, but the material removal rate is low. The Fenton solution has the best effect on improving the material
removal rate. When the voltage between specimen and polishing plate is +10 V, the material removal rate is the
highest, which is raised by 55.1% than that without voltage. When the ultrasonic vibration of the specimen retaining
ring was applied, the material removal rate was increased by 91.7% compared with that of non-ultrasound. The
ultrasonic vibration plays a major role in the polishing of SiC specimen.
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Fig.1 Round translation polishing machine
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Fig.2  Schematic of specimen retaining ring and electric field

1.2 #ike &4

1R AT SR K BT 73 88 5% 1) KOH K
J5R WE 3 AR AT B 0.15 mol/L
i) H,0,7 75 0.05 mol/L Y FeSO, ¥ W, 4E 7 1A
pH K 3~4 ¥ H,0,7 5 FeSO, IBRIEIARTILLL : 3
R, TS0 RN 2 h, 15 202500 52 v K.

S3 R 5 Rl 6 B SR R4 6 8 LA KR
V8 TR B P ) % ) 2 T 85 A e A, b AT 2
JE S R R T B A TR RN e AR TR Y
WHESZES. LB IEE F1 8 50~ 60 N, 3% 4% 5 5l ik
&N 75 r/min.

1.3 HERESLE

{1 FH i R 22 sl AR 5E B F 26 1 MC
I RAE R (S S NS vV, BRER 50 ke, W
4 0.2% F.S.), H NI6008 %44 % £ K Fil LabVIEW
AR XS R ) RNEE S8 D A TR AR P H R B R 4

BUGRI A A, R ARE T R g
AR KBRS 1




18 - T O I N AN -

51 %

M=(my—m)/(p-A-t)x 10" (1)
s M OB BRR (um/h) o mg m, SRR
SR JRITE (), p HIAEERE, p = 3.2 ¢/em’, A
MIRFIEE AL A = mem® ¢ HISEHTE (h).

2 HERG AT

2.1 EHBFHTH#HLILE

B, AETCAMINE 7 B PR IR B AR, o B il
B BIEEL R AR CEL | 852 R e B A1
FIORAK TR 550 5% 1Y) KOH ¥ T8 25 10 52 1o Y
A ) B — AR i X SiC R AR HEA T A A . B
BB 1 h ZERHIIT 4R 5 min J5 T RTC %L
Y AC W] 2 30 min. I AL 5 R 4R IE TR
T3 BEAE ) I EEE AL

P 3 S T [ 25 P RO C B A 3 AP HlEIR
O B S it 2k

10 20 30 020 30

t/min t/min

(b) it 73 % 5% B9 KOH I

60 ¢
~ 40} FHEH %§ 0.4
R20 b 15T 0.2
! " T T
' foimiibgh 510
0 ‘ 0 -
10 20 30 10 20 30
t/mi N t/min
BRI

B3 A E SR & IR I8 R 1 2
Fig.3 Test friction characteristic curve using semi-fixed
abrasive polishing plates
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Fig.5 Material removal rate of specimen for each test
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Fig.6  Surface topography of the specimen for each test
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Fig.7  Average friction coefficient between specimen and

polishing plates under various voltages
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Fig.8 Material removal rate of specimen under various voltages
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Fig. 12 Surface accurace of specimen after polishing with

polyurethane polishing plate
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Fig.13  Surface accurace of specimen after polishing with semi-

fixed abrasive polishing plate
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Fig.14  Contact model when using cast iron polishing plate

Ut P2 1] 5 PR 9 ' £ BUR MR O B
TR BB, X P SR i IO A
R U e AR B AR N 15 Bl He kB i8]
LB /NT AN R AR AR ) RGBT A5
DA 2 18] 58 B IR, 2 I AT T DR 285, FEE 458 TR S0k
ZINER [ o AR 25 ik 38 A A I A1

R KAE WIS, K o7 Al LS Sic
TR A A BB AL 2 SR, A A T TP Y Si0,
fEtiel R

SiC + 0, + H,0—Si0, +COT +H, T,
HOK AT LAVE R SiC s A9l 0 i 4l 6, (H & 4k 27
AR A A AN D28 | 38 HUAE MR ] L B 3R 2
Si0, AR A , i SiC AR AF AR 25 BR Z AR XA

S

/4
= =
Mo

B 15 A 3 B E BB 2 B A e AR B
Fig.15 Contact model when semi-fixed abrasive polishing plate

41 KOH WA WG s 5 b i) OH /]
PSR KA AR AR LAY Si0, & A= b2 O,
I Si0, s e BT R

Si0, + 2 0H — [Si (OH), 0,]1%,
CRT 3 2ok A R i 5 L ARCVE B ) 25 BR AR 2 Y
Si0, , M ERFRAH T HORK A $2 5 (B i K
BVEHIE IR Si0, 30 T-2218 BB L BR AR5 B /).

et 25 S I AR A 9 st SiC a4
ZBRFM T HR/K A KOH B & X 2l T
IS R A KR - OH A3, 11T - OH
H R BB R 1 A A AT DL 0K Sic Rk
1 JZ A AL Sio, ", R

SiC + 4 - OH + 0, — Si0, + 2H,0 + CO, 7.
WO R BR A KR .

IR R T B LA BT SiC RIATRL SRR
FHIVER M SiCaalRR >4 T Uit v 0 A,
BT AR OB B . a3 Y A TE A I
XFSiCRRORE R B A B A AR HEVE T EET SiC R
AR 24T LS v g BRI T SiC R 2 A AR AR
Sio,

AR A RS , AEPR S A X R A
AR AT, B A S G s (it
KA 2 AR P 7 AR e e AU R, S8 T
2Z (15 Z 0 AH B A i 5l SR A N W b i e S O
I, B EL B BE AR BB 2 3G K B TS
A KBS ot 7, R AS W I 9k 2% DR BR A9 S
RN Z% 5, B 2 B R A H T TE R P i s st K e
.

4 % i

AR SCRFH H 7 Bl | 7 4 0 R~ ] 235 A 4
G R ARSEAT SiC IS, 75 1 40 R 458
1) A CEL A4 R R B R e, 3R i o i
25 A PUHR AT DL Py B A R, P [ 5 R ' 2
R B A (HRE RS BR R AR 23 105 BT R0 12



514

A, 55 WALl - i A WU IR T 7 - 21 -

R A R BR R i 4T, KOH IR .

2) I S HOE A Z B LR R +10 VB
PR RS B 3 e, AH LT IO HL R 8 FH 2R i
11 s S D Y L) P S R W TR W o I & B 8
Iy T 58.8% .51.1%.

3) MRS SiC il Al ) 52 i 2R T
Gy, FEX T TCHE A PR 3l 76050 2R 2R 0 28 | > [
E R O 8 B R R AR R BR R R T
88.9% 91.7% , A UL P 4R g%t SicC il A4l o't e
ZAENL.

4) TER) FH e 3750 Bl | 6 75 4 2l R f [ 285 B R 4t
N G AN Sic R TG, R R
ZABRICAET SiC AR R AT IAE) 3.57 pm/h,
FHHLBERE R, N 34.8 nm ; 75101 FH 2 [ 45 Bk O
F AR BR AT A E] 3.24 wm/h, R AR
FER, 7 9.1 nm.

5% Xk

[1] Bk, skmEEe, 230K SiC Tt BB RN & A BF et L )] . it
KBPEL, 2010, 44(3) ; 223

HOU Yonggai, ZHANG Guofeng, LI Wenfeng. Research progress on
preparation of SiC based wear-resistant material [ J]. Refractories,
2010, 44(3). 223

g, /b, J— WL ISRV FE TR AL TG 2 A LI o
AYPERIL]. ﬁﬁ%*ﬁ%‘mu&ﬂn 2012, 48(4): 9

MA Lei, PENG Xiaoqiang, DAI Yifan. Effect of Fenton-kind
process in silicon carbon polishing [ J]. Aviation Precision Manufac-
turing Technology, 2012, 48(4) . 9

AIDA H, DOI' T, TAKEDA H, et al. Ultraprecision CMP for sap-
phire, GaN, and SiC for advanced optoelectronics materials [J].
Current Applied Physics, 2012, 12(9) . 41. DOI. 10.1016/j.cap.
2012.02.016

[4] NESLEN C L, MITCHEL W C, HENGEHOLD R L. Effects of
process parameter variations on the removal rate in chemical mechan-
ical polishing of 4H-SiC [J]. Journal of Electronic Materials, 2001,
30(10) : 1275. DOIL: https://doi.org/10.1007/s11664-001-0111-2
LEE H S, JEONG H. Chemical and mechanical balance in polishing

—
N}
[

—
w
[

—
W
—

of electronic materials for defect-free surfaces [ J]. CIRP Annals-
Manufacturing Technology, 2009, 58 (1) : 488. DOI: https://doi.
org/10.1016/j.cirp.2009.03.115

LI Canhua, BHAT I B, WANG Rongjun, et al. Electro—chemical
mechanical polishing of silicon carbide [ J]. Journal of Electronic
Materials, 2004, 33 (5) . 482. DOI:. https://doi. org/10. 1007/
s11664-004-0207-6

KE Yue, YAN Feng, DEVATY R P, et al. Surface polishing by
electrochemical etching of p-type 4H-SiC [ J]. Journal of Applied
Physics, 2009, 106 (6) : 259. DOI; hitps://doi. org/10. 1063/1.
3212541

—
)}
[}

—
~
[

(8] X3k, k€%, XRER. R ATk b e b A AR S A BB I [T ]
S ks % TR, 2015, 23 (8): 2232. DOI: 10. 3788/0PE.
20152308.2229
LIU Lifei, ZHANG Feihu, LIU Minhui. Ultrasonic assisted grinding
for silicon carbide [J]. Optics and Precision Engineering,2015, 23
(8):2232. DOI. 10.3788/0PE.20152308.2229

[9] LIAO Yunshi, YU Yunpeng, HUANG Chaowei. Ultrasonic vibration
assisted mechanical chemical polishing ( mep) of silicon carbide
[J]. Advanced Materials Research, 2012, 565; 255.DOI; https://
doi.org/10.4028/www.scientific.net/ AMR.565.255.

[10]HARA H, SANO Y, MINURA H, et al. Novel abrasive-free pla-
narization of 4H-SIC(0001) using catalyst [ J]. Journal of Electron-
ic Materials, 2006 (35). 12. DOI. https://doi. org/10. 1007/
s11664-006-0218-6

[11]SANO Y, ARIMA K, YAMAUCHI K. Planarization of SiC and GaN
wafers using polishing technique utilizing catalyst surface reaction
[J]. ECS Journal of Solid State Science and Technology, 2013, 2
(8):3034. DOI. 10.1149/2.007308jss

[12]LUO Qiufa, LU Jing, XU Xipeng. A comparative study on the mate-
rial removal mechanisms of 6H-SiC polished by semi-fixed and fixed
diamond abrasive tools [ J]. Wear, 2016 (350/351) ; 106.DOI; ht-
tps://doi.org/10.1016/j.wear.2016.01.014

[13]LU Jing, LI Yang, XU Xipeng. The effects of abrasive yielding on
the polishing of SiC wafers using a semi-fixed flexible pad [ J]. Jour-
nal of Engineering Manufacture, 2015(229) . 176. DOI. 10.1177/
0954405414563556

[14]FhPBL. BRACHERE S - AL 2 MG L S UM SE R sE (D). i
IR W RIE T R, 2016 45
SUN Bingzhen. Simulation and experimental study on ultrasonic-
electrochemical polishing of silicon carbide [ D].Harbin: Harbin In-
stitute of Technology, 2016 45

(15 ] H UL, S R B A= WAL 0 B 5 28R [ D], /R
B IR TR, 2017 61
CHANG Jingzhong. Simulation and experimental study on ultrasonic
assisted electrochemical machanical polishing [ D]. Harbin; Harbin
Institute of Technology, 2017 61

(16 1 HBRRA . Pl b 2 B 90 5 i o Wi R B R MR AR 92 [ D] AR
I IR I Tl K2, 2008 39
HAO Lijun. A study of voltage-controlled friction characteristics in
polishing process of SiC ceramics [ D ].Harbin: Harbin Institute of
Technology, 2008: 39

[17]RAICSH P, HAISS W, NICHOLS R J, et al. Time domain imped-
ance spectroscopy for probing the termination of silicon (100) sur-
faces in aqueous KOH [ J]. The Journal of Physical Chemistry B,
2001, 105(50) : 12508. DOI; 10.1021/jp011754i

[18]PHILIPSEN H G G, KELLY J J. Anisotropy in the anodic oxidation
of silicon in KOH solution [ J]. The Journal of Physical Chemistry
B, 2005, 109(36) : 17253. DOI. 10.1021/jp052595w

[ 19]ISHIKAWA Y, MATSUMOTO Y, NISHIDA Y, et al. Surface treat-
ment of silicon carbide using TiO,(IV) photocatalyst [ J]. Journal of
the American Chemical Society, 2003, 125(21) . 6558. DOI. 10
1021/;a020359i

(%H8E # W)



