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Abstract In order to improve the polishing efficiency and surface quality of single-crystal silicon carbide (SiC)
materials, we propose a new method based on traditional polishing combined with magnetorheological finishing
(MRF), which is used for the practical fabrication of a single-crystal SiC wafer with a diameter of 100 mm. First,
the surface roughness of the single-crystal SiC wafer is rapidly processed to about 0.6 nm by the ring polishing
method. Then, the wafer uniform polishing for 35 min with MRF is adopted to improve the defects on the surface of
SiC wafer and eliminate the subsurface damage of the wafer via the preparation of a special magnetorheological
polishing fluid. Finally, the ring polishing is adopted to finely polish the SiC wafer with the nano-diamond polishing
fluid and a high surface quality single-crystal SiC wafer with roughness of 0.327 nm is obtained. The method
proposed here reduces the fabrication time by about 7 h and is helpful to improve the fabrication efficiency, precision
and surface quality of SiC wafers.

Key words optical fabrication; silicon carbide wafer; magnetorheological finishing; ring polishing; surface quality;
subsurface damage

OCIS codes 220.4610; 160.6000; 120.6000

(GaN) | o , SiC
[1-2] 5]
A o A b
(9 N N
: 2020-02-10; : 2020-03-08; : 2020-03-30

(61905024)

* E-mail: baiyang5406(@sina.com

1322001-1



. 100 mm SiC o ,
SiC N SiC
0 (PV) 100 nm s
s R R . SiC 1 . s
(451 _ s 2 o
. silicon wafer sealing glue
3 Su [6] l
5,08 ecm  6H-SIC  Si C L
, 1 nm  SiC =
i fused silica substrate
. Chen (CMP)
SiC )
Yin !
Fig. 1 Schematic of bonding
( s ) 3 pm 6 H-
. ili bid
SiC(001) . 10 pm X 10 pm, wiavEs
2.5 nm, Deng 1%
’ CGOO
. Eryu
[11] N
. 2
5.08 cm SiC . . .
Fig. 2 Fabrication by ring polishing
(RMS) 0.6 nm, Everson [
KOH 6 H-SiC s ’
5.08 cm SiC 3 ke
R, 0.5 nm, SiC ’ L
1
’ Table 1 Parameters and time of fabrication by ring polishing
SiC . Step No. Particle size Ciounter Prf)cessing
of powder /um  weight /kg time /h
(MRF) SiC ) i Step 1 14-28 3 20
, Step 2 1.5-3.5 3 18
o s : 14~28 pm
’ 8~16 pm\4~8 pm 1.5~3.5 pm
(SSD) 0 ,
1) ’ [13] o 14 —~
° 28 1(,Lm ) ’
s SiC . . s
s 20 h,
’ ’ SSD
2 ,
PP (P )
2.1 SSD 1.0~1.5 pm""*'
’ 1. 5~ 3. 5 y,m

1322001-2



18 h, o ,

2.2 )
SiC 38 h ) o
Zygo New View 7200
3 . 3 ) PV
88.193 nm,RMS  0.735 nm. R,
0.571 nm, SiC
, ,SiC
) SiC

SSD 150~200 nm,

3
s , o Fig. 3 Typical roughness of fabricated surface

3 SiC
( ) 3.1
(<0.1 p,m'hil)a 4
, 10 h

spindle
(b) rotation

@9 electromagnet

—‘Nhee Irotation —

I I
magheticAﬁeld ;'adient
\ | \ .
4 . (a) MRF ; (b)

Fig. 4 Principle of MRF. (a) Diagram of MRF system; (b) magnetorheological polishing fluid state under polishing

[15-16]
’ ° ~
’ ~ N
( ) ,
[17]
’ ’ °
o , o . N

1322001-3



3.2
SiC
SiC

o

’ 0.5 #mc

° 4.5 p,m,

2

RMS

SiC 100 mm,

s PV 150 nm,

1 nm,

10 s, 3

Table 2 Main components of magnetorheological polishing fluid

Ingredient Iron powder

Abrasive

Water-based composite carrier liquid

Volume fraction /% 40

0.2

Bal.

3

Table 3 Polishing parameters

Parameter Polishing wheel diameter /mm

Rotating speed /(r « min ')

Penetration depth /mm  Temperature /°C

Value 160

120

0.9 22

5

Fig. 5 Process chart of removal function test
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