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Abstract — Silicon carbide (SiC) is used as a substrate material for power semiconductors; however, SiC chem-
ical mechanical polishing (CMP) requires considerable time owing to its chemical stability and high hardness.
Therefore, researchers are attempting to increase the material removal rate (MRR) of SiC CMP using various
methods. Mixed-abrasive CMP (MAS CMP) is one method of increasing the material removal efficiency of CMP
by mixing two or more particles. The aim of this research is to study the mathematical modeling of the MRR
of MAS CMP of SiC with SiO, and TiO, particles. With a total particle concentration of 32 wt, using 80-nm SiO,
particles and 25-nm TiO, particles maximizes the MRR at 8 wt of the TiO, particle concentration. In the case
of 5 nm TiO, particles, the MRR tends to increase with an increase in TiO, concentration. In the case of particle
size 10-25 nm TiO,, as the particle concentration increases, the MRR increases to a certain level and then
decreases again. TiO, particles of 25 nm or more continuously decreased MRR as the particle concentration
increased. In the model proposed in this study, the MRR of MAS CMP of SiC increases linearly with changes
in pressure and relative speed, which shows the same result as the Preston's equation. These results can contribute
to the future design of MAS; however, the model needs to be verified and improved in future experiments.
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Fig. 1. Schematic diagram of particle indentation to
pad and wafer.
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Table 1. Material properties of polishing pad and
slurry and process conditions related to MAS CMP
model

Parameters Value
Elastics modulus of pad 0.8 MPa
Poisson’s ratio of pad 0.3
Average radius of pad’s asperities 4.55 um
STD of pad’s asperities 3.68 um
Area of wafer 0.00785 m*
Density of slurry 1040 kg/m’
Diameter of SiO, 80 nm
Diameter of TiO, 5~100 nm
Density of SiO, 2270 kg/m’
Density of TiO, 4230 kg/m’
Total abrasive concentration 32 wt%
Elastic modulus of SiC 137 GPa
Elastic modulus of SiO, 94 GPa
Elastic modulus of TiO, 288GPa
Poisson’s ratio of SiO, 0.26
Poisson’s ratio of TiO, 0.29
Hardness of SiC 3800 MPa
Pressure 10~50 kPa

Relative velocity 32.65~130.6 m/min
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Fig. 2. Normalized MRR as a function of TiO, (25 nm)
concentration and pressure. (relative velocity: 65.31 m/min)
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Fig. 3. Normalized MRR as a function of TiO, concen-
tration and particle diameter. (pressure: 40 kPa and
relative velocity: 65.31 m/min)

3ltt. Fig. 2= €218 W TiO, <] wsle} 718 <
o] W2 MRRE| W3S HojEr) CMP 271 £ A

EEE 6531 m/min® 2 7338

Aol gk Si0, UAKB0 nmy= H7HEE Tio,
Ul BBl 3.0 £ A7FE AU Qlo dlo]HRe]
e o] A Sio7F TioE T o A ALk Al
EFo)d Aol k=™, 25 nm 3739 TiO, YA A
71= 8 wit% 7= MRRE S7HA171AI9E, 8 wi% o]%-
HE= AE AA 2 IS PIXIL YE Si02 JA
kel A= I3l MRRo] WolA|= 7 8ke Helt).
olg]gt A 2 AFelA AT BE 4 7oA
FUsA vebdt) w2 80 nm 79 Sio, YAkt
25 nm 279 TiO, YA7F E3E MASS] 735 8 wit%
oA Aol A8 AA &S Btk & 4 gk

Fig. 32 TiO, §A+e] Z7] Wsle} YA} shagel] whe
MRRE Ho5 9t} Si0, YAkl 24S 80 nmz XL
A AL TiO, YAFEFe] 32 wiw7HA] S71sk= 59t



SiO/Ti0, E4A &218] SiC CMPL] Al &A1& 2 75

25

—8—232.65 m/min
—e—65.31 m/min
20 97.95 mimin 3
—v—130.6 m/min

10 | / O/e
-—

Normalized MRR (a.u.)
&

5 / =
/
/Q E"/E
—__—8
0 . L L
10 20 30 40 50

Pressure (kPa)

Fig. 4. Normalized MRR as a function of pressure and
relative velocity. (24 wt% SiO, (80 nm) and 8 wt%
TiO: (25 nm))
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