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Preparation of high bonding strength C-SiC composite coatings on
single crystal Si substrate by extra-C source method
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Abstract: The C-SiC composite coating is integrally prepared on the surface of a single-crystal Si(100)
substrate using chemical vapor deposition (CVD) with graphite as the extra-C source and HMDSO-H, as
the precursor system. The surface morphology, phase composition, mechanical properties, and thermal
shock resistance of the composite coatings are analyzed by scanning electron microscopy (SEM) , X-ray
diffraction (XRD) , nanoindentation and scratch testing. The results show that the extra-C source enable
simultaneous deposition of a carbon buffer layer and SiC coating. The prepared C-SiC composite coating
exhibits a total thickness of 50 pm (including a 10 pm-thick C buffer layer) , dense structure, and excellent
adhesion to the single-crystal Si substrate. The coating shows outstanding thermal shock resistance, with
surface cracks emerging after 20 thermal cycles between 20 °C and 1200 “C, but no warping or delamination
occurs. The nanoindentation reveals that hardness and elastic modulus of the composite coating are
23.25 GPa and 272.3 GPa, respectively, while the scratch testing indicates an interfacial adhesion strength
between the coating and substrate is 29 N.
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Table 1 CVD deposition parameters of coatings

Coating Growth temperature/  Flow rate of source Flow rate of Flow rate of Deposition o )
. . o o o Deposition time/min

type C solution/(g'min™")  Ar/(mL-min~")  H,/(mL-min~!)  pressure/Pa

C-nucleation 1150 0.5 2000 600 600 1

C-SiC 1150 0.5 2000 600 600 120

HEAT MG, AR 48 R Ar, $UE R EE IX ] R 20~
1200 °C, Fh B 18 2 24 2 10 °C/min, SR 06 {7 T B 1
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(6)

SiO(g)-+ 2SiH(g)+ 3C(g)=3SiC + H,O0(g)(7)
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C+H(g)=CH(g) (9)
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Fig.2 Schematic diagram of coating deposition process
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Fig.3 Surface micro-morphologies of samples deposited for 1 min
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Table 2 Comparison of mechanical properties of coatings

. Preparation ~ Hardness/  Elastic Adhesive
Coating
method GPa modulus/GPa  strength/N
C-SiC CVD 23.25 272.3 29
(this work)
SiC CVD 330 363.21% 15'%
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(a)before thermal shock; (b)after 10 thermal cycles; (¢)after 20 thermal cycles
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