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Fig.1 SEM morphologies of C/Si 70/10 at% mixed powder
before (a) and after (b) ball milling
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Table 1 Calculation of Si content after ball milling

Diffraction peak intensity Measured Theoretical
2H-C(002) Si(111) content, /% content, /%

6705 1418 25.9 25

2.2 C/Si70/10 at% ik REZ #HAIE K K54

TS Si Jo FEAE AR e 4 i B2 b i B L ol
AEAEE I, ¥ C/Si 70/10 at%iR £ 34 50 By AR 4E 1900
CFEZHRMIE, B 2 & C/Si IBE M ARALH S 1)
XRD K%, P 352 C/Si kR JuHIKE.

M4 C/Si A I mT %, C/Si 70/10 at% Ak REL i
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XRD AL 43 M B AT L, Si (AR HEIE T 2, IR
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28%, FRL VAR AL 35%. & 4 & C/Si 70/10 at% ¥y 1k
AL 2 J5 A LUESE , A X Sk EDS B4 43 AT
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Fig.2 XRD pattern of C/Si mixed powder after vacuum heat

treatment
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Fig.3 Binary phase diagram of C/Si system
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Fig.4 Microstructure of C/Si mixed powder after vacuum heat

treatment

F2 B4 C/Si AEBPATRERXE EDS S5 R
Table 2 EDS results of different regions for C/Si heat-treated
powder in Fig.4 (at%)

Region C Si
Region 1 97.36 2.64
Point 1 77.53 22.47
Point 2 89.01 10.99
Point 3 73.39 26.61
Point 4 99.73 0.27
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Kl 5 SiC DU A4S ] e e RS 28
Fig.5 Parallel (a) and antiparallel (b) stacking models of SiC tetrahedra
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M/, R KR RIS ek B-Sic Bk
AHEE, HAERHMEM. £ 1900 CHE T, SiC &
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B K IFURL ¥ S350, DR I v il A AR B J0R 1) Bk A e —
Fh 78 - B PR i T N 6 LU Y, gik g
WA LU R TRV R, B 5 B 8 A, ROk 3 1Y
KA BRI BRI, R BIHOR S Tl
K B-SiC HAKIE KA ARG, HH Ik 8 B i 4 TR KL
R, LTSS AR R R

6  ANFPRLAE SiC By A ib 21 A 5 TE 3
Fig.6 Morphologies of SiC powder with different sizes before (a, c) and after (b, d) heat treatment: (a, b) nano $-SiC and (c, d) micron S-SiC
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Fig.7 XRD patterns of nano silicon carbide before and after heat

treatment
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Fig.8 XRD patterns of micron silicon carbide before and after

heat treatment
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Fig.9 Raman spectra of silicon carbide powder with different

sizes before and after heat treatment
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Fig.10 Backscattered electron images of different hot-pressing
targets: (a) C/SiC 60/20 at% and (b) C/Si/SiC 70/10/10

at%
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Table 3 8-point resistivity test results of silicon-doped carbon
target (mQ-cm)

No. C/Si/SiC 70/10/10 at% C/SiC 60/20 at%
1 4.25 3.28
2 4.24 2.75
3 4.03 4.76
4 3.8 3.69
5 4.02 4.62
6 3.94 3.84
7 3.77 4.36
8 3.66 4.48

IR RS BT AN A A, 7 U AR 7 A
PR P R ST . IR B A T LAY R 2 AN B
43 ) Ay FL B 3% S 7 BERUAR AT FLIR B BEPY . R84
PERSAF () C/Si/SiC 70/10/10 at% = 76 5 13k A4 i) 4 #E A4
bE R A 7 VT LB A= T IDINE =3 Ta M It TN
A AALER . RAE A28 AR S e e

2t R M, SEMARRISE Ny 2.35 g/em®, $41E
C/Si A= ARk SiC K5, FRIRHE N 2.66 g/cm’, #L
AR B 88.34%. 45 ArfLAR A 45 T k1, LR
RAET A KSR, g, &l
R4 /N A 1~100 nm, FLARS A dn & 11 fios, T
EIR BN AE AR 0%, A7 2% B ST A 3 v
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D I§), D W§H A& A S R B B S 5N T
BRBA A 2 SRR B, BT L Ol e 2 S A )
Je ¥ s R R VA, ER S D 0 R v AT PR K R A AR
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0.02F
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Fig.11 Pore size distribution of silicon-doped carbon target
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Fig.12 Peak shape fitting of D and G peak of C/Si target Raman

spectrum
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Fig.13 Cross-section morphologies of the film on different material substrates: (a) glass substrate, (b) Si substrate, and (c) ceramic substrate

14 Tk )y by g e IR 3R TIOR3
Fig.14 Surface morphologies of the film on silicon (a) and

ceramic (b) substrates
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Preparation of Silicon Doped Carbon Target and
the Growth Mode of Thin Film by Sputtering

Bai Xue, Liu Yuyang, Wang Xingqi, Gui Tao, Yang Lei, Wang Xingming, Chu Maoyou
(GRINM Resources and Environment Tech. Co., Ltd, Beijing 100088, China)

Abstract: The composite raw material powder was prepared using carbon, silicon carbide and silicon as raw material by pretreatment
process in order to prepare C/Si 80/20 at% target via hot-pressing. The target material was then sputtered on different substrates. The
morphology was analyzed by SEM; the resistivity was measured by four probes; the crystal structure was examined by XRD combined
with Raman spectroscopy. The results show that: (1) C/Si powder of uniformly distributed Si element is obtained after consistent ball
milling for 48 h. When the powders are vacuum heat-treated at 1900 °C, liquid silicon and solid carbon generate equiaxed 3C-SiC through
inter-diffusion; (2) when f-SiC powders with different sizes are vacuum heat-treated at 1900 °C, there is a significant disparity between
neck growth rate and crystal structure transformation. At high temperature, the nano-f-SiC powder has higher vapor pressure and its neck
growth rate is relatively faster. Subsequently, 3C-SiC microparticles with higher sphericity are acquired after evaporation-coagulation and
recrystallization; (3) using C/Si/SiC 70/10/10 at% and C/SiC 60/20 at% powder as raw materials with the pretreatment of ball milling and
high-temperature vacuum heat treatment, C/Si 80/20 at% target is obtained by hot-pressing. Compared with the target prepared by the
C/SiC 60/20 at% binary component system, the target prepared by the ternary component pretreatment powder has better uniformity. Its
average resistivity is 3.9 mQ-cm and the range is 0.59 mQ-cm, the density is 2.35 g/cm’, and the degree of graphitization is 0.17 which
shows the graphite crystals have good integrity; (4) C/Si 80/20at% target was magnetron sputtered on silicon wafer, glass and ceramic
substrate to deposit diamond-like thin films. The results indicate that the film on the Si substrate has a longitudinal growth mode and the
film particles are less than 20 nm. The film on glass has a layered growth mode and is tightly bonded with glass substrate. The
microstructure of the film on the ceramic substrate, composed of micron-sized particles, is similar to that of the ceramic matrix.
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