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�  ��)*+,-./,/01234�56789�:;<=>3401�?@ABCD C/Si 80/20 at%EFGH

CDIEFJKL�MNOPQR�STURIVWXY�Z[\G]^_`abcdecVW,fghijakl,

XRDB>mnopSTq1Br�Bstuv�1�*+w/0xyz> 48 h{|; Si}~��S�I C/Si=>01�

�01J 1900 �u��?89��C/Si]^�������q 3C-SiC��2�KL��I β-SiC01J 1900 ���?

89�����Z�lwq1Br���J����GJ��u��� β-SiC01��@�����Z�l �]^�

¡-¢£¤Bq¥{|;xV¦§¨I 3C-SiCe�©���3�) C/Si/SiC 70/10/10 at%X C/Si 60/20 at% 2ª01234�

56xyw����?89;<78901«?@CD C/Si 80/20 at%EF�Bs¬v® C/SiC 60/20 at%¯}°S1

±²³�´}°S78901CDEFI��µ¨�¶�akl 3.9 mΩ·cm�·� 0.59 mΩ·cm�¸¦ 2.35 g/cm

3
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.¦ 0.17, *+q1¹ºµ¨��4�HCDI C/Si 80/20 at%EFS»J/M,¼½)X¾¿�MNÀÁOPCDÂ�

Ã*UR�Bs¡ÄvJ Si �1¬ÅURÆÇÈ�Z[\�RÉe�ÊË 20 nm�J¼½�1¬ÅRÉÆÉÌ�Z[

\ÍB>Î¸�J¾¿�1¬ÅURÆMÌ�Z[\�RÉÏe��©�B>°��®¾¿�1Iec°Ð²ÑG 

����C/Si�EF�β-SiC�?89�?@ 

�������TB43        ������A        ÒÓÔÕv1002-185X(2020)12-4207-08 
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�� C/Si=70/10 at%*�ã�� Cý� Siý	�

����1�� 48 h	�1ã 5:1	Ý±Â/��L�

�ËÌ* C/Siý¤" 

³�1��ËÌ* C/Siý¤��������	

��� 30 Pa W¸	!�)"#�²$Ô%&'�

�� 30 Pa %()*�)"#�	+í 2 '#�,

�% 4 h-k 1900 �L`k 5 h	�)k4º�í

î���/#��./012�lL34� 70 Pa

¸	�k�*�#�	�¶��·`a¸�k" 

³567 β-SiC�867 β-SiCý¤�9����

���	�ÇµJ
*ef:;¸	1900 �`k 5 h" 
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³ C/Si�1ý¤�567 β-SiCý¤��ËÌ�

�������	��Çµef:;	1900 �`k 5 h

cd½�ý¤" 

    Çµ4º�íî´�<dY SL63-7B Î��� 

��" 


�������������

ä=��¾
*�ã¤>4Ôcd C/Si 80/20 

at% Q" 

%1&?ï@ä¤> Qcd  

AB C/SiC/Si=70/10/10 at%�ã¤>	WNý�

�ý�β-�DNý¤Y�R	���1r����4

º�efÝ±½�ý¤L4ÔÕ cd C/Si 80/20 

at% Q"  

%2&Cï@ä¤> Qcd 

AB C/SiC 60/20 at%�ã¤>	W�ý�β-�D

Ný¤Y�R	��ËÌ%4ÔÕ cd C/Si 80/20 

at% Q	àã Q*ËÌ�" 

4ÔefDEY�� 1380~1450 Ù`k�� 75 

min	F�G�HD�Ð�* Si ïðËÌ��	1700 

~1750 Ù`k 1 h	1980~2000 Ù/`k 90 min	Ô

� 70 MPa" 


� ��!"#$�� DLC %& 

��*cdíî��� MSP5100CÎÁHÈÉÀ

ÁI	ä=A�\EJKL�NL�MNLYOP	û

P��/ 10

-4 

Pa	eX�Ô 0.4 Pa	ÀÁ�¤Y 99.99%

* Ar�	 §Q 80 mm	§LÓè4	RÀÁ�� 10 

min	ÀÁS-���Y 1000 W-1 h	2000 W-1 h" 
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2H-C �¤ !* RIR �Y 7.78	Si �¤ !* RIR

�Y 4.7"+íá�	�1%���9��á� Si ñ

â%�âäE&Y 25.9%	M��ñâ�ø�� 1%	
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Ù 1  C/Si 70/10 at%01xyÚ¥ SEMÛM 

Fig.1  SEM morphologies of C/Si 70/10 at% mixed powder 

before (a) and after (b) ball milling 

a 

100 µm 

100 µm 
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�  !!"#$ Si %&�'() 

Table 1  Calculation of Si content after ball milling 

Diffraction peak intensity 

2H-C(002) Si(111) 

Measured 

content, ω/% 

Theoretical 

content, ω/% 

6705 1418 25.9 25 
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Ù 2  C/Siz>01��?89¥I XRDÙp 

Fig.2  XRD pattern of C/Si mixed powder after vacuum heat 

treatment 

 

 

 

 

 

 

 

 

 

 

 

Ù 3  C/Si1±¯}²Ù 

Fig.3  Binary phase diagram of C/Si system 

 

 

 

 

 

 

 

 

 

 

Ù 4  C/Siz>01��?89¥I°ÐVW 

Fig.4  Microstructure of C/Si mixed powder after vacuum heat 

treatment 

 

� *!!� 4 � C/Si +,-./0123 EDS �'45 

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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Ù 5  SiCfÅ1KLIÞß[à 

Fig.5  Parallel (a) and antiparallel (b) stacking models of SiC tetrahedra 
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SiC ��¤¥� �*D�I	Õ �*��©

-J¬l"� 2100 Ù*)k¸	C � Si *��>E

Y 1.5×10

-10

� 2.5×10

-13

 cm

2

/s

[13]

"Ú��z��ý

®�n��ãU)	Õ ¯°�U�	¾±Ý±�»

*�â�o�z	#$U²Ý±Õ ÞßD

[14-16]

" 

4º�;r�º�VW³¾³´�µ SiC yÂ

¶r�Ltèª·"Si��� SiC�¸ÑÒ*ª·�

�	)k¸ Si�]¹±ºÅ, ª·*tè�=D*�

þVW�)ý¤*Õ ��"w 6 ä=�56 β-SiC

�86 β-SiC 4º�ö%�þw"567 β-SiC ÂX

��	#ã�n�(m�H»/?867 β-SiC �µ

¾³r	'¼Å*½¾"� 1900 Ùk/¸	SiC¿

�H½�*ä�-ÀÐ�	�o�J Si�Si

2

C� SiC

2

"

�4º�íî�	��Ôm*�yÂ¿!í�JÁÂ

²myÂ*Ã�	#$)k4º�¸yÂ*�D�Z

���-./& �íî

[17]

"�w 6VWÄÅ	567

�DNã�njÅm	(±�o��J	yÂÃt

©-(Æ�¦�o���	Â/t²867"8

67 β-SiC Ãt©-(Ç	�$�:�uyÂÂ

XÈ�	�& �©-ÈÆ" 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ù 6  KL�� SiC01?89Ú¥VW 

Fig.6  Morphologies of SiC powder with different sizes before (a, c) and after (b, d) heat treatment: (a, b) nano β-SiC and (c, d) micron β-SiC 

 

¾
ÂX* SiC ý¤4º�ö% XRD �¤ !

ä�vw 7�w 8´x"567* SiC�Rý¤�ñ

8â* 6H-SiC	�É)Ê(Ê	�Â��	���

./íî�=Ë��Lij� 3C-SiC�Â�n	#$

4º��%	8â* 6H-SiC��ghY 3CJ	Ì0

ËÌ*;�yÂ�þ" 

¾
*�	867 SiC �Rý¤Íñ8â

6H-SiC	J
*k/�`k��¸	867* SiC�

�-./& �*©-(Ç"6H-SiC ]��zn�¯

°¸, !í§nWbµ��¾Î/�m	¸Ï¡�

ÐÑÒÓ́ }Ô* 3C-SiCÆ¡oJgh

[18,19]

	#$8

6 SiC 4º�%
�}ñ��-./ �´�o*;

� 3C-SiCyÂ�þ	A}ñzn�¯°¸*bµ/�

m* 6H-SiC	vw 6d´x" 

 

 

 

 

 

 

 

 

 

 

 

Ù 7  ��-./?89Ú¥I XRDÙp 

Fig.7  XRD patterns of nano silicon carbide before and after heat 

treatment 
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Ù 8  e�-./?89Ú¥I XRDÙp 

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

heat treatment 
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Ù 9  KL��-./01?89Ú¥Imnop 

Fig.9  Raman spectra of silicon carbide powder with different 

sizes before and after heat treatment 
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Ù 10  2ªKL�:?@EFá�Paâã 

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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� ���C/Si 80/20 at%�� 8���	
�� 

Table 3  8-point resistivity test results of silicon-doped carbon 

target (mΩ·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 
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Ù 11  /ÜÝ-EFä�S�Ù 

Fig.11  Pore size distribution of silicon-doped carbon target 
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	Ì0yÂµ ���	�þ

MMN§¤¹��<	��yÂòótm 867" 

ÙÇ´µ	¾
*§¤Ç�b*H��(m

8=	¾
*H��M§¤*{�/�Q�ßqJ

}"��É5¤¹y* PVD������*ij§L

!Ñ�MN	VWÄÅ��M§¤*@� !J</

()"  

 

 

 

 

 

 

 

 

 

 

 

Ù 12  C/SiEFmnop Dåw GååVæ> 

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 
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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 β-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-β-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 mΩ·cm and the range is 0.59 mΩ·cm, the density is 2.35 g/cm

3

, 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.  

Key words: C/Si; target; β-SiC; heat treatment; hot-pressing 
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