
� 23 � � 6 � Vol.23 No.6

2 0 0 9 � 12 � CHINESE JOURNAL OF MATERIALS RESEARCH December 2 0 0 9

� � � � � �

�����������DLC ���	


���	
 ∗

� � 
�� ��� ���
(����
������Æ����� �� 315201)

� � �������	��� PVD ����	
��	
���� (DLC �), 
�
�
�	������	

	�

��. ����: ��	�	
����� 300 mm×100 mm ��
��
����� 10–12 nm, ����
�����
2–4 nm. ���
	����, ��� sp3 ����������, ��
	�� −100 V 
 sp3 �����
; DLC ��

�������
�	��� sp3 ��������	���, ��
	�� −100 V 
��
���� 3.1 GPa�26 GPa


 230 GPa. DLC ������	����� sp3 �����������, ����
	�����
, �����
��

� 0.25. 	��������
, �	���� (0∼−200 V) 
, �������� 10−8mm3/N·m, 	���� 300 V �

������� 10−7mm3/N·m.

� ! ���
���, �	���, DLC ��, ��	, ��	�, ��	�

"#$ O484 ��%$ 1005-3093(2009)06-0598-06

Effect of substrate bias on microstructure and properties of
diamond-like carbon films by linear ion beam system

DAI Wei WU Guosong SUN Lili WANG Aiying∗∗
(Ningbo Institute of Material Technology & Engineering, Chinese Academy of Sciences, Ningbo 315201 )

* Supported by the Science and Technology Department of Zhejiang Province Foundation No.2008C21055
and Ningbo Mulcinipal Foundation No.2008B10046.
Manuscript received April 30, 2009; in revised form September 16, 2009.
** To whom correspondence should be addressed, Tel:(0574)86685170, E–mail:aywang@nimte.ac.cn

ABSTRACT A large area diamond-like carbon films were synthesized on P type Si(100) substrates,
ranged in 300 mm×100 mm matrix, by an advanced linear ion beam system using the precursor gas
of acetylene. Effect of substrate negative bias on the microstructure and properties of DLC films were
investigated by Raman spectroscopy, stress tester and nano-indenter respectively. The tribological behavior
of films was also investigated by a homemade ball-on-disk tribometer. With increasing the bias from 0 to
300 V, the G-peak position of the Raman spectra decreased firstly and then increased. A lowest value was
acquired at the bias voltage of −100 V, which represented the highest sp3 fraction in the DLC films. The
highest residual stress, hardness and Young�s modulus films of were also observed when the negative bias
voltage was −100 V, respectively. The DLC films deposited with bias voltage 300 V showed the largest
wear rate than the others.
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Fig.1 Schematic of linear ion beam system for DLC film deposition
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Fig.3 The deposition rate of the DLC films as a func-

tion of the bias voltage
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Fig.4 Representative Raman spectra of the de-

posited film as a function of bias voltage (a)

and Gaussian fitting (b)
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Fig.5 Effect of substrate bias on residual stress (a),

hardness and elastic modulus (b) of the de-

posited DLC films
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Fig.6 Effect of substrate bias on Friction coefficient

of DLC films
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Fig.7 Surface morphology of wear tracks for the DLC films deposited at various substrate bias
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Fig.8 Wear rate of the DLC films deposited at vari-

ous substrate bias
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Fig.9 Wear tracks of the DLC films deposited at various substrate biases (a) 0 V, (b) 50 V, (c) 300 V
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Fig.10 Typical composition analysis of the wear debris for the DLC film deposited with 50 V bias voltage
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!('AB| 20 GPa QR. 6(*<Y?, 6vq
 �y~!oB� =@L}y~ (V 9c), C DLC

 !+GB|.

3 \ ^
1. AHÆR!`), DLC  ! sp3 1%&>C

id<B,6 100 VkBAEV, �NidB), � 

? sp2 &>C<B.

2.DLC� !JL.-(('(W'YC+-�
'&E� ? sp3/sp2 &>CC}~�JJ. 6ÆR
> –100 V B, JL.-$('m\fkB 3.1 GPa

$ 26 GPa !AEV.

3. HÆR> 0–300 V @?A@Æ! DLC � 

�(*)(m^4 0.25. ÆRI DLC  !{+G'

&2oE!ST. )ÆR (0∼−200 V) � 2o+!
{+G'&, ;ÆR> −300 V ! DLC  �+GA

�|_j.
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