
� 22 � � 4 � Vol.22 No.4

2 0 0 8 � 8 � CHINESE JOURNAL OF MATERIALS RESEARCH August 2 0 0 8

� � � � � �

��������	
����
TiN

������� ∗

��� 1 ��	 1 
�� 1 �
� 1 ��� 1 ��� 2 �Æ� 3

1. ����������� ��������������� ��� 150001

2. ���	���	
 �� 110045

3. ����
�	���	 ��� 150020

� � ��

���	���
�
� 201 
�����
����� TiN ����, �������� TiN ��
�

�
��
������	
��
��. ����, ������
��, ������
�
������, �������
������Æ������
��. ������
����, �����
 TiN ������
 I(111)/I(200) �����


	
�. ����� –300 V Æ��
 TiN ������
����.

 !" �������, ��
, 

�, ����, ��#, 	
�

$%& TB321 '�(& 1005-3093(2008)04-0399-06

Influence of pulse bias on surface properties of TiN films
fabricated by arc ion plating with large rectangle targets
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ABSTRACT TiN films were fabricated on 201 austenitic stainless steel by vacuum arc ion plating with
large rectangular planar target. The effect of pulse bias on the surface morphology, micro-structure, surface
hardness and wear resistance, etc has been investigated. The number of macro particles demonstrates an
increase with sample bias, followed by a decrease with bias. This may be attributed to the competition
between the force resulted from ion drag and force induced by electrical filed. The results also show that
there exists an optimal bias to achieve a larger ration of I(111) to I(200) and higher wear-resistance. The
300 V bias leads to better surface properties.

KEY WORDS inorganic non-metallic materials, ion plating, rectangular planar target, pulse bias, TiN,
wear resistance
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Table 1 Parameters for deposition of TiN films

Step Process Parameters

1 Target cleaning Pulse bias voltage=–1000 V, Duty ratio=30%,

Working pressure=4.8×10−2 ∼5.0×10−2Pa,

Working temperature=110±5 5, up to 360 5,

ITi=120 A, Processing time=5 min

2 TiN Pulse bias voltage=–100∼–400 V, Duty ratio=50%,

Working pressure=1.0±0.1 Pa,

Working temperature=360±5 5,

ITi=120 A, Processing time=60 min

34�7.&�.(0$*",%5'/�Æ., ,

)�86�-%/�� �' [10], -'�76..

/(���*3- [10]. .�9'../, 7/5.
7..&�/,� 1!+, 01�� 1!+.7

.&�.(0$*" TiN �) ����82.

1 6789
$ MIP800  /�$*"�: (398::

"4#9#+) )# TiN �), �:"5:8;
3 .7.&�.(0 (6;;<5( 1 .(0),

/�. 99.99%Ti, /�<=. 95 mm× 740 mm.

TiN �)�;7. 50 mm × 30 mm × 0.7 mm

� 201 >87*<0 (C≤0.15%, Cr 16%∼18%, Ni

3.5%∼5.5%, Mn 5.5%∼7.5%, P≤0.06%, S≤0.03%,

Si≤1%, =619). 4;7:=2�><),  �?
./�, >/�=>.? 10 cm, >&. 1 r/min, 7

3:". 5×10−3 Pa. "�*; @A*B<4:
"5@+C 110±5 ?, *($*"�=;7�>4
@A� 360±5 ?.

)# TiN �)=, ; D$*5?,?:= 
�, A"'�;16@ [8]. $78E 1!+B9,

@� N2 C 1.0±0.1 Pa. 1C� 1!+9F.
–100 V, –200 V, –300 V, –400 V AAB,Æ TiN

�), ,BB9-' 1.

 .7 Hitachi S–3400N /0*B (SEM) :

D�)� �.1;  .73�*:;C#+�

D/max–rB C>9# X �DD�E1E��)�F

1+, ,2AA.: CuKα, <+ 45 kV, <2 40 mA,

/0EF. 0.05◦, /0=G 20◦ ∼100◦;  G)3>
G?E (Ball Crater) G6�)�?4;  /0*B

:D��)�C�.1;  .7HD;C+� DUH–

W201S–E 4H/+>EG:��)�IHF4, G

:AA.: G@. 150 mN, EG&4. 2.6 mN/s,

G@@A==. 10 s;  G)34) (ball–on–disk)

5I�J:;:G:�)�5I�J��, 5IAJ

 Φ6.35 mm � GCr15 �3, G:B9.G@ 50 g,

>&. 50 r/min, >BKF. 6.0 mm, G:==.

1500 s; $7 >6LK GX71 C�IHB:D�>

.1, MG6�>G4.
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L\ 1!+9F�H., �*'�D!+*N

2 B, .6$*,Æ";7, ��#F!*-, �

�?4O*.. -'PD!+�9FE.=, $*7
8F5?;7,9!�, $��?49/ (M 1). H

: [11]  G&H$ !�,%,Æ TiN��, !+Q

0 V R)" –500 V �)�,Æ&�;H.79/,

!+. –50 V =,Æ��)]?.

QM 2 IJ, L\ 1!+9F�"', �) 

�../�<=�;4;H.79/, �,Æ� TiN

�) �0NI HK. 7/)#� TiN �) �

./O/, 8� 3.75 μm AB, J<' –400 V B)
#� TiN �) �]../<=L 3.0 μm, O/P

[8] � [12] �S� TiN �)]../<= (15 μm �

9 μm) �.94�9/. 5TIJ,   1!+�7

^ 1 %IK=U>L3JQ

Fig.1 Thickness of films as a function of pulse bias
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Fig.2 Surface morphologies of TiN films produced under different pulse bias (a) –100 V; (b) –200 V;

(c) –300 V; (d) –400 V
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Fig.3 XRD patterns of TiN films fabricated at dif-

ferent pulse bias
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Fig.4 Relationship between ratios of intensities of

different planes and pulse bias
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Fig.5 Hardness of films as a function of pulse bias
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Fig.6 Friction coefficient of TiN films fabricated at

different pulse bias

^ 7 Af_mQ+K=U>L3JQ

Fig.7 Relationship between average friction coeffi-

cients and pulse bias

^ 8 `dg\K=U>L3JQ

Fig.8 Relationship between width of abrasive trace

and pulse bias
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