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ABSTRACT CrNx coatings deposited by using different unbalance coefficient magnetron by DC mag-
netron sputtering system, were characterized. The influences of the magnetic field unbalance coefficient on
the distribution of sputtered plasma and microstructure, hardness and tribological properties of CrNx coat-
ings were investigated. The results show that multitude ions were tied near the target surface within 6 cm
rang when using low unbalance coefficient magnetron (K was 2.78), but similar high density plasma does
not existed at this area when using higher unbalance coefficient magnetron (K was 6.41). The thickness
of CrNxcoatings increases with unbalance coefficient increases. The phase structure of the CrNx coatings
deposited in three unbalanced magnetic field transformed from Cr+Cr2N to Cr+Cr2N+CrN→Cr2N+CrN
with the increase of unbalance coefficient. With unbalance coefficient increasing, the flatness and com-
pactness of the coatings were improved obviously, and the hardness was enhanced and friction coefficients
were decreased.
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Fig.1 Schematic diagram of experiment system

1-magetron; 2-wall; 3-Al baffle; 4-Cr target; 5-computer; 6-Langmuir probe
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Fig.2 Magnetic induction distribution of different unbalance coefficient magnetron (a) parallel com-

ponent (b) vertical component
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Fig.3 Magnetic line of force distribution on top of target surface of different unbalance coefficient

magnetron (a) K=2.78, (b) K=4.46, (c) K=6.41
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Fig.4 Influence of unbalance coefficient magnetron on ion density distribution (a)K=2.78, (b)K=4.46,

(c) K=6.41
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Fig.5 Thickness of CrNx coatings at three different

unbalance coefficient magnetron

_�,7#6/6�5��� 9�������5
:&*, %�P K 8�8: 4.46 � 6.41 </&2+
$�8300#"1+<T�VW, 3]43��'
�����B;e�L3dj��`L7#6/6
� 9!��j��)(�bg, ]%e�#700
#"=81*/&1L abi0#-.85�4
56,6/6�� 9�>;$� (H 7), &?&3



3 � T NT:UVUM[VW CrNx XWXNYYZ 3173 � T NT:UVUM[VW CrNx XWXNYYZ 3173 � T NT:UVUM[VW CrNx XWXNYYZ 317

� 6 X[UM[V (K) U\Z\]] CrNx XW SEM of

Fig.6 SEM of CrNx coatings deposited by different unbalance coefficient magnetron (a, e) K=2.78,

(b, f) K=4.46, (c, g) K=6.41
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Fig.7 Volt–ampere characteristics of different unbal-

ance coefficient magnetron
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Fig.8 XRD patterns of CrNx coatings deposited by

different unbalance coefficient magnetron
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Fig.9 Cr2p1/2 spectrum analysis of CrNxcoatings at

different unbalance coefficient magnetic field
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Cr2p1/2 mm23:*�ii8: XPS �159;

u;,# �=1,' 572.0 eVsW�m: Cr–Crn

3:*�m�O" Cr2N� Cr—Nn3:*m�1,

': 576.1 eV, CrN � Cr—N n3:*m�1,'

: 575.8 eV,3# XPS9��54�E): 0.48 eV,

3 :o315u;(e'�=1,' 574.0 eV s

W'e�m� Cr—Nn3:*�m�45: XPS�

o315# �=, CrNx ��!3��p� Crh�

2.4 CrNx `a�Iklm��n
2H 10 # _', ���35��UP6/6

��74374��A�bg: _����ph1/

UP6/6��74C 2 Cr+Cr2N→Cr+Cr2N+

CrN→Cr2N+CrN �_-�UP6/6��7M, �

�� Cr2Nh�!l7M, 'e CrNh, Crh�!l

`_�Cr2N � CrN <:�)h, &���3o!l
�7Mt&�����7M�M�&6/6� !
�23�, UP�/6/6��74, O?���!

�'�b#�'(UM74, b�?�b#&u% 
% #��81'U, 23�j�����)(, �

� 10 vVqUM[VYnpvWZ

Fig.10 Relationship between hardness and the unbal-
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Fig.11 Friction coefficient of CrNx coating with steel
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Fig.12 Wear scars for CrNxcoating with steel coun-

terpart (a) K=2.78, (b) K=4.46, (c) K=6.41
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