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Table 1  Correlation parameters design of TiN thin films 

prepared under different pulse widths 

Sample 

No. 

Average 

current/A 

Pulse width, 

T

on

/ms 

Voltage/V 

Peak 

current/A 

1 0.6 2 475 6 

2 1.5 6 510 6 

3 3 10 532 6 

4 4.2 14 560 6 
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Fig.1  XRD patterns of TiN films under different pulse widths 
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Fig.2  SEM images of cross-section (a~d) and surface (a1~d1) for the TiN films under different pulse widths: (a, a1) T
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=2 ms,      

(b, b1) T

on

=6 ms, (c, c1) T

on

=10 ms, and (d, d1) T

on

=14 ms�

335 nm 

652 nm 

870 nm 

860 nm 

a 

a1 

b 

b1 

c 

c1 

d 

d1 



� 3�                               ���A_�¥'3 �F TiN¢£lrE78N¦RS                        §919§ 

�Ç�<öa���9àï����p�U:Ï

öa�]`íú+Ù¶VW��RS@�äÈ�>?7

���þi[\�Ì]^Ï�d� TiNöac¬

Ó3ß�ÉÊc¬���²+�ËÌ� TiNöa�½

b���pÒ)M���p�Tw 3 �57"wï;

�y���� T

on

�Í(�öa�½b���p� 

³t�M)M���pÎî8�ÏÐ�ÑÒ7Ï¯�

��ªM��Ã±£�¢Þß²�T

on

Ê(�£8��

�-. T¦��l�'�Ê%�Êþ¯öac¬�

��"M½b���pnt7MÃ T

on

nÄ²�×

^±£�¢G%=U�ÝST´�¨Æ@�Ì�³t�

ñ�±£�pÆÇt¯n( T

on

�CD7�²�Ó²

�´��'�Æ@n�Ì³t��î�)M���

p�%7 

�����TiN ����������

��pq¬»ÔÕaøû¸R�½�¬�Ö�×

3ÉÞ7����ä`�Úb���ªÑ�Ï TiNö

apq¬�>?�Ï�d�� 4Ùöa67Ó� 0.5 

µmF0.5 µm��¶�s#t[\�AFM��í!T

w 4�57"w 4a;�y��Ã�« T

on

� 2 ms²�

QØ³m[\wï@%�t¬e� 20 nmHI�Är

l�ÁÆ#�Ù#Úæ�MQ�sØ³�¤³#tï

¼¯rl�ÁABnÄ�ñ�Û�ÏÀ¬nq���

Îî��ù½��VW7�� T

on

%� 6 � 10 ms

²�ÜÝ¤¥¦�î��Ì�±ÞÚæ�"QØ³m

[\#tï;�y��8Þ±t¬=ß9 8 nm���

<�h� T

on

å2E��Il<��9àï=}@

�¾¿öa�«¬�¡²Ïrl�Á�!Ë@Þß�

àÒ�!7Ã T

on

Þé%� 14 ms²�<Ø³m[

\w�ÜÝ¤¥¦�î�8Þlá< 200 nm HI� 

 

 

 

 

 

 

 

 

 

 

 

¨ 3  12'3456 TiN rEF°�efg&N±²ef 

g& 

Fig.3  Time-averaged and real-time deposition rate of TiN films 

under different pulse widths 
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Fig.4  AFM images and section analysis of the TiN films under 

different pulse widths: (a) T

on

=2 ms, (b) T
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=6 ms,     

(c) T
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=10 ms, and (d) T

on

=14 ms 
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Table 2  Surface roughness of the TiN films under different 

pulse widths 

Pulse width/ms 2 6 10 14 

Surface roughness/nm 10.08 1.574 3.095 20.68 
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Table 3  Component and content of TiN films deposited at 

different pulse widths 

Pulse width /ms Element Mass fraction, ω/% 

Atom 

fraction/% 

N 25.42 53.66 
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Ti 74.58 46.34 
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Fig.5  Hardness and N/Ti atomic ratio of TiN films under 

different pulse widths 
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Fig.6  H/E value of the TiN films under different pulse widths 
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Preparation and Properties of TiN Nanocrystalline Films  

Based on Pulse Width Parameter 

 

Qiao Yongpeng, Jiang Bailing, Ding Yuhang, Zhang Jing 

(Xi’an University of Technology, Xi’an 710048, China) 

 

Abstract: A series of TiN films were prepared by high power pulse sputtering with different pulse widths. The morphology, growth pattern 

and mechanical properties were studied by XRD, SEM, AFM, etc. The results show that the instantaneous deposition rate of TiN films 

increases, the crystalline degree increases gradually, and the grain size of the films increases with the increase of pulse width. The micro 

morphology exhibits typical triangular cone and columnar growth of TiN(111) crystal orientation. Both particle size and surface roughness 

increase with the increase of pulse width. No obvious pores and significant defects exist in the films. Analyses on H/E value show that the 

films have better comprehensive properties, higher coating hardness, and larger hardness modulus ratio under the condition of small pulse 

width. 

Key words: pulse width parameter; TiN films; nano-crystalline; microstructure; mechanical properties 
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