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Table 1  Correlation parameters design of Ti thin films 

prepared under different pulse duration 

Sample 

Average 

current/A 

Pulse duration, 

T

on

/ms 

Voltage/

V 

Peak 

current/A 

µ 0.6 1.6 460 7.5 

¶ 1.5 4 510 7.5 

· 3 8 460 7.5 

¸ 6 16 522 7.5 
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¹ 1  �01>?§¨ TiLM XRD¹º 

Fig.1  XRD patterns of Ti films with different pulse duration 
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Fig.2  SEM images of the Ti films under different pulse duration: (a) T
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=1.6 ms, (b) T
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=4 ms, (c) T
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=8 ms, and (d) T
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=16 ms�

a 

b 

c 

d 

400 nm 

826 nm 

1463 nm 

2883 nm 



� 5�                             ���´%01<=>?C Ti²³JLMPQSWX@wx                     �1599� 

8 T

on

n1: 8A 16 msb �[��xI�ã%

0�¦<1hn1 8!"� b�æ� 0�Hô

j'�¯°±}�4 1<�x²��d«�¦P³

´Oßïð0�Xµ¶ ·ªH��IJ���°2

3�����TW�Uab !"ïð0�¦<�n

1 ïðÆ§1hoe 0�Hôj'µ¸r���

@AIJ.���E �¸r TiÁ110Â.��@A

IJU`Ô5¹>°.���/2<1<�x���

��T���7Ï6×U�

�����Ti ���������
�

/ 3X�3 Ti��� AFM6�C�]ª& º

+��»¼½3 1 µm

2

 ¡ !��J{½3 800 nm

-.U!/é�±�s/��� T

on

�9J X'<

»¼�°.R%{ RMS ��°.|0�0}±�n

1UH\ T

on

å�æ ��°.�uv|01=,3

½z8½¾�? 1d±��,¿[H �z|03

0} 50 nm-.���T��U 

8 T

on

9Jb ��°.�uv|0e{nJ:

100 nm 8/2<1<�,¿ uv��°23,3

�1���T 0}PQn1:À£ 1000 nm �8

H�zuv�/2<!"M0IJÁODamxI�

p� >W��°.R%{±�n1U 

���� Ti ��������
�

�/ 4X�3 Ti���çy()'*Bg �ÂÃ

'*BgiFg:�Ó{A�<³�Ä!U/�Ä!�

� �� T

on

�9J X�� Ti���Ó{A�<½t2

/±��ln1O1h�4�³�ÅÆ 88 T

on

=4 ms

b Ó{A�<Ç:N1âU 

��mÈFD Hz{��ò�� ��¸ßb�

T

on

kJ � b�k\ 8�[��XxI�ïð0�

Ô±�n2U8 T

on

,\b ��°.!"ïð0��

¦<d� D;d«¦P��IJ����§x ¹>

��t2/|0É=,3uv °.ài�[H±��

x�IJ�� Äb���1d¢g,3FG�Cè@

;U8 T

on

9Jb ���[��XxI�0�¦<1

h'i ����µwI!ài>?��O!"ï�0

��2 IJÆ§�ÊXxI���T8°./21<

��*±�uv���Ë abuv|0�PQ±�n

1UÄb!"��YZ|0PQ,1 IJÁODzm

xI<1<��xA�� abµ¹>���Ó{A�

</21hæ�U!ÄgÌ T

on

�J\J�<�[��

ò�YXxI�0�¦<A�Hôj°.�¯°;C 

�mä�����ACè@;xIVÏSTU 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¹ 3  ¾¿01>?k TiLM@ AFM¹ÂSÃÄ�ÅÆ 

Fig.3  AFM imags and section analysis of the Ti films under different pulse duration: (a) T
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=1.6 ms, (b) T
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=4 ms, (c) T
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=8 ms, and   
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Fig.4  Hardness and modulus curves of Ti films under different 

pulse duration 
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Effect of Pulse Duration on the Structure and Properties of Ti Nano-crystalline Films 
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Abstract: The microstructure and mechanical properties of nano-crystalline Ti films were studied with different pulse duration, which 

were deposited by High Power Pulsed Ion Plating. The results show that when the average current is kept at a low value, a larger peak 

current can be obtained by adjusting the pulse duration (duty ratio), which has a significant effect on the microstructure of the thin film. 

Apparent porosity of the particles gradually appears in the surface morphologies and the growth dimensions of the spherical agglomeration 

markedly increases with prolonging the single pulses duration. The cross section of the growth shows the morphology transition from the 

columnar to the dendritic with the extension of the pulse duration, while a large number of pores and defects occur and the density of the 

films decrease obviously. The hardness and modulus of the films increase first and substantially decrease with the prolonging of the pulse 

duration. The values of the hardness and modulus have the maximum when the single pulse duration reaches about 4 ms.  

Key words: pulse duration; nano-crystalline Ti films; microstructure; mechanical properties 
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