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|^^LÈý�Ò4>lEâ��
 sp3 ��u 80%�o¡N�¬% (ta-C) ��, ÏLeÒ4lf
�) keV

Uþ��lfñÂ ta-C ��, ïÄ
�lfñÂUþé ta-C ��(�, SAå±9F�5�K�. ÏL X ��1>
fUÌÚ�fåw�ºïÄ
�lfñÂé��(��L¡/m�U5, ïÄL², �lfñÂp�
 ta-C ��
¥ sp3 �� sp2 ��=z, ¿��X�lfñÂUþ�O�, ��¥ sp2 ��¹þÅìOõ, ��SAå�X�lf
ñÂUþ�O�Åì~�. �lfñÂé���L¡/mk��K�, 3��L¡/¤�¡�, ¿�UC
���
L¡o÷Ý, �X�lfñÂUþ�O�, ���L¡o÷Ý�¬ÅìO�. ÏL�Þ��¤�ÿÁ(J, �lfñ
Âé���Ð©�ÞXêK���, �´é���­½�ÞXêK���, ²L�lfñÂc�� ta-C ����Þ
Xê� 0.1 �m, ¿�äk`É�F�5.

'�c: �lfñÂ, X ��1>fUÌ, SAå, �ÞXê
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1 Ú ó

o¡N�¬% (ta-C) �äk�pMÝ, p�5
�þ, ±9$��ÞXê�`É5U, Ïd§��
F��oæ�3Å�ÚÊ�ÊU�+��$ÄÜ
�¥äk2,�A^cµ [1−3]. |^^LÈÒ4>
lEâ��� ta-C �äk�CU,7f��w�
MÝ, �du§��¬(�¦�3�ÈL§¥¬�
)�p�SAå, ùØ=��
 ta-C ���þÝ,

���N´å�!y�, ù´¦ ta-C ��3¢S
A^¥É�����âÑ�¯K [4−6]. �
)û
ù�¯K, 3 ta-C ���È�¤�, ?19ò», ù
«�{�±~����SAå [7], �´éÄ.á�
�F95�¦��p, "y¢S�ö�5. ,	, Ï
L3 ta-C ��¥�,7á�� [8−10] Ú� [11,12] �

�7á��5ü$���SAå, duÏL�,�
f�ßÝ½öUþ5N!���SAå, ù¦�ó
²�­½5Ú��5Ñ��, Ï��,�fßÝØ
=��ÈíØk', 
��Ú�m�>>6, >Ø,
�lfN�Ý�NõÏ�k'; ,	, �k©z�
� [13,14] ta-C ��¥V\É���, ¬¦��C�
o÷, ùéuæ��Z�ÞA^��©Ø|.

�©æ^�lfåé ta-C ��?1ñÂ·Ü,
��lfåñÂ [15] �', �\·^u¢Só�)
�¥é���U5��. ��f��lfØÓ, §
´ý5�f, ÏdØ¬3��U5L§¥�%�f
(Ü/¤�,, ÏdlfñÂUþ¤���U5�
��Ï�, �\´uÏL>ëê¢�°[/N�,
��UC���(�9ÙA5�8�. �©æ^
äk keV þ?��lfñÂ ta-C ��, ïÄ�l
fñÂé ta-C ��(�, Aå±9�ÞXêK�
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�ïÄ. ïÄ(JL², �lfñÂ�±k�/~
� ta-C ���SAå, Ó��,äk�`É�F�
5. `²�lfñÂé ta-C ���)
È4�á�
L¡U5�^, ùéu ta-C ����F��oæ�
3¢SA^¥äk­��¿Â.

2 ¢�Ü©

|^^LÈÒ4>lEâ��p�þ� ta-C
��. ¿§^�e, ü¡�1�ü¬7¡ÏLË°
ÚZÑ?1�(�W, ,�òü¬7¡ºZ�x
\ý�¿, ?1 ta-C ����È, �È���þÝ
� 150 nm. �ý�Ä� 10−4 Pa �, �$qÚl�
>, Úl>6� 80 A. �È ta-C ���, Ä¡�\ó
À�6K Ø� 200 V.

ta-C �����¤�, ò�íÏ\eÒ�w4
lf
, �>�)��lf�^5ñÂ ta-C ��.
�lfñÂL§¥, �í6þ� 20 sccm, �>>6
�±3 20mA, N!ÚÑ��lfUþl 1000 eV
� 2200 eV, ñÂ�m� 2 min. �lfñÂc�
� ta-C ���(�Ú|©|^ X ��1>fU
Ì¤ (k-Alpha, ThermoVG, UK) ?1©Û. �få
w�º (agilent5500, USA) �^5*	ñÂc�
� ta-C ���L¡/m, *	«� 1 µm×1 µm. Ï
LL¡Ó+¤ (Tencor, USA) ÿ��­Ç�», |
^ stoney úª��Ñ���SAå [16]. ¥���
Á� (WTM-2E, =²zÔ¤) �^5ÿÁ���Þ
XêÚu����F�5.

3 ¢�(J�?Ø

3.1 ��� lll fff ñññ ÂÂÂ ééé ta-C ��� ��� LLL ¡¡¡ /// mmm
���KKK���

� f å w � º (AFM) � ^ 5 * 	 � l f
ñ Â c � � ta-C � � � L ¡ / m, * 	 « �
� 1 µm×1 µm, Xã 1 ¤«. lã 1 ¥�±wÑ, �
²L�lfñÂ� ta-C ���L¡�©1w²�,
���L¡o÷Ý� 0.23 nm. � ta-C ���Uþ
� 1000 eV ��lfñÂ�, L¡Ñy����¡
�, Ó�L¡o÷Ý���O�� 0.37 nm. UYO
��lf�ñÂUþ� 2200 eV, ��L¡��¡
��êþÚ¡ÈÑ¬wÍO\, ù´duñÂUþ
�O�, ��í�y�éî­, L¡�î­�¡, L

¡o÷Ý�O�� 0.65 nm.

3.2 ���lllfffñññÂÂÂééé ta-C ������(((���ÚÚÚSSSAAAååå
���KKK���

XPS C1s Ì [17] �±^5½þ�uÿ�lfñ
Âc�� ta-C ��¥� sp3 ��¹þ [18,19]. ��
¬� XPS C1s ÌÏL XPS 1Ì�©¸[Ü [20], X
ã 2 ¤«. C1s ÌÏ~�©)�n�¸, Ù¥(ÜU
 u 284.2 eV Ú 285.1 eV �ü�¸©OéA�%
� sp2 �(� (C–C) Ú%� sp3 �(� (C ¸ C), ,
	��� u 287.0 eV (ÜU?�¸L� CO �.
ÏLO���¸�È©¡È', �±�����¤
©�½þ(J. �� sp3 �¹þ� Ar lfñÂUþ
�Cz'XXã 3 ¤«, �lfñÂc� ta-C ��
äk�p� sp3 �¹þ, ��� 82%; �X�lf
Uþl 1000 eV O\� 2200 eV, ��¥� sp3 �¹
þwÍeü, l 51%~�� 26%. ù´du�lf
�,äk�p�Uþ (∼2000 eV), �´ù��Uþ
E,ØU¦�lf�5\?��SÜ���«�,
==´3���L¡�æL¡E¤»�, ����
�JÒ´3 ta-C ���L¡/¤
�þ��¡�.
��lfñÂ ta-C ���, �lf�UþÏLí�
��¡, k���Ü©D4�L¡�%�f, ¼�
Uþ�%�f�-u�)�ÄÚ£ , ùÒ´�l
fñÂ¤�)�9¸�A. É�-u�%�fò¬
�±��%�f�u)Uþ��, Úu%�f�­
#ü� [21], ùÒ��
äkæ­(�� sp3 �%�
f3�lf�ñÂeÅì=z�­� sp2 ��%�
f, Ó� sp2 ��%�fqÅì/¤�� sp2 ìq,
Ïd�X�lfñÂUþ�O�, ��¥ sp3 �Å
ì~�, sp2 �ÅìOõ.

�lfñÂc���SAå�UCXã 4 ¤
«, �²L�lfñÂ� ta-C ��äk�p�S
Aå, �C 12 GPa, ù´du��3f5\)�^
�e [22], �
�)p� sp3 �¹þ, ½¦�f3)
��ÛÜ�mAäkép��f�Ý, ¦��(�
u)Û­, SÜØåO�, ÏdE¤ép�SAå.
�lfñÂ ta-C ���, ���SAåÅì~�.
��lfñÂUþ� 2200 eV �, ���SAåØ
� 4 GPa, ù´du�lf�ñÂ¦���¥� sp3

�¹þeü, E¤����Ýeü; ¿�/¤ sp2 �
ìq, E¤��tµ, Ïd¦����SAå�Å
ì~�.
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ã 1 �fåw�º*	�lfñÂ ta-C ��c��L¡/mã (a) �²�lfñÂ� ta-C ���L¡/mã; (b) 1000 eV
��lfñÂ� ta-C ���L¡/mã; (c) 1400 eV ��lfñÂ� ta-C ���L¡/mã; (d) 1800 eV ��lfñÂ� ta-C
���L¡/mã; (e) 2200 eV ��lfñÂ� ta-C ���L¡/mã

3.3 ���lllfffñññÂÂÂééé ta-C ������FFF���555���KKK���

�lfñÂUþl 1000 eV O�� 2200 eV,
ta-C ��3�lfñÂ��ÞXê���Xã 5
¤«, é�á�� GCr15 �g¾, �Þ�»� 4 mm,
ÿÁ 30000 = (� 0.753 km). lã 5 ¥�±wÑ,
���ÞXê�CzÌ�dü��ã: �ÞXê
Ð©�ãÚ�ÞXê­½�ã [23]. �lf�ñ
Âéu���ÞXê�­½�ãK�¿Ø�, ñ

Âc������ÞXêÑ3 0.1 �m, �´Ð©
�ÞXê%k'�²w��O. � ta-C ��vk
²L�lfñÂ�, Xã 5(a) ¤«, du��äk
4p� sp3 �¹þ, MÝ��, ùéé�á���
�ì�, ÏdÐ©�ÞXê��, ��X�Þ�m
C�, du ta-C ��L¡�©1w²�, Ïd�Þ
XêÅìC�¿ªu­½. ��lfñÂUþ
© O � 1000 eV Ú 1400 eV �, X ã 5(b) ¤ «,
d���� sp2 �Oõ, L¡MÝeü, ÏdÐ©
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�ÞXê���~�; �X�lfñÂUþU
YO�, L¡o÷ÝwÍO�, Ïd, ùqò��
� � � � � Ð © � Þ X ê q ¬ O � [24]. � �
lfñÂUþ©O� 1800 eV Ú 2200 eV �, X
ã 5(c) ¤«, duL¡�¡î­, Ïd��Ð©
�ÞXê��. Ïd@o�X�Þ�ê�O\,
3�ÞL¡ò¬/¤�$��dw� [25], ùò
¬å��Þgdw��^, Ïd�ÞXêÅìª

u­½�, Ù��¿vk���O. d±þ(J�
±wÑ, �,�lfñÂc����ÞL§Ñk
�É, �´ ta-C ���­½�ÞXêCzé�, ¿
��,äk��`É�F�5. �lfñÂ ta-C
� � [15], � � � � Þ X ê ¬ ² w O �, � l f
ñÂ���', Ø=¦����SAå~�, 
�
�±
 ta-C ���k�4$��ÞXêÚ`É
�F�5.

ã 2 ta-C ��3²�lfñÂc�� XPS C1s Ì9©) (a) ta-C ��3�²�lfñ� XPS C1s Ì9©); (b) ta-C ��3
² 1000 eV �lfñÂ�� XPS C1s Ì9©); (c) ta-C ��3² 1400 eV �lfñÂ�� XPS C1s Ì9©); (d) ta-C ��3
² 1800 eV �lfñÂ�� XPS C1s Ì9©); (e) ta-C ��3² 2200 eV �lfñÂ�� XPS C1s Ì9©)
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ã 3 XPS ÿÁ(JO�Ñ�� sp3 �¹þ� Ar lfñÂUþ�C
z'X

ã 4 �lfñÂUþé ta-C ��SAå�K�

ã 5 ØÓUþ��lfñÂ� ta-C ���ÞXê��� (a) �lfñÂc ta-C ���ÞXê���; (b) 1000 eV
Ú 1400 eV �lfñÂ� ta-C ���ÞXê���; (c) 1800 eV Ú 2200 eV �lfñÂ� ta-C ���ÞXê���

4 ( Ø

�©|^ keV Uþ��lfñÂ sp3 ��
u 80%� ta-C ��, ïÄ
�lfñÂé��(
�ÚSAå�K�, ÏL�fåw�ºÚ�Þ��

¤é���L¡/mÚF�5?1
ïÄ. ÏL X
��1>fUÌÚ��SAå�(JïÄL², �
lfñÂp�
 ta-C ��¥ sp3 �� sp2 ��=
z, ¿��X�lfñÂUþ�O�, ��¥ sp2 �
�¹þÅìOõ, ù�(J��ü$
���SA
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å. �lfñÂé���L¡/mk��K�, 3
��L¡/¤�¡�, ¿�UC
���L¡o÷
Ý, �X�lfñÂUþ�O�, ���L¡o÷
Ý�¬ÅìO�. �lfñÂé���Ð©�ÞX

êK���, �´é���­½�ÞXêK���,
²L�lfñÂc�� ta-C ����ÞXêE,
� 0.1 �m, ¿�äk��`É�F�5.
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The study on the stress and the friction coefficient of
tetrahedral amorphous carbon films bombarded

by energetic Ar ion∗
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Abstract

The ta-C films with sp3 bonds more than 80% in fraction are deposited by FCVA technique, and then they are bombarded by

Ar ions. The composition and structures of the ta-C films before and after the bombardment of energetic Ar ions are analyzed by

X-ray photoelectron spectroscopy. The surface morphology is investigated by AFM. The result shows that the bombardment of Ar ions

induces the conversion of sp3 bond into sp2 bond, and the fraction of sp2 bonds increases with the energy of Ar ion increasing. The

stress of the film decreases with the increase of the Ar ion energy. The RMS and etching pits on the surface of film increase with the

increase of Ar ion bombarding energy.The friction test indicates that Ar ion bombardment has an important influence on initial friction

coefficient, but just has little influence on steady state friction coefficient. The steady state friction coefficient of film keeps about 0.1,

which shows a good antiwear property.

Keywords: Ar ion bomdardment, X-ray photoelectron spectroscopy, stress, friction coefficient
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