
Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

w 22 * w 3 � % m 3 P V � Vol. 22, No. 3

2007 � 5 � Journal of Inorganic Materials May, 2007Æ�Zl: 1000-324X(2007)03-0565-05dvth�W}
�b`|g��w=7>�9;6�4<:�583
()%"'1$/ &*#-2+(0,.�)%" 150080)� �
 5�B[�q#4yWwg2����&O�q�� –190∼600◦C ��℄"���&O�qo �k$O
F�od�� Linkam bby?B+j
*TQ5j��BW4�eT5j
�1
�%:b1�:>a:�MwfZP�℄"�qo��3MmHO|o [
Tb#m
B[�q#4yW2�o���&O�q(
ÆGo1#|O
�4�4�el 400◦C, ���MhOoMj��J. ���31wq*#|l 500◦C, f\l 600◦C, �q}�g[O�
8qAI
���&O�qo1�:>a:�3YsC �oH(�����?(��s
�s B+BH4��q� � [.k$���3�J. 
j q ^
���&O�B[�q#4yW� �k$O�>a:� 	eyl
O484 Æ�[�{
A

Temperature-dependence of Microstructural Properties of Amorphous

Diamond Films

ZHU Jia-Qi, MENG Song-He, CHEN Wang-Shou, HAN Jie-Cai

(Center for Composite Materials, Harbin Institute of Technology, Harbin 150080, China)

Abstract: The temperature sensibility of amorphous diamond (a-D) films deposited with the filtered

cathodic vacuum arc technology was investigated in the range of –190–600◦C. The samples cooled by

liquid nitrogen pump were in situ measured on a Linkam stage and the samples for thermal stability

were heated in a furnace. The microstructure and mechanical properties were respectively examined by

visible Raman spectroscopy and a nanoindenter. The results show that a-D films have better thermal

stability in air, they can hold their hardness up to 400◦C and hold their structure up to 500◦C. However,

the complete material loss takes place at about 600◦C. Raman measurements show an apparent shift

of the G-peak frequency to higher values with increasing annealing temperatures. The films are not

sensitive to lower temperatures. The microstucture of the films remains stable as temperatures are

decreased to –190◦C.
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566 % m 3 P V � 22 *$}P�kN�7l�?b;�℄r6�Hpgn��}r�4J+p�
℄$&d�	�)?b�
2x��v�)�r��4pa\=Z	-}�rp�[\"�NÆS\M�	℄_#���'P�r!�l%PpE<�Æ [4]. �/P	6��?b�_#���'P�r�5�5p2$}P	+UR9;�r�peZa!C,CI5p�4$}P�
2 ��
2.1 ���Y���'P�rk�6�C\�r$5zX.
3�	.
0�;�"7 [2]. �rDu6� pL (100) �;
�>��>.)�	2�)��BF,#,�5�TE 10min, �zU�U#	��Y-�`6}�$5O/ 2.67×10−4Pa,x 8sccmpUrN8)VU�	�~ Kaufman DG�	VU�zD+gn 1100eV p8B}N	3S 5min. /UCo	6�nI�SX�0)VPt�r	C}zXzU� 60A, ,fr9(NDil�C\�1z	gn$}W?63zX�x+�kNC\DGi���8k�a)�	�CL7zW�63DGi_x	�N=j	3�LKS�-� 100nmp�rk���5�5�fpk�	L� 2000V pDu��[ (sp3 �\EN�� 65%); �t!$}Pk�	L� 80V pDu��[ (sp3 �\EN�� 80%). �f

�Æ�pzJX5�N		k��8QR	�C}!���1�! 1h, /UXC	�&,NZ 100∼ 600◦C VYY^�t!
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2.2 X~\�6� Ranishaw RM10002&�?b�u;
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�>DA�U
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���Ne`pN� MTSp XP Lxg[Qu$&	 Berkvovich �'P[��U
��"A	7D
�U
R	[�Z$iKT[8 150nm,e+k��&;
 8x	&�--�
3 rkm�z
3.1 
n���O#Rv!6tD�f!�I)�r��

4pa�CI		�&�fOZ 100 ∼600◦C /�!��fk�p?b�
x<{�XQ�
 1. U�� 2000V Du��[��1Cop�rP�U
k��"℄~��)�[��1Cop�r~�:���p sp2 �\EN�k12$}P�t�[��Co�r9 [4,5], g℄��)�[��}5n4
t�r�I [6], ���� ��r�Du�p�O+3�Sr [7], ��Uz5<�������'P�rp?b;�	℄x� 1200 ∼

1800cm−1 )�pr+��E:��:l�&	2x� BWF Fkjhp
G�^E9L~O [8]. �
 1 2�	Za!m 500 ◦C, �9℄<l��K$}	"nn�r)Æ�)p2$}P�_#$n	�
1300∼1400cm−1 )��9℄<p!\�JT sp3 �`5 sp2 ?pÆS\M� (La) h�:8	 sp2 ?�[\P�4;>Gp�&℄ D �����pQ6	
sp2 ?pÆS\M��_	D ���$�) [4,5,9,10].�:��f/y$5^!k�$6/�p℄	$55p�rk�� 500◦C �fUv�Q6n4 D �p����	�5�5p�rk�+�Q6�Tayr3 [9] 4�Æh��}5 ����'P�rp!�l%P	"��"pU
�AÆw/��"2}

� 1 .� �s �e���&O�qo1�:>a:�
Fig. 1 Raman spectra of the films annealed at

different temperatures
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G� 550◦C N� [11].�����'P�r5 sp2 �\pEN{A��ÆS\M�{C	k12�;?b;B�i D���{9	�)2x6� BWF 
�~O�N�)	~O8k7
 2 wZ�tD�f!�pI)	
G ���n4�)	�t	�RVO.kmG6 �p$[	g℄�):NL_��p!\:���� G �p>G2x?~�
�Pt5p E2g �EpX [12], t π �pDA%~pX [8]. �����

� 2 ���&O�q1�:>a:�7j��e �(�o [7-
Fig. 2 Parameters of visible Raman spectra of

a-D films vs annealing temperatures

(a) The peak position; (b) The coupling coefficient; (c)

The half width; (d) The maximal intensity

'P�rAIÆSPp<K	k1 G�4;!:�S�	2�;?bpÆE~;E��_��r5
sp2 ?pM\	�� sp2 ?/�kN�/��0�/�M|xs/�^!p�=	?b;B�iUz℄/�%~pXp{�	"mk1O G �p:\ [13].!�I) 500◦C, ���)	�tO	� 20cm−1."2}�-����A C=C l�pMFÆ8�VO.k℄��E:�"GI�p�N	�r5 sp2 �\EN��	"GI�$�_	VO.kp,�-$�C��
 2(b) 2�	tD�f!�pI)	VO.k _	�r5p sp2 �\ENm� ��g℄��;G}N� π-π∗ p
}N:j	� π �)ÆAIr\P�	2�;?b��p℄
π-π∗ 2%;B [14], l}N$&/��\p�H	_n�<zG}NuJ��LW2%xsF�?brd��Z
 1 }5/Q��tD!�pI)n4�t	g℄�9℄<,dÆ4;"!	2����'P�r�5�5�fR	���!�!\-l%�7
 2(c) wZ	�):tD�f!�pI)G6Q2�C� _p!\$[	� 300◦C N�LC��x/y��Cop�rk���fCI5m$6Q:op!\$[������'P�r�a!1�DGiCo�F	CoCI2xMY��=8�GAn3�N�^ [15], +2%��?i�2\NpL:+��	pLCIKTR�_�� 10−10spNu [16],"k$VGACI5>Gp_N*8nx�T�U
m'UO�rp*8h�r) [17]. ��fCI5	�tD�G;;N%27�	�rÆO-N�pR��NpL	Z�
t�rp*8h���):p!\�!�"6�fk1pA�pLCIÆ8	)��~_Æb��r1_#�
 2(d)4ZL_��tD!�pI))Æ2I)U
t

� 3 �%� 400 M 500◦C �e�T��&O�qo��Md_oM
Fig. 3 Hardness and Young’s elastic modulus of

the films as-grown, annealed at 400◦C, annealed

at 500◦C in air
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568 % m 3 P V � 22 *p!\=Z�y/���'P�r2�;?b;�p;B�i:l��p℄ sp2 ?p%~J+	�r5 sp2 �\pENtD�f!�pI)/� �	v
$$6�L_��pI)�g℄7A!�KTI)m 500◦C,r4F�ph\a
�
n4	rSuK _	�
k1L_��pb_���Ne`iPpN�xg[8u;
	
 3 5pexk'-a$ 8 Y/�;Np�--��
2�	� 400◦C�fU�rp��NiPpN�PW�|:�l��K/!	 500◦C �fU~rSpuKN sp2 �HpI)�Æw1
	g℄5/�KO�)pm����)!���1	C\zX3����'P�r5}�Kr}p��NiPpN	"6�Hp2$}P���)Ær}!Ip?O����Æ{�
3.2 a���U�� 80V Du��[��1Cop�rP�t!U
k��"℄~� 80VDu��[℄Co sp3 �\���'P�rpL
��	"R�rpIXN;XrP}�℄mOL)m� [2], +����3�r./P<�9=���'P�rpeC

� 4 �odB+���&O�qoTQ1�:>a:�
Fig. 4 In − situ visible Raman spectra of the

films cooled by liquid nitrogen

,CI5UR?b;� (7
 4 wZ), 2�Za!m –190◦C �9℄<vVdÆ!\	��NVO.kml��KR} (7
 5 wZ), "z�D�t!��1�r�4�K$}��R�R�����t	℄��(mdO(�;
p;>GO��p;B	V;G8B}N\7uK	Z�k1�fJKhL_��4;1
�g℄Z;�8kt!�p!\8.m/{
6	� –130◦C N�R	L_�� _	�):vC	m –190◦C R	L_��n4�9��t!�|1�G2%~n4�9	;Gk1���'P�r�*%~�|m�/>G:�p!\	Z�k1;�8kp"F!\�S�	xg[QU
$n	C,�U�rp��NiPpNm�K/!�

� 5 od0B���&O�qTQ>a:�o7j� �(�o7-
Fig. 5 Correlations of the fitting parameters of

Raman spectra of the films cooled by liquid nitro-

gen with temperatures
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