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Abstract: When taking Ar gas as the working mixture and taking CH4 as the reactive gas, diamond-

like carbon (DLC) films are successfully prepared on Ge substrates by using the low voltage reactive ion

plating (RLVIP) technology. The microstructures, optical properties and hardness of the prepared DLC

films are characterized by means of Raman spectroscopy, infrared spectroscopy and nano-indentation test

technology. The result shows that the prepared DLC films (ID/IG=0.918) have a higher sp3 content, a

hardness up to 28.6 GPa and a elastic modulus of 199.5 GPa. The single layer film has a peak transparency

of 63.6 % and a mean transparency of 62 % in the waveband from 8 µm to 11.5 µm.

Key words: RLVIP; DLC film; Raman spectroscopy; nano-hardness

I����2011–06–08

��J��KLEFMGNOHI (60478035)

PQ���RJS (1978-) �K�LTMNO�UPQVÆ�RSWTXUYZ[\VWX]^_Y`QV�
E-mail: ssshui@sina.com

Infrared (monthly)/Vol.32, No.8, Aug 2011 http://journal.sitp.ac.cn/hw



Z 32 [�Z 8 \ � � 9

0 ]^

������������Æ���

	����
������������

�������������������

� (� ZnSSi� Ge�����) ������

��������������������

� ������ [1] �

���� (Diamond-like Carbon, DLC) ��

��!��Æ�� (�"#$�� sp1  sp2 �

sp3 3!%Æ% ) �����!&������

��������������" �#

 !��"$��' �#���%!��

�������($�"! ������

 ���������&#'�%��$ [2] �

����!!�(%&�&�)����

����' !�*'(�(#( !!�*

'()�+*'(&)�*�"((��,-

��*�)�(�++,,�)������

��-.���#.��/0- [3] �

.�#/1%(#� (Reactive Low Voltage

Ion Plating, RLVIP) �%&	�234)$/

0�5��*%� !1&6���+'��

(2�3�4,���0���#'%�1

7���)�)�#/1%(#��%&�

�#�2�3�)8�34,)$����

����4*�)�5� 6�)8��5

(� Ge1−xCx �� [4] �

1 _`
1.1 -a.b/c01d

#/1%(#��� 20+7 80,9��

��!67"!��++�5��$�" 

��88�(#2��99:::��-;;<

�.( (Ar  Kr  Xe �) ./(#2��(#

0�($+(.(�=:��99::�'8

+#�+#��(#2;9+/�(�3<4

�&��(#01�<�.(&#&���$

�&�+#�233;>2+(�5�+#�

4< �(#(�-;�(#(�?@�(�

3< �(#55A28�6'45�01�

�7=5�0�./1%.( (O2  N2  CH4

�) �*7=5�0��6�788:;9+/

(($#/1%(#��;9) �	9+>�1�

(#2�;9+>�B6�78�;9+/CD

�$97�./5�0��1%.(=!E��

(#2�99�($;9�6�78:>>2

?"F+�AG< �(#:$�#�&��

(#(:�=+(�1%.(��(#(�(

�3H?:@5;<*'D@I# [5] �

1.2 =>?@ABeC

;A-�JAB
K2>� ZZSX–8007C

<����91L=� DDY–120/607#/1%

(#��(#2�	� INFICON BD� IC/5 �

E�(C�BC�*'@��*'3��-� Ar

($+(.(�CH4 ($1%.(�>�?"(

2�M� Ge @($@I���88@IF�F

N�OG��7APBH 30 min�D� N2 89Q

D�-;89E/5�0��Æ<E�CIR0

$�B5�0�5��CD 1.2×10−3 ∼ 1.4×10−3

Pa 7�=�(#2�./ Ar .�58 Ar .:

&C�� 20 mL/min �D8.�SF�(#2

�GH+:::+:�?2+/�	 Ar .>

2+(�-;J/1%.( CH4 �SF(#2

�+(T�&	1%.(�2?"F+�5E

8+:9"$� 30 A ��7�5�0�5��

$ 7× 10−2 ∼ 8× 10−2 Pa FK�;AC�T��

3
@IL:F/$ –100 V � CH4 .(:&

$ 20 mL/min �*'@�$ 0.1 nm/s �*'�3

$ 500 nm �M 1 $-�#/1%(#���

)� DLC ���GNM�

1.3 @AGf

-� Renishaw BD2>� RM–1000 7I"

JH"IBK?JH"IUJ�9��I"PV

$ 457.6 nm �)� Perking Elmer GX �"IB

U& 8 ∼ 11.5 µm PW����"I���)

� Nano Indenter XP7KL/L��UJ1U&

������X�M&�

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.32, No.8, Aug 2011



10 � � 2011 � 8 �

O 1 YP RLVIP ���Z[ DLC \N[OQO

2 ghabi
2.1 HIJK�j

I"JH"I��1&R�������

;LM�S��M�(:��]7�����

��JH"I� 1100 ∼ 1800 cm−1 ^T1.��

N��O_�*7� 1300 ∼ 1400 cm−1 ^T1

.��NPP_�_9� 1500 ∼ 1600 cm−1 �$

_�� 1300 ∼ 1400 cm−1 �P_&`a%1��

����� G _� D _� G _&�(�Q"!

#� E2g
�N�QR� D _&R!UV-.�

A1g
�N�QR�WS-T���OSN_�>

E��a�%1X��������* U

-.�G _=#T�=Yb�a%13<� sp2

U� sp3 U�V&� :�U D_=#T�=Y

b�Æa%1 sp3 UV&� : [6] �V�;A

����������� sp2 �� sp3 ��6W

%&.� D_� G_��a�6 (I
D

/I
G
)� G

_�>Y&($�WU� ID /IG 9P#����

�� sp3 ��V&P!������P/ [7] �M

2 LG$ DLC ���JHMI)9�XYXZ

Z�� 1 [8\JHMI��XYX�Y�

M 2 ��ZZ 1 $ DLC ���JH"I�

����P�W 1580 cm−1 Z[��NO_�#

P�W 1350 cm−1 Z[��NP_%XG ��

ZZ 2 $JH"I��XYXZZ��YX8

2 N_�\�[$ 1333.4 cm−1 � D _��[$

1563.1 cm−1 � G _��a1�M_9&]� D

_� G _c=#T�=Yb���O!JH�

M_��� sp3 Q �"#�V&���.�a

JHI� D _� G _K?�''&1\�%&

4Da%��M_�69 I
D
/I

G
�AG%$�

d�G sp3 Q �"#�V&� I
D

/I
G
=0.918 �

�������� &�V&6�� [8] �

O 2 DLC \N[]^O_^`_]a`b^

k 1 lmnopqr

]^
ca �_ be _e ID/IG_a`f

D f 1.12 × 106 1333.4 248.51 3668.2 0.918

G f 1.22 × 106 1563.1 155.35 6321.6

2.2 JKstGf

�"I��UJ-� Perking Elmer GX�

"IB�9U&^T$ 8 ∼ 11.5 µm �M 3 L

Infrared (monthly)/Vol.32, No.8, Aug 2011 http://journal.sitp.ac.cn/hw



Z 32 [�Z 8 \ � � 11

G$�)��������;U�'�"IZ

Z�

M 3 ��ZZ a $R@I���7���

�ZZ�� λ=8 ∼ 11.5 µm PW�9d4���

S$ T=46 %�ZZ b$M�*' DLC����

��ZZ�� λ=8 ∼ 11.5 µm PW�9_9��

� T0 ≥ 63.6%(M[ e9`9 64 %) �d4��

� T ≥ 62 % �ZZ c $>�*' DLC ����

��ZZ�� λ=8 ∼ 11.5 µm PW�9_9��

� T0 ≥ 88% �d4��� T ≥ 85 % �ZZ d $

��*' DLC ��1��*'!2Og 

������ZZ�� λ=8 ∼ 11.5 µm PW�9

_9��� T0 ≥ 95%�d4��� T ≥ 91 % �

��%c�-� DLC��($ Ge@I�� 

���%?��

O 3 hNTf[adgb^

2.3 DLC @ABuUGV

)� Nano Indenter XP 7KL/L��U

J1a DLC �����K?U&�UJ-T�

3
��$ 28.6 GPa �X�M&$ 199.5 GPa �

��������� DLC ��V���� sp3

Q �"# [9] �)� RLVIP ��)� DLC �

���W�1M�R�������e4D�

�(��8�)� Ge@I#� DLC ����

F�h�$ 4 % �bi�iX 1 h 5fj 8 h �

5��k��2gl�cmde�-;�hg

8��nfYg 20 j�5��hk�cm�

3 gi

)�#/1%(#��� Ge@I# 6

d*'8\���� sp3 V&� DLC ���L

�)� DLC ��a����� Ge �� �

���(��� 8 ∼ 11.5 µmPW�!2� �_

9���CD 95 % �d4���CD 91 % �!

2� ���CD 28.6 GPa �X�M&$ 199.5

Gpa �GE�2�/0��2�

Z[GH

[1] \i]�jkk�llo�mnomnop�om

ipTp`^aqqN�[qr��j [J]. _vw
`abxc, 2006, 25(6): 451–454.

[2] Robertson J. Diamond-like Amorphous Carbon [J].

Materials Science and Engineering R, 2002, 37(4–6):

129–281.

[3] rss�kd�eft�mngrtsluunop

\Nvw[mn [J]. hxyi, 2005, 16(1): 35–38.

[4] ox�jt�upqnvlwrykh[��dx

[J]. zl, 2003 (4): 23–25.

[5] stt�_zu�v]�mn RLVIP ���Z

Ge1−xCx \N[ X v^�ykw_ [J]. mxno
pq, 2008, 16(4): 565–569.

[6] x{w�ryxn s�tuvw{xzÆyw|}
[M]. �
���{Æz� 2004.

[7] y{�z|}�s|xnv|myk{�Zunop

\N^`}z [J]. ~{pq|xxc, 2009, 31(3):

60–63.

[8] Shroder R E, Nemanich R J, Matsuki M, et al. Ra-

man Scattering from sp2 Carbon Clusters [J]. Phys-

ical Review B, 1992, 46(11): 7169–7174.

[9] }s~��~~�|}~nv|~��guunop

\N�w[mn [J]. }~��, 2009, 38(3): 41–43.

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.32, No.8, Aug 2011


