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Abstract: Through the modification of film fabrication processes, vanadiaum oxide (VOx) films were

fabricated on glass and monocrystal silicon substrates by using a DC magnetron sputtering equipment

with high-purity oxygen and arg. Then, the VOx films were annealed and their structures and electric

properties were detected by using a LCR meter and a X-ray diffraction instrument. The results showed

that the TCR of the VOx film on the glass substrate exceeded –0.02/ � when the gas pressure of 1.5Pa,

the power of 100W, the sputtering time of 1 hour and the ratio of oxygen to argon of 0.8�25 were used

after they were annealed at 450 �Æ By comparing the VOx film on the glass substrate with that on the

monocrystal substrate, it was found that the VOx film on the monocrystal substrate had better quality

and properties.

Key words: DC magnetron sputtering; annealing; VOx thin films; process; TCR

1 NO

��� (VOx)
��������
��

��� VO2 �����	���VO2 � 68 � [1]

��
������� [2] ������ 68 �



 VO2 
�
������
�����
P42/mnm������ 68�

VO2 �
� Æ
��
����� P21/c �����!�
 VO2

�"
�#
��
��$���������
�
"���������%& 104 �� [3] �

?@AB�2010–05–04

ÆCDE�FG' 973(PQ (2008CB717802)	HIRSTUVJK (090414182)	HIRLWSTUVJK (KJ2009A091)

MNOP�XYQ (1985-) �Z�HIH[\�]^_`a�bcRdSeTfUg_`) E-mail: haonzh@163.com

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.31, No.9, Sep 2010



10 � � 2010 h 9 i

VO2 ������� ��	"���
���
���*���+�	���!�"�+#��
$ [4] ���,-% [5] ��"&'���.(��
�/0 [6,7] �)1� ����2
VO2 3�

��*!�"���+#,��$-�.��/�
40��1�5�VO2 3���*�6�17

%&82 Sol-Gel 6 [8] �'�6 [9] ��93�:
* (PLD) [10] �4�6��
 �:* (CVD)1�
!;
VO2 3��"�"���#$� –0.02/�
���<%=�(&4)#54�6�*� VOx

3�
*6��+27>?����� 3�@
8����"���#$,��'#�
2 jk

'-=� FJL560B1.A�/�#5 90
(:;4�)*
<*�1-*� =>*
B
�� 99.99% C���+�
,�-� O2 � Ar

�C�?�� 99.99%�:*3�.
@<*2D
E/F0�AB�1902�A345 15min�
<?/�� 9.9×10−5Pa�4�G�.
3!/�
H�� Ar IB6C454�45�<%�,�
� VOx 3��*?=�(&"6
4�-7�
1.5Pa
�-�+-�&� 7� sccm(J898
D9 /8)
4�E�� 100W
4�
�� 1h

3�:*F?� 450 �:� Ar -�:G 2h 

K!�H��-&��<*;I*6L�<J
�*+#�;<K� LCR+'=7 D/Max-γB.

X �>?�=I3�@=C4���"�+'
���8>
KLMN?�

TCR =
R2 − R1

R1 (T2 − T1)
(1)

$@�3��A?"���#$�?�
 TCR

��� T1 
�"���#$
 R1 � R2 8M�
�� T1 � T2 
�"���A?"���#$
BA��H��NCD
��H� 1 �

"�

��A?�I��� [11] �
��O 1 OL��*@=�+#P$�
3 lkVWmXn
���P��!�
 VO2 ���B ÆQR�
�C��
��+����
�D0� d S"
0�,���+D0Q�
TE�+��
R�
VO2 �"��FE:R�UB������G
7
�@ �� VO2 �2STF
HUI&VV
W;-���-��I����-X�S�


�D0�JW���G6�HI��@ VO2 �
X

�-�YJ/�
 VO2 �X��@�R
�"����ZKKYLL<Z������
�X�L�

���M�8��[\��-
�����X
MZ VO2 �X��
N@NG
6�E�"
���O���X�O��P[
:]��@\7� VO2 ��MX
�X��7
QIR-P'"&�
3.1 QYZ[\]^

S 1 �@= 1 � 2 � 3 � 4 �"� – ��T
>
O 2 ÆL�!�$@F^&�]^@=�
"� (25�)
�79��!�<_� TCR��
`���_L
@= 1�"�U�LEKK��
�
��NC!�3��C4:*�FR�:G
a�FKU�TE1`�"
��
"� TCR

�1!
 VO2 �"���Z�IS^3��"
���V%R���@= 2 �9�
�"�`
21kΩ R�& 0.29kΩ 
���ab%&�c^$
��
W� 63���
"��R�H�E� VO2

�"
��
OK@= 2 �� VO2 ���QR
� –�+���@= 3��P�
�"�` 61kΩ

��& 0.38kΩ
��NCA�c^$��
��
��� 67 �de�@= 4 ��P�& 65 ���

����XY�U`S���_L
"���
KZB1KK
 TCR �NS!�

_ 1 `abcdefgh

Tf 1 2 3 4 5 6

gZ bh bh bh bh i (100) i (100)

UVc 0.4�25 0.6�25 0.8�25 1.0�25 0.6�25 0.8�25

Infrared (monthly)/Vol.31, No.9, Sep 2010 http://journal.sitp.ac.cn/hw



� 31 ��� 9 � � � 11

2S@= 2  @= 3 
@= 2 �"� TCR ��

–0.0200/�
<_ TCR�LE� 62.5��[@=
3 �"� TCR �� –0.0251/ �
<_ TCR �L
E� 66.5�
j3����5�MX@= 3 2@
= 2\ke�[����
W�"�\����
^<l�defH
@= 3 ��*+#S`�
3.2 QYZ XRD ij

S 2 � 4 ^@=� XRD S�S� 15◦ & 40◦

,���^W]�V�mn
�-%>?n�@
= 1 � VO2 �XnS^
U�X��g_R�
�+�U�HI���@ VO2 �
`[LE�
�-���� V5O9 �@= 2 �?�nS7
`
J^�S_�a^?�n?� VO2 
Ua�S
7��-����
HNBB�X�ZYZV
��@= 3 �^�SKK�n7aIhB VO2

�?�n
bK@= 3 �� VO2 X���.c

^@=W��=98S`�@= 4�NX� VO2

�
U/����-8���
M V2O5 �V6O13

1
bK�+2� 1.0�25 ��X�P$c�d
���[�P$��!�]e8>��_L
@
= 3 � VO2 �=\Z<J
 VO2 X�<�
H
NB@= 3 �"���#$�6���f@=
�%&DM�
3.3 klmQY]nZop

>?�^_�(k`a3���=gW�
�o���7]b���R-�
;<@@= 2

� 3 �+#� =>* (100) ]"0�D
^&
�@= 5 � 6 �!�"���8>� XRD ?�

R-�$MI2
*6�1-*� =>*>?
I VOx 3��=�`a�

S 3B@= 5� 6�"� – ����T>�
@= 5�9�
�"�` 133kΩR�& 0.57kΩ

����� 69 ���
"� TCR �� –0.0207/

�
<_ TCR � (–2.57/ �) LE� 71 �a�@

h 1 iiUVcj VOx jÆk
c – klld
_ 2 qrbcd TCR s

emTf 1 2 3 4 5 6

nk TCR (/ �) –0.00204 –0.0201 –0.0251 –0.0137 –0.0207 –0.0311

f� TCR(/ �) pkl –0.0339(60 �) –1.83(62.5 �) –1.78(66.5 �) –0.347(71 �) –2.57(71 �) –1.71(69 �)

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.31, No.9, Sep 2010



12 � � 2010 h 9 i

h 2 iiUVcj VOx jÆk XRD h

= 6 �"��` 198kΩ R�& 0.19kΩ 
���
%&o^$��
����� 68 ���
"�
TCR �� –0.0311/ �
<_ TCR �� –1.71/ �
(��� 69�) �@@= 2  @= 5 �@= 3  @

= 6 �"���NC�����7"� TCR C

4I2F�E
� =>*]�*� VOx 3�
�;�"�� TCR �&_�-%>?]�*�
3�
�9��!�"�����NCg_�
�-%�>?� VOx 3�������]
�
>*�>?� VOx 3�2�-%�>?�\k
e VO2  ���[�����

S 4 �@= 5 � 6 � XRD ?�S@�S�
70◦ ��a�^^�1��n� =>* (100)

=6�?�n�@= 2 � 26.36◦ � 27.74◦ �
37.00◦ a�?�nS^
Xoa?�n�Q�
m8M� 0.504◦ � 0.375◦ � 0.297◦ �@= 5 �

25.10◦ � 37.22◦ � 42.46◦ a�?�n�Q�m8
M� 0.161◦ � 0.199◦ � 0.308◦ �@= 2 � 5 �$
X����-���
U@= 5 � VO2 ?�n

�Q�m?2@= 2�h�� XRD�
?�n�
Q�mBq-�i�=98�P�,��Q�m
j!
�=98Uj�[
,�@= 5 �:*i
���@= 2�@= 3� 27.84◦ �37.10◦ �42.46◦

a�?�n�Q�m8MB 0.408◦ � 0.409◦ �

0.295◦ �@= 6 � 27.90◦ � 33.08◦ � 37.14◦ a�
Q�m8MB 0.209◦ � 0.149◦ � 0.237◦ �@= 3

�@= 6 �?�SOK
��@8���f-
8���1Q
 VO2 �X�S�� @= 2 �

@= 5 �2S�Z�p
�>*]�*� VO2

�Qnm2�-%]�*� VO2 �!�!�]
eck$M�2S��_&
� =>*]�*
� VOx 3����q!-%]�*�3�
�
DM%&B =>*O6�rWO6D0rO
��
HU� VOx �lsst�S`�<m�
?m�ls�K�=un_�s��=\Z

�t=u���uv!
̀ [�3��^\P�
vHS�

"� – ����T>� TCR �7
���

+'�ZOK
� =>*]:*�*� VOx

3���=9[�niX��7_o1$2�
-%*]�*� VOx �`�N@� =>>?
]
@= 6 �<_ TCR 5���S@= 5 �\
ke VO2  ���[����
w@= 6� VO2

C�<�
�=`
HNOK�x@=�*+#
��j��

Infrared (monthly)/Vol.31, No.9, Sep 2010 http://journal.sitp.ac.cn/hw



� 31 ��� 9 � � � 13

h 3 iigok VOx jÆk
c – klld

h 4 iipok VOx jÆk XRD h

4 Vo
!�R-y^��* VO2 3��<�+#

P$��ZKw
��+2� 0.8�25

�-%
� =>*]?��^�����SJ� VOx

3�
�"���NCm
��\ZKK
��
��ke�[��
 TCR �?A� –0.02/ �

VO2 ���=i��C�N<`�>?I3�
:*i��`aS_
 =>*\�K� VOx

3���=�n���+2� 0.8�25
4�-7
� 1.5Pa�E�� 100W�
�� 1h

/ 450�
:GF
�>*]�n� VOx 3��"� TCR

�%&� –0.0311/�
�"
���@8��?
���-%<*]�n� VOx 3��

pt;<
[1] Morin F J. Oxide which show a meter-to-insulator

transition at the neel temperature [J]. Phys. Rev.

Lett., 1959, 3(1): 34–36.

[2] Hubert J, Francis P, Danis V. Vanadium oxide film

for optical switching and detection [J]. Opt.Eng.,

1993, 32(9): 2092–2099.

[3] Beteille F, Mazerolles L, Livage J. Microstructure

and metal-insulating transition of VO2 thin films [J].

Mate Res Bull, 1999, 34(14): 2177–2184.

[4] Hongchen Wang, Xinjian Yi, Sihai Chen. Low tem-

perature fabrication of vanadium oxide films for un-

cooled bolometric detectors [J]. Infrared Physics &

Technology, 2006, 47(3): 273–277.

[5] Gang Xu, Ping Jin, Masato Tazawa, et al. Optimiza-

tion of antireflection coating for VO2-based energy

efficient window [J]. Solar Energy Materials & Solar

Cells, 2004, 83(1): 29–37.

[6] Xu S Q, Ma H P, Dai S X, et al. Switching proper-

ties and phase transition mechanism of Mo6+ doped

vanadium dioxide thin film [J]. Chinese Phys. Lett.,

2003, 20(1): 148.

[7] qqr�str�sx�uÆvUzwjÆtuy
xqzkqv [J]. uv, 2003, 40(2): 16–19.

[8] w�y�x{{�|y|�uÆ VO2 jÆkz{|
z�}{}�� [J]. wx~y, 1997, 28(1): 53–56.

[9] Jiang S J, Ye C B, Khan M S. Evolution of ther-

mochromism during oxidation of evaporated vana-

dium films [J]. Appl. Opt., 1991, 30(7): 847–851.

[10] Narayandass S K, et al. Study of a pulsed laser

deposited vanadium oxide based microbolometer ar-

ray [J]. Smart Materials and Structures, 2003, 12(2):

188.

[11] |��}~Æ z{|}~� [M]. }~�}~��
��~��� 2001: 67–73.

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.31, No.9, Sep 2010


