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Preparation and application of a high-performance

vanadium oxide thermosensitive film

Ma Zhanfeng, Wang Ying, Wang Chao, Ye Fan, Gao Jianfei, Huang Li’
(Wuhan Guide Infrared Co., Ltd., Wuhan 430205, China)

Abstract: A method for preparing high performance vanadium oxide thermosensitive thin films and its
application were reported. Using reactive magnetron sputtering film deposition technology, the preparation
process of vanadium oxide thin films was optimized by changing the sputtering power during the deposition of
vanadium oxide thermosensitive thin films, the deposition rate of vanadium atoms was adjusted when they
touched the surface of the substrate after being sputtered. At the same time, the equipment was modified and
upgraded, that is, a control power supply outside the vanadium sputtering chamber was added to accurately
control the sputtering voltage and oxygen partial pressure and other parameters to accurately control the current
density in the reaction process. A vanadium oxide film with a sheet resistance of 500 kQ/o and a temperature
coefficient of resistance (TCR) of —2.7% K'' was prepared. The experimental results show that the noise
equivalent temperature difference (NETD) performance of uncooled infrared focal plane detector made of high-
performance vanadium oxide thermal sensitive film is reduced by 30% and the noise is reduced by 28%. The
overall performance of the uncooled focal plane detector has been improved significantly.
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Fig.1 Diagram of vanadium sputtering cavity after modification
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Fig.2 Resistance temperature coefficient curves of vanadium oxide

films under T1 and T2 condotions
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Fig.3 XPS result curves of vanadium oxide films under different conditions
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Tab.1 XPS results of vanadium oxide films under

different conditions

Valence of Peak area of  Percentage of

Condition vanadium  vanadium/P total TCR
A% 134749.37 59.24%

TI v 75060.59 32.99% 2.27%
V3 17687.09 7.77%
A 151143.03 66.07%

T2 v 35430.81 15.48% 2.69%
v 42235.11 18.45%
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Tab.2 Properties comparision of vanadium oxide films

under T1 and T2 conditions
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Fig.4 AFM surface topography of vanadium oxide film

Sample T1 Ra/nm T2 Ra/nm T1 Rg/nm T2 Rg/nm
C 0.825 0.083 1.05 0.106
T 0.823 0.079 1.06 0.101
B 0.817 0.080 1.05 0.104
L 0.795 0.084 1.03 0.111
R 0.818 0.082 1.06 0.107
Mean 0.816 0.082 1.05 0.106
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Tab.3 Thermal stability comparision of vanadium

oxide films under T1 and T2 conditions

Resistance change after Sample one  Sample two Sample three

high temperature
T1 sample —6.4% —5.1% —7.5%
T2 sample —0.6% —0.1% -0.2%
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Tab.4 Performance comparision of detectors made of

vanadium oxide under T1 and T2 conditions

VOx deppsﬁlon Noise/mV Responss{1 NETD/mK Sarpple
conditions rate/mV-K size
Tl 0.632 16.6 38 200
T2 0.456 17.2 26.5 50

Performance change of

— 0, 0,
T2 relative to T1 27.8% 3.6%

-30.3%
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Fig.5 Detector imaging of vanadium oxide film prepared under T2

condition
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