N L L
366 4l ot - - il Vol. 36, No. 4
2016 4F 4 H ACTA OPTICA SINICA April, 2016

PRI RS T4 LD
RER EHR PAE £HT

T TS R KA L 2= BE, V195 7 5t 210016

TEE ORI T SRR 4 I S O TR R LLAMA BE A RO B G R B A T A DL, AR5 X LA A 5 R
FHEIEH 0 BOCAVEREIEAT T RAE . SCHR s AR, i 4 A W 2 g B0 — 4170 19 V205 B, 76 (00 1) T A7 W
R D10 I T, B < DA el S A 9 I 445 5 R 3 TR IS A i 5 WL 2 R RE D T, < R Aol B ) il I 8 3L 2 e IR 22
R R S Pt e/ v 2 SR B B Ol I S 5 D 2 PR RE 5 T, S S A0 A0 AT AT I 4 O O PR I e 2 e e IR
T2.5 ms, A2 W] A7 30 ms 75 A7 5 50 <5 A A0 JFG A0 U A /8 iU 058 5 R LU AR 10,3, 3R B 1 AR 35 i e ¢

KR WML VL0 RIS B AW LA R AR DR s AN ik
FESES TQ337+.1 XHERFRIAED A

doi: 10.3788/A0S201636.0431001

Optical and Electrical Properties of Vanadium Pentoxide Films
Deposited on Different Substrates
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Abstract Vanadium oxide films (V.0;) are deposited on the substrates of infrared quartz, sapphire and single—
crystal diamond respectively by radio freguency (RF) reactive magnetron sputtering. The structure, thickness,
surface morphology, electrical and optical performances of the films are studied. The results indicate that all the
deposited films are polycrystalline V,O; films with preferred orientation along (001) plane. The crystallization
behavior and the surface topography are the best when the substrate is single—crystal diamond, the phase—transition
temperature and the temperature range are the lowest simultaneously. In terms of the optical performance, the
optical-shutting time of the films on sapphire and diamond is less than 2.5 ms and the recovery time is about 30 ms.
The prominent optical-mutation property is presented on the single—crystal diamond, with the transmittance ratio
before and after the phase transition of 10.3.

Key words thin films; V,O; films; substrate; single-crystal diamond; electrical performance; optical-mutation
property
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Table 1 Parameters of experiment

Sputtering Sputtering
Samples Substrate materials Ar/O; ratio  Temperature /C Sputtering voltage /V
time /min pressure /Pa
S1 Infrared quartz 35 0.11 400 1 315
S2 Sapphire 35 0.11 400 1 315
S3 Single—crystal diamond 35 0.11 400 1 315

I X 3 26 A7 35 (XR D) 5 T 78 B 110 25 44 5 5 R Tektak 150 15 B A6 38 B 1 47 7 J&8 B 3 5 1)
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Fig.1 XRD diagram of vanadium oxide films
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Fig.3 Three—dimensional morphology. (a) Infrared quartz; (b) sapphire; (c) single—crystal diamond
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Fig.4 Temperature-resistance characteristic curves. (a) Temperature—resistance curves; (b) Gauss—fitting curves
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Table 2 Films’ electrical performance on different substrates

Sputtering AT /(transition IgAR
Samples Substrate material T./C Surface roughness /nm
time /min width) /C (200 °C/320 C)
S1 Infrared quartz 35 277 60 1.62 2.86
S2 Sapphire 35 261 50 1.36 3.09
S3 Single—crystal diamond 35 259 40 1.30 3.17
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Table 3 Films’ optical mutation performance

Phase-change/recovery

Samples Materials Intensity /(W/mm®) Phase change time /ms Recovery time /ms )
transmittance
S2 Sapphire 40.8 2.4 35 17%170
S3 Diamond 40.8 1.5 30 14%/75
S3 Diamond 10.2 75.7 (no phase change)
S3 Diamond 30.6 1.6 34 11.4%/76
S3 Diamond 76.4 1.4 8% (no recovery)
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Fig.7 Optical response curves
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