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Study of Photo-Induced Phase Transition of VO, Films with High
Modulation by Time-Domain Spectroscopy
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Abstract The photo-induced insulator-metal phase transition of VO, nanofilms under femtosecond pulse excitation is
investigated using terahertz (THz) time-domain spectroscopy. A number of VO, films are fabricated on sapphire
substrates by direct current (DC) magnetron sputtering under different conditions. The film quality is evaluated by
measuring the THz transmissions of the films in which photo-induced phase transition has occured and the results
show that for a fixed sputtering time of 60 min VO, films of high quality can be prepared when the annealing time and
temperature are 60 s and 560 ‘C , respectively. The degree of phase transition of the film fabricated under those best
conditions can be as high as 80 % . The conductivity of the film in the process of photo-induced phase transition in the
THz range is determined based on thin film approximation, and calculations show that the real part of the conductivity
is on the order of 10° Q' « cm '. The complex dielectric constant and complex refractive index of the metallic-state
thin film are further calculated based on the Drude model. The VO, films fabricated on insulator substrates have an
obvious threshold for the excitation pulse power and show a high degree of phase transition, which will play an
important role in THz modulation devices.
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Fig. 1 Schematic of the experimental setup
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Fig. 3 Phase transition properties of VO, films fabricated with different annealing times. (a) Amplitude of

transmitted THz pulses as a function of excitaion pulse power; (b) normalized results

] 5 1R K] R 60 s, il 5 T Zead R R IR kiR
JERL PR VO, W, 4k 22 Fl THz I SRS 5 48 0F
3K L8 AR AN [R]CRD SO0 B R A A AR R, S
mai R An B 4, B O B3 $E 510 €530 C,
560 C.580 CLIM 610 C, 5K 3 Mg RN, &
M2 510 CAHI530 CiB kALBEM VO, 3 I 7E A
TG BB A5 0L R € 2% THz % 47 76 R 33 19 W 0, 38
120 ()

—=—510 C
10- ——530 C
= ——560 C
=g ——580 C
& —+—610 C
¥
g o
=
[="
g1
2.

09 200 400 600 800
Excitation power /mW

W 3 Il BE T I8 KO 8 58 73 B v AR A7
ERER RSP . NE 4h) Py IH— 145 R n]
DI H 2 580 C Al 610 Cl Kk Ab B Ay 3 I L 76 4
ARURIE A Je 4tk 560 C iR koAb B A AL LR
1717 EL7E A A2 1R L S A S s w2 B 560 C R B
B AR . TRRE L OB G R I 2 S B
Br A AL H L, S EOM AR ROR B2 .

®) ——510C

1.0 o
——560 C

0.8t ——580 C
——610 C

Normalized amplitude
=) IS}
S o

ot
o

0 200 400 600 800
Excitation power /mW

K 4 RIEGRKORE T4 &0 VO, MMM EYE, (2 B8 THz 315 5 K /DB R 63 R 781k ;
(b) 1H—1kb4;

Fig. 4 Phase transition properties of VO, films fabricated at different annealing temperatures. (a) Amplitude of

transmitted THz pulses as a function of excitaion pulse power; (b) normalized results
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