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Modeling and application of phase transition V02 devices for high speed
modulation of Terahertz wave
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Vanadium dioxide (V02) shows insulator metal transition (IMT) with

resistance change over three orders magnitudes at around 68° C. The IMT is also triggered by voltage
addition. Under proper series resistance to the V02 film with facing electrodes, self-sustaining
oscillation phenomenon is obtained. In this project, we aim to apply this self-oscillation to
control of terahertz-wave transmission. We fabricated planar devise in which Ti (10 nm)/Au (200
nm) electrodes were deposited on 100 nm-thick V02 film grown on sapphire substrate. Distance between
the electrodes and the width were 10 um and 5000 um, respectively. With voltage addition to this
device, we observed voltage triggered switching at 11 V, 8 mA. In addition, self-oscillation
phenomenon was realized with 50 Hz sinusoidal wave voltage addition. We clarified dependence of
oscillation frequency on parallel capacitance values. Finally, we obtained oscillation frequency
higher than 100 kHz.
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Fig. 1 Circuit for self-oscillation
experiments using VO planar device
with facing electrodes.
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Fig. 4 (a) Dependence of oscillation frequency, fosc, 0N Source voltage, Vs, for Cp = 3.2,
33 and 300 nF. (b) Dependence of maximum oscillation frequency, fmax, on parallel

capacitance, Cp.
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Fig. 5 Changes of Vp, Ip, Ic, and Iswith timein the case of Cp = 33 nF.
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Fig. 6 Circuit model for self-sustained electrical oscillation (SEO) with VO2 device, (a). VO2
ismodelled by non-linear resistances with two states corresponding to insulator and metallic
phases based on the measured |-V characteristics shown in (b).
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Fig. 7 Temporal changes of Vb, Ip, Ic, and Is obtained by LTSpice simulation in the
case of Cp =33 nF.
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