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High performance electrically modulators based on silicon microstructure with
VO, films for terahertz applications
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(State Key Laboratory of Electronic Thin Films and Integrated Devices, University of Electronic Science and Technology of China,
Chengdu Sichuan 610054, China)

Abstract: An electronically controlled terahertz amplitude modulation device is designed and
implemented by integrating silicon-based microstructure with vanadium dioxide phase-change film. This
device has a high transmittance of terahertz waves and very low insertion loss of the device, while having a
large operating bandwidth and modulation depth. Simulation and experimental results show that the
modulator's response bandwidth for the increased transmission effect of terahertz waves is 0.25-0.95 THz.
The transmission of the modulator is over 80% in the frequency range of 0.4-0.85 THz, and compared with
the transmission of high resistance silicon wafer, it is increased by over 10%. And the transmittance of the
modulator can be up to 85%. After the device is electrically controlled, the modulation depth can reach
more than 76%, and the change range of the modulator's transmittance can reach 65%. An important
application value of the THz modulator is demonstrated in terahertz imaging and communication system,
because of its low insertion loss, large modulation amplitude and wide working bandwidth.
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Fig.2 (a) Increasing transmission principle schematic of silicon-based microstructure and (b) its SEM
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Fig.3 (a) the transmittance curves of silicon-based microstructures and silicon wafer substrates by CST simulation;
(b) the transmittance curves of silicon-based microstructures and silicon wafer substrates by actual tests
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Fig.4 (a) X-ray diffraction pattern of a VO, thin film prepared directly on a silicon substrate;
(b) square resistance—temperature(R—T7) curve for the prepared VO, film
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Fig.5 (a-b) are the actual test spectra and frequency domain transmission amplitude curves of air, the sample without the interdigital electrode,
final sample after loading the voltage; (c) shows the transmittance curves of the sample without interdigital electrodes and voltage

applied; (d) is the maximum modulation depth of the modulation device at every frequency; (e) is the transmittance curve of the
interdigital electrode for THz wave in the experiment.
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