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Study on Terahertz Oscillator Devices Using Graphene as a Gain Medium

Takahiro KOMIYAMA
Supervisor: Taiichi OTSUJI

In this report, the author experimentally investigated a terahertz oscillator device using graphene, a
two-dimensional (2D) nanocarbon material with unique optoelectronic properties, as a gain medium for the purpose
of creating a new terahertz light source device that can operate at room temperature with high output power. First,
emission from a multilayer epitaxial graphene thermally decomposed on a C-face SiC substrate was observed by
using Fourier transform far-infrared spectroscopy under pulsed near- and far-Infra-Red (FIR) optical pumping laser.
When the sample was pumped by the 2.3-um NIR OPO laser, a broadband THz emission ranging from 15 to 45
THz was observed correspondingly to the negative optical conductivity spectra originated by the pumping. Contrary,
when the sample was pumped by the 10.6-um FIR CO; laser, no distinctive emission spectra were observed. This
suggests that the sample holds strong unintentional doping, which may cause the Pauli blocking to the 10.6-um
pumping photons. Second, the author fabricated the Graphene Field-Effect-Transistor (GFET) with an Asymmetric
Dual-Grating-Gate (ADGG-GFET). This device was expected to emit intense, coherent terahertz radiation based on
two operational principles: terahertz laser oscillation obtained from population inversion by current injection
pumping and plasmon terahertz oscillation promoted by the graphene plasmon instability. However, unfortunately
in the results from optical measurement of the fabricated device, it was found that strong unintentional n-doping
occurred during the fabrication process, which certainly disturbed THz oscillation in the device.
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