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Terahertz Integrated Circuits Based on Photonic-crystal Waveguide Platform
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The terahertz (THz) frequency range (0.1—10 THz) has attracted considerable attention due to its large
spectral bandwidth and small wavelength, in comparison to microwaves. However, THz systems are still large
and complex owing to the lack of efficient integrated circuits. THz integrated circuits based on metallic
transmission lines exhibit degraded performance mainly due to the propagation loss. Recently, a silicon (Si)
photonic-crystal waveguide has been proved to offer two orders of magnitude less loss than the metallic lines.
Owing to the factors including a lack of efficient interfaces or mode converters and narrow 3-dB operation
bandwidth, it is challenging to employ the photonic crystal waveguide for developing THz integrated circuits.
This dissertation focuses on the design of THz integrated circuits based on the photonic-crystal waveguide
platform. A resonant tunneling diode (RTD) fabricated on an indium phosphide (InP) substrate is one of the
most promising candidate THz active devices for compact sources and detectors.

The thesis addresses RTD receiver, transmitter, self-injection locked oscillator and mixer integrated with
photonic-crystal waveguides as well as THz communication demonstrations in the 0.3-THz band. Firstly, the
mechanism achieving high coupling efficiency between the photonic-crystal waveguide and metallic hollow
waveguide through a tapered Si interface is clarified by an impedance matching method. The interface employed
to connect the photonic-crystal waveguide with expanded polytetrafluoroethylene THz fibers and free-space
applications is then described. A tapered-slot mode converter with the photonic-crystal waveguide is proposed
in order to efficiently integrate active devices with the waveguide. The mode converter is metallic and is
fabricated on an InP substrate. The RTD receiver is successfully integrated with the photonic-crystal waveguide
using the developed mode converter. A high coupling efficiency (~90%) and large 3-dB bandwidth (~50 GHz) are
achieved. In communication experiments, 32-Gbit/s error-free (bit error rate < 10711) transmission and the
wireless transmission of uncompressed 4K high-definition video are achieved. Moreover, the RTD transmitter
is successfully designed and fabricated. The RTD transmitter has a record-setting oscillation power of ~50 nW.
A THz fiber transmission link is demonstrated using the developed RTD transmitter and receiver. Error-free
10-Gbit/s and uncompressed 4K high-definition video transmissions are also successfully demonstrated using a
1-m-long THz fiber. A self-injection locked RTD oscillator is developed by coupling it to a high- ¢ photonic-crystal
cavity. The oscillation frequency is successfully locked to the resonant frequency of the cavity. The linewidth is
reduced from 8 MHz to 8 kHz. Then, a three-terminal RTD mixer integrated with a photonic-crystal waveguide
is developed to increase the sensitivity of an RTD receiver. Coherent detection is successfully demonstrated with
an increase in the sensitivity of >30 dB compared to direct detection. A binary phase-shift keyed THz
communication experiment is performed to indicate the performance of the self-injection locked RTD oscillator.
As a result, using the self-injection locked RTD oscillator can suppress phase fluctuation of constellation, and
increase the opening factor of the eye diagram by ~1 dB compared with that of a free-running RTD oscillator.
Finally, dispersion engineering of the photonic-crystal waveguide is performed. An isosceles triangular lattice
photonic-crystal waveguide is described, which exhibits low loss with low dispersion. The simulated and
measured bandwidth under the condition of low loss (<0.01 dB/mm) is approximately 10%, which is twice as
wide as that of a conversional photonic-crystal waveguide. Hence, error-free 36-Gbit/s transmission using the
3-cm-long isosceles triangular lattice photonic-crystal waveguide is achieved. These results indicate the
photonic-crystal waveguides can potentially serve as an efficient platform for developing THz integrated

circuits.
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