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Ultra-broadband Silicon Waveguides for Terahertz Applications
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A lot of research effort has been dedicated to the terahertz (THz) range covering frequencies from 0.1 to 10
THz. This is because of the huge available spectral bandwidth that should enable high communication channel
capacities. It can be conceivable to bring to daily use various applications for up to 1 Thit/s in wireless
communications links, hidden object detection, and space exploration. These applications are needed for the
development of emerging applications and services including virtual immersive experiences, high computational
data centers, and advanced connectivity for faster real-time streaming services and more coverage worldwide.
For the nascent technologies to become commonplace in our daily lives, THz range wave guiding interconnects
are indispensable. Low-loss and broadband silicon (Si) waveguides have reported loss < 0.1 dB/cm and
bandwidth of ~ 120 GHz in 0.26 THz — 0.39 THz. The bandwidth can further be enhanced to unlock high-data
rates applications. In addition, there is an ever-growing need for short-range low-loss interconnects for inter-
/intra-chip/board communication applications.

This dissertation focuses on the development of low-loss Si waveguide platforms that will serve as a canvas
for the development of THz imaging and communications. This study explores in detail the development of
extremely low-loss and broadband Si waveguides in the WR-1 band (0.75 — 1.1 THz) to target higher frequencies.
Previous work has focused on frequencies up to 0.75 THz. Extremely broadband dielectric all-Si waveguides are
designed, fabricated, and tested. We analyze the performance of two effective-medium (EM) waveguides, and
unclad waveguides. These waveguides have a record-setting 3-dB bandwidth of 350 GHz. The propagation loss
is as low as < 0.1 dB/cm and 0.15 dB/cm for EM waveguide and unclad waveguide, respectively.

In addition, fundamental design practices and measurement techniques that can be extended to the design
and analysis of dielectric waveguides at high frequencies > 1 THz are established. Compact and packaged
waveguide modules are designed and tested, revealing a loss improvement of 8 dB (EM waveguide) and 6 dB
(unclad waveguide) compared to the metallic hollow waveguide. The results advocate that all-Si waveguide
modules can replace metallic waveguides for interconnecting with the test equipment. Subsequently, using the
waveguide module, THz imaging with a high resolution of 0.28 mm is demonstrated.

All-Si waveguides are employed to double the data rates by implementing orthogonal FEyx and FE) dual
polarizations. Such dual polarization operation is not supported by metallic hollow waveguides. Data rates of
24 Gbit/s (£ and 22 Gbit/s (E;) are recorded. In addition to dielectric waveguides, THz hollow-core fiber is
investigated for the realization of short-range applications that require some degree of flexibility. The
fundamentals of THz hollow-core fibers including the multi-mode operation, the dispersion, and the loss are
analyzed. Loses of 10 dB/m and 15 dB/m for 1 mm, and 0.7 mm core fibers, respectively, are confirmed in
experiments. An all-Si linear taper interface for coupling with THz fiber is implemented with a coupling
efficiency of >60 %. Other types of interfaces are systematically investigated: rod array and semi-hemispherical
lens interfaces offer 80-% and 40-% coupling efficiencies, respectively. THz fiber link communication with dual
polarization is demonstrated, achieving data rates of 22 Gbit/s, and 18 Gbit/s for the Ex and Ey polarizations,
respectively.

The achieved results show that ultra-broadband Si waveguides could lead to the realization of more advanced

intra-/inter-chip or board communications using THz waves.
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