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Design, fabrication and characterization of wideband waveguide termina-
tions

Karl Birkir Flosason

GARD

Onsala Space Observatory

Department of Space, Earth and the Environment

Chalmers University of Technology

Abstract

This thesis reports on two novel designs for high performance, wideband waveguide
terminations for terahertz frequencies, demonstrated here in the range 210-370 GHz
corresponding to ALMA bands 6-7.

With advancing technology in the design and fabrication of high sensitivity
radioastronomy receivers, each component and aspect of the system needs to be
pushed to the limits when it comes to performance and bandwidth. The highest
sensitivity and state-of-the-art receivers today for radioastronomy use 2SB mixer
topologies, which require terminations to terminate the fourth port of a waveguide
RF hybrid coupler. Reflections from that termination will both increase the level
of noise generally but also risk introducing spectral line images or ghosts from the
heterodyne downmixing process, which may cause confusion of spectral lines when
the tools are used for spectroscopy. Minimizing the reflections from that waveguide
termination is a step in improving over-all performance, and taking full advantage
of increased performance of the 2SB topology.

The goal of the project was to design, fabricate and measure two distinct and
novel termination designs, fabricated with well established methods, and materials
with known and reliable behaviours in cryogenic operation, and achieve the best
possible performance over the widest possible bandwidth. One design based on an
E-probe on quartz substrate, showing in simulations S;; < -26 dB over 270-370 GHz,
and another design based on a tapered finline structure showing in simulations Sq;
< -37.5 dB over 220-390 GHz. Both designs use TiN resistive thin-film to dissipate
the RF energy in ohmic losses.

To validate and verify the design and fabrication process, the performance
was then measured using a VNA and the required frequency extensions. Measuring
reflection accurately at such low levels and at these frequencies is challenging, and
the measurements are likely to underestimate the real performance. Uncertainties
in the measurements are described and their scale evaluated both by measurements
and simulation.

Keywords: Terahertz, waveguide termination, wideband, rf load, waveguide
load, VNA, microwave metrology, reflection coe Lcieht.
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1

Preface

In the autumn of 1609 in the town of Padua in Italy, Galileo Galilei pointed his newly
built telescope at the moon. Through the magnifying lenses he could clearly see the rough,
cratered and uneven surface of the moon, which was in stark contradiction to the dominant
cosmology of his time. According to that Aristotelian worldview, the heavens were perfect
and immutable, and the moon should be a smooth, ideal sphere. Soon after, with an
improved telescope, he turned to the planets and saw that they looked di erent from the
point-like stars, and discovered that Jupiter had moons. He also observed that Venus
shows full phases through its orbit, which did not t with the old Ptolemic, earth-centric
model of the solar system, but con rmed the Copernican helio-centric model, which was
still a serious debate then. This new instrument shattered the old view of the world, and
heralded a new age of observational astronomy. An age of basing our understanding of the
cosmos on empirical data acquired by observations through ever improving instruments.

Familiarity with the night sky had been useful through human history. The phases
of the moon, the equinoxes and solstices, and the rise and fall of star constellations keep
track of time and the changing of the seasons. The Pole Star guides travellers by indi-
cating cardinal north. But when we started fully applying our advancing tool culture to
observing it, fundamental changes to our view of the world and our place in it followed.
Johannes Kepler derived the laws of planetary motions, based on detailed observations of
their orbits made by Tycho Brahe. This would serve as a foundation and inspiration for
Newton's theory of gravitation. Since then, by more meticulous collection of data with
ever improving instruments, much of our fundamental understanding of the universe and
our place in it has been revolutionized, and a more accurate one reestablished more rmly

Experiments with radio receivers in the early and mid- 20th century revealed that
outer space was the source of a great deal of radio signals. Telescopes for radiowaves were
developed to explore that, and they revealed that scienti ¢ discoveries in space were in no
way limited to visible light and optical telescopes, but the whole electromagnetic spectrum
conveys to us evidence of a great range of processes and phenomena in space, many of
which are otherwise undetectable.

Through these tools we have discovered and mapped the Cosmic Microwave Back-
ground, and learned from it about the origin, composition and structure of the universe.
Deviations from the expected behaviour of gravity on large scales has been found in the
rotations of galaxies. We have conrmed the widespread existence of water and even
complex organic molecules in distant celestial objects, witnessed the formations of solar
systems and the heat glow of accretion discs around swirling black holes.

What more is out there yet to be discovered, is unknown. But as we build and
deploy even better instruments, we will nd out.
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2

Introduction

With wavelengths in the range of 1-0.03 mm, the terahertz range of approximately
0.3-10 THz sits between infrared light and microwaves in the electromagnetic spec-
trum. It has until recent years been the most underutilized part of the electro-
magnetic spectrum. With advances in detector technology and sources suitable for
use as oscillators, science has increasingly been taking advantage of this range of
frequencies. Photon energies at those frequencies are relatively low so the radia-
tion is harmless to humans and other organisms, but with shorter wavelengths than
microwaves, the achievable angular resolution is greatly enhanced. Additionally,
a wide variety of molecules have uniquely identi able emission spectra in this fre-
quency range, making it very useful for spectroscopic identi cation and analysis
of chemical compositions [1]. In astronomy, THz instruments have proven to be a
powerful part of the toolkit, and given us eyes to see parts of our universe that are
otherwise invisible to us.

Among the largest and most ambitious projects in ground-based astronomy
is the radiotelescope ALMA (Atacama Large Millimeter/submillimeter Array) [2].
Located in the high plateau of the Atacama desert in Chile, ALMA consists of
66 individual antennas, operating together as an interferometer with adjustable
baselines from 150 meters to 16 kilometers. Each ALMA antenna has 10 di erent
receivers to cover di erent parts of the frequency range between 35 and 950 GHz,
each receiver built by di erent teams in an international co-operative e ort. The
research group GARD, Group for Advanced Receiver Development, in Chalmers,
has to date contributed to developing and fabricating receivers for two of the bands,
band 2 and 5, as a part of the Onsala Space Observatory group, OSO [2].

2.1 Motivation

The signals received in most elds of radioastronomy are of extremely low power,
so the highest achievable sensitivity in receiver technology is sought after and the
tools constantly developed toward that goal. Since they are also intended for high
frequency-resolution spectroscopy to identify molecules, it is important that spectral
lines are not superimposed such as by image e ects in the heterodyne frequency
conversion process, which could cause spectral line confusion. One way to achieve
both these goals is the 2SB or sideband separating receiver topology, which separates
the sidebands using a mixer layout such as shown in Fig. 2.1, or Superconductor-
Insulator-Superconductor, mixing technology. This setup also further reduces the

e ects of atmospheric noise in the reception [3], and the SIS mixer approaches the

3
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