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Abstract

YBCO integrated structures consisting of a planar antenna and a Josephson junction were designed and fabricated

on bicrystal sapphire substrates. By combining two such structures in an oscillator-receiver arrangement a submilli-

meter-wavelength tester was realised. Two types of relatively narrow-band double-slot and double-dipole antennas, a

broadband complementary log-periodic antenna and an array of dipole antennas were investigated.
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1. Introduction

Microwave spectrometers are powerful tools for
environment control, material science and micro-
wave-device design and evaluation. The two main
types of millimeter and submillimeter-wavelength
(submm) spectrometers are Fourier transform
spectrometers and backward wave oscillator spec-
trometers. Spectrometers operating in this fre-
quency range can for example detect absorption
lines from gases and measure dielectric properties
and they are also needed in the development of

new submm-wavelength techniques and for the
evaluation of different components such as an-
tennas, filters, detectors and submm-wavelength
spectrometers. Commercially available spectrome-
ters are big, expensive and difficult to use in the
evaluation of small cryogenic components. We
propose a novel type of mm and submm-wave-
length spectrometer that can be designed as an
on-chip device and is a few millimeters in size. The
low price of such an on-chip device will bring
new possibilities compared to its competitors. We
suggest that our tester could be a first step towards
the development of such a spectrometer.
The source of the signal in our tester is a

high critical temperature (HTS) Josephson junc-
tion (JJ) emitting radiation at frequencies up to
few terahertz. By tuning the bias voltage is possi-
ble to sweep the source from around a hundred
gigahertz up to several terahertz. Conventional
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superconducting junctions based on traditional Nb
technology can only be used below 700 GHz
whereas a HTS JJ allows us to increase the fre-
quency to several THz. The line width of such an
oscillator is theoretically [1] of the order

DF ðMHzÞ ¼ 40R ðXÞ � T ðKÞ ð1Þ
which at 4 K is about 1 GHz. By using a low-
inductance resistive shunt it is possible to further
reduce the line width. The characteristic frequency
of our junctions exceeds 2 THz; the normal resis-
tance is about 10 X and they therefore fit the re-
quirements for spectrometers. Another advantage
of JJs is that it is possible to analyze the spectra of
the incoming radiation using Hilbert spectroscopy.
The designs described here should be very suitable
for this purpose [2–5].

2. Experimental setup

We have designed and fabricated quasioptical
integrated structures comprising a planar antenna
and a bicrystal JJ. Three types of antennas were
studied: a broad-band log-periodic and a relatively
narrow-band double-slot and double-dipole an-
tennae made of 200 nm thick Au film. The JJs were
fabricated on 14�, 18� and 24� symmetrical grain
boundaries of welded bicrystal sapphire substrates.
The structures were attached to MgO, Al2O3 or Si
lenses separated by a distance of about 30 mm.
One of the structures serves as a oscillator, and
the other as a receiver of the emitted radiation.
The experimental setup is very simple: The sample
under test is placed between the JJ source and the
JJ sensor (see Fig. 1). By varying the bias voltage
from about 0.1 to 4 mV one can get an output
frequency variation from 50 GHz to 2 THz. The
detected signal dependence on the JJ bias voltage
will have a frequency period that corresponds to
the electric length of the path and corresponds to
the real part of the dielectric constant. The decay
in amplitude corresponds to losses or the imagi-
nary part of the dielectric constant. If the structure
under test has any specific response at some fre-
quency, e.g. if we study a filter structure, this
will result in a corresponding maximum or mini-
mum in the detected signal. With this type of

spectrometer it is possible to evaluate the trans-
parency of submm-wavelength components, e.g.
bandpass and neutral density filters.
The first version of our JJ tester is simple, small

and easy to assemble (see Fig. 2). It consists of
source chip with a JJ oscillator integrated in
a planar log-periodic antenna, two quasielliptical
lenses and a receiver chip with a JJ sensor and a
similar planar log-periodic antenna. The sample
under test is placed between the lenses and the
whole construction is a few centimetres in size.
The second version of the tester is intended for

fast microwave tests in a dipstick and consists of
two sample holders containing two substrates at-
tached back-to-back (see Fig. 3). The main lobe of
both the Josephson oscillator and the detector
antennas are directed into the dielectric which
means that they will be matched if the antennas are
placed in front of each other. Such simple quasi-
optical matching gives us the possibility to study
oscillation spectra in a wide frequency range and
avoid losses in lenses, material boundaries, and
long beamguides. In this construction the dielectric

Fig. 1. Schematic layout of the developed quasioptical cryo-

genic microwave spectrometer. Top: with two elliptical lenses,

bottom: a back-to-back arrangement.
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constants are equal and no reflection occurs at the
boundary of the substrates. This tester allows us
to estimate the wavelength of the radiation from
different planar superconducting oscillators or to
test planar detector microwave response. The use
of this tester is straightforward and can be used to
evaluate fabricated structures using available JJ
oscillators and detectors.
By placing something in between the oscillator

and detector, e.g. a substrate, it is possible to eval-
uate for example the transmission and absorption
in very quick, simple and cheap experiment.

3. Experimental results

With the above spectrometers we measured the
response of a detector junction when it was irra-

diated with another junction. The dependencies on
detector bias voltage and oscillator bias voltage
(see Fig. 4) are due to differences in the spectral
characteristics of different antennas used in oscil-
lator and detector chips. The dependence of the
detector response on the source and detector
junction bias voltage shows the frequency depen-
dence of the double-slot antenna radiation effi-
ciency and matching to JJ. The so-called selective
detector response with polarity changing at the
resonant frequency shows three resonances at
voltages 0.3, 0.9, 2.2 mV which corresponds to
resonant frequencies of about 150 GHz, 450 GHz
and 1.1 THz for the structure with a double-slot
antenna.
With the back-to-back arrangement in the dip-

stick we measured radiation from a JJ array of
parallel dipole antennas. The selective detector
response (see Fig. 5) with changing polarity at the
resonant frequency at voltages 0.7 and 3 mV cor-
responds to resonant frequencies of 350 GHz and
1.5 THz. The high detector response at voltages
over 4 mV corresponds to oscillations at frequen-
cies over 2 THz. For details see [6]. Using Hilbert
transform spectroscopy technique [2–4] it is pos-
sible to extract the spectrum of incoming radiation
from the selective Josephson detector response.

Fig. 2. Photo of a practical realization of the schematics from

Fig. 1. Comprising a quasioptical source and detector, both

with extended hyper-hemi-spherical lenses.

Fig. 3. Photo of a dipstick version of the back-to-back attached

receiver and oscillator chips forming a submm-wavelength tes-

ter for cryogenic radiating and receiving structures.

Fig. 4. The response of the detector junction on the emit-

ted radiation from the oscillator chip. Curve B1: source with

double-slot antenna biased at 0.63 mV, receiver with log-peri-

odic antenna, dependence on source bias voltage. Curves B2

and B3: source with log-periodic antenna biased at 1 mV, re-

ceiver with double-slot antenna, dependencies on detector bias

voltage.
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4. Conclusion

We have designed and fabricated quasioptical
integrated structures that use planar antennas and
bicrystal Josephson junctions. The structures have
been used to build two types of submm-testers. We
have shown that these designs can be used in a
wide frequency range, 150 GHz–2 THz.
We expect that these devices can be developed

further and compete with existing technology. By

using Hilbert spectroscopy it is also be possible to
extract information about the spectra of the radi-
ation emitted by Josephson oscillator.
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Fig. 5. Radiation from a Josephson junction array measured in

the dipstick version of the tester. The response curve is changing

polarity from negative to positive at voltages 0.7 and 3 mV. A

response is observed even when the oscillator is biased over 4

mV. The detector was biased at 0.4 mV.
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