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April 22, 2019 (HP137). Until last week, the
evidence for black holes had been obtained
indirectly, for example by measuring the black
hole’s gravitational effect on the path of other
celestial bodies and more recently by
detection of gravity waves from the collision
of black holes using the Laser Interferometer
Gravitational-Wave Observatory (LIGO) in
2015 (Nobel Laureate Dr. Weiss presented a
seminar on that discovery at the recent
Applied Superconductivity Conference in
2018). However, very excitingly for our
superconducting community, a black hole
has

now

been

superconducting

imaged

detectors

at

using
radio

astronomy observatories around the world
in a remarkable and common-culture
captivating discovery. This mapping of the
gas ring swirling around and violently
captured by the black hole also provided
Fig 1. Picture of an NRAO-UVA Band6 ALMA
receiver

further confirmation of Einstein’s theories on
relativity and enabled astronomers to measure

its mass (6.5 billion times heavier than our own sun!). This feat is remarkable on many levels. The
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black hole was chosen for imaging
because it had the clearest sight-lines
from earth, yet it is 55 million light
years, or three hundred quintillion miles
away. The imaged gas emission ring
surrounding the black hole’s event
horizon is only on order of the size of a
single star. And as if the task couldn’t
get

more

challenging,

the

electromagnetic signal that transverses
the heavens is attenuated and distorted
by gas clouds and ionized particles
along

its

55-million-year

journey.

While it took an international cast of
scientists

and

engineers

working

together to accomplish this feat, this
Fig. 2: UVA constructed superconducting trilayer tool

discovery

could

not

have

been

accomplished without the heart of the

telescope- the Superconducting Insulating Superconducting (SIS) detectors that first greeted each
photon after its long journey through the heavens.
Four of the radio astronomy observatories, and almost all of the 230 GHz detectors involved in
this discovery, used SIS mixer chips that were fabricated at the University of Virginia
Microfabrication Laboratories (UMVL) in Professor Arthur Lichtenberger’s engineering school’s
group and developed in collaboration with Dr. Tony Kerr and his colleagues at the National Radio
Astronomy Observatory (NRAO) Central Development Laboratory. These devices function at
frequencies 100 times higher than the CPU in your computer. This includes the >150 SIS 230GH
mixer chips on the Atacama Large Millimeter Array [ALMA] observatory, which is the largest
radio astronomical facility in the world and the primary instrument used in this experiment. UVA’s
UVML lab has a long-standing, internationally recognized program of excellence in THz
materials, devices, circuits, and metrology. This program began in the early 1970s with the
pioneering developments of Dr. Mattauch in a historic collaboration with the NRAO, of metal2
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semiconductor Schottky barrier diodes and later superconductor detectors for radio astronomy and
national laboratories. For more than 30 years, the UVML has since closely collaborated with the
NRAO and other detector groups to develop state of the art superconducting receivers for use on
radio telescopes throughout the world. This includes having realized mixers that exceed the design
specifications at four frequency bands of the ALMA observatory. Research and development on
second generation wider bandwidth and more sensitive detectors is currently underway.

Figure 3: SEM image of two of the four SIS junctions after the Nb/Au counter

The SIS device used for these detectors has its material basis (as does the overwhelming number
of our community’s low critical temperature superconducting circuits over the past three decades)
to the discovery by Gurvitch of the Nb/Al/Al-oxide/Nb “trilayer” material system [1]. The SIS
junction acts as an electrical switch that is orders of magnitude sharper than the silicon switch
which is the basis of modern electronic circuits such as computers. Given the extreme nonlinearity
of the device, the operation of this superconducting mixer cannot be predicted by classical physics,
and instead must account for unexpected quantum mechanical effects [2].
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The NRAO-UVA detector (Fig. 1) uses a sideband-separating architecture to suppress atmospheric
noise in the image band, and takes into account dynamic range, input return loss and signal-toimage conversion, with a typical single sideband ultra-low noise temperature of 60K (a few
photons of noise) and an intermediate frequency bandwidth of 8GHz. The SIS Nb trilayer was
deposited in a UHV vacuum system (Fig. 2) that was designed and constructed by UVA graduate
students. The mixers use a series array of four SIS junctions (Fig. 3) with an optimum source
resistance of 50 ohms. The use of multiple junctions offers advantages over single junction designs
including a significantly larger dynamic range (the saturation power depends on the number of
junctions squared), and also allows for the use of larger junctions. The waveguide based detector
chip is coupled to a full height metal waveguide via a suspended niobium (Nb) stripline probe that
is in turn coupled to a capacitively loaded coplanar waveguide with periodic ground bridges to
realize a 50 ohm characteristic impedance on the quartz substrate while suppressing slot modes in
the ground plane [3]. In great contrast to the vast astronomical scales involved in the black hole
measurement, at the heart of the superconducting mixer chip is a near-perfect insulating tunnel
barrier of aluminum-oxide with a thickness of only ~10 angstroms or 6x10-13 miles (for reference,
the thickness of a cell membrane is many tens of angstroms thick). The underlying, decades of
technology development of the materials, devices, and circuits for the detectors was truly a
superconducting community effort, beyond just the UVA-NRAO group, spanning decades since
the Gurvitch Nb trilayer discovery.
An excellent article on this astronomical discovery can be found here, and UVA press release
here.
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