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Abstract—A superconductor-insulator-normal metal-insulator-
superconductor (SINIS) detector integrated in a planar 90 GHz
band twin-slot antenna with a 2 GHz superconducting resonator
readout was fabricated and experimentally studied. In order to
achieve high pixel count, the traditional dc readout of the SINIS
detector is replaced by NbN coplanar 13.850 mm long supercon-
ducting resonator. SINIS detectors have traditionally dc Junction
Field Effect Transistor (JFET) room-temperature readout. Such
readout requires individual wiring for each pixel, while the mi-
crowave readout is far less cluttered as only one coaxial line is
needed for hundreds of devices. Such readout operates similar
to frequency domain multiplexing (FDM) for microwave kinetic
inductance detectors (MKID). The planar twin slot antenna has two
parallel slots in a metal ground plane which are excited coherently
by short sections of a coplanar waveguide (CPW) line with a SINIS
detector at the center. One section of the CPW is extended past the
slot in a long superconducting section which functions as a quar-
ter wavelength resonator. This resonator is short circuited to the
ground plane at the far end, with the expected open circuited end
terminated by the SINIS detector in the antenna. We measured the
response of sample to black body radiation temperatures 6 K and
9 K. The corresponding dynamic resistance maximum drops from
50 kΩ down to 30 kΩ. An RF readout channel comprising a copla-
nar coupler and a coplanar resonator has a resonant frequency of
1.8 GHz. Unloaded Q factor (without incoming irradiation) is 200.
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The signal spectral characteristics and the response to the black
body radiation have shown design values as expected.

Index Terms—SINIS detector, microwave readout,
superconducting quarter-wavelength resonator.

I. INTRODUCTION

A T THE moment implementation of the terahertz band is
one of the most quickly developing spheres with great

prospects for different applications [1], such as astronomy,
medicine, warfare, security systems, etc.

The astronomy projects set the most ambitious requirements
to the parameters of receiving systems. So far the best results
are to be seen in space-borne THz receivers. Such receivers are
designed for studying cosmic microwave background (CMB)
radiation and interstellar dust and gas clouds, or searching
for possible variations of some fundamental constants. Such
research is mainly related to experimental verification of mod-
ern cosmological theories. Many ground-based observatories
already exist, as well as balloon and space missions for space
exploration in this frequency range have been launched and
being developed. As an example, such projects are ALMA
[2],[3], South Pole Telescope [4],[5], OLIMPO [6], [7], Planсk
[8], [9], MILLIMETRON [10], [11], etc. The requirements set
by those projects to modern receiving systems include a wide
dynamic range and noise equivalent power (NEP) below 10−16

W/Hz0.5 for ground-based observatories and 10−19 W/Hz0.5 for
space missions. At present the most advanced and widely used
types of direct THz detectors are transition edge sensors (TES)
[12], [13] and kinetic inductance detectors (KID) [14], [15]. TES
have high sensitivity, but the dynamic range is narrow, rate is low,
and operation requires high stability of the bath temperature. The
main advantage of KIDs is a low level of intrinsic noise since the
Nyquist noise does not occur, but the absolute value of the kinetic
inductance response is relatively low. In the superconductor –
insulator – normal metal – insulator –superconductor (SINIS)
[16], [17] detectors the dynamic range is over 30 dB, responsivity
approaches 109 V/W, and it is not so sensitive to variations of
bath temperature.

One of the noise sources in such instruments is a readout
system, which is the main problem of creating arrays with a
large number of receiving elements (pixels). Readout systems
with a large number of transistor amplifiers and with a large
number of wires have a high level of intrinsic noise, which
complicates the signal detection. SINIS detectors have tradi-
tionally room-temperature dc JFET-based readout. Such readout
involve a lot of wiring down to the low temperature stage of
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Fig. 1. Schematic image and SEM photos of different types of SINIS detector.

the detector cryostat, while the microwave readout is far less
cluttered with only microwave coaxial line for hundreds of
devices. Accordingly, our research presented in this paper is
focused on creating and testing a prototype of receiving structure
based on a SINIS detector with a microwave readout system. We
demonstrate the feasibility of such readouts, while their ultimate
characteristics will be the matter of further research.

II. SINIS DETECTOR

The schematic image of a SINIS detector is presented in
Fig. 1. The sensitive element of such detector is absorber made
of normal metal typically around 1µm×100 nm with thickness
of 15 nm. The radiation absorption in the SINIS structure leads
to heating of the absorber, which can be measured as the tunnel
current increase in the NIS thermometers. The nature of radi-
ation absorption in such detectors has a complicated quantum
character [18].

Typical characteristics of the SINIS detector with the JFET
readout system are as follows:
� Responsivity – 109 V/W;
� NEP – 10−16 W/Hz0.5

� Detectors integrated in array are operable with a high
background load [16], [17]

� Quantum efficiency - 15 electrons per quantum. High
quantum efficiency can be achieved by fabricating a SINIS
detector with a suspended absorber [18], [19]

III. MODELING

The schematic image of our model, which is a SINIS de-
tector integrated in a planar 90 GHz band twin-slot antenna
with a 13.85-mm long superconducting resonator is shown in
Fig. 2(left). A planar twin-slot antenna (Fig. 2 right) has good
directivity characteristics when used with a quasioptical horn or
dielectric lens. This central frequency of 90 GHz was selected
as we are planning to test the device at the BTA (Big Telescope
Alt-azimuthal) [20], [21] where the atmospheric transparency
above 100 GHz is poor. We have chosen this optical telescope

as it is the best instrument in Russia available for millimeter and
sub-millimeter radio astronomy observations.

A. CPW Quarter-Wavelength Resonator

The resonant frequency of a quarter-wave resonator is deter-
mined by the Eqn. (1), where vf is the phase velocity (Eqn. 2)
and l is the resonator length.

Fres = vf/4l (1)

vf =
1√
C · L (2)

C and L = L’ + Lkin are capacitance and inductance per unit
length. C and L’ can be calculated by using conformal mapping
techniques [24]. Lkin is kinetic inductance calculated with Eqn.
3 from [25].
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where K(k) is the elliptic integral, t - the film thickness and λL
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The A-D parameters are calculated with the following equa-
tions from [25]:
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The calculated dependence of the resonant frequency on the
operating temperature is shown in Fig. 3

The developed structure was modeled in CST STUDIO
SUITE. We chose PEC (perfect electric conductor) for the
material of the resonator. To take into account the additional
kinetic inductance we used the additional lumped inductance.
The modeled S21-parameter is shown in Fig. 4.

IV. FABRICATION TECHNOLOGY

The fabrication process of a sample includes two technology
steps: firstly, formation of an NbN layer consisting of CPW, twin-
slot antenna, conducting wires, and contact pads, and secondly,
fabrication of the SINIS detector.

NbN layer ( Fig. 5): The thin 50 nm film of NbN is sputtered
on the high resistance silicon substrate. For formation of the
resistive mask by e-beam lithography the UV5-0.8 resist was
used. After developing the NbN film was etched in Cl2/Ar
plasma.
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Fig. 2. The schematic image of modeled structure. Measured spectral response [22], [23].

Fig. 3. Dependence of the resonant frequency on the operating temperature.

Fig. 4. Modeled S21-parameter in CST SUITE STUDIO.

Detector Fig. 6 [ 23], [ 26]: The bridge-free technology of
the detector fabrication is shown in Fig. 6. The key element
is to deposit separately two layers of different metals into two
orthogonal deep grooves in a two-layer resist. While the depo-
sition of the first film along the first groove film is not deposited
into the orthogonal groove, since the deposition angle is chosen

Fig. 5. The schematic image of fabrication of NbN layer.

Fig. 6. The schematic image of bridge-free technology: The exposed structure:
top view (a) and structure after developing in 3D-pespective (b).(c) – deposition
of the first film (normal metal absorber –Fe/Al). After that, Al film is oxidized for
formation of tunnel barrier. (d) – deposition of the second film (superconductor
electrodes, Al); (e) – lift-off.
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Fig. 7. Photos of fabricated sample.

Fig. 8. The schematic image of experimental setup.

so that in the direction of the second groove, the deposition
occurs on the resist wall with subsequent removal together with
the resist. Similarly, when another film is deposited along the
second orthogonal groove after rotation of the substrate by 90°
around the axis, film is deposited only in the second groove.

The fabricated sample is shown in Fig. 7, left. For reducing
the resistance of the absorber required to match the impedance
of the antenna it is possible to make detectors with a number of
parallel absorbers (example Fig. 7, right)

V. EXPERIMENTAL SETUP AND RESULTS OF MEASUREMENTS

The He3 refrigerator Heliox-AC-V by Oxford Instruments
was used for cooling down the samples and the readout amplifier.
The schematic image and photo of the experimental setup are
shown in Fig. 8. A cold HEMT amplifier with circulator at the
input was mounted on the plate with temperature of 2K and the
sample holder on the cold plate with the operation temperature
of 280 mK. We developed and made a special sample holder
with two SMA connectors for testing different samples with the
microwave readout system [22].

As the main objective, we measured S21-parameter (Fig. 9)
at the operating temperature of about 300 mK. Also, the de-
pendence of the resonant frequency on operating temperature
was measured (Fig. 10). The dynamic resistance and response
to the black body radiation with temperatures of 6 and 9 K were
measured and presented in Fig. 11. The samples were fabricated
during the same technological cycle as the samples from [22].

Fig. 9. The measured S21-parameter [dB].

Fig. 10. Dependence of the resonant frequency on operating temperature: a -
Measured S21-parameter; b -Comparison of calculated and measured resonant
frequency.

Fig. 11. Measured dynamic resistance (left) and Response to black body
radiation (right). [11].
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The measured characteristics of SINIS detectors are the same in
both cases.

VI. CONCLUSION

A SINIS detector with microwave readout at resonant fre-
quency of 1.8 GHz was designed, fabricated and experimentally
studied. The spectral response was measured at a signal fre-
quency in a frequency band of 90 GHz. The electrical response
and dynamic resistance of such a bolometer at external radiation
were measured at black body temperatures of 6 and 9 K. The
dynamic resistance variates from 50 to 30 kΩ. The Q-factor of
the readout resonator changes from 200 to 400. According to
the obtained experimental data, we demonstrate that the SINIS
detector can operate with a microwave readout system. The next
step of our work is fabrication of SINIS detector matrix with
different lengths of coplanar resonators on a single chip for
separate readout via single coaxial.
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