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Superconducting subterahertz range oscillators: history and new
developments
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The paper presents the results of development a new type of oscillators based on arrays of Josephson junctions
included in a superconducting coplanar line. Subterahertz range (200—700GHz) oscillators based on arrays of
tunnel Josephson junctions Nb—AlOx—Nb and Nb—AIN—NbN shunted by a thin-film resistor are investigated.
Several series of oscillator’s samples are manufactured, including arrays of 100, 200, 350 and 600 Josephson
junctions with an area of 2.8 um® and 4.2 um?. Studies of superconducting oscillators using integrated radiation
detectors have shown the possibility of frequency tuning in the entire operating range up to 700 GHz with an
output power of up to 0.4uW for an array of 600 junctions with a tunnel current density of 7kA/cm?, which is
sufficient for applications in superconducting integrated receivers. The use of a superconducting harmonic mixer
made it possible to measure the radiation spectrum of a superconducting oscillator at frequencies up to 700 GHz
in the frequency stabilization mode and to implement the phase-locked loop mode. Further prospects in the field
of developing superconducting oscillators in the terahertz range are discussed.
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Introduction

Superconductor electronics devices based on tunnel
superconductor-insulator-superconductor Josephson junc-
tions (SIS) play an important role in many applied and
fundamental studies. Operating frequencies in the terahertz
(THz) range and cryogenic temperature make it possible to
achieve a set of unique characteristics that are impossible
for devices based on other operating principles. Strong
nonlinearity near the gap frequency of the SIS junctions [1]
makes them irreplaceable elements for superconducting
mixers in heterodyne receivers with a noise temperature
close to a value of the quantum limit T, = hf /2kg [1,2].
We should also note a low level of intrinsic noise of the
receiver elements, which is achieved due to operation at the
cryogenic temperatures, as well as frequency convertibility
with amplification in the SIS mixers.

Receivers based on superconducting elements are used
in ground [3,4] and space [5,6] radio astronomy, when
monitoring an atmosphere composition [7,8] and in other
fundamental studies and applied fields. At the same time,
a local oscillator for heterodyne receiver can be integrated
together with the mixer in one chip [7,8], thereby making it
possible to significantly increase efficiency of the devices.

The heterodyne oscillator for the superconducting
terahertz-range receivers shall provide continuous tuning of
the frequency within the entire range of operation of the
SIS mixer and power sufficient for its pump as well as
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high spectral quality and low phase noises. Weight and size
characteristics and energy consumption of this heterodyne
oscillator are very important for space applications. Now,
for the most SIS receivers the heterodyne is provided by a
system of multipliers and power amplifiers [9,10], which can
obtain the power of up to 2mW at the frequency of 1 THz
with efficiency of 5% [9]. At the same time, the THz-range
heterodynes that are suitable for operation when they are
included in space telescopes, can be manufactured only in
several scientific centers of USA and Europe. Therefore,
it is fundamentally important for Russia-created cryogenic
receivers [11] to design alternatives of the heterodyne,
wherein one of the most promising options herein is a
superconducting THz-range oscillator.

Works on creation and research of the subterahertz range
oscillators based on superconducting junctions have been
still underway since discovery of the Josephson effect.
However, until recently, only the systems based on long
Josephson junctions (LJJ) have in one device combined
both terahertz oscillation with frequency tuning within the
wide range as well as a narrow radiation linewidth required
for practical use of such oscillators. The LJJ is one of the
most studied types of the Josephson oscillators [11,12]; it is
a long tunnel SIS junction (of a length much larger than the
Josephson depth of penetration of the magnetic field into a
contact 13), wherein the applied magnetic field and a bias
current create a unidirectional flux of Josephson vortices,
while each of them contains one quantum of the magnetic
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flux. In modern superconducting integrated receivers, the
LJJ is usually used as the generator.

The LJJ is a complex dynamic system, which can
be accurately described only within the framework of
a microscopic tunnel junction model [13]. The vortex
dynamics depends both on a value of the magnetic field and
the bias current that are applied to the junction as well as on
radiation that propagates within the junction, which, in turn,
depends on a degree of matching of the LJJ with a load [14].
Thus, to estimate the power and impedance of the LJJ, it is
necessary to solve the self-consistent problem [13], where a
supercomputer cluster was used for this purpose. Simpler
models do not take into account many specific features,
which turn out to be important in practice. Besides, a form
of the current-voltage curve of the LJJ varies during thermal
cyclings, therefore, even when using an automated system,
pre-adjustment of the heterodyne requires some time (about
1 min) [7,12].

At the voltages below Vy/3 (Vg — a gap voltage of
the tunnel junction), the LJJ operates in a Fiske steps
resonance mode [15]. On the steps, differential resistance
and, consequently, an autonomous width of the phase-
locked loop mode line are quite small, thereby making it
possible to quite simply select an operating point on the
step. However, it is impossible to select the operating
point when voltages are between the steps. Besides, when
an electromagnetic wave propagates inside the LJJ at the
frequencies above the Nb gap, a decay coefficient sharply
increases, thereby limiting applicability, at the frequencies
above 700 GHz, of the LJJ made according to the tech-
nology Nb—Al/AlOy—Nb and even Nb—AI/AIN—NDN, in
which only one electrode is made of niobium. It should
be noted that using niobium nitride (NbN) with a critical
temperature of about 15K as a material of both the
electrodes of the distributed tunnel junction will not solve
all the problems. It is related to high surface resistance of
the NbN films at the high frequency [16]. For this reason,
the most receivers designed to operate at the frequencies
above 700 GHz use other niobium compounds with smaller
surface losses, for example, NbTiN. However, presently,
there is no well-developed technology for producing high-
quality tunnel junctions with the NbTiN electrodes.

An alternative is to use an array of N small (the size is
much smaller than 1;) Josephson junctions [17-26], thereby
making it possible to get a gain in power in N times as
compared to the single junction. Besides, provided that
impedance of the external load is matched with the array
impedance, there is also a decrease of the linewidth in N
times [17,19], which is necessary for implementing a phase-
locked loop (PLL) system in spectroscopy tasks. It should
be noted that if the array is not matched with the load,
then both power increase and decrease of the linewidth
varies according to the law N2 [19]. But in this case
synchronization will be possible only at limited amount of
the frequencies that correspond to geometrical resonances
in the line. If the junction is in a wave node, then its

oscillation frequency will be somewhat different from the
others [20].

Results of investigation of one-dimensional and two-
dimensional arrays of the Josephson junctions are given
in the literature. Various arrangements of the junctions
in the array were used: in groups at the distances that
are equal to a half of the radiation wavelength [18] and
regular arrangement of the junctions at the distance that is
much less than the wavelength [23]. In the first case the
radiation spectrum is limited by the geometrical resonances
in the line; but at the same time it is possible to obtain
oscillation of radiation of the power of up to 160uW at
the frequency of 240 GHz, which was demonstrated in the
study [21] by means of a single-Josephson-junction detector
with the oscillator in the same chip. This power is already
enough for radiation into open space. It is simpler to achieve
synchronization in this case, as all the junctions turn out
to be in antinodes of the electromagnetic wave (they are
arranged by groups in the array in 1/2). In the second case,
the limitation related to the geometrical resonances is caused
only by sizes of the entire array (the resonances become
more frequent and have less quality factor), thereby making
it possible to tune the frequency. The paper [25] provides
results of investigation of the array that consists of 9996
junctions Nb/NbSi/Nb; while the operating frequencies are
within the range from 139 to 343 GHz with a capability of
continuous tuning of the frequency. The junctions can be
synchronized by excitation of modes in a substrate. The
radiation linewidth in the best point is below 1 MHz. The
main parameters and characteristics of the oscillators on the
arrays studied in the papers [21-25] are given in Table. In
all the papers, except for [24,25], the output power was
measured by means of a detector that was arranged in the
same chip as the studied array.

The present study is dedicated to investigation of the
subTHz-range superconducting oscillators that are based
on the one-dimensional arrays of the tunnel SIS junctions
Nb—AIOy—Nb and Nb—AIN—NbN, which are shunted by
thin-film resistors. A new array design is proposed, manu-
factured and studied, wherein the junctions are included in
series and embedded into a central electrode of the coplanar
line. As compared to the long Josephson junctions, an
important advantage of these arrays for operation at the
subTHz frequencies is significant reduction of the influence
of losses in the superconducting electrodes due to a various
configuration of high-frequency currents, which in the LJJ
flow directly in an area of the tunnel junction. Using
the coplanar line enables forming the line electrodes from
materials with higher values of the critical temperature and
the gap voltage (therefore, with small surface losses at the
frequencies of about 1 THz), whereas the electrodes of the
tunnel junctions themselves can be manufactured based on
well-adjusted approaches and procedures. At the same time,
it is possible to use the tunnel junctions with a very high
current density despite significant deterioration of a quality
parameter, since the tunnel junctions are shunted with
an additional resistor. A technique of manufacturing the
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Parameters of the oscillators based on the arrays from the papers [21-25]

Operating . Width of the
Maximum a Arrangement
Paper range, N oscillation line, . .
GHz power, uW MHz of the junctions
[21] 240 1968 160 No data available 1D, | = 2/2, groups
[22] 566, 625 11 10 8 1D, 1 =1/2
[23] 200—500 20 1.5 103 1D, | = 1/2, groups
[24] 53-230 10 x 10 0.2 0.01 2D, « 2
[25] 139-343 9996 30 1.5 ID, | « 2

Note.*groups means that the junctions within the group are at the distances < 1 from each other, while the distance between the groups 1/2.

experimental structures is described in Section 1. Section 2
is dedicated to description of integrated microcircuits for
studying the superconducting oscillators. Section 3 provides
a procedure of the measurements and the obtained results of
investigation of the various array types. The optimized array
design is described and the first results of measurement of
these structures are given.

1. Description of the technological
processes

The studied structures were manufactured using a tech-
nique that is multiply tested in V.A. Kotelnikov Institute
of Radio Engineering and FElectronics of Russian Academy
of Sciences and includes processes of optical and electron-
beam lithography, magnetron sputtering, reactive ion etching
and lift-off lithography [27,28]. This technique was tested
when manufacturing low-noise THz-range receivers for
radio astronomy and integrated receivers designed for mon-
itoring the atmosphere and laboratory applications [11,29].
The structures were manufactured by using equipment from
Unique Scientific Unit ,,Cryointegral“—,Technology and
Measurement Facility for Fabrication of Superconducting
Nanosystems using New Materials [30]; this facility is
unique and, in essence, the only one in the Russian
Federation, in which it is possible to manufacture high-
quality niobium-based tunnel junctions. In particular,
the technique of manufacturing the three-layer structures
Nb—AlOx—Nb makes it possible to produce the junctions
with the gap voltage Vy of up to 2.85mV and a ratio of the
sub-gap resistance to the normal one, which exceeds 20,
with good reproducibility of the parameters [27-29].

Let us shortly describe a technique of manufacturing
the integrated superconducting structures based on the
tunnel junctions Nb—Al/AlOy—Nb; let us note that for the
junctions based on aluminum nitride (Nb—AI/AIN—NbBN) a
process of oxidation of a thin aluminum film was replaced
by a nitridation process, while instead of niobium nitride
was used in the three-layer structure. The Al,Os layer of
the thickness of 100 nm is sputtered on the high-resistance-
silicon substrate by high-frequency magnetron sputtering.
Its main function is to protect the substrate surface when
forming a lower electrode. Then the three-layer structure

Technical Physics, 2025, Vol. 70, No. 9

Nb—AI/AlOx—Nb was formed: a thin aluminum layer
(7nm) is sputtered to the lower niobium electrode of the
thickness of 200 nm, which, when being oxidized in the
oxygen atmosphere, makes it possible to produce a tunnel
barrier of the thickness of 1nm. The manufacturing of
the three-layer structure is completed by sputtering with
70nm of Nb. A topology of the three-layer structure
is formed by lift-off lithography. Then, during plasma-
enhanced chemical etching, the SIS junctions are formed
in the mixture of CF4 and O, At the same time, the
aluminum layer prevents etching of the lower electrode.
After oxidation, in order to prevent short-circuiting, the
manufactured layers are anodized to form a thin oxide
layer (about 10nm) on the surfaces. After that, a silicon
dioxide layer of the thickness of 250 nm is sputtered, which
serves as an insulator in microstrip lines. Then, lift-off
lithography is used to form thin-film molybdenum resistors
of the thickness of 100 nm, the resistance is ~ 12/[]. Let
us note that the shunt is directly connected to the lower
electrode, rather than via the large-area SIS junction, and an
additional etching operation is carried out for this purpose.
Connection of the shunt via the SIS junction results in
origination of additional resonances in the current-voltage
curve of the oscillator, which are caused by excitation of
oscillations at a plasma frequency of the junction. The
process of manufacturing of the superconducting structure
is completed by a stage of formation of the upper niobium-
based electrode of the thickness of 350 nm, which is carried
out by lift-off lithography. In order to connect to the
experimental sample, a lift-off photolithography method is
used to manufacture golden contact pads to the base (lower)
and upper electrodes. An image of the technological layers
near the SIS junction in the array together with the shunt is
shown in Fig. 1.

2. Experimental samples

Fig. 2,a shows an image of one of the studied samples
in the optical microscope and presents an array of the 100
shunted Josephson junctions. Fig. 2,5 shows a magnified
image of the SIS junctions in the array together with the
shunts. The array is formed by junctions connected in
series, wherein each of them is shunted by the thin-film
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Figure 1. Image of the technological layers near one SIS junction
in the array together with the shunt made of the normal metal
(a position of a cross-section plane is shown by a dashed line in
Fig. 2,b). The layers from bottom to top: the silicon substrate;
the AL, O; buffer layer; the lower niobium electrode; the anode
oxide for preventing short-circuits in the Josephson contacts and
protecting the niobium surface when the junctions are formed;
the thin aluminum layer of 6 nm; the AlOyx tunnel barrier; the
upper niobium layer in the junctions; the silicon oxide insulation
layer; the normal-metal (molybdenum) layer; the upper niobium
electrode.

SIS-detector

Figure 2. Optical microphoto of the array of the 100 shunted
junctions (a) and the magnified image of the shunted SIS junctions
in the array (b).

resistor made of a normal metal (molybdenum). In all the
samples, the array is embedded into the central electrode
of the coplanar line. Several series of the oscillator samples
were manufactured [31] with a different current density in
the arrays that consist of the 100, 200 and 350 junctions of
the area of 2.8 and 4.2 um?. The junctions of the area of 2.8
and 4.2 um? are shunted with resistors of resistance of 1.5
and 12, while the critical current of the junctions with
the tunnel current density of 5kA/cm? is 110 and 170 uA,
respectively.

A high-frequency alternating signal generated by the
array is detected and studied by means of an integrated
detector on a single SIS junction arranged together with
the array in the chip (the SIS-detector, Fig. 2,a). In order
to independently measure the current-voltage curves of the
array and the detector, their matching circuit is provided
with a direct current block as a slot antenna (HF-circuit,
Fig. 2,a). A radial stub (Fig. 2,q, to the right) is required
for detuning of capacitance of the SIS detector. If the array
is connected by direct current as a standard microstrip line,
then a large portion of power of the HF signal flows into
this line at its resonance frequencies and is not recorded
by the detector. In order to reduce the influence of the
direct current connection line on the HF signal, at a distance
of a quarter of the wavelength from an edge of one of
the electrodes of the slot antenna the line is provided with
another radial stub (to the left of the HF-circuit, Fig. 2, a); it
ensures high line impedance in the connection point at the
operating frequency.

Implementation of stable oscillation at a certain frequency
requires a unhysteretic nature of the current-voltage curve
of each junction. Hysteresis occurs on the current-voltage
curve due to the fact that the junction has finite capacitance;
a hysteresis degree is characterized by the McCumber
parameter fc. In order to implement the unhysteretic nature
of the current-voltage curve, the McCumber parameter S
shall be below a certain value of about unity, wherein
its exact value depends on a model that describes the
Josephson junction [14]. The value of S; may be calculated
using the formula

Be = 2e|cR§C/ﬁ7 (1)

where |, — the critical current, 7 = h/2m, R; — the sub-
gap resistance, C — the capacitance of the junction. For our
case, the most adequate is a microscopic tunnel junction
model (TJM) [14]. This model specifies that in order to
obtain the unhysteretic current-voltage curve, the value of
the McCumber parameter, which is determined according
to the formula (1), shall be below 0.3. Due to using the
shunt, for the SIS junctions in the array there is the value
Be ~ 0.28 for the junctions of the area of 2.8 um? and
Be ~ 0.2 for 42um?, which allowed obtaining an almost
unhysteretic current-voltage curve.

It is shown in the paper [31] that within the framework
of the RLCSJ-model it is possible to obtain a calculated
current-voltage curve that is very close to an experiment.
It was found during HFSS simulation of the junction
characteristics that specific features on the experimental
current-voltage curve are related to excitation of resonance
due to capacitance of the junction and inductance of the
shunt. The presence of the SIS junction is simulated
by means of a boundary condition as described in the
paper [32]. The used parameters of the RLCSJ model of
the single junction Nb—AIN—NbN of the area of 2.8 um?
with the tunnel current density of ~ 13kA/cm?: the shunt
resistance Rs ~ 0.9 2, the shunt capacitance L ~ 1.7 pH,
the total capacitance of the structure is 0.361 pF.

Technical Physics, 2025, Vol. 70, No. 9
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3. Measurements and optimization of the
design of the oscillator arrays

The first stage included investigation of various options of
the design of the oscillator arrays [31], which include 100,
200 and 350 Josephson junctions with the tunnel current
densities of 5, 13 and 20kA/cm? (the photo of the array
of the 100 Josephson junctions is shown in Fig. 2). In
the batches with the junctions’ tunnel current density of
5kA/cm?, the width of the operating band is caused by a
characteristic of transmission of the matching circuit. In the
samples with the high tunnel current density, the oscillation
band turned out to be significantly narrower.

We have studied frequency dependences of the detector
pump current for the samples with the arrays of the 350
junctions of the area of 2.8 and 42um? The maxi-
mum operating frequency of the array with the large-area
junctions turned out to be somewhat lower, most likely,
due to large spurious capacitance of the junctions. On
average, oscillation power is higher in the array with the
larger-area junctions, but the peak power turned out to be
almost the same for the compared samples. It is found
for the samples with N =100, 200 and 350 junctions
Nb—AIOx—Nb (the tunnel current density is ~ 5kA/cm?
and the area is 2.8 um?) that with increase of the number
of the junctions in the array the maximum oscillation power
increases faster than N. Irregularity of the dependences is
most likely related to origination of standing waves in the
line and capture of the frequency in the respective operating
points. In the sample with the 350 junctions, irregularity
is most pronounced due to larger oscillated power and,
respectively, larger efficiency of the frequency lock. Besides,
there was a dip at the frequencies near 500 GHz, which is
due to return of the power into the array’s direct current
connection line.

The region with maximum pump from 200 to 450 mV
clearly exhibited resonance steps. A frequency distance
between the steps is approximately Af ~ 20GHz both
for the array with the junctions area S=2.8um? and
S=4.2um?. It is known that effective permittivity of the
coplanar line is [33]:

e = (e +1)/2, (2)

where € ~ 11.7 is relative permittivity of the silicon sub-
strate. The frequency interval between the resonances in
the coplanar line can be evaluated by the formula
Cc
Af Vel G)
The length L of the line of the 350 junctions in the
sample is 3500um, ¢ — the speed of line in vacuum.
Taking into account (2), the calculation according to the
formula (3) gives Af ~ 17 GHz, thereby making it possible
to state that the steps observed on the current-voltage curve
are most likely related to the geometrical resonances along
the entire length of the coplanar line, in which the array
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Figure 3. Photo of the optimized array of the 600 shunted
junctions.

embedded. A small difference can be caused by additional
capacitance and inductance, which occur in the line due to
the SIS junctions and the shunts, and frequency dispersion
of effective permittivity in the coplanar line.

In order to eliminate the above-listed problems (the
standing waves and return of the power into the array’s
direct current connection line), we have designed samples
with a match load at a non-emitting array end and an
optimized design of supply of feed currents. The topology
of the new structures was optimized in the Ansys HFSS
three-dimensional numerical simulation software. A method
of simulation of the superconducting structures in the Ansys
HFSS software is described in detail in the papers [32,34].
Fig. 3 shows the photo of the optimized oscillator array that
contains the 600 Josephson junctions. In addition to the
concerted load at a left edge of the array, spurious reflec-
tions are reduced by providing the design with additional
connections of external electrodes of the coplanar lines at
the turns (similar to the air bridge).

When the SIS detector is affected by an external variable
signal, probability of tunneling of quasi-particles is increased
due to photons absorption, whence the current-voltage curve
exhibits typical current steps. In this case the current-voltage
curve can be described by means of expressions from the
Tucker-Feldman model [1]:

> eV nhf
| (Vo, Vi) = I — ) loc (Vo + — 4
MoV = 3 2 (3 )tee (w20 @
where Vy — voltage in the operating point, Vs — the

amplitude of voltage of the external variable signal, f —
the signal frequency, h — the Planck constant, € — the
charge of the electron, N — the step number (the number of
photons that participate in a process of interaction with one
electron), Jn(@) — the Bessel functions of the first kind,
Ioc(V) — the current-voltage curve of the SIS junction
without external radiation. By approximating a form of
the current-voltage curve with the expression (4), it is
possible to determine the frequency and Vi as well as
the signal power with accuracy better than 3%. Fig. 4
shows the current-voltage curves of the detector at the
various frequencies of the external signal. A current value
at the quasi-particle step in the operating point Vy, which
is usually selected at the voltage a little less than the gap
voltage is called the pump current | pymp. At the frequency
of 411 GHz (the blue curve), the value of recorded power
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was 0.4 uW, which is already enough for application in the
superconducting integrated receivers [11,29].

If the critical current through the SIS detector is sup-
pressed incompletely, then in addition to the quasi-particle
steps the current-voltage curve also exhibits the Shapiro
steps (Fig. 4). The respective voltages are determined by
the formula

VShapiro = hf n/2e, (5)

where f — the frequency of the external signal, n —
the step number. The first and second Shapiro steps are
observed in Fig. 4 at the frequencies of 320, 411 and
516 GHz; while the steps are still visible above the gap Vj,
for example at the frequency of 411 GHz there is clearly the
fifth step (the voltage of 4.25mV) and even the sixth step
(5.1mV). By a position of the Shapiro steps, it is possible
to determine the signal frequency with higher accuracy than
by the position of the quasi-particle steps.

The current-voltage curve of the array of the 600
junctions is shown in Fig. 5 at the voltages below 800 mV;
a color marks the pump current of the SIS detector. The
current-voltage curve exhibits weakly pronounced current
steps (see the insert). Fig. 6 shows a dependence of the
pump current of the SIS detector on the frequency of the
oscillator on the array of the 600 Josephson junctions with
a matching circuit between the array and the SIS detector,
which is optimized within the range 300—550 GHz. The red
dashed curve marks a coefficient S,; of the matching circuit
between the array and the SIS detector, which is calculated
in Ansys HFSS. It is clear that the design is optimized so as
to significantly extend the operating range of the oscillator.
Moreover, a depth of resonances due to reflections from the
array edges does not exceed 1.5dB in the major part of the
range; while reflections from the array turns are small and
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—— No pump ,.:' |
250 320 GHz /)

— 411 GHz Z il

200 | 516 GHz 7 -
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—_
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Figure 4. Family of the current-voltage curves of the SIS
detector at the various frequencies of the signal from the array;
the critical current is partially suppressed by the external magnetic
field (320GHz — the red curve, 411 GHz — the blue curve,
516 GHz — the purple curve). The dashed curves mark results
of calculations according to the formula (4) when using the
experimentally-measured autonomous current-voltage curve.
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Figure 5. Current-voltage curve of the array of the 600 shunted
Josephson junctions of the area of 2.8 um?. The value of the
pump current in each point of the current-voltage curve is shown
by the color. The insert shows a portion of the current-voltage
curve within voltages that correspond to the frequency region
300—550 GHz.
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Figure 6. Dependence of the pump current on the oscillation
frequency of the array that includes the 600 Josephson junctions
of the area of 2.8 um?. The red dashed curve marks the coefficient
Sy; of the matching circuit between the array and the SIS detector,
which is calculated in Ansys HFSS.

do not manifest themselves at the dependence of the pump
current of the SIS mixer on the frequency.

The position of the Shapiro steps was taken to find that
the oscillation frequencies that are calculated by the Joseph-
son formula in terms of one junction and experimentally
measured differ by several percent, which can be explained
by incomplete synchronization of the junctions in the array
due to complex dynamics of the processes in the system
with a large number of the junctions [35].

The proposed topology of the arrays of the lumped
Josephson junctions allowed creating the controllable retun-
able terahertz-range oscillator with power that is enough
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Figure 7. Radiation spectrum of the array of the 600 junctions at
the frequency of 450 GHz, which is down-converted in frequency
and measured with resolution of the spectrum analyzer (RBW)
180kHz. The linewidth is 360kHz; the signal-to-noise ratio is
29dB.

for on-chip applications as the local oscillator in the su-
perconducting integrated receiver. A radiation spectrum of
the array of the shunted Josephson junctions was measured
by using an integrated structure shown in Fig. 2. In the
SIS detector, array radiation is mixed with harmonics of
the signal from a synthesizer adjusted to the frequency
15—18 GHz; in this measurement the SIS detector operates
as a harmonic mixer. The signal at the intermediate
frequency is output from a cryostat to an input of the
spectrum analyzer. Fig. 7 shows the radiation spectrum
of the array of the 600 junctions; an autonomous linewidth
is 360 kHz. The study [31] has demonstrated a capability of
frequency and phase stabilization of the radiation frequency
of these arrays at the frequencies of up to 650 GHz.

Conclusion

Summing up, we fabricated and studied the oscillators
based on the arrays of the Josephson junctions connected
in series and embedded into the central electrode of the
coplanar line; each junction was shunted by the thin-film
resistor made of normal metal. In the topology suggested,
it was possible to achieve the radiation with continuous
frequency tuning within the range 100—750 GHz. We also
investigated the impact of the areas of the junctions on the
output power of the array. For the array with the junctions
area S= 2.8 um? pump of the SIS-detector at frequencies
up to 700 GHz was observed. With increase in the number
of junctions in the array, the power recorded by the detector
increases.

We also optimized the array design that allowed to
significantly expand the operating frequency range of the
oscillator to improve the uniformity of the output power;
the depth of the resonances due to the reflections from
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array edges does not exceed 1.5dB in a major part of the
range. The peak power of the detector was 0.4 uW; it is
sufficient for the on-chip application in the superconducting
integrated circuits. The present study is a step on the way to
the superconducting local oscillator based on the arrays of
the shunted Josephson junctions connected in series, where
the array is embedded into the central electrode of the
coplanar line. Furthermore, there are a few methods for
further increasing its radiation power.

Compared to the long Josephson junctions, the arrays in
proposed topology have an important advantage in operation
at subTHz frequencies that is smaller impact of the surface
losses in the superconducting electrodes due to another
configuration of high-frequency currents which flow directly
in the area of LJJ. The coplanar line enables the fabrication
of the electrodes from the materials with higher critical
temperatures and the gap voltage (therefore, with smaller
surface losses at frequencies about 1 THz). The Josephson
tunnel junctions meanwhile can be formed based on well-
established technologies. At the same time, it is possible to
use the tunnel junctions with the very high current density
despite significant deterioration of the quality parameter
since the junctions in the proposed design are shunted by
the thin-film resistor in order to suppress the hysteresis of
the current-voltage curve. Moreover, use of the self-shunted
junctions (e.g., [36]) would allow to reduce parasitic shunt
inductance and further extend the operating range to high
frequencies.
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