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Submillimeter-wave Emitted by small parallel
Jos@hson junction arrays
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obtained byf=2eVya/h. A fundamental issue is to know the

Abstract— We report the first heterodyne measurements of ability of the parallel junction array to produce a real and
microwave radiation emitted by a parallel Josephson junction usable submillimeter signals. In this paper, we report the first
array at submm-wave frequencies. The array consists of 5 small measurement results of parallel junction radiation in the
Nb-based Josephson jUnCtiOnS non'evenly distributed in a Submm_wave range us|ng the heterodyne techr"que
superconductive microstrip and designed for RF coupling in the
480-640 GHz range. The microwave radiation was detected using
a SIS-mixer spectrometer optimized in the same range. We
observed submillimeter-wave emission when the array was
biased on certain Josephson steps, at the fundamental frequenc
of 493 GHz and 2° harmonic frequency of 242 GHz. This
strongly suggests that such non-uniform junction arrays
optimized for RF-coupling, in spite of their strongly discretized
nature, can host fluxon-induced resonances, which one can use i
several areas of submillimeter-wave technology and
superconductive digital electronics.

Il. CIrRCUIT

Index Terms—Josephson junction array, Submillimeter waves, Nb top electrode
fundamental radiation, harmonic radiation.

1 pm?2 SIS junctions

Nb base electrode

I. INTRODUCTION
Fig. 1. Photograph of parallel Josephson junction array integrated with

SlS_ (SuPercon.dUCtor_lnsu'.a.tor_SUpercondUCtor).JunCtlon bowtie antenna and RF choke filter. The circuit is constituted of 5 Nb/Al-
widely used in the submillimeter waves detection rang a0, /Nb identical junctions ofxw=1x1 um? embedded in superconductive

particularly from 0.3 to 1.5 THz [1-2]. It became Nb/SIO/Nb stripline of widthv=5 pm. The lengths separating the junctions
standard and inescapable component thanks to its  areli=20 um)l,=42ls=12 ym and,;=6 pm. Nb/A-AIQ/Nb is made up
sensitivity, able to approach the limited quantum. [3-4] he of_200 nm Nb—bas_e—electr(_)de, 10 nm Al and 400 nm Nb-top- electrode. The
. thickness of the SiO layer is 250 nm.
successfully demonstrated the ability of the paral
guasiparticule tunnel SIS junction arrays to produce low noise
frequency mixer in wide bandwidth. In this case, the mixer is . . )
optimized by considering the Josephson current completé]gmb.er and spacing betwegn the junctions hqvg been
suppressed when a sufficient external magnetic field is appli8 timized only in order_ to z_;1ch|eve brqadband subm!lllmeter-
perpendicularly to the plan of the array. Conversely, when t{éiVeé heterodyne quasiparticle SIS mixers [3-4]. As is shown
complex Josephson current is considered, this same pardffefigure 1, the circuits defined on 50pm-thick fused quartz
radiations at millimeter and submillimeter waves range. 18f |xw=1x1 pm? embedded in superconductive Nb/SiO/Nb
deed, as in long Josephson junction (LJJ), resonances apé@pline of widthw=5 pm and lengt#=80 pum. The spacing
in the -V curve at non-zero voltage values when an externBetween junctions, allowing to tune out the tunnel barrier
magnetic field is applied [5]. The corresponding frequency pacitance at desired frequencies, were optimized for best RF
coupling in 480-640 GHz allowing well detection, but also
) ) i ) ) well emission, of submillimeter-wave signals in that range.
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We investigated non-uniform parallel junction arrays whose
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used as a submm-wave source, and a twin-junction as the 8l3,, = 1.01 £ 0.005 mV then 1 + 0.005 mV mV (voltages
mixer [6]. The mixer output signal at intermediate frequencgorrespond to the maximum current where we expect
(IF) is fed through an isolator and a cryogenic HEMTmaximum output power, before escaping to another state that
preamplifier at 4-8 GHz, then measured using a power-meter either the next resonance or the gap voltage). The
and spectrum analyzer. respective frequencies aig,, ~ 488.2 + 2.42 GHz GHz and
4834 * 2.42 GHz, whereas the solid-state LO was tunfg at
= 4938 GHz. The external magnetic field of 87 Gauss was
“ applied. The twin-junction mixer is biased at 1.9 mV where it
pleseere is most sensitive. The IF power spectrum measured across the
4-8 GHz frequency range is shown in figure 4.

TABLE 1 VOLTAGES AND CORRESPONDING FREQUENCIES
GENERATED BY THE 5 PARALLEL JOSEPHSON JUNCTION ARRAY

o / N
A Airs

Mixer:

N V(mV) FUNDAMENTAL (GHz) = HARMONIC 2 (GHz)

Isolator

1 0.5 242 484
Powermeter 2 0.84 406.5 813
Spectrum analyzer Cryostat 2 3 1.02 493.6 987.2

Fig. 2. Setup bench to characterize resonances observed in 5 Nb/Al-
AlO,/Nb junction array IV curve. Cryostat 1 and cryostat 2 contain

100

respectively the junction array operating as submillimeter wave generator = 1 “"W'“g:::‘:”ra
and the twin-junction as mixer. < 08 Y
80 |- n=2 g os
S 04
The Josephson currents are entirely suppressed in the tv 60 & °2 basred
L o Pihted,

junction and must be finely controlled in the junction array b
a magnetic field generated by NbTi superconductive wil

300 400 500 600
n=3 Frequency (GHz)
. .

Current (HA)

coiled around a cryoperm core. On its quasioptical path, t 40 ¢ -

RF signals from the junction array must pass through a 13- .. I

mylar beam splitter, and twice across a 25-um mylar windo 20 e eue

at room temperature, a 250-um Zitex infrared filter at 77k ol

and a pair of cold elliptical mirrors at 4.2K. A 385-550 GH: Vgap
solid-state local oscillator (LO), combining a Gunn source ar 0 05 ! 15 2 25 3

a Schottky frequency-multiplier, was used to pump the S Voltage (mV)

twin-junction mixer. Fig. 3.1-V characteristic of the parallel Josephson junction array measured

at T = 4.2 K. Three resonances appear when weak external magnetic field

. . . . is applied. The insert shows the rf bandwidths of both the array and the SIS
Figure 3 displays resonances appearing inltffecurve of  receiver (twin junction) measured by FTS technique (Fourier Transform

the array whose current density is 10 kA/cmz2 for differer Spectrometry).
values of applied external magnetic field, measured at 4.2 K.
Three Josephson resonances emerged,ajV0.5 mV, 0.84 Requits

mV and 1.02 mV when the magnetic field ranges from 60 tReproducible spectral structure is obtained only in the
83 Gauss. The corresponding fundamental frequené®es presence of the resonance (ON). The change of the bias
26Varay IN) are~ 242, 406.5 and 493.6 GHz. voltage value from 1.01 + 0.005 mV (488.2 + 2.42 GHz) to 1
+ 0.005 mV (483.4 + 2.42 GHz) led the shift of the spectral
To determine which Josephson resonances, i.e. whistructure position fromiz ~ 4.3 GHz tdr ~ 7 GHz confirming
frequencies could be measured with our setup, whbespectral structure to be a beat produdiat Of o-farray .
characterized the RF coupling bandwidths of both the emitter
(junction array) and the detector (twin-junction), by Fourier Using the first resonance, similar measurements were
Transform Spectrometry technique (FTS). The instantaneoR@rformed. The junction array was current-biased at 0.5 =+
frequency response of the twin junction mixer and the junctich005 mV corresponding to 483.5 + 2.5 GHz with 60 Gauss of
array are respectively 410-640 GHz and 430-630 G,.&ppll_ed magnetic f_|eld.. Similar spectral structures were
frequency range [4]. The table 1 that summarizes the availagf2i@ined as shown in figure 5. The solid-state LO was first

frequencies shows that in this case only the fundamental of ltHQed at 490.1 t_hen at 491'.5 and 493.1 GHz. The positipn of
the structure shifted accordingly. When the array was biased

third resonance and th&harmonic of the first resonance can : )
on the second resonance, all frequencies of which
be masured. . .
(fundamental and harmonics) are completely outside of rf
bandwidths, no beat signal was detected. In all detection, the

Heter odyne measur ements . - . .
First, the circuit was voltage-biased on the third resonance a{F signal was broad with a Full Width at Half Maximum
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Fig. 4. IF power spectrum measured across the IF band of 4-8 GHz.
The junction array is biased on the third resonance at a) 1.01 + 0.005
mV then b) 1 + 0.005 mV. The solid-state LO is tuned at 494 GHz.
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(FWHM) ~ 200 — 300 GHz. This is probably due to the
instability of our voltage-bias: narrower IF signal By20 %
using the more stable current-bias mode, was obtained. In
addition, the LO source was not phase locked, nor was the
array magnetically shielded. With the use of a phase lock loop,
a very stable current-bias and the array magnetically shielded,
the linewidth can be greatly reduced. We also noted the
presence of 200 MHz noise signal probably caused by one of
the measurement instruments.

The radiation reported here is probably generated by
dynamic fluxons and the observed resonances as Fiske steps.
Under the influence of the magnetic field, fluxons propagate
unidirectionally and synchronized to cavity mode standing
waves Further detailsaregivenin [7].

IV. CONCLUSION

We investigate a non-uniform array of small Nb/4Kb
Josepson junctions with ~ 10 kA/cm2 of current density
operating as submm signals generator. Using the heterodyne
technique, the measurements indicate with no ambiguity that
SIS junction array can generate submm-wave signals at its
fundamental and harmonic frequencies. They open the way to
on-chip integration of heterodyne receivers with the digital
processing unit. They could be used as local oscillator instead
of a LJJ (Long Josephson Junction), suitable to deliver higher
output power with larger bandwidth. Indeed, LJJ has an
impedance often <C while the small junction array can
present several tens of ohms. Moreover, non-uniform arrays
can be designed to provide very wide coupling bandwidths.
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