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Abstract - We report high harmonic content sideband

generrttinn with a Josephsun junction array as center

conductor uf a 50 Ohnl coplanar line. The line was fed

with a low level micruwave signal and an ac bias

current with a (Ic uffset. Over 100 harmonics of the ac

signal were observed in the mixing spectrum at rf

frequencies up tu 20 CI lz. The shape of the spectrum

changed with magnetic field and dc bias point.

I. INTRODUCTION

Tunneling of Cooper pairs from one

superconductor to another is associated with a

number of interesting effects. One of the results of

the pair tunneling is a hysteretic, non]inear

I-V-curve. Figure 1 illustrates this with the

characteristic of a Nb-AIOx-Nb thin film tunnel

junction driven by a swept current source.
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Figure 1. Gcncrnl Jmcphwn Tunnel Junctkxr IV Curve
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This planar two terminal device has associated with it

voltage levels of about 3 mV, current levels in the

mA range and 40 f11/pm2 capacitance. Applications

in 5(I Ohm systems are dif Cicult at these low signal

and impedance levels. Hence, series arrays have

been used to boost amplitude and impedance. Thin

film junction arrays have been used as S1S mixers

(l), vollage standards (2), parametric amplifiers (3)

aud wideband oscillators (4), for example. An

excellent overview of this a~ca with many references

is given in (5).

II. DEVICE LAYOUT AND FABRICATION

We focus here on the mixing behavior of a series

array in which the individual Josephson junctions do

not experience significant rf coupling between each

other. This means that an If signal generated by a

junction via the ac Josephson effect does not affect

any other junction. This situ{~tion existed in the

chosen circuit layout where 1000 relatively large and

hence high capacitance junctions formed the center

conductor of a 50 Ohtn coplanar line as shown in

Fig.2. A junction size of 40 ~m x 40 pm resulted in

a junction capacitance of about 64 pF per device,

substantially above the capacitance of the coplanar

line over the length of that device section. The.

Nb-Pb junctions were fabricated via standard thin

film deposition and process techniques. The base

layer for junctions, coplanar line, groundplane and

connections was a ctc magnetron deposited Nb

thi nfihn with about 300 nm thickness. Nb-NbOx-Pb
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Figure 4 shows a typical series array I-V-curve. As

opposed to the characteristic of a single device,

RF
multiple small discontinuities appear as a result of

Port
fabrication non-uniformities (Fig. 5).
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Junction
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junctions were formed via rf oxidation and Pb

evaporation. Their current density was approximately

200 A/cm2. A fixture with coaxial connections was

used for device evaluation. Rf and bias signals were

supplied by bias Tees located outside the liquid

helium test clewar for cooling of the circuit (l?ig.3).
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Figure 3. Test Setup
Figure 5. Detail of Iv Curve near origin
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III. MIXING

We explored the mixing properties of arrays with

nonuniform critical current distributions and found

sidebands with many harmonics in the output

spectrum. For example, a 2 GHz rf signal with an

amplitude of -30 dBm was supplied to the circuit.

The Josephson junctions were biased with a 5 kIIz

signal. It swept the I-V-curve symmetrically up to

the so-called gap voltage of *2.7 V (see I?ig. 4). The

resulting modulation spectrum contained more than

100 harmonics of this frequency as demonstrated in

Figure 6. Similar results were achieved at an

operating frequency of 20 GHz with a 200 Hz

modulation signal (Fig. 7).

CTR 1.9990 Gttz SPAI!200ktb’ RESBY1 ktlz VF OFF

REF -30 dBm 10 dB1’ “ ATH3 O d9 Sf? AUiO I

Figure 6. Orrlput Spectrum with 2G1 Jz LO & 5KHz Modulatkm

With a symmetric bias sweep and the

anti-symmetric I-V-curve of the array even

harmonics in the spectrum had a high level, odd

harmonics were suppressed (Fig. 8). An asymmetric

bias condition was achieved by dc biasing to about

1.5 V. The low frequency signal amplitude was

reduced to sweep only the positive half of the

I-V-curve. Now odd harmonics of the ac signal

appeared in the output spectrum in addition to the

even ones. An explanation was found by examining

the power series representation of the

I-V-characteristic. If it is anti-symmetric (see Fig. 1)

even powers will represent it. From mixing theory,

even harmonics will dominate the output spectrum.

-50DB14 21.999 999 36GHZ 500HZ
-70. 80BM 21.999999 35GHZ

1009/ EXT 19-27 INT 3HZ 100H2

Figrrrc 7. OuIpul Spcclrum with 2!2GHz LO & 2001”IZ

Modula[iun

For a bias into the first quadrant of the I-V-curve, for

example, all harmonics will be found after mixing

since the series expansion now cxmtains even and odd

powers. The observed speclral content thus changes

as a function of voltage bias conditions.

IOgurc 8. Supprcssim of Odd H:)rmmtics wilh Symmclric Bias

The shape of the resultant spectrum also dcpcndcd

on the level of m:lgnetic field applied to the circuit.

It caused a reduction of critical current Ic of

individual Josephson junctions. The envelope of tile

mixing spectrum without magnetic fieid application

appears to follow a l/JI behavior as expcclcd from

square wave modulation. The presence of a

magnetic field resulted in considerable distortion of
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this shape and ultimately suppression of harmonic

generation.

IV. CONCLUSION

While not pursuing a specific application with this

device, we have found some interesting properties of

Josephson junction series arrays used as a modulator.

Harmonic content 01 the mixing spectrum was

manipulated by dc biasing. Magnetic field

application altered the envelope of the spectrum.

Despite the typically low impedance and signal level

environment of individual Josephson junctions, the

array functioned in a 50 Ohm system at mW signal

levels.
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