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ABSTRACT

Superconducting granular bridges of Y-Ba-Cu-O
show the ac Josephson effect. A spectral detector
is built up with a granular bridge as the sensor,
which is coupled to a microstrip line. The device is
operated in the millimeter wave range (Ka-band)
in liquid nitrogen at a temperature of 77 Kelvin.

INTRODUCTION

In superconducting electronics, Josephson point -
contacts are well known for the application of very
sensitive spectral detectors, especially in the mil-
limeter wave range [1], [2]. The change of their
dc V(I) characteristic on injection of a RF signal,
contains information about the signal power Pj
and, in addition, allows a direct determination of
the signal frequency f;. A device with these fea-
tures we call a spectral detector. Standard semi-
conductor devices need a separate local oscillator
for the determination of the signal frequency. A
Josephson spectral detector makes use of the first
Shapiro step. The voltage V; of this first Shapiro
step is derived from the second Josephson equa-
tion as

Vi = hf1/(2e) (1)

(h = Planck’s constant; e = elementary charge).

Up to now any application as a Josephson detec-
tor was restricted to temperatures lower than 20

Kelvin, due to the available superconducting met-
als and alloys. Practical devices were operated at

liquid helium temperature or even below.
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During the last two years, several authors reported,
that some devices of granular superconducting high-
T, material show V(I) characteristics with a be-
haviour, which is similar to Josephson point -con-
tacts even up to temperatures above 77 Kelvin [3],
[4]. Now they can be operated with inexpensive
liquid nitrogen cooling. This work describes the
operation of an experimental detector with one of
these devices, a granular bridge of Y-Ba-Cu-O, as
the sensor.

GRANULAR BRIDGES

We manufactured the granular bridge from a bar
of bulk Y-Ba-Cu-O material of about 10 mm Xx
1 mm X 1 mm. Thin gold layers are evaporated
on the contact areas, where thin dc-V and -1 cop-
per leads are connected by the use of silver paint.
Protections are taken against mechanical breaking
of the sample by gluing it to a ceramic substrate,
see fig. 1, and then a cut is set to reduce the cross
sectional area of the bar.

The quasi-twodimensional structure gives the pos-
sibility to integrate the granular bridge into a pla-
nar circuit, as we shall show below. Another ad-
vantage, compared to standard point-contact struc-
tures, which are made out of two pieces, is the
renunciation of mechanical adjustment during op-
eration.

The granular bridge is not to be confused with a
microbridge or a VI'B (Variable Thickness Bridge)
[5]. All dimensions of this Y-Ba-Cu-O device are
large compared to the coherence length of the ma-
terial. A random network of intergrain boundary

Josephson junctions is responsible for the appear-
ance of Shapiro steps in the de V(I) characteristic,
if a RF signal is injected.
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PLANAR CIRCUIT OF THE
DETECTOR

The planar circuit is shown in fig. 2. It consists of
a broadband transition from Ka-band waveguide
to microstrip line with low impedance. The gran-
ular bridge is mounted as a termination to the
microstrip line. A final stub provides a short cir-
cuit at the plain of the reduced cross sectional
area of the granular bridge, which is positioned
over a narrow slot across the strip. The ends of
the strips are contacted to the bridge by addi-
tional gold layer areas. All dc lines show high in-
put impedances for high frequencies to avoid RF
losses in the millimeter wave region.

THE MEASUREMENT SET-UP

The granular bridge and the planar circuit are
mounted in a suitable housing with a Ka-band
waveguide flange. This housing is immersed lig-
uid nitrogen in a simple cryostat (see fig. 3). The
RF signal is fed through a waveguide. Signal fre-
quency and power can be varied and measured
at the flange plain of the cryostat. The dc V(I)
characteristic of the granular bridge is sampled by
setting the dc current and measuring the dc volt-
age. Using a chopped millimeter wave generator,
the voltage is measured without and with millime-
ter wave injection before setting a new bias point.
A very sensitive preamplifier in connection with a
low pass filter to reduce external noise is needed
for an exact measurement of the voltage. The
measurement procedure is controlled by the com-
puter. The stored data will be used to calculate
the signal power and the frequency.

. FIRST MEASUREMENTS

An example of dc V(I) characteristics of a gran-
ular bridge is given in fig. 4, measured at 77 K.
The curve on the right hand side is obtained with-
out injected RF signal. The bridge shows a criti-
cal current of I, = 14.2 mA. Rather small noise
rounding is seen at the transition from the super-
conducting to the resistive part of the curve. The
resistive part has a nearly constant differential re-
sistance of Rg = 13 mf). It will not change for
larger bias currents I, at least to the maximum

measured value of I = 100 mA.

The other curves show the deformed characteris-
tics by injection of a 35.5 GHz signal of different
power levels to the detector. The left hand curveis
obtained with the maximum injected power ( 0 dB)
the other ones are due to attenuations of 0.3, 3, 6,
and 10 dB.

With increasing the signal power, the first Shapiro
step appears at a voltage V; = 73.5 uV and the
width Al of it grows. If more signal power is ap-
plied, Al; will decrease again, but the detection
regime will not be extended to these power lev-
els. Some of the curves in fig. 4 show the second
Shapiro step at a voltage of V3 = 2 V;. The de-
crease of the critical current I, by the injection of
the applied millimeter wave signal is not shown in
the right scale. For better separation of the curves
we gave a negative dc current offset to the charac-
teristics with incident signal power. Signal injec-
tions at other frequencies result in corresponding
curves.

The measurements of the described detector have
not been finished yet. It will soon be characterised
by the values of minimal detectable power, dy-
namic range and sensitivity.

CONCLUSION

After the first observation of the ac Josephson ef-
fect in granular devices with the new high-T, su-
perconductors about almost two years ago, an ap-
plication for a Y-Ba-Cu-O granular bridge as a
sensor for a millimeter wave spectral detector is
presented here. It is supposed to be one possi-
bility for the use of high-T, superconductors in
microwave and millimeter wave systems.
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2//, backside metallization

1) high impedance microstrip lines
2) thin copper wires

3) open - to short circuit transform
4) RF - block capacitors

5) bias current connectors

6) dc - voltage connectors

7) broadband transition from Xa - band rec-
tangular waveguide to 11a microstrip line
via antipodal finline

Fig. 2 Planar circuit of the detector.
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Fig. 3 Block scheme of the measurement set-up.

Fig. 4 dc V(1) characteristic of a granular
bridge for a millimeter wave signal
of f1 = 35.5 GHz with various power
levels, from the left hand curve to
the right hand curve : max. power
(0dB), -0.3dB, -3dB, -6dB, -10dB
and -=dB.
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