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Abstract -Step edge junctions on NdGgGubstrates
with a productlyRy\=50uV and a promising rather
uniform current density distribution along the junction Measurements ofjunctions
width at 77 K have been fabricated. 196 magnetometer
SQUIDs are integrated in a coplanar line resonator to tune junctions have been fabricated on (110) NdgaO
its resonance frequency magnetically. The resonaténbstrates with a step height=380 nm and a film
quality factor and frequency shift near 10 GHz and 50 thicknesst = 340 nm. Sometimes two Josephson currents

are investigated experimentally. are observed in thelg-Uj- characteristic probably
eminating from the upper and lower grain boundary at the
Introduction substrate step. However, in contrast to step edge junctions

on SrTiG, [11] the corresponding Josephson current ratio

Microwave applications like radar and antenna systenost NdGaQ substrates seems to be considerably larger. The
will need phase shifters. Commercial products based 6g-U;- characteristic of a step edge junction withré line
GaAs MMIC [1,2] could improve performance in bandwidth at 77 K in a swept external magnetic field is shown
width and insertion loss by using HTSC circuits [3..5]. Tén Fig. 1. The maximum Josephson currentgs 75pA
start the development of a phase shifter a coplanar linad the productigRy reaches 5@V. The Josephson
resonator with tunable inductance has been designed augrent can be suppressed by a magnetic field.
simulated [6,7]. Step edge junctions on different substrates
are used. They can be integrated easily in rf circuits an
allow acceptable properties at 77 K [8,9]. The phase shifter
allows for rather large tolerances of the maximum
Josephson current and can therefore be implemented wit
the present state of technology.

Fabrication HA

YBCO films have been deposited bif-axis sputtering
from a single stoichiometric target on (001) NdGaO
substrates in order to get almost untwinroedxis films
[10]. Current densities of 2xIvem? and surface
resistances of 2AQ at 10 GHz and 4.2 K have been
achieved. The anisotropy ratio of the dc resistivipgg,
and of the surface resistandeg/R,, at 10 GHz in the-
b-direction of the YBCO films is about 2. The steps have 20pvV UJ- UV—
been etched with Ar ion beam and a Nb mask.

50 A T

Fig. 1: The measured current-voltage characteristic of a
6 um wide step edge junction in a swept external
magnetic field at 77 K.
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Fig 2: Voltage versus magnetic induction at 77 K of &ig. 3: The Josephson currel}tof a step edge junction at
6 um wide step edge junction according to Fig. 1 at 77 K versus magnetic inductid@n
constant currerit..

The negative junction voltagd: as a function of the
external magnetic field or flux with a constant currgnis
presented in Fig. 2. The second minimum appears at about
twice the magnetic field value of the first one.

The |; -B characteristic at 77 K of a junction with
smaller widthw = 2.5um than in Fig. 1 and 2 is shown in
Fig. 3. Since thelg -U; characteristic exhibits noise
rounding the current; has been measured at consta
voltage of 1QuV. The Josephson curret}tis calculated in
subtracting the resistive component= |- 0pvi Ry
with Ry 01 Q. The Josephson penetration depth of the
step edge junctions may roughly be approximated: B,/B, =2.5 and 2.1, i.e. close to 2. The magnetic pene-

%

Ay (T=77K)= |—T°
2Mod jmax(T)

=2.3um

wherej (T = 77 K)y= 4.7 kAlcn? andd = 2A. The
magnetic penetration depth is estimated MF7 K)=
520 nm. Hence, the junction width in Fig. 3 is in the same
qrder than the Josephson penetration depth; self fields can
Pe neglected. For both polarities in Fig. 3 there are pro-
nounced minima. The second minimum is approximately

Zgro. The ratios of the inductions at the minim+| pr are

]

Fig. 4: Micrograph of a coplanar resonator section with magnetometers on a NdGafstrate. The resonator has a
length of 4 mm and a inner conductor width ofiB0.
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Fig. 5. a) Measurement results: Resonance frequénand quality factor Q versus the normalized control current. The
center frequency, = (f, + f, )/2 is calculated from the measured 3 dB - frequerfgidfs b) Simulated results
with | R = 135V [7].

tration depth is larger than the film thickness so that theear 10 GHz in Fig.5a changes periodically as a function
magnetic induction8g at the first minimum ofj can be of the applied control currerf or magnetic fluxg. The
estimated [12] period Al = 430 pA should correspond to one flux
quantum. Hence, within one flux quantum the maximum
frequency shift is 24 MHz. This periodic frequency and
quality factor dependence can be simulated with a simple
model assumingy R = 1354V as shown in Fig. 5b [7].
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For w=6 um and w=2.5 uym the inductions are
Bo = 110uT and 66QuT in reasonable agreement with
measurements according to Fig. 1 and 2, respectively. The
observed magnetic field dependence may be explained The magnetic field dependence of step edge junctions
rather by an uniform Josephson current density of a sinl@ NdGa@ can be approximated with a rather uniform
short junction than by an interferometer with a few poirfeurrent density inside the the junction. An integration of a

junctions in contrast to that of step edge junctions usualg§fge number of SQUIDs in a coplanar line resonator is
found on SrTiQ-substrates [11]. feasible. The resonance frequency has been changed

periodically with a magnetic field.

Conclusion

Measurement of the resonator
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