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Abstract

Tunable superconducting resonators have been dem-
onstrated using microstrip circuits of YBCO at 77
Kandniobium at 4 Kcoupled to polycrystalline mag-
netic games substrates. At X band and 77 K, a tuning
range Affiof greater than 3% and Q of 2500 have
been demonstrated in applied fields of 100 Oe for
YBCO. The figure of merit 2QAffi is 175. For nio-
bium at 4 K a Q of 5000 has been demonstrated and a
figure of merit of 288. An analytical model gives
good agreement with the measurements.

Introduction

Planar superconducting bandpass filters have proven
to be useful in many applications, for instance cellu-
lar telephone systems, because of the low loss and
sharp skirts that are possible with superconductors
while maintaining a compact geometry

[1]. In many applications, however, greater utility
would be gained with tunable filters. Both tunable
bandpass and bandreject filters have been shown to
have important applications. In addition to the low
loss and sharp skirts of superconducting filters, which
the tunable filters must preserve, such filters must
also provide wideband tunability of 5-10% or greater
and a short tuning time of 1 I-LS or less. Such speci-
fications are difficult to achieve by conventional
technology with size and weight comparable to that
of a superconducting filter, even taking into account
the necessary cooling system for the superconductors.
Previous reports of superconducting tunable filters
have been primarily on the use of strontium titanate
(STO) nonlinear-dielectric thin-film overlays to pro-
vide the tuning by means of the voltage-dependent
dielectric constant of the STO
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[2]. Such devices, while providing adequate tunabil-
ity range and speed, suffer from degraded perform-
ance because of the low quality factor of the STO
whose tan 5 is greater than 10-3. Magnetically tun-
able resonators fabricated from YBCO ft is deposited
on single-crystal YIG substrates have also been re-
ported

[3]. The tunability of these devices was adequate but
the performance, while encouraging was limited by
the Q of the YIG sample used. Although single crys-
tals have the potential of providing substantial advan-
tages over other forms of ferrite substrates, particu-
larly in applications that require frequent and rapid
changes of the magnetic state, their use in magnetic
components has been limited to cases for which the
unique features of single crystals are necessary. Con-
sequently, good quality crystals or epitaxial Dims of
adequate size are not commercially available at a
reasonable cost For our present initiatives, we are
using polycrystalline ferrite for the substrates. The
material is readily available in sizes needed for mul-
tipole filters, is inexpensive, and supports high Q
operation. In addition, the polycrystalline materials
may readily be altered in chemical composition to
optimize properties such as saturation magnetization
and coercive field for cryogenic operation. A figure
of merit K for tunable filters has been proposed.

[4]. It is defined as (1) where Af is the tunable band-
width, f is the frequency of operation, and QU is the
unloaded Q. Although originally introduced for the
nonlinear dielectric devices it can be used for the
ferrite devices as well. Typical K values reported for
nonlinear-dielectric superconducting resonators are
between 20 and 50. For the resonators described in
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this article the K value is nearly an order of magni-
tude greater, as discussed in the following.
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Figure 2: Schematic view of the niobium-on-ferrite micro-
strip resonator.

Experimental devices

We report here the first experiments to obtain wide
tunability and high Q using superconducting resona-
tors coupled to polycrystalline garnet ferrite sub-
strates (Trans Tech G121 O). We have exploited the
magnetic-field-dependent permeability p(H) of the

ferrite. These substrates have low loss at microwave
frequencies, and we have previously demonstrated [5]
that, by preventing penetration of the superconductor
by the dc magnetic flux in the ferrite, fer-
rite/superconductor devices can preserve the low
losses of superconductors yet allow interaction of the
rf fields with the ferrite. In this work, two different
devices were studied. The first is a YBCO microstrip
on LaAlOs that is clamped to the polycrystalline
ferrite substrate. The YBCO was deposited on botl
sides of the LaAlOg and includes a ground plane.
Figure I shows the YBCO resonator. This arrange-
ment is necessary because at the present time it is not
possible to deposit YBCO directly onto polycrystal-
line ferrite. To obtain the ordered growth required for
good superconducting properties it must be grown
epitaxially on a lattice matched substrate such as
LaA103. Placing the ferrite in intimate contact with
the YBCO stripline allows the Strong interaction of
the rf magnetic fields of the superconductor with the
magnetization of the ferrite and thus allows sufficient
tuning.
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