TUNABLE SUPERCONDUCTING BAND-STOP FILTERS

S. S. GevorgiaA® E. F. Carlssori, E. L. Kollberg® and E. Wikborg®

*Microwave Electronic Laboratory, Department of Microelectronics, Chalmers University of
Technology, 412 96 Goteborg, Swediso at Ericsson Microwave Systems AB, 431 84 MéIndall,
SwedenEricsson Components AB, 164 81 Stockholm, Sweden

ABSTRACT

Electrically tunable notch filterbased orbulk single
crystal SrTiQ (STO) parallel-plate resonatovgith High
Temperature SuperconductingHTS) electrodes are
reported.The filtersoperate at temperatureglow D K.
The center frequency, located ithe range0.5-2.0 GHz,
can be controlledvith an appliedvoltage, in somecases

Additionally the volume of the resonatoesd hence the
microwave power handling capabiliban besubstantially
higher in comparison with thin film filters.

PARALLEL-PLATE RESONATORS

Parallel-plate resonators afemed by deposition of

more than 100%. Filters are designed for operation at higtthin HTS films on bothsurfaces of circular or rectangular

microwave power levels in advanced wireless

communication systems.

INTRODUCTION

A critical issue in thedevelopment of multi-channel

STO crystals. The superconducting plates ofrésmnator
are madsslightly smaller than the crystgeometries to
account for mechanical tolerancead achieve a close
control over the resonafrequency.The thickness of the
superconducting plates are typically 0.3-am. They are
partly or completelycoveredwith normal conductor films
(e.g. Au) to make ohmic contacts for the s. The

microwave communication systems operating in the 1- typical sizes are2.0 x 2.0 x 0.5 mrh for rectangular

3 GHz frequency band ighe reduction ofsize of the
microwave components,and particularly filters. The

potential of miniaturization of microwave devices based on

integration of highdielectric constant fewoelectrics,e.g.
Strontium Titanate (STO),and siperconductors,e.g.
YBa,Cuy;,0,, (YBCO), is discussed in [1].The dielectric
constant of STO is more than 2000 bel® K and
depends strongly on applied DC elecfi@d [1], [3] and
temperature [2]. In the dguency bandl-3 GHz the
wavelength in a microwavgansmission linedased on
STO is in therangeonly 0.2-0.6 cm. It isalso well
establishedhat HTS thin films (e.g.YBCO) grown on

resonatorsand5 mm or 10 mm in diametdor circular
disks.

The resonators arelectrodynamicallythin, i.e. the
thickness is smaller than the wavelength ofrthierowave
signal at lowerordermodes, so that only TMnodes are
exited [3]. The thickness ischosen from practical
considerations. Thicker resonatorsuggest that the

resonator can support higher microwave powers, which on

the other hand mayead to unpractical high control
voltages. In our experiments all resonators Gag mm
thick and the maximum voltagesrequired are about
500 V.

STO substrates have very low surface resistance. Thus, the Although the resonators may Hesigned tchave any

integration of HTS (e.gYBCO) andnon-lineardielectrics
(e.g. STO) results in drastic reduction ofize andlosses

shape, circular seem to be the most practical, as shown in

Fig. 1.

of microwave components, such as resonators, filters, and

enables development of electrically tunable devices.
In this paper we present electrically tunabénd reject
filters operating at cryogenic temperaturkstead ofthin

ferroelectric films we use bulk single crystal STO since it

has higher dielectric constant and lower losses in
comparison with the thin films produced today.

> =

Figure 1: Parallel-plate resonators
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Figure 2: Performance of a circular STO disk resonator. Microwave in

Before possible filter applications wgerformed an
extensive experimental study of tielectric properties of
STO andmicrowave performance dhe resonatorsising
single port resonant measurements. In tlresasurements
the resonators are enclosed in a specd#ligned coaxial
package with a heat sink for cryogewigeration. The DC
bias isappliedthrough a high voltage bias teand the
measurements are performed either in liquid Nitrogen or in
a two stagecryo-cooler using a computercontrolled
Wiltron 360B network analyzer. A typical biaependence
of the unloaded Q-factor of aircular disk resonator at 50
K is shown in Fig. 2. Although the Cadtor at zero bias
is ratherhigh it decreasedrastically with applied electric
field. At higher temperatures (77&ndabove)the peak of
the curve is slightly flat and tuning of the resonance Pl
frequency in asmall frequencyrangemay be performed
wherethe Q-factor isstill reasonablyhigh. It should be Microstrip
noted that if the resonators areoledwith short circuited
plates a double hysteresis loop, fig. 2a, rappear in the O O
voltage dependence ofthe resonant fregncy [4]. c)

Otherwise neither thedielectric hysteresis, nor the Figure 3: Design of microstrip loaded notch microstrip

hysteresis in the microwave losses are substantial. filter a) and cross section of the filter with magnetic field
lines (a), and its equivalent circuit (b)

H-lines

a)
)

b

Resonator

The results of the reflection measuremeescribed
above areused in anMDS optimization procedure to
extract lumped elemenparameters ofthe equivalent
parallel circuit model ofthe resonator. Theextracted N . i
parameters areC=1360 pF, L=0.026 nHR=430 Ohm, h-Microstriploadedband-stogilters

Q=3000 at zero volt , 0.83 GHz and 77 K.

PERFORMANCE OF BAND-STOP FILTERS

The simplest filters ararranged byattaching square
shaped parallel-plate resonators on top of microitvgs.

This and similar resonators aresed insingle and | our experiments wased a 500hm coppermicrostrips
double (two resonator) pole band-reject filters. Some of theline on an 0.5 mm thick alumina substrate. To ensure low
resonators have beemt to make half diskend square  out of therejection band losses use of HTS microstrips
resonators used in our experiments. could be more desirable. Fig. 3 show aasonator single
pole filter design wherethe lower plate of asquare
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Figure 4: Temperaturedependence ofhe first rejection
band of the notch filter (not yet optimized).

resonator form ohmic contact with a microstrip
transmission line. The filters are &gedinto a package
with input/output SMA connectors. Theackage is
designed for cryo-cooling. The DC bias is appliebugh

the microstrip using bias teegternal tothe package. A
small diameteinductive wire via adielectric isolator in

the lead ofthe package used tbring the bias voltage to

YBCO STO
j/ Bias Tee
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Figure 6: Schematics (a) and the simple equivalent circuit
(b) of a tunable circular disk resonator filter

resonator isachieved bychanging the orientation of the
parallel-plate resonator to form an angle of 4&ith the

the upper plate of the resonator. The orientation of themicrostrip. The positions of the stop-band of a single pole

parallel-plate resonator is chosen so that the magfiedtic
lines of the microstripand resonator coincidesnsuring
maximum inductive coupling between
microstrip, Fig. 3b.The coupling strength isontrolled

by proper design of the width of the contacting sections ofat

the microstripandlower plate of the resonatofhus, a
series resonant circuit insertedinto the microstrip Fig.
3c, which acts as a band reject filter. The DC laipglied
to the plateshangesthe dielectric constant of the STO
andthe resonantréquency ofthe parallel-plate resonator.
Dual modeoperation can bachieved byetchingaway a
portion of one of the corners of the upgeperconducting
plate. In the experiment théual modeoperation of the
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filter at different temperatures at zerias are shown in
Fig. 4. The dependencies of the resonant frequencies of the

resonator and two degenerate modes upon applied Bi€s areshown in

Fig. 5. Tunabilities, (f)/f,, as large as 50% agechived
higher applied voltages (500 V), and lower
temperatures.

i) Circularresonatobasedand-stodilters

Single poleanddual pole tunable rejection filters are
also realized using circular resonators. Theseesonators
have higherQ-factorsand can handlehigher microwave
powers in comparisowith rectangular nes. In a single
pole filter, shown schematically ifrig. 6, the axially
symmetric TM,, mode, which has the highedield
confinement, controllabilityand Q-factor [3], is utilized.
Both singleanddouble resonatdiilters are enclosednto
speciallydesignedpackages taeducethe radation losses
andallow cryogeniccooling. Packagewalls are about 5
mm away fromthe parallel-plate resonator tminimize
losses in thepackagewalls. A typical S parameter
measurement result for a single pole resonator is shown in
Fig. 7. A typicaldependence dahe rejection bandentral
frequency on the applied DC voltage at 60 K is shown in
Fig. 8.

Figure 5:Dependence othe degenerate mode frequencies on

DC bias.
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Figure 7: Measured reflection and transmission of a single
pole rejection filter at zero bias voltage

CONCLUSIONS

Due to thesmall sizesand large tuning range the
integrated  HTS/ferroelectric  rejection filters  can
particularly beused inCellular Communication Systems
operating in thdrequency band-2 GHz. In comparison
with  the thin film stripline (microstrip etc.)
superconductingfilters the above filtershandle much
higher microwave powers.

Despite the attractivdeatures thereare still some
material related problems which has to doelressedrirst
of all it is the sharglependence ahe microwavelosses
with applied DC field. It is believed that this problem may
be solved byimproving the single crystal STO quality,
and by reducingthe effects from superconductor/STO
interfaces by careful preparation thfe conductingplates.
Another important issue whiotan causeroblems is the
initial conditions (temperature, mechanical stresses,
cooling conditions etc.) before operation of the Sii@ed
resonatorsand filters, since in some&asesSTO crystal
may exhibit a high voltage hysteresis in the bias
dependent dielectric constant [4].

ACKNOWLEDGMENT
This work was partly supported by CHACH (Chalmers

Centre for High Speed Technology) and the Swedish
Materials Consortium.

0,855

.|

0,850

0,845

0,840

Resonant frequency (GHz)

0,835

o b b b e e by

83
-800 -600 -400 -200 0O 200 400 600 800
Applied voltage (V)

Figure 8: Measured dependence of the center frequency on
bias voltage at 77 K. Arrows indicate the sequence of
applied voltage. Hysteresis is due to the HTS/STO
interface.
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