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Abstract|We have designed and tested a superconducting
coplanar waveguide (CPW) bandstop �lter consisting of 8
coupled line sections at a center frequency of 1.53 GHz.
A packaged 94.7% bandwidth low pass Chebychev design
yielded a �lter with a center frequency of 1.56 GHz, less
than 1.2 dB insertion loss in the passband and better than
28 dB rejection at 20 Kelvin. With a skirt selectivity of
1.53 (=BW1 dB/BW-28 dB) and low insertion loss this �lter
is an excellent candidate for suppressing contiguous spurious
signals in cooled low-noise receiving front ends.

I. Introduction

I
NCREASED usage of the low GHz electromagnetic spec-
trum has stimulated the development of new microwave

components. In particular the low loss characteristics of
high Tc superconductors have been exploited to fabricate
�lters and antennas with superior performance. A good
example of the use of high Tc materials to improve �lter
performance is the 19 pole bandpass �lter reported by Con-
ductus. [1]
Initially our work concentrated on bandpass �lters for use
at radio astronomy sites. Actual developments at the
major synthetic aperture telescope at Westerbork in the
Netherlands prompted us to shift to bandstop and notch
�lters in response to the interference to astronomical obser-
vations caused by a cluster of Russian navigation satellites,
known as the Glonass system [2], in the frequency band
1560-1630 MHz. It was clear that a means must be found
to reject the Glonass signals without attenuating signals
at nearby frequencies coming from distant sources in the
universe. Since the radio telescope receivers are already
cooled to 20 Kelvin to reduce the noise in the semiconduc-
tor electronics, high Tc materials are very attractive for
this application. In the frequency band ranging from 1450-
1610 MHz no astronomical measurements are performed,
so the stopband was speci�ed in this range. Other work on
high Tc bandstop �lters have been reported by STI who
used a 6 bank optically switchable bandstop �lter [3] and
Lancaster et al. [4] who employed a lumped element ap-
proach.
The bandstop �lter template is shown in Fig. 1. For this
�lter several design approaches were considered. Initially
a lumped element �lter realisation was investigated. Un-
fortunately it was found that the discrete components of
the �lter, the inductors and capacitors, did not behave as
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ideal elements over the whole frequency range of the �lter.
Parasitic e�ects always caused a deviation from the desired
ideal response. This is a general problem with bandstop �l-
ters, which usually have a low insertion loss over a fairly
broad passband and high rejection in a narrow stopband.
In general, bandstop �lters o�er much less design 
exibility
than bandpass �lters. [5, p. 163] Realising discrete �lters
to satisfy the speci�cations over the whole frequency range
turned out to be very di�cult.
Distributed �lters using CPW transmission lines proved
more tractable. Although in the majority of cases mi-
crostrip transmission line is used, we found the use of
coplanar waveguide more suited for the �lter for a tech-
nological reason: it was impossible to fabricate vias in the
high Tc substrates and we wanted to use our cold wafer
prober for accurate and calibrated measurements. Copla-
nar waveguide structures facilitate increasing packing den-
sity, without the need for thin subrates as is the case for
microstrip transmission lines. In addition, high perfor-
mance microstrip transmission lines require a supercon-
ducting groundplane and integration with active elements
should be possible without vias. The multi-mode character
of coplanar waveguides is, however, a major drawback and
can only be solved using airbridges or grounded CPW. Un-
fortunately, microwave simulation programs have extensive
libraries for microstrip transmission lines and only limited
support for CPW-structures.
Several types of substrates are available for growing high Tc

thin �lms. MgO substrates have the advantage that their
relative dielectric constant is very close to that of alumina,
so that standard design rules are applicable. LaAlO3 is
available up to 76.2 mmwafer diameter and, due to a higher
dielectric constant, leads to a size reduction of � 1.5 with
respect to MgO. Many manufacturers grow YBa2Cu3O7 on
LaAlO3. Impedance values for coplanar waveguide trans-
mission lines on LaAlO3 range from 25
 to 85 
, which is
su�cient for our application.

II. The filter design

Several design issues have been taken into account: 1)
realization with CPW transmission lines, 2) compactness
and 3) robustness (insensitive to fabrication tolerances).
We started by considering an elliptic design, because the
steep fall-o� at the transition from passband to stopband
could be realized with an elliptic �lter. A �ve pole elliptic
�lter design that is su�cient can be found in the Handbook

of Filter Synthesis.[5, p. 216] For the moderate bandwidth
of 10.46% not all types of transmission line �lters can be
used due to the limited range of impedance values. A basic
building block for an elliptic bandstop �lter is depicted in
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Fig. 1. The bandstop �lter speci�cation
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Fig. 2. S-plane realization of an elliptic element

Fig. 2. [6, pp. 159-170] By folding �ve di�erent sections for
a �ve pole design, an area of 3/4 � (� 42 mm) is required.
The design is thus rather large and an elliptic function de-
sign is sensitive to the position of both poles and zeroes. So
the design is potentially non-robust and large, in violation
with two of the initial design goals.
The approach we eventually selected was based on a vari-
ant of a parallel coupled line Chebychev �lter which proved
realizable using a compact hairpin like topology. An expert
system, based on the theory of Horton and Wenzel [7] and
implemented within Hewlett Packard's Microwave Design
System [8], was used to �nd a low-pass non-redundant pro-
totype consisting of 8 unit elements (UE) and 7 inductances
(Fig. 3) having a 7 pole Chebychev response. The S-plane
equivalence of the cascade of a unit element and an induc-
tance is a parallel coupled line with one end shorted and
the other end open (Fig. 4). [9, p. 98] This was used as a
basic building block by applying the transformation
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To check the feasibility of the CPW-approach we �rst de-
signed a �ve pole prototype at 3 GHz, which �ts on a 10
� 10 mm2 substrate. This prototype was described else-
where. [10] Subsequently the �lter's center frequency was
scaled to 1.53 GHz by increasing the coupled line lengths.
Based on the encouraging results achieved with the 3 GHz
prototype, the number of coupled lines was increased to 8.
Measurements on separate coupled lines showed excellent
agreement with the library model in the Microwave Design
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Fig. 3. Prototype 94.8% bandwidth low-pass �lter
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System, where only compensation for the phase velocity is
needed. [10]

III. Filter fabrication and measurement

A 2-inch LaAlO3 wafer coated with 300 nm of
YBa2Cu3O7 was purchased from Cryoelectra, Wuppertal,
Germany. The wafer was fabricated using a high pressure
on-axis DC sputtering process. The wafer was cut into 4
pieces from which the �lter was fabricated using wet etch-
ing. Goldwire bonding was performed to guarantee equal
phases of the ground planes using a Kaijo FB118CH hy-
brid goldwire bonder. A photo of the �lter can be seen
in Fig. 5. A close up of the corner detail is sketched in
Fig. 6. The �lter was packaged in a copper box. Con-
nection to ground was established by connecting the top
cover to the ground strips on the substrate (see the parts in
Fig. 5 denoted as GROUND). A tapered structure enable
microstrip launchers to be connected to the CPW signal
lines. After cooling down to 20 Kelvin the packaged �lter
was measured. The measurement result is shown in Fig. 7.
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Fig. 5. Photo of the bandstop �lter
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Fig. 7. Measurement of the bandstop �lter

Clearly visible is the reduced bandrejection and the extra
ripple near the stopband. A bandrejection of -28 dB is less
than the desired -40 dB due to direct and parallel plate
coupling from input to output. The extra ripple may be
due to underetching (estimated �1.5 �m) of the YBCO-
layer. A very weak etch solution of HCl (0.04 % Vol.) was
used. YBCO etches faster in the ab-plane than along the
c-axis resulting in an underetch. [11] This underetch is re-
sponsible for an excessive reduction in impedance values,
detoriating the bandstop response and increasing ripple in
the passband. The S11 exceeds zero in the stopband, be-
cause a room temperature calibration was performed. The
accurate phase velocity of the CPW-transmission line was
not known in advance resulting in a frequency shift from
1.53 up to 1.56 GHz.

IV. Finetuning the response

To eliminate the in
uence of connectors and box it is
desirable to measure the �lter with the coplanar probes.
To better approximate the design dimensions, dry etching
should be carried out of the YBa2Cu3O7 layer. The pack-
aged �lter should be redesigned, so that the in and output
are placed diagonally on the substrate and parallel plate
mode are suppressed, see Fig. 8. The alternating distance
between CPW-ground plane and the copper box results
in a series of impedance steps re
ecting the parallel plate
mode. The fabrication of the �netuned �lter is in progress.

V. Conclusions

A coplanar waveguide bandstop �lter has successfully
been designed, fabricated and measured. At a center fre-
quency of 1.56 GHz 8 coupled lines constitute a 7 pole
�lter having an insertion loss of less than 1.2 dB and a
skirt selectivity of 1.53 with bandrejection better than 28
dB. The �lter must be redesigned to operate at a center
frequency of 1.53 GHz and the packaging should be im-
proved to increase bandstop rejection. The coupled line
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Fig. 8. Redesign of the package

�lter fabricated in coplanar waveguide is a highly compact
structure and can easily be extended to a higher order �lter.
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