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High-T,. Superconducting Planar Filter With
Pseudo-Chebyshev Characteristic

Marina S. Gashinova, Maria N. Goubina, Guoyong Zhang, Igor A. Kolmakov, Yarosav A. Kolmakov, and
Irina B. Vendik, Member, |EEE

Abstract—T his paper presents design and measurement results
of a high-T'c superconducting planar filter based on a pair of cou-
pled modified hair pin resonator sconsidered to beakey constituent
of thefilter structure. Thisprovidesthefilter characteristics, which
arevery closeto the Chebyshev prototype of the same order.

Index Terms—Hairpin, high-T. superconducting (HTS) planar
filter, microstrip.

I. INTRODUCTION

LANAR structure of high-7. superconducting (HTS) fil-

tersbased on planar transmission lineslooksvery attractive
to be applied as receiving filters for mobile telecommunication
base stations because of their small size and weight. The filters
exhibit extremely low in-band insertion loss and high steepness
of the characteristic at the edges of the passband [1]{4]. Using
acompact structure of aset of coupled resonators arranged as a
regular array leads to decreasing filter selectivity as compared
with the same order filter prototype [5], [6].

Two different design approachesare commonly usedtorealize
thefilter with the desired characteristics. The first one increases
thefilter order ascompared with that prescribed by the prototype
[1], [5]. However, the size of the microstrip filter resulting
from this approach may be large and the frequency response is
asymmetrical. The second approach is to introduce additional
cross coupling between nonadjacent resonators, providing a
quasi-elliptic filter characteristic [2], [6]. The quasi-éliptic
filter performance can be achieved without a considerable
enlargement of filter insertion lossand size by inserting coupling
linesinto thefilter structure or by using anecessary arrangement
of the resonators of a special form.

The goal of this paper is to suggest an original approach to
the planar filter design, which is based on using the regular
set of coupled double-resonator structures. Using such struc-
ture allows suppression of the undesired coupling between
nonadjacent resonators and improvement of the filter perfor-
mance. We present the results of simulation and experimental
investigations of the bandpass filter without additional cross
coupling, providing a steepness corresponding to the steepness
of the Chebyshev prototype of the same order.
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Fig. 1. Basic coupled structures of the resonators under investigation.
(a) Electrical coupling. (b) Magnetic coupling.

[1. SIMULATION AND DESIGN OF THE FILTER

Conventional hairpin and hairpin-comb filters[7], [8] exhibit
a nonsymmetrical frequency response and lower steepness as
compared with the prototype prediction. The main target of this
work is adesign of the filter exhibiting the same slope param-
eter on both low- and high-frequency sides of the passband cor-
responding to the Chebyshev prototype.

The key constituent of the filter is a pair of coupled res-
onators. Fig. 1 presents the two basic coupled structures
under investigation. It is clear that the fringing field provides
the coupling between the resonators and the nature of the
field determines the nature of the coupling. Evidently the
magnetic fringing field is much stronger near the middle of the
half-wavelength resonators, whereas the electric fringing field
dominates on the open ends. The hairpin resonator used in the
double-resonator structureis modified, having different lengths
of the two arms. Intuitively, one can suggest that when short
arms [see Fig. 1(a)] couple the resonators, the coupling should
be mainly of an electrical nature. When the resonators are
coupled by thelong arms [see Fig. 1(b)], the coupling should be
magnetic. The current distribution in the pairs of the resonators
modeled by the software [9] illustrates this suggestion.

A full-wave EM simulator was used to simul ate the frequency
response of basic coupled structures at different coupling dis-
tances between the resonators. Furthermore, we determined the
coupling coefficient by the two split resonant frequencies using
the method described in [10].

The calculated results of the resonator-pair coupling coeffi-
cient as a function of the spacing for two different values of
the substrate diel ectric permittivity are presented in Fig. 2. One
can see that the coupling coefficient for the basic structure [see
Fig. 2(a)] exhibits a very rapid decay against the coupling dis-
tance and shows a strong dependence on value of the dielectric
constant. The character of coupling coefficient of the structure
[see Fig. 2(b)] is more complicated. For lower dielectric con-
stant e = 10, the coupling coefficient even decreases at small
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Fig. 2. Full-wave EM simulations of the coupling coefficients as afunction of
coupling spacing and the dielectric constant (&) for the structurein Fig. 1(a) and
(b) for the structure in Fig. 1(b).

coupling distance in comparison with the results obtained for
e = 23.6. This phenomenon may be explained by the cancel-
lation effect for the electrical and magnetic couplings. On the
contrary to the first structure, the coupling coefficient of the
second pair of the resonators is less sensitive to the variation
of the coupling distance and the influence of the dielectric con-
stant is much less pronounced.

Analyzing the results, one may assume that in the structure
shown in Fig. 1(a) the coupling ismainly electrical, whilein the
second structure in Fig. 1(b) the magnetic coupling dominates.

In order to suppress the parasitic cross coupling between
nonadjacent resonators, we suggest a filter based on the
double-resonator  structure with electrical coupling [see
Fig. 1(a)] considered as a key congtituent. The pairs of res-
onators are coupled magnetically. Using alternately electrical
and magnetic coupling leads to the cancellation effect for cross
coupling and improves the frequency response of the filter.

The layout of the 12-pole microstrip filter based on the res-
onator pairsis shown in Fig. 3. In the filter synthesis, we used
the coupling coefficients providing the Chebyshev character-
istic. The simulation of the filter performance was carried out
by the Sonnet software. The resulting skirt steepness of thefilter
is the same as that prescribed by the 12-pole Chebyshev pro-
totype (Fig. 4). Using the chosen resonator structure, we avoid
widening thefilter skirt, though thisresult isachieved at the cost
of alower rejection level.
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Fig. 4. Simulated performance of the 12-pole filter.

I1l. EXPERIMENT AND DISCUSSION

Thefilter was manufactured on the double-sided HTS YBCO
films of 700-nm thickness on an LaAlO; substrate 0.52 mm
thick. Thefilter areais 17 x 22 mm, which isabout 0.37 o by
0.48) 40, Where Ay is the guided wavelength of the 50-€2 line
on the substrate at the midband frequency. The filter was tested
inthe package with dimensions 30 x 30 x 9 mm. The measured
characteristicsat 7" = 50 K are presented in Fig. 5 together with
the simulation results. Thereisavery good coincidence between
the simulated and measured data. The insertion loss at the mid-
band is about 0.2 dB. The parameters of the YBCO film model
[11] and the dielectric constant of the substrate material have
been extracted from the preliminary experimental characteris-
ticsof thefilter at different temperatures. The dielectric constant
is23.6 at 7" = 300 K, and the YBCO film surface impedance
can be described by the following model parameters. v = 2.2,
a =10, 0,(T.) = 3-10° (Ohm- m)~!,and 7. = 86.5 K . For
extracting the YBCO model parameters, the CAD tool [12] was
used.

The filter can be manufactured without trimming, if a set
of requirements is fulfilled: 1) the dielectric constant and
the thickness of the substrates are the same and 2) the HTS
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Fig. 5. Measured and simulated performance of the 12-polefilter.

film characteristics (transition temperature and the temperature
dependence of the surface resistance) remain unvaried from
film deposition to deposition. Becuase of this, the same batch of
substrate material should be used and the HTS film deposition
conditions should be the same. It may be reasonable to keep
these conditions fixed in the case of organization of mass
production of the filter.

IV. CONCLUSION

The HTS planar filter based on the suggested pairs of electri-
cally coupled resonators was designed and measured. Using a
combination of electrical coupling inside the pair and magnetic
coupling between the pairs of resonators allows us to suppress
nondesired couplings between nonadjacent resonators and keep
the same steepness of the filter characteristics, which is pre-
dicted by the Chebyshev filter prototype of the same order. As
followsfrom Fig. 4, the rejection parameter of the filter islower
as compared with the real Chebyshev characteristics. Thus, the
filter can be classified as a pseudo-Chebyshev filter.

Themodel parametersof the Y BCO film were extracted from
the experimental filter characteristics measured at different tem-
peratures. The parameters were used for an accurate simulation
procedure of thefilter and can befurther utilized for asimulation
of the filters of different structures based on the same YBCO
films.
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