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Abstract - Superconducting planar filters exhibit higher selectivity, bigger out-of-band rejection and smaller interference
between adjacent channels than metallic planar filters. Using ideas of a modified hairpin, the Chebyshev approximation
and cross coupling between non-adjacent resonators, we have designed two HTS filters utilising YBa,Cu;0,4 thin films
on a 58mmxi4mmx0.3mm LaAlO, substrate. A 12-pole superconducting bandpass filter for centre frequency of.1.84
GHz and bandwidth of 5 MHz exhibits simulated passband insertion loss of 0.1 dB and the out-of-band rejection of 50
dB at 1 MHz from the passband. A HTS bandstop filter was designed using the same type of the resonator as the
bandpass filter to obtain 50 dB attenuation for the frequency from 1.621 GHz to 1.625 GHz (Iridium satellite).

L. INTRODUCTION

To provide high quality communication services and
efficient use of allocated bandwidth highly selective,
sensitive and small size filters in their receivers are
needed in the mobile radio base stations. Such high
performance fiiters can ensure decrease in adjacent
channel interference, better spectrum utilisation, increase
in the coverage area without increasing the antenna
height, eliminate areas with poor reception or enable a
reduction in power requirements of telephone handsets

[1].

High selectivity and very low insertion loss require filters
with extremely high Q-factors. Air cavity filters exhibit
very high Q factor, but their size and weight prevent them
from being mounted on towers’ top. The small size of
filters favours planar circuit technologies, but metallic
microstrip filters have high insertion loss due to high
surface resistance to be utilised. Hence, conventional filter
technologies cannot fulfil conflicting requirements for
providing high quality communication services [1].

The most promising applications of High Temperature
Superconducting (HTS) materials are passive devices and
subsystems for communication technology [2-5] due to
very low surface resistance at mobile phone frequencies.
HTS planar resonators operating below 2GHz exhibit very
high Quality factors and low noise. Incorporation of a
Low Noise Amplifier with a superconducting filter inside
a cryocooler further creates a cryogenic receiver with
reduced Noise Figure [6]. As a result, the radio coverage
of a superconducting base station receiver is increased as
compared to conventional receivers in rural areas or
interference decreased in urban areas resulting in
increased revenues for service providers while providing a
superior ‘quality of service. In addition to low RF losses,
the HTS - filters improve the selectivity and the out-of-
band rejection of communication receivers. Hence the
entire frequency spectrum available for a particular
communication provider can be used more efficiently.

The first successful field trials of cellular base station
receivers with microstrip superconducting filters started in
1995. Currently, there are already approximately two

1273

thousand cryogenic receivers with HTS filters working
commercially in base stations in the USA and Asia [7].
Figure 1 shows some of the resonators that have been
used to realize superconducting filters. Basic parameters
of some filters realised in [5-36] are given in Table I
Most of these filters have been designed using the
Chebyshey or Quasi-elliptic approximations.
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Fig. 1 HTS planar resonators used in filters [1].
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For third generation (3G) mobile communication systems
it is important to have high out-of band rejection, as

- allocated bandwidth may be as small as SMHz. This

requires a high number of poles in the filter magnitude
function that results in increase of the insertion loss of the
filter as well as its surface area. HTS films of large size
are expensive and may not be of uniform thickness.
Therefore, size minimisation is an important design issue.
In this paper we report designs and simulated
characteristics of two superconducting filters (bandpass
and bandstop) based on the miniaturized hairpin
resonator.

II. DESIGN OF THE BANDPASS HTS FILTER

The bandpass HTS filter has been designed for the centre
frequency of 1.84 GHz and bandwidth of 5 MHz. A
superconducting material (double sided YBa,Cu;0,5 thin
films of thickness 500 nm) deposited on LaAlO, substrate
with &, of 24 and thickness 0.3 mm has been chosen. We
have used the substrate of 0.3 mm thickness to minimise the
radiation loss. The design of the filter has been based on a
miniaturised hairpin resonator having coupled lines [34] and
nonadjacent coupling {27] and performed using
ENSEMBLE, a 2.5D electromagnetic simulator based on
the method of moments. This included computations of
the length and width of the resonator for the centre
frequency 1.84 GHz and evaluation of the coupling
coefficients K;; as a function of distance and alignment of
two adjacent resonators as in [14].
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Fig. 2 Simulated frequency response to investigate the
coupling coefficient between two adjacent resonators.

An example of a simulated frequency response of two
identical resonators separated by a distance d is shown in
Fig. 2. The coupling coefficients for four possible
resonator arrangements versus separation between them
were calculated using the well known equation

- S 2" fl (1)
Lo+ 1
2
and are given in Figures 3a-d. Based on the graphs K
versus d we have designed a compact filter consisting of

12 resonators as shown in Fig. 4 with a bandwidth of 5
MHz.
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Fig. 3 a-d Computed coupling coefficients versus distance
between the resonators for the resonator configurations
shown.
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Fig. 4 Layout of the 12 pole bandpass filter

We have used different alignments of the resonators to
obtain a small nonadjacent resonator coupling and hence
to realise similar responses on the higher and lower
frequency side of the passband.

Simulated frequency responses (S,; and S;;) of the filter

~of Fig. 4 for the frequency range from 0.5 GHz to 4.5
GHz and from 1.825 GHz to 1.85 GHz are given in Fig.
5a,b. The obtained resonant frequency is at 1.84 GHz and
the second harmonic is observed at 3.7 GHz with
insertion Joss more than 60 dB. The steepness of the skirts
of the filter is very good; more than 50 dB at 1 MHz from
the passband. The insertion loss is 0.1 dB in the passband
and return loss is better than 17 dB for this design. The
main advantages of the designed filter are: high number of
resonators in the small area, small passband insertion loss
and good out of band rejection.
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Fig. 5b Simulated S,, and S;, responses of the filter of
Fig. 4 over (a) wide frequency span, (b) narrow span
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IT1. DESIGN OF THE STOPBAND HTS FILTER

A narrow band bandstop filter operating in the frequency
range from 1.621 GHz to 1.625 GHz was required to
remove signals transmitted by the IRIDIUM system as
they interfere with the Australian National Telecopes
facilities. We based the filter on the same resonator as
discussed in Section II and designed the 8-pole bandstop
filter shown in Fig. 6. The filter utilised a double sided
YBa,Cu;0,5 films of thickness 600 nm on LaAlQ,
substrate a 0.25 mm thick. The simulated frequency
response of the bandstop filter is presented in Fig. 6. The
obtained attenuation in the frequency band from
1.621GHz to 1.625GHz is more than 50 dB.
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Fig. 6 Layout of Bandstop Filter .
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Fig. 7 Simulated S,; and S;; responses of bandstop filter.

IIX. CONCLUSIONS

We have designed a bandpass and bandstop
superconducting  filters characterised by narrow
bandwidth using the miniaturised hairpin to achieve small
surface area. The bandpass filter was realized using 12
resonators. We have used Chebyshev approximations and
cross coupling between the non-adjacent resonators. The
centre frequency of the 5 MHz bandwidth filter is at 1.84
GHz and out-of-band rejection is 50 dB at 1 MHz from
the passband. The simulated frequency response exhibits
a symmetric shape. The effective area of the filter is small
(58mmx 14 mm) and the influence of the harmonics is not
vital. The bandstop filter is designed to prevent the
influence of IRIDIUM (1.621-1.625 GHz) and 50 dB
attenuation is obtained in the frequency spectrum. The
filter is designed on 47 X 11 mm LAO substrate of
thickness 0.25 mm.
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Table 1: Specifications of some HTS filters [1].

Ref. Pole | Type Substrate Size mm fy BW IL OBR
{5] 2 Chebyshev LAO 10x10 37 1 &10% 30 dB/ 45MHz
{5] 7 Chebyshev LAO 507 1.76 75 30dB/ 5 MHz
[6] 9 Elliptic Sapphire 1.93 20 0.1 15 dB/MHz
[8] 6 Chebyshev LAO 13x2.8 mm 1.75 15 0.3 50dB/10MHz
[93 8 Quasi elliptic LAO 39x12 1.8 15 03 60 dB/ 5SMHz
[15] 9 Quasi-elliptic LAO 39x22.5 1.777 15 025 | -
{16] 22 Chebyshev LAO 2” 1.95 20 0.2 30dB/100kHz
[16] 16 Chebyshev MgO Half of 37 1.93 20 0.14 | 30dB/ 1.3 MHz
[16] 32 Chebyshev MgO 3” 1.93 20 0.32 | 30dB/ 0.5 MHz
[22] 4 Chebyshev LAO 14 mm dia 2.38 24 0.21 { 30dB/40 MHz
[25] 2 Patch LAO 30 1.909 9.38 0.77 } 30 dB/25MHz
{25} 9 Chebyshev LAO 46x18 1.784 11 0.8 34 dB/1 MHz
[26] 13 Quasi-elliptic 1.95 5 80dB/1 MHz
[26] 17 Quasi-elliptic 22x70 1.93 20 30dB/1 MHz
[27) 8 Quasi-Elliptic LAO 39x23.5 1.778 15 - 30dB/17.5MHz
[27} 8 Quasi-Elliptic Mg0(0.3) 39x23.5 1.778 15 15.5 | 36.5dB/2 MHz
[28] 10 Quasi-Elliptic MgO 34x18 842 15 0.4 60 dB/2 MHz
{29] 4 Chebyshev LAC 22.3x10 332 1% 0.9 50dB/20MHz
{301 6 Chebyshev Sapphire 43x10 1.857 20 0.2 60 dB/ 15 MHz
[31) 11 Chebyshev LAO 50 1.778 11.5 0.6 80 dB/20 MHz
[32] 8 Quasi-elliptic LAO 50 mm dia 2.260 68 0.7 55 dB/ 10 MHz
[33] 11 Chebyshev MgO 10x10 1.92 15 0.1. | 60dB/20MHz
[35] 12 Quasi-elliptic LAO 17x22 1.747 7 0.3 60dB//1MHz
[36] 17 Chebyshev Sapphire 35x50 1.929 21.7 0.17 | 30dB/I1MHz




