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Abstract - A ninth order wide-band bandpass fdter is 
presented for radio astronomy applications. The filter, for 
Jodrell Bank Radio Observatory, is designed to have B 
fractional bandwidth of 26.14% and a center frequency of 
1.53 GHz It uses both straight and hairpin resonators in 
order to achieve the wide bandwidth. In addition, the filter is 
integrated with two spur-line notch filters for second 
harmonic suppression. Good agreement between simulated 
and experimental results is obtained. 

Since the discovery of high temperature superconductor 
(HTS) [ 1] in 1986, there has been increasing use of HTS 
materials in microwave components. HTS microwave 
filters started to emerge during the early 199Os, and much 
effort has been put into filter designs for narrow band 
applications [2]-[3]. However, there are still not many 
wide band HTS filters reported. Here we are interested in 
a wide band filter for radio astronomy application. 

With the increasing radio communications activities of 
recent years, the radio spectrum is becoming intensely 
crowded and this trend is set to increase at an 
extraordinary rate. Radio astronomy is particularly 
sensitive to interference of this type. A high temperature- 
superconducting (HTS) filter, at the front-end of the 
receiver, has the potential to effectively eliminate the 
interference from adjacent bands. Such a filter will have 
negligible loss, have extremely sharp filter skirts and be 
small enough to fit into the current low temperature 
systems. 

This work reports a nine pole Chebyshev HTS 
bandpass filter design and its fabrication according to the 
specification from Jodrell Bank Radio Observatory (Table 
I). The nine-pole filter structure (Fig. 1) consists of two 
types of half wavelength resonators, simple straight 
resonators and folded hairpin resonators. The coupling 
structure achieves strong coupling and gives the filter the 
required fractional bandwidth of 26.14%. In order to 
suppress the second harmonic, each feed line of the two 
ports, is integrated with one spur-line filter. 

TABLE I 
FILTERDESKNSPECIFICATIONFROMJODRELLBANK 

mi 

Stop Band Rejection 1 20 dB min 
Connectors 1 Kl02F 
Maximum Dimensions I 100 X 50.X 15mm3 
(inc connectors) I 
Operating Temp 1 20K 

36.2 mm 

Fig. 1. Layout of the nine-pole filter for 0.5.mm-thick 
lanthanum aluminate substrate. 
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The nine-pole Chebyshev filter is designed to meet the 
Jodrell Bank specifications (Table I), which requires a 
bandwidth of 400 MHz and 20 dB second harmonic 
suppression. The synthesis of Chebyshev filters is well 
known, and the design procedure used here can be found 
in [4]. However, to achieve such a wide band response, 
strong coupling between adjacent resonators is needed. 
There are a few microstrip filters with fractional 
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Fig. 2 Microwave spur-line filter 
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Fig. 3 Simulated responses of two integrated spur-line 
filter 

bandwidth above 25% reported [5,6,7], but some of them 
[5,6] are not likely to be suitable for higher order filter 
design. For example, the stub-line filter [7] will introduce 
extra low frequency spurious responses. Hence, a new 
filter structure is introduced here, which consists of half 
wavelength and hairpin resonators. The positions of the 
hairpins (Fig. 1) give the highest coupling, as the gap 
between two resonators remains the same. Resonators 
with 0.2 mm line width are used in this filter. By adjusting 
the gap between resonators, the required coupling values 
can be obtained to realize the filter bandwidth of 400 
MHZ. 

Fig. 2 shows a layout of a spur-line filter. It is 
essentially a simple bandstop filter suitable for moderate 
bandwidths (around 10%) [S]. The filter is embedded in 
the 5On microstrip feed. The spur-line filter consists of a 
pair of coupled lines a quarter wavelength long, one line 
is open ended; both lines are connected together at the 
other end. The length of the spur line L (Fig. Z), is 
determined from the center frequency of the stop band. 
The filter can be designed by the procedure described by 
Bates [PI. To increase the rejection, hvo spur-line filters 
are applied here, to produce notches at the band pass filter 
second harmonics. The hvo spur-line filters were 
simulated using the Sonnet EM simulator [9]. Fig. 3 
shows that the hvo spur-line filters can achieve 20 dB 
rejection across bandwidth of at least’250 MHz when not 
connected to the main filter. 

The complete filter topology depicted in Fig. 1 provides 
low cross coupling between non-adjacent resonators. 
However, such unwanted cross couplings cannot be 
completely avoided in a filter with such strong couplings. 
Hence, a circuit model has been completed in Microwave 
Office [lo] in order to optimize the whole filter in terms 
of flat bandpass, low insertion loss and high harmonic 
suppression ratio. Sonnet EM simulator was used to 
provide final accurate responses. 

111. EXPERIMENTAL RESULTS 

The filter was fabricated on a 0.5 mm thick L&O, 
substrate with YBCO thin film deposited on both sides. 
The superconducitng ground plane of the filter was 
evaporated with gold to make good electrical contact to 
the packaging. To avoid thermal stress, the filter was 
bonded onto a gold-plated titanium carrier and packaged 
inside a titanium housing. Metallic screws are used for 
tuning the filter. The filter was cooled in a cryogenic 
cooler and was measured using an HP8722E vector 
network analyzer. 

Fig. 4 shows the measured results at 20K of the nine- 
pole filter before toning, compared with Sonnet EM [9] 
simulated results. They show excellent agreement. This 
filter is also toned at 20K. Fig 4 gives the measured 
results after toning. The maximum passband SI I observed 
is less than -15 dB. Most of the second harmonic has been 
suppressed to -20 dB. It can be seen from Fig 5, that the 
filter response has been considerably improved by the 
tuning process to a level better than the simulated results. 
The passband ripple (Fig. 6) has been reduced to 0.2 dEt. 
Passband Szt is better than -0.3 dB, somewhat short of the 
original specification, and its bandwidth is from 1330 to 
1730 MHz, which meets the specification in Table 1. The 
minimum passband insertion loss of 0.1 dB has a 
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Fig. 4 Experimental and simulated filter responses 
before tuning 

Fig. 6 Experimental and simulated passband responses 

LaAlO3 substrate with dielectric constant of 23.6. After 
hming, the filter response has an insertion loss of less than 

40 
0.3 dB and maximum SI I of -15 dB. The -0.3 dB level of 
the filter passband has been tuned in the required 
frequency band of the specification. The good 
performance of the HTS filter demonstrates that wideband 
performance can be achieved with harmonic suppression 
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in a filter suitable for radio astronomy applications. 
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The filter is currently being tested in Jodrell Bank 
Observatory. 
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