8-POLE SUPERCONDUCTING QUASI-ELLIPTIC F UNCTION FILTER
FOR MOBILE COMMUNICATIONS APPLICATION

J. S. Hong, M. J. Lancaster, D. Jedamzikand R. B. Greed

School of Electronic and &ttrical Engineering
University of Birmingham, Edgbaston, Birmingham B15 2TT, UK

"GEC-Marconi Materials Tdmology Ltd., Borehamwood, Hertfordshire, WD6 1RX, UK

*GEC-Marconi Research Centre, Great&aw, Chelmsford Essex, CM2 8HN, UK

and very steep roebff at the filter band edges.

ABSTRACT Further discussion of the benefits of HTS to
This paper presents recent developments of aRCS1800 sytems can béound in [8]
8-pole planar high temperature superconductor
bandpass filter with a quasi-elliptic function This filter is designed within a European
response. A novel planar filter configuration consortium sponsored by the European
that allows a pair of transmission zeros to beCommission. It involves a number of
placed at the band edges is described. Th€ompanies (GEC-Marconi, Thomson CSF and
miniature filter has a bandwidth of 15 MHz at a Lybold) and two Universities (Birmingham and
centre frequency of 1777.5 MHz it is designed Wuppertal). The program acronym8&JCOMS
for mobile commumiation base station and it is funded through the Advanced
applications. The filter is fabricated using Communications Tdmologies and Services
double sided YBCO thin film on an MgO (ACTS) program. The objective of thprogram
substrate of size 0.3x22.5x39mm. The isto construct a HTS based transceiver for mast

preliminary results are presented. mounted DCS1800 basetasons. The filter
described here is one of two designs for front
INTRODUCTION end filtering on the receive side. More details of

There is currently considerable interest in usingthe program can be found in [8]

high temperature superconductingterials for

the construction of high performance filters for

mobile communication applicationg1]-[7]. 8 POLE QUASI-ELLIPTIC FILTER

However, most of the work has been for o _ .
systems in the USA, here we present the firstThe majority of the reported HTS filters exhibit
report on a filter designed for a EuropeanChebyshev's response, here we present a elliptic
system. The receive filter is designéat the  response filter. An 8-pole quasiptic function
DCS1800 standard, which covers the frequencyfilter meets the requirements of the filter
range 1710 MHz to 1785 MHz. The filter is specification for the base tation. Hliptic
designed to cover a 15 MHz sub-band of thisfunction filters are particularly interesting
frequency range as shown in Figure 1. Figure 1because they have steep qaff's at the
also shows how the use of superconductorg@ssband edge. They are characterised by
benefits the filter; providing low insertion loss transmission nulls close to the band edge, the
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position of which can be adjusted in the design. Conventinnal Filter
Figure 2 shows the ideal frequency response of
the 8-pole quasi-elliptic function filter. For a
resonator Q of 50,000 the minimum insertion
loss is predicted to be almo3tldB whilst this
extends to 0.4dB at the band edges. From the
wider band response the first sidelobe appear at
a level of —38dB.

Full DCS 1800 band \ HTS filter

l

Inscrticon loss

The layout of the filter is shown in Figure 4. It
consists of eight microstrip meander open-loop 1710MHy 1770MH7  1785MHy
resonators. The configuration of the resonators

allows both electric and magnetioupling. To Frequency

design the filter the coupling coefficient matrix _. . : . howi
required to obtain the required filter response is '9Ure 1: Diagramatic repersentation showing

calculated analytically [11] and then the the effect of using an HTS recieve filter in a

coupling coefficients are determined by full- PCS1800 sub-band.
wave analysis software. Figure 3 shows the
calculated frequency rpanse of the final filter

using full-wave analysis software. Note that Flafitpole Quasielipe Fiter
because of the complexity of the filter structure 00 4 s Il e——
that a cell size of only 0.05mm was used. This i

means that the filter dimensions entered for the
simulation were rounded off to a precision of

0.05mm. Nevertheless, the full-wave siateld ;Y
response does verify the design approach. 04

-0.2

rtion Loss (dB)
A

1770 1775 1780 1785

The superconducting filter is produced using sy (e
YBaCuz:O; thin film HTS material. This is @
deposited onto a MgO substrate that is 0
0.3x39x22.5mm and had a dietric constant of
9.65. The size of the packaged filter is
2"x1.5"x0.5”, considerably smaller than similar
filters using any other technology.
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Figure 2: The calculated frequencypesse of
an 8 pole quasi-elliptic function filter. (a)
Passband (b) extended band.
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elliptical response with two diminishing
transmission zeros near the passband edges. The
two transmission zeros result in a sharper filter
shirt so as to improve the setivity of the
filter. The tuning is necessary because of a
variation in substrate thickness, which has a
considerable impact on the rfmmance of
narrow band filters. It can be shown that if the
substrate thickness has a variation+d0Oum,
which is about the tolerance of the substrate
used, the resonant frequency shifting of the
meander open-loop resonators is abhbivHz.

This makes the resonators asynchronously
tuned and results in a weaker coupling between
coupled resonators. As a consequence, large
1760 1765 1770 1775 1780 1785 1790 1795 ripples in the passband occur. To tune the filter,
the package for the filter has @®en tuning
screws appropately positioned.
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Figure 3: Filter response modelled with full-
wave simulator.

CH1 Spy log MAG 10 dB/ REF -40 dB 1 -1.0478 dB
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Figure 4: A microstrip 8-pole quasi-elliptic
function filter USing meander Open-lOOp CENTER 1.740 000 000 GHz SPAN .080 000 000 GHz
resonators. '

Figure 5 : Frequency response of the
superconducting DCS1800 filter in liquid

EXPERIMENTAL RESULTS nitrogen at 77K.

Figure 5shows preliminary experimental results . o

of the superconducting filter, which was The wider band response shown in Figure 6.
measured in liquid nitrogen at 77K after tuning. The latter shows thaparious responses do not
The filter shows the characteristic of the quasi-
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occur up until about 3GHz. this stopband range[2] STI Inc., “A receiverfront end for wireless
is more than adequate for our apations. base stations”, Microwaveodrnal, PP.116,
1996.
This filter is designed for theeceiver and is [3] F.Dawson, “Technical innovations expand
required to handle a maximum input power of coverage”, Wireless week, August 12 1996.
0dBm. Experimetally, it wasfound that even [4] M.J.Lancaster, “Passive microwave device
for a input power of 5dBm, the frequency applications of supeomductors”, Cambridge
responses of the filter do not change. University Press, Cambridge UK. 1997.
[5] S.H.Talisa, M.A.Robertson, B.J.Meler and
ot Sms 1o me 10 J.E.Sluz, “Dynamic range considerations for
o I R e me e et high-temperature  superconducting filter
i | applications to receiviornt ends”, IEEE MTT-
S, Digest, pp.997-1000, 1997.
[6] D.zhang, G.-C.Liang, C.F.Shih, Z.H.Lu and
M.E.Johansson, “A 19-pole cellular bandpass
/‘\ — filter using 75mm diameter high-temperature
— i superconducting films”,HEE Microwave and
W\\v . | Guided-Wave Letters, V5(11), pp.405-407.
| T, [7] G.-C.liang, D.Zhang,  C.F.Shih,
L W R.S.Withers, = M.E.Johansson, D.RAi®s,
A.C.Anderson, P.Polakos, P.Mankiewich,
Ll | i E.Obaldia and R.E.Miller, “High-power HTS
e 1 SN N S W S microstrip filters for wireless commuration”,
IEEE Trans., MTTpp.3020-3029, 1995.
Figure 6: Spurious response of the filter. [8] M.J.Lancaster, J.S.Hong, H.J.Chaplopka,
D.Jedamzik, R.B.Greed, G.Auger, Y.Vourch
CONCLUSION and J.C.Madge, “Superconducting filters for
obile communications base stations”, ACTS
obile Summit, Aalbourg Demank, pp.150,
September 1997.
[9] R.B.Greed, H.U.Haefiner and R.Mistry,
‘Cold communications in &ope”, ACTS
C*\/Iobile Summit, Aalbourg Demank, pp.156,
eptember 1997.
10] J.D.Rhodes, “Theory of Ettrical Filters”,
1976.
[11] J.S.Hong and M.J.Lancaster, “Couplings of
microstrip square open-loop resonators for
cross-coupled planar microwave filters”, IEEE
Trans., MTT-44, pp.2099-2109, 1996.

We have presented recent developments of aﬁ/}
8-pole planar HTS bandpass filter with a quasi-
elliptic function response. We have introduced a
novel filter configuration that allows a single
pair of transmission zeros to be realised an
miniatures the size of filter. The preliminary
measured responses of the filter have bee
demonstrated. It is shown that the excellent
performance and the small size of the filter
presented make it hold promise for mobile
communications application.
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