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On The Performance of HTS Microstrip
Quasi-Elliptic Function Filters for
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been developed for a European research project. The objective
of the project is to construct an HTS-based transceiver for
mast-mounted DCS1800 base stations. The HTS preselect receive
filters have been designed to have a quasi-elliptic function response
in order to provide low insertion loss and very steep rolloff at the
filter band edges. The filters cover a 15-MHz sub-band of a receive
band, which ranges from 1710 to 1785 MHz. The filters have been
fabricated using double-sided YBCO thin films on 0.3-mm-thick
MgO or 0.5-mm-thick LAO substrates. The latest experimental
results of the filters, including those encapsulated with a low-noise Fig. 1. Eight-pole HTS microstrip filter on MgO substrate with a thickness of
amplifier in an RF module are presented, showing very promising 0.3 mm.

performance. The issues associated with asymmetric frequency
response are investigated to improve the filter performance.

Abstract—The low-loss and high-selective high-temperature
superconducting (HTS) bandpass filters can enhance performance 1
of mobile communications systems. In this paper, we summarize a
recent progress of novel HTS preselect bandpass filters that have
m m m
m EE:]

In this paper, we summarize the recent progress of novel HTS
Index Terms—Microstrip filters, mobile communications, super-  preselect bandpass filters that have been developed for the Eu-
conducting filters. ropean research project “Superconducting Systems for Com-
munications” (SUCOMS). The project is funded through the
|. INTRODUCTION Advanced Communications Technologies and Services (ACTS)

.Program. It involved a number of companies (GEC-Marconi,
HE technology and system challenges of next-generati
. o : . reat Baddow, U.K., Thomson CSF, Orsay, France, and Ly-
mobile communications have stimulated considerable

interest in applications of high-temperature superconductinOId’ KoIn,_Ge_rmany) and two universitie_s (U_niversity of Birm-

HTS) technology [1]{7]. System benefits to the cellul w%;ham, Birmingham, U.K. and the University of Wuppertal,

$nobile commuﬁi)(/:ations Ithr())/ugh the application of HT uppertal, Germany). The objective of the project was to con-
Struct an HTS-based transceiver for mast-mounted DCS1800

technqlogy focus on increased sensitivity anq SeleCt'V'tMase stations. The HTS preselect receive filters have been de-
To gain these benefits, narrow-band HTS receiver bandpass

filters are of importance. This has resulted in the research asr{gned to have a quasi-elliptic function response in orderto pro-
P ' ide low insertion loss and very steep rolloff at the filter band

developmer_n of novel typ_es_ of HTS bandpass f||ters_[8]—[1_3%dges' The filters cover a 15-MHz sub-band of a receive band,
As far as filter characteristics are concerned, the filter wit

S . ) wrajch ranges from 1710 to 1785 MHz. The filters have been fab-
guasi-elliptic function response is more advanced as compare

L . "“rjgated using double-sided YBCO thin films on MgO or LAO
to the Chebyshev response because it is able to achieve . o2
> . supstrates, and have been tested in both liquid nitrogen and
same selectivity with less resonators and, hence, to hav

lower insertion loss [9] §a%uum coolers. The filters have been integrated with low-noise
' amplifiers (LNA's) into an RF module for encapsulation. The

development of the filters including the design has been detailed
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Fig. 2. Fabricated HTS filter in test housing.

Fig. 4. Three fabricated filters with LAN’s in an RF connector ring for
encapsulation.
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Fig. 3. Measured performance of the HTS filter on an MgO substrate in a test
housing at 55 K. Fig. 5. Measured performance of the encapsulated filter with LNA at 55 K.

crostrip meander open-loop resonators. The attractive featugeasiderable impact on the performance of narrow-band filters
of this filter are not only its small and compact size, but als@3].
its capability of allowing a cross coupling to be implemented The major challenges in the applications of HTS to com-
such that a quasi-elliptic function response can be realized. Theanication systems are not just HTS components alone, but
numbers indicate the sequence of direct coupling. A single credso the associated components in the implementation of the
coupling between resonators 3 and 6 is desirable in order to vacuum encapsulation. We have assembled three similarly fab-
alize a pair of attenuation poles at finite frequencies. ricated filters of the same design with LNA's in an RF con-
The superconducting filter was fabricated using mector ring for encapsulation, as shown in Fig. 4. Convention-
YBa;Cu;O; thin-film HTS material. This was depositedally, the cryogenic/RF interconnection across the encapsulation
onto both sides of an MgO substrate that was @.339 vacuum space is accomplished using high-thermal-resistance
x 22.5 mm and had a relative dielectric constant of 9.6%ssy co-axial cables. In this design, a microstrip feed network
Fig. 2 is a photograph of the fabricated HTS bandpass filtand a novel RF/thermal link were used to achieve a low conduc-
assembled inside test housing. The packaged superconductiog heat load. The RF signals are propagated from the ambient
filter was cooled down to a temperature of 55 K in a vacuutemperature side to the cold side through short thin bondwires.
cooler and measured using an HP network analyzer. Excell@ie HTS filters and LNA's in the RF connector ring were cooled
performance was measured, as shown in Fig. 3. The fildown to atemperature of 55 K with an integrated vacuum cooler.
showed the characteristic of the quasi-elliptical response witthe measurements were taken at ports of the RF connector ring.
two diminishing transmission zeros near the passband eddgg, 5 shows typical measured results of a single channel, while
improving the selectivity of the filter. It should be mentioneddome important measured data are listed in Table I. Again, an
that, to achieve this performance, the tuning is necessaxcellent performance of the HTS filter after the encapsulation
because of a variation in substrate thickness, which hashas been obtained. Over the filter passband ranging from 1770
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TABLE |
SOME MEASURED DATA OF THE RECEIVE CHANNEL WITH THE HTS FHLTER AND LNA

Frequency (MHz) | 1768.25 | 1770 | 1777.5 | 1785 | 17875 1805 1825
S, @B) 23 1527 | 1585 | 15.58 21 —49 -50
S, (dB) 29.49 | -17.69 | -20.45
39mm N continuities along the open-loop resonator tend to increase the

frequency shift due to the nonuniformity of substrate thickness
[13]. The filter was fabricated using YB&u; O thin-film ma-
—E E— terial. This was deposited onto an LAO substrate that isx0.5
23.5x 39 mm and has a relative dielectric constant of 23.4.
The fabricated filter was mounted in a gold-plated titanium car-
E E E E rier that was assembled into test housing similar to that shown
in Fig. 2. Table Il summaries the designed performance and pa-
rameters versus physical parameters of this filter, wh&reand
E E G,;; denote the coupling coefficient and associated coupling gap
4 ’ between resonatoisandj. It should be mentioned that the de-
signed performance and parameters are the same as those given
for the filters on an MgO substrate.
Fig. 6. Layout of the HTS microstrip filter on an LAO substrate with a The packaged fllt?r was first measlured Wlth liquid nitrogen
thickness of 0.5 mm. in order to tune the filter. After the tuning, the filter was cooled
in a cryogenic cooler and measured using an HP8720 network
to 1785 MHz, the channel had a positive gain around 15.5 dB Bnalyzer. Fig. 7(a) plots the measured frequency responses
cause of the LNA. A low return loss over the passband was aund the passband at 60 K. Although this filter is the first one
obtained. High selectivity was achieved due to the two trandesigned and constructed, it shows a very promising perfor-
mission zeros near the passband edges of the filter. At the fr@ance. The filter had a passband from 1770 TO 1785 MHz and
quencies of 1768.25 and 1787.5 MHz, which are only 1.78~0 transmission zeros near the passband edges as designed.
and 2.5-MHz offset from the low and high passband edges, lowever, there were two extra transmission zeros that occur
spectively, the rejection was higher than 36.5 dB. At the near@étthe lower and higher stop band, respectively. The frequency
transmit frequency of 1805 MHz, the rejection had reached 68sponse was more asymmetric than that observed with the
dB. One might notice that the two filter frequency responses fitter on an MgO substrate. This issue will be addressed in
Figs. 3 and 5 are very similar, showing asymmetric locatiorige following section. The wider band response of the filter is
of the transmission zeros. The asymmetric response is beliegg@wn in Fig. 7(b). One can see that a strong spurious response
due to unwanted couplings that will be addressed latter. occurs around 3.5 GHz due to the first higher harmonic of this
type of resonator. There are also some minor spurious around

I1l. PERFORMANCE OF THEFILTER ON LAO SUBSTRATE 2.7 GHz. This may be attributed to the package. Nevertheless,
E' h rejection is achieved at the desired rejection band from

23.5m

Although the excellent performance has been achieved w
the HTS filters using MgO substrates, it has been found that the
filter performance strongly depends on the uniformity of sub-
strate thickness [13]. To increase the yield and reduce the cost, IV. ASYMMETRIC FREQUENCY RESPONSE
there is interest in using an LaA{Gsubstrate for this type of -
filter. We have, therefore, designed an HTS filter for fabricatioﬁ' Unwanted Cross Couplings
on a 0.5-mm-thick LAO substrate. The design was performedAlthough the filters developed have shown very promising
based on the same approach for the filter on the MgO substr&@rformance, it is desirable to improve their performance,
except for the shape of resonators. Shown in Fig. 6 is the laydatticularly in regarding the asymmetrical frequency response.
ofthe designed eight_p0|e HTS bandpass filter Comprised of rﬂ—iherefore, it is important to |dent|fy the causes that distort
crostrip rectangular open-loop resonators. Similarly, the numBf symmetrical response. The following are several potential
presents the sequence of direct coupling, and only one cré§sirces which need to be considered:
coupling, namely, the coupling between resonators 3 and 6 isl) frequency-dependent couplings;
required for the desired frequency response. The use of the rect2) discrepancy between the actual and designed couplings;
angular open-loop resonators instead of the meander ones wa8) asynchronous resonant frequencies;
intended to reduce the effect of the nonuniformity of substrate 4) unwanted couplings.
thickness. This is because the rectangular open-loop resonatdt is true that the frequency-dependent couplings do exist in
involves fewer discontinuities (right-angle bends) than does thar distributed-element filter structure. However, for such a
meander open-loop resonator. It has been found that the diarrow-band filter with a fraction bandwidth of less than 1%, it

0 to 1880 MHz.
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TABLE I
SUMMARY OF DESIGNED PERFORMANCE AND PARAMETERS VERSUSPHYSICAL PARAMETERS

1243

Designed performance and parameters

Physical parameters

Centre frequency:
Passband width:

Passband Return loss :
30-dB rejection bandwidth:

1777.5MHz
15MHz
<-20dB
17.5MHz

Rejection at 1805-1880MHz: > 66dB

Substrate material:
Substrate thickness :

Housing dimensions:
39.2x25.6x3.0mm

LAO
0.5mm

Filter pattern dimensions: 39x23.5mm

Coupling coefficients : M,,= M= 0.00686 HTS resonator size: 7.2x5.2mm
M,= M= 0.00493 Coupling gaps (mm) : G,= G~ 1.588
M,= M,=0.00426 Gy= Ge=2.035
M,=0.00615 Gy= Gy= 1972
M,=-0.00172 G.s=1.840
Gy=1.060
0 5 0
_____________ B -10 |
-10 7 N Insertion loss 0 -20 —
20 4 — — Retum loss L o
~ 20 | 5 8 a0-
8 -30 Ni - 108 a a0
i - N E; 8 40
-40 ing o\ M - -15 -50 —
) v A T 5 60 —
-50 \ ! - 20 2 g
£ 1 / 4 o .70
-680 | - -25 c
\l’ - 80 -
-70 | - -30 90
-80 T T T T -35 -100 I T T T I
1760 1770 1780 1790 1800 1760 1770 1780 1790 1800
Frequency (MHz,
reauency (V) Frequency (MHz)
(@) Fig. 8. Full-wave simulated frequency response of the whole filter of Fig. 6.
0
20 all resonators synchronously tuned and to have symmetric
& couplings in the simulation. For this purpose, we used a
w  -40 full-wave electromagnetic (EM) simulator [14] to simulate the
3 whole filter of Fig. 6 with a cell size or dimension precision
o . . . . . .
3 801 of 0.05 mm. A result of this is depicted in Fig. 8, showing an
= almost same asymmetric frequency response as that measured
-80 - —— Wide-band response in Fig_ 7(a).
Therefore, it would seem that the unwanted cross couplings
-100 ' ' ' ‘ ' ' play a key role in the asymmetrical frequency response. Since
05 10 15 20 25 30 35 40

the microstrip filter is a semiopen structure, any one resonator
can couple to the remainders through its fringe field, producing
the wanted as well as unwanted couplings. By examining our
®) filter configurations in Figs. 1 and 6, we expect that the un-
Fig. 7. (a) Measured performance of the HTS filter on an LAO substrate gianted cross couplings resulting from diagonal pairs of res-
60K. (b) Measured spurious response of the filter on an LAO substrate. onators, such as resonators 2—4, 3-5, and so on, would be more
harmful than the others because of their proximity. Thus, we car-
is unlikely that the effect of the frequency-dependent couplinged out the EM simulation to characterize these unwanted cou-
would distort the frequency response to the extent observetings, and the typical results are shown in Fig. 9. The dimen-
Fabrication tolerance causes not only the discrepancy betws@ms ofdz anddy chosen for the simulation are in the range
the actual and designed couplings, but also the asynchronoogesponding to the fabricated filters, whilte = 3.0 mm is
resonant frequencies. In return, this can result in an asymmtbie distance from the HTS thin-film resonator to the housing
rical frequency response. However, the effect is expectedlia. It has been shown in Table Il that the magnitude of wanted
be taken out by the tuning. The full-wave simulation of theouplings for the filters ranges from 0.00172 to 0.00686. From
whole filter could verify this because it was able to keep thgig. 9(a), we can see that the magnitude of the unwanted cross

Frequency (GHz}
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Fig. 11. Predicted frequency response for the filter with the unwanted cross
couplings on a 0.3-mm-thick MgO substrate.
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Fig. 12. Predicted frequency response for the filter with the unwanted cross
couplings on a 0.5-mm-thick LAO substrate.

couplings for the filter on a 0.3-mm-thick MgO substrate is

Fig. 9. Full-wave simulation of unwanted cross couplings. (a) For the filtmbout 20 times smaller than that of wanted couplings, while

on a 0.3-mm-thick MgO substrate. (b) For the filter on a 0.5-mm-thick LA(.?_—

substrate.

ig. 9(b) shows that the magnitude of the unwanted cross cou-
plings for the filter on a 0.5-mm-thick LAO substrate is only
about one order smaller than that of wanted couplings. How-
ever, when we substituted the two sets of results for both the fil-
ters into a circuit model in Fig. 10, we found that they result in
asymmetrical frequency responses that are similar to those mea-
sured. It is also found, as expected, that the unwanted crosstalk
directly from input to output causes an extra pair of transmis-
sion zeros, as we observed. The predicted filter responses in
which the simulated unwanted cross couplings and a direct I/O
crosstalk are taken into account are plotted in Figs. 11 and 12,
showing a fairly good match to the measured responses.

B. Improvement of Symmetric Response

Having identified the main source that caused the asymmetric
frequency reposes of the filters, we carried out some investiga-
tion on improving asymmetric response. It would be obvious

Fig. 10. Circuit model of the filter to take into account the effect ofunwantethat if the unwanted cross couplings can be reduced, we can

cross couplings.

obtain better filter response. There are several ways in which
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To validate this approach, we used the full-wave EM simulator
[14] to simulate the two six-pole cross-coupled resonator filters
3B in Fig. 13. The filters used the rectangular open-loop resonators
N 2R Q‘f 5 0N 6 =2 similar to those in Fig. 6 on a 0.5-mm-thick LAO substrate with
e e a relative dielectric of 23.4. The all resonators had a similar size

N : SANSANRNAR of 7.2 x 5.2 mm for a resonant frequency of 1768 MHz. The
% 38N 4 &y two filters were designed to have 15-MHz bandwidth. To re-
SONGCNATING alize the required external quality fact@e = 119, the coupled
feed line structure with a line width of 0.2 mm was coupled to
the I/O resonator through a coupling gap of 0.3 mm. It should
be mentioned that the coupled feed line structure could cause a
lower resonant frequency of the I/O resonator, which, therefore,
should have a slightly small size in order to compensate this ef-
fect. The two filters were designed to have the same coupling co-
= ;\ efficientsJV[m = Mjzg = 0.007037, Moz = My = 0.004885,
6 Ms4 = 0.006016, and M,; = —0.001368. For the filter of
B Fig. 13(a), the coupling gaps entered for the simulation were
\ RN RSN ‘ G2 = Gz = 1.70 mm, Ga3 = Gy = 1.85 mm, and
X S (34 = 1.85 mm for the direct couplings. While for the filter
of Flg 13(b),G12 = G55 = 1.70 mm, Gz = Gy = 1.55
mm, and(GG3, = 1.85 mm. The main difference between the
two filters was the separation between the pair of cross-cou-
(b) pled resonators. This separation has been increased¥sgra
Fig. 13. Two six-pole filter configurations for the full-wave EM simulation.1-15 mmin Fig. 13(a) ta72; = 5.05 mmin Fig. 13(b) to reduce
(a) Configuration 1. (b) Configuration 2. the unwanted cross couplings. However, when the separation is
increased, the wanted cross coupling will decrease as well. To
0 obtain adequate wanted cross coupling, a transmission line was
20 f \ inserted between the pair of cross-coupled resonators, as shown
\ in Fig. 13(b). Both the filters were simulated in the same box
with a size of 43x 20 x 3.5 mm. The cell size used for the
simulation was 0.05 mm. This implies that the dimensions of
—47 N the filters were rounded off to a precision of 0.05 mm. Fig. 14
i } X ] shows the simulated frequency responses of the two filters. As
-100 ) ) 5 can be seen, the filter with the configuration of Fig. 13(b) has a
—— configuration 1 \W . .
[ \/ much-improved symmetric frequency response.
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Frequency (MHz) We have reported the recent progress of novel HTS prese-

Full-wave simulated performance of the two six-pole filters in Fig. 1 lect bandpass filters with a quasi-elliptic function response. The

’ :filters have been developed for the European SUCOMS Project.

We have presented the latest measured performance of the novel
the unwanted cross couplings or crosstalks could be reducHdS filters that have been fabricated using double-sided YBCO
For instance, this may be achieved by using thinner substrétén films on MgO or LAO substrates. Excellent performance
or smaller spacing ok, between the thin-film resonators andof the filters has been demonstrated. The filters have been in-
housing lid. However, both ways would degrade the unloadeshrated with LNA's into an RF module for encapsulation. We
quality factor of resonators. It may also be possible to insethave identified the effect of unwanted cross coupling as a main
thin metal septum into the substrate along the symmetric plaswurce that caused the asymmetric frequency response of the
of the filter. The reason why the metal septum needs to be filters. We have suggested and discussed some approaches to
sertednto instead ofabovethe substrate is because that the urimprove the filter performance, and have validated an efficient
wanted cross couplings can pass through the substrate as veglproach by the full-wave EM simulation.
In this case, the septum may accommodate two apertures that
are only for couplings between two pairs of resonators on both
sides of the symmetric plane, namely, resonators 4 and 5 and REFERENCES
resonators 3 and 6. Obviously, this approach would complicatg1] D. Jedamzik, R. Menolascino, M. Pizarroso, and B. Salas, “Evaluation
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