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Abstract—In this paper, a method for reconfiguring bandwidth in
a circular dual-mode resonator is presented. The method concerns the
optimized geometry of a structure that may be used to host the tuning
elements, which are typically RF (Radio Frequency) switches. The
tuning elements themselves, and their performance during tuning, are
not the focus of this paper. The designed resonator is able to
reconfigure its fractional bandwidth by adjusting the inter-coupling
level between the degenerate modes, while at the same time
improving its response by adjusting the external-coupling level and
keeping the center frequency fixed. The inter-coupling level has been
adjusted by changing the dimensions of the perturbation element,
while the external-coupling level has been adjusted by changing one
of the feeder dimensions. The design was arrived at via optimization.
Agreeing simulation and measurement results of the designed and
implemented filters showed good improvements in return loss values
and the stability of the center frequency.
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perturbation theory, reconfigurable filters, software defined radio
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1. INTRODUCTION

ODERN reconfigurable filters offer multifunctional

frequency behavior which can enable advanced radio
paradigms, such as Software Defined Radio (SDR), and
Cognitive Radio (CR) [1]-[3].

Reconfigurable filters are usually classified by their
functionality. The most common filters reconfigure their
center frequency to achieve multi-band selection, while others
reconfigure their bandwidth (to eliminate out-of-band noise
and interference), their skirt roll-off profile, or their group-
delay response (e.g. for equalization) [4].

Dual-mode microstrip resonators have been increasingly
used for designing reconfigurable-bandwidth microwave
filters [5].

Because of the symmetrical structure of a dual-mode
resonator, it supports two mutually-orthogonal degenerate
modes of resonance, which have the same resonant frequency
fo and propagation constant f3,,,. The two degenerate modes
are coupled and tuned synchronously when the two malki
modes are symmetrically perturbed by inserting a cut or by
adding a stub. The resonant frequency of each mode will
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change to f;and f,. The location of the final resonant
frequencies f; and f, is determined by the coupling strength
that exists between the two resonances. The coupling
coefficient kfor synchronously tuned resonators [6] is
generally given by
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where k is directly related to the spectrum range f? — f. The
[S11| dips at these two frequencies usually indicate excellent
matching. The rest of the range between the two frequencies
also has good matching, if they are relatively close to each
other. As they grow apart, when coupling is increased, the
matching worsens in the middle of the frequency range.
However, this changing frequency range (pole pair positions)
is the basis of bandwidth tuning in coupled-resonator filters
[2], [7]. Since resonators form the building blocks of such
filters, inter-coupling tuning gives pole-pairs that coalesce to
produce bandwidth tuning in the overall filter, which often
involved multiple pole pairs [2], [7].

The coupling coefficient of inter-coupled resonators is
defined as k, while the coupling coefficient of input/output
ports and resonator is defined as k.., and for critical
coupling k,,; =1. Inter-coupling is related to the perturbation
element dimensions, while the input/output coupling is related
to input/output port dimensions.

This paper demonstrates a proposed structure as a solution
to some design challenges when designing a tunable-
bandwidth filter using dual-mode resonator, which are the
center frequency deviation and the matching degradation. The
proper solution has been analyzed and implemented.

II. PRIMARY STRUCTURE DEFINITION AND SIMULATION

A filter with reconfigurable bandwidth (BW) based on a
circular dual-mode microstrip resonator at 2.47 GHz was
designed to illustrate how BW can be tuned as in [8]. The
layout circuit pattern of the designed filter is shown in Fig 1.

The filter is designed using Arlon 25N substrate from [9].
The filter circuit was packaged in an aluminum enclosure.

The resonator is excited using the gap-coupling method.
The filter bandwidth has been tuned by changing the
dimensions of the cut at the outer edge of the resonator, as
shown in Fig 1. This structure was analyzed using
electromagnetic simulator based on Finite Element Method
(FEM), and the simulation results are shown in Fig. 2; they
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represent the insertion loss (|S,4|) for three values of the cut
depth (cut_x) and fixed value of cut width (cut_y) of 3.3
mm. We observe that the inter-coupling level has been
changed from under to critical, and then to over for three cases
ofcut_x. At the critical-coupling case, as shown in Fig. 2, the
Fractional Bandwidth (FBW) is about 3.23%; while for the
strong-coupling case, the FBW is increased to 6.55%.
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Fig. 1 Layout of the designed filter: Dimensions are in (mm) Gap =
0.25, R =18.24, Feedl1= 1.8, Feedl2 = 10.1, wl =7, w2 =2, Feed-ang
= 17°, cutang = 40°. Aluminum enclosure dimensions are 58.72 X
58.72 % 29.36, and substrate specifications are: Hres = 3.06, &, =
3.38, and tané = 0.0024
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Fig. 2 Insertion loss of the simulated filter for three values of cut
depth

III. DESIGN CHALLENGES

Initial study shows that two technical challenges are faced
when BW is increased. Keeping a fixed center frequency is
one of the major obstacles as shown in Fig. 3. This problem
can be solved, as in [5], by choosing a suitable cut shape, and
varying one cut dimension for a specific value of the other
dimension. The second challenge is the mismatch problem. At
critical coupling, as shown in Fig. 3,[S;;| is about 23 dB
(point m2), that's denotes to good matching in the circuit.
While in over-coupling case, |S;,| will be degraded to about
4.5 dB (point m1), and the response of insertion loss |S,; | will
not be flat in the passband. This results in higher insertion loss
and important mismatch, so the filter performance is degraded.

This problem will be studied in this section, and a proper
solution will be suggested in the next section.

When changing the cut dimensions, the impedance of the
resonator will be changed, this results in bad matching
between feeders and resonators [10]. It follows that kg, # 1.
Thus, to achieve an acceptable response for all different
configurations, the input/output coupling level must be
readjusted for every value of cut dimensions.

Varying the gap to adjust adjust the coupling level has been
studied in [6], and a huge number of switches was needed,
which complicated the structure. So, more flexible and simpler
way to adjust the coupling level is proposed.
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Fig. 3 Degradation of |S,4| and |S14| when the BW of the filter is
increased

IV. PRACTICAL SOLUTION OF MISMATCH PROBLEM

The input/output coupling level can be adjusted by varying
the feeder dimensions as defined in Fig. 1. The width of the
rectangular part "W1" has been determined to obtain a port
with characteristic impedance Z,; so it is not suitable to
change it. On the other hand, it's not possible to change
"Feedll, and Feedl2", because the substrate dimensions are
fixed. While the angle of the arc part of the feeder "feed-ang"
is suitable to be changed, and it will affect the matching and
the coupling level between the feeder and the resonator. To
prove this idea, a reconfigurable bandwidth filter based on
dual-mode circular-shaped microstrip resonator has been
designed, analyzed and implemented at 2.47 GHz. Fig. 4
shows the layout of the designed filter.

The perturbation element dimensions and shape have been
selected as in [8] to keep the center frequency fixed. Tuning
the perturbation element dimensions and the angle of the cut
"Delta-ang" has been achieved by simulating the use of
MEMS switches; two filters samples have been implemented,
the samples simulate the on/off cases of the switches.

All switches in the cut must be ON to obtain a narrow BW
(Fig. 4 (a)), where the "Delta-ang" is equal to 10°, while a
wider BW has been obtained for " Delta-ang " equal to 26°,
where all switches are OFF (Fig. 4 (b)). The "FBW" is
increased from about 2.85 % to about 8 %. Also these two
cases representing the use of MEMS switches show that the
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feeder angle "feed-ang" can be changed from 17°(Fig. 4 (a)) to
24°(Fig. 4 (b)) in order to improve the filter response in the
wideband case. Simulation results are shown in Fig. 5.

namow band wide band

switches ON
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Fig. 4 Layout of the designed filter at 2.47 GHz: (a) narrowband case
simulating the state ON of switches in the cut. (b) wideband case
simulating the state ON of switches in the arc of the feeder

We notice that, in wideband case, |S;,] is about 4.4 dB, this
value refers to high reflection and then bad matching.
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Fig. 5 Simulation results showing the insertion loss [S21| and return
loss [S11]| of the filter for narrow band and wide band cases

To improve the matching of the filter as we mentioned
above, the feeder angle has been increased from 17 °(Fig. 4
(a)), to 24°(Fig. 4 (b)) by simulating the use of switches to
connect a small piece to the arc of the feeder.

Simulation results in Fig. 6, demonstrate that, in the wide
BW case, when the feeder angle is increased, the reflection
coefficient |S;;| has been improved by about 3.6 dB when
compared to the previous case (from point m2 to ml), and the
filter insertion loss|S,, | has been become flat in the passband.

Finally, further improvement of the insertion loss is
possible by changing the feeder angle, which is equal to 1.43
dB, also the obtained stopband attenuation is more than 30 dB.

V. IMPLEMENTATION AND MEASUREMENT RESULTS

Two filters have been implemented to represent the
variation of feeder angle in wide BW case because we didn’t
use MEMS switches; the implemented filters are shown in

Fig. 7. Note that the cut angle is the same.

Figs. 8 (a) and (b) show the frequency response
measurements of the two implemented filters, using R&S
FSH8 spectrum analyzer in scalar network mode. The
measurement results show that |S;;| is improved by about 6
dB (from 9 to 15 dB) when the feeder angle is increased from
17° to 24° as shown in Fig. 8 (a); and the insertion loss
become flat in the passband. These measurement results of the
two implemented filters of the wideband case demonstrate that
the design challenges have been overcome. The matching of
the implemented filter has been improved by tuning the arc of
the feeder as shown in Fig. 8 (a), and the insertion loss in the
passband has been decreased.
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Fig. 6 Simulation results showing the insertion loss [S21| and return
loss |S11] of the filter (Fig. 4 (b)) versus feeder angle

Fig. 7 The two implemented filters of the wideband case. (a)
simulating the state ON of switches in the arc of the feeder. (b)
simulating the state OFF of switches in the arc of the feeder
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Fig. 8 Measured frequency responses of the two implemented filters

VI. CONCLUSION

Tunable bandwidth filters using circular dual-mode
resonator have been analyzed, designed, and implemented.

A geometry of the resonator structure has been optimized to
host the tuning elements. The BW of the filter is tuned by
changing the perturbation element dimensions. A suitable cut
shape and dimensions have been selected to keep center
frequency fixed. The feeder dimensions have been changed to
keep a good matching between the feeder and the resonator,
the angle of the arc part of the feeder is more suitable to be
tuned; it followed from that a good improvement in the return
loss and the insertion loss of the filter in the passband.

The "FBW" of the designed filter has increased by a ratio of
about 3:1, and the matching, measured by |S;| in dB, between
the feeder and the resonator has been improved by about 3.6
dB when the feeder angle has been increased from 17° to 24°.
Two filters representing the case of narrow band and wide
band have been implemented, and a good agreement between
simulation and implementation has been obtained. This result
can be expanded to adjust the matching between the feeder
and resonator for several values of "FBW".
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