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Abstract—This paper presents a reconfigurable bandpass filter
with an extracted pole section in the Ku-band. The filter’s center
frequency and bandwidth can be controlled independently from
each other by using additional resonators. The center frequency
can be varied between 13.8 GHz and 14.8 GHz while the
bandwidth can be varied between 100 MHz and 200 MHz in the
given center frequency range. The extracted pole section provides
a transmission zero close to the passband, which increases the
selectivity and remains in place relative to the passband during
all tuning states.

Index Terms—coupling resonators, extracted pole, reconfig-
urable filter, transmission zero

I. INTRODUCTION

In recent times the frequency spectrum became a heavily
contested resource and therefore efficient usage is of great
importance. Furthermore, it is expected that the number of
connected devices increases even further. Microwave filters are
used to suppress unwanted signals, but over time, the required
specification can change and therefore a variable transmission
characteristic is useful. To overcome this problem, filter banks
are used which consist of multiple microwave filters. These
systems allow to adapt the specification to the current needs
by switching to a different microwave filter. These filter banks
are in general heavy and have a large footprint since they
consist of multiple microwave devices. Fully reconfigurable
bandpass filters are a meaningful alternative to the state-of-
the-art solution since their bandwidth and center frequency
can be adapted. Reconfigurable filters are able to realize
different filter specifiations, are more lightweight, and require
a smaller footprint than filter banks. These types of filters
are subject of reseach and have been developed in different
technologies, for example, in microstrip [1], 3D printing [2],
[3] and with classical milling techniques [4]. In this work,
waveguide technology with the classical milling techniques
are chosen since these offer a high Q-factor in the higher
frequency range. The bandwidth variation is achieved through
coupling resonators and a transmission zero (TZ) close to the
passband is included to increase the selectivity of the filter.
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Fig. 1. Coupling resonator inverter model: (a) 3D model consisting of two
identical irises and one coupling resonator and (b) equivalent circuit model

II. COUPLING RESONATORS

This work uses so-called coupling resonators (CR) [5]
to achieve full reconfigurability. The CR’s act as tunable
impedance inverters and therefore allow for a change in the
inverter value K. In Fig. 1, the inverter model including a
coupling resonator is displayed [6]. The model consists of
a non-resonating cavity, which means that the cavity is not
resonating at the intended passband, between two identical
irises. The characteristic impedance is represented by Z, while
¢1 represents the loading effects on the adjacent resonators.
These influence their resonance frequency by shortening their
electrical length. The electrical length of the coupling res-
onator is represented by ¢ and varies depending on its
resonance frequency. By adjusting the coupling resonator’s
resonance frequency the inverter value K changes and the
coupling strength can be adapted to a different value. In
this work tuning screws are used to allow for a continuous
reduction of the resonance frequency by inserting the screw
deeper inside the cavity. This can be used to change the
inverter value K and therefore the inter-resonator coupling
continuously.

For the design, the external quality factor (). can be



calculated by: "
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where Awsgp is the 3 dB bandwidth. To calculate Q). the first
main resonator and both adjacent coupling resonators have to
be simulated, while having a weak coupling at the load port
[7]. The influence of coupling resonators on the bandwidth
can be explained using (2), which can be applied for inter-
resonator coupling with in-line topologies:
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where A = )‘91;& In (2), the connection between the

inverter value K, gt(l)le g-values, and the guide wavelengths is
displayed [8]. The bandwidth of the filter is related to A,
since the guide wavelengths Ag1, Ag2 are calculated at the
lower and upper band-edges of the passband. The g-values
are dependent on the chosen topology and return loss level of
the filter and remain static. Therefore, a change in the inverter
value K causes a shift of the passband edges. Furthermore,
by using coupling matrix extraction, the coupling values can
be calculated as well. For a fully reconfigurable filter, CR’s
have to be placed adjacent to each main resonator to be able
to adapt each coupling individually.

III. FILTER DESIGN

The filter is designed to be tunable between 13.9 GHz
to 14.9 GHz and bandwidth tunable between 100 MHz to
200 MHz. A third order filter is chosen as a trade off between
complexity and increased selectivity. Therefore, the filter con-
sists of three main resonators, which form the passband, four
coupling resonators, which control the external/inter-resonator
coupling and one non-resonating node (NRN) to couple the
the center resonator in an extracted-pole topology for the
generation of a TZ. The NRN is positioned in the center of
the filter which allows for a symmetrical structure. The irises
adjacent to each coupling resonator are symmetrical, which
further reduces the design complexity. Tuning screws are used
in the center of each resonator to influence its resonance
frequency, with exception of the NRN. For the same center
frequency, the transmission zero only moves ~ 10 MHz
relative to the passband edge depending on the bandwidth.

The coupling resonators can be dimensioned to resonate
either below or above the passband [5], [9]. In the presented
structure, the coupling resonators as well as the NRN operate
below 13 GHz to not disturb the passband. The closer the
coupling resonator’s resonance frequency is to the passband,
the stronger the inter-resonator coupling. For low bandwidth
configurations, the resonance frequencies of the coupling
resonators are pushed below 12.25 GHz since a weak coupling
is needed. The first higher order mode of the NRN and the
CRs is occurring above 17 GHz and 18 GHz, respectively,
which leaves the range from 13 GHz to 17 GHz without
spurious resonances. The higher order mode of the NRN is not
influenced by any tuning screws which causes the resonance
to remain in place during all tuning states.
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Fig. 2. Top down view of the filter structure. Dimensions in mm: lg; = 12.5,

I1 =9.25, lig = 14, Iyprny = 12.9, 13 = 12.5, wgy = 15.79, wi = 13,

Wi = 1579, WNRN = 1579, Wo = 12.5, iriSQNRN = 9, iri323 = 95,

iris37, = 10. The filter is symmetrical in relation to the NRN. The blend radii

are 2 mm.
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Fig. 3. Simulation results of different tuning states.

The main resonators are dimensioned in order to resonate
slightly above the highest desired passband frequency. This is
used as a safety margin since the coupling resonators have a
small influence on the main resonator’s resonance frequency.
In this manner, different tuning states have slightly different
effects on the main resonators. The widths and lengths of the
main resonators are modified to approach a square footprint
which results in a higher Q-factor. In the case of main
resonator 1 and 3, their widths are reduced to approach these
optimal dimensions while resonator 2 is completely square.

After each resonator is dimensioned properly, the iris widths
have to be adapted so that the desired coupling strength for a
tuning state is achieved. The complete filter structure and the
final dimensions can be seen in Fig. 2. The main resonators,
which form the passband, are marked separately, while the
larger cavities are the coupling resonators. In Fig. 3 the
simulation results for different center frequency and bandwidth
configurations are displayed.

IV. MEASUREMENT RESULTS

The filter is manufactured out of aluminum without silver
plating and is shown in Fig. 6. Recesses are foreseen to
increase the pressure on the cavity edges to improve the elec-
trical connection. In Fig. 4, the measured response for a upper
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Fig. 4. Measured filter response for a center frequency of 14.8 GHz.
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Fig. 5. Measured filter response for a center frequency of 13.8 GHz.

Ku-band center frequency is displayed. The filter was designed
to achieve a maximum center frequency of 14.9 GHz while
the measurements reveal a small reduction to 14.8 GHz, which
might be related to manufacturing inaccuracies. The insertion
losses (IL) for each of the tuning states are IL > 0.4 dB
and IL > 0.75 dB, respectively. This results in a Q-factor of
Q. = 2000. The tuning states at a lower center frequency
suffer from slightly higher insertion losses with IL > 0.5 dB
and IL > 0.91 dB since the tuning screws have to be inserted
deeper into the cavities. At all tuning states, a return loss
above 20 dB can be achieved. In Fig. 4 and Fig. 5, only the
edge cases are shown, as the coupling strength can be varied
continuously. In the range from 13.8 GHz to 14.8 GHz, any
bandwidth between 100 MHz and 200 MHz can be realised
with a return loss of at least 20 dB.

V. CONCLUSION

In this paper, a reconfigurable bandpass filter with an
extracted-pole section is presented. The filter structure utilizes

Fig. 6. Photo of the manufactured reconfigurable filter with extracted pole.
Top: filter with cavities Bottom: top cover

coupling resonators to realize different bandwidths. The ex-
tracted pole provides a transmission zero close to the passband
to offset the influence of the coupling resonators operating
below its center frequency and to increase the selectivity. The
filter is manufactured out of aluminum and the simulation
results are verified. A good agreement between simulation
and measurements can be seen although a frequency shift
is noticeable, which can be attributed to small manufactur-
ing inaccuracies. The presented filter achieves a Q-factor of
Q. =~ 2000, which is slightly lower during tuning states with
a lower center frequency.
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