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Abstract— This paper presents a high-Q tunable quasi-absorptive bandstop-to-all-pass filter in the 1.1 to 2 GHz frequency range.
The filter can continuously tune from an all-pass response to an
absorptive bandstop response with high isolation (70 dB) across its
entire frequency range. The insertion loss in its all-pass state varies from 2.27 to 3.14 dB. The filter topology requires only one tuning element per resonator. The filter topology is implemented with
evanescent-mode cavity resonators and tuned with low-power piezoelectric actuators. The extracted unloaded resonator Q-factor
is 400.
Index Terms— Tunable filter, absorptive bandstop filter, evanescent-mode cavity filter, bandstop-to-all-pass filter.

the admittance of resonator 1 and 2 in Fig. 1(a), which can be
represented as
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is the impedance of a resonator and is the suscepwhere
tance, or detuning of the resonator. The following subsections
demonstrate how resonator detuning is employed to satisfy
bandstop and all-pass conditions.

I. INTRODUCTION
Tunable microwave bandstop filters are critical components
in protecting receivers from strong interferers. Conventional
filter performance is typically limited by its resonators Q-factors. On the other hand, in absorptive bandstop filter topologies
[1,2] it is theoretically possible to achieve infinite attenuation
with finite resonator Q-factor. Absorptive bandstop filters have
been demonstrated in various frequency bands and with various
topologies [2-8]. Most presented topologies require 90-degree
transmission line coupling between source and load that limit
the tuning range of the filter. The topology employed in this
paper does not require this 90 degree transmission line and
therefore achieves deep attenuation over a wide frequency
range. Furthermore, only two tuning elements are required to
obtain the bandstop-to-all-pass response. Variable attenuation
is achieved by adjusting either resonator.

Fig. 1.
(a) Topology of a quasi-absorptive bandstop-to-all-pass filter, and
(b) the effects of resonator Q-factor on quasi-absorptive response.

A. All-pass condition
The all-pass condition is satisfied when
is set to 0 across
the whole frequency band. Ignoring the effect of a finite resonator quality factor, two relations are obtained:
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II. BANDSTOP-TO-ALL-PASS FILTER TOPOLOGY AND DESIGN
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The quasi-absorptive bandstop condition is satisfied when
is set to 0 at the center frequency. Considering also (4), we
get equations (6) and (7):
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B. Bandstop condition
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is the normalized coupling coefficient.

where

A general bandstop-to-all-pass filter coupling diagram is
shown in Fig. 1(a) [2]. This topology consists of two parallel
branches. The upper one is a bandstop configuration with external coupling of , and transmission line of electrical length
. The lower one is a bandpass configuration with external
couplings of and − . Using Y-parameter analysis, the S-parameters are derived in (1) and (2), where and correspond
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Fig. 3. Fabricated bandstop-to-all-pass cavity filters without and with piezoelectric actuators.

Fig. 2.
Simulation model and dimensions in mm of the evanescent-mode
cavity filter in HFSS.
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To compensate the transmission line electrical length variation, a correction factor can be added in in (7). The simulated
absorptive bandstop responses with various Q-factors are
shown in Fig. 1(b). Considering all these relations, the quasiabsorptive bandstop response is simplified to a 2nd-order Butterworth bandstop response:
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Fig. 4.
Measured bandstop response with tunable attenuation levels from
80 dB to 2.16 dB.

(8)

with 3-dB bandwidth of √2 . Fully-absorptive bandstop response can be obtained by setting both
and
to 0 (this is
not discussed further in this paper).
III. FILTER DESIGN AND IMPLEMENTATION
An evanescent-mode cavity resonator technology is employed to implement this topology due to its high Q factor [9].
Cavity resonators are loaded with a post forming a small gap
with the ceiling of the cavity. This gap can be tuned with piezoelectric actuators to tune the capacitance and cavity resonance. Figure 2 shows the layer-by-layer HFSS simulation
model for the filter and dimensions of the cavities and coupling
apertures. The filer is designed to tune from 1 to 2 GHz with a
gap tuned from 10 to 40 μm. The simulated loaded resonator Qfactor is approximately 440. The top layer with the 50-Ω microstrip line source-to-load coupling is fabricated on a 0.508mm thick Rogers 4003 substrate ( = 3.38, tan ( ) =
0.0027) with a PCB milling machine. The resonators are fabricated on a 1.524-mm thick Rogers 4003 substrate (Fig. 3).
IV. MEASUREMENT RESULTS
The fabricated filter was measured with an Agilent N5230C
network analyzer and a Keithley 2410 source providing ±200
V DC bias to piezoelectric actuators.

Fig. 5.
Measured frequency response of (a) all-pass state across its entire
tuning range and (b) absorptive bandstop state.
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The filter can continuously tune from an all-pass to an absorptive bandstop response with high isolation (70 dB) across
its entire frequency range from 1.1 to 2 GHz. It is also possible
to obtain over 80 dB isolation but this requires fine tuning of
the resonator bias voltages. Figure 4 shows the measurement
results for various attenuation levels. This filter demonstrates a
higher than 70-dB deep attenuation across its entire tuning
range (Fig. 5). The measured 3-dB bandwidth is 4.3% at 1.1
GHz, and monotonically increases to 9% at 2 GHz. The measured 10-dB bandwidth is 2.3% at 1.1 GHz and increases to 4.9%
at 2 GHz. The filter tuning range can be further improved by
reducing the initial gap (10 μm) of the cavity.
The measured all-pass state insertion loss is decreasing from
3.14 dB at 1.1 GHz to 2.27 dB at 2 GHz as the resonator Qfactor increases along frequency. Figure 5(a) shows the frequency response of the all-pass states across its tuning range.
The extracted unloaded resonator Q-factor is approximately
400. Figure 6 shows the obtained good agreement between
measurement and simulation results in HFSS for both the allpass and the absorptive bandstop states.
V. CONCLUSION
A high-Q tunable quasi-absorptive bandstop-to-all-pass filter
is presented with evanescent-mode cavity resonators in the 1.1
to 2 GHz frequency range. With only two tuning elements (one
per resonator), the filter can tune continuously from an all-pass
response to an absorptive bandstop response with high isolation
(70-dB) across its entire frequency range. The all-pass state insertion loss is measured from 3.14-dB at 1.1 GHz to 2.27-dB at
2 GHz. The bandstop response is a 2nd-order Butterworth response.

Fig. 6.
Measured versus HFSS simulated frequency response of (a) all-pass
state and (b) absorptive bandstop state.
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