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Fig. 20. Measured power transmission ( ), reflection ( ) and smoothed
group-delay responses of the reconfigurable narrowband quad-band BPF mi-
crostrip prototype: examples of single-passband filtering states (including quasi-
elliptic-type and self-equalized flat-group-delay transfer functions). (a) .
(b) . (c) Smoothed group delay (passband detail).

spacing. Regarding the latter, two additional sharp-rejec-
tion dual-passband responses with several TZs are drawn in
Fig. 18 for the wideband range of 0.6–1.3 GHz. The first fil-
tering profile, reconfigured in the lower part of the entire tuning
range, has its lower and upper passbands located at 0.78 and
1 GHz with 3-dB absolute bandwidths of 60 and 80 MHz (i.e.,
relative bandwidths of 7.7% and 8%). The second response,
tuned in the upper region of the represented spectral interval,
shows lower and upper transmission bands with center frequen-
cies of 1 and 1.15 GHz and 3-dB absolute bandwidths of 55 and
69 MHz (equivalently, of 5.5% and 6% in relative terms). For
both passbands of these dual-band bandpass filtering transfer

Fig. 21. Measured power transmission ( ) and reflection ( ) responses
of the reconfigurable narrowband quad-band BPF microstrip prototype: ex-
amples of frequency-contiguous quasi-elliptic-type single-passband filtering
states with tuned center frequency and constant absolute bandwidth. (a) .
(b) .

functions, minimum in-band power insertion losses of 1.8 dB
are attained.
Fig. 19 exemplifies the transformation of a mono-band

bandpass filtering transfer function into two multi-passband
responses exhibiting two and three transmission bands, re-
spectively. Initially, a moderate-bandwidth quasi-elliptic-type
bandpass filtering profile with a 3-dB absolute bandwidth of
80 MHz around 1.06 GHz (i.e., of 7.5% in relative terms),
minimum in-band power transmission losses of 1.6 dB, and
multiple stopband TZs was set. By reconfiguring the natural
frequencies of the filter resonators, it is then proven how their
associated poles can be split to create a dual-band bandpass fil-
tering action with narrow-bandwidth passbands (note that, due
to the high- characteristics of the mechanically adjustable ca-
pacitors, passband widths as small as those attainable in related
coupled-resonator BPF schemes for such frequency ranges and
microstrip substrate can be set). In this case, the passbands are
located at 1 and 1.18 GHz, showing 3-dB absolute bandwidths
of 32 and 34 MHz (i.e., of about 3% in relative terms for
both transmission bands), and in-band power transmission
losses higher than 2.8 and 3.2 dB, respectively. Subsequently,
such dynamic-pole allocation capability is applied to set a
triple-passband filtering function. Now, its lower to upper
passbands are centered at 0.96, 1.06, and 1.22 GHz with 3-dB
absolute bandwidths equal to 33, 62, and 22 MHz (i.e., relative
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TABLE I
COMPARISON OF THE PROPOSED RECONFIGURABLE MULTI-BAND BPF APPROACH WITH THE STATE-OF-THE-ART [22]–[30]

Note: “Additional functionalities” refer to operation modes as single-band BPF with reconfiguration capability in terms of center frequency, bandwidth, group-
delay, TZ, filtering function (e.g., equirriple, maximally flat, and quasi-elliptic linear-phase type) and even with in-band adjustable notches.

bandwidths of 3.5%, 5.9%, and 1.8%). The in-band minimum
power transmission loss levels are 2.1, 1.3, and 3.2 dB.
Subsequently, as further reconfiguration flexibility, the capa-

bility of the fabricated reconfigurable multi-band BPF prototype
to also operate as a linear-phase BPF is demonstrated. Note that
flat group-delay BPFs are very desirable for a variety of appli-
cations such as digital communications, where phase-distortion
requirements can become more stringent than amplitude-distor-
tion characteristics [44].
In relation to the latter, the measured power transmission,

reflection, and smoothed group-delay curves for three single-
passband filtering states of the constructed circuit are plotted
in Fig. 20. Two of them, which correspond to quasi-elliptic-
type transfer functions, validate how the bandwidth and the TZs
can be simultaneously tuned to maintain the selectivity perfor-
mance. In particular, for these curves, the 3-dB bandwidth is
varied from 50 to 80 MHz (i.e., from 4.5% to 7.5% in rela-
tive terms) while preserving the out-of-band rejection levels and
sharpness of the cutoff slopes. On the contrary, the effective cou-
pling values giving rise to the creation of the adjacent-to-pass-
band real TZs in the aforementioned transfer functions have
been reconfigured in the third response for self-equalization pur-
pose at the expense of selectivity reduction. This is confirmed in
Fig. 20(c), which attests to a reduction in the maximum in-band
group-delay variation from 17 ns (quasi-elliptic-type narrower-
band response) to 2.2 ns (self-equalized response) for a nearly
similar transmission range.
To conclude, the center-frequency tuning ability of the

constructed reconfigurable multi-band BPF prototype when
acting as single-band BPF is confirmed in Fig. 21. In this figure,
the measured power transmission and reflection responses of
three contiguous-frequency quasi-elliptic-type BPF states with

equal absolute bandwidths are represented. As explained in
Section II [see Fig. 3(b)] and also shown in Fig. 10(b) for
the first prototype, it is observed that the bandpass filtering
function is generated within a broad stopband range inherent
to the quasi-bandpass stages embodied in the overall BPF
transversal branches. The main performances for the measured
passbands, enumerated from the lower to the upper spectrally
tuned transfer function, are as follows: center frequencies of
0.96, 1.03, and 1.1 GHz, 3-dB absolute bandwidths equal to
85, 85, and 84 MHz (i.e., of 8.9%, 8.3%, and 7.6% in relative
terms), minimum in-band power transmission loss of 1.7,
1.3, and 1.4 dB, and in-band power matching levels higher
than 10 dB in all the responses. Note that, in contrast to other
available techniques to design constant absolute-bandwidth
tunable-center frequency BPFs, such a feature is achieved here
through the dynamic-pole allocation instead of by compli-
cated methods to attain the required variation patterns versus
tuned center frequency for the inter-resonator couplings (e.g.,
dual-mode resonators and stepped-impedance/corrugated lines
properly arranged) within the entire tuning range [45]–[49].
Moreover, adjacent TZs are created at both passband sides in
all the tuned states, as a benefit in relation to most of related
past solutions.

C. Comparison With State-of-the-Art
A qualitative comparative study of the main features of the

proposed reconfigurable multi-band BPF approach in relation
to those of the state-of-the-art [22]–[30] is given in Table I. In
relation to this table, the following two clarifications should be
made.
• Control of the number of passbands (which gives rise to
an equivalent “passband-switching” effect) and order re-
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configuration refer, respectively, to the possibility of dy-
namically modify the amount of generated transmission
bands and their building poles in the same circuit. As was
previously shown, this can be accomplished in the current
multi-band BPF by two different ways: 1) through the pass-
band-merging feature when all the tunable resonators are
utilized to configure transmission bands or 2) by detuning
a subset of reconfigurable resonators that remain unused
for passband shaping.

• Additional functionalities mean the potential of setting re-
configuration states other than the multi-passband one. In
this case, they are tune-all broadband bandpass filtering
with in-band adjustable notches or self-equalized quasi-
elliptic-type bandpass filtering with linear-phase perfor-
mance.

IV. CONCLUSION

A new family of frequency-agile multi-band microwave
BFPs with fully reconfigurable transmission bands has been
proposed. It is based on a quasi-BPF configuration with
multi-band operation, which comprises distinct sets of con-
trollable mono-frequency resonators to separately generate
each tunable passband. It enables unprecedented levels of
reconfiguration to be attained in the same circuit, which acts as
multi-mode/multi-purpose filtering device. Examples encom-
pass high-selectivity multi-band states with center-frequency-
and bandwidth-adaptive passbands or wider band/higher order
single-band bandpass responses through passband merging,
which exhibit tune-all capability in terms of center frequency,
bandwidth, TZs, group delay, and in-band notches. Further-
more, the reported multi-band BPF approach is generalizable
to synthesize any number of passbands and is well suited for
different tunable resonator and filter technologies. The theoret-
ical principles of the devised reconfigurable multi-band BFP
structure, with an emphasis on the analysis of the quasi-band-
pass section as a basic building block, have been described
through the coupling-node formalism along with a triple-band
BPF synthesis example. In addition, to experimentally vali-
date the concept, two different fully adaptive multi-band BPF
prototypes incorporating mechanically variable capacitors for
high- tuning have been successfully developed in microstrip
substrate and measured.
They were a three-pole broadband dual-band BPF and a

narrowband quadruple-passband filter with a merging feature
for its transmission bands by using a two-path transversal
configuration. To the authors’ knowledge, the engineered fre-
quency-adaptive multi-band BFP approach has demonstrated
the highest reconfiguration capability reported to date for this
class of devices. Future research work to be addressed is the
realization of an electronically controllable version of these
reconfigurable multi-band BPFs by using varactor diodes as
variable reactance elements, along with its complete charac-
terization in terms of power-handling/linearity behavior. The
development of an auxiliary digital subsystem for its automatic
electronic reconfiguration remains also as further work to be
carried out.
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