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Balanced Symmetrical Quasi-Reflectionless Single-
and Dual-Band Bandpass Planar Filters

Roberto Gémez-Garcia
Wenjie Feng

Abstract— Microwave planar balanced single-/dual-band band-
pass filters (BPFs) with symmetrical quasi-reflectionless
differential-mode behavior are presented in this letter. They
are made up of a direct single-/dual-band BPF branch with
virtually short-ended stubs in differential-mode operation, whose
input and output accesses are loaded with stub-loaded-type
single-/dual-band bandstop filter (BSF) branches that are ter-
minated with a resistor. These BSF branches exhibit a quasi-
complementary transfer function with regard to the one of
the BPF branch and absorb the differential-mode input-
signal energy not transmitted by the filter to achieve quasi-
reflectionlesss capabilities. The theoretical foundations of the
proposed balanced quasi-absorptive single-/dual-band BPFs and
synthesis examples are given. Furthermore, for experimental-
demonstration purposes, microstrip prototypes of 3-GHz second-
order single-band and 2.85/3.15-GHz first-order dual-band BPFs
are manufactured and characterized.

Index Terms— Absorptive filter, balanced filter, bandpass filter
(BPF), bandstop filter (BSF), differential-mode filter, dual-band
filter, multiband filter, reflectionless filter, stub-loaded filter.

I. INTRODUCTION

HE development of balanced or differential-mode

microwave circuits has acquired a relevant interest in
the past few years. When compared to their single-ended
counterparts, they offer advantages in terms of higher robust-
ness to undesired noise, crosstalk, and electromagnetic inter-
ference phenomena appearing in modern RF systems [1].
On the other hand, high-frequency passive components with
reflectionless or absorptive capabilities are also required to
protect adjacent active stages from unwanted RF-signal-power
reflections that can deteriorate their operation. For example,
they can reduce undesired spurious products in mixers that
may result from the remixing of these RF-power returns
with the local oscillator or minimize instability problems in
power amplifiers without the need for additional interstage
attenuators [2].
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A large variety of approaches of balanced planar filtering
devices [3]-[6] and reflectionless planar filters [7]-[10] have
been reported in the technical literature for different types
of transfer function which are either static or reconfigurable.
However, no filter solutions that hybridize these two capabil-
ities have been proposed. Although some efforts have been
made to realize quasi-absorptive common-mode suppression
in balanced filters as in [11], their differential-mode filtering
process has a reflective nature with large RF-signal-power
levels returned at their terminals in their stopband regions.

In this letter, balanced planar single- and dual-band
bandpass filters (BPFs) with symmetrical quasi-reflectionless
differential-mode behavior are presented for the first time.
They use quasi-absorptive resistively terminated bandstop fil-
ter (BSF) branches that are connected to the input—output
ports of the filter, which exhibit a nearly complementary
transfer function in relation to the one of the differential-
mode transmission path. In this manner, the nontransmitted
differential-mode input-signal energy in the stopband regions
of the overall differential-mode transfer function is routed to
the loading resistors of these BSF branches that dissipate it.

The organization of the rest of this letter is as follows:
the operational foundations and circuit architectures of the
proposed balanced symmetrical quasi-reflectionless filters,
along with the theoretical synthesis examples for single-
and dual-band BPF realizations, are detailed in Section II.
In Section III, the simulated and experimental results of
two manufactured proof-of-concept microstrip prototypes of
single- and dual-band BPFs are shown. Finally, a summary
and the most relevant conclusions of this letter are provided
in Section IV.

II. THEORETICAL FOUNDATIONS

The circuit architecture of the engineered balanced sym-
metrical quasi-reflectionless BPF, upper half for Kth-order
realization, is shown in Fig. 1. As can be seen, it is shaped
by a direct input—output Kth-order BPF branch with quarter-
wavelength-at- f; stubs of Zp characteristic impedance termi-
nated in a virtual short circuit for differential-mode operation.
This BPF branch is loaded at its input—output terminals with
resistively terminated Kth-order BSF branches that exhibit a
nearly complementary transfer function with regard to that of
the BPF branch in differential-mode operation. In this manner,
the nontransmitted input-signal energy in the differential-mode
stopband regions can be dissipated in the loading resistor of
these BSF branches instead of being reflected back at the
filter accesses. Hence, a differential-mode quasi-reflectionless
behavior is obtained in this stub-loaded balanced filter. For
common-mode operation, the stubs of the direct input—output
path are terminated in a virtual open circuit, so that a reflective-
type BSF nature is attained in the overall filter to inhibit
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Fig. 1. Circuit detail—upper half—of the proposed Kth-order sym-
metrical quasi-reflectionless single-band BPF (Z g-characteristic-impedance
transmission-line segments are resonators and the rest are impedance inverters;
all these lines have an electrical length of 90° at the design frequency fy).

common-mode transmission. In relation to the theoretical
design of the proposed symmetrical quasi-reflectionless BPF
topology, which is frequency periodic with the first spectral
period being [0, 2 f;), the following considerations must be
taken into account.

1) For first-order designs, i.e., K = 1, and frequency-
independent impedance inverters, it can be verified
by following a similar procedure as in [9] that the
relationship Z¢ = Za1Zp1/Zo results in a minimum
differential-mode power matching level of 15.15 dB
across the entire frequency range. However, for
transmission-line-based inverters as in Fig. 1, a fine
tuning of Z¢ around this value may be needed for the
adjustment of the power matching performance within
the entire differential-mode transmission band at the
filter accesses. An optimization process is also necessary
in higher order realizations, for which the derivation
of analytical synthesis equations becomes more com-
plicated as the filter order increases.

2) The line impedance parameter Zr, among some other
design variables as degrees of freedom depending on
the filter order, allows to control the differential-mode
passband width while preserving the quasi-reflectionless
and in-band common-mode rejection filter capabilities.

For illustration purposes of the previous remarks, Fig. 2
depicts the differential-mode power transmission, reflection,
and common-mode power-rejection responses of theoreti-
cally synthesized first- and second-order examples of the
balanced quasi-reflectionless BPF in Fig. 1 for a 3-dB
absolute bandwidth of 0.235f;. Specifically, a 13.8-dB
differential-mode power-matching bandwidth of 0.92f; cen-
tered at fy, i.e., 3.8 times the 3-dB passband width,
is obtained in both cases, with higher differential-mode selec-
tivity and common-mode rejection as the filter order increases.
On the other hand, for the second-order example in Fig. 2,
Fig. 3 reveals how a higher Zp value results in a broader
differential-mode transmission band.

Finally, the extension of the engineered balanced quasi-
reflectionless single-band BPF concept to dual-band BPF
realizations is verified in Fig. 4. In particular, the circuit detail
of the first-order dual-band BPF and BSF branches to be used
in the scheme of Fig. 1 for that purpose and two theoretically
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Fig. 2. Theoretical differential-mode power transmission (|ng|), reflec-
tion (IS??I), and common-mode power transmission (ISE?I) responses of
ideally synthesized first- and second-order examples for the balanced quasi-
reflectionless single-band BPF in Fig. 1: order variation (K = 1: Z4; =
1.16Zy, Zpy = Zo, Z¢c = Zo, Zr = 0.46Zy, and R = Zy; K = 2:
Zar = 1.5Z0, Zyy = 2.6Zy, Zp1 = 1120, Zpy = Zo, Z¢c = Zo,
Zgr =0.5Zy, and R = Z; Z is the reference impedance).
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Fig. 3. Theoretical differential-mode power transmission (|ng|), reflec-
tion (IS??I), and common-mode power transmission (ISE?I) responses of ide-
ally synthesized second-order examples for the balanced quasi-reflectionless
single-band BPF in Fig. 1: bandwidth variation through Zpg (the rest of the
design parameter values are the same as in the second-order example in Fig. 2).
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Fig. 4. Dual-band BPF and BSF branches for first-order realizations of
balanced quasi-reflectionless dual-band BPFs (f] and f>: center frequencies
of the lower and upper passbands; f; = (f1 + f2)/2; and the electrical
lengths of all the transmission-line segments are equal to 90° at the indicated
frequencies) and theoretical differential-mode power transmission (Ingl),
reflection (|Sﬁj|), and common-mode power transmission (|S§§ |) responses of
associated ideally synthesized dual-band BPF examples (f| = 0.85f4, f» =
1.15f4, Za1 = Zo, Zp1 = Zo, Zc = Zg, Zg = 0.46Z¢, and R = Zj).

synthesized examples with lower and upper band center fre-
quencies of f; = 0.85f; and f> = 1.15f; are shown. Also,
note that different bandwidths for the dual passbands can be set
by making Zp| # Zp>. Moreover, like in the single-band BPF
case, higher order and in-series cascade dual-band BPF realiza-
tions are feasible to increase the out-of-band differential-mode
and in-band common-mode suppression levels.
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Fig. 5. Photographs of the manufactured balanced quasi-reflectionless
microstrip filter prototypes (Rogers 5880 substrate: relative dielectric permit-
tivity &, = 2.2, dielectric thickness A = 1 mm, metal thickness t = 35 um,
and dielectric loss tangent tan(dp) = 0.0009; ground connections for 50-
resistors: 1-mm-diameter metallic via holes). (a) Single-band BPF (core area:
169 x 11.5 cmz). (b) Dual-band BPF (core area: 21.4 x 10.1 cmz).
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Fig. 6. Simulated and measured differential-mode power transmission (|S‘2j‘1j D,

reflection (IS??I), and common-mode power transmission (|S§f|) responses

of the manufactured balanced quasi-reflectionless microstrip filter prototypes.
(a) Single-band BPF. (b) Dual-band BPF.

II1. EXPERIMENTAL RESULTS

To verify the practical usefulness of the described balanced
quasi-reflectionless single- and dual-band BPF principles, two
microstrip prototypes have been built and tested. They, respec-
tively, correspond to the second-order single-band and first-
order dual-band BPFs synthesized in Fig. 2—case K = 2—
and Fig. 4—Zp1 = Zpr = 5Zp/2 and the other design
variables as in the examples there—for f; =3 GHz and
Zop =50 Q.

The photographs of the manufactured microstrip proto-
types are shown in Fig. 5. Its simulated—by means of the
commercial package Ansys HFSS—and measured—with an
Agilent-E8361A network analyzer—differential-mode power
transmission, reflection, and common-mode power transmis-
sion parameters are depicted in Fig. 6. As can be seen,
a reasonable agreement between simulations and measure-
ments is obtained that experimentally demonstrates the quasi-
reflectionless behavior. Some discrepancies are observed in
terms of a decrease of the input power matching levels in the

upper stopband range of both prototypes that are attributed to
manufacturing and loading resistor tolerances. For the single-
band BPF circuit, the main measured characteristics are as
follows: differential-mode operation with center frequency of
3.04 GHz, 3-dB absolute bandwidth of 662 MHz (i.e., equal
to 21.8% in relative terms), minimum in-band power inser-
tion loss level of 0.6 dB, minimum in-band power matching
level of 8.3 dB, and common-mode power-rejection levels
higher than 35 dB within the differential-mode passband. The
dual-band BPF exhibits differential-mode lower and upper
passbands with center frequencies of 2.82 and 3.21 GHz,
3-dB absolute bandwidths of 150 and 165 MHz (i.e., equal
to 52% and 5.1% in relative terms), minimum in-band
power-insertion-loss levels of 1.9 and 1.7 dB, and minimum
in-band power matching levels of 21.6 and 16.1 dB. The
minimum common-mode power-rejection levels within the
lower and upper differential-mode 3-dB passband widths are
15.1 and 9.3 dB, respectively.

IV. CONCLUSION

A class of single-/dual-band microwave planar BPFs with
symmetrical quasi-reflectionless capabilities in differential-
mode operation has been proposed for the first time. It has
been shown that the order increase in these filters results in
higher differential-mode selectivity and in enhanced in-band
common-mode suppression while keeping the quasi-absorptive
behavior. Guidelines for the design and bandwidth adjustment
of the devised balanced quasi-reflectionless filters, which are
scalable to more than two-passband schemes, have been given.
Moreover, two proof-of-concept microstrip prototypes consist-
ing of 3-GHz second-order single-band and 2.85/3.15 GHz
first-order dual-band BPFs have been developed and tested.
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