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Abstract— Two architectures of fully-planar differential-
mode dual-band bandpass filters (DB-BPFs) with enlarged
common-mode-suppression bandwidth are reported. The first
one, which aims at designs with broadly-separated wide
passbands, exploits the loading of extra lines in its balanced
symmetry plane. Thus, multiple common-mode transmission
zeros (TZs) are created to make wider the DB-BPF common-
mode-rejection range. The second one can be used for realiza-
tions with closely-spaced passbands and employs a properly-
balanced quasi-bandpass-type DB-BPF topology. In this case,
the common-mode-mitigation bandwidth broadening is per-
formed by adequately selecting the type of implementation
for the short-circuit terminations of its resonating lines—
i.e., virtual or physical short circuits in the differential-
mode operation—. For experimental-validation purposes, two
microstrip DB-BPF prototypes are manufactured and tested.

I. INTRODUCTION

RF balanced or differential-mode circuits feature higher
robustness to common-mode noise, crosstalk, and electro-
magnetic interference when compared to their single-ended
counterparts. As a result, they may be very desired in
emerging RF wireless transceivers in which these problems
become more prominent due to their progressive integra-
tion for lower-size/volume implementations. In the case of
balanced planar filters, high-selectivity differential-mode
filtering transfer functions with single/multi-band charac-
teristics and spectrally-broad common-mode-suppression
actions are essential requisites [1]-[3].

Despite several balanced single-passband planar filters
have been reported in the past, less effort has been made in
multi-band designs. Some examples to be highlighted are
the dual-band bandpass filter (DB-BPF) in [4] that employs
lumped elements in its symmetry plane with subsequent
sensitivity issues or the triple-band configuration in [5]
in which the common-mode suppression is only achieved
throughout the differential-mode triple-passband range.

Two realizations of balanced DB-BPFs with broadened
common-mode-suppression bandwidth and sharp-rejection
differential-mode dual-passband response are presented.
The first approach extrapolates the centrally-loaded-stub
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Fig. 1. Balanced DB-BPF with broadly-separated passbands
(symmetrical half circuit). (a) Circuit detail (Z refers to the char-
acteristic impedance of a transmission-line segment; all the lines
segments have an electrical length of 90° at the design frequency
fa except from the extra lines whose lengths are 45° at fq).
(b) Operational principle: composition of the enlarged common-
mode power transmission (| S5 |) parameter—with/without extra
lines—and differential-mode power transmission (|S37|) param-
eter (Za1 = ?)Zo/27 Zag = 1320/57 ZB1 = Zo, Zps = Zo,
ZCl = 920/10, ZCQ = 920/10, ZD = 12Z()/5, and ZE =
3Z0/5; Zo: reference impedance).
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technique used in [3] to fully-planar DB-BPF schemes with
largely-separated wide passbands. The second technique is
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based on the way to implement the short-circuit ends of
the resonating lines—i.e., physical or virtual short circuits
in the differential mode—of a dual-band quasi-bandpass
filter as in [6] for a balanced arrangement. For practical-
validation purposes, two microstrip DB-BPF prototypes
are designed, constructed, and characterized.

II. ToPOLOGY 1: BALANCED DB-BPF WITH
BROADLY-SEPARATED PASSBANDS

The circuit detail of the first balanced DB-BPF with
widely-spaced passbands—symmetrical half circuit for
third-oder realization—is depicted in Fig. 1(a). As shown,
its symmetrical half is composed of a direct input-to-
output transmission path with parallel-connected stepped-
impedance-type resonating lines that are virtually short-
ended in the differential-mode operation. These lines are
loaded with extra line segments at the symmetry plane
to control the locations of the created transmission zeros
(TZs) by the overall stubs in the common-mode opera-
tion. Thus, through a proper TZ positioning, a broadened
common-mode-suppression bandwidth can be produced.
The aforementioned principle is illustrated in Fig. 1(b) for
a particular design example. It reveals how common-mode
suppression levels higher than 20 dB can be realized both
throughout the differential-mode passbands and the stop-
band regions below/above these transmission bands. Note
also that some flexibility in the locations of the differential-
mode dual passbands and their bandwidths is feasible
through the line-impedance parameters of the symmetrical
half circuit of the DB-BPF excluding the extra lines.

To demonstrate the practical viability of the previ-
ous differential-mode wide-band DB-BPF approach with
broadly-spaced passbands, a microstrip prototype has been
developed and characterized. It corresponds to the DB-BPF
example in Fig. 1 for Zy = 50 Q and fq = 2 GHz. For its
manufacturing, a RO4003C substrate with the following
parameters was employed: relative dielectric permittivity
g, = 3.38 (£0.05), dielectric thickness H = 1.524 mm,
metal thickness ¢t = 17.8 pum, and dielectric loss tangent
tandp = 0.0027. The ground connections of the extra
lines were realized with 1-mm-diameter metallic via holes.

A photograph of the manufactured DB-BPF prototype is
shown in Fig. 2(a). Its simulated—with Ansys HFESS—and
measured—with a Keysight N5224A network analyzer—
mixed-mode S-parameters are compared in Fig. 2(b). As
observed, a fairly-close agreement between simulations
and measurements is obtained. The measured characteris-
tics for the fabricated DB-BPF circuit are as follows: lower
and upper differential-mode transmission bands with center
frequencies of 1.16 GHz and 2.69 GHz, 3-dB absolute
bandwidths equal to 529 MHz and 470 MHz (i.e., 45.6%
and 17.5% in relative terms), minimum in-band insertion-
loss levels of 0.25 dB and 0.6 dB, in-band input-power-
matching levels above 25 dB and 21 dB, and minimum
in-band common-mode rejection levels of 17.9 dB and
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Fig. 2. Manufactured microstrip prototype of the balanced DB-
BPF with broadly-separated passbands. (a) Photograph (dimen-
sions, in mm, where “w” and “I” stand for width and length,
respectively: wq = 3.5, lo = 10, wy = 1.7, I, = 22, w. = 0.4,
le =21.5, wqg = 3.5, lg = 46.4, we = 4.1, lc =47, wy = 0.52,
ly =11.5, wy = 7.4, and l; = 12.4 with 5-mm taper length). (b)
Simulated and measured differential-mode power transmission
(1S54 1), differential-mode power reflection (|S59|), and common-
mode power transmission (|.S5]|) parameters.

20.5 dB, respectively. The 10-dB-referred common-mode-
suppression range is 0.55-3.65 GHz (i.e., 6.6:1 ratio).
ITII. TOPOLOGY 2: BALANCED DB-BPF WITH
CLOSELY-SPACED PASSBANDS

The second DB-BPF scheme, which is suitable for
designs with closely-spaced differential passbands, is
based on a dual-band quasi-bandpass approach. Its circuit
detail—third-order case—is given in Fig. 3(a). As shown,
only the second dual-band quasi-bandpass section is joined
to the symmetry plane of the balanced DB-BPF through
the ends of its resonating lines to create virtual short-
circuits under differential-mode excitation. The resonating
lines of the other sections are terminated in physical short-
circuits. This allows wider common-mode-suppression
bandwidth to be realized at the expense of lower minimum
common-mode-rejection levels within the dual passbands.
The previous design strategy is illustrated in Fig. 3(b) for
a particular example. As can be seen, a broader common-
mode-suppression bandwidth—but with reduced common-
mode-rejection levels in the dual passbands—is obtained
in the configuration of Fig. 3(a) when compared to that
in which all the dual-band quasi-bandpass sections are
connected to the symmetry plane—i.e., all the resonat-
ing lines are open ended in common-mode excitation—.
In differential-mode operation, a sharp-rejection DB-BPF
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Fig. 3. Balanced DB-BPF with broadly-separated passbands
(symmetrical half circuit). (a) Circuit detail (Z refers to the
characteristic impedance of a transmission-line segment; all the
line segments have an electrical length of 90° at the design
frequency fq = (f1 + f2)/2—/f1 and fo are the center fre-
quencies of the lower and upper passbands—except from those
of Zci and Zpi—at fi—and Zc2 and Zps—at fo—). (b)
Operational principle: common-mode power transmission (]S5]])
parameter—Fig. 3(a) and case with all the stubs open ended
for common-mode operation—and differential-mode power trans-
mission (|S54|) parameter (f1 = 0.85f4, fo = 1.15f4, Za1 =
Zo, Zaz = Zo, Zp = Zo, Zc1 = 5Z0/2, Zc2 = 5Z0/2,
Zp1 = 0.46Zy, and Zp2 = 0.46Zy; Zo: reference impedance).

response with TZs at both sides of the two passbands is
derived from the dual-band quasi-bandpass approach.

A microstrip prototype of the DB-BPF example in Fig. 3
has been constructed for Zy; =50 Q and f; = 3 GHz.
In this case, an RO5880 substrate with the following
parameters was employed: relative dielectric permittivity
g, = 2.2 (£0.05), dielectric thickness H = 1 mm, metal
thickness ¢ = 35 um, and dielectric loss tangent tan dp =
0.0009. The ground connections in the physically-short-
ended stubs were realized as in the previous prototype.

A photograph of the built DB-BPF circuit is shown in
Fig. 4(a), whereas its simulated and measured mixed-mode
S-parameters are plotted in Fig. 4(b). As can be seen, apart
from a minor frequency shifting, the agreement obtained
between simulations and measurements is reasonable. The
measured characteristics of the manufactured DB-BPF
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Fig. 4.  Manufactured microstrip prototype of the balanced
DB-BPF with closely-spaced passbands. (a) Photograph (di-
mensions, in mm, where “w” and “I” stand for width and
length, respectively: w, =3, lo = 57.7, wy =3, I = 15.6,
we =3, lc =17.9, wg = 0.38, g = 19.9, we = 0.38, [ =18,
wy =738,y =152, wy = 7.8, and |4 = 13.4 with 4-mm taper
length). (b) Simulated and measured differential-mode power
transmission (|59 |), differential-mode power reflection (|S$]),
and common-mode power transmission (]S5]|) parameters.

prototype are as follows: lower and upper differential-
mode transmission bands with center frequencies equal
to 2.83 GHz and 3.17 GHz, 3-dB absolute bandwidths
of 215 MHz and 240 MHz (i.e., 7.6% for both bands
in relative terms), minimum in-band insertion-loss lev-
els of 1.4 dB and 1.8 dB, in-band input-power-matching
levels above 18.8 dB and 18.4 dB, and minimum in-
band common-mode rejection levels equal to 14.7 dB and
9.4 dB, respectively. The 9.4-dB-referred common-mode-
suppression range is 2.25-3.52 GHz (i.e., 1.57:1 ratio).

IV. CONCLUSION

Two fully-planar realizations of balanced DB-BPFs with
broadened common-mode-suppression bandwidth have
been presented. These two DB-BPF configurations, which
are respectively suitable for designs with broadly- and
closely-spaced dual passbands, exploit two different strate-
gies for the common-mode-mitigation range enlargement.
The engineered differential-mode DB-BPF approaches
have been experimentally validated through the construc-
tion and measurement of two microstrip prototypes.
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