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Dual-Band, Differentially-Fed Filtenna with Wide Bandwidth, High
Selectivity and Low Cross-Polarization

Dajiang Li, Ming-Chun Tang, Yang Wang, Kun-Zhi Hu, and Richard W. Ziolkowski

Abstract — A compact dual-band, differentially-fed filtenna with wide
bandwidth, high selectivity and low cross-polarization is presented. It is
composed of a slot-loaded rectangular patch, two pairs of shorting pins, a
pair of novel differential coupling feedlines and a defected ground
structure (DGS). Good broadside radiation patterns with an adjustable
frequency ratio (FR) between its two bands are realized. A pair of
U-shaped slots is loaded on the patch to enhance the bandwidth of the
lower passband. The DGS and its compact differential feedlines produce
five out-of-band radiation nulls to improve the frequency selectivity of the
two passbands. Simultaneously, extra in-band resonances are introduced
that broaden the impedance bandwidth while maintaining a compact,
0.155 Ao aperture size and a relatively low profile (0.065 A height).
Prototypes were fabricated, assembled, and tested. The measured results,
in agreement with their simulated values, demonstrate that it exhibits
—10-dB fractional impedance bandwidths of 17.5% and 8.2%, peak
realized gain values of 8.4 and 9.5 dBi, and cross-polarization levels
smaller than —44 and —40 dB, in its lower and upper passbands,
respectively. Its dual-band quasi-elliptic responses have sharp roll-off
rates and high stopband suppression levels.

Index Terms — Differential-fed antennas, dual-band antennas,
filtennas, high selectivity, low cross-polarization, wide bandwidth.

I. INTRODUCTION

With future wireless communication technologies dynamically
evolving, there is an enormous demand for compact multi-frequency
and multi-function antenna systems. Each of these systems involves an
ever increasing number of highly integrated components. Filtennas are
one of the recently popular multi-functional integrated systems. They
combine bandpass filters and antennas into a single device to perform
both the filtering and radiating functions simultaneously. Various
filtennas have been reported in recent years including single-band
[1]-[5], dual-band [6]-[10], and multi-band filtennas [11].

Differential-fed antennas [12]-[20] have also gained considerable
attention because of their advantages of easy integration with widely
applied differential circuits and systems in comparison to single-feed
ones. They require no additional conversion devices, e.g., 180° baluns
or hybrid couplers. Hence, they facilitate less complex structures,
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lower losses, and even lower costs. Moreover, they have many
favorable characteristics including harmonic suppression; symmetric
radiation patterns; and low cross-polarization levels [17]. Typical
examples that have been reported include differential microstrip
filtennas [12], [13]; differential dielectric resonator filtennas [14], [15];
differential dielectric patch filtennas [16]; and differential quasi-Yagi
filtennas [17]. However, these examples are restricted to single-band
operation. They cannot meet the requirements of multi-band systems
that are currently common in practical operating environments.

On the other hand, there have been some dual-band differential-fed
filtennas (DBDFs) reported [18]-[20]. In particular, an H-shaped slot
was etched on a patch antenna in [18] to obtain dual-band operation
along with one radiation null. Two open-stub coupling feedlines were
introduced to offer two extra radiation nulls to improve the roll-off rates
at the band-edges. Nevertheless, the bandwidths of its two bands were
only 1.3% and 0.7% due to only a single resonant mode being present in
each band. A filtenna with two pairs of differential ports tailored for
diplexer applications [19] was realized by replacing the last stage of a
second-order Chebyshev filter network with a dual-mode radiator. The
bandwidths of its two bands were only 2.4% and 5.2% since only two
resonant modes were present in each band. Additionally, there were no
radiation nulls produced in either band. Dual operating bands, as well
as a natural radiation null between them, were achieved in [20] by
etching a pair of slots on each side of a square patch and by introducing
a novel feeding structure with open-ended stepped-impedance
resonators. The latter were adopted to generate two extra in-band
resonances to enhance the bandwidth. Moreover, two extra nulls were
introduced to improve selectivity. However, the system occupied a
large transverse size and had a relatively high profile.

In this Communication, we develop a novel compact, wideband
DBDF with high selectivity and low cross-polarization. It consists of
one patch loaded with slots and shorting pins over a defected ground
structure (DGS) and a pair of novel differential feedlines. This
arrangement is compact and low profile. It facilitates the excitation of
the TMo: and sidelobe-suppressed TMo3 modes of the patch to attain the
dual-band operation. Extra in-band resonances are introduced to
broaden the bandwidth. The slot shapes and the shorting pins enhance
the bandwidth of the lower passband and control the frequency ratio
(FR) between the two bands, respectively. The DGS and the feed
structures produce five independently controllable stopband radiation
nulls to improve the roll-off skirts of the two passbands.

II. THE CONFIGURATION AND WORKING MECHANISM OF THE
DEVELOPED DBDF

A. Filtenna Configuration

Fig. 1 depicts the developed DBDF’s configuration. As shown in
Fig. 1(a), its major features are a slots-loaded radiating patch, two
pairs of shorting pins, a pair of novel compact differential coupling
feedlines, and a DGS. The filtenna is fabricated with two Rogers
RO4003 substrates with relative permittivity & = 3.55, dielectric loss
tangent fan 6 = 0.0027. An air gap of height H is introduced between
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the two substrates to achieve a good impedance matching. Port 1 and
Port 2 are fed by 50-Q connectors with an inner conductor radius R.
The two ports are excited with equal amplitude but opposite phase.
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Fig. 1. DBDF configuration and its design parameters. (a) 3-D isometric view.
(b) Upper surface of the top substrate. (c) Lower surface of the top substrate. (d)
Lower surface of the bottom substrate.

As depicted in Fig. 1(b), the radiating patch is located on the upper
surface of the top substrate. Its arrangement yields the TMo1 and TMo3
modes of the patch for the dual-band operation. A narrow rectangular
slot is etched on it to help reshape the radiation pattern of its TMos
mode. Furthermore, the shorting pins and a pair of U-slots load the
patch to control the FR between the two working bands and to enhance
the bandwidth of the lower passband, respectively. As Figs. 1(c) and
1(d) illustrate, a pair of compact differential coupling feedlines with
multiple open-ended stubs are printed on the lower surface of the top
substrate. The DGS is located on the lower surface of the bottom
substrate. It is composed of a pair of open olive-shaped rings.

This configuration yields five radiation nulls which improve the
selectivity of the two operating bands at their band-edges.
Concurrently, extra in-band resonances are introduced. They broaden

the impedance bandwidth while leaving the physical size and
relatively low profile of the antenna the same. The working
mechanisms of this filtenna are presented in detail in Section B. The
detailed dimensions of the developed DBDF are tabulated in Table 1.

TABLE 1. OPTIMIZED DESIGN PARAMETERS OF THE DEVELOPED DBDF
(DIMENSIONS IN MILLIMETERS)

L, =187 L, =8.0 L;=2.0 Ly=06.5 Ls=2.0
Le=48 | 1,=25 | L,=390 | W,=25.6 | L., =80.0
W,=80.0 | Dy =88 | Dy =220 Dy, =238 D, =10
le =20.0 Lsz =99 L,3 =75 VVSl =0.2 VVSZ =0.2
Wy =1.1 Wy =0.8 W; =08 T, =1513 R=045

=0.813 H1:3.2 R1: 7.5 Rz: 5.0 Sl: 0.6

B. Working Mechanisms

To analyze the working mechanisms of the DBDF, two steps are
emphasized. The first one is the construction of its two operating
bands. The second one is to further expand the impedance bandwidth
of each one and simultaneously to improve their frequency selectivity
and, hence, to enhance their out-of-band suppression levels.

Step 1) Determining the two operating bands

The ability to construct the two operating bands is demonstrated
nicely by comparing three different sequential versions of a planar
microstrip patch antenna (MPA) design. All three are differentially
excited by two direct-probe-feeds realized with 50-Q coaxial
connectors. Each one is a two layer design with an air gap whose
height is 3.2 mm between the patch and the ground plane. They are
illustrated in Fig. 2 for ease of comparison and description.
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Fig. 2. Three different planar differentially-fed MPA designs. (a) Conventional
MPA. Same MPA modified with (b) one rectangular slot and (c) one
rectangular slot and two pairs of shorting pins.

It is well known that if a differential feed is used in a conventional
MPA, the design can only excite the odd-order resonant modes: TMot,
TMaz1, TMos. .., of the patch, i.e., the even-order resonant modes: TMoz,
TMiz..., are fully rejected [21]. According to the cavity-mode analysis
of a patch antenna [22], the resonance frequencies, fmn, of the TMmn
modes of the differentially-fed MPA in Fig. 2(a) are determined as:

S == (—) ( )? M
2F L,
where c represents the speed of light and ey is the effective dielectric
constant of the substrate. The nonnegative integers m and n are the
mode indices along the x- and y-axis directions, respectively. The
parameters Wp and L, stand for the patch width along the x-axis and the
patch length along the y-axis directions, respectively.

With these choices, the TM21 mode occurs out of the frequency
range between the TMor and TMo3 modes when W), is less than 0.707
times Lp. Thus, there are no modes that can be excited between the
frequencies of the TMo1 and TMos modes. Since these modes have the
same polarization and broadside properties, there are no modes that
could impact those radiation performance characteristics. On the other
hand, the sidelobe levels in the E-plane (y-direction) of the radiation
pattern of the TMo3 mode are significantly high. This sidelobe property
must be avoided if truly unidirectional radiated fields are desired.



Referring to [23] for a solution, a non-resonant narrow rectangular slot
is loaded along the center of the patch in the x-direction, as shown in
Fig. 2(b). It reduces the sidelobe levels. Moreover, while the peak
value of its realized gain pattern is maintained, its beamwidth is
significantly enlarged.

The values of the differential reflection coefficient, i.e., [Sdat1|, of
the antennas depicted in Figs. 2(a) and 2(b), are also provided in Fig. 3.
In addition to the electric field distributions, the 3-D realized gain
patterns of their resonant modes are displayed. The standard
TMos3-mode behaviors are observed for both antennas, but the
sidelobes of the TMo3 mode of the antenna in Fig. 2(b) are suppressed
successfully. While the noted sidelobe suppression of the TMoz-mode
occurs, it is also clear that the FR becomes less than 3 when the
non-resonant slot is present.
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Fig. 3. Simulated differential reflection coefficients, i.e., [Sqai1], of the MPAs
shown in Figs. 2(a) and 2(b). The 3-D radiation patterns and electric field
distributions of the corresponding resonant modes are given in the insets.
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Fig. 4. The working principle of installing the shorting pins to adjust the FR of
the dual-band differential-fed MPA. (a) Approximate electric field distributions
of the TMy; and TMy; modes. (b) The resonance frequencies fo; and fo; and their
frequency ratio (fo3/ fo;) when the patch is loaded with different numbers of
pairs of shorting pins.

It is noted from the sketch in Fig. 4(a) that the resonance frequency
fo1 of the TMo1 mode can be independently adjusted by placing a pair
of shorting pins around the null point of the electric field of the TMo3
mode. This arrangement has little impact on fo3. A similar phenomenon
has been detailed in [24]. The results of our parametric studies of these
two resonance frequencies and their frequency ratio (fo3/fo1) for the
antenna depicted in Fig. 2(c) when different numbers of pairs of
shorting pins are employed is presented in Fig. 4(b). It can be seen that
fo3 remains fixed while fo1 is gradually shifted to a higher frequency
when more shorting pins are present. We have determined that the
corresponding achievable FR values range from 1.31 to 2.23. Since the
second passband would remain unchanged, one could further adjust

the FR value simply by loading the patch with yet more shorting pins.
Nevertheless, additional simulations indicate that the filtering
performance will degrade if one tries to pushe the lower or upper
bounds of the FR value too far.

As a consequence, only two pairs of shorting pins were adopted in
our DBDF design. They enable the differentially-fed MPA to cover
commonly utilized frequency bands including, for example, the 3.5G
and 5.2G bands. Herein, we have optimized the design to cover the 5G
N78 band and part of the IEEE 802.11 ax 5 GHz band.

Step 2) Improving the bandwidth and establishing the filtering
performance
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Fig. 5. Evolution through four differentially-fed MPA iterations to achieve the
final DBDF design, each having large fractional bandwidths. (a) Ant. L. (b) Ant.
IL. (¢) Ant. IIL. (d) Ant. IV, the final design.

The features added to the dual-band differential-fed MPA shown in
Fig. 2(c) to attain the bandwidth and filter function enhancements were
achieved through an evolutionary design sequence. The intermediary
antennas of this evolution are illustrated in Fig. 5 for ease of
comparison. Each antenna is realized by incorporating an additional
structure into the previous one. These structures are:

(I) Differential L-shaped coupling feed probes (L-probe)

(I) A pair of open olive-shaped rings that are etched on the
ground plane (DGS)

(IIT) A pair of U-slots etched on the patch (U-slof)

(IV) Two pairs of L-shaped open-end stubs loaded on the main
strip of the L-probe (Stub 1 and Stub_2)

The fourth iteration, Ant IV, was optimized as the final design.

Fig. 6 gives the simulated |Sddi1| and realized gain values of these
designs. In order to better distinguish them, the out-of-band radiation
nulls are labeled as RNI-RNS in the sequence in which they appear.
The in-band resonances of the upper passband are labeled as fi—f; to
concisely indicate their appearance.
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Fig. 6. Simulated results for the four differentially-fed MPA iterations as
functions of the source frequency. (a) [Sqa11| values. (b) Realized gain values.

The direct-probe fed antenna in Fig. 2(c) is modified first by simply
replacing the simple coaxial probes with L-shaped feed probes as
shown in Fig. 5(a). The dimensions of the design parameters remain
unchanged. One can see in Fig. 6(b) that these L-probes induce a deep
radiation null at the upper band-edge of the lower passband. This
radiation null, RNI, improves the frequency selectivity and
out-of-band suppression level of the lower operating band. It appears
as a result of the interaction between the L-shaped probe and the patch.
This phenomenon was clearly explained in our previous work [5].



The corresponding parametric study to determine the effect of the
length L of the probe on the RNI position is summarized with the
results displayed in Fig. 7. Clearly, the L-probe-feed is indeed
responsible for the radiation null and its length flexibly controls RN1.
While good isolation between the two operating bands is realized with
the L-probe being present, the bandwidth and frequency selectivity of
these two bands are severely limited because there is only one
resonance in the passband and only one radiation null in the stopband.
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Fig. 7. Variation of the simulated realized gain values of the antenna in Fig. 2(c)
and of Ant. I in Fig. 5(a) as the length, L,, of L-shaped probe changes.

The next modification is realized by etching one pair of open
olive-shaped rings on the ground plane of Ant. I with L; = 18.9 mm.
This result is Ant. II in Fig. 5(b). Its DGS improves its frequency
response. Fig. 6 indicates that one extra in-band resonance and one
extra out-of-band radiation null, RN2, are produced. They,
respectively, enhance the bandwidth and selectivity of the lower
passband. The results of the parametric study of the olive shape by
varying the length R> are given in Fig. 8. As R> increases from 4.8 to
5.2 mm, RN: red-shifts, the lower passband becomes wider, and the
location of RN; remains unchanged. It can also be inferred that the
newly introduced in-band resonance shown in Fig. 6(a) also exhibits a
red-shift as R: increases. Therefore, it is concluded that not only does
the DGS introduce a radiation null and an extra in-band resonance, it
facilitates the independent control of the radiation null RNz by the
shape of its open olive-shaped rings.
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Fig. 8. Variation of the simulated realized gain values of Ant. II in Fig. 5(b) as
the length R, changes.

As shown in Fig. 5(c), the third iteration, Ant. III, is obtained from
Ant. II simply by etching a pair of half-wavelength U-shaped slots on
the patch. Their introduction further enhances the bandwidth of the
lower passband. One can also see in Fig. 6(a) that one extra resonance
is introduced while there is little effect on the filter performance.

Finally, in order to improve the bandwidth and filtering features of
the upper operating band, two pairs of L-shaped open-end stubs with
different lengths (Stub_1, Stub_2) are attached to the main strip of the
L-probe in Ant. III. This final design, Ant IV, is shown in Fig. 5(d). Fig.
6 clearly shows that not only are two in-band resonances generated
that greatly enhance the operational bandwidth, but also that three new
out-of-band radiation nulls, RN3—RN35, are simultaneously introduced.

These nulls improve the frequency selectivity and suppression levels
of the upper frequency band.

To further investigate how these additional nulls are generated, the
current distributions on the feedlines at three frequency points, i.e., at
the three out-of-band radiation nulls RN3—RNS, are shown in Fig. 9.
Specifically, the current distributions at these three out-of-band
radiation nulls: 4.94 (RN3), 5.78 (RN4), and 6.59 (RN5) GHz are
shown in Figs. 9(a)-9(c), respectively. Fig. 9(a) shows the current at
RN3 being mainly concentrated on the Stub_2. The L-shaped open-end
stub is short-circuited to the L-probe and acts as a quarter-wavelength
resonator [25], i.e., its total length Ls + L¢ = Ag1/4, where Ag1 is the
guided wavelength in the substrate at the resonance frequency RN3.
Consequently, Stub 2 acts a resonant filter at RN3, i.e., the signal
cannot flow along the feedlines at RN3 and, thus, it cannot excite the
radiating patch. Thus, the antenna is not excited and the null occurs.
Likewise, as shown in Fig. 9(c), the majority of the current at RN5 is
concentrated on Stub_1. Its total length is Ls + Le = Ag2/4, where Ag2 is
the guided wavelength in the substrate at the resonance frequency RNS.
Consequently, since it is also short-circuited to the L-probe, it acts as a
quarter-wavelength resonant filter at RN5. Because the signal cannot
flow in the feedlines at RNS, the patch is not excited and the null
appears.
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Fig. 9. The electric current distributions on the differential feedlines of the
DBDF at the frequencies of nulls: (a) 4.94, (b) 5.78 and (c) 6.59 GHz.

10

Realized Gain (dBi)
N
>

-30
——L,=72mm
-40 | --- LZ =7.6mm
—--L,=8.0mm
N 1 L

44 49 54 59 64 69
Frequency (GHz)

0
24 29 34 39

Fig. 10. Simulated realized gain values of the developed DBDF as the length L,
of the main strip of the L-probes varies.

The current distribution at RN4 is different from those of RN3 and
RN5. 1t is concentrated simultaneously on the L-probe and Stub 1. As
illustrated in Fig. 9(b), two signal transmission paths, i.e., pathl and
path2, occur. The two signal paths have equal amplitude, but opposite
phase. Thus, L-probe and Stub_I are established as a cross-coupled



structure. This type of cross-coupled structure is known to generate a
transmission zero of a filter [26]. Consequently, a radiation null occurs
at RN4 that is mainly dependent on the lengths of path1 and path2. Fig.
10 presents the relationship between RN4 and the length Lz of path2. It
is clearly observed that RN4 exhibits a red-shift, while the other
radiation null frequencies remain almost unchanged.

Additionally, note that an effective electric wall is formed along the
x-axis under the differential mode excitation. Thus, the differential
feedlines can be treated as single-ended ones. Consequently, the
L-probe and stubs system can be viewed as an asymmetrical
dual-mode resonator with resonance frequencies fi and f3. Due to the
significant loading effect of the patch and the close proximity of fi and
/3 to f2, the broadside radiation corresponding to f> dominates the entire
passband, even at fi and f3. The result is a quite flat broadside realized
gain response over the entire upper band.

III. EXPERIMENTAL RESULTS

The optimized DBDF shown in Fig. 1 was fabricated, assembled,
and tested, as shown in Fig. 11. The differential excitations for the
measurements were provided by a hybrid coupler shown in Fig. 11(b).
Eight polyamide pillars were utilized to bond the two substrates
together to ensure the mechanical stability of the filtenna during the
measurement process, as indicated in Fig. 11(c). The far-field
characteristics were obtained in a chamber as shown in Fig. 11(c).

Fig. 11. Fabricated DBDF. (a) Front and back views of each layer before
assembly. (b) The hybrid coupler. (c) Antenna under test in the chamber.
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Fig. 12. Measured and simulated [Sqq;1| and realized gain values of the
optimized DBDF.

The measured and simulated performance characteristics of the
optimized DBDF are displayed in Fig. 12. The measured —10-dB
impedance fractional bandwidths (IFBWs) are 17.5% (3.23-3.85 GHz)
and 8.2% (5.29-5.74 GHz) for the lower and upper operating bands,
respectively. In comparison, the simulated values are 18.4%
(3.23-3.87 GHz) and 8.4% (5.27-5.73 GHz). With reference to the
corresponding realized gain curves, the measured peak values for the
two bands are 8.4 and 9.5 dBi, while the simulated ones are about 8.4
and 10.1 dBi. There are reasonable, small disparities between the
measured and simulated results. These differences are mainly due to
fabrication errors and measurement inaccuracies. As designed, there
are five deep radiation nulls. They provide a quasi-elliptic band-pass

response in both bands with high frequency selectivity and strong
suppression levels. The measured stopband suppression levels at the
lower and upper band-edges of the lower (higher) frequency band are
23 (22) dB and 20 (17) dB, respectively. These levels and values are
highlighted in green. Note that there is a visible increase in the gain
around 5.9 GHz. This feature allows for an acceptable decrease in the
suppression level of the upper stopband of the higher frequency band.
To overcome this droop, a deep null in the gain at 6.5 GHz was created,
which leads to a significant improvement in the upper stopband
suppression level from 17 to 25 dB.

Fig. 13 shows the measured and simulated radiation patterns of the
prototype at 3.5 (lower passband) and 5.5 (upper passband) GHz.
Again, good agreement is observed between them. It is clearly that the
peak realized gain is strictly in the broadside direction. Moreover, the
measured co-polarized fields in both principal planes in that direction
for both operating bands are at least 44 dB and 40 dB stronger than
their cross-polarized counterparts, respectively.
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Fig. 13. Radiation patterns at 3.5 GHz in the (a) E-plane and (b) H-plane; and at
5.5 GHz in the (c) E-plane and (d) H-plane.

Detailed comparisons of the performance characteristics of our
DBDF prototype with the other recently reported dual-band filtenna
systems are given in Table II. The operational bandwidths of the two
bands in [18] were only 1.3% and 0.7% as a consequence of only one
resonant mode being present in each band. Similarly, the operational
bandwidths of the two frequency bands in [19] were only 2.4% and
5.2% as a consequence of there being only two resonant modes present
in each band. Although comparable bandwidths were obtained in both
of the operating frequency bands in [20], the system occupies a much
larger transverse size (~3.6 times) and has a relatively higher profile (~2
times) than our design. These differences are attributed to the complex
feed network in that system. The frequency selectivity at the lower and
upper band-edges of each operating band, denoted as F;. and Fu, is
quantified as [4]:

_ f10L _fAZOL F = fAZOU _f10U 2)
L U
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The terms fior and fiou are, respectively, the frequencies at which
|Sada11| = —10 dB at the lower and upper band-edges of the passband.

Similarly, the terms faxo. and faxu are, respectively, the lower and
upper frequencies corresponding to the 20 dB gain suppression values
with respect to the gain at the center frequency fo. Better frequency
selectivity is represented by smaller 1 or Fu values in this work.



According to the F1 and Fu values in Table II, it is recognized that our
design has higher frequency selectivity in both bands in comparison to
those in [18]-[20]. This feature arises from our design having more
radiation nulls. Finally, our design is appreciably more compact in size,
has a very acceptable low profile, has smaller cross-pol levels, and has
comparable peak realized gain values.

TABLE II
COMPARISONS OF THE DBDF PROTOTYPE WITH THE DIFFERENTIAL
DUAL-BAND FILTENNAS REPORTED RECENTLY IN THE LITERATURE

Peak F/Fy Cross
Profile Size Real. for Lower -Pol.
Refs. (*10) (*2%) IFBW Gain | (upper) band, Level
(dBi) | Num. of Nulls (dB)
0.67%0.62 | 13% | 72 6/7
81 000 "o 415 | 707% | 168 | 0.16/583),2 | 3732
0.4*0.49 2.4% 5.45 2.8/2.8
[19] 0.02 =0.196 /52% /8.5 (1.83/2.17),0 27132
0.75%0.75 | 16.7% | 8.7 1.15/1.38
[20] 0.13 =0.563 /9% /9.8 (0.79/1.65), 3 30730
This 0.31%0.5 17.5% 8.4 0.68/0.87
work | 9905 | Zoiss | /82% | /9.5 | (0.950.59),5 | 4440

IV. CONCLUSION

A DBDF with wide bandwidths and high-selectivity in both of its
filtering passbands, as well as high broadside peak realized gain values
and low cross-polarization levels in its antenna function over those
bands, was developed in this paper. The design employed a dual-mode
patch radiating in its TMo1 mode to create its lower passband and in a
reshaped TMos mode to create its upper passband. Two pairs of
shorting pins were introduced to facilitate tuning the FR between these
two bands. A pair of specially-engineered stub-loaded differential
feedlines expanded the operating bandwidths and enhanced the
selectivity and out-of-band suppression levels of both bands by
introducing additional in-band resonances and radiation nulls.

A prototype of the optimized DBDF was fabricated and tested. It is
compact in size (0.31 Lo x 0.5 Xo) and has a low profile (Ao / 15.38).
The measured results confirm that it attained maximum realized gains
of 8.4 and 9.5 dBi in its broadside direction, and —10-dB IFBWs of
17.5% and 8.2% for the lower and upper passbands, respectively. The
developed DBDF possesses significant potential for application in
many space-limited platforms related to satellite communications,
electronic countermeasures, and radar detection systems.
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