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Improving Compact Short Backfire Antenna
Gain and Cross-Polarization Using Choke
and Ring Cavity Loading

Amirbahador Mansoori
and Lotfollah Shafai

Abstract— We present two designs that improve the gain
and cross-polarization performance of the waveguide-fed short
backfire (SBF) antenna by introducing a choke (SBF-2) and by
loading the cavity with a metallic ring feature (SBF-2-Ring).
A series of parametric simulation studies on antenna dimensions
provides information on how to improve the antenna gain and
cross-polarization performance while simultaneously extending
the impedance bandwidth. For SBF-2, the peak gain was 16.6 dBi,
the minimum cross-polarization ratio was —23.8 dB, and the
maximum impedance bandwidth was 27.3%, with a gain band-
width of 19.2%. For SBF-2-Ring, the peak gain was 15.8 dBi, the
minimum cross-polarization ratio was —29.1 dB, and the maxi-
mum impedance bandwidth was 43.5%, with a gain bandwidth
of 31.8%. The concepts were verified by designing, fabricating,
and testing two prototypes in the microwave C-band. Excellent
agreement between simulation and measurement was achieved.
The measured gain for SBF-2-Ring was >14 dBi for 4.7-6.2 GHz
and the worst case cross polarization in the diagonal plane was
<—22 dB for 5.3-5.8 GHz. Cross-polarization in the principal
planes has significantly greater bandwidth and the worst case
analysis is presented to give limitations on the performance.

Index Terms— Cavity-backed antennas, microwave antennas,
short backfire (SBF) antenna.

I. INTRODUCTION

HE short backfire (SBF) antenna is an established antenna

design that is used in medium-gain applications where a
compact structure is desired. The first designs were reported
in publications by Ehrenspeck [1], [2]. Since then, prototypes
with varying feed mechanisms and design optimizations have
been presented in the literature [3]-[9]. The directional aspects
of the antenna make it a good candidate for point-to-point
communications, remote sensing, and array feeds for reflector
antennas. SBF designs have been reported in the low end of
the microwave spectrum (e.g., S-band), midrange as Wi-Fi
antennas, X-band antennas, and even up to millimeter-wave
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designs [10]-[12]. The early designs were fundamentally nar-
rowband, and therefore, research has been conducted to extend
the bandwidth of operation [6], [13]. The designs scale with
frequency and can be adapted to a variety of functions [14].

Recently, antennas and radiating systems have been
mounted on unmanned aerial vehicles (UAVs), with appli-
cations ranging from remote sensing to search and rescue
operations. Such antennas need to be compact, low profile,
low mass, and highly efficient. The SBF is a strong candidate
since it can be designed and fabricated to meet these needs.

Many contemporary remote sensing systems operate in the
microwave C-band. For example, Radarsat-2, the Radarsat
Constellation Mission (RCM), and Sentinel 1A/B operate
in the C-band. Operations range from marine environmental
monitoring to improving agricultural practices, all for the
benefit of the world’s population. Consequently, we seek
to advance the design of antennas in the C-band to pro-
vide new options and possibilities for future remote sensing
systems.

The overarching objective of this article is to develop and
verify SBF designs that meet the operation specifications of
a C-band remote sensing system. To do this, we address the
following three objectives. First, the antenna design must meet
several specific physical requirements, namely, low profile, low
mass, and able to be constructed of stable materials that will
handle space requirements. Second, the SBF must meet the
desired antenna performance that is required for a radar or
passive microwave sensor. These requirements are described
in Section II. Third, the antenna must be relatively simple to
construct and assemble. In this design, we are aiming for a
prototype with a low number of parts.

In Section II, we present the design concepts, including
a discussion of several candidate prototypes. In Section III,
we provide measurement results from two fabricated devices
that were used to verify the concepts. Section IV gives a
conclusion and recommendations for next steps in the design
flow.

II. DESIGN CONCEPTS

The conventional SBF design requires a feed element (e.g.,
dipole) or a waveguide feed. In our design, we used standard
waveguide components that would be easily assembled into
our antenna prototypes. All designs in this article used WR159
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TABLE I
ANTENNA DESIGN SPECIFICATIONS

Design Specification Metric
Realized Gain >14 dBi
Impedance bandwidth 500 MHz
Primary Operating Frequency 5.5 GHz
Cross-Polarization Ratio <-22dB
Mass <500 g

(dimensions a = 40.386 mm and b = 20.193 mm). We selected
a waveguide feed partly based on simplicity in fabrication
and partly based on the greater power handling capabilities.
We encountered many design tradeoffs in our development,
such as configurations with reduced gain with the benefit of
wide impedance bandwidth. These aspects are discussed in the
presented prototypes of this section.

For our design, we established several performance metrics
that were based on design requirements from existing C-band
remote sensing systems and from comparison with existing
designs in the literature. These are summarized in Table I.
In this article, all reported wavelength scales are given with
respect to 5.5 GHz in free space (i.e., 4 = 0.05454 m),
as this is our primary operation frequency. All simulations
were performed using Ansoft HFSS.

Typically, we report on the impedance bandwidth of the
antenna. However, this is not the only metric of importance.
The gain bandwidth (where gain G > Gmax — 3 dBi, where
Gmax is the maximum (peak) gain within the gain bandwidth)
and the cross-polarization bandwidth are defining metrics for
the antenna operation. In many designs (including the ones
presented here), the bandwidth is less than the impedance
bandwidth and is the true operating limitation of the antenna.

Furthermore, in this article, we emphasize the worst case
cross polarization as a limiting performance metric. In many
manuscripts, authors will often refer to the cross-polarization
levels in the principal planes (¢ = 0° and 90°), where the
cross polarization is theoretically zero. Measurement results
in these planes are often indicative of the limitations of the
measurement accuracy. We have presented cross-polarization
results in the principal planes for reference and direct com-
parison with other works in the literature, but also present the
worst case cross polarization (in this design, ¢ = 46°).

A. SBF-1 Design

We developed several prototype designs. The first design,
SBF-1, which was based on the conventional waveguide-fed
SBF, gave reasonable performance with respect to our design
specifications. In our design process, we started with a smooth
main reflector to establish a benchmark for a C-band SBF
design [15]. The geometry of the SBF-1 design is shown in
Fig. 1. By reviewing our simulation results, we established
that for all designs with a main reflector diameter (D,,) that
was less than 1.84, the realized gain did not exceed 11 dBi.
This meant that the benefit of using an SBF structure would
be negated, as a similar gain could be achieved through the
use of a simple open-ended waveguide. For our SBF-1 design,
the highest realized gain was 14.88 dBi, and this was found
for D,, = 2.2). Consequently, our remaining designs in this
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Fig. 1. SBF-1 geometry. Main reflector has a flat bottom.
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Fig. 2. SBF-1 surface current distribution.

article used D,, = 2.24. The rim height was set to 0.6/,
based on recommendations in the published literature [16].
The best configuration that we could derive had an impedance
bandwidth of 1.45 GHz (26.4%). When we evaluated the cross
polarization, we found that while the levels in the principal
planes (i.e., ¢ = 0° and ¢ = 90°) easily met the specifi-
cation, the peak cross polarization (which was in ¢ = 46°)
was significantly worse, giving a cross-polarization ratio of
only —16.5 dB.

The surface current distribution of SBF-1 at 5.5 GHz is
shown in Fig. 2. Current maxima are observed near the
wide edge of the waveguide aperture (region 1) and on the
subreflector. Region (2) has a relatively low surface current,
and in region (3), current maxima are seen near the edges
of the main reflector aligning with the y-axis. The aperture
field distribution for SBF-1 at 5.5 GHz (on a fictitious circular
surface with a diameter of 6/, located 14 above the subreflec-
tor, as shown in Fig. 3) exhibits a nonuniform characteristic,
with large peak electric field magnitudes in the areas along the
x-axis and immediately above the waveguide opening.

We investigated ways to modify the surface current distrib-
ution in order to simultaneously improve the impedance band-
width and the gain. The approach considers a variety of cavity
loading methods, each with tradeoffs for fabrication simplicity
and performance metrics. The second design, SBF-2, was an
improvement of SBF-1, in which we increased the gain by
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Fig. 3. SBF-1 aperture field distribution at 5.5 GHz.
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Fig. 4. SBF-2 geometry. Choke bottom and sides are shown in black and
gray for clarity.

modifying the main reflector of the antenna with a choke.
In a third design, SBF-2-Ring, we extended our results from
SBF-2 by loading the cavity with a ring, which enhanced the
impedance bandwidth, improved the aperture field distribution
uniformity, and improved the cross-polarization performance.
Our novel designs retain a compact structure while simul-
taneously improving gain, impedance bandwidth, and cross-
polarization performance.

B. SBF-2 Design

Building on the past research on conventional SBF antennas,
we sought methods to increase the gain of the antenna by
modifying the main reflector geometry. Simulations of the
SBF-1 antenna showed that the surface current distribution on
the main reflector surface was primarily focused near the wide
edges of the waveguide feed. We modified the surface to have
a single corrugation, which is also known as a “choke.” The
idea of adding a choke to the main reflector beside the rim was
first introduced in [17]; however, to the authors’ knowledge,
there have been no further reported studies on it. The geometry
of the design is shown in Fig. 4. A choke, with width W, ke,
depth d;jore, and distance from the outer rim, R.joke, has been
introduced into the bottom of the main reflector.

We performed parametric studies on the choke dimension
to find configurations that met the gain requirement at our
desired frequency of operation 5.5 GHz. From these results,
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Fig. 5. SBF-2—gain variation for ¢ = 0° (top) and worst case cross-
polarization ratio (¢ = 46°) (bottom) as a function of spacing between choke
and outer rim edge (Rchoke). Wenoke = 0.34 and depoke = 0.31.

we analyzed the S;; simulations and selected design configu-
rations that met both the bandwidth and frequency metrics (see
Table I). We also considered the worst case cross-polarization
ratio in our analyses. Later, in Section III, we show the con-
struction of one of the designs that has the highest gain and
widest impedance bandwidth for the SBF-2 configuration.

In our parametric studies, we varied the gap between the
rim and the outer diameter of the choke (R o), the depth
of the choke (dcnore), and the choke width (Wepore). All
other parameters were kept constant. Several candidate con-
figurations met the requirements and we determined that we
needed to constrain the values, as follows: Ropore < 0.24,
0.2 < depoke < 0.32, and 0.2 < Wepore < 0.34.

As a demonstration of one of the parametric studies,
Fig. 5 shows the realized gain and worst case cross-
polarization ratio, while Fig. 6 shows the S;; plot for fixed
values of Wejore and dopoke, While Repore 18 varied. The results
in Fig. 5 demonstrate that R, = 0.14 gives the highest
gain, with a value of 16.6 dBi at 5.5 GHz. The configuration
with Repore = 0.14 affords the widest impedance bandwidth
of operation (800 MHz, from 4.9 to 5.7 GHz, or 15.1%) that
meets the gain specification. Using the 3 dB gain definition,
the bandwidth of operation extends from 4.7 to 5.7 GHz or
19.2%. Simultaneously, the cross-polarization ratio is less than
—14 dB for the same frequency range, with a minimum value
of —23.8 dB at 5.6 GHz.

The S;; plots in Fig. 6 exhibit two resonances. One is
at 5.5 GHz, the primary design frequency, and a second
resonance can be seen at a lower frequency. Reducing R joke
corresponds to increasing the choke diameter. This results
in a downward frequency shift and a resultant increase in
impedance bandwidth. Further reduction of Ry pushed
the curve above —10 dB for 5-5.2 GHz, which was not an
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Fig. 6. SBF-2—S;; variation as a function of spacing between choke and

outer rim edge (Renoke)- Wenoke = 0.34 and depore = 0.34.

acceptable design. The impedance bandwidth of operation for
the configuration with R.pore = 0.14 was 1.3 GHz (from
4.4 to 5.7 GHz or 25.7%); however, as stated for the gain
specification, the actual operation is constrained by the gain
performance. It should be noted that in our design study,
we used the antenna parameters to broaden its impedance
bandwidth, rather than using a separate impedance matching
section that could reduce antenna gain and efficiency.

Fig. 7 shows the surface current distribution for SBF-2.
By virtue of the current distribution, each of the antenna
components (i.e., the main reflector, subreflector, and rim)
contributes to the radiation. The main reflector surface current
was primarily concentrated in the region that was in closest
proximity to the waveguide [region (1)]. The choke contribu-
tion [region (2)] to the radiation is the smallest among the three
areas of the main reflector. The surface current magnitude of
the section of main reflector that is beside the rim [region (3)]
is approximately 1/6 of region (1). The surface current was
partially constrained to region (2), due to the presence of the
choke. As a result, the concentration of the current yields a
more focused pattern and, consequently, a higher realized gain
than designs without the choke.

The aperture field distribution at 5.5 GHz for SBF-2 is
given in Fig. 8. In comparison to SBF-1 (Fig. 3), we note
that while the peak field magnitudes are immediately above
the waveguide aperture, the field magnitudes are more equally
distributed across the main reflector aperture. This results in
a higher gain and lower cross polarization than SBF-1.

C. SBF-2-Ring Design

In this section, we present a method for enhancing the cross-
polarization performance and antenna impedance bandwidth
through a modification of the SBF-2 structure. There are
some applications in which antenna impedance bandwidth is
more important than the gain, and a small sacrifice in gain
performance can be traded for a much broader impedance
bandwidth. The technique was a simple, elegant, and effective
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Fig. 7. SBF-2 surface current distribution for 5.5 GHz. Regions (1) and
(3)—main reflector. Region (2)—choke.
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Fig. 8. SBF-2 aperture field distribution at 5.5 GHz.
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Fig. 9. SBF-2-Ring geometry. Ring material is shown in black for clarity.

modification of the SBF-2 design. It involved adding a con-
ductive ring within the rim. The ring diameter was slightly
smaller than the main outer diameter, and as a result, a mode
of operation at a higher frequency was added. In addition,
the presence of the ring changed the current distribution of
SBF-2 on the rim, resulting in a better cross-polarization result
(as will be seen in the experimental verification). SBF-2-Ring
geometries are shown in Fig. 9.
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In our parametric studies, we varied the ring height (H;p,),
the distance between the ring and the main reflector (D1_;,,),
and the distance between the ring and the rim (Ds_iy).
The ring thickness was set to a constant (2 mm) in the
simulations. During the parametric study, all other dimensions
of SBF-2-Ring were held constant.

The variation in gain as a function of ring height at the
design frequency of 5.5 GHz is shown in Fig. 10. An increase
in ring height results in a gradual decrease of gain. At the
same time, the impedance bandwidth shows a marked increase
between 0.4004 and 0.5254. The peak impedance bandwidth
was at 0.4504; however, the S;; curve was equal to —10 dB
for several frequencies, meaning that there was no margin for
error in the fabrication process. The maximum gain was found
with ring height (H,;n,) at 0.2754. Therefore, a design tradeoff
between impedance bandwidth and gain performance must be
made and will be application-specific.
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Dl—ring = 0 and D2_”'ng = 0.0541.

Fig. 11 Shows the Gain Variation as a Function of the Ring
Height for D|_ip, = 0 and Dy_yip, = 0.054. We Present These
Particular Ring Heights Based on the Results in Fig. 10, Where
Hine = 0.275/ Had the Highest Gain and the Impedance
Bandwidth for Ring Heights Between 0.4004 and 0.5251 Was
Significantly Larger Than Other Heights. The Gain Results
in Fig. 11 Illustrate That the Gain Bandwidth of Operation
Was 1.5 GHz (e.g., From 4.7 to 6.2 GHz, or 27.5%, for
Hine = 0.41) and the Ring Height Did Not Significantly
Affect the Realized Gain Magnitude (it Was 16.2 dBi Max-
imum for Each of the cases). Using the 3 dB gain def-
inition, the bandwidth of operation extends from 4.5 to
6.2 GHz or 31.8%. Simultaneously, the cross-polarization
ratio was <—11 dB for the same frequency range, with a
minimum value of —29.0 dB at 5.5 GHz. For comparison
with SBF-2, we examined the same bandwidth (4.9-5.7 GHz)
and the cross-polarization ratio was <—15.2 dB. On aver-
age, the ratio was —18.7 dB for SBF-2 and —19.0 dB
for SBF-2-Ring. Therefore, the SBF-2-Ring configura-
tion had a better cross-polarization performance in all
respects. Since the initial design goal of SBF-2-Ring was
to increase the impedance bandwidth, the approach was
successful.

Fig. 12 shows the S;; plots, in which we varied the ring
height (H,;,s) and kept Di_,i,, = 0 and D;_,jp, = 0.054.
Note that in this figure, the frequency axis extends to 8 GHz,
whereas the axis for SBF-2 only went up to 6 GHz. Sim-
ilar to SBF-2, the antenna exhibits a resonance at around
4.7 GHz; however, the addition of the ring has made a sig-
nificant change at frequencies greater than 5.5 GHz. A dual
resonance behavior appears, with a notch between 6 and
6.5 GHz and another at 7.3 GHz. This behavior is more pro-
nounced for ring heights >0.4004, but it is still evident for the
H,ine = 0.2754 (maximum gain) case. For substantially shorter
and taller rings, the impedance bandwidth was similar to
SBF-2, and thus, these results are not shown.
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Fig. 13.  SBF-2-Ring surface current distribution for 5.5 GHz. Regions (1)
and (3)—main reflector. Region (2)—choke.
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Fig. 14.  SBF-2-Ring aperture field distribution at 5.5 GHz.

We determined that the maximum impedance bandwidth
(4.5-7 GHz or 43.5%) and gain bandwidth (1.5 GHz or 27.5%)
required us to constrain the values as follows: 0.4 < H,;,, <
0.4754, Di—_ring < 0.14, and 0.054 < Dy_,jn, < 0.14. In other
words, the ring needed to be shorter than the outer rim and
could not be in contact with it. Contacting the bottom of the
main reflector had no detrimental effect.

The surface current distribution of SBF-2-Ring is shown in
Fig. 13. In comparison with SBF-2, adding the ring beside the
rim altered the current distribution on the rim. In this design,
similar to SBF-2, the majority of radiation came from the
main reflector. The addition of the ring resulted in a uniform
distribution of the current in the area between the ring and the
top of the rim, and a new, higher frequency mode of operation,
was introduced. This extended the impedance bandwidth of
operation significantly.

The aperture field distribution at 5.5 GHz for SBF-2-Ring
is given in Fig. 14. In comparison to SBF-2 (Fig. 8), the field
magnitudes do not have the drastically higher field magnitudes
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(a) (b) (©)

Fig. 15. Fabricated SBF antenna. (a) SBF-2: view of main reflector with
iris for impedance matching. (b) SBF-2-Ring: main reflector with ring visible.
(c) SBF-2: fully assembled design.
TABLE II
FABRICATED ANTENNA DIMENSIONS

Parameter  Description Relative  Absolute
D Main reflector diameter 2.2\ 120 mm
D, Sub-reflector diameter 0.7 38.181 mm
H, Rim height 0.6\ 32.727 mm
hs Height of sub-reflector 0.70 38.181 mm
Rehoke Gap between rim and outer

diameter of choke 0.1 3455 mm
dehoke Depth of the choke 0.3A 16.364 mm
Wohoke Width of choke 0.3% 16.364 mm
Hiing Ring height 0.42 21.818 mm
D-ring Ring distance from main reflector 0A 0 mm
Dy.ring Ring distance from rim 0.052 2.727 mm

immediately above and beside the waveguide aperture. In fact,
the field appears to exhibit a radial symmetry. The symmetry
results in a significant improvement in cross polarization when
compared with SBF-2.

III. ANTENNA PROTOTYPE FABRICATION AND TEST

In order to verify the antenna simulations, we built
prototypes of the designs. Throughout our design process,
we considered practical fabrication aspects. Components were
constructed in our machine shop using traditional metalwork-
ing methods. We chose aluminum for its low mass and ease
in fabrication processes. Our machinist did not optimize the
mass of the antenna at this stage, as the primary goal was
performance verification. Consequently, the SBF-2 and SBF-
2-Ring designs could be significantly reduced by trimming
additional material in a future build. The mass of SBF-2 and
SBF-2-Ring was 462.5 and 482.0 g, respectively. To position
the subreflector at the desired height, we used a piece of foam
material (e, ~ 1.05) that was cut to fit the interior of the cavity.
We adapted our simulation geometry to include the segment
of foam for appropriate comparison. All simulation results
presented in this section incorporate the foam material. The
main reflector of the SBF-2 prototype is shown in Fig. 15(a),
the SBF-2-Ring prototype is shown in Fig. 15(b), and the fully
assembled antenna (SBF-2) is shown in Fig. 15(c). Dimensions
for the fabricated prototypes are given in Table II.

Through further simulation studies, we established that the
diameter of the main reflector (D,,), the height of the sub-
reflector (hy), and the subreflector tilt angle are the critical
design parameters. For the diameter of the main reflector and
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Fig. 16. SBF-2: S;; simulation and measurements.

the height of the subreflector, we recommend the tolerance
of 1 and 0.5 mm for the fabrication, respectively. This should
be relatively easy to achieve for a typical machine shop.
Ideally, the subreflector should be perfectly parallel to the main
reflector (i.e., a tilt angle of 0°). In actual fabrication, this can
be challenging to attain. The error margin for the subreflector
tilt angle should be limited to 5°.

We used an Agilent VNA (Model N5224B) to measure
Si; for the prototype antennas. To connect the antennas to
VNA, we used a low-cost commercial waveguide-to-coaxial
adaptor, which fed its waveguide with a probe. It was therefore
necessary to evaluate the performance of the adaptor first. This
was done using two identical adaptors, connected back-to-
back using a waveguide, and terminated in a matched load.
The setup and the measurement results are shown in the
Appendix. The results show that the adaptor S;; is satisfac-
tory, as a quality test hardware, only for frequencies above
5.2 GHz. Below that, it represents a complex impedance,
with multiple oscillations, which interact with the antenna
input impedance, affecting its measured S;;, as shown in Fig
16(a). To improve S;; of the adaptor-antenna combination,
so that the antenna gain and radiation patterns can be measured
accurately, we added two strips of copper tape with conductive
adhesive to the waveguide aperture, to create an inductive
iris and lower the simulated antenna S;; to below —14 dB.
The resulting S;; of the combined adaptor and antenna with
the matching iris is compared with simulation in Fig. 16(b).
It clearly shows the effects of the waveguide adaptor, but the
combined results now remain below —10 dB, necessary for
conducting the measurements. The details of the results are
shown in the Appendix.

Experimentally, we found that the width of ~4.5 mm was
effective at improving the match. We added the strips in HFSS
simulations to find the effect of the width and determined that
values between 4 and 5 mm were all effective. The impedance
bandwidth is 1.35 GHz (4.27-5.62 GHz or 27.3%); however,
the operational bandwidth of the antenna is determined by the
gain performance as well, so radiation pattern results were
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Fig. 17. SBF-2 radiation patterns at 5.5 GHz. Dashed lines show the

simulated results and solid lines show measurements. In ¢ = 46°, the co-
and cross-polarization patterns are according to Ludwig’s 3rd definition [18].

evaluated. We examined the effect of the iris on the far-field
patterns and gain for both SBF-2 and SBF-2-Ring. The results
showed a negligible difference.

The radiation patterns were measured in the University of
Manitoba’s Compact Antenna Test Range (CATR). Radiation
patterns for SBF-2 at 5.5 GHz are shown in Fig. 17. The
measured peak gain was 15.7 dBi and the simulated gain
was 16.3 dBi. If we account for the 0.2 dB insertion loss
from the waveguide to coaxial cable connector, the simulated
and measured co-polarized radiation patterns are in excellent
agreement (within 0.4 dB). The remaining difference can be
attributed to the imperfect bonding between the waveguide
flange and the bottom of the main reflector. Cross polarization
was calculated using Ludwig’s 3rd definition [18]. The peak
value was at ¢ = 46° and § = 38°, giving a worst case of
—20.9 dB cross-polarization ratio.

We constructed the ring for SBF-2-Ring using a piece of
flexible dielectric substrate (e, ~ 2.5) with copper cladding.
A section of substrate material was trimmed, shaped into a
ring, and installed in the SBF-2 main reflector. The ring height
was 0.44 (21.8 mm), the gap, Dy in,, was 2 mm and the
copper ring thickness was 0.035 mm (formed by the copper
cladding on the substrate). This ring dimension was chosen
as a compromise between gain performance and impedance
bandwidth.
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Fig. 18. SBF-2-Ring: S;; simulation and measurements.

Measured Sy, results for SBF-2-Ring are shown in Fig. 18.
Measurements with the inductive iris showed good perfor-
mance, so we left it in place. Later, after radiation tests,
we removed the iris to see the effect and the results shown in
Fig. 18 indicate that the S;; profile degrades since the values
increase substantially. We investigated the width of the strips
in further HFSS simulations to find the effect of the width and
determined that values between 4 and 5 mm were all effective
at improving the impedance match. Notches in the S;; results
occur at 4.84 and 5.56 GHz. The impedance bandwidth is
2.5 GHz (4.5-7.0 GHz or 43.5%). We note that for frequen-
cies below 4.7 GHz, the S;; measurement is influenced by
performance of the waveguide-to-coaxial adaptor.

Radiation patterns for SBF-2-Ring at 5.5 GHz are shown
in Fig. 19. The measured peak gain was 15.6 dBi and the
simulated gain was 15.8 dBi. Again, the simulated and mea-
sured co-polarized radiation patterns are in excellent agree-
ment (peak values are within 0.1 dB, if we account for the
waveguide adaptor loss of 0.2 dB). Cross polarization was
calculated using Ludwig’s 3rd definition and the peak value
was at ¢ = 46° and § = —45°, giving a worst case of
—29.1 dB cross-polarization ratio.

Radiation patterns were measured in a range of frequencies
and we present the results from 4.9 to 5.8 GHz in Fig. 20.
SBF-2 gain and worst case cross-polarization measurement
results were in good agreement with simulation, including a
drop-off for frequencies above 5.6 GHz (see Fig. 5, Rejoke =
0.14). SBF-2-Ring gain performance was similar in magnitude
to SBF-2, but there was a near-constant gain value across the
entire measurement bandwidth. Worst case cross polarization
was similar to simulation for frequencies below 5.2 GHz. The
cross-polarization measurements were excellent (<—22 dB)
between 5.3 and 5.8 GHz. The SBF-2-Ring design has met
all of the proposed specifications.

For comparison with other published designs, we have pro-
vided a summary in Table III. Column 1 gives a description of
the antenna construction/excitation. The impedance bandwidth
is given as a percentage, following the standard definition.
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simulated results and solid lines show measurements. In ¢ = 46°, the co- and
cross-polarization patterns are according to Ludwig’s 3rd definition [18].
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Fig. 20. Measured gain and worst case cross-polarization ratio for SBF-2

and SBF-2-Ring.

The maximum gain, Gmax in dBi, is given next. The antenna
volume, which is expressed in electrical units, relative to the
reported design frequency, is given. Finally, the reference for
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TABLE III
COMPARISON OF BANDWIDTH, PEAK GAIN, AND
VOLUME WITH OTHER SBF ANTENNA DESIGNS
Description Impedance  Peak Gain ~ Volume Ref.
BW [%] [dBi]
SBF-1. Waveguide fed, 26.4 14.9 0.84mk,>  This
flat reflector Work
SBF-2. Choke on main 27.3 16.6 1.217\° This
reflector Work
SBF-2-Ring. SBF-2 with 43.5 15.8 1.21m\° This
metallic ring Work
Cavity-backed folded 92.2 9.5 0.14m)° [6]
triangular bowtie antenna
Excited by unbalanced-fed 20 15.5 0.70mh’ [8]
H-shaped slot
Waveguide fed broadband 57 18.5 2.58mh°  [12]
millimeter wave
Backfire microstrip patch 52.8 6.0 0.15m°  [13]
antenna feed
Coaxial waveguide fed 10 18.0 0.87nAy>  [16]
Waveguide fed, 10 20.8 1.13mh° [19]
corrugated rim
Waveguide fed, parasitic 10 16.2 0.5m\° [20]

wires, flat reflector

each design is reported in the last column. Note that in this
table, we presented the impedance bandwidth using regularly
reported metric of |S;;| <—10 dB. We are unable to provide
a good comparison for cross polarization, as reported values
and levels are somewhat inconsistent in the literature.

From this summary table, we note that small volume anten-
nas can achieve high-impedance bandwidth, but at the cost
of low peak gain (e.g., [6], [13]). Some of the designs with
the highest gain had the lowest reported bandwidth (e.g.,
[16], [19], [20]). In comparison, our designs show a good
compromise between achieved bandwidth and gain while still
maintaining a moderate volume (e.g., [12] has higher gain
and bandwidth, but it is more than twice the volume of our
antenna).

IV. CONCLUSION

We presented innovative designs, which improves the gain
and cross-polarization performance of the waveguide-fed SBF
antenna. Our emphasis was on improving design aspects for
compact, low profile, and low mass antennas that are simple
to construct and can be used for operation in the microwave
C-band. We have succeeded in meeting design specifications
for such an antenna.

The first design, called SBF-1, had a flat main reflector.
We presented these results as a benchmark for the improve-
ments proposed and presented here. The second design, called
the SBF-2 antenna, had a choke feature in the main reflector
that concentrated the current distribution and resulted in an
increase in realized gain when compared to the typical flat
main reflector. The bandwidth of operation that met the gain
specification of 14 dBi was 800 MHz (from 4.9 to 5.7 GHz
or 15.1%), with a peak value of 16.6 dBi. Using the 3 dB
gain definition, the bandwidth of operation extends from
4.7 to 5.7 GHz or 19.2%. Cross-polarization ratios were mod-
erate throughout the design bandwidth (<—14 dB) and reached
a simulated minimum of —23.8 dB at 5.6 GHz. Principal
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plane ratios were significantly better, as expected theoretically,
and shown in the measurement results. We examined the
input impedance and S;; results showed that the impedance
bandwidth was significantly larger than the gain bandwidth
and was therefore not a limiting factor on the performance.
For SBF-2, the peak gain was 16.6 dBi, the minimum cross-
polarization ratio was —23.8 dB, and the maximum impedance
bandwidth was 27.3%.

The second innovation, called the SBF-2-Ring, added a
ring feature to the SBF-2 design. The ring diameter was
slightly smaller than the main rim and this extended opera-
tion to a higher frequency. The bandwidth of operation that
met the gain specification of 14 dBi was 1.5 GHz (from
4.7 to 6.2 GHz or 27.5%). Using the 3 dB gain definition,
the bandwidth of operation extends from 4.5 to 6.2 GHz or
31.8%. Cross-polarization ratios were moderate throughout
the design bandwidth and were better than SBF-2 across the
same band (<—15.2 dB). They reached a simulated mini-
mum of —29.0 dB and measured minimum of —29.1 dB
at 5.5 GHz. In general, the SBF-2-Ring configuration has a
better cross-polarization performance than SBF-2. We exam-
ined the input impedance and S;; results showed that the
impedance bandwidth was significantly larger than the gain
bandwidth (approximately 300% larger), and the addition of
the ring resulted in a uniform distribution of current in the
region between the ring and the waveguide. For SBF-2-Ring,
the peak gain was 15.8 dBi, the minimum cross-polarization
ratio was —29.1 dB, and the maximum impedance bandwidth
was 43.5%.

Prototypes of each design were fabricated and tested. Excel-
lent agreement between simulation and measurement results
was achieved for both SBF-2 and SBF-2-Ring. The optimized
SBF-2-Ring met all of the performance specifications. It oper-
ated with moderate gain (>14 dBi) and had a good cross-
polarization ratio (<—22 dB), and over 500 MHz bandwidth.
With appropriate selection of the SBF geometry and cavity
loading, as described in this article, many usable configura-
tions can be obtained.

From these results, we plan to use the antenna in remote
sensing systems. Future work will include adding dual-
polarization capability, reducing mass, and enhancing gain.

APPENDIX
ANALYSIS OF WAVEGUIDE ADAPTORS

In our design, we proposed to use WR159 as the main
waveguide feed. Our design specifications have a primary
operating frequency at 5.5 GHz and a bandwidth of 500 MHz.
We chose this standard waveguide size because its recom-
mended operating frequency is 4.90-7.05 GHz and would
ideally meet these specifications. In our design, we were able
to show by simulation that the antenna would operate at lower
frequencies (i.e., down to 4.4 GHz). In HFSS, the simulation
assumes an ideal TE10 mode operation for the waveguide
when it is fed with a port excitation.

We performed additional measurements on the waveguide
and adaptors, as shown in Fig. 21. The results of the measure-
ments are given in Fig. 22, in comparison with the antenna
simulations.
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Fig. 21. Waveguide and adaptors under test in the Antennas Lab.
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Fig. 22. Comparison of SBF-2 measurement, SBF-2 simulation, and WG
plus adaptors.

Referring to Fig. 16, when we looked at the S; results for
the SBF-2 antenna measurement, we noticed that there were
notches at 4.125, 4.43, and 4.82 GHz. At ~4.6 GHz, there was
a local maximum in the measurement, which was not present
in the simulation results. To find the discrepancy, we measured
Si1 for the waveguide and adaptors (setup as shown in Fig. 21)
and the results are shown as the “WG only” curve in Fig. 22.
The notches at 4.125, 4.43, and 4.82 GHz are visible in the
WG measurement. Furthermore, we can see that at 4.6 GHz,
the waveguide has a local maximum in S;; at 4.6 GHz. The
antenna measurement follows this. Thus, it appears that the
WG (and namely the WG adaptor) is the cause of this discrep-
ancy. It is clear that the antenna measurement is influenced by
the waveguide adaptor for frequencies less than 4.7 GHz.
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