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Design of Wideband Omnidirectional Dual-Reflector
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Abstract—The work investigates the electromagnetic perfor-
mance of omnidirectional dual-reflector antennas designed to op-
erate with a frequency bandwidth larger than 45% (25–40 GHz).
We consider two antenna configurations, distinguished from each
other by two different optical ray mappings. A conventional coaxial
horn is designed to ensure vertical polarization and stable primary
radiation pattern along the operating bandwidth. By employing a
geometrical optics synthesis technique, the omnidirectional reflec-
tors are shaped to maximize the directivity of the broadside sec-
ondary radiation patterns. For the synthesis, we employ different
aperture power distributions and investigate their effect on the an-
tenna gain and return loss when operating over the 40% frequency
bandwidth. To access the antenna performance, a full-wave elec-
tromagnetic analysis based on the combination of mode matching
and method of moments is employed.

Index Terms—Omnidirectional antennas, reflector antennas,
ultra-wideband antennas.

I. INTRODUCTION

LARGE data rates required by new communication services
have inspired the development of systems operating at

higher frequencies, e.g., millimeter-wave band [1]. At these fre-
quencies, highly efficient shaped single and dual reflectors have
been investigated for omnidirectional coverages [2] and [9]. As
extensively discussed in [2] and [6], the dual cases lead to more
compact designs than the single cases, as the dual configurations
require a considerably smaller reflector diameter to achieve the
same aperture field distribution. Synthesis techniques based on
geometrical optics (GO) have been employed to explore omni-
directional dual-reflector antennas shaped to offer a prescribed
radiation pattern in the elevation plane [2]–[7]. For a specific
design frequency, successful examples have been synthesized
[2]–[7]. Some works have dealt with designs suited to provide
cosecant squared radiation patterns in the elevation plane to
attain base stations with uniform area coverages, but with
frequency bandwidths less than 10%, e.g., at 27.5–29.5 GHz
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Fig. 1. Omnidirectional dual-reflector antenna design parameters.

in [8] and 40.5–42.5 GHz in [9], both with return losses above
20 dB.

For large operating bandwidths, the effectiveness of the GO
shaping techniques relies on the stability of the feed primary
radiation pattern across the band to ensure the control of the an-
tenna radiation pattern [10]. Additionally, geometry compact-
ness may affect the feed return loss due to interactions between
feed and, particularly, subreflector. Reflector shaping may even
increase such interactions, imposing further limitations on the
antenna electromagnetic performance.

The present study explores the electromagnetic perfor-
mance—secondary radiation pattern and return loss—of highly
efficient omnidirectional dual-reflector antennas (see Fig. 1) de-
signed to operate across a 40% bandwidth (25–40 GHz). Two
antenna configurations are considered, which are distinguished
from each other by different optical ray mappings (from the pri-
mary focus to the dual-reflector conical aperture), similarly to the
discussion in [6]. The reflectors’ generatrices are shaped to max-
imize the directivity of the secondary pattern by redistributing
the feed energy over the antenna (conical) aperture while dimin-
ishing scattering toward the horn’s aperture to sustain the desired
return-loss level across the operating band. To ensure vertical po-
larization, a coaxial horn feeds the circular symmetric reflector
antennas [3]–[7]. Here, we compare the performance of anten-
nas synthesized to attend two different aperture power distribu-
tions to investigate the tradeoff between directivity and return
loss. To estimate the electromagnetic performance, a rigor-
ous full-wave analysis combining mode matching technique
(MMT), to calculate the fields inside the feed structure, and
method of moments (MoM), to calculate the fields outside
the feed horn, is employed. Such analysis not only accurately
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Fig. 2. Coaxial horn dimensions in millimeters.

Fig. 3. Coaxial horn MMT/MoM (a) radiation patterns and GO feed model
and (b) mode amplitude at horn’s aperture.

estimates the antenna secondary radiation pattern but also the re-
turn loss associated with the modes reflected back into the feed
waveguide [11], [12]. The results provided by MoM/MMT were
successfully validated against those yielded by the CST Studio
Suite, as shown in [11] and [12]. This work is organized as fol-
lows. Section II shows the design of the coaxial horn. Section III
presents the numerical analysis of the antennas’ secondary ra-
diation patterns for the several configurations investigated here.
Conclusions are presented in Section IV.

II. COAXIAL FEED HORN

To ensure dual-reflector antennas with vertical polarization,
a conventional coaxial horn was employed as feeder, and its
geometry suited to provide a stable primary radiation pattern
to illuminate the reflector antennas across the operating band-
width. Fig. 2 shows the horn designed to operate between 25
and 40 GHz. By embedding the MoM/MMT analysis in an opti-
mization scheme, the dimensions L, Ra, and Rb were optimized
to reduce the variation of the radiation pattern at 0◦ ≤ θF ≤ 55◦
across the bandwidth [see Fig. 3(a)] while providing a return
loss above 20 dB. Although it was not the focus of the present
study, the optimization of the feed chain may lead to further
reduction of return loss. A choke was introduced at the aperture
plane (Fig. 2) to reduce induced currents on the horn’s external
surface.

At the band’s lower frequencies, the transverse electromag-
netic (TEM) mode dominates the horn aperture modal distri-
bution, generating a radiation pattern with a main lobe that
is continuously narrowed as frequency increases, leading to
a poor illumination of the dual-reflector system and reducing
radiation efficiency. To compensate this deleterious frequency
dependency, dimensions L = 23.25 mm, Ra = 3.75 mm, and

Fig. 4. Generatrices and rays tracing of the classical (a) OADE and (b) OADC
cases.

Rb = 10.28 mm were optimized to control return loss while al-
lowing the presence of high-order mode (TM01) at the horn’s
aperture for higher frequencies where Rb −Ra > λ/2. The
mode TM10 radiates at wide θF angles, compensating the nar-
rowing of the horn’s radiation pattern and, consequently, reduc-
ing its frequency dependence. To illustrate this behavior, Fig.
3(a) shows the horn’s radiation patterns from 25 to 40 GHz
provided by the MMT/MoM technique. The horn aperture field
expansion provided by the TEM and TM0n modes couples both
numerical techniques, and the solution yields the coefficients
of the expansion [11]. Fig. 3(b) compares the amplitude distri-
bution of the modes TEM and TM01 at the horn’s aperture for
sample frequencies. As observed from these figures, the shape
of the main lobe is affected by amplitude of the TM01 excited at
the horn’s aperture, widening as the TM01 amplitude increases.
However, the presence of the higher mode can bring phase vari-
ation at the antenna aperture.

III. DUAL-REFLECTOR ANTENNA WIDEBAND PERFORMANCE

To explore the wideband behavior of omnidirectional dual-
reflector antennas, two configurations are investigated: one
based on the axially displaced Cassegrain (OADC) geometry
and the other on the axially displaced ellipse (OADE) configu-
ration, which is illustrated in Fig. 1. Their main characteristics
and features are fully discussed in [4]–[7]. Initially, classical ge-
ometries (i.e., with their body-of-revolution reflectors generated
by conic sections) are considered [4], [5]. Afterwards, their re-
flectors are shaped to maximize the overall antenna gain across
the operating band without changing the feed horn. The GO
shaping technique adopted here, is that of [12].

A. Classical Omnidirectional Dual-Reflector Antennas

The design procedure of classical omnidirectional dual-
reflector antennas is extensively discussed in [4] and [5].
The notation of [5] is adopted here, and the principal pa-
rameters are illustrated in Fig. 1. Both OADE and OADC
configurations were designed to have maximum radiation at
θ = γ = 102◦ in the vertical plane, main reflector aperture
width WA = 107.14 mm (i.e., approximately 10λ at 28 GHz),
main reflector diameter DM = 237.14 mm, central-opening
diameter DB = 25.71 mm, and primary focus O at the main re-
flector central-opening plane (zB = 0). The parameter VS was
adjusted to have θE ≈ 55◦ for both configurations. Fig. 4(a)
and (b) shows the OADE and OADC reflector generatrices, re-
spectively, together with optical rays. Table I lists the parameters
of the subreflector’s generatrices [5].
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TABLE I
SUBREFLECTOR PARAMETERS OF THE CLASSICAL ANTENNAS

Fig. 5. Radiation patterns of classical (a) OADE and (b) OADC cases.

Fig. 6. Antenna efficiency of the (a) OADE and (b) OADC cases.

Fig. 5(a) and (b) shows the radiation patterns of the
OADE and OADC antennas, respectively, obtained from
the MMT/MoM analysis technique. There, it is possible to
observe a small mainlobe shoulder, indicating small non-
uniformities in the phase distribution over the main reflector
aperture at lower frequencies. Fig. 6(a) and (b) shows the ef-
ficiency for both configurations, by comparing with the maxi-
mum possible directivity DMAX, according to [5, Eq. (24)]. As
observed, the OADC antenna shows higher efficiencies when
compared with the OADE antenna. For both cases, the efficiency
shows ripples due to the interaction between reflectors and feed.

B. Configurations Shaped for Maximum Efficiency

To evaluate the effects of the reflectors’ shaping on the antenna
performance, first, the GO synthesis technique of [12] was ap-
plied to shape main and subreflectors, imposing uniform phase
and power distributions over the main reflector conical aperture
to maximize directivity. For the GO synthesis, the coaxial horn
radiation was modeled as a spherical wavefront with circularly
symmetric radiation pattern GF (θF ) [6]:

GF (θF ) = GF0

[
J0 (kai sin θF )− J0 (kae sin θF )

sin θF

]2
(1)

for θF ≤ π/2, with phase center at O (Fig. 1). In (1), J0(·)
is the Bessel function of order zero, GF0 is a normalization

TABLE II
GEOMETRIC PARAMETERS OF THE SHAPED ANTENNAS IN MILLIMETERS

Fig. 7. Radiation patterns of (a) OADE and (b) OADC uniform cases.

Fig. 8. Generatrices and rays tracing of (a) OADE and (b) OADC uniform
cases.

factor, k = 2π/λ, and the equivalent radii of the horn’s aperture
ai = 3.86 mm and ae = 12.0 mm were adjusted to match the
MMT/MoM feed radiation pattern at 28 GHz, as shown in Fig. 3.

For comparative purposes,WA and VS still have the same val-
ues adopted for the classical configurations, and the remaining
parameters obtained from the GO synthesis are listed in Table II.
Fig. 7(a) and (b) shows the shaped reflectors’ generatrices and
the optical rays, where one observes the concentration of rays at
both edges of the main reflector conical aperture to compensate
for the lower feed illumination toward the subreflector’s center
and rim (see Fig. 3).

Fig. 7(a) and (b) shows the radiation patterns of the OADE and
OADC antennas shaped for uniform aperture phase and power
distribution, respectively, for several frequencies between 26 and
40 GHz. The antenna efficiencies shown in Fig. 6(a) and (b)
clearly indicate the success of the reflectors’ shaping in max-
imizing the antenna directivity, as desired. However, the con-
centration of rays around the horn’s aperture brought by the
reflectors’ shaping (see Fig. 8) compromises the return loss per-
formance. To illustrate this effect, Fig. 9(a) and (b) depicts the
antenna return loss calculated by the MMT/MoM technique at
26–40 GHz for the OADE and OADC antennas. As reference,
the return loss of the horn alone is also included (black line).
From Fig. 10(a), one observes that the mutual coupling among
horn and reflectors is crucial, imposing return-loss increases of
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Fig. 9. Antenna return loss of the (a) OADE and (b) OADC cases.

Fig. 10. GO aperture power distribution.

5 dB or higher across the band for both classical and shaped-
uniform OADE. The return loss is more intense at lower fre-
quencies and rises again at 30 GHz, when the primary feed radi-
ation mainlobe is wider (Fig. 3), thus raising the subreflector’s
edge illumination. At higher frequencies, the return loss dimin-
ishes as the feed mainlobe is narrowed down. From Fig. 10(b),
one observes that the shaped uniform OADC has a similar be-
havior. Among all antennas investigated so far, the only one
where mutual coupling does not significantly affect return loss is
the classical OADC, for which scattering toward the horn’s aper-
ture is relatively small.

C. Configurations Shaped to Reduce Return Loss

An alternative design that increases the antenna directivity
without significantly compromising the feed return loss may
be obtained by using a tapering on the power distribution at the
main reflector conical aperture during the GO synthesis. The
following power distribution was chosen [12]:

G (x′) =

{
G0

{[
2(x′−x′

o)
σ1WA

]σ2

+ 1
}−2σ3

, for x′
L ≤ x′ ≤ x′

o

G0, for x′
o ≤ x′ ≤ x′

U

(2)
where G0 is a normalization factor and A, σ2, and σ3 are ad-
justed to attain the desired antenna performance. Fig. 10 de-
picts the power distribution given by (2), comparing it with the
uniform distribution previously adopted, those provided by the
classical configurations, and that given by (2) for σ1 = 0.70,
σ2 = 40.0, and σ3 = 0.242, with x′

o at the center of the aperture.
As observed, the tapered distribution combines an almost uni-
form distribution in most of the aperture with fast decay around

Fig. 11. Generatrices and rays tracing of the (a) OADE and (b) OADC tapered
cases.

Fig. 12. Radiation patterns of (a) OADE and (b) OADC tapered cases.

the aperture extreme at x′
L, reducing the subreflector scattering

toward the horn’s aperture (see Fig. 1 for the OADE).
Fig. 11(a) and (b) shows the shaped generatrices and the

ray tracing resulting from the synthesis; Fig. 12(a) and (b)
shows the MoM/MMT antenna radiation pattern at the sam-
pling frequencies. As observed in ray tracing, the shaping con-
centrates the rays at the bottom edge, similar to the uniform
case, disperses them at the top of the aperture lowering the
top edge illumination, and decreases the energy reradiated to-
wards the feed horn opening. The effects can be observed in
Fig. 6(a) and (b) where the return loss has been reduced, espe-
cially for OADE case without significant decrease in the antenna
gain.

IV. CONCLUSION

To operate in millimeter-wave frequencies, the design per-
formance of omnidirectional dual-reflector antennas suited was
explored. Two compact configurations, an OADE type and
an OADC type, were designed to attain a main beam direc-
tion at θ = 102◦ with respect to the symmetry axis and si-
multaneously control the antennas return loss. GO synthesis
technique was employed to shape the reflectors, and a hybrid
technique based on MoM/MMT was used to analyze the com-
pact antenna designs. Although the compact design increases the
coupling between feed and reflectors, and brings some fluctua-
tions in the efficiency along the wide band, the reflector shaping
was very effective to maximize the antenna gain and to control
the antenna return loss over a frequency band larger than 45%
(25–40 GHz).
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