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Communication

Low-Profile and Broadband Dual-Linearly Polarized Offset Dual-Reflector
Antenna for W-band Applications

Thi-Kim-Ngan Nguyen, Jérdme Taillieu, David Gonzélez-Ovejero, and Ronan Sauleau

Abstract—A low-profile, broadband, dual-linearly polarized
offset dual-reflector antenna is presented for high-gain operation
at W-band (75-110 GHz). The dual-linear polarization is achieved
by exciting two orthogonal modes in an overmoded parallel
plate waveguide (PPW), namely the quasi-TEM mode and the
quasi-TE; mode. The offset dual-reflector system is illuminated
by a dual-mode corrugated feed horn in the PPW. Since the
reflector system only collimates the beam in one plane, an
exponentially flared section is integrated at the end of its
radiating aperture to collimate the beam in the orthogonal plane.
The antenna is built in Aluminum and fabricated as a split block
using computer numerical control (CNC) milling. Experimental
results show an input reflection coefficient better than —10 dB
over a fractional bandwidth exceeding 38% for the two modes
of operation. A good agreement is observed between simulated
and measured far-field patterns for both operating modes, thus
validating the antenna concept. The measured gain remains stable
over the entire W-band with a maximum value of 28.8 dBi and
28.5 dBi for the quasi-TEM mode and the quasi-TE; mode,
respectively.

Index Terms—Offset dual-reflector system, parallel plate
waveguide (PPW), dual-linear polarization, corrugations,
mm-wave antennas.

I. INTRODUCTION

Emerging wireless applications and services demand for
high-capacity public and private networks [1]. Mm-wave
backhaul and fronthaul solutions have emerged as promising
options in this context due to their ease of deployment and
potential to provide high data rates with low latency. These
solutions can be deployed in various scenarios, including
small cells, wireless mesh networks, and point-to-point
communication links [2]. The antennas for these systems
must be low-profile, highly directive, and exhibit a high
radiation efficiency over a large bandwidth to compensate for
an increased material dissipation and the significant free space
path loss (FSPL) at mm-wave frequencies.
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Fig. 1. Perspective view of the dual-linearly polarized offset dual-reflector
antenna in the overmoded parallel plate waveguide (OPPW).

One popular solution for achieving low-profile, wide-band,
beam scanning, and high-gain mm-wave antennas [3] involves
using quasi-optical beamformers integrated in parallel-plate
waveguides (PPWs). On the one hand, there are quasi-planar
lens-based beamformers for multi-beam antennas, which
encompass the classical Rotman lens [4], Luneburg lens
[5], [6] and reflecting Luneburg lens [7], [8]. On the other
hand, reflector-based beamformers for realizing multi-beam
antennas at mm-wave frequencies have been developed either
in a single-layer configuration [9]-[11] or in double-layer
structures, such as pillbox couplers [12]-[15].

One fundamental shortcoming of the aforementioned
quasi-optical beamformers in PPW is that they are inherently
limited to a single linear polarization, since their operation
primarily relies on the fundamental transverse electromagnetic
(TEM) PPW mode. A dual-polarized continuous transverse
stubs (CTS) array antenna at Ka-band was introduced
in [16], where the conventional PPW was replaced
with a corrugated parallel plate waveguide (CPPW). The
main advantage of employing CPPW lies in its ability
to support two orthogonally-polarized propagating modes,
specifically the quasi-TEM and the first order quasi-transverse
electric (quasi-TE;) mode, while effectively suppressing the
quasi-transverse magnetic (quasi-TM;) and other higher-order
modes. Building on the concept of dual-mode excitation in
the overmoded PPW (OPPW), a single offset reflector design
was presented in [17]. Here, a dual-linearly polarized offset
dual-reflector antenna is designed at W-band. The proposed
structure presents a low-profile and provides a high gain over
a broad frequency band for two orthogonal linear polarizations.
To the best our our knowledge, this is the first demonstration
of a PPW antenna with integrated reflectors operating in
dual-linear polarization.

This communication is organized as follows. Section II
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Fig. 2. Drawing and geometrical parameters of the dual-mode corrugated
feed horn excited by a square waveguide (SWG). (a) Perspective view. (b)
Top-view. (c) Cross-sectional view. Values of the design parameters (in mm):
lhorn = 8.3, Whorn = 8.3, It = 3.3, pc = 0.376, we = 0.165, hrpy =
1.5, hrp = 2.3, wsw = 2.54.

describes the antenna architecture and the design procedure,
thoroughly explaining the achievement of dual-linear
polarization. Section III presents the fabricated prototype
and the experimental results of the overall antenna system,
while discussing the impact of fabrication tolerance. Finally,
conclusions are drawn in Section IV.

II. ANTENNA ARCHITECTURE AND DESIGN PROCEDURE

Fig. 1 shows a perspective view of the antenna architecture,
which is fully realized in Aluminum and consists of three
main parts: a dual-mode corrugated feed horn, an offset
dual-reflector in PPW, and a flared transition towards the
radiating aperture. The antenna working principles and design
procedure are explained in this section, where the simulation
results have been obtained using Ansys HFSS version 20.1.

A. Dual-Mode Corrugated Feed Horn

First, we discuss the dual-mode feed horn design in an
OPPW with a height ranging from half to one wavelength. In
addition to the fundamental TEM mode, this structure supports
the higher-order TE; and TM; modes. As investigated in [16],
there exists a strong mutual coupling between TEM and TM;
modes, especially at any discontinuity in the PPW, owing to
their E-fields sharing the same polarization. In contrast, the
E-field lines for TEM and TE; modes are orthogonal, and their
mutual coupling is thus negligible. To achieve the propagation
of two orthogonally-polarized modes (TEM and TE;) in the
OPPW without degrading their radiation characteristics, it
is essential to suppress the propagation of the TM; mode.
One effective solution consists of periodically introducing
longitudinal corrugations on the waveguide contour, creating
a CPPW. These longitudinally corrugated plates perform as
electromagnetic hard surfaces [18], which support propagating
waves at the surface for any polarization. By modifying
the boundary conditions imposed on the parallel plates, the
quasi-TM; is effectively suppressed within a certain frequency
range.

Fig. 2 shows the geometry of the corrugated feed horn
designed at the center frequency of 90 GHz. The input square
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Fig. 3. Amplitude distribution (in dB) of the E-field inside the PPW at 90
GHz for the quasi-TEM mode in the (a) yz-plane and (c) xy-plane; for the
quasi-TE; mode in the (b) yz-plane and (d) xy-plane.
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Fig. 4. Normalized radiation patterns computed in the zy-plane of the
corrugated feed horn for dual-mode excitation at 90 GHz.

waveguide (SWG) can launch both a z-polarized E-field
(quasi-TEM mode or vertical polarization) and an z-polarized
E-field (quasi-TE; mode or horizontal polarization) inside the
PPW. The two parallel plates are separated by distance hrg,
whereas the distance between upper and lower longitudinal
corrugations is hrgps. The width of the corrugations and
their periodicity are denoted w. and p,, respectively, both of
which are much smaller than the wavelength A. To ensure that
only the propagation of the quasi-TE; and quasi-TEM modes
occurs in the frequency range between fio,, and fhign, the
following conditions are enforced

0 < hrem < Anigh/2, (1
Alow/Q < hTE < )\hig}u (2)

where Apign and Aj,, are the free-space wavelength at the
higher and lower frequencies, respectively.

From (1), the quasi-TEM mode can propagate within the
region of the PPW bounded by the corrugations, defined
as —hrgm/2 < z < hrga/2. However, the quasi-TM;
mode is evanescent in this region, as the corrugated surfaces
effectively act as uniform metal plates for z-polarized fields,
thereby preventing unwanted TEM-TM; mode coupling. The
quasi-TEM field does not propagate in the region confined
between the corrugations and continuous metallic plates, as
depicted in Fig. 3(a). Fig. 3(b) shows the E-field profile of the
quasi-TE; mode, which is extended to the whole PPW height,
ie. *hTE/2<Z<hTE/2-
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Fig. 5. Geometry of the offset dual-reflector system with an integrated
flared section. (a) Top-view. (b) Cross-sectional view. Values of the design
parameters: D,, = 66.6mm, F,,, = 33.3mm, dp = 38.3mm, Ds =
45.7mm, 2¢ = 14.83mm, Ap. = 64°, py = 8.6°, ¢, = 94.14°,
a =37.3°, 8 =30°, Lgp = 73.26 mm, H,.j;, = 26.15 mm.

It is important to note that the width and the period of
the corrugations are optimized to achieve a similar radiation
pattern for both operating modes and to obtain the same
illumination taper of the sub-reflector (see Fig. 1), as described
in the next section. Figs. 3(c) and (d) show the E-field
distributions of the corrugated feed horn in the xy-plane
for dual-mode excitation at 90 GHz. Far-field patterns in the
zy-plane at 90 GHz are represented in Fig. 4; the quasi-TEM
and quasi-TE; modes exhibit similar radiation patterns, with
a half-power beamwidth (HPBW) of ~ 35°. These results are
obtained when terminating the PPW by a perfectly matched
layer (PML).

B. Gregorian Offset  Dual-Reflector
Exponentially Flared Section

System  with an

Fig. 5(a) illustrates the geometry and main parameters of the
Gregorian offset dual-reflector system. This architecture offers
additional flexibility in shaping the plane wavefront amplitude
tapering once the feed is fixed. The reflector system is
illuminated by the dual-mode corrugated feed horn presented
in Section II-A. The main reflector has a parabolic shape and
is characterized by its diameter D,,, focal length F,,, and
offset distance dj, in the coordinate system (O, ,,, ¥,,). The
feed horn is oriented at an angle « from the parabola axis y,,.
The sub-reflector has an elliptical contour and is described by
its diameter Dy, axis tilt angle 3, interfocal distance 2¢, and
eccentricity e, in the coordinate system (O, zs, y). One focal
point of the sub-reflector is positioned at the coordinate system
(O, ., Ym ), while the other one is located at the phase center
(PC) of the corrugated feed horn, which is approximately
3.3mm behind the horn aperture. The profile of the main
reflector is given by

2F,,

(1 + cosp)’ )

T =
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Fig. 6. Amplitude distribution of the E-field in the offset dual-reflector with
an integrated flared section at 90 GHz for quasi-TEM mode excitation in (a)
the xy-plane and (c) the yz-plane, and for quasi-TE; mode excitation in (b)
the xy-plane and (d) the yz-plane.

where r,, is the distance from the paraboloid focal point to
a point on the reflector surface and ¢ is the angle measured
from the main reflector axis to r,,. The sub-reflector profile
is a part of the ellipsoid surface and its profile is described as

(-9 e
rs=(—) ———=—0
e/ ecosff+1

where 7, is the distance between the paraboloid focal point and
a point on the sub-reflector surface, 3 is the angle between the
main reflector axis y,, and the sub-reflector axis y. The design
procedure involves selecting five input parameters including
D, Fyn, do, Ds, Ap, and other parameters can be determined
by using the equations provided in [19], [20]. The diameter
D,,, of the main reflector is chosen as a compromise between
directivity and antenna size. While increasing the focal length
for a given radiation aperture of an offset reflector system can
improve cross-polarization levels, it also increases the overall
size. As a tradeoff between these factors, the ratio F,,,/D,, is
set to 0.5. The feed illumination angle Ay, = 64° yields a
—11dB edge tapering for the sub-reflector. The feed pointing
angle « is computed using Mizugutch’s condition [19] to
compensate for the asymmetry of the offset dual-reflector.
The offset dual-reflector system collimates the beam in
the zy-plane only. Collimation in the yz-plane is achieved
by integrating a flared section after the main reflector. An
exponential profile is chosen instead of a linear one to increase
the edge illumination taper of the E-field in the yz-plane. The
tapering profile is defined by the exponential function

f(y) = sqe” V",

where s, = hrg/2 and r, = 33.

A cross-sectional view of the flared section and its
dimensions are depicted in Fig. 5(b). The height H.; and
length L. of the flared section are chosen as a compromise
between the gain and size of the antenna. Figs. 6(a) and
(b) illustrate the dual-mode plane wavefront obtained at the
reflector aperture by representing the E-field distribution in
the xy-plane at 90 GHz. Figs. 6(c) and (d) show the E-field

4)

€ [0; Len], S
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Fig. 7. Pictures of the fabricated prototype: (a) split blocks and (b) assembled

prototype. Measured and simulated magnitude (dB) of the input reflection
coefficients for (c) the quasi-TEM mode and (d) the quasi-TE; mode.

distribution in the yz-plane for the quasi-TEM and quasi-TE;
modes, respectively. A higher edge illumination level of the
E-field is observed in the quasi-TEM mode compared to the
quasi-TE; mode, which results in higher sidelobe levels in the
yz-plane of the quasi-TEM mode.

III. PROTOTYPE AND EXPERIMENTAL RESULTS

The antenna has been fabricated as a split block using
CNC milling, with an accuracy of 10 pm. Photographs of the
fabricated prototype are presented in Fig. 7(a) and (b). The
antenna is assembled using screws and dowel pins to ensure
electrical contact and alignment between the two aluminum
parts. The measurements were conducted using a standard
WR10 rectangular waveguide (RW) as input. To that end, two
transitions are employed: a WR10-to-circular waveguide (CW)
section, and a CW-to-SWG section, as shown in Fig. 7(b). The
antenna is excited either by this transition or a 90°-rotated
one to generate orthogonally polarized modes in the input
SWG. The entire antenna module, without the waveguide
transition, measures 160 x 148 x 38mm?®, and the size of the
radiating aperture is 66.6 x 26.15mm? (20 x 7.85\3). After
mechanical assembly, a misalignment of 50 um along the
z-axis is measured between the two blocks of the prototype.
The effects of this assembly misalignment on the antenna
performance are shown next.

The simulated and measured input reflection coefficients of
the antenna are plotted in Fig. 7(c) and (d) for the quasi-TEM
and quasi-TE; modes, respectively. The comparison reveals
very good agreement between the simulated and measured
results. The measured magnitude of the Sy; is below —10dB
between 75 and 110GHz, corresponding to a fractional
bandwidth of more than 38% for both modes of operation.
These results clearly demonstrate the broadband behavior of
the proposed antenna system.

The 50pum misalignment observed in the assembled
prototype along the x-axis does not affect the input reflection
coefficient of the antenna, as clearly shown by the measured
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Fig. 8. (a) Misalignment along the x-axis between the two blocks (b)
Comparison of simulated cross-polarization discrimination (XPD) in the
zy-plane at @ = 0° for an ideal mechanical assembly and for misalignments
of 10 pem, 20 pem, and 50 pm along the x-axis for the quasi-TEM mode (solid
lines) and the quasi-TE; mode (dash lines).
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Fig. 9. Antenna radiation pattern far-field measurement setup with a photonic
generation system.

S11 in Fig. 7(c) and (d). However, it has a significant impact on
the cross-polarization levels. Fig. 8 presents an investigation
of this effect by evaluating the simulated cross-polarization
discrimination (XPD) in the zy-plane at the angle § = 0° for
several cases of misalignment, including the case of an ideally
mechanically assembled antenna. It demonstrates that the XPD
levels substantially decrease with greater misalignment along
the x-axis for both polarizations. A very similar effect is also
observed in the orthogonal plane (yz-plane), but it is not
reported here for the sake of brevity. The prototype has been
very carefully assembled before performing measurements in
radiation to reduce the misalignment error below 20 pm.

Fig. 9 shows the setup for the radiation pattern
measurements along the vertical and horizontal plane cuts.
A lock-in reception scheme is used. The mm-wave signal
is photonically generated and modulated by a tone from a
lock-in amplifier, then coupled to the antenna’s input WR10
waveguide. On the receiving side we use a WRI10 probe
and a zero biased Schottcky detector mounted on the linear
motorized translation stage. This stage offers a 30 cm rail range
with a 0.5 mm translation step, controlled automatically by
the computer. To mitigate undesired reflections or standing
waves, the setup is shielded with absorbing panels. Due to the
limited length of Thorlab linear stage, the angular coverage
in each plane is restricted to between —15° and 15°. Fig. 10
shows the measured and simulated radiation patterns at four
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Fig. 11. (a) Antenna gain measurement setup with a VNA. (b) Measured and
simulated peak gain of the antenna as a function of frequency.

different frequency points (80, 90, 100, and 110 GHz) in the
two principal planes for the quasi-TEM mode, while Fig. 12
does the same for the quasi-TE; mode. Good agreements
are observed between simulations and measurements in
the co-polarized components for both operating modes. In
the xy-plane, some of the first measured sidelobe levels
(SLLs) can be observed with levels lower than —20 dB
and —15 dB over the target frequency band (75-110 GHz)
for the quasi-TEM and quasi-TE; mode, respectively. The
measured cross-polarization level remains < —15dB below
the maximum between 75 and 110 GHz for both operating
modes in the zy-plane, which shows a good agreement with
the simulated results of the design with 20 ym misalignment.
The gain measurement setup is shown in Fig. 11(a), which
includes the Vector Netwrok Analyzer VNA-ZVA67, two VNA
Extension Modules VNAX959, the antenna under test (AUT)
and the receiving WR10 probe. The distance between the
AUT and WRI10 probe is 796 mm. The measured gain is
achieved by comparing the received power with that of a
pyramidal reference horn. Fig. 11(b) reports the simulated and
measured gain as a function of frequency for both operating
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modes. The measured gain variation remains below 3 dB over
the entire W-band, with the peak gain reaching 28.8 dBi at
100 GHz and 28.5dBi at 95 GHz under the excitation of
the quasi-TEM and quasi-TE; modes, respectively. Table I
provides a comparison between the presented design and
other state-of-the-art PPW antennas with integrated reflector
systems at frequencies above 100 GHz, highlighting the
competitive performance of the proposed structure, particularly
its dual-polarization capabilities.

IV. CONCLUSION

This work presents a W-band PPW dual-reflector antenna
with a unique characteristics, including a low profile, high
gain, and a broad bandwidth for dual-linear polarization under
the two excitation modes of the OPPW. Measurements of the
fabricated prototype confirm the numerical results with an
excellent performance: it covers the entire W-band frequency
range from 75 to 110 GHz with a gain exceeding 25.6dBi,
and side lobe level lower than —15 dB in the plane collimated
by the reflector system, and below —18dB in the orthogonal
plane for both modes of operation. Using alternative assembly
procedures or other fabrication technologies (e.g. 3D printing)
to mitigate misalignment and air gaps could further enhance
the overall antenna efficiency. These results position this
antenna as a very attractive candidate for backhaul applications
in next-generation telecommunications networks.
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Fig. 12. Normalized radiation patterns for the quasi-TE; mode are shown in the E-plane at (a) 80, (b) 90, (c) 100, and (d) 110 GHz, and in the H-plane at
(e) 80, (f) 90, (g) 100, and (h) 110 GHz. Measured co-polarized (solid black lines) and cross-polarized (solid red lines) components are compared with the
simulated co-polarized (dotted black lines) and cross-polarized (dotted red lines) components for a 20 um misalignment.
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