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Dual-Polarized Wideband Low Sidelobe Slot Array
Antenna for V-Band Wireless Communications

Peiye Liu, Gert Frølund Pedersen, Senior Member IEEE, Wonbin Hong, Senior Member IEEE, Shuai Zhang,
Senior Member IEEE

Abstract—A dual-polarized wideband low sidelobe slot array
antenna for wireless communication systems in the V-band is
proposed in this work. Taylor distribution is applied with each
radiating slot as a tapering unit in both polarizations. A compact
2 × 2 elements subarray is designed to achieve stable amplitude
and phase distribution among elements with two sets of integrated
compact wideband unequal power dividers for the E- and H-
planes inside the subarray. Then, two layers of orthogonally
polarized feeding networks with unequal E-plane T-junction
power dividers are used to connect the subarrays to two standard
waveguides WR-15 as input ports. The prototype of 8 × 8
elements is fabricated and measured in an anechoic chamber. The
maximum measured gain is 25.3 dBi and 25.4 dBi for V- and H-
polarization, respectively. The overlapped impedance bandwidth
is from 57 to 66.4 GHz with reflection coefficiencies below −10 dB,
and the isolation between two input ports is around 35 dB.
Sidelobe levels of both polarizations are below −22 dB with good
agreement with the simulations.

Index Terms—Dual-polarized, slot array antenna, low sidelobe,
wideband, unequal power divider, Taylor distribution, V-band.

I. INTRODUCTION

PLanar array antennas were attracting more attention in
academic and industrial areas and have been widely

studied in recent years. With its low profile, small volume,
and lightweight characteristics, the application has significant
advantages in directive radio links. Compared to widely used
reflector antennas with bulky structures, planar array antennas
are simpler in manufacturing, assembling, and installation and
less costly in packaging and delivery. Especially in the fifth-
generation (5G) system and beyond, the rapidly increased de-
mand for high capacity and transmit rates pushed the research
towards a high-frequency range with wide absolute bandwidth
[1], such as high-definition video streaming, high-speed in-
ternet, high-definition multimedia interface, and automotive
radars. The V-band (57 - 66 GHz) with 9 GHz bandwidth,
which is license-free and available almost worldwide, got more
attention in such applications [2], [3].

Much effort has been put into the research to solve the
challenges of planar array antennas. One is to achieve high
gain and high antenna efficiency. Conventional printed circuit
board (PCB) based antennas such as patch arrays with strip-
line or microstrip-line are no longer a good choice due to
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their high loss in the feeding network in the millimeter-wave
frequency range. It significantly lowers the antenna gain as the
array size increase in V-band. As presented in [4], although
low-loss PCB Rogers RT/Duroid 6002 was used, the measured
gain is still not entirely satisfactory. The research of substrate-
integrated waveguide (SIW) and low-temperature co-fired ce-
ramic (LTCC) based array antenna showed some improvement
[5]–[7], but the dielectric loss could still lead to the peak gain
drop to a large extent. On the contrary, the ohmic losses of the
hollow waveguides (HW) are not significant at the millimeter-
wave band. And the losses can be decreased by using materials
with high electric conductivity and improving the surface
roughness of the sample. However, the air gap between layers
could cause power leakage. Some methods were introduced
to enhance the metal contact, such as the diffusion bonding
technic and gap waveguides [8]–[12]. However, the fabrication
procedure becomes complicated, time-consuming, or costly.
Metal 3D printing technic could realize the sample in one
piece to avoid power leakage [13], [14]. However, the accuracy
control can not meet the requirement up to V-band and higher.
On the other hand, a hollow waveguide with an E-plane feed
network is an alternative way to minimize the power leakage
at the millimeter wave. It was first introduced in [15] and has
been proven effective at E-band [16].

Another challenge that limits the application is the radi-
ation pattern of the planar array antenna. To minimize the
interferences from unexpected sources, sidelobe levels (SLL)
are preferred to be as low as possible. As specified by the
European telecommunications standards institute (ETSI) [17],
several radiation-pattern-envelop standards set different max-
imum sidelobe level requirements. Most designs mentioned
above are limited by their high SLL with uniform excitation
among antenna elements. Besides the high gain challenge,
most efforts were put into achieving low SLL characteristics in
recent studies. A continuous transverse stub array proposed in
[18] reaches low SLL patterns in the parallel plate waveguide
(PPW) plane, but the structure is bulky and complicated
in fabrication. In [19], [20], arrays are inclined by certain
angles to avoid the array synthesis planes with the highest
sidelobe level. However, SLLs are not suppressed in all other
azimuth planes in these designs, as ETSI requires. Then the
interference problem still exists. One effective method is to
use the Taylor synthesis to design non-uniform excitation
in the array elements [21]. As in [22], [23], array antennas
based on E-plane hollow waveguide and inverted microstrip
gap waveguide (IMGW) with Taylor synthesis achieved cor-
responding wideband and low SLL performance. However, 2
× 2 elements subarrays are excited as tapering units in the
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design, which leads to SLL rising between 30◦ to 50◦ away
from the boresight. To suppress the SLL rising, a double-slit
layer structure is introduced in [24]. It is only effective in the
target plane SLL suppression, and the overall thickness of the
prototype is increased. A low SLL antenna with multi-level
compact unequal power dividers is introduced in [16]. Taylor
synthesis is applied with each element as a tapering unit,
which ensures a smooth SLL envelop of the radiation pattern.
However, the structure is too complicated to be implemented
in dual-polarization arrays. The significant advantage of dual-
polarization antennas is the doubled system capacity, which
is commonly preferred in wireless communications. A dual-
circular-polarization low SLL Parallel-Plate Long-Slot (PPLS)
array is reported in [25]. The maximum SLL achieved is
−18.5 dB with unequal power dividers in the feeding net-
work. But the bandwidth is relatively narrow. Another dual-
polarization low SLL array design based on the gap waveguide
has a similar issue [26]. The maximum SLL of −18.5 dB is
achieved in a fractional bandwidth of only 5%.

In this study, a novel dual-polarized low SLL slots array
antenna is proposed. The advantage of the structure is that
it achieves low SLL performance in a wide bandwidth in
the two polarizations. Also, amplitude tapering is adopted
as each element is weighted as an independent unit. The
sidelobe rising issue that cause is effectively avoided. The
independent weighting in both polarizations is enabled by the
proposed compact 2 × 2 elements subarray and the wideband
unequal power dividers. These components can provide stable
amplitude tapering and phase balance. An 8 × 8 element
prototype working at V-band is fabricated and measured to
validate the design.

The article is organized as follows. The overall array geom-
etry and the array synthesis are illustrated in Section II. The
operating mechanism of the compact 2 × 2 elements subarray
is described in Section III. Then in Section IV, three types
of unequal power dividers for subarrays and feeding networks
are described and analyzed. In Section V, the entire feeding
networks for the two polarizations and the final optimized
results of the antenna are presented. The measured results of
the prototype are presented and discussed in Section VI. Then,
the conclusions are given in Section VII.

II. ANTENNA GEOMETRY

Fig. 1 shows the geometry of the proposed 8 × 8 slots array
antenna, which consists of five layers. The aperture size of the
array is 32 mm × 32 mm. Cross-shaped slots are used as the
radiating elements in the top layer for two polarizations. The 2
× 2 elements subarray works as a one to four power divider.
The two layers below slots are the E- and H-plane unequal
power dividers integrated inside subarrays. Orthogonal feeding
network layers for the Vertical and Horizontal polarizations
ensure power distributions among the subarrays. Then, they
are fed by two standard waveguides (Wr-15) with transition
sections from the bottom. All simulations in this work are
done with the CST Microwave Studio (CST).

The element spacing is 4 mm which corresponds to 82 %
wavelength of the center frequency. To avoid SLL rising

Fig. 1. Geometry of the proposed 8 × 8 slots antenna array with
two-layer feeding networks.

between 30◦ to 50◦ [16], [24], Taylor distribution is applied
as each slot as one tapering unit with the help of two-level
unequal power dividers inside the subarrays and one in the
feeding networks. The first SLL is chosen as −25 dB in the
calculation for both polarizations. Taylor synthesis with Ñ = 4
is adopted. The calculated three power-split ratios are 1.3 dB,
3.37 dB, and 5.61 dB, respectively. The first two ratios are
adopted inside subarrays, and the last one is in the T-junction
in the feeding networks.

III. DESIGN OF THE SUBARRAY

The perspective view of the 2 × 2 elements subarray, the
detailed view of the E-plane power divider layer, and the
feeding layer one are shown in Fig. 2. Within the limited space
of the subarray, E- and H-plane power dividers are adopted
into two separate layers. The power-split ratios of the dividers
can be adjusted separately for both planes and polarizations.
Two layers of L-shaped waveguides are used as the feeding
networks for the two polarizations. Feeding layer one is for
V-polarization, and feeding layer two is for H-polarization. A
small brick is inserted into the feeding layer one to ensure the
isolation between the two ports [27]. An extra step is added to
improve the impedance matching, as shown in Fig. 2(c). The
subarray is optimized with two sets of periodic boundaries. Its
material is brass (91 %) from the CST material library. The
electric conductivity is 2.74×107 S/M, which is close to the
properties of the material used in the fabrication. Moreover,
the surface roughness is 0.0008 mm that can be controlled
by the Computer numerical control (CNC) machine from the
workshop.

The power-split ratios are set equal for all power dividers
in the initial design to check the reflections and isolation per-
formance of the subarray. The bricks in E- and H-plane power
dividers have the same dimensions and positions. The subarray
is biaxially symmetrical. The simulated E-field distributions
for both polarizations at the center frequency in different layers
are shown in Fig. 3, while ports one and two are excited
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(a)

(b) (c)
Fig. 2. The perspective view of (a) the 2 × 2 elements subarray,
detailed view of (b) the E-plane power dividers, and (c) feeding
network one.

Table I. Optimized dimensions of the subarray for the results in Fig. 4

Width Length Height

Slot 2.16mm 3.38mm 0.7mm

Cavities 3.8mm 3.8mm 2.32mm

H-plane power divider bricks 2mm 2mm 1.08mm

Matching pin 0.34mm 0.34mm 0.3mm

Coupling aperture 1 0.72mm 2.97mm 0.5mm

E-plane power divider cavities 0.72mm 7.17mm 2.13mm

E-plane power divider bricks 0.38mm 0.72mm 0.76mm

Coupling aperture 2 3.04mm 3.04mm 0.54mm

Isolation brick 0.34mm 0.83mm 1.48mm

Matching step 0.3mm 3.04mm 0.35mm

Feeding network 1 branch A 0.83mm 2.12mm 2.8mm

Feeding network 1 branch B 0.75mm 3.8mm 2.8mm

Coupling aperture 3 1.44mm 3.04mm 0.5mm

Feeding network 2 branch A 1.44mm 3.04mm 2.7mm

Feeding network 2 branch B 0.97mm 4.28mm 2.7mm

Feeding network 2 branch A offset 0.72mm

separately. The short branch A of the L-shape in feeding
network 2 has an offset from the subarray centerline. It can be
seen from Fig. 3(a) and 3(b) that when port one is excited, only
weak power leaks into the feeding layer two. Moreover, when
port two is excited, the power propagating into the feeding
layer one is cut off by the narrow neck of branch A, which
ensures good isolation between the two polarizations. E-field
distributions in the above layers indicate a good polarization
purity. The final optimized results are shown in Fig. 4. The

(a)

(b)

(c)

(d)

(e)
Fig. 3. E-fields distribution in (a) feeding layer 2, (b) feeding layer
1, (c) E-plane power dividers, (d) H-plane power dividers, and (e)
slot layer.
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Fig. 4. S-parameters of the optimized subarray.

Fig. 5. Subarray and feeding network power dividers.

overlapped frequency range is from 57 to 67 GHz with the
reflections of both ports below −15 dB. The isolation is around
−40 dB. Optimized parameters are listed in Table I.

IV. DESIGN OF UNEQUAL POWER DIVIDERS

Three different types of unequal power dividers are designed
in this work, E- and H-plane subarray power dividers and T-
junctions in feeding networks. As mentioned in Section II,
three different power-split ratios are required to achieve low
SLL performance of the 8 × 8 elements array. As shown in
Fig. 5, ratios of type A (1.3 dB) and type B (3.37 dB) are
required by E- and H-plane subarray power dividers to form
the three different combinations of power distributions in sub-
arrays. T-junction with a power-split ratio of type C (5.61 dB)
is used to connect subarrays in both feeding networks.

A. E-plane Subarray Unequal Power Divider

Table II. Optimized dimensions and position of the bricks of the
different types of E-plane power dividers.

E-plane power divider Height Width Offset

Ratio Type A 0.42mm 0.5mm 0.44mm

Ratio Type B 1.14mm 0.5mm 0.49mm

The structure of the E-plane subarray unequal power divider
is similar to the one proposed in [16]. In this work, the two

Fig. 6. Cross-secional view of the E-plane subarray unequal power
divider.

(a)

(b)
Fig. 7. Optimized S-parameters and phase difference over the
frequency with power-split ratios of (a) type A 1.3 dB, (b) type
B3.37 dB.

output branches are used as the feed of the H-plane unequal
power dividers with the coupling aperture one instead of
directly exciting the radiating slots. The cross-sectional view
of the E-plane subarray power divider layer is shown in Fig. 6.
The path difference is achieved by offsetting one of the bricks.
Also, by changing the height of the bricks, the power-split
ratio can be adjusted. The phase unbalances caused by path
differences can be compensated by adjusting the width and
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Fig. 8. Cross-secional view of the H-plane subarray unequal power
divider.

offset distance of the bricks [16].
These three parameters are optimized to get the two power-

split ratios, and the results are shown in Fig. 7. It can be
seen that the reflection coefficients remain below −15 dB for
both ratios. Moreover, the phase differences over the frequency
are within 3.4◦. The amplitude difference between the two
output branches for power divider type A is −1.3± 0.1dB.
As the power-split ratio of type B increases, the amplitude
variation over the frequency becomes large but is still within
an acceptable range of −3.37±0.15dB. Dimensions and offset
distance of the bricks are listed in Table II. The structure is
simulated with two sets of perfect electric conductor (PEC)
boundaries. The influences from the neighboring elements and
structures above are not considered in the simulations. These
values are further optimized in the full subarray simulations.

B. H-plane Subarray Unequal Power Divider

H-plane subarray unequal power dividers are cascaded on
top of the E-plane subarray unequal power dividers to achieve
Taylor distribution in the orthogonal planes. The same power
split ratios of types A and B are required. The cross-sectional
view of the H-plane subarray unequal power divider is shown
in Fig. 8. Two dotted lines in the H-plane power divider
layer in Fig. 2 indicate orthogonal cutting planes. Its working
principle is similar to that of the E-plane power divider. In the
design, the same dimensions of radiating slots and cavities
are used. The bricks in cavities are of the same height. The
power split ratio is controlled by the length difference of the
bricks in the cutting plane, which could introduce different
path characteristics. The bigger the length difference is, the
larger the power split ratio is achieved. Then by changing the
brick height, the phase balance between the two branches can
be adjusted. The dimensions of the cavity, cross-slot, and gap
size are optimized to get good S-parameters.

The optimized results of two types of H-plane power
dividers are plotted in Fig. 9. The power split ratios are
monitored using the 1-D field plot function in the field monitor
of CST. The monitored planes are along the slot centerline

Fig. 9. Monitored amplitude and phase differences over the frequency
for two types of H-plane unequal power dividers.

above the slot. To ease the fabrication process, the length
of the larger brick is fixed at 2.4 mm. The smaller brick is
with a length of 2.2 mm and 1.5 mm for type A and B power
dividers. From the results, it can be seen for both types, the
phase differences over the frequency between the two paths
are within 5◦. The amplitude variation of type A and type
B is −1.3 ± 0.15dB and −3.37 ± 0.3dB, respectively. The
amplitude and phase balances are worse than that of the E-
planes power dividers. But from the previous study in [16],
the performance is acceptable to achieve reasonably good
radiation patterns within the operating range.

C. Feeding Network Unequal Power Divider

The power split ratio type C is achieved in the feeding
network by a wideband unequal E-plane T-junction power
divider. The structure is shown in Fig. 10 while the top layer
is hidden to reveal the detailed view.

The design procedure is close to the conventional H-plane T-
junction in [28], [29]. The structure is designed symmetrically
with the input branch. Then a septum is placed inside one
of the output branches to create a narrow gap. It is aligned
with the left edge of the input waveguide. The power split
ratio is adjusted by changing the length of the septum. A
narrower gap introduces a larger power split ratio. The phase
difference introduced by the offset septum is balanced using

Fig. 10. The 3-D view of the E-plane T-junction unequal power
divider.
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Fig. 11. The contour plot of the E-field distribution at the center
frequency in T-junction.

Fig. 12. Simulated results of the T-junction power divider.

a compensation brick by tuning its size and offset distance.
The contour plot of the E-field distribution with a power split
ratio of 5.61 dB at the center frequency is shown in Fig. 11.
Apparently, less power is propagated into the left branch.

The optimized S-parameters are shown in Fig. 12. The
amplitude difference is around −5.61 dB with a variation of
±0.1 dB over the frequency. The phase difference is within
180◦±3◦. In the operating range, the reflection coefficient
below −19 dB is achieved. Compared to conventional H-plane
T-junction, the amplitude and phase are more stable, and
the structure is more compact in the proposed design. And
the amplitude and phase variations over the frequency are
more stable than the E-plane T-junction proposed in [16].
The corresponding parameters of the E-plane T-junction power
dividers are shown in Table III.

V. DESIGN OF THE FULL STRUCTURE

A. One to four power dividers

The last stage of the feeding networks consists of two
cascaded E-plane T-junctions with equal power split ratio and
a transition section from the standard waveguide port (Wr-15).
The combined structure is shown in Fig. 13. One additional
layer with a standard waveguide port is hidden in the back. The
structures of the feeding networks for the two polarization are
the same. The transition sections are extended in two opposite
directions to avoid interference as the cut view in Fig. 5. One

Table III. Optimized parameters of the E-plane T-junction power
dividers.

Length Width

Input and output branches 3.5mm 1.2mm

Septum 0.79mm 0.56mm

Compensatoin brick 1mm 0.4mm

Offset distance 0.77mm

(a)

(b) (c)
Fig. 13. The 3-D view of (a) the combined structure of two-level
T-junctions and a transition section from Wr-15, (b) the Vertically
polarized feeding network, and (c) the Horizontally polarized feeding
network.

septum for each level of T-junction is inserted for impedance
matching. The simulated results of the combined structure are
shown in Fig. 14. The reflection coefficient is below −18 dB
from 57 to 66 GHz with a transmission loss within 0.34 dB.
The output variations are within 0.2 dB. The corresponding
parameters are listed in Table IV.

B. Simulation of the Whole Antenna

The design procedure of the antenna is as follows: First,
the power-split ratio for the E- and H-plane subarray power
dividers are adjusted to get the three types of the subarray, as
shown in Fig. 5. In the second step, the subarrays are cascaded
by two stages of the feeding network power dividers. Then,
one-quarter of the antenna is obtained, which is symmetrical
by two axes. Finally, the whole antenna is optimized by com-
bining the quarter structures with the one to four power divider
and the transition part. The optimization is towards better
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Fig. 14. Simulated results of the combined two level T-junctions and
transition section.

Table IV. Optimized parameters of the combined two level T-
junctions and transition section.

Length Width

T-junction Branches 3.5mm 1.25mm

Septum 1 3.7mm 0.36mm

Septum 2 3mm 0.44mm

Chamfer 1mm 31◦ (angle)

Transition section 3.2mm 1.88mm

impedance matching and in line with the target excitation
tapering. An extension of 4 mm at each edge of the structure is
added for positioning pins and screw holes. The overall size of
the antenna is 40 mm × 40 mm with a thickness of 12.7 mm.
All the corners in the design are changed to round with a radius
of 0.5 mm to comply with the fabrication. The full antenna is
optimized with open boundary (add space) conditions in CST.

The amplitude and phase distribution along the center
element is monitored along the top surface of the antenna
and plotted in Fig. 15. Only the E-plane of V-polarization is
shown, as the amplitude tapering and the feeding network is
symmetrical by two axes. The black dotted line in amplitude
distribution is the theoretical distribution calculated in section
II. It can be noticed that the amplitude of the center elements
complies with the calculation very well. The amplitude distor-
tion of far elements becomes large due to the influences from
the extended edges. The phase difference among elements is
within 15◦. The simulated results can be considered stable
compared with the former study in [16].

VI. EXPERIMENTAL RESULTS

A test sample of the design is fabricated with the comput-
erized numerical control (CNC) machine (DMG ecoMill 50).
The assembled prototype and detailed structure of each layer is
shown in Fig. 16. Eight screws around the edge of the sample
are used to stack these layers up. Two sets of positioning
pins are used to ensure the alignment of the layers. The extra
adapter layer shown in Fig. 16(a) with two standard waveguide
ports (Wr-15) is used to ease the connection with the frequency
extender in the measurements. As shown in Fig. 16(b), layer
one is the radiating layer with cross-shaped slots. H- and V-
plane subarray power dividers are in layers two and three.

(a)

(b)
Fig. 15. Monitered (a) amplitude and (b) phase distribution along the
center elements at different frequencies.

The feeding networks for the two polarizations are contained
in layers four and five. The material used in the fabrication
is brass, with close electrical characteristics to the simulation.
The surface roughness is controlled within 0.0008 mm in the
fabrication.

The prototype is measured in the anechoic chamber at An-
tennas, Propagation, and Millimeter-wave Systems laboratory
at Aalborg University. The measured reflection coefficients and
isolation are compared with the simulations in Fig. 17. In the
simulation, a reflection coefficient smaller than −10 dB can
be achieved in an overlapped frequency range from 56.4 to
66.4 GHz. The measured results distorted and shifted towards
the high-frequency band due to fabrication accuracy and
measurement deviation. However, the overlapped frequency
range can still cover the entire V-band. A reasonably good
isolation around 35 dB is achieved in the measurement.

The measured radiation patterns are shown in Fig. 18 and
Fig. 19 for V-polarization and H-polarization, respectively. The
dashed lines depicted are the class II sidelobe requirement
from the ETSI frequency range 6 (47 - 66 GHz). It can be
seen that for both polarizations, the measured patterns comply
with the requirement, besides the grating lobes appearing
at around ±90◦ at 66 GHz. Typically, an element spacing
within one wavelength for a uniformed excited array can avoid
the grating lobes. The grating lobe appears in the patterns
because no grating lobe condition is reduced as amplitude
tapering is applied. At 66 GHz, the corresponding wavelength
is 88% in free space, which is closely the 89% wavelength



8

(a)

(b)

(c)
Fig. 16. Photographs of the fabricated antenna: (a) the assembled
antenna and the adapter; (b) each of the layers; (c) measurement
setup.

no grating lobe condition in [30]. The measured patterns
are slightly distorted compared with the simulations due to
the fabrication and assemble tolerance and some deviation
in the measurement. Also, the instability of the amplitude
distribution and phase unbalance can sometimes lead to pattern
distortion. However, The measured patterns still agree with the
simulations well in general. The depicted angle range is from -
100◦ to 100◦, as the back lobes can not be measured accurately
due to the blockage of the frequency extender.

It can be observed that the maximum SLL in all patterns
is below −22 dB. As the targeted first SLL is −25 dB in

Fig. 17. The simulated and measured reflection coefficients of the
prototype.

(a) E-plane 57 GHz (b) H-plane 57 GHz

(c) E-plane 66 GHz (d) H-plane 66 GHz
Fig. 18. Measured co-polarization (Co-polar) and cross-polarization
(Xp-polar) radiation patterns of V-polarization at (a) E-plane 57 GHz,
(b) H-plane 57 GHz, (c) E-plane 66 GHz, and (d) H-plane 66 GHz.

the theoretical calculation, the amplitude tapering and phase
balance among elements is well controlled with the unequal
power dividers. And no SLL rising from 30◦ to 50◦ from
the boresight proves that each element’s independent tapering
excitation is effective. The cross-polarization levels are around
33 dB in all frequencies and polarizations.

The measured realized gains for both polarizations are com-
pared with simulations in Fig. 20. The peak gain is 25.3 dBi
and 25.4 dBi for V- and H- polarization, respectively. The gain
fluctuations are mainly due to the fabrication and measurement
tolerances. Also, the unstable amplitude tapering and phase
unbalance variations over the frequency can also cause gain
variations. As it is unable to measure the antenna efficiency in
the chamber due to equipment limitations, the total efficiency
of the prototype is estimated using the measured antenna
gains and the simulated antenna directivities. In the whole
V-band, an efficiency of around 60% can be achieved in
both polarizations. And the aperture efficiencies are around
50%. The feeding network losses are evaluated with the
measured reflection and estimated antenna total efficiencies.
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Table V. Compared results between the proposed and other reported low SLL array antennas.

Works Polarization Aperture size,
(λ0 ×λ0)

Gain (Min/Max),
(dBi) Technology Center Frequency,

(GHz)
BW (-10dB),

(%)
Antenna Efficiency,

(%)
Max SLL,

(dB)

Ref. [22] Single LP 12.16×12.16 25 / 29.5 H-plane HW 15.2 13.8 60 around -23

Ref. [23] Single LP 11.73×11.73 28.8 / 29.9 IMGW 40 18.5 50 (ηe) -23

Ref. [24] Single LP 13.28×13.28 31.8 / 32.6 H-plane HW 73.5 9.8 72 (ηe) -20 / -13.2

Ref. [25] Dual CP 10.3×10.3 25.5 / 26 SIW PPLS 94 >1.1 57.5 -18.5

Ref. [26] Dual LP 11.2×11.2 28 / 29.5 RGW 28 5.0 / 5.2 50 -18.5

This work Dual LP 8.2×8.2 23.5 / 25.4 E-plane HW 15.2 8.4 - 11.4 60 -22

* The data in the table are calculated based on the −10 dB impedance bandwidth provided in the references.

(a) E-plane 57 GHz (b) H-plane 57 GHz

(c) E-plane 66 GHz (d) H-plane 66 GHz
Fig. 19. Measured co-polarization (Co-polar) and cross-polarization
(Xp-polar) radiation patterns of H-polarization at (a) E-plane 57 GHz,
(b) H-plane 57 GHz, (c) E-plane 66 GHz, and (d) H-plane 66 GHz.

Fig. 20. Measured and simulated gains and estimated antenna total
efficiencies of the prototype.

The obtained values are 1.66 dB and 1.53 dB for H- and V-
polarization, respectively, which include the conductor losses,
discontinuity losses, losses caused by fabrication errors, etc.

A comparison between the proposed structure and other
reported low SLL array antennas is listed in Table V. In
[22], [23], impressive first SLL levels are achieved. But the
grating lobes that appear at 30◦ to 50◦ are even higher,

which could still lead to interference issues. The high aperture
efficiency in [24] is due to the unsuppressed H-plane SLL. Its
maximum SLL is still around −13 dB. A common problem
with single-polarization arrays is that they are difficult to
be transformed into dual-polarization arrays by introducing
another layer feeding network. The sidelobes rising problem
also appeared in the referenced dual-polarized arrays, while it
is not severe in [26]. However, they both suffer from narrow
bandwidth. On the contrary, the proposed antenna has a wide
overlapped impedance bandwidth with acceptable efficiency
compared to the others. Furthermore, no apparent SLL rising
from 30◦ to 50◦ be observed in all planes.

VII. CONCLUSION

In this paper, a dual-polarized low sidelobe slots array
antenna is presented. Taylor distribution is applied in both
polarizations. With the design of a compact 2× 2 elements
subarray and three types of compact unequal power dividers,
the amplitude tapering of every radiating element can be
adjusted independently. A prototype of 8 × 8 elements is
fabricated and measured. An overlapped impedance bandwidth
from 57 to 66.4 GHz is achieved, which covers the whole V-
band. In the operating range, the measured radiation patterns
comply with ETSI class II requirements in all azimuth planes
with the maximum sidelobe level of −22 dB. The measured
realized gain of both polarization is over 23.5 dBi with antenna
efficiencies of round 60 %. The proposed structure shows the
potential to substitute the conventional reflector antenna in a
wireless communication system.
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