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LETTER

Difference-beam operation in a center-fed dual-polarized parallel-plate
waveguide slot array antenna

Huanqian Xiong1, a), Jiro Hirokawa1, and Takashi Tomura1

Abstract This letter deals with the difference-beam operation in a center-
feed dual-polarized parallel-plate waveguide slot array antenna at 24.5GHz,
which consists of two orthogonally arranged 20×19 arrays of radiating slot
pairs. A center-feeding scheme is employed in this design. Each rectangular
feeding waveguide, fed by a probe, can feed half of the radiating panel,
enabling easy control of the phase difference. Experimental results show
that the monopulse antenna array has a bandwidth of 12.8% for reflections
below −10 dB while it produces the sum beams, and 13.3% to produce
the difference beams. Port isolation between the sum mode and difference
mode is above 15 dB within the working frequency band. The measured
realized gain of the sum beam is 31.3 dBi at 24.5 GHz, and the measured
null-depth is below −33.9 dB for both polarizations.
Keywords: dual polarized antenna, monopulse antenna, parallel-plate
waveguide antenna, slot array antenna
Classification: Antennas and propagation

1. Introduction

Monopulse array antennas, which produce sum and differ-
ence beams, have been widely used in radar systems for
target tracking as they can provide accurate directional in-
formation [1].

One common variant is the microstrip monopulse array
antenna, which employs a microstrip-line comparator and a
radiating array [2, 3], featuring a planar structure. Reflector
antennas are also widely studied in this field. Though they
are bulkier than the microstrip monopulse array antennas, a
complex comparator network is not needed [4].

Planar waveguide monopulse array antennas are studied
in order to obtain an improved antenna efficiency in a simpler
planar structure. Research on monopulse planar waveguide
array antennas mostly focuses on antennas with a corpo-
rate waveguide feeding network, where techniques such as
post-wall waveguides [5, 6] or gap waveguides [7] are in-
troduced. By separating the radiating part into subarrays,
controlling the phase difference becomes more convenient
in a corporate-fed antenna. However, extra layers of the
monopulse comparator network are needed in the corporate-
fed waveguide array antennas, increasing the cross-section of
the antenna structure. In addition, realizing a dual-polarized
monopulse antenna using a corporate waveguide feeding net-
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work is challenging as it may introduce a more complex and
bulkier feeding structure. In [8], two identical corporate-fed
monopulse planar waveguide antenna arrays are placed side
by side to realize a dual-polarized antenna.

On the other hand, parallel plate waveguide slot array an-
tennas typically include a single-layer radiating panel and a
planar series feeding network [9, 10]. The PPW slot array an-
tennas have a simpler structure and lower cross-sections than
the corporate-fed planar waveguide array antennas. How-
ever, it is difficult to control the phase difference between
the different parts of the radiating panel since they are not
decoupled as in the corporate-fed waveguide array anten-
nas. In the previous study [11], a dual-polarized PPW slot
array antenna utilizing two rectangular feeding waveguides
beneath the radiating panel was proposed. The feed waveg-
uide of each polarization has to be divided into two parts
for the center feed structure of the dual polarized PPW slot
array, which is not needed in a single polarized one [9].

The novelty of this letter is to deal with the difference-
beam operation while [11] dealt with the detailed antenna
design and the sum-beam operation. By using four feeding
points at the center of the antenna, we can directly connect
a monopulse comparator to the antenna panel. For each
polarization, since one feeding waveguide is split into two,
the feeding phase of each half of the antenna array can be
controlled independently. The antenna’s operation is veri-
fied by simulated and measured results where the proposed
antenna can produce both sum and difference beams without
increasing the structural complexity.

2. Configuration of the array antenna

The dual-polarized parallel plate waveguide slot array an-
tenna developed in [11] consists of a radiating panel and
four WR-42 feeding waveguides drawn in red beneath it, as
shown in Fig. 1 (a). In the radiating part, two identical 20 ×
19 arrays of radiating slot pairs are positioned orthogonally.
Radiating slots in each slot pair are placed collinearly to
realize dual-polarization, instead of the offset slot pairs in a
conventional parallel plate waveguide slot array antenna [9].

The feeding waveguides incorporate centrally positioned
longitudinal feeding slots proposed in [10], which have been
verified to enhance radiation performance and broaden the
reflection bandwidth of the PPW slot array antenna. Each
feeding slot needs to be paired with two inductive walls to
realize the desired coupling between the TE10 wave inside
the feeding waveguides and the desired quasi-TEM wave
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inside the PPW. Each waveguide is fed by a waveguide
probe placed at the center part of the array antenna, which
allows the control of the phase of each feeding waveguide.

The antenna is designed to operate at 24.5 GHz. The
antenna frame including all four feeding waveguides are
milled from a 5052 aluminium alloy block. The size of
the parallel plate waveguide measures 213 mm × 213 mm.
The PPW is filled with a 5 mm-thick expanded dielectric
substrate (ϵr = 1.12), which is covered by a 0.2 mm-thick
copper top plate.

3. Monopulse comparator

A 90◦ hybrid coupler (Pasternack PE2CP1150) with two
coaxial cables is used as the monopulse comparator in the
proposed antenna, as shown in Fig. 1 (b), where two coaxial
cables have different lengths to compensate for the phase
balance between two output ports of the monopulse com-
parator. When the IN1 port of the hybrid coupler is excited,
a phase difference of 4.23◦ can be measured at 24.5 GHz
from the two output ports. When the IN2 port of the hybrid
coupler is excited, a phase difference of −169.30◦ can be
measured at 24.5 GHz from the two output ports, as shown
in Fig. 2. When Port 1 and Port 2 are excited, the antenna is
y-polarized, and the antenna array produces the XOZ plane
difference beam. When Port 3 and Port 4 are excited, the
antenna is x-polarized, and the antenna array produces the
YOZ plane difference beam. All working scenarios of the
proposed antenna array are detailed in Table I.

When the antenna is y-polarized and produces the dif-
ference beam, the simulated aperture field distributions of
amplitude and phase are illustrated in Fig. 3. The phase
difference between Port 1 and Port 2 of the array antenna is
set to 180◦ to simulate the antenna producing the difference

Fig. 1 (a) Top view of the dual-polarized parallel plate waveguide slot
array antenna. (b) Monopulse comparator.

beam. It can be observed from Fig. 3 (a) that the field is
cancelled along the y-axis at the center while producing the
difference beam. The simulated amplitude distribution of
Ey for the sum beam is similar to that of the difference beam
except that the field is not cancelled at the center. Figure 3 (b)
shows that when the antenna produces the difference beam,
the −x half and the +x half of the radiating panel has a
phase difference around 180◦, while the antenna producing

Fig. 2 Measured phase characteristics of the monopulse comparator.

Table I Realization of the dual-polarization and monopulse.

Mode Array Port Coupler Port Polarization Type
Mode1 1&2 IN1 Y-pol ΣY-pol
Mode2 1&2 IN2 Y-pol ∆El
Mode3 3&3 IN1 X-pol ΣX-pol
Mode4 3&4 IN2 X-pol ∆Az

Fig. 3 (a) Simulated difference beam amplitude distribution of Ey at 24.5
GHz. (b) Simulated difference beam phase distribution of Ey at 24.5 GHz.
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the sum beam has a uniform phase distribution.

4. Experimental results

4.1 S parameters
Figure 4 shows the reflection coefficients and the isolations
of the monopulse antenna array measured by a vector net-
work analyzer through the two input ports on the compara-
tor. The bandwidth for the ΣY-pol and ΣX-pol modes is 12.8%
(23.38 - 26.58 GHz) and 12.9% (23.38 - 26.61 GHz) with
the reflection below −10 dB. The reflection bandwidth for
∆El and ∆Az is 13.3% (23.41 - 26.76 GHz). The isolation is
measured between the sum mode and difference mode that
has the same polarization characteristics. The isolation is
above 15 dB within the working frequency, which is lim-
ited by the isolation between the IN1 and IN2 ports of the
Pasternack PE2CP1150 hybrid coupler.

4.2 Discussion on isolation
To enhance isolation between the sum and difference modes,
several factors were investigated. Initially, S(IN2,IN1) of
Pasternack PE2CP1150 hybrid coupler is around −15 dB,
potentially constraining the monopulse antenna’s isolation.
Figure 5 illustrates the isolation variation with alternative

Fig. 4 Measured reflection coefficients and isolations of the monopulse
antenna.

Fig. 5 Influence of the comparator performance on the isolation between
the sum and difference mode.

comparators, computed using the slot array’s measured S-
parameters and two virtual comparators with S(IN2,IN1) re-
duced by 10 dB and 20 dB. Results indicate that a 20 dB
enhancement in comparator isolation increases the isolation
between modes of the monopulse antenna to over 22 dB.

Additionally, incomplete cancellation of reflections from
the slot array can also increase coupling between modes.
Fabrication tolerances causing port differences in slot ar-
ray and comparator phase shifts depicted in Fig. 2 both
contribute to this effect. While adjusting the monopulse
comparator’s phase difference to 0◦ and 180◦ marginally
improves isolation, fabrication tolerances in the slot array
remain limiting factors.

4.3 Radiation characteristics
The simulation model used for reference in this section has
been adjusted according to the study in [11] due to fabrica-
tion tolerances and the inaccurate relative permittivity of the
substrate inside the PPW. The relative permittivity in the
adjusted model is set to 1.07 and a 0.2 mm-thick air gap is
added between the substrate and the top plate of the PPW.

The measured realized gain of the sum beams is 31.3 dBi
for both polarizations at 24.5 GHz with an antenna efficiency
of 35.3%, as shown in Fig. 6. The simulated realized gain of
the difference beams is 30.0 dBi at 24.5 GHz. The measured
realized gains of the∆El and∆Az beams at 24.5 GHz are 29.8
dBi and 30.0 dBi, respectively.

At 24.5 GHz, the measured cross-polarization discrimi-
nation of the sum beams for both polarizations is above 26
dB, and the measured E-plane radiation patterns of the sum
beams are in good agreement with the simulated results of
the adjusted simulation model, as shown in Fig. 7. The
H-plane radiation patterns of the sum beams are similar to
those in the E-plane at 24.5 GHz except that the sidelobes
around the end-fire directions are suppressed by the element
pattern.

As shown in Fig. 8, the simulated null-depth of the differ-
ence beam is down to −46.6 dB. The measured null-depth
of the ∆El mode is −33.9 dB, and that of the ∆Az mode is
−47.7 dB at 24.5 GHz. The difference between the mea-
sured results of the two difference beams may be attributed
to fabrication tolerances. The precision of the measurement

Fig. 6 Simulated and measured gains of the proposed antenna array.
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Fig. 7 Simulated and measured E-plane radiation patterns of the sum
beams at 24.5 GHz.

Fig. 8 Simulated and measured radiation patterns of the difference beams
at 24.5 GHz.

Table II Performance comparison.

REF. Freq. (GHz) Null-Depth (dB)
[2] 14.25 −30
[4] 35 −30
[5] 10.3 −33.8
[7] 95 −35
[8] 15 −36

This work 24.5 −33.9(∆El)/−47.7(∆Az)

system’s search capabilities can also contribute to the dif-
ference between the simulated and measured null depths. In
general, the results show that the measured radiation pat-
terns of the difference beams are in a good agreement with
the simulated results. In comparison with previous works, a
deeper null-depth of−47.7 dB is measured when the antenna
produces ∆Az mode, as shown in Table II.

5. Conclusions

In this letter, a dual-polarized monopulse PPW slot array
antenna with a simple structure is proposed. The PPW slot
array part is designed using a single-layer PPW radiating
panel and four feeding waveguides beneath the panel with a
operating frequency at 24.5 GHz. A CNC milled aluminum

alloy block and etched copper plates are used to fabricate the
prototype antenna. The proposed antenna features centered
feeding probes, which enables the implementation of a sim-
ple monopulse comparator using a 90◦ hybrid coupler and
two coaxial cables with a 90◦ phase difference. The mea-
sured reflection bandwidth of two difference modes reaches
13.3%, and that of the sum modes is 12.8% for y-polarization
and 12.9% for x-polarization, with the reflection below −10
dB. The measured isolation between the sum and difference
mode is over 15 dB, with additional solutions discussed for
its further improvement. The measured realized gain of the
sum beams at 24.5 GHz is 31.3 dBi for both polarizations.
The measured null-depth at 24.5 GHz is−33.9 dB and−47.7
dB for elevation and azimuth plane difference beams. In
general, the measured results show a good agreement with
the simulated results, which verifies the soundness of the
proposed antenna.
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