
International Journal of
Microwave and Wireless
Technologies

cambridge.org/mrf

Research Paper

Cite this article: Gao J, Li T, Wang H, Lei X,
Wang K (2023). A compact dual-band dual-
linearly polarized waveguide slot array
antenna with groove at waveguide bottom.
International Journal of Microwave and Wireless

Received: 7 July 2022
Revised: 3 October 2022
Accepted: 6 October 2022

Key words:
Dual band; dual-linearly polarized; groove;
short-circuit wall

Author for correspondence:
Jun Gao,
E-mail: gjaoun121@163.com

© The Author(s), 2023. Published by
Cambridge University Press in association with
the European Microwave Association. This is
an Open Access article, distributed under the
terms of the Creative Commons Attribution-
NonCommercial licence (http://
creativecommons.org/licenses/by-nc/4.0),
which permits non-commercial re-use,
distribution, and reproduction in any medium,
provided the original article is properly cited.
The written permission of Cambridge
University Press must be obtained prior to any
commercial use.

A compact dual-band dual-linearly polarized
waveguide slot array antenna with groove at
waveguide bottom

Jun Gao , Tianpeng Li, Hai Wang , Xue Lei and Kexin Wang

Information Engineering University, Zhengzhou, China

Abstract

A dual-band dual-linearly polarized waveguide slot array antenna is proposed in this paper. Two
orthogonal slots share a short-circuit wall on broad side. The horizontal and vertical slots, which
actualize dual-frequency bands and dual-linear polarization, generate vertically polarized electric
fields in 9.39–9.78 GHz and horizontally polarized electric fields in 11.62–12.3 GHz, respectively.
The equivalent permittivity of the waveguide is changed by two grooves at the bottom of the
waveguide, which improves phase velocity. Two grooves can also reduce the distance between
the elements while suppressing the side lobes. Compared to filling the medium in the waveguide,
two grooves have less losses. Moreover, the antenna is simple with one input port. The array
antenna also overcomes the problems of beam scanning compared with the traditional waveguide
slot array antenna. A 1 × 8 antenna array is fabricated and measured to verify the design. The
horizontal polarization is formed in 9.39–9.78 GHz, the vertical polarization is generated in
11.62–12.3 GHz, and the antenna gain can reach 15 dBi.

Introduction

In modern wireless communication, waveguide-slotted arrays are good candidates for on-board
and airborne antenna systems, especially dual-polarized antennas have been widely used [1–3].

In [3–6], a dual-polarized microstrip array antenna is designed; however, the microstrip
antenna has more losses. In [7], a new material is used to reduce the losses, but it still reaches
0.17 dB. In [8–11], substrate-integrated waveguide dual-linear polarization antenna is
designed. A 45° linearly polarized slot array antenna with differential dual-end feeding net-
work is proposed in [9]. A novel dual-band dual-polarized aperture-shared slotted waveguide
antenna array with high efficiency is presented in [11]. In [12–15], dual polarization is
achieved by orthogonal slots on two waveguides, respectively. In [16], a dual-band antenna
was designed using a gap waveguide as the transmission structure. In [17], dual polarization
is achieved at the horizontal and vertical slots of the ridge waveguide and E-plane waveguide,
respectively. In summary, all of them have complex transmission structure.

A dual-band dual-linearly polarized waveguide slot array antenna is proposed in this paper.
Horizontal and vertical electric fields radiate from orthogonal slots on the broad side. Two
grooves change the phase velocity and have less losses. A 1 × 8 array has been designed,
which the pattern has no gate lobe and the side lobe level has not deteriorated. The measured
results show horizontal and vertical polarization are realized in 9.39–9.78 and 11.62–12.3 GHz,
respectively. The overall model is shown in Fig. 1, which includes radiation slots, groove, and
power divider.

Antenna design

Lower and upper band design

Horizontal polarization is realized by a horizontal slot, which is shown in Fig. 2(a). The length
of horizontal radiation slot is l1. The vertical polarization is radiated from longitudinal slot
with length l2, as shown in Fig. 2(b). d1 and d2 are the distance between the slot’s center
and the short-circuit wall. The end of the waveguide is a short-circuit wall, and there is
only one radiation slot on the broad side.

When electromagnetic waves transmit in WR-75, according to the waveguide wavelength
formula:

lg = l
�������������
1− (l/2a)2

√

λg > λ, where λg is the waveguide wavelength and λ is the free-space wavelength, a is broad
dimension of waveguide. The distance between the center of the slot and the short-circuit
wall is λg/2, which is about one-half of the waveguide wavelength.
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When simplifying array distribution as uniform linear array,
the normalized shunt admittance of each slot is identically as-
sumed as y, which is shown in Fig. 3. According to the transmission

line theory, we can define a function f(y) as follows:

f (y) = yin(y)− 1− S11
1+ S11

= yinN + jtg(bLr)
1+ yinNtg(bLr)

− 1− S11
1+ S11

(1)

Finding the complex roots of the f(y) = 0 can solve out y. The
reflection coefficient S11 can be extracted from electromagnetic
simulation software [18].

Fig. 2(c) depicts the simulated input impedance bandwidth
(IBW) of the units. The IBW of the horizontal polarization unit
for S11 <−10 dB is from 10–10.75 GHz. It is 10.6–12.1 GHz for
S11 <−10 dB of the vertical polarization unit.

Fig. 1. Model of the antenna: (a) overview of the antenna and (b) sectional view of
the antenna.

Fig. 2. (a) Model of horizontal polarization antenna; (b) the model of vertical polar-
ization antenna; and (c) the simulated S11 (l1 = 12 mm, l2 = 15 mm).

Fig. 3. Equivalent transmission line model of N-element slotted uniform linear array
terminated in a short circuit.

Fig. 4. Simulated dual-band unit of S11.
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Dual-band unit design

The antenna must be able to generate vertically polarized electric
fields and horizontally polarized electric fields to realize dual
polarization. Figure 4(a) shows the structure. The broad side is
slit orthogonal slots. The length of the two slots is ls1 and ls2,
respectively. Because the center position of the two slots is the
same in the y direction, their distances from the short-circuit
wall are dy.

However, due to mutual coupling between the horizontal and
vertical slots, which impacts the radiation, the resonant frequency
has been shifted. The IBW is shown in Fig. 4(b). The S11 <−10 dB
in 9.85–10.4 and 11.5–12.6 GHz. Figure 5 shows simulated cur-
rent density at 10.25 and 12 GHz. A vertically polarized electric
field is formed when the antenna operates at 10.25 GHz, and a
horizontally polarized electric field is generated at 12 GHz.
When the distance between two units is more than one free-space
wavelength, the side lobe level will worse than −13 dB. The dis-
tance, along the y axis, between the center of the radiation slot
and the radiation short-circuit wall is dy. When the array is
designed, the distance will have a significant impact on the side
lobe.

Phase-compensated groove design

By adjusting the phase velocity, the side lobes can be suppressed
and the antenna’s compactness can be improved. Generally, add-
ing the medium into the waveguide changes the phase velocity.
However, there are two grooves with the same shape at the bottom
of the waveguide in this paper. The dielectric-added and non-
grooved antennas are shown in Fig. 6. The experiment is shown
in Fig. 7, which is a radiation pattern comparison diagram of fill-
ing medium, with groove and without groove at 9.6 GHz. The
operating frequency band is the same, but the side lobes of the
antenna are different. The loss of the metal structure is less
than filling medium. It can be found from Fig. 7 that the pattern
side lobes for filling the medium and adding grooves are below
−14.8 dB. The side lobe of the antenna pattern without adding
the grooves is −11.9 dB. Adding grooves not only has less losses,
but it can also effectively change the phase velocity. Because the
waveguide is partially filled with medium, the equivalent dielectric
constant is different from that of the medium itself. In addition,
the equivalent dielectric constant generated by the groove is

Fig. 6. (a) Without groove antenna array and (b) dielectric-added and non-grooved
antenna array.

Fig. 7. Patterns of three antenna array.

Fig. 5. Simulated surface current distribution of the unit.
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dispersive, and different frequencies need to use different dielec-
tric constants for alternative simulation. The configured dielectric
constant of the filled medium set in the simulation varies with the
frequency between 8.45 and 5.3.

When the antenna is arrayed, the distance between the units is
d. The radiation slot and the short-circuit wall is d/2, two similar
grooves are added, which effectively suppress the side lobes. The
structure is shown in Fig. 8, the antenna becomes more compact.

Groove parameters analysis

A dual-polarized antenna was designed in the previous section.
When the reflected electric field reachs radiation slots and
comes in contact with the transmission electric field, the two

electric fields with the same phase are superimposed on each
other, which improves the radiation efficiency.

The narrow dimension b of the waveguide does not affect the
λg of TE10 mode. However, when the variation of b is combined
with the groove design, the radiation of the horizontal slot will
be major affected. When b = 8.5, b = 9.5 and b=10.5, the re-
sonance frequency has been changed in the lower band, while
the depth of resonance has been affected in the upper band.
b = 9.525 mm is finally chosen to operate in better and more
acceptable isolation (Fig. 9).

Fig. 9. Parametric analysis of the b of S11.

Fig. 10. Parametric analysis of the dp of S11.

Fig. 11. Parametric analysis of the wp of S11.

Fig. 12. Parametric analysis of the hp of S11.

Fig. 8. (a) Model with two grooves at the bottom and (b) the S11 of the model.
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As the groove affects the phase velocity, the values of wp, hp,
and dp are simulated in Figs 10–12, respectively. When hp = 8mm
or hp = 9mm, the operating frequency is shifted and the perform-
ance becomes worse in the lower band. When hp = 8.5mm, the

S11 <−10 dB can be achieved in 9.95–10.55 and 10.95–11.45
GHz. When wp = 1mm or wp = 2 mm, the operating frequency
will shift, which has effect on the upper band seriously. When

Table 1. Optimized parameters of the array antenna

Parameter ls1 ls2 dy wp hp

Values (mm) 12 15 9 1.5 8

Parameter d dp b

Values (mm) 18 4.5 9.525

Fig. 13. Fabricated antenna.

Fig. 14. Simulated and measured S11.

Fig. 15. Measured and simulated normalized radiation patterns of VP array and HP
array: (a) yoz-plane at 9.6 GHz, (b) xoz-plane at 9.6 GHz, (c) xoz-plane at 12 GHz,
and (d) yoz-plane at 12 GHz.
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wp = 1.5 mm, the S11 <−10 dB can be achieved in 9.95–10.55 and
10.95–11.45 GHz. When dp = 5 mm, the curve shifts to high fre-
quency in the lower band; when dp = 7 mm, the curve shifts to
low frequency in the lower band, so dp affects the lower band.

The length of the radiation slot ls1 and ls2 determines by the
operating frequency and λg. The length ls1 and ls2 are adjusted
for the case of with or without groove respectively. The simulation
results are shown in Figs 4 and 8. When the values of ls1 and ls2
are inappropriate, the short-circuit wall cannot form the short-
circuit requirements, so the energy of the antenna cannot be
radiated normally.

Antenna array design and measurement

A 1 × 8 array antenna has been designed. Four 1 × 2 antenna arrays
are connected by power divider. In order to simplify the design,
when connecting 1 × 2 array elements, the short-circuit wall struc-
ture is removed in the connected position, and the electric field
forms a virtual short-circuit wall in the same position. The overall
structure is shown in Fig. 1, in which the dotted line part is a virtual
short-circuit wall, and three virtual short-circuit walls are formed.
Due to the coupling effect and edge effect of the array, the struc-
tural parameters in the array have been comprehensively optimized,
and the final parameters are shown in Table I.

The prototype of the antenna is shown in Fig. 13, and
the antenna dimension is 149 mm × 24.1 mm × 58.6 mm. The
antenna can be functionally divided into two parts: power-divider
feed and radiation structure. However, during manufacturing, in
order to reduce the cutting of the current in the waveguide cavity,
the antenna is divided into two symmetrical parts along the y-axis
and connected by multiple screws.

According to the measured results, the S11 are shown in Fig. 14.
From the results, S11 <−10 dB in 9.39–9.78 and 11.62–12.3 GHz,
respectively. As the units of the array interact with each other,
the operating frequency changes compared with the single unit.
If considering the potential impact of measurement environment
and fabrication tolerance , especially the influence of chamfer dur-
ing machining, the measured results are basically consistent with
the simulation results. The antenna can achieve S11 <−10 dB in
lower and upper bands, respectively.

The pattern is one of the important indicators, which is shown
in Fig. 15. The antenna patterns of vertical polarized (VP) and
horizontal polarized (HP) on the xoz and yoz planes were measured

at 9.6 and 12 GHz, respectively. As can be seen from Fig. 15, the
side lobe level can reach −14 dB and no grating lobe is generated
in the pattern, which proves the groove can effectively compensate
the phase difference between the units. The cross-polarization level
is about −14 dB. The antenna structure is simple, and the beam is
not scanned. Similar antennas mentioned in the paper are com-
pared in Table 2.

Conclusion

In this paper, we designed a dual-linear dual-band waveguide slot
antenna with low side lobe. Two grooves are added at the bottom
of the antenna. Orthogonal slots slit on the broad side realizes
dual polarization. Dual band is realized in 9.39–9.78 GHz and
11.62–12.3 GHz. The former is horizontal polarization, and the
latter is vertical polarization. The side lobe level of the antenna
can reach −14 dB.
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