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Abstract — This research constructs a 26 GHz waveg-
uide slot antenna with decent gain. The application of
millimeter-wave requires high bandwidth and gain to
increase the traffic and users for millimeter-wave and 5G
technology. The application of millimeter waves requires
a high gain and bandwidth to achieve the requirements
of traffic and users increasing for 5G technology and
existing millimeter-wave. High-gain and power handling
are provided by waveguide slot antennas. Three waveg-
uide structures which are two waveguide antennae and
a waveguide horn have been simulated by using CST
and fabricated by a 3D printer. The tilt technique has
been used with a waveguide to increase the bandwidth
and gain of an antenna. A waveguide with broad wall tilt
slots has one diction beam while a waveguide with broad
and narrow wall tilt slots has two direction beams, each
length of the wall enough to distribute six symmetric tilt
slots. The gain of 14.3 dB and 1.9 GHz bandwidth are
recorded for an antenna with broad wall tilt slots with
one beam. While the waveguide with broad and narrow
wall tilt slots achieved a gain of 13.9dB and a bandwidth
of 1.9 GHz. The proposed antenna is a decent candidate
for use with millimeter waves.

Index Terms — 3D printing, add electromagnetic model-
ing and simulation, multi-beams, slots antenna, waveg-
uide.

L. INTRODUCTION
Millimeter-wave beam-forming networks have
become an important part of the Fifth Generation (5G)
cellular network, both now and in the future, because
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they make it easier to pick up signals and can handle
more traffic. In this way, a beam-forming network is
made up of the beam former, like a common Butler
matrix [1], Nolen matrix [2l], or Blass matrix [3]], and
the antenna array that is connected to the beam former
[4]. Hence, the antenna is an important device that
should provide high gain, wider bandwidth, and high
efficiency. In addition, the antenna in a millimeter-wave
band requires to provide a low loss, profile, and cost
production [5]. Several planar and non-planar antennas
have been introduced for millimeter-wave applications
to provide high-performance and low profile state of art
devices [6H14]]. For instance, microstrip antennas for
higher frequencies have been presented with different
techniques to increase the gain and the bandwidth [6-
10]. However, microstrip antennas have the weakness of
high losses in terms of merging the antenna module at
millimeter-wave frequency. Additionally, the complexity
of integration to an antenna array requires a power
divider which increases the size and losses accordingly
[8]]. Hence, researchers shifted to another alternative that
can overcome these problems; introducing traditional
waveguide antenna structures [10].

The waveguide slot antenna is considered the most
common type of waveguide antenna due to, its achiev-
ing high gain and low loss properties. At millimeter-
wave, waveguide slotted antenna is preferred regarding
their size due to the small wavelength at these particu-
lar frequencies [11H12]. Commonly, the slots are cut in
the broad wall of the waveguide in such a way it affects
the electrical fields and the current surface which leads
to radiating from the slot cutting [[11]. Some studies used
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slot cutting in the narrow wall of the waveguide to oper-
ate the antenna. However, a narrow bandwidth resulted
[L1]. Recently, a slot cutting in both broad and nar-
row walls with longitude slots distribution is presented
in [13} [14]]. This technique produces multiple beams
with a good gain capability. Nevertheless, the bandwidth
obtained is less than 1 GHz, which is not satisfied the
millimeter-wave requirements of greater bandwidth than
1 GHz.

Therefore, this paper constructs a high gain and
wide bandwidth waveguide slots antenna using tilted
slots at both narrow and broad walls of the waveg-
uide structures. The advantage of using a tilted slot is
to increase the bandwidth of the antenna. Six slots are
selected to be applied on both walls with tilted of 10° to
produce dual-beam in the vertical and horizontal direc-
tion and increase the impedance bandwidth to more than
1 GHz. The objective of this antenna design is to operate
at a center frequency of 26 GHz and provides a high gain
> 10 dB and bandwidth > 1 GHz.

II. WAVEGUIDE SLOT ANTENNA DESIGN
Shunt elements in transmission lines are commonly
used to represent slots. Figure[T]shows the circuit for the
slot. G stands for the slot’s conductance, and B stands
for the slot’s susceptance. The waveguide structure’s
longitude direction is employed to cut the slot used in
this study. L and W are the length and breadth of each
slot, respectively. As shown in Fig. 2] d is the distance
between two centered slots, and x is the offset from
the center line. The d between the slots is calculated to
be half the guided wavelength. As a result, the radiat-
ing slots would have a 180-degree phase shift [16, [17].
The normalized conductance Gn equations, as shown in
Equation @]) are used to calculate the offset x. (1, 2).

=
=

T

Longitudinal slot

y= Z jb

Equivalent circuit model

Fig. 1. Slot circuit representations [[15].
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Variables a and b are the inner dimensions of the
waveguide (as depicted in Fig. [3), and the free space
wavelength is represented by A0 and the guided wave-
length is g, while the number of slots is represented by
N. The slotted waveguide antenna’s physical dimensions,
as well as its gain and beamwidth, are determined using
the formulae below [17]]:

gn=12.09

A0

Ag = ——, (3)

- (%)
Gain = 10xlog (%) dB, “)

. A0
Beamwidth = 50.7 x N—ddegree, ®))

? .

d=21,/2, (6)
L=0.9810/2, @)
W =2,/20. )

Slot width and length are denoted by W and L,
respectively, while the distance between slots is repre-
sented by d. Equation shows how to derive the slot
parameters from the operating frequency and wavelength
of the guided center. Furthermore, two critical parame-
ters, the number of slots and wavelength influence the
gain and beam width. These values are also affected
by the distance between slots (d). The gain is increased
when the number of slots (N) increases [17]. However,
as the guided wavelength (Ag) is raised, the distance
between slots and the waveguide size is also increased
[17]. As a result, the chosen slots are utilized on wave-
guide walls to retain an optimal gain and a reasonable
size. The structure of the waveguide is typically broad-
cast in TE10 mode, with both the H and E field posi-
tioned within the waveguide’s broad and narrow walls,
as shown in Fig. [2] An incision will be created over H-
field lines at maximum flow to enable the slot radiation
[[L7]]. This will result in one beam being generated at one
of the walls. The slots on each wall side of the waveguide
are carved to enable numerous beams (two or more). If
the slot cutting is done on the waveguide’s narrow and
broad walls, for example, a dual beam will be formed
in the direction of the cutting slots. Figure [3] depicted
the distribution of slots concerning the dimensions of the
waveguide structure.

Two rectangular waveguides WR34 antennas are
selected to distribute slots. As shown in Fig. 4] the slot
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Table 1: A dimensions of the proposed antenna

Parameters Describe Value
a Broad wall 0754
b Narrow wall 0357
LW Length of waveguide 524
L Length of slot 0.46 A
d distance between 0.63 4
TE mode TM mode SlOtS
w Width of slot 0.052 4
Fig. 2. H and E fields distributed lines in the rectangular La Length of aperture 217 A
hollow waveguide [[17]. Wa Width of aperture 1.52 2
de depth 0.086 4
waveguide wall 0 Angle of slots +10 degree
| e, @1/
e . IIL. DISCUSSION BASED ON PARAMETRIC
/g Z
Z, STUDY
7 e The performance of the reflection coefficient was
7, i investigated using the CST program. The design of this
d i - proposed antenna used waveguide standard technology
E|_|_:I' which is WR34. The reflection coefficient of the pro-

excitation

Fig. 3. The standard structure of the waveguide slots
antenna [[11].

posed design depended on an angle(8) and depth of slots,
Fig.p|depicted the responses of the reflection coefficient,
it can be determined when the angle (0) is changing from
0° to 15°, the bandwidth increases and the frequency is
adjusted at 26 GHz at the optimum slot angle of 10°.
The bandwidth stays the same when the slot depth of the
narrow wall alterations from O to 1 mm, however, the
frequency is increasing and the frequency is shifted as in
Fig.[6]

Based on these findings, the ideal scenario for
achieving satisfactory outcomes is to employ a slot angle
and depth of 10° and 1 mm, respectively.

- 0 P
‘ ‘ 9— = ,1'
R -E 10 - ,?,,1
dei[| 1 2 A2
Y — _2 N // /,/
8%\ | & \\\ i
S g NS
(c) 3 N ’,;
= 4
Fig. 4. Proposed waveguide slots tilted antenna. (a) K=] \\ -/ ——— 420
Broad and narrow wall slots. (b) Broad wall slots. (c) G -3 VN —_———— d=05
a VARR4
Depth and angle. (d) Horn antenna. % S m——— d=1
oc
-40 T y T T w
. . . 25.0 25.5 26.0 26.5 27.0 27.5 28.0
is spread on a broad and narrow wall with a tilt angle Frequency (GHz)

(0) that is spun around the slot’s center. The slots are
cut symmetrically into the broad and narrow walls of the
waveguide by the transverse current when the mode is
TE10. As seen in Fig. [] the horn antenna is based on
the WR34 waveguide technology standard. As a result,
Table [[lsummarizes the intended antenna size in lambda.

Fig. 5. Titled slot versus reflection coefficient.

In the fabrication process, the designed antenna is
metal-produced using 3D printer material. The ALSi9
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Fig. 6. Slot depth versus reflection coefficient (8 =10
degrees).

material has a high casting ability, is tailored for high
electrical conductivity, and has outstanding weather
resistance. Figure [7] shows a prototype 3D printed off
two waveguide antennas, one with title slots on both
the broad and narrow walls, and the other with title
slots exclusively on the broad wall, in addition to a horn
antenna that was also designed using a 3D printer. Using
the R&S®ZNB40 VNA, the performance of the sug-
gested antennas is measured in terms of S-parameters
(dB) and radiation pattern. A horn antenna was utilized
as a reference in the radiation patterns measurement
setup, which was placed in both the E-plane and H-plane
directions of the tested antenna.

(a)

Fig. 7. Fabrication of proposed design. (a) Broad wall
slots. (b) Broad and narrow wall slots. (¢) Horn antenna.

IV. SIMULATION AND TESTING
Figure [§]shows the comparison results of the reflec-
tion coefficient between the simulation and measure-
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ment of two waveguide antennas, the measured reflec-
tion coefficient of the waveguide antenna with tilt slot on
broad is shifted to a higher frequency which is 28.4 GHz
while the measured reflection coefficient of waveguide
antenna with tilt slot on the broad and narrow wall has
Hugh bandwidth started from 22 GHz to 30 GHz which
coverage the certain frequency 26 GHz. As can be seen in
Fig.[9] the measured reflection coefficient of the waveg-
uide horn antenna is still less than -10 dB with a wider
bandwidth.

)
z
-
c
5]
S
€
=]
(]
=
2
E —— Simulation broad wall
% =40 - — — - Measure broad wall
o = Simulation broad and narraw wall
— — - measure broad and narraw wall
=50 . T -
22 24 26 28 30

Frequency GHz

Fig. 8. Comparison reflection coefficient of two waveg-
uide antennae.

0
% \\ ’/
= -10 | ;
g —— Simulation yd
E —-—- Measurement
3 -20 | o
Q
c
2
8 -30 -
[r=
-]
[
-40 . T T T
22 24 26 28 30 32

Frequency GHz

Fig. 9. Comparison reflection coefficient of waveguide
horn.

The front-end module’s efficiency and gain perfor-
mance are then shown in Fig. [I0] When the line is a
curve-fitting result, the measured gains of the front-end
module have frequency dependencies ranging from -180
to 180 degrees. Waveguide antennas achieved higher
gains of more than 13 dB for each antenna, and the ide-
alization of efficiency for each antenna achieved higher



efficiency of 99 percent at 26 GHz, according to the fit-
ting curve.
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Fig. 10. Gain and efficiency performance.

Figure [I1] depicts the designed antenna’s radia-
tion pattern in both implemented walls. The compari-
son of directivity between measurement and simulation
at 26GHz in a broad wall at 0° also explains the direc-
tivity of a narrow wall as measurement and simulation
of design at 26 GHz, this enables the beam to radiate at
a 90° angle. The slide lobes levels concerning the back
lobe levels are less than -5dB, designed with a broad and
narrow wall tilt slot that has dual-beam perpendicular
to each other with phase spacing between two beams of
90°. Figure[12] (a) shows the 2D radiation pattern of the
antenna with a broad tilt slot only as measurement and
simulation radiate at 26 GHz at a 0° angle. Figure[T2](b)
shows the 2D radiation pattern of the horn as measure-
ment and simulation has a very directive beam at 26
GHz at a 0° angle. Figure [[3] refers to the measurement
antenna in the champter room.

Fig. 11. 2D radiation pattern of an antenna with broad
and narrow wall tilt slot, (a) broad wall, (b) narrow wall.

Normally, the antenna’s 3D radiation pattern is
formed by the edges of the patch, but in the case of
waveguides, the majority of the radiation pattern is
formed by the slots of the main structure, as shown in
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(b)
Fig. 12. Depicts the 2D radiation pattern of the antenna

concerning the broad wall tilt slot and horn. (a) Broad
wall only and horn. (b) Horn.

Fig. 13. Measurement antenna in champter room.

the simulated 3D radiation pattern in Fig. [T4]below. The
3D radiation pattern of the design with broad and narrow

Fig. 14. 3D radiation. (a) Broad and narrow tilt slots. (b)
Broad tilt slots. (¢) Horn.
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wall tilt slots and an antenna with only broad tilt slots in
addition to the horn structure.

Figure [T9] illustrates the surface current of three
designs, it shows clearly the radiation of waveguide
antenna with broad and narrow comes from tilt slots on
a broad and narrow wall, in addition, the radiation of the
second design which is a waveguide with board tilt slots
only come from slots, slots consider as a source for radi-
ation. The third design which is horn radiation comes
from its aperture. Table[2shows a comparison of the pro-
posed design with existing work on dual-frequency band
millimeter-wave antennas.

Fig. 15. Surface current, (a) broad and narrow tilt slots,
(b) broad tilt slots, (c) horn.

Table 2: Proposed design versus previous works

No. Ref | Freq |No.Beam| BW | Gain | No.
Slot
19 30 2 1.5 13.3 8
20 28 2 0.75 | 144 8
This 26 2 1.9 13.9 6
work

V. CONCLUSION

This paper presents a wideband and high gain
waveguide slotted tilt antenna at 26 GHz. Both narrow
and broad walls are tilted by 10° and the depth used
with the narrow wall is 1 mm. This constructed model
increases the bandwidths’ impedance. The length of each
structure has six symmetric tilt slots. The reflection coef-
ficient of the waveguide with tilt slots on the broad wall
resonates as simulation at 26 GHz of -28 dB and as mea-
surement shifted to 28.3 GHz of -15 dB. The reflection
coefficient of the waveguide with tilt slots on broad and
narrow walls resonates as simulation at 26 GHz of -38
dB and measurement at 26 GHz of -18 dB and produces
dual beams. A waveguide with tilt slots on a broad wall

ACES JOURNAL, Vol. 37, No. 11, November 2022

achieved a gain of 14.3 dB and a bandwidth of 1.9 GHz
an additional efficiency of 99% while a waveguide with
tilt slots on broad and narrow walls achieved a gain of
13.9 dB and a bandwidth of 1.9 GHz with an efficiency of
99%. The proposed antenna is a decent candidate for use
with millimeter waves in 5G applications. In the future,
we will change the slot to a zigzag slot to increase the
gain.
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