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This research proposed and verified a novel method in realizing end-fire
radial line slot array (RLSA) antennas. This method involved the use of high
beamsquint values in the design of slot pairs, which aimed to shift the
antenna’s beam toward the end-fire direction. Furthermore, identical slot
pairs were also placed in the antenna’s background to further squint the
beam in the end-fire direction. By using this method, forty multibeam end-
fire RLSA antennas were modeled and simulated to determine the most
efficient model to be fabricated. The accuracy of the simulations was
confirmed through measurements taken from the fabricated prototype, which
demonstrate good agreement with the simulation results and confirm the
validity of the proposed method. The result showed that it is possible to
design four end-fire beam antennas with a gain of 8 dBi, directions of 0°,
90°, 180°, and 270° in the azimuth direction, and a beamwidth of about 20°.
The antenna also showed low reflection and bandwidth of about 500 MHz,

which is suitable for Wi-Fi applications.
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1. INTRODUCTION

Big radial line slot array (RLSA) antennas were initially developed for satellite broadcast
applications at Ku-band frequency [1]-[4]. With the same size as parabolic antennas, RLSA antennas have
similar gain while being superior in terms of low profile, feeder positions, and light weight [5]-[8]. Moreover,
in year of 2022, the RLSA antennas were used as antennas for most advanced NASA satellites [9]-[12]. Due
to its successful development, the RLSA antennas were then developed for small antenna applications such
as antennas for Wi-Fi point-to-point devices at the frequency of 5.8 GHz. Although they initially had a
problem with high signal reflection [13], the development gradually succeeded, particularly after the
development of the extreme beamsquint technique that reduced the signal reflection effect [14]. Several
RLSA antennas for Wi-Fi bridges adapted to market needs have been successfully developed and designed
using this technique [14].

Using the extreme beamsquint technique, small RLSA antennas were successfully developed for
multibeam applications [15], multibeam antennas created by utilizing background antennas to radiate [16].
Half- and one-third cut RLSA antennas were also developed for multibeam applications [17]. Additionally, a
combination of cutting and the extreme beamsquint technique was successfully used to minimize the size of
RLSA antennas [18].
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As other broadside antenna types, RLSA antennas typically have a directional beam that points to
the front of the antennas, as illustrated in Figure 1(a). In certain applications, it is necessary to have end-fire
antennas, which have a beam pointing towards the side [19]-[24], as illustrated in Figure 1(b). Low-profile
end-fire antennas are particularly suitable for use on vehicles, where the antenna’s shape must be concealed,
or on aircraft, where the antenna’s shape can affect maneuverability. Since RLSA antennas are a type of low-
profile antenna, it is interesting to develop RLSA antennas as end-fire antennas.

Figure 1. Type of beam direction for RLSA,; (a) broadside and (b) end-fire

This paper is the first to cover an end-fire RLSA antenna design. A technique for squinting the beam
in the lowest elevation direction and a technique for using the antenna background to help pull the beam
towards the end-fire direction are presented in section 2. The design parameters of RLSAs models and their
feeders were discussed in section 3. Subsequently, an optimal model was fabricated, as detailed in section 4.
Moreover, the measurement results of the fabricated prototype and the simulation results of the optimal
model were analyzed, with a focus on parameters such as bandwidth, gain, beam direction, reflection
coefficient, and beamwidth. The overall findings are summarized in section 5.

2. THE STRUCTURE OF BASIC BROADSIDE RLSA ANTENNAS

The basic structure of an ordinary RLSA consists of a copper radiating element, a polypropylene
cavity, a copper background, and a feeder as shown in Figure 2(a). The radiating element is typically a
circular plate made of metals, such as aluminum, copper, or brass, consisting of many slot pairs, with one slot
pair acting as a single antenna element that radiates or receives signals. The distance between each slot pair is
a multiple of the signal wavelength, causing the signals from all slot pairs to amplify each other, resulting in
a signal gain. The background consists of a metal plate, similar to the radiating element, but devoid of any
slots. The cavity, which takes the shape of a tube and is positioned alongside the radiating element and the
background, serves as a dielectric material. This cavity functions as a circular waveguide, facilitating the
transmission of signals from the feeder and guiding their propagation in the radial direction.

The feeder served the purpose of conveying signals from a transmission line to the antennas. This
feeder, a conventional SMA feeder, was altered through the incorporation of a copper header, illustrated in
Figure 2(b). The header’s role is to transform electromagnetic power from a transverse electromagnetic
(TEM) coaxial mode into a TEM cavity mode, specifically a radial mode. Consequently, the electromagnetic
power supplied by the feeder is directed radially within the antenna cavity, as depicted in Figure 2(c). The
feeder parameters, illustrated in Figure 2(d), were established via a parameterization process using a
specialized C** computer program top of form.

The slot pairs were determined and formulated utilizing (1) to (7) as outlined in references [1]-[3].
The meanings of the equations variables provided in Table 1 were taken from the same references and
visually represented in Figure 3. Figure 3(a) depicts the meaning of variables of 6, &, ¢, p;, p,, and ér,
while Figure 3(b) illustrates the meaning of variables of ¢r and 6. additionally, Figure 3(c) illustrate the
meaning of variables of S, and S,4. Given the complexity of manually calculating the slots variables as well
as drawing numerous slots and antennas structures of numerous antenna models, a visual basic application
(VBA) computer program was developed and integrated within the CST computer software to enabled swift
execution of the essential drawings and calculations. In (1) to (7) were used in the computer program to
calculate slots parameters.

0, = %+ %{arctan (COS(GT)) - (0 - (DT)} 1

tan(@r)
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Figure 2. lllustration of; (a) the RLSA structure, (b) the placement of the copper header, (c) the power flow
from the feeder to the antenna perimeter, and (d) the feeder parameters

Table 1. Design parameters of the slot pairs

Parameters Symbols
The inclination angle of slot 1 6
The inclination angle of slot 2 &
Beamsquint angle in the elevation direction or
Azimuth angle of slot 1 and slot 2 position @
Beamsquint angle in azimuth direction ér
Distance of slot 1 from the center point of antennas D1
Distance of slot 2 from the center point of antennas 02
Number of slot pairs in the first ring n
Integer numbers (1, 2, 3...) that express the distance of the innermost ring from the center of the antennas q
Distance between two adjacent unit radiators located in two different rings (distance in the radial direction) Sp
Distance between two adjacent unit radiators in the same ring (distance in azimuth direction) Se
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Figure 3. Visually representation of; (a) the parameters pertaining to the slots, (b) the positions of the slots
and their correlations relative to the beam direction, and (c) the separation distance between slots in both the
radial and azimuthal directions [25]

3. THE PROPOSED METHOD TO REALIZE END-FIRE RLSA ANTENNAS

In this research, a method was proposed to develop end-fire RLSA antennas, utilizing of two
techniques. Those techniques are the high beamsquint technique and the utilization of antenna background
technique. The high beamsquint technique is used to squint the beam to approach the end fire direction, while
the utilization of antenna background is used to more squint the squinted beam to meet the end fire direction.
The two techniques are discussed as follows.

3.1. Utilizations of high beamsquint values

Theoretically, end-fire RLSA antennas are possible to be realized by designing antenna slots using
high beamsquint values such as 90° in elevation, which is the end-fire direction. However, the realized
beamsquint will not be able to achieve 90° due to the emergence of grating beams. Figure 4(a) presents the
simulation outcome, illustrating the correlation between the designed beamsquint (ranging from 60° to 90°)
and the realized beamsquint values across various n values. The term “designed beamsquint” refers to the
specific direction towards which the antenna is designed to squint its beam. This direction is typically
determined during the antenna design phase and is based on the specific application requirements. On the
other hand, the term “achieved beamsquint” refers to the actual direction towards which the designed antenna
can squint its beam during operation. In summary, the “designed beamsquint” is the intended direction for the
antenna’s beamsquint, while the “achieved beamsquint™ is the actual direction that the antenna’s beamsquints
towards during operation. From Figure 4(a), it can be observed that the maximum beamsquint direction that
can be achieved is 70°, although RLSA antennas are designed for higher beamsquint directions (greater than
70°). Figure 4(b) is one of the simulation results of RLSA antennas designed using a high beamsquint of 89°,
showing that the achieved beam is only about 70°.
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Figure 4. Depicts; (a) the relationship between the intended beamsquint values and the actual beamsquint
values achieved through simulation and (b) radiation pattern of an RLSA designed using beamsquint of 89°
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Theoretically, the reason why high beamsquint values (greater than 70°) cannot be achieved is due
to the emergence of grating beams. These grating beams exert an influence on the main beam’s orientation,
causing it to deviate from the originally intended direction. The amount of the grating beams will increase
proportionally with the increase of the designed beamsquint direction. In (8) demonstrates the beamsquint
direction (6;) that produces the grating beam [25].

. Ver-1

O; = sin™! (—COS(Q_(DT)) 8)

In the context of the simulation, the cavity’s permittivity (e,.) is set at 2.33. The minimal value of 6,
that triggers the generation of grating beams by the RLSA antenna’s slots can be calculated by setting the
beamsquint in azimuthal direction (6;) to 0° and the slot position in azimuth direction (@) to 0°. Employing
(8) yields a results of 8= 31.8°. Additionally, from (8), it becomes evident that as 6, surpasses 31.8°, other
slots at their respective @ angles will begin to generate grating beams.

3.2. Utilization of antenna background

Since it is not possible to squint the antenna’s beam into the end-fire direction using high
beamsquint values, as discussed in the previous section, an alternative method is proposed. The utilization of
the background to interfere with the beam is suggested, which results in a more squinted beam towards the
end-fire direction. This is achieved by adding slots on the surface of the background, which are identical to
the slots on the radiating element, as depicted in Figures 5(a) and (b). Although the utilization of the
background for the placement of the slots is not typical since the background element usually functions only
as a boundary waveguide. The resulting beam is a new beam that squinted to end-fire direction as illustrated
in Figure 5(c) and therefore verifies the effectiveness of the proposed method in realizing end-fire beam for
RLSA antennas. The antenna gain is 12 dBi, which is lower by about 1.7 dB than the gain of an identical size
broadside RLSA antenna. The decrease gain of 1.7 dB is due to the high amount of grating beams as
consequence of extremely squinting the antenna beam as discussed in the previous section.
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Figure 5. Design result of; (a) radiating element of the RLSA antennas, (b) background element of the RLSA
antennas, and (c) radiation pattern of the RLSA antenna

4. DESIGNED ANTENNAS MODELS

Several antenna models were designed using the proposed techniques for high beamsquint (&)
varying from 70° to 90° with 3° increments, as well as for varying n values of 8, 10, 12, 14, and 16, obtaining
forty antenna models. The variation aimed to get the best antenna model as well as to ensure the applicability
of the developed technique in different values of n and &r. The parameter values for the antenna design and
feeders are separately listed in Tables 2 and 3, respectively.

The antenna models were designed to have four end-fire beams pointing in four directions in azimuth
(0°, 90°, 180°, and 270°) to accommodate the needs of future multibeam antennas. To achieve the multibeam,
the antenna slots were grouped into four different groups, as depicted in Figure 6(a). For each group, identical
slots were designed on the radiating element and on the background (as depicted in Figures 6(a) and (b)). Based
on simulation results in Figures 6(c) and (d), four similar beams for different end-fire directions can be
produced using the proposed techniques.

After simulating all 40 models, the best model was selected and fabricated, which has characteristics
of po and beamsquint (&r) of 12 and 87°, respectively. Subsequently, the fabricated prototype underwent
measurements within an anechoic chamber to acquire data for gain and radiation patterns. Additionally,
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a network analyzer was employed to capture the reflection coefficient response. Figures 7(a) and (b) visually
present the prototype and the corresponding measurement processes. The measurement outcomes were
utilized to validate the simulation results, as detailed in the subsequent section.

Table 2. Parameters of the antenna models [17]

Symbol

Parameter

Value

&1

Cavity permittivity

Beamsquint angle

Frequency center

Background plane thickness

Cavity thickness

Radiating element thickness

Slot width

Antenna radius

Number of slot pairs in the first ring

2.33

60° up to 89°
5.8 GHz

0.1 mm

8 mm

0.1 mm
1mm

115 mm
10,12, 14,16

Table 3. Specification parameters of the feeder [14]

Symbol Parameter Value (mm)
by lower air gap 4
h disc height 3
ra disc radius 14
b, upper air gap 1

(b)

Figure 6. Four identical slots groups on; (a) the radiating element, (b) the background element; resulted in 4
end-fire beams, (c) 3-dimension, and (d) 2-dimension in the azimuth plane

Figure 7. Measurement of the prototype: (a) within the anechoic chamber and (b) employing a network

5. RESULT AND DISCUSSION

analyzer

The antenna reflection coefficient for the measurement and simulation is shown in Figure 8. From
the figure, the measured bandwidth was about 500 MHz (from 5.5 GHz to 6 GHz). This bandwidth is quite
wide and enough for Wi-Fi applications since the required bandwidth only about 125 MHz.
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Figure 8. The reflection coefficient of the antenna

The antenna radiation pattern for the measurement and simulation is shown in Figure 9. From the
figure, it is evident that the antenna exhibits four beams oriented approximately at 0°, 90°, 180°, and 270°
azimuth angles, demonstrating a relatively symmetrical distribution. Additionally, the antenna features a
consistent beamwidth of approximately 20° for each beam. To achieve uniformity and symmetry in the
beams, a similar number of slots and positions were designed for each beam.

In order to mitigate potential coupling effects that could lead to gain reduction, an adequate gap was
implemented, as depicted in Figure 6(b). This gap’s size needed to be optimized to strike a balance: it should
not be overly large to prevent excessive gain reduction, nor too small to prevent interference between
neighboring beams. Consequently, a parameterization was executed to determine the optimal 1 cm gap value.

Simulation

easurement

Figure 9. The radiation pattern of the antenna in the azimuth direction

Additionally, it’s noticeable that all beams, as observed in both simulations and measurements,
exhibit gains of approximately 8 dBi. This uniform gain across all beams signifies a well-balanced
distribution of gain among them. In order to evaluate the decrease in gain compared to single-beam antennas,
a single-beam RLSA antenna was designed for analysis. The simulation of this model yielded a gain of 15.9 dBi
for the single-beam antenna. Theoretically, the gain of the multi-beam antenna should be lower than that of the
single-beam by 6 dB, a consequence of the beam splitting into four directions. Therefore, the gain of 8 dBi for
the multibeam antenna is lower by 1.9 dB than the expected gain of 9.9 dBi. This decrease in gain compensates
for the conversion of the beam’s original direction (bore-sight) to the end-fire direction.

End-fire multibeam radial line slot array antennas (Teddy Purnamirza)
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Figures 8 and 9 present the congruencies observed between the measurement and simulation
outcomes. Any minor disparities noted between these results can be attributed to imperfections in the
prototype fabrication process. These imperfections primarily encompass aspects such as inaccuracies in
printing the design of the radiating element, the placement of the antenna’s feeder hole during drilling, and
the precise positioning of the head disc during soldering.

6. CONCLUSION

This research has successfully developed a novel method for end-fire RLSA antennas. This method
consists of two techniques: i) the use of high beamsquint to direct the beam towards the end-fire direction and
ii) the placement of slot pairs on the antenna’s background surface to further direct the beam towards the
end-fire direction. This method is expected to contribute to the successful development of end-fire RLSA
antennas for implementation in several applications that need low-profile end-fire antennas, such as in car
and aircraft. In the future, this method can be further developed to create end-fire RLSA antennas with
different numbers of beams or antenna sizes. A comparison between end-fire RLSA and end-fire microstrip
also could be carried out in order to study the advantages and disadvantages of both types of antennas.
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