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Abstract

The current study presents a differential traveling wave series fed dielectric res-
onator antenna (DRA) array with dual circularly polarized (DCP) operating for
IEEE 802.11a applications. To possess circular polarization (CP) fields, a unique
antenna element composed of rectangular dielectric resonators (RDR) coupled
with octagonal slots (OS) at the ground plane and excited by the mean of a
microstrip feed at the front plane is proposed. The proposed resonating element
generates two orthogonal modes, TE%,, and TEY,;,, ensuring the existence of
CP performance. To obtain a DCP performance, the proposed resonator is uti-
lized for portraying a seven-element array employing a concentric ring fed with
dual differential port excitation. The concentric ring fed allows choosing the
direction of the input wave and, accordingly, the orientation of the CP. Hence,
synchronous feeding to both ports yields in generating waves of various polariza-
tion states. The 50 x 50 mm?2 array exhibits an resonance bandwidth of 12.15%
with an polarization purity of 12.5%. Meanwhile, the inter-port isolation varies
from -18 dB to -39 dB along the resonance band. The realized measured gain
ranges from 11.33 to 12.44 dBi. The proposed array exhibits DCP capability, and
therefore it fits for various applications.

Keywords: Concentric ring fed, Dielectric resonator antenna, Dual circular
polarization, Miniaturized, Ports isolation, Wideband

1 Introduction

Due to its striking characteristics, such as compactness, lightweight, high radiation
efficiency, minimal losses, extensive bandwidth, and no excitation of surface waves,
the DRA has wide use in millimeter-wave applications. Another important feature
is that it can be excited with various coupling methods such as slot coupling [1],
microstrip coupling [2], image guide coupling [3], and coaxial probe coupling [4]. One
more key characteristic of DRA is that the DR can be shaped into different forms such
as cylindrical, hemispherical, and rectangular [5]. More importantly, it can be formed
into an array, which can provide a DCP performance.

In fully polarized wireless systems such as radar and navigation, the DCP antenna
is a crucial element. This is mainly attributed to the ability of DCP antennas to
increase the capacity of wireless systems due to their appealing characteristics of
opposing the multi-path fading effect [6]. The communications channels utilizing DCP
antennas for high capacity require a high port isolation. The port isolation and
high bandwidth are vital factors affecting the simplicity of the receiver design as
self-interference cancellation requirement will be less at the receiver stage [7].



For dual-polarized (DP) performance, few DRA array designs were presented in
the literature. Numerous designs were introduced in the literature for DP DRA using
coupling slots. This technique attracted many researchers because the port isolation is
further enhanced with the employment of coupling slots [9]. Gao and Luk (2003) [10]
indicated a dual linear polarized (DLP) single-element DRA. The design utilizes two
orthogonal microstrips fed to excite a cylindrical DR. The 200 x 150 mm? achieves a
bandwidth of 12% and 13% for each polarization state with port isolation of about 35
dB. However, the gain performance was weak, as a single element is utilized, of about
5 dBi. The design was bulky, and the gain performance was low. Tang et al. (2009)
[11] presented a hybrid differential feeding topology to obtain DLP performance. The
design employs a horizontal coupling of an H-shaped slot and vertical ports coupling
a balancing slot to excite a single cylindrical DR. The 54 x 54 mm? operates at the C-
band with an resonance bandwidth of 7.9% for the horizontal port and 11.9% for the
vertical port. Moreover, the isolation between the ports was 35.9 dB with a realized
gain of about 6.8 dBi. Gau et al. (2014) [12] demonstrated a DLP single-element DRA.
The design geometry is composed of bowtie-shaped slots coupling an RDR and excited
by two differential orthogonal feds to trigger DLP. The antenna achieves 30.34% and
26.73% for ports 1 and 2, respectively, with a peak gain of 6.65 dBi and port isolation
of 39.93 dB. Sun et al. (2013) [13] reported a DLP single-element DRA using a slot-
metallic strip fed by two differential orthogonal microstrip feds to functions in the
S-band. The 150 x 150 mm? attains a DLP and dual operating bands for each port.
The impedance bandwidth within the S-band was 39.51% and 31.71% for ports 1 and
2, respectively. The peak gain was 8.98 dBi and a 36 dB as ports isolation.

Very few DP DRA arrays were presented. Rana and Parui (2016) [14] presented a
4 x 1 array with size of 135 x 85 mm? operating within the range 6.27 to 6.87 GHz and
a maximum realized gain of 11.8 dBi. By triggering the array with two deferentially
orthogonal feds DLP resonance was attained with 36 dB as ports isolation. Moreover,
Dwivedy et al. (2018) [15] presented a DLP using two differential feeding orthogonal
ports array with size of 190 x 82 mm? with 2 x 1 topology operating within 6.0 to
6.6 GHz. A 12.5 dBi was realized as the peak gain. A DLP DRA array multilayer
2 x 2 operating at a center frequency of 28 GHz reported by Kowalewski et al. (2020)
[16]. The array is composed of RDR mounted above cross-shaped slot. With the use
of two perpendicular feds, the array emits DP patterns. An The 35 x 35 mm? of 2 x 2
interlaced SR array was presented by Qasaymeh (2022) [16]. The array is consists
of four resonating elements each is made of a RDR placed above and eye-shaped
slot whist the CP orientation is controlled by two differential interlaced feds. The
impedance bandwidth for LHCP was 2.48% if excited by port 1 and 2.28% for RHCP
if excited by port 2.Yousfi et al (2024) [17] reported 3 x 4 DLP DRA aaray. The DP
is obtained by proposing a cross-notched DRA and the polarization reconfigurability
is achieved through two differential ports. The 0.2\ x 0.2\ exhibits an impedance
bandwidth of 13.3% with ports isolation of 17 dB and gain about 7 dB. Ma et al
(2024) [18] proposed a dual-polarized meta-dielectric resonator antenna array. the 2x 2
array was excited by two ports, one for vertical polarization and other for horizontal
polarization. The 340 x 340 ? antenna achieves a bandwidth of 57.4% (7.44 GHz to



13.44 GHz) for the H-polarization and 57.7% (7.41 GHz to 13.43 GHz) for the V-
polarization. The ports isolation was about 29.5 dB and the gain varies from 10.5-11.1
dBi. The array suffers of design complexity as well as a bulky size. Fan et al (2026)[19]

presented a dual-polarized stacked dielectric resonator antenna array operating in the

6G band (7.12578.4 GHz). The 2 x 2 consists of four elements each is made of three
dielectric resonators (DRs) stacked in ascending permittivity. The 60 x 60 mm~ obtains
a resonance frequency of he frequency range of 7.178.4 GHz with peak gain of 5.7 dBi

and ports isolation less than 17 dB. As can be seen in the presented literature, the
designs suffer from either low gain, large size, low port isolation, or dissimilarity, which
are major drawbacks. Hence, the proposed design has to overcome these limitations
in terms of compactness versus gain enhancement, high ports isolation versus design
simplicity and similarity between polarization states versus the feeding geometry.

The phenomena of attaining a DCP is not deeply investigated. Hence, in the cur-
rent manuscript, an effort to introduce a DCP DRA array is exerted aiming to attain
a compact size, wideband resonance, good port isolation, and acceptable gain mag-
nitude. Moreover, the theoretical analysis of concentric ring fed DRA array for DCP
performance with uniform radiation element is presented. The goals of this manuscript
are threefold. Proposing a unique CP antenna element consists of an RDR coupled
with an OS is the first goal of this study. The second objective is to employ the pro-
posed resonating element in designing DCP DRA array acquiring some bandwidth
and gain enhancement, overall size reduction, and attaining good port isolation. Pro-
viding a full description of the power flow over the array and the contribution of each
array element is the third goal.

The subsections of the manuscript are organized as follows. In Section 2, a novel CP
resonating element, consists of an OS triggering a RDR, is suggested and parametri-
cally studied for validation. The section ends by describing the geometry of concentric
ring feeder utilized to portray a differential DCP array. Section 3 demonstrates a math-
ematical representation governing the power flow all over the initiated array. Results
and discussions are drawn in Section 4. Lastly, the conclusion is discussed in Section 5.

2 Array Geometry

2.1 Resonating Element

Figure 1 portrays a three-dimensional geometry of single resonator element composed
of an OS triggering an RDR at the bottom side and fed by a microstrip line at the
front side The microstrip slot couple was first reported by Pozar (1985) [20]. Since
then, this coupling schematic has been intensively used in designing DRA due to its
several appealing features such as having the feed network situated underneath the
bottom plane, hence eluding inauthentic and degeneracy radiation, ensuring that the
DRA emits most of the energy. Furthermore, in the array applications, it makes the
entire bottom surface available for the radiating elements only. OS shape is utilized
in this design as its compacted architect comprises more area coverage compared to
typical triangle or circle slot shapes. Octagonal slot offer superior impedance matching,
wider bandwidth especially for ultra-wideband applications, and smoother current
distribution. By avoiding the sharp corners of rectangular slots and the abrupt current



One more major advantage of using the coupling slot is
that due to the high amount of coupling, the port isolation will be reduced, yielding
the diversity of the DR overall performance.
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Fig. 1 3D representation of the proposed single-element resonator

The DR rectangular geometry is utilized in this design as it has a main advantage;
that is, its geometrical dimensions L, W, and H can be characterized independently.
Hence, compared to other conventional DR shapes, more design flexibility is offered.
Furthermore, the rectangular DRA offers low cross-polarization level as compared
to the other DRA architectures [22]. Furthermore, in the case of RDR, the mode
degeneracy can be avoided by appropriately adjust the three dimensions compared to
spherical DRA where the mode degeneracy permanently occurs and hybrid modes for
the cylindrical DRA [22]. The dielectric waveguide model is utilized for synthesizing
the RDR geometry. If the DR is positioned over the ground plane, TE modes are
generated. Meanwhile, for the T'EY,; mode, the resonant frequency is estimated using
Equation (1).

The dielectric waveguide model [23,24] is utilized for synthesizing the RDR geome-
try. If the DR is positioned over the ground plane, TE modes are generated. Meanwhile,
for the TEY,;, the resonant frequency is estimated using Equation (1) as follows:

C
fo= grm BRI (1)

where kg is the wave number of free space,c is the light velocity, and k;, k,, and
k. are the wave numbers in the z, y, and z directions within the RDR boundaries,
correspondingly.

The OS radius R can be estimated using Equations (2) and (3) reported by [25,26]
as follows

8791 x 10°

F NG (2)
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where h is the substrate thickness, €, is the dielectric constant.

2.2 Single-Element Parametric Study

In this part, the proposed novel resonating element is investigated to authenticate the
proposed hypothesis of obtaining a novel compact resonating element that can gener-
ate CP patterns. Thus, a single resonating element as shown in Figure 2 is modelled
using Computer Simulation Technology (CST) microwave studio. In Figure 2(a) the
microstrip feed is carved on the front plane of RO4003C laminate from Rogers. Mean-
while, in Figure 2(b) the OS carved on the bottom plane is shown. Finally, in Figure
2(c), the RDR made of alumina material of dielectric constant which is equal to 10 is
mounted above the OS.

Figure 3 depicts the effect of altering the antenna sub-elements on the resonance
frequency with an intended design frequency of 5.8 GHz. The figure illustrates various
parametric sweeps of the RDR width and length while setting the OS side fixed at
3 mm. In Figure 3(a), the effect of altering the RDR on the resonance frequency is
demonstrated while maintaining both the height and width maintained at 5 mm. Form
figure, its observed that if the length increases, the resonance frequency shifts to the
left with more matching. In addition, similar results are obtained in Figure 3(b), which
depicts the width variation effect on resonance frequency. In Figure 3(c), the RDR
height effect on the resonant frequency is plotted. Possible to observe that if the RDR
height increases, the operating frequency shifts to the left. Hence, it can be inferred
that the optimum resonance takes place at 5.8 GHz if the width, length, and height
of the RDR are 5 mm while maintaining the OS side settled at 3 mm.

Once the resonant frequency is fine-tuned, the resonating modes need to be deter-
mined. To obtain a CP attitude, two perpendicular modes need to be generated inside
the RDR boundaries. Hence, the electric field distribution inside the RDR boundaries
must be justified. Therefore, Figure 4 depicts the electric field lines distribution in the
zz and yz planes. The field lines distributions demonstrate that the two orthogonal
modes T'EY,, and TEYs, generated

Figure 5 illustrates the Smith chart of the proposed resonator at the optimal reso-
nance frequency. Two significant observations can be noticed from the figure. Firstly,
the tiny loop at the center of the chart ensures the presence of CP radiation. Secondly,
a good matching is obtained as the marker indicates 49 (2

The AR alterations in line with the RDR dimensions are shown in Figure 6. In
Figure 6.a presents the AR performance versus the width and length of the RDR
and Fiure 6.b depicts the AR variation in accordance to OS side length The results
coincide with the results of Figures 3(a) and 3(b) that once the dimension increases,
the performance goes to lower frequencies and the polarization purity decreases.

Figure 7 depicts the three-dimensional radiation pattern of the optimized res-
onator. A few things are observed from the figure. Firstly, a directive radiation pattern
is attained. Secondly, the radiation pattern is mainly from the RDR, and it is minimal
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Fig. 2 Proposed resonating element modelled using CST: (a) Front plane showing the microstrip
fed; (b) Ground plane displaying the OS; (c) Ground plane displaying the RDR located above the OS

in the side of the microstrip fed. Finally, an excellent gain is achieved. As can be seen
from the figure, 6.54 dBi is obtained as normally a single RDR scores about 5 dBi

2.3 Array Configuration

The array networks can be classified into two types of topologies: the series and paral-
lel fed arrays. For parallel geometry, the long lines causes high losses and hence affect
the array gain performance [26]. Also, the achievement of DCP utilizing the parallel-
fed geometry yields a complex design. For the series fed geometry, improving the array
efficiency is feasible at the expense of increasing the array elements number yielding
a bulky array size [27]. Whilst, the series-fed topology cannot possess DCP radiation
due to its symmetry. For that, a dual port feeding for a circular concentric ring allows
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Fig. 3 Parametric sweep of the RDR effect on the resonant frequency corresponding to RDR
dimensions: (a) The length of the RDR; (b) The width of the RDR; (¢) The height of the RDR

controlling the sense of the polarization direction. In other words, synchronous feed-
ing to both ports can result in radiating waves of arbitrary polarization. The DCP
antennas can be classified into two main kinds: differential fed [28] and commonly fed
antennas [29]. The commonly fed antennas involve the integration of RF switches to
alter the polarization resulting in a more design complexity. One more disadvantage is
the delay in switching between the polarization states. For the previously mentioned
reasons, the differentially fed antennas are more convenient in designing antennas for
DCP performance.

Figure 8 illustrates the proposed DCP array archetype. The feeding microstrip
geometry on the array front plane is illustrated in Figure 8(a). Meanwhile, the alloca-
tion of the resonating elements is shown in Figure 8(b). In the front plane, the feeding



81.2
77.5

eocoooTTs 73.9

dB(1V/m)
81.2
77.5
739
70.2

Soooocs

cccococsooommmes

soscoscoocoommen
coos

e-field (f =5.0) [1] (peak) x e-field (f =5.8) [1] (peak) Y
30 Maximum [V/m]: 81.15 dB 3D Maximum [V/m): 81.15dB
z

Frequency: 5.0 —— ::quency: ;_a
se:

Phase: 0
(a) (b)
Fig. 4 The electric field lines distribution within the RDR: (a) The zz plan; (b) The yz plan

S-Parameters [Impedance View]

g 5800000 —— 51,1 (49 Ohm)

Fig. 5 The Smith chart of the optimized resonating element

topology is composed of a circular concentric ring with two feeding ports allowing for
DCP. For the coupled power from the feeding network to be maximum, the resonat-
ing elements are spaced a wavelength apart. Hence, the feeder circumference measures
about 112.48 mm. As the laminate RO4003C from Rodgers is to be used in fabrica-
tion, at 5.8 GHz. It worth to mention that, for arrays with elements spaced < \/2
have higher mutual coupling with grating lobes are eliminated. Whilst, for elements
spaced > A/2, brings severe grating lobes and reduce the mutual coupling.

The array has two ports situated between the elements 1 and n. If the two ports are
trigged, correspondingly, the current in the feeding network is reversed. Hence, a dual
CP is achieved. To allow for DCP performance, the concentric ring microstrip feed is
excited from port 1, and it is expected to produce a RHCP. Meanwhile, a LHCP is
expected if the concentric ring fed is excited at port 2. Hence, DCP radiation can be
generated by feeding both ports. As seven resonating elements are to be evenly placed
in accordance with the z-axis, the current phase shift progression is to be 45° from
one element to another. The phase shifting for the first element is 45°, and the phase
increment is 45" from one radiating element to another along the feeder. One more
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Fig. 7 3D radiation pattern of the proposed resonating element

advantage of the proposed coupling method is its symmetry. Therefore, a symmetric
radiation pattern is to be achieved, and that would help in improving polarization
purity. Moreover, due to the array symmetry with respect to the feeding ports, a high
quality of CP is acquired.

3 Theoretical Investigation

3.1 Power Flow Analysis

The individual radiating elements are progressively coupled to possess a segment of
the power of the traveling wave from one port to another. Even though the radiating
elements are equally coupled, the strength of the coupling power decreases over the
feeding line. The field flowing over the microstrip fed will induce a magnetic field within
each coupling slot, and some of the energy is to be coupled with the radiating elements
from the fed line. As the power is coupled by the fed line through the aperture, it
is expected that less power will remain for the remaining array elements. To explain
the power flow over the array, Figure 9 depicts the radiation model for a single array

10
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Fig. 9 Power allocation for a single radiating element

element. For any element n of the array, the radiated power is denoted as P, , where
P;,, denotes the input power of the element and P,,; denotes the power still progression
on the line leaving to couple the next array element.

If a uniform array element is fed by a traveling wave microstrip, the power received
from the ports is successively distributed. Hence, the power continually triggers the
radiating elements. The power radiated by the element n can be expressed as in
Equation (4) reported by [30]:

P,=(1-a)" (4)

where « is the coupling coefficient and defined as a = ((1 — |S11]? — [S21]?))?((1 —

|S11]?)) where Si; and Sp; represent the reflection coefficient and transmission
coefficient, respectively. n is the number of the array elements [30].

It can be extracted from Equation (4) that if the array is formed of uniform ele-

ments and with uniform elements-spacing, the power coupled with each array element

along the microstrip fed will be equal and hence approximately equivalent power to

11



radiate from all the elements. The array over all radiated power can be estimated
using Equation (5) documented in [31]:

N
A=Y "Po=1-(1-a)" (5)
n=1

To obtain an adequate coupling power to the radiating elements, a sufficient cur-
rent needs to be delivered to the radiating elements. Figure 10 depicts the current
distribution over the feeding ring microstrip once it is fed by port 1 as in Figure 10(a)
and if it is fed by port 2 as in Figure 10(b) using Computer Simulation Technology
(CST) microwave studio software. In both cases, it can be concluded that the cur-
rent is maximum (node) approximate over the coupling slots at the ground side. The
result coincides with the assumption that the SWR will repeat itself every wavelength
over an open-ended microstrip. The CP direction whether a RHCP or LHCP can be
judged by tracking the surface current progression phase from one element to another
starting from the excitation source. In Figure 10, where the resonating elements are
triggered by port 1, the current phase progression from one element to another is in a
clockwise direction. That is, RHCP radiation is obtained. Meanwhile, if the radiation
elements are excited by port 2, the surface current phase progression from one element
to another is counter-clockwise. That is, a LHCP is attained. Hence, a DCP radiation
is acquired using the same radiation elements utilizing the same feeding network.

Figures 11 and 12 depict the power allocation over the prototyped design once
the array is excited from port 1 and port 2, respectively. From the figures, it can be
observed that the power is distributed evenly between the coupling slots. The result
agrees with the assumption made in Section 2 that the nodes are to be repeated
every wavelength.

. In accordance with this result, the
power coupling of the RDR is adequate, and hence the array radiated power is to be
optimal. Consequently, the array gain performance is to be optimal.

3.2 Mathematical Insight

For communication links with high capacity, DCP antennas are preferred to have high
port-to-port isolation. This characteristic is important in polarimetric applications
which requires small mutual antenna ports coupling between to have a better accuracy
and simplify receiver design. The ports isolation can be estimated using Equation (6)
33]

521 = —lOglo(l — A) (6)

From Equation (6), it can be observed that the ports isolation is dependent on
coupling coefficient o and array elements number N. Figure 13 depicts the relationship

12
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Fig. 11 Power allocation over the feeding network once the array excited by port 1 at: (a) front
plane; (b) bottom plane

between the ports isolation versus the coupling coefficient and array elements number.
It can be observed from figure that the ports isolation increases once the coupling and
number of elements increase. The coupling coeflicient is effected by the scattering.
Whilst, for the array elements number effect, a trade-off between the array size and
antenna performance needs to be considered.

For more understanding of the relation between the coupling coefficient and total
radiated power, Figure 14 depicts a parametric study for different cases of coupling
coefficient and array elements number. It can be seen from figure that when the array
elements number increases, more total radiated power is obtained. For example if a=
0.57. Consequently, for the array fifth element, the associated power is 0.987 which
infers that the first five array elements provide with 98.7% of the total power radiated
by the array. Identical outcomes are attained once port 2 is triggered.

4 Results and Discussion

To validate the anticipated design, an antenna model is fabricated for experimental
characterization. The antenna substrate was fabricated using the laminate RO4003C

13
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Fig. 13 Ports isolation relation with coupling coefficient and array elements number.

from Rogers with a permittivity of 3.38.. The Alumina material with permittivity of
9.8 RDR is used to model the RDR. The dimensions of the RDR and the OS are
as described in Section 2.1. On the front side, the microstrip feed is etched, whereas
the OS is carved on the ground plane. The geometry of dual polarization feeding and
the octagonal slot allocation is as described in Section 2.3. Figure 15. depicts the
fabricated array showing the feeding network on the front side and the RDRs coupled
with the OSs on the ground sided. For mechanical stability and sselmbly challenges,
the PCB was assembled by PCBgogo company, Whist, the DRs were mounted above
the OS using Epoxy

The measurement environment setup is shown in Figure 16. The return loss mea-
surement is executed using VNA-0460 from MeglQ. Whilst, the radiation pattern
measurement is performed in anechoic chamber by keeping the distance between the

14



o
®
1

total power A
o
~
1

T
0.1 0.2 0.3 0.4 05 0.6
coupling coefficient o

Fig. 14 Radiated power relation with coupling coefficient and array elements number .

AUT and the standard antenna satisfying the far field requirement. The signal gener-
ator SG6000X from DSI and RSA2000X from SPECTRAN were used to conduct the
measurements.

Figure 17 depicts the reflection (S11) and transmission (Sa1) coefficients for both
simulation and measurements. The array operation bandwidths for reflection and
transmission are considered once they are below S;; < -10 dB and S3; < -15 dB,
respectively. A decent accord among the simulation and measurement results was
noticed. The simulated resonance bandwidth was 12.19% extends from 5.222 to 5.9
GHz with optimal matching occurring at 5.802 GHz of -32.15 dB. Meanwhile, the
measured impedance bandwidth was 12.15% extending from 5.224 and ending at 5.9
GHz with minimal resonance take place at 5.792 GHz of -28.87 dB. Also, the port iso-
lation remains below -15 dB along the operation band as indicated by the S5; curve,
implying sufficient port isolation. The ports isolation is ideal at frequencies near to
the optimal design frequency of 5.8 Ghz. Hence, the suggested array is applicable for
systems implying DCP. Applying reciprocity, the proposed array might be utilized for
polarimetric detection as it splits the waves upon its CP components.

Figure 18 depicts the radiation patterns in the xz for simulation and measure-
ment 5.8 GHz if the array is triggered with one port and the other port is ceased. As
can be seen from the figure, the array emits an LHCP once triggered by port 2 and
an RHCP if excited by port 1. The agreement between the simulation and measured
results was in good. This is mainly ascribed to the precision of setting the simula-
tion and measurement environment. Furthermore, additional main advantage can be
noticed from the radiation pattern; that is, a directive pattern is achieved. This is
mainly ascribed to the even distribution of the array elements around the z-axis in cir-
cular manner.For both polarization states, the cross-polarization levels remains lower
than the co-polarized ones among the operation bandwidth.

15
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Fig. 15 The fabricated array: (a) Front view showing the concentric fed network; (b) Bottom view
showing the OSs allocation; (c) Bottom view showing the RDR mounted above the OSs

Figure 19 depicts the phase difference vs theta. The figure reveals that there are two
orthoonal electric field componenets are 90° apart . Figure 20.a depicts the simulation
and measurement results for both boresight AR and realized gain. The simulated and
measured AR results were consistent. The simulated and measured 3-dB AR band-
widths were 13.45% and 12.5%, respectively, covering the antenna operation band. For
the realized gains, a good correspondence between the simulation and measurement
is observed. The measured realized gain is maintained between 11.33 and 12.43 dBi
within the operation band. A small variance between simulated and measured gains
might be attributed to measurement imperfection. Meanwhile, the simulated radia-
tion efficiency for both polarization states ranges from 83% and 85% . Figure 20.b
depicts the simulated gain for different array elements number for operation band for
each case. The figure shows that the gain increases gradually as the elements number
increases.

16



Fig. 16 Measurement setup
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Fig. 17 Simulated and measured reflection and transmission coefficients

5 Conclusion

A DCP traveling wave series fed DRA array operating in the IEEE.802.11a has been
designed and experimentally examined. The array is made of a novel resonating ele-
ment whose geometry is described as an OS coupling an RDR. The proposed resonating
element emits the modes TEj,, and TEY,,, ensuring the existence of CP radiation.
The compact array of 50 x 50 mm? achieves an impedance bandwidth of 12.15% for
both polarization states. The realized gain ranges from 11.33 to 12.44 dBi with 12.5%
AR polarization purity. Moreover, good port isolation of 39 dB was achieved. Table 1
compares the proposed design with other DP DRA arrays in terms of DP technique,
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Fig. 18 Simulated and measured 5.8 GHz radiation patterns in the xz plane of the array once excited
by one port and the other is terminated: (a) Excited by port 1; (b) Excited by port 2
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Fig. 19 Phase difference between RHCP and LHCP at 5.8 GHz

impedance bandwidth, port isolation, gain, and overall size. Compared to the DP DRA
designs presented in the table, an acceptable trade-off between antenna parameters
can be noticed in the proposed array. As can be seen in Table 1, an acceptable trade-
off between the design complexity and size reduction to obtain a DCP performance.
A potential applications for proposed design might include ISM applications, Net-
work access points, WiFi and Wireless LAN applications, Radio local area networks,
WiMAX networks, wireless audio, and video system. For future work, the number of
array elements can be increased, and the same design concept can be applied to differ-
ent wireless standards. Furthermore, The presented design can be tuned to operate at
other freqeuncy bands such as Ultra Wide-band UWB as in [33] or mid-5G as in [34]
by taking into account the physical spacing between the array elements, the dimension
of each the OS and RDR. Also, the presented design can be utilized in MIMO systems
depending on the signal polarization sense or employing suitable modulation scheme.
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Table 1 Comparison between the proposed array and other DP DRA

arrays reported in the literature

ReferencdDP Polarizatilsolation Impedand@orts Gain[dBi]
tech- sense Mech- band- isola-
nique anism width tion

[aB]

Size[mm?]

Rana Two DLP within 5.34% - 36 11.8

and differ- the DR

Parui ential bound-

(2016) orthog- ary

[13] onal
feds

135

X85

Dwivedy Two DLP slot 9.52% - 15.8 12.5

et al. differ- coupled

(2018) ential mecha-

[14] feeding nism
orthog-
onal
ports

190

x82

KowalewskT'wo DLP using 5.34% - 36 11.8

et al. differ- slot

(2019) ential coupled

[15] orthog- mecha-
onal nism
feds

135

x 85

Yousfi Two DLP within 13.3% -17 7

et al  differ- the DR for

(2024) ential bound-  both

[17] orthog- ary ports
onal
ports

100

%100

Ma Two DLP within 57.7% -29.5 7

et al  differ- the DR for

(2024) ential bound-  both

[18] orthog- ary ports
onal
ports

340

%X 340

Fan Two DLP within 16.49%  -17 5.7

et al  differ- the DR for

(2026) ential bound-  both

[19] orthog- ary ports
onal
ports

60 x60

proposed A trav- DCP slog 12.15% -39 12.4

work eling coupled  for
wave mecha- both
series- nism ports ,
concentric 2.28%
ring fed port 2
cou-
pling
seven
res-
onating
ele-
ments
each is
com-
posed
of an
octago-
nal slot
cou-

pling a



	Introduction
	Array Geometry
	Resonating Element
	Single-Element Parametric Study
	Array Configuration

	Theoretical Investigation
	Power Flow Analysis
	Mathematical Insight 

	Results and Discussion
	Conclusion

