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Abstract This paper presents a triple-port 

dual-polarized antenna designed for X-band applications 

with a wide beamwidth. The antenna utilizes 50 Ω probe 

feeding structure, resulting in a small size of 20 × 20 

mm
2
. The proposed antenna is developed for X-band 

applications, operating at 10.7 GHz with a bandwidth of 

200 MHz. The structure comprises two stacked 

substrates with electrical properties (2.2, and 4.5 

permittivities, 1.5 mm height). The top layer features a 

rectangular patch with two ports for exciting orthogonal 

polarizations, while the middle layer includes a circular 

patch serving as a ground plane for the rectangular patch. 

The excitation of TM01 mode in the circular patch 

generates a conical radiation pattern, and the antenna 

exhibits an overlapping bandwidth from 10.3 GHz to 

10.9 GHz. The peak gains, illustrated over the frequency 

range, reach 5.2 dBi for the circular patch and 7 dBi for 

the rectangular patch. Fabrication and measurements of 

the antenna demonstrate good agreement between 

experimental and simulation results. 
 

Keywords: Antenna, beamwidth, dual polarized, patch, 

triple-port, X-band. 

1 Introduction

 

Microstrip patch antennas stand out as a favored 

antenna design, primarily owing to their compact 

dimensions, straightforward fabrication, and seamless 

integration with monolithic microwave integrated 

circuits [1-5]. The rectangular and circular patches of  
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these antennas allow for the excitation of various 

radiated modes, each with distinct radiation 

characteristics [6], [7]. The coaxial probe feed serves as 

an effective means to generate specific modes, such as 

TM01 or TM02, resulting in broadside pattern radiation, 

as exemplified in prior works [8], [9]. This design offers 

a notable advantage in its reduced size compared to a 

quarter-wavelength monopole antenna, making it 

suitable for indoor applications and various mobile 

communication systems. To enhance impedance 

matching across dual bands, a stacking technique was 

implemented specifically for the circular patch [10]. The 

adoption of the TM02 mode results in a conical radiation 

pattern. An alternative approach, presented in [11], 

involves configuring a ring cluster of microstrip-patch 

antennas to achieve conical radiation. 

The polarization diversity technique is widely 

employed in contemporary wireless communication 

systems and base stations, surpassing spatial diversity in 

popularity due to its cost-effectiveness in installation and 

performance enhancement in channel conditions. Unlike 

spatial diversity, polarization diversity requires only a 

single-element installation [12]. 

In existing literature [13-31], dual-polarization 

antennas have been designed by employing orthogonal 

feeding structures to excite the antenna [13], [14]. 

Achieving adequate isolation between the two ports of 

the dual-polarization antenna is crucial for optimal 

performance. Aperture-coupling, a popular feeding 

technique, is utilized to mitigate strong coupling 

between the horizontal and vertical components of the 

antenna [15]. In a specific instance [16], an L-shaped 

probe feed was employed to achieve high isolation 

between the dual-polarization antennas. 

In [17, 18], a dual-polarization antenna featuring a 

conical radiation pattern was successfully developed. 

The horizontal polarization was attributed to the 

formation of a stable horizontal current loop within the 

cross-slot, while vertical polarization was achieved 
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through a long monopole. Another innovative design, 

presented in [19], introduced a dual-polarized slot 

"cusp" antenna capable of dual omnidirectional patterns 

by exciting either its slot-line mode or coplanar mode. 

However, these designs fell short of achieving dual 

conical patterns. 

Reconfigurable antennas have recently garnered 

significant interest due to the simplicity of the design 

process [20]. Various reconfigurable structures have 

been developed specifically for polarization-diversity 

purposes [21]. In [22], a quadric-polarization-diversity 

patch antenna was achieved by manipulating the 

radiation pattern through a control circuit. The suggested 

design offered right-handed and left-handed circularly 

polarized (CP) as well as orthogonal linearly polarized 

(LP) patterns. While capable of exciting four different 

polarizations, these designs were limited to broadside 

radiation patterns. Another noteworthy development is 

described in [23], where the radiation pattern was 

reconfigured from conical to a broadside shape. It is 

important to note that modifying the shape of the 

radiation pattern can offer an additional degree of 

freedom for portable devices. However, the introduction 

of controlling circuits and DC biasing in reconfigurable 

antennas, while facilitating ease of design and control 

over the radiation pattern, can lead to violations of 

antenna symmetry and compromises in the quality of the 

radiation pattern. 

This paper presents a dual-polarization antenna for 

X-band applications with a wide beamwidth radiation 

pattern. The design achieves broad beamwidth by 

combining the broadside radiation pattern from the 

rectangular patch's fundamental mode and the conical 

radiation pattern from the TM01 mode of the circular 

patch. Dual stacked substrates with permittivities of 4.5 

and 2.2 enhance antenna efficiency. A probe feeding 

technique is employed for a compact profile (20 × 20 

mm
2
). The design incorporates a dual-polarized 

rectangular patch on the top layer and a circular patch on 

the second layer as a ground plane. Conical radiation is 

achieved by exciting the TM01 mode through a shorting 

connection between the circular patch and the ground, 

facilitated by a circular copper sheet. The proposed 

antenna demonstrates a wide bandwidth from 10.3 GHz 

to 10.9 GHz. 

2 Antenna Design 

2.1 Design Geometry 

The geometry of the proposed antenna is depicted in 

Fig. 1. The structure comprises two substrates, with the 

upper substrate being Rogers RT5880 with permittivity 

and thickness denoted as h1 = 1.5 mm, and the lower 

substrate being FR4 with permittivity 4.5 and thickness 

h2= 1.5 mm, while the copper thickness is t= 0.035 mm. 

A shorted circular annular ring patch is positioned on the 

bottom substrate, and a square patch is affixed to the top 

substrate. The circular patch is fed using a feeding probe. 

To excite the TM01 mode (conical pattern), shorting 

pins are strategically inserted into the circular patch [24]. 

For ease of antenna fabrication, the shorting pins are 

replaced by a copper sheet, achievable with copper clad. 

The coaxial probe is located at a distance X from the 

patch edge. The inner and outer dimensions of the 

annular ring govern the resonance frequency. 

 

(a) 

 

(b) 

 

(c) 
Fig.1 The geometry of the proposed antenna, showcasing (a) a 

top view, (b) a cross-section, and (c) a 3D perspective. 

Dual polarizations at the fundamental frequency are 

generated in the square patch by utilizing two orthogonal 

probe feeding structures. The dimensions of the 
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rectangular patch are computed to align with the 

frequency of the TM01 mode of the shorted annular ring 

patch antenna. The annular ring's higher-order modes 

offer the advantage of a conical radiation pattern, while 

the rectangular patch contributes to a broadside radiation 

pattern. Combining both features in a single antenna 

enables the attainment of a wide beamwidth. The 

optimized dimensions for the entire structure are 

provided in Table 1. 

Table 1 Optimized dimensions for the proposed design in 

mm. 

Ws Ls R Lp h1 h2 x y k g 

25 25 7 8.3 1.5 1.5 1.1 2.4 1 0.6 

2.2 Principle of operation 

The suggested configuration consists of two 

superimposed patches, with the top one being 

rectangular and the lower one adopting an annular ring 

shape. The annular ring is formed by a circular disc 

incorporating a short-circuit wall with a radius of 3.75 

mm. By treating the short-circuited annular ring patch as 

a cavity confined by electric walls at the upper and 

lower edges and assuming the presence of only the TM 

mode propagating within this cavity, the resonance 

frequencies can be determined using equation (1). It is 

assumed that the metal thickness has negligible impact 

on the field distribution, given that the metal thickness is 

significantly smaller than the wavelength. 

 

(1) 

Where, mn are the TM mode numbers, ε is substrate 

permitivity, εr is the substrate relative permittivity, µ0 is 

the free space permiabiliy a is the anular ring outer 

radius, and Kmn are the roots of the following 

characterstic equation (2) [25]. 

 

(2) 

In this context, Jm(x) and Nm(x) represent the first 

and second kind mth order Bessel functions, 

respectively, where c is the ratio b/a in Equation (2). 

This equation is primarily derived from imposing 

boundary conditions within the annular ring cavity, 

where the inner edge is characterized by an electric wall 

and the outer edge by a magnetic wall. The nth index for 

the corresponding TM01 mode is consistently set to 1, 

while the mth index can vary from 0 to 4. Consequently, 

the mode is determined by the mth index, and it's 

important to note that the zero mode corresponds to the 

lowest frequency. Conversely, the dual-port rectangular 

patch can achieve dual polarization by orthogonal 

excitation. 

3 Results and Discussions 

In this section, which focuses on the results of the 

proposed antenna, the outcomes of the conducted 

analysis and the overall performance evaluation are 

comprehensively presented and discussed. 

3.1 Parametric Analysis 

In this section, the focus is on the parametric 

analysis, specifically examining the impact of variations 

in the rectangular patch length (Lp) and circular patch 

radius (R) on the antenna's resonant frequency. Fig. 2(a) 

and Fig. 2(b) visually illustrate this impact. Through 

systematic adjustments of Lp and R, the study aims to 

elucidate their roles in shaping the resonant 

characteristics of the antenna. Valuable insights into the 

optimization and tuning process are provided, 

contributing to a clearer understanding of how the 

antenna responds to variations in Lp and R. This 

parametric analysis is crucial in refining the design for 

optimal operational efficiency in X-band applications. 
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(b) 

Fig. 2 A parametric analysis on the primary parameters of the 

radiating patches, showcasing variations in (a) Lp and (b) R. 
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3.1 Current Distributions 

The current distribution in the described triple-port 

dual-polarized antenna is characterized by the interplay 

of its key design elements. In the top layer, a rectangular 

patch with two ports facilitates the excitation of 
orthogonal polarizations. The current distribution across 

this layer is influenced by the input signals and the 

geometry of the rectangular patch as shown in Fig. 3 (a) 

and (b). The currents flowing through the second and 

third ports are perpendicular to one another. 

Simultaneously, the middle layer features a circular 

patch functioning as the ground plane for the rectangular 

patch. The excitation of the TM01 mode in the circular 

patch induces a specific current distribution shown in 

Fig.3 (c), generating a conical radiation pattern. This 

distribution is a result of the electromagnetic interactions 

within the structure and is pivotal in shaping the overall 

performance of the antenna. The interconnection of 

current flows across the stacked substrates and patches 

contributes to the achievement of a wide beamwidth and 

an overlapping bandwidth from 10.3 GHz to 10.9 GHz. 

    

(a) (b) 

 

(c) 
Fig.3 Current distribution scenarios when (a) the antenna is 

excited at Port 2, (b) the antenna is excited from Port 3, and (c) 

the antenna is excited from Port 1. 

4 Fabrication and Measurements 

A dual-polarized antenna with a wide beamwidth 

was designed, fabricated, and tested, as depicted in the 

photograph presented in Fig. 4. The design and 

fabrication involved the utilization of Rogers RT5880 

and FR4 substrates. Copper clad was employed to 

facilitate the shortening between the circular patch and 

the ground. The reflection coefficient of the antenna was 

measured using a vector network analyzer (ROHDE & 

SCHWARZ ZVA 67), while its radiation pattern is 

presented as a simulation. 

 
(a) 

 
(b) 

Fig.4  Fabrication and measurements, showcasing (a) The 

fabricated prototype. (b) The measurement setub of 

S-parameters. 

 

In Fig. 5, a comparison is presented between the 

simulated and measured reflection coefficient and 

transmission coefficient results for the fabricated 

antenna. The measured impedance bandwidth, below -10 

dB, for the proposed antenna covers a range of 10.3 GHz 

to 10.9 GHz for the rectangular patch and extends from 

10.3 GHz to 11.3 GHz for the circular disc. Fig. 6 

illustrates the simulated radiation patterns at 10.7 GHz, 

revealing a wide beamwidth. In Fig. 7, the graph 

illustrates the simulated peak gain with frequency, 

reaching 5.2 dBi for the circular patch and 7 dBi for the 

rectangular patch. Fig. 8 depicts the radiation efficiency, 

reaching 89%, and 98% at the center frequency for 

circular and rectangular patches respectively. Table 2 

summarizes key parameters of different antenna designs, 
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showcasing their frequencies, volumes, bandwidths, 

gains, and port configurations. Our stacked patch 

antenna, situated within recent investigations, 

demonstrates an advantageous blend of frequency, 

compact dimensions, bandwidth, and gain, underscoring 

its competitive position in current antenna research. 

Despite [27] achieving the widest bandwidth, its gain 

remains relatively low. 

Table 2 Comparison with Prior Studies. 

Ref. Ant. 

type 

Freq. 

(GHz) 

Volume (λ3) BW 

(%) 

Gain ports 

[26] horn 10.00 2.87×2.87×1.5 7 7.3 1 

[27] Slot 5.62 1.12×1.12×0.09 25.6 6 1 

[28] Patch 2.61 0.87×0.87×0.03 5.7 2.7 1 

This 

Work 

Satcked 

Patches 

10.70 1.5 × 1.5×0.11 5.7 7 2 

 

 

Fig.5 Measured and simulated S-parameters versus frequency. 

 

  
(a) (b) 

 
 

(c) (d) 

  
(e) (f) 

Fig.6 The radiation patterns of the proposed antenna at 10.7 

GHz, (a)  at phi=0, when port2 is excited, (b)  at phi=90, 

when port2 is excited, (c)  at phi=0, when port3 is excited, (d)  

at phi=90, when port3 is excited, (e)  at phi=0, when port1 is 

excited, (f)  at phi=90, when port1 is excited. 

 
Fig.7 Gain vesrus frequency. 

 
Fig.8 Efficiency vesrus frequency. 
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5 Conclusion 

A dual-polarized microstrip antenna has been 

developed for X-band applications, operating at 10.6 

GHz with a bandwidth of 600 MHz. The antenna 

incorporates two stacked substrates to support distinct 

geometries with varying radiation characteristics. The 

generation of a wide beamwidth radiation pattern is 

achieved by exciting the TM01 mode through a 

short-circuited ring patch, producing a conical radiation 

pattern, along with the fundamental mode through a 

rectangular patch in the top layer. The implementation of 

dual-polarization is successfully realized. To validate the 

concept, the proposed design was fabricated and 

measured, demonstrating excellent agreement with 

simulated results. The antenna features a compact size, a 

broadside radiation pattern.  The peak gains, illustrated 

over the frequency range, reach 5.2 dBi for the circular 

patch and 7 dBi for the rectangular patch. Additionally, 

radiation efficiency is highlighted, with rates of 89% and 

98% at the central frequency for the circular and 

rectangular patches, respectively. 
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