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Abstract 

Dual linear polarized cross-slot patch antenna is a good candidate for modern base station antennas in sub-6 

GHz fifth-generation (5G) cellular communications due to its low profile, low cost and moderate bandwidth. The 

best-obtained results of the single antenna design demonstrate a wide impedance bandwidth of 19.72% (3.2–

3.9 GHz) for VSWR < 1.4, isolation of less than 50 dB between both ports, and a high gain of 10.5 dBi. The 

designed dual-polarized antenna was placed in a two-element array that is formed once with and once without 

via pins in two cases: 1- vertical/horizontal polarization. 2- ±45° slant polarization. The radiation pattern in both 

incidents has been studied and reported. In case one, the results show that the mutual coupling deteriorates 

the radiation pattern with the side lobe of around -12.6 dB at 3.4 GHz. However, the sidelobe level is better at 

the level of -19 dB, although not acceptable in the case of square vias. The S11 is good from 3.25 GHz to 3.7 GHz 

(450 MHz). Similarly, the gain is 13.5 dBi without a via and with a via. A great result: an increase from 10.5 dBi 

for a single element to 13.5 dBi for a two-antenna array. In case two, the best result obtained in this scenario is 

that the S11 is below –10 dB from 3.2 to 3.9 (700 MHz) without the use of vias. The 45-degree slant radiation 

patterns of the antenna, which are plotted in both perpendicular radiations. Both co-polar and cross-polar 

patterns are shown and are overlaid. The VSWR is less than 1.5 in all cases. The results obtained and the 

compatibility achieved in this direction allow for the possibility of using this antenna in many applications in 

modern communications systems, such as advanced antenna systems (AAS) and radars.  

Keywords— Array antenna, Dual-polarized, Base station antenna, Microstrip patch antenna, High isolation, 

Cross slot, 5G. 

1 Introduction 

Antenna design for 5th generation (5G) cellular communication has been one of the key parts of important 

research topics in the antenna community (Asplund et al., 2020). There is a considerable amount of published 

research related to the antennas used on both the base station side and the terminal side of 5G networks 

(Muirhead et al., 2016). Many significant advancements in 5G technology have been made for the base station 

to boost high data rates and bandwidth, including massive MIMO (multiple input, multiple output), 

beamforming capabilities, network densification, low latency, and energy efficiency. Among various designs 
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reported for base station antennas, antennas with dual polarization are preferred due to the necessity of using 

polarization diversity in such antennas. Among different dual-polarized configurations, dual-slant designs are 

mostly preferred due to their symmetrical pattern in both vertical and horizontal planes. Dual polarization 

enhances spectral efficiency and provides polarization diversity, which in turn improves signal robustness and 

resilience to interference. (Vaziri et al., 2013; Chen & Vaughan, 2013).  

Various approaches to dual-polarization antennas have been developed to meet these requirements, as 

described in (Gao et al., 2003; Huang et al., 2009). Many works have used an aperture-coupled feed to improve 

bandwidth and isolation (Gao et al.,2003; Guo et al., 2021). Some of them have used an aperture-coupled L 

probe fed together (Joo Seong Jeon, 2011). Others used a coaxial feed and printed dipoles (Biao Li et al., 2012; 

Huang et al., 2009). An array antenna base station uses baluns to provide balanced feed and impedance 

matching to these elements (Sun et al., 2019; Zhang & Gao,2018). Incorporating spiral-choked LB elements into 

the dual-band antenna array enhances both bandwidth and isolation within the high band. The spiral chokes 

contribute to widening the bandwidth of the choked LB antenna, thereby extending its operational frequency 

range (Sun et al., 2020; Sun et al., 2020). Varactor diodes have been used to activate continuous null scanning, 

beam steering, and pattern reconfiguration (Ding et al., 2021; Zhang et al., 2023). A patch antenna with an 

aperture-coupled design is suitable for sub-6 GHz and high 5G applications (Azari et al., 2023; Azari et al., 2024).  

All of these methods make it difficult to use as a modern base station. The reflector included in the antenna 

design provides various positive uses, including directed radiation when the reflector, which is somewhat larger 

than the ground plane, aids in creating directional radiation patterns. By managing the reflection of transmitted 

signals, the antenna can direct its energy in certain directions, improving its directivity, gain, and radiation 

pattern (Guo et al., 2021). 

The crossed-slot design generates dual linear polarizations by crossing the slots at orthogonal angles; the 

antenna can transmit or receive signals with both perpendicular polarizations, allowing for polarization diversity 

in modern base station communication systems. Crossed-slot antennas have the advantage of providing a wider 

bandwidth than other low-profile antenna layouts. The crossed-slot construction enables broad frequency 

coverage, making it suited for applications that need wideband operation. As a result, the crossed-slot antenna 

design was chosen due to its ability to provide polarization diversity, wideband operation, low profile, cost-

effectiveness, large bandwidth, and improved isolation characteristics, making it an appropriate choice for 

applications requiring high-performance dual-polarized antennas in 5G base station applications. 

The goal of this paper is to introduce an improved crossed-slot element antenna and subarray design with a 

simple feed mechanism that achieves strong polarization isolation over a wide bandwidth. The main idea of the 

antenna element used in this work came from (Vaziri et al., 2013), while the design has been completely changed 

to fit the 5G base station requirements. The antenna arrangement feeds the slots with symmetric microstrip 

lines, efficiently suppressing mutual coupling. This design removes the requirement for parasitic patches, usually 

employed in dual-polarized antennas, resulting in a broader bandwidth and a simpler overall structure. The 

antenna performs well in gain, impedance bandwidth, feed isolation, and polarization purity, making it 

appropriate for polarization diversity, satellite communications, and polarimetric radar.  

The rest of the paper is organized as follows: In Section 2, the design of a single-element antenna is presented. 

In Section 3, we will discuss the issue of ground radiation, its causes, mathematical analysis, and methods of 

solving it. In Section 4, a two-element sub-array design of the antenna is presented for 5G base station 

applications. 
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(a) 

(b) 

Figure 1: Proposed single antenna geometry with labeled design parameters (a) top view and (b) side view 

2 Single Element Cross-Slot Design 

2.1 Element Configuration 

Assuming that we need to design a reflector-backed cross-slot antenna with an operating bandwidth from 1 to 

4 GHz and a center frequency of 3.5 GHz, λ0/4=21.21mm, and 𝜀𝑟 = 3.55. The substrate is chosen as Rogers 

RO4003C. The proposed antenna has two layers: the first serves as a reflector, while the second comprises two 

microstrip lines, two substrates, a ground plane, and a cross-slot aperture (Vaziri et al., 2013-Chen & Vaughan, 

2013). 

The structure of the proposed antenna element is shown in Figure 1. As can be seen, microstrip lines are 

employed to enable balanced feeding of slots on opposing sides of the ground plane. This type of feeding, let us 

call it balanced feeding, helps to reduce reciprocal coupling between the slots and their feeding lines, resulting 

in better polarization separation and purity. Microstrip lines are relatively easy to design and implement, making 

them a viable option for feeding antenna slots. The simple design of microstrip lines adds to the overall simplicity 

of the antenna structure. Impedance in microstrip lines allows for easy management of the antenna system's 

impedance matching. The impedance can be tuned for optimal power transfer by altering the microstrip line 

widths, which is called a stepped impedance matching network. By separating the feed lines into various widths 

and sections, the antenna accomplishes balanced power distribution to the slots. The varied widths and 

segments of the feed lines will enable the design to manage impedance matching and power transfer to both 

slots, as shown in Figure 1 and Table 1. The use of two substrates in antenna design helps to provide increased 

isolation, symmetric feeding, regulated impedance, structural integrity, and overall antenna system 

performance improvement. Placing a substrate above the ground plane in the crossed-slot antenna design 

provides benefits such as dielectric loading, impedance matching, radiation enhancement, structural support, 

and regulated coupling, all of which contribute to the antenna's performance and usefulness. 
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Table 1: Value of Design Parameters 

No Parameters Symbol Value(mm) 

1 Substrate Width Ws 100 

2 Feed Length 1 L1 3 

3 Substrate Thickness Ts 0.5 

4 Cross-Slot Length Lc 45 

5 Feed Line Length 5 L5 17 

6 Feed Line Length 4 L4 38 

7 Feed Line Length 3 L3 10 

8 Feed Line Length 2 L2 10 

9 Ground Thickness Tg 0.035 

10 Cross-Slot Width Wc 6.5 

11 Feed Width 50 Ω W1 1.8 

12 Feed Line Width 2 W2 0.75 

13 Feed Line Width 3 W3 0.65 

14 Feed Line Width 4 W4 0.65 

15 Feed Line Width 5 W5 1.8 

16 Reflector Substrate RL 9 

17 Reflector Width Rw 130 

 

2.2 Parametric studies 

Numerous elements have been considered throughout the simulation optimization process, such as the 

microstrip line dimensions, cross-slot, ground width, and reflector width. Two important aspects will be 

thoroughly discussed: the microstrip line dimensions and the cross slot. 

1) Microstrip line dimensions: To investigate the effect of key parameters, we compared the S11 and S12 

parameters by varying the width of the feed line in relation to isolation and impedance matching. The 

results presented in Figures 2 and 3 and Table 1 indicate that altering the feed line width results in a 

gradual improvement in the S11 and S12 values. The aperture-coupling feed structure is a crucial design 

component in the creation of dual-polarized microstrip patch antennas for contemporary 

communication applications since it improves the antenna's overall performance in terms of bandwidth, 

isolation, and radiation pattern symmetry. 

2) Cross-slot dimension: via altering the cross-slot dimension's width for impedance matching and 

isolation. The findings shown in Figures 4 and 5 and Table 2 show that the S11 and S12 values gradually 

improve as the cross-slot width is changed. For dual-polarized antennas, cross-slot configurations are 

employed to improve symmetrical far-field patterns and enhance port-to-port isolation. Consequently, 

the findings highlight the advantages of cross-slot structures in antenna design for antennas operating 

in the sub-6 GHz frequency band. 
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Figure 2: Evaluate the influence of feed line width on S11 parameters. 

 

Figure 3: Evaluate the influence of feed line width on S12 parameters. 

 

Figure 4: Evaluate the influence of cross slot width on S11 parameters. 
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Figure 5: Evaluate the influence of cross-slot width on S12 parameters. 

 

Table 2: The parameters for the effect of cross slot dimension on S-parameters 

Cases W2(mm) W3 (mm) Wc(mm) Lc(mm) 

Case1 0.998 0.888 4 30 

Case2 0.998 0.888 4 30 

Case3 0.88 0.77 3 28 

 

2.3 Results of Single Element Optimization 

Figure 6 and Table 3 represent all the optimized parameters performed by CST Microwave Studio 2020, covering 

a wide bandwidth for a better than S11 = -15 dB, isolation less than -50, VSWR = 1.4, and impedance bandwidth 

of 19.72% (3.2-3.9 GHz). S11 of better than -15 dB is normally recommended for antenna elements used in base 

transceiver stations due to the requirement of connection to the radio unit. Assuming that the bandwidth for 

S11 of better than -10 dB results in a higher bandwidth. The results cover more than the n78 band for sub-6 GHz 

5G applications. 

The radiation pattern properties at the first, middle, and end edges of the bandwidth are shown in Figure 7 and 

Figure 8. They represent the E-plane, H-plane, and slant 45-degree radiation patterns of the antenna, which are 

plotted in both perpendicular radiations. Both copolar and cross-polar patterns are shown and are overlaid. For 

the first frequency (3.1 GHz), the antenna has a gain of 8.5 dBi; for the second frequency (3.5 GHz), it has a gain 

of 7 dBi; and for the third frequency (3.9 GHz), it has a gain of 10.5 dBi. As a result, isolation purity is outstanding 

across a broad spectrum and remains reasonable in most forward directions. One important point is that when 

we plot the orthogonal radiation patterns of the normal structure at the E-plane and H-plane, they are not 

identical. However, in such a case, the ±45 degree radiation patterns of the elements are identical and balanced. 

This proves that if we rotate the antenna structure by 45 degrees, then the radiation patterns of the antenna at 

the E-plane and H-plane are identical. 

In the following section, we will address the array of dual-polarized antennas. However, before that, it is 

essential to discuss ground radiation, as it plays a significant and influential role in antenna design. We will 

explore this topic from both mathematical and practical perspectives. 
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Figure 6: The S11 and S12 obtained by optimizing all parameters 

 

 Table 3: Evaluate the optimization of all parameters 

No Column A Symbol Value(mm) 

1 Substrate Width Ws 80 

2 Feed Length 1 L1 5.52 

3 Substrate Thick Ts 0.5 

4 Cross-Slot Length Lc 28.9 

5 Feed Line Length 5 L5 15.82 

6 Feed Line Length 4 L4 32 

7 Feed Line Length 3 L3 7.77 

8 Feed Line Length 2 L2 9.48 

9 Ground Thickness Tg 0.035 

10 Cross-Slot Width Wc 3.41 

11 Feed Width 50 Ω W1 1.62 

12 Feed Line Width 2 W2 0.8 

13 Feed Line Width 3 W3 0.851 

14 Feed Line Width 4 W4 0.851 

15 Feed Line Width 5 W5 1.828 

16 Reflector Substrate RL 11.76 

17 Reflector Width Rw 100 
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Linear polarization: Vertical & Horizontal Slant_45degree polarization: Copolar & Xpolar 

  

(a) 

  

(b) 

  

(c) 

Figure 7: Simulated far-field radiation patterns of the single element for the linear vertical/horizontal 
polarization case versus the slant case. (a) at 3.3 GHz, (b) at 3.5 GHz,(c) at 3.8 GHz 
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Figure 8: The Gain for optimizing all parameters 

3 Ground Radiation Issue 

Unfortunately, our cross-slot antenna structure has a rectangular patch mode as well. A rectangular patch 

antenna can be depicted as an array of two radiating narrow apertures (slots), each with a width 𝑊 and height ℎ, 

separated by a distance 𝐿 as shown in Figure 9 below. The portion of the main radiation should occur from these 

two grounds back slots; call it slot mode. However, other possible modes of radiation should be suppressed and 

kept controlled. Surface wave mode and patch mode are two of them; the latter is more significant. In fact, the 

latter is dominant when the resonant frequency of the patch mode is close to that of the slots. The patch mode 

is the radiation that directly comes from the edges of the upper ground. In fact, the ground and the reflector of 

the main antenna form a patch antenna. 

The level of fringing radiation from the patch mode is determined by the patch dimensions and the substrate 

height. The fringing in the primary E plane (xy plane) depends on the ratio of patch length L to substrate height 

ℎ (
𝐿

ℎ
)and substrate dielectric constant 𝜀r. Patch antennas have less fringing (𝐿 ∕ ℎ ≫  1), although it still affects 

the antenna resonance frequency and width. Most of the electric field lines are located in the substrate, with 

portions of some lines in the air. As 𝑊 ∕ ℎ ≫  1  and 𝜀𝑟  ≫ 1, the electric field lines primarily concentrate in the 

substrate. In this scenario, fringing makes the microstrip line appear electrically wider than its physical size.  

 

 

Figure 9. The ground and the reflector of the cross-slot antenna 

Many parameters affect the fringe fields of a rectangular patch antenna, including patch dimensions (L and W), 

substrate height (h), dielectric constant (𝜀𝑟), effective dielectric constant (𝜀𝑒𝑓𝑓), operating frequency, ground 

plane size, and edge effects. The patch dimensions have been expanded on each end by a distance 𝛥𝐿, which is 

a function of the effective dielectric constant (𝜀𝑟𝑒𝑓𝑓) and width-to-height ratio (𝑊/ℎ). The length extension  

due to fringing fields (ΔL) (Balanis, 2016): 
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𝛥𝐿 = 0.42 ℎ 
(𝜀𝑒𝑓𝑓 + 0.3)(

𝑤
ℎ

+ 0.264)

(𝜀𝑒𝑓𝑓 − 0.258)(
𝑤
ℎ

+ 0.8)
 

(1) 

 

 

𝜀𝑒𝑓𝑓 =
𝜀𝑟 + 1

2
+

𝜀𝑟 − 1

2
(1 + 12

ℎ

𝑤
)

−1/2

 
(2) 

 

The effective length (𝐿𝑒𝑓𝑓) 

𝐿𝑒𝑓𝑓 = 𝐿 + 2𝛥                                                                (3) 

The resonant frequency of a rectangular patch antenna depends on its length. Typically, it is given by accounting 

for fringing; however, it should be updated to add edge effects and computed using 

𝑓𝑓𝑟𝑖𝑛𝑔𝑖𝑛𝑔 =
1

2𝐿𝑒𝑓𝑓  √𝜀𝑒𝑓𝑓 √𝜇0𝜀0 
=

1

2 (𝐿 + 2𝛥𝐿)√𝜀𝑒𝑓𝑓 √𝜇0𝜀0

=
𝑐

2 (𝐿 + 2𝛥𝐿)√𝜀𝑒𝑓𝑓 
 

(4) 

                                                                           

𝑓𝑓𝑟𝑖𝑛𝑔𝑖𝑛𝑔 = 𝑅
𝑐

2 𝐿√𝜀𝑒𝑓𝑓 
 (5) 

Where the permittivity 𝜇0 = 1.26 × 10−6, 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝜀0 = 2.997 × 10−12, velocity of light 𝑐 =
1

√𝜇0𝜀0
=

2.997925 ×  108 𝑚/𝑠, fringing factor 𝑅 =
1

(1+2𝛥𝐿)
 . 

The ground plane should be large enough to support proper radiation but not excessively large to avoid 

unwanted reflections and surface waves. A typical ground plane size is about 𝜆/2  larger than the patch 

dimensions on all sides. The patch is placed above a ground plane, with the reflector below to enhance directivity. 

The first resonant frequency is approximately 1.875 GHz, and the second resonant frequency is 3.75 GHz. The 

radiation pattern of the patch at its second resonant frequency in this mode differs from that of the radiation 

slot; therefore, the mode exhibits a null in the broadside direction of the antenna. We need to modify the 

antenna shape to maintain the beam shape and match the enlargement of the ground base. In Figure 10, we 

observe that the E-field does not propagate from the cross slot, but rather from the edges of the antenna, which 

makes the field non-circular. 

The paper discusses the use of an operation frequency of 3.5 GHz and the 𝜆 ≈ 85.7mm. The ground plane should 

extend approximately 42.85 mm beyond the edges of the patch elements. 

 

Figure 10: The E-field radiation at the center frequency of 3.5 GHz without pins 

Adding steel pins between the reflector and the ground plane can help to lessen the quasi-cavity effects. This 

method is also known as employing pin arrays or "electromagnetic bandgap (EBG) structures" to suppress 

surface waves and undesirable resonances. 

In Figure 11, Surface waves can enhance the quasi-cavity effect by providing extra routes for electromagnetic 
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radiation to reflect and interfere. The pins effectively change the impedance characteristics of the ground and 

reflector. This may reduce the production of standing waves and resonances. The pins can absorb and disperse 

some of the electromagnetic energy, reducing the constructive interference patterns that lead to the quasi-

cavity effect. 

 

Figure 11: The effect of conductive short circuit pins to limit radiation at the center frequency of 3.5 GHz     

4   Array of Dual–Polarized Configuration 

In this paper, we need to design a 2x1 subarray microstrip patch antenna at a given frequency, such as 3.5 GHz, 

which can be difficult, especially when dealing with ground plane size and radiation pattern. The array 

configuration of dual-polarized antennas is the organization of several antenna elements to achieve certain 

performance goals, such as enhanced gain, beamforming, diversity, or pattern shaping. Designing a 2x1 subarray 

microstrip patch antenna at a specific frequency, such as 3.5 GHz, can be difficult, especially when dealing with 

a power divider, ground plane size, and radiation pattern. As a result, in this section, we will discuss two 

significant aspects that are worth researching in order to get better results: power dividers and mutual coupling. 

4.1 Power Divider 

Power dividers are an important part of array antenna design by dividing the input signal into several output 

ports with specific amplitude and phase characteristics. Array antenna systems typically use a variety of power 

dividers, including Wilkinson, T-junction, hybrid coupler, corporate feed network, and series feed network. But 

we chose the T-junction power divider because of its simplicity and straightforward design, which divides 

incoming power evenly or unequally into two or more output ports based on the rules discussed in (Pozar, 2012). 

It is widely used in basic RF and microwave circuits because of its simplicity and ease of construction. To match 

the divider to the input line with characteristic impedance 𝑧0, we must  

𝑌𝑖𝑛 =
1

𝑧0

=
1

𝑧1

+
1

𝑧2

+ 𝑗𝛽 
                                                                                            

(6) 

If the transmission lines are believed to be lossless, then the characteristic impedances are real; additionally, we 

assume𝛽 = 0, so (5) reduces to 

1

𝑧0

=
1

𝑧1

+
1

𝑧2

 
(7) 

In total, we need four equal power dividers in the 1 by 2 subarray. We have already used two of them in a single-

element design to excite each slot. However, two more dividers are needed to form the two-element array. 
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Figure 12 shows one of the power dividers designed to match the 30Ω input impedance of each element, Z1 and 

Z2, to 15Ω, which is the input impedance of the array. 

 

                   Figure 12: Transmission line model of the lossless T-junction divider used in this design 

4.2 Mutual Coupling 

Several techniques are available to reduce mutual coupling, including electromagnetic shielding, 

electromagnetic bandgap structures, reconfigurable antennas, antenna decoupling, impedance matching 

networks, baluns, filters, defective ground structures, and metal vias. But in this paper, we used the type of 

metal via because it does not affect the figure and geometry of the antenna. The proposed approach employs a 

defect ground structure (DGS) and metal vias. The DGS is put between the patch antennas to improve isolation 

and reduce coupling between them. Metal vias link the DGS to the ground plane, further improving isolation 

(Guo et al., 2021). The DGS can be thought of as a series of resonant slots or forms carved into the ground plane 

to form a band-stop filter that blocks or attenuates specific frequencies. Placing a DGS underneath a microstrip 

antenna allows you to suppress undesired radiation, reduce mutual coupling between antennas, and improve 

impedance matching. The vias are designed to connect the DGS to the ground plane, creating a low-impedance 

path for the surface currents induced by the patch antennas. This helps to reduce the mutual coupling between 

the patch antennas and increase the isolation between them (Bisharat et al., 2016). 

4.3 Array Result for Different Scenarios 

The designed dual-polarized antenna has been put in a two-element array in two cases: 1) Vertical/horizontal 

polarization 2) ±45° slant polarization. The radiation pattern in both cases has been studied and reported in the 

following. 

4.4 Vertical/Horizontal Polarization Case 

As depicted in Figure 13, the linear vertical/horizontal two-element array is created twice: once with the via pins 

and once without them. In the without-via case, the S11 is below –10 dB from 3.25 to 3.7 GHz (450 MHz). 

Additionally, the S11 is below –10 dB from 3.1 to 3.5 GHz (400 MHz) with the via. The gain is reported as 13.5 

dBi, both with and without a via. We observe that the gain has significantly improved from 10.5 dBi in a single 

optimized antenna to 13.5 dBi in a two-element linear array. As can be seen, the results show that the mutual 

coupling deteriorates the radiation pattern with the side lobe of around -12.6 dB at 3.4 GHz. However, the side 

lobe level is better at the level of -19 dB, although not acceptable in the case of a square via. Additionally, the 

side lobe in the linear horizontal configuration is approximately -18.4 dB at 3.4 GHz without a via, while it 

improves slightly to around -19 dB with a via. However, VSWR < 1.5 for all cases. The structural Dual polarization 

integration and electromagnetic performance of multilayer or aperture-coupled antennas are enhanced when 

pin vias are included in antenna design. It enhances isolation in dual-polarized structures, lessens mutual 

coupling between radiating components, and suppresses the propagation of surface waves. They also minimize 
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undesired parasitic radiation and improve bandwidth stability by offering a dependable ground connection 

between the antenna's layers. 

Without via With via 

 

 

 

(a)  

   

(b)  
 

 

 

 

(C)  
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(d)  

 
 

( e )  
 

 

 
 

(f)  

 

  

 

(g)  

Figure 13: Two-element array vertical/horizontal Polarization without via and with via; (a) two-element array, 
(b) E-field distribution from the cross-slot array at 3.5 GHz, (c) BW (3.25-3.7 GHz), (d) Gain=13.5 dB, (e) 
Radiation pattern far-field at 3.4 GHz, side lobe -12.6 dB at phi=0, (f) Radiation pattern far-field at 3.4 GHz, side 
lobe –18.4.4 dB at phi=90, (g) VSWR <1.5. 
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4.5 ±45° Slant Polarization  

The two-element array ±45° slant polarization is produced once with and once without the via pins, as seen in 

Figure 14. In the absence of a via, the S11 is below –10 dB from 3.2 to 3.9 (700 MHz), and the S11 is below –10 

dB from 3.3 to 3.5 GHz (200 MHz) with a via. The gain is 9 dBi for both scenarios; additionally, the VSWR is less 

than 1.5 in both cases. The 45-degree slant radiation patterns of the antenna, which are plotted in both 

perpendicular radiations. Both Copolar and cross-polar patterns are shown and are overlaid. The observed 

decrease in bandwidth for the slanted ±45° antenna array with vias is ascribed to parasitic effects brought about 

by the vias, which deteriorate impedance matching by introducing extra capacitance and inductance. The basic 

resonant frequency of the antenna is lowered by this parasitic capacitance. In order to restore resonance to the 

desired frequency, you probably had to decrease the patch size. However, doing so prevents the design from 

remaining inside the sub-6 GHz region. 

 Without via  With via 

 

 

 

(a) 

 
 

(b)     

 

 

 

(c)   
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(d)  

 (e)     

  

(f)  

 

 

 

(g)  

Figure 14: Two-element array ±45 degrees without via and with via; (a) Two-Element Array 2× 1 ±45 degree, 
(b) E-field distribution on the ground, (c) BW, (d) The gain is 9 dBi, (e) far-field radiation (-45) slant Copolar 
and crosspolar at 3.4 GHz, (f) far-field radiation (-45) slant Copolar and crosspolar at 3.4 GHz, (g) VSWR. 
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Summary table 4 has been included to help make the comparison between the suggested design and other 

configurations more understandable. The –10 dB impedance bandwidth (IBW%), realized gain (dBi), isolation 

(dB), and frequency bands are among the important performance indicators for each specified antenna 

configuration that are highlighted in this table. The comparison illustrates how structural differences, including 

via existence or absence and polarization orientation (linear vs. slant ±45°), affect the overall characteristics and 

electromagnetic performance of the antennas utilized for Sub-6 GHz 5G applications. Additionally, as 

summarized in Table 5, the literature compares the proposed cross-slot antenna with earlier works, indicating 

that this antenna design proposal is a strong competitor to other shapes, such as the aperture-coupled design, 

which is known for its broad impedance bandwidth. 

   Table 4: Comparison between the suggested design and other configurations 

Antenna 
Configuration 

Worst 
Isolation dB 

Antennas 
Structure 

-10 dB 
IBW% 

Average Gain 
dBi 

Frequency 
Band(GHz) 

Single Antenna 
Optimization 

50 Crossed Slot 19.72 11.7 3.2-3.9 

Two Antenna(V/H) 
without via 

-22 Crossed slot 34 13.5 (3.15-3.57) 

Two Antenna (V/H) 
with Via 

 

-28 Crossed slot 28.6 
19.7 

11.5 (3.26-3.43) 

Two Antenna (±𝟒𝟓) 
with Out via 

-12 Crossed slot 68 11.3 3.134-3.550 
3.737-3.98 

Two Antenna (±𝟒𝟓) 

with via 

-50 Crossed slot 11.4 
28.3 

10 3.3-3.7 
1.71-2.2 

 

Table 5: compared the proposed cross-slot antenna with earlier works 

The Antenna 
References 

Isolation 
dB 

 

Antennas 
Structure 

-10 dB 
IBW% 

Average gain 
dBi 

Frequency 
Band(GHz) 

Vaziri et al. (2013) 35 coupled microstrip 
patch 

24 9.2 4-6.5 

Chen et al. (2013) 60 Crossed slot 34 8.5 4-4.7 

Sun et al. (2019) 
 

30 cross-band scattering 28.6 
19.7 

11.5 
10 

1.7–2.7 
0.82-1 

Zhang & Gao (2018) 20 crossed bow-tie dipole 68 8 1.427-2.9 

Sun et al. (2020) 
 

26 spiral-choke 11.4 
28.3 

11 3.3-3.7 
1.71-2.2 

Ding et al. (2021) 
 

9.3 Sparse phased / null 
scanning 

2.3 8 2.52-2.58 

Zhang et al. (2023) 
 

not 
applicable 

Reconfigurable meta 
surface/Varactor 

Diodes 

11.5 (no active 
feed) 

9.8-11 

Azari et al. (2023) 
 

12 bowtie patch 57.8 7 24–43.5 

Azari et al. (2024) 
 

30 aperture-coupled 
 

21 7 24-44 

Tabaiya et al. (2025) 
 

no port-to-
port 

isolation 

H-shaped Grid-Meta 
surface 

15.45 
13.63 

6 5.81– 6.78 
4.31 – 4.94 

 
 

This Work 50 Cross-Slot 19.72 11.7 3.2-3.9 
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5 Conclusion 

In this research, an array antenna for a dual linear polarized antenna with high isolation and broadband at sub-

6 GHz 5G is designed. For the antenna to work with the array base station, several parameters are optimized to 

achieve a better result, such as isolation, gain, and bandwidth. The results showed high gain (7 dBi to 10.5 dBi), 

very high isolation (better than -50 dB), and a 19.72% (3.2-3.9 GHz) wide bandwidth for the reflection coefficient 

of better than -15 dB. A two-element array is formed once with and once without the via pins in two cases: 1- 

vertical/horizontal polarization. 2- ±45° slant polarization was studied and designed. We prove that the presence 

of vias also makes the matching more problematic because some of the undesirable radiating modes are blocked 

from radiation in the first case. Consequently, this leads to improvements in bandwidth and gain. In case two, 

the basic resonant frequency of the two antennas is lowered by this parasitic capacitance, so we need to 

decrease the patch size, and doing this will prevent the design from remaining inside the sub-6 GHz region. This 

phenomenon explains the decrease in bandwidth. These results validate that the suggested structure is 

appropriate for contemporary beamforming and MIMO systems. The results obtained and the compatibility 

achieved in this direction allow for the possibility of using this antenna in many applications in modern 

communications systems, such as advanced antenna systems (AAS) and radars. 
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