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Abstract—This study presents a novel, low-complexity, 
and low-cost dual-polarized aperture coupled antenna 
tailored for 5G millimeter-wave (mmWave) applications. 
The proposed antenna operates across a super wideband 
range of 24–44 GHz, achieving approximately 60% 
bandwidth, high polarization isolation (>35 dB), and an 
average gain of 8 dBi. Designed to meet the requirements of 
Advanced Antenna Systems (AAS), it incorporates a grid-
slotted metasurface patch and a compact structure (0.56λ₀ 
× 0.56λ₀ overall size). The antenna demonstrates significant 
advancements in bandwidth, gain, and simplicity compared 
to existing designs, making it an ideal candidate for massive 
MIMO systems operating in 5G mmWave frequency bands 
(n257, n258, n259, n260, n261). Fabricated using standard 
PCB technology, this design offers an economical solution 
for next-generation communication systems. 

INTRODUCTION 
The rapid evolution of fifth-generation (5G) mobile 

communication systems is revolutionizing the wireless 

landscape, driven by the need for ultra-high data rates, massive 

connectivity, and low-latency services. To meet these 

demanding performance benchmarks, 5G networks are 

increasingly adopting millimeter-wave (mmWave) frequency 

bands due to their ability to provide abundant spectral 

resources. These mmWave bands offer significantly wider 

bandwidths compared to traditional sub-6 GHz frequencies, 

enabling multi-gigabit-per-second throughput and dense user 

support. 

At the heart of these next-generation networks lies the 

deployment of Advanced Antenna Systems (AAS), which are 

instrumental in harnessing the benefits of mmWave 

communications. These systems incorporate advanced 

techniques such as massive Multiple-Input Multiple-Output 

(MIMO), adaptive beamforming, and space division multiple 

access (SDMA) to enhance spectral efficiency, increase link 

reliability, and optimize spatial reuse. 

A key enabler of AAS functionality is the design and 

integration of high-performance antenna elements. These 

elements must satisfy a range of critical requirements to 

function effectively within large-scale arrays. Specifically, they 

must exhibit dual-polarization for polarization diversity, super-

wideband operation to cover the entire mmWave spectrum of 

interest, high gain to overcome free-space path loss, and a 

compact, low-complexity structure suitable for dense array 

integration. 

In accordance with the 3GPP specifications, the targeted 

operational frequency bands include (n257, n258, n259, n260, 

and n261) collectively covering the 24.25–43.5 GHz range. 

Antenna elements designed for these bands must ensure 

consistent performance across this wide bandwidth while 

maintaining low cross-polarization, high polarization isolation, 

and low return loss. 

n258: 24.25 GHz– 27.5 GHz 

n257: 26.5 GHz– 29.5 GHz 

n261(subset of n257): 27.5 GHz– 28.35 GHz 

n260: 37 GHz– 40 GHz 

n259: 39.5 GHz– 43.5 GHz 

Aperture-coupled antennas are well-suited for mmWave 5G 

applications due to their wide bandwidth, low profile, and high 

polarization isolation. These features make them ideal candidates 

for integration into Advanced Antenna Systems (AAS). However, 

most existing designs struggle to achieve simultaneous dual-

polarization, wideband performance, and high gain without 

relying on complex, bulky, or expensive structures. 

 Techniques like multi-layer substrates, parasitic patches, and 

EBG structures improve performance but often increase design 

complexity and fabrication cost, making them impractical for 

dense 5G deployments. Furthermore, many designs exhibit 

inconsistent gain and insufficient isolation across the entire 

mmWave band, limiting their scalability and efficiency. 

Thus, there remains a clear need for a compact, low-complexity 

aperture-coupled antenna that offers dual-polarization, super-

wideband coverage, and high, stable gain across 24–44 GHz to 

support efficient and cost-effective 5G integration. 

 

LITERATURE SURVEY 

Traditional aperture-coupled antenna (ACA) designs are 

widely utilized due to their inherent ability to achieve wide 

bandwidth and effective polarization isolation while maintaining 

a low-profile structure. A typical ACA configuration involves a 

radiating patch element placed on the top substrate layer and a 

microstrip feedline located on a lower substrate layer. The 

electromagnetic power is transferred through a strategically 

placed aperture or slot in the intermediate ground plane. To 

achieve dual-polarization, such designs incorporate two 

orthogonally oriented slots, each coupled to a separate microstrip 

feedline, enabling the antenna to simultaneously support two 

independent polarization modes. 
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Several designs have emerged to improve the bandwidth, 

polarization purity, and gain in ACA structures. For instance, 

cross-slot aperture-fed antennas provide enhanced bandwidth and 

polarization flexibility but often suffer from increased complexity 

in terms of slot geometry and feed network design. In another 

approach, magneto-electric dipole antennas demonstrate wide 

impedance bandwidth and circular polarization, making them 

attractive for mmWave applications; however, their radiation 

performance is highly dependent on precise structural symmetry. 

Additionally, multi-layer stacked patch antennas attempt to 

achieve wideband dual-polarized operation by stacking up to seven 

substrate layers, which introduces substantial fabrication 

challenges, increased cost, and relatively low gain performance 

ranging from 4 to 5 dBi — insufficient for many 5G AAS 

requirements. 

In efforts to enhance impedance bandwidth and matching 

characteristics, grid-slotted patch structures have been introduced 

in for microwave-frequency antennas with single polarization. 

These structures modify the current distribution and improve 

coupling efficiency, providing a simple yet effective means to 

broaden the operating band. Despite their potential, these 

techniques have not been adequately adapted to mmWave 

frequencies, nor have they been integrated into dual-polarized 

ACA configurations. This reveals a significant gap in current 

research, as the grid-slotted concept remains underutilized in high-

frequency, dual-polarized designs — particularly those aimed at 

fulfilling the stringent demands of compact, high-gain, low-

complexity antennas for 5G applications. 

 

Fig. 1. Aperture coupled antenna. 

 

PRAPOSED WORK 

Dual-Polarized Aperture-Coupled Antenna with Grid-Slotted 

Patch: 

The proposed dual-polarized stacked patch antenna structure is 

illustrated in Fig. 2. The configuration comprises a grid-slotted 

patch element on the upper substrate, two orthogonally oriented 

microstrip feed lines on the bottom substrate, and two 

rectangular slots etched into the intermediate ground plane. 

This aperture-coupled structure enables electromagnetic energy 

transfer from the feed lines to the radiating patch, supporting 

dual-polarization and super wideband operation. 
 

 
 

Fig 2.  Dual-polarized aperture coupled microstrip antenna 

 

The proposed dual-polarized stacked patch antenna structure 

is illustrated in Fig. 1. The configuration comprises a grid-

slotted patch element on the upper substrate, two orthogonally 

oriented microstrip feed lines on the bottom substrate, and two 

rectangular slots etched into the intermediate ground plane. 

This aperture-coupled structure enables electromagnetic energy 

transfer from the feed lines to the radiating patch, supporting 

dual-polarization and super wideband operation. 

In mmWave designs, substrate selection plays a critical role 

in optimizing performance. Thin microstrip substrates help 

reduce spurious feedline radiation but may introduce higher 

losses. In contrast, thicker substrates offer wider bandwidth but 

result in reduced coupling efficiency for a given aperture size. 

Hence, a tradeoff between substrate thickness and dielectric 

properties is essential. 

To balance these aspects, Rogers 4350B (εr = 3.48), a low-

loss substrate widely adopted for mmWave applications, is 

used for both the feed and patch layers, each with different 

thicknesses: 

 Feed substrate thickness (hf) ≈ 0.254 mm (< λ/50 at 24 

GHz) 

 Patch substrate thickness (hp) ≈ 0.761 mm (< λ/10 at 

24 GHz) 

 The width of the microstrip feed line is  

calculated based on the stripline impedance formula to 

maintain a characteristic impedance of 50 Ω. Using the 

equation: 

 
The resulting feed line width (wf) is approximately 0.48 

mm.Coupling between the feed line and the patch is governed by the 

slot dimensions in the ground plane. For optimal impedance 

matching and minimal back radiation, the slot dimensions are chosen 

as: 

 

Slot length (Ls) = 0.2λ ≈ 2.5 mm (at 24 GHz) 

Slot width (Ws) = 0.1 × Ls ≈ 0.25 mm 

To realize dual-polarization, two orthogonal slots are etched into the 

ground plane. Each slot couples to a distinct microstrip feedline 

oriented perpendicularly to the other. This configuration enables the 

excitation of two independent linear polarization modes. The feed 

lines are strategically placed at the slot centers and terminated with 

open stubs, which help enhance impedance matching and improve 

the front-to-back radiation ratio.  

 

https://www.sciencedirect.com/topics/engineering/coupled-antenna
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     Fig.3.   WITHOUT GRID                    WITH GRID 

 

 

The proposed antenna introduces several novel features that 

address key limitations in existing mmWave aperture-coupled 

designs. A significant innovation lies in the integration of a 

metasurface-inspired grid-slotted patch, which enhances 

impedance bandwidth without increasing design complexity. 

Unlike conventional designs requiring multiple stacked layers, 

this structure utilizes only two substrate layers, reducing both 

cost and fabrication complexity. 

 

The antenna parameters—specifically slot length, width, and 

grid gap—are finely optimized to improve impedance matching, 

minimize mutual coupling, and achieve superior polarization 

performance. The design operates across 24–44 GHz, covering 

major 5G NR bands (n257–n261), with a 60% impedance 

bandwidth and polarization isolation exceeding 35 dB. 

 

Furthermore, the antenna maintains a compact form factor of 

approximately 0.56λ₀ × 0.56λ₀ at 24 GHz, and achieves an 

average gain of ~8dBi. It also delivers high polarization 

discrimination (>20 dB), making it ideal for dual-polarized MIMO 

systems. Compared to existing methods, the proposed antenna 

stands out for its simplified structure, superior performance, cost-

efficiency, and ease of implementation in large-scale 5G antenna 

arrays. 

 
Parameters of Antenna  

This table summarizes the key dimensional parameters of the 

proposed dual-polarized aperture-coupled antenna, all given in 

millimeters. The upper section lists the physical sizes of primary 

structural components such as the patch width (Wp), slot width 

(Ws), and slot length (Ls), which directly impact bandidth and 

radiation performance. The feed line width (Wf) and gap (g) are 

optimized for proper impedance matching and minimal back 

radiation. The lower section provides dimensions of additional 

structural features like horizontal and vertical slot lengths ((LH), 

(LV) and offsets (LO1,LO2) used for dual-polarization support. 

Parameters (S1) and (S2) define slot separation, crucial for mutual 

coupling control. These values were obtained after detailed full-

wave simulations to ensure a wide impedance bandwidth and 

stable gain across 24–44 GHz.  

 

 

 

 Table: Performance Comparison of mmWave Antenna Designs 

 

 

    The table presents a comparative analysis of various antenna 

structures based on polarization type, operational frequency 

range, bandwidth, gain, and overall design complexity. 

Traditional designs like the double-layer cross-slot and circularly 

polarized ME-dipole antennas offer reasonable performance but 

face challenges like limited bandwidth or high structural 

complexity. The single-polarized ME monopole demonstrates 

wide bandwidth and simplicity but lacks dual polarization 

capability. The 7-layer dual-polarized ring patch achieves dual 

polarization and wide bandwidth, yet suffers from excessive 

complexity and bulkiness, making it less practical for compact 5G 

applications. In contrast, the proposed grid-slotted patch 

antenna offers a balanced solution with dual polarization, the 

widest bandwidth (~60%), and highest gain (~7 dBi), all within 

a low-complexity, compact, and cost-effective two-layer 

design—making it highly suitable for next-generation mmWave 

5G systems. 

 

METHODOLOGY 

 
1. Understanding Design Requirements 

The design of a dual-polarized aperture-coupled antenna aims to 

achieve a wide operational bandwidth, high gain, and compact 

structure suitable for 5G mmWave applications. The antenna 

operates in the 24–44 GHz range and includes features like dual-

polarization and grid-slotted metasurface patches to enhance 

performance. The theoretical foundation involves the principles 

of aperture coupling, dual-polarized configurations, and 

impedance matching. 

 
 

Structure Polarization Freq. 

Range 

(GHz) 

BW 

(%) 

Gain 

(dBi) 

Complexity 

& 

Discussion 

      
Double-

layer 

cross-slot 

Dual 25.5 – 

35 

31.4 5.6 ± 

1 

Medium 

complexity, 

limited 

bandwidth & 

gain 

Circularly 

polarized 

ME-dipole 

Circular 21 – 35 50 6.1 – 

8 

High 

complexity, 

circular 

polarization, 

wide AR 

bandwidth 

Single-

polarized 

ME 

monopole 

Single 22 – 42 60 ~6 Low 

complexity, 

no dual 

polarization 

7-layer 

dual-

polarized 

ring patch 

Dual 24 – 40 ~50 4 – 5 Very high 

complexity, 

bulky and 

expensive 

 Grid-

slotted 

patch 

Dual 24 – 44 ~60 ~7 Low 

complexity, 

compact, 

low-cost, 

wideband, 

high gain 
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2.Simulation 

The simulation is carried out in a virtual electromagnetic environment using CST Studio Suite. The environment is defined by 

specifying frequency-dependent material properties, excitation sources, and boundary conditions. 

Material Selection: Rogers 4350B with a relative permittivity of 3.48 is selected for its suitability in mmWave applications. The 

thickness of the substrate layers is defined as 0.254 mm for the feed layer and 0.761 mm for the patch layer. 

Frequency Range: The simulation frequency range is set from 20 GHz to 45 GHz to fully capture the operational bandwidth.  

3. Substrate and Ground Plane Design 

The antenna design utilizes a stacked configuration involving multiple layers to optimize performance. The structure consists of two 

dielectric substrate layers with a conductive ground plane placed between them. Each component serves a specific purpose to improve 

the antenna's functionality. 

Substrate Layers: 

The bottom substrate layer supports the feed lines that deliver the excitation signal to the antenna. Typically made of a low-loss 

dielectric material, this layer is crucial for maintaining signal integrity and minimizing losses during transmission. 

The top substrate layer supports the radiating patch, which is the primary element responsible for radiating electromagnetic waves. 

The choice of material for the top substrate affects the antenna's bandwidth, efficiency, and radiation pattern. It must have good 

dielectric properties for optimal radiation performance. 

Ground Plane: 

A conductive ground plane is placed beneath the bottom substrate. It serves as a return path for the current and helps in directing the 

electromagnetic fields. 

Slots are etched into the ground plane, strategically placed to allow electromagnetic coupling between the feed lines and the radiating 

patch. This coupling enables the transmission of energy from the feed to the patch efficiently. 

The slots in the ground plane are oriented orthogonally, facilitating dual-polarization. Dual-polarization allows the antenna to operate 

with two orthogonal polarizations (e.g., horizontal and vertical), which is particularly useful for modern communication systems like 

5G that require higher data rates and reliability. 

Impedance Matching and Coupling Efficiency: 

The dimensions of the slots are carefully designed to achieve impedance matching, ensuring minimal reflection of the signal and 

maximizing the transfer of energy from the feed to the radiating patch. 

The size, shape, and positioning of the slots also play a crucial role in optimizing coupling efficiency. Proper coupling ensures that 

the antenna's radiation pattern is uniform and effective across the desired frequency range. 

4. Feed Network Design 

The feed network consists of two orthogonal microstrip feed lines that excite the patch through the slots in the ground plane: 

• Feed Line Dimensions: The width of the feed lines is calculated to ensure a characteristic impedance of 50 ohms, following 

the stripline impedance formula. An open stub is added at the end of each feed line to enhance impedance matching. 

• Dual Polarization: The orthogonal arrangement of the feed lines enables dual-polarized operation, essential for Advanced 

Antenna Systems (AAS) in 5G applications. 

 

RESULTS 
 

 
S-Parameter response 

 

This S-parameter plot (magnitude in dB) characterizes a two-port network from 34 to 50 GHz. 

S₁₁ (Red) shows input reflection; a dip around 43 GHz indicates good input matching there. 

S₂₂ (Orange) shows output reflection; a similar dip around 43 GHz means good output matching. 

S₂₁ (Green) represents forward transmission; a peak near 43 GHz signifies maximum power transfer. 

S₁₂ (Blue) indicates reverse transmission (isolation), which is generally low across the band. 

Around 43 GHz, the network exhibits minimal input and output reflections. 

At this frequency, maximum power is transmitted from input to output. 

Reverse transmission remains low, indicating good isolation. 

Overall, the network operates most efficiently around 43 GHz due to good matching and high transmission. 
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It shows a 3D radiation pattern of a triangular antenna 

array (yellow on gray). The colored shape around it 

visualizes the antenna's gain in different directions. 

Warmer colors (red) indicate higher gain (up to 7.79 dBi), 

while cooler colors (blue) show lower gain. The main 

radiation lobe points roughly upwards (positive z-

direction). The x, y, and z axes provide spatial orientation, 

and the Phi and Theta lines represent spherical 

coordinates used to define the pattern. Essentially, it 

illustrates where the antenna radiates most strongly in 3D 

space. The main lobe signifies the direction of strongest 

signal transmission or reception. The smaller side lobes 

indicate unwanted radiation in other directions, which 

engineers often try to minimize. The color scale on the 

right provides a quantitative measure of the antenna's 

directive power (gain) in dBi. Analyzing this pattern helps 

determine if the antenna design meets the required 

coverage and signal strength for its intended application. 

The triangular element design contributes to the specific 

shape and characteristics of this radiation pattern. 

Table: Comparison of Grid-Slotted Metasurface and 

Rectangular Patch Antennas 

 

 

 

 

 

 

 

 

CONCLUSION 
5G systems rely on Advanced Antenna Systems (AAS) to fully 

realize mmWave performance. To meet AAS requirements, 

antenna elements must support dual polarization, be low-

profile, offer high gain, and cover broadband frequencies 

aligned with 3GPP standards. In this work, a novel aperture-

coupled antenna based on a grid-slotted triangular metasurface 

patch is presented to address these criteria, replacing the 

conventional rectangular patch structure to enhance gain 

performance. 

Fabricated using standard PCB technology, the low-cost, two-

layer prototype achieves a wide impedance bandwidth of 

approximately 60% (24–44 GHz), effectively supporting the 

n257–n261 bands. The introduction of the metasurface patch 

enables stronger resonance control and improved radiation 

efficiency, resulting in an average broadside gain of 8 dBi, 

compared to lower values in traditional designs. The antenna 

maintains a compact form factor of 7 × 7 × 0.254 mm³, making 

it well-suited for dense array implementations. 

The separated feeding network not only simplifies integration 

with RF front-end circuitry but also ensures improved design 

modularity for array expansion. Comparative analysis with 

recent aperture-fed designs highlights the proposed antenna’s 

advantages in terms of super wideband operation, high gain, 

low fabrication complexity, strong polarization discrimination, 

and high isolation. These combined features make the design 

highly compatible with massive MIMO architectures, 

facilitating scalable, efficient, and high-performance 5G 

deployments 
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Extension 

Work 

Base Work 

   

Patch 
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triangular 

metasurface 

Solid 

rectangular 

patch 

Bandwidth Wide (due 

to grid 

resonance) 

Narrower 

Gain Higher (~8 

dBi) 

Moderate 

(~4–7 dBi) 

Fabrication 

Complexity 

Low High 

Dual 

Polarization 

Yes Yes 

Cost Slightly 

higher 

Lower 

Applications Advanced 

5G AAS, 

massive 

MIMO 

General 

mmWave 

prototyping 
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