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ABSTRACT: A mm-wave wideband compact transparent antenna is designed on Plexiglas substrate with 

dimension of 10.235x10x0.508 mm3 and then the ground plane is modified resulting in bandwidth enhancement. 

The proposed antenna achieves a bandwidth of 13.5 GHz and supporting two resonant frequencies at 24.7 GHz 

and 33.8 GHz with return losses of -35dB, and -33dB and gain of 6.4dB and 4.5dB respectively, in addition to 

achievable efficiency reaches up to 85%. The design is extended to two antenna elements with inverted U-slab 

shaped as a parasitic element introduced between antennas used for improving isolation and therefore reduce 

the mutual coupling. The separation between two elements is less than  𝟐⁄  resulting in isolation less than -39 

dB with ECC is about 0.002 and diversity gain (DG) of 10 at the resonant frequency of 25.561 GHz to support 6 

GHz of operating bandwidth. This result demonstrates a considerable improvement in antenna compactness, 

properties, and spectral efficiency; thereby it can be an excellent candidate to be used for 5G wideband 

applications and beyond.  
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على ركيزة من مادة  (mm-wave) الملخص: تم تصميم هوائي شفاف مدمج واسع النطاق يعمل في نطاق الموجات المليمترية

، ثم جرى تعديل مستوى التأريض مما أدى إلى تعزيز عرض الحزمة. ³مم 0.508 × 10 × 10.235بأبعاد  Plexiglasالـ 

جيجاهرتز  33.8جيجاهرتز و  24.7جيجاهرتز، ويدعم ترددين رنينيين عند  13.5يحقق الهوائي المقترح عرض حزمة قدره 

ديسيبل، إضافةً إلى  4.5ديسيبل و  6.4ديسيبل على التوالي، وكسب مقداره  33-ديسيبل و  35-مع معاملات انعكاس بلغت 

تم تطوير  التصميم ليشمل عنصرين هوائيين، مع إدخال عنصر طفيلي على شكل لوح مقلوب  .%85كفاءة تشغيلية تصل إلى 

، λ/2بين الهوائيين، وذلك لتحسين العزل وتقليل الاقتران المتبادل. كانت المسافة الفاصلة بين العنصرين أقل من  Uعلى هيئة 

يساوي  (DG) ، وكسب تنوعي0.002يقارب  (ECC) ديسيبل، ومعامل ارتباط مغلف 39-ق عزل أقل من مما أدى إلى تحقي

تظُهر هذه النتائج تحسناً ملحوظاً  .جيجاهرتز 6جيجاهرتز، لدعم عرض حزمة تشغيلية يبلغ  25.561عند التردد الرنيني  10

ً للاستخدام في تطبيقات  في مدمجية الهوائي، وخصائصه الكهرومغناطيسية، وكفاءته الطيفية، ً ممتازا مما يجعله مرشحا

 .وما بعدها (5G)الاتصالات واسعة النطاق للجيل الخامس 

 ، الكسب التنوعي(ECC) ، الاقتران المتبادل، معامل الارتباط المغلف(Plexiglas)الكلمات المفتاحية: الهوائي الشفاف، 

(DG)الجيل الخامس ، (5G). 
 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

I. INTRODUCTION  

   A considerable development in mobile communications technology is often linked to the evolution of 

materials and devices that are manufactured for the purpose of transmitting and receiving signals or data [1]. 

Therefore, the evolution of 5G and beyond in the field of wireless communication has multiplied the amount 

of data transferred to users by many times compared to the fourth generation [1], [2].  As the 5G supports 

delivering a massive data rate, the performance of the system becomes much better in terms of seamless 
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connectivity, and ultra-low latency, smoother in data streaming and download speed than previous 

generations [3]. All these features help to improve the performance further and play a fundamental role in 

the emergent of the technologies as autonomous vehicles and IoT.  Generally, it is stated that  each generation 

has the potential to be revolutionary [2] , such as, in 5G, which is founded to achieve data rate of 20 Gbps 

in the normal conditions with lower latency of less than 1ms, which is massive development compared to 

1Gbps that is delivered by 4G LTE with latency reported between 20 and 50 ms. In a particular scenario, 

millimiter wave (mm-wave) spectrum in 5G supports data transmission of several Gbps in metropolitan 

areas with a frequency band spanning from 24.25 GHz to 52.6 GHz, where a dense of base stations are 

mounted to cover the small areas and therefore enhancing the data transmission [4] , [5]. For that case, the 

essential part of the communication scenario is the wearable electronics context in which some key aspects 

of design required such as, an antenna working at mm-wave range with a small size, and affectivity to launch 

the 5G requirements. Therefore, the interest in designing compact antennas in 5G grows continuously taking 

into account the type of the antenna, cost and circuit complexity [6]. In this paper the optically transparent 

antenna is designed. The transparent antenna is defined as a class of antennas that sustain an optical 

transparency with ensuring the performance of an efficient radio frequency. It is designed by deploying a 

material that allows the visible light to pass through and integrates with the glass surfaces such as on window, 

and vehicles [7], [8]. The main concerns with choosing the materials for these antennas are transparency, 

efficiency and conductivity. The main common materials used as a substrate, which are highly transparent, 

are Indium Tin Oxide (ITO), AgHT-4, AgHT-8 and Plexiglas materials; fluorine doped tin oxide on glass 

and polyimide. For transparent antenna, as the surface resistance increases, this results in an increase in 

optical transparency [7], [9]. However, the main challenging parts of designing the transparent antennas are 

the fabrication of the materials and the antenna efficiency. There is also a trade of between conductivity and 

transparency, as to achieve high transparency (more that 90%) , the conductive materials should be more 

thinly than the conventional one, this leads to lower conductivity while increases the sheet resistivity, 

resulting in reduction in the antenna gain and efficiency [10], [11]. The transparency may be obtained by 

meshing the conventional conductor, to solve the problem in straightforward way and it becomes simple to 

construct on windshield or solar cells [12]. In the metropolitan environment, the transparent antennas can be 

embedded into the glass of high-rise buildings may be deployed as a camouflage antenna to support the 

connectivity in the uncovered areas, whereas, this can degrade the gain, radiation pattern and efficiency 

[13].The techniques used to change an opaque antenna to transparent one are inefficient leading to reduction 

in the performance of the antenna because of the meshing of the conducting element or resistivity of thin 

films [13].  For the design of transparent antenna, there must have a balance in transparency with 

conductivity, thereby the choice of the materials is necessary and challengeable. In this case, the substrate 

on which the conductive material positioned or fabricated must be transparent with conceivable dielectric 

properties, such as glass or other materials that are mentioned in [14]. Moreover, it is essential to be careful 

with choosing the conductive transparent materials by considering their transparency, conductivity and 

applications that this antenna supports.  

Although antenna selection and design to meet applications serving a specific frequency band is essential, 

the modern industries of communications technologies have currently concentrated their design on 

miniaturization of devices, increasing the spectral efficiency, reducing latency, increasing the throughput 

and reliability [15]. These key advantages can be obtained using the MIMO (Multiple input- Multiple 

output) technology, that supports the share of dynamic spectrum to improve the capacity and spectral 

https://doi.org/10.35778/jazu.i56.a649
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efficiency.  When MIMO is integrated with transparent antennas, seamless integration is enabled into 

surface such as, smart windows, automotive glass, etc. Despite its many advantages in modern 

communication systems, MIMO system suffers from a problem of Mutual coupling (MC) [4]. Mutual 

coupling appears between closely spaced antenna elements especially when the distance between the 

neighboring elements is less than the half of the wavelength. The MC causes the performance degradation 

results in reduction in the isolation and an increase in the correlation between the elements [16]. For more 

clarity, MC presents in case of the electromagnetic fields produced form one antenna interacts with other 

neighboring antennas elements in the array. This interaction results in change in the impedance, radiation 

pattern, and system efficiency, thus the performance in general is degrade [4]. By addressing this problem, 

the potential solution has been introduced by using effective techniques to suppress or null out the MC effect 

and achieve the miniaturization property. As without decoupling techniques, compactness of devices 

becomes challenging due to reduction of bandwidth, lower efficiency and higher MC. However, 

compactness in antennas is required in modern wireless communications as in 5G and beyond; this needs to 

an efficient MIMO antennas occupying minimal place in the device [17]. One of the possible techniques for 

miniaturizations is to use a substrate with higher permittivity, this allows for smaller size of antenna 

dimensions due to reduction in wavelength. This mechanism causes reduction in bandwidth and efficiency. 

The most common techniques that have been used as a filter to reduce the mutual coupling are, defected 

ground structure (DGS), some neutralization lines with various forms etched between active elements as 

parasitic, frequency selective surfaces FSS, and metamaterials and metasurfaces [18], [19].  

The performance of MIMO system is evaluated using different parameters to optimize the system efficiency 

in the presence of MC. The most important key metric is Envelope Correlation Coefficient (ECC) [20]. It 

describes the correlation among the signals transmitted or received by multiple antennas. It is expressed in 

two methods in terms of far-field radiation pattern for an isotropic ideal multipath environment [20], suppose 

having two antennas, antenna 𝑖 and antenna 𝑗, the ECC between these antennas is expressed as follow.   

𝜌𝑖𝑗 =
|∬ [𝐹𝑖(𝜃,𝜑).𝐹𝑗

∗(𝜃,𝜑)]𝑑
2
1

|
2

∬ |𝐹𝑖(𝜃,𝜑)|2𝑑
2
1

.∬ |𝐹𝑗
∗(𝜃,𝜑)|

2
𝑑

2
1

                            (1) 

The second method of expressing the ECC between two antennas elements is S-parameter method, when 

the distance between two neighboring antennas is closer.  

𝜌𝑖𝑗 ≈
|𝑆𝑖𝑖

∗ 𝑆𝑖𝑗+𝑆𝑖𝑗
∗ 𝑆𝑗𝑗|

2

(1−|𝑆𝑖𝑖|2−|𝑆𝑗𝑖|
2

)(1−|𝑆𝑗𝑗|
2

−|𝑆𝑖𝑗|
2

)
                             (2) 

The importance of calculating ECC is evaluate the diversity of the gain (DG) , the lower the ECC is the 

better the diversity, this ensures more reliability of propagated signal in fading conditions of the channel 

[20], [21].  

𝐷𝐺 = 10. √1 − 𝜌𝑖𝑗                                             (3) 

The ECC also affect the capacity of MMO system. This is because MIMO system supports the spatial 

multiplexing, therefore, it is crucial to control the correlation between antennas to be less than 0.3 in practice. 
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In general, it is desirable to have ECC as less as possible; this can be controlled by either increase the space 

between the antennas to minimize MC, design antennas support pattern diversity or polarization diversity, 

or use decoupling structures to suppress the MC [22], [23].     

This work aims at designing a compact transparent antenna with DGS and then the design is extended to 

have two element antennas to investigate the figure of merit in for multiple antennas system.  

II. ANTENNA DESIGN  

The geometry of the suggested compact transparent antenna is designed as shown in fig. (1-a). it consists of 

microstrip patch that is inset fed, to achieve better matching between antenna input impedance and the 

impedance of the transmission line, as the current reaches its maximum at the central of the patch contributes 

in reducing the impedance effect. The conducting part of the antenna is made of transparent conductive 

material with electric conductivity of 4.561x 107 s/m, and mounted on a transparent substrate with 

diminutions of 10.235x10x0.508 mm3 made of Plexiglas with loss tangent and dielectric constant of 0.00037 

and 2.2 respectively. For achieving compactness, the ground is modified as shown in fig.(1-b) where the 

length of the ground plane is modified to a half of the wavelength, then removing a shape of rectangular slot 

in both sides of the ground plane with a length of quarter- wavelength. The ground plane adjustment offers 

several advantages as enhancing the shape of the radiation pattern to be more directional, improving the 

gain, and impedance matching. It supports broadband performance providing a wider bandwidth, to have 

suitability for the proposed antenna to function with broader frequencies range. Therefore, modifying the 

ground plane allows compactness of the design for limited spaces.   

 

 

 

 

    

 

 

 

Top-views , and thickness of substrate                                                         Bottom view 

 

Fig. 1. Proposed antenna structure. 

The surface resistivity (𝑅𝜎) of the transparent conductive material is calculated to figure out the electric 

characteristics of the materials where the current can flow along. The 𝑅𝜎  is expressed in  for each square 

regarding less the conductive material size and calculated as follows: 

𝑅𝜎 =
𝜌

𝑡
                                         (4) 

Where, 𝜌 is the Bulk resistivity measured in (. 𝑚), and 𝑡 is the thickness of the conductive materials 

measured in (𝑚).  
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The transparent antenna in this article is design using CST microwave studio, with dimensions are set by 

using the equations of designing the microstrip patch antenna as shown in [24] , where the length, width of 

patch can be calculated, and width and length of substrate accordingly. The width of the microstrip line is 

crucial for impedance matching and minimizing signal reflections. Thus, it is important to determine the 

width of the feeding line by selecting the desirable characteristic impedance Zo, the dielectric constant and 

thickness of the substrate, and the thickness of the conducting patch which is the same as that for feeding 

line as shown in equation (5) [24]. 

z0 =
87

√εr+1.41
 lin (

5.98 (h)

0.8 wf+t
)                       (5) 

Where: Zo is the characteristic impedance and commonly sets to 50 , εr is the dielectric constant of the 

substrate, h is the substrate thickness in (mm), which is reasonably chosen in the range 

between 0.0030and 0.050 , where 0  is  the wavelength calculated in free space,  wf is the width of the 

feeding line and t is the conducting patch thickness. There is another method to find out the width of the 

feeding line is by using the simulation tools as shown in fig. (2), in this window, after defining the frequency, 

thicknesses of substrate and conducting patch, feeding length and dielectric permittivity,  wf will be changed 

till achieve   z0 = 50. 

 

 

 

 

 

 

 

 

 

 

 

The patch is design as inset fed, in order to reduce the effect of the input impedance; this can be calculated 

as in the following equation [24].  

𝑦0 =
𝐿𝑝

𝜋
 cos−1 (

z0

Rin
)                            (6) 

Fig. 2. Impedance calculations window in CST MW Studio 
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Where 𝑦0 is the position of inset fed, and Rin is the measured resistance at the edge of the patch and known 

as resonant impedance. It is typically large form 100-150. This impedance can be calculated as follows:  

 𝑅𝑖𝑛 ≈ 90(
𝜀𝑟

𝜀𝑟+1
) (

Lp

Wp
)                                (7) 

III. RESULTS AND DISCUSSIONS 

A. Results of the design with full ground 

The proposed antenna is initially designed based on the mathematical procedure of microstrip patch antenna 

with full conductive ground plane. The designated equations are presented in details in [24] where the length 

and width of patch, and width and length of the Microstrip feeding line and thickness of the substrate can 

be calculated. Table (1) demonstrates the initial dimensions of the antenna parameters obtained by using the 

equations of the design. The resonant frequency used is 28GHz, which is commonly used in the 5G 

applications in order to achieve the compactness property.  

Table 1 Parameters dimensions of the antenna design 

No Parameter Dimensions (mm) 

1 Width of Patch               (wp) 7.6 

2 Length of Patch              (Lp) 5.9 

3 Thickness of Substrate    (h) 0.508 

4 Width of Substrate         (ws) 10.235 

5 Length of Substrate       (Ls) 10 

6 Width of feeder             (wf) 1.578 

7 Length of feeder            (Lf) 2.5 

8 Length of inset              (yo) 2 

9 Width of inset                (G) 0.1 

  

Fig. 3, shows the return loss (𝑆11-parameter) for the full ground design, the figure explains the results 

obtained by changing the dimension of patch length (Lp), as there is an inverse proportional relation between 

the patch length and the resonant frequency. In this deign three values are set for patch length to get closer 

to the desirable resonant frequency of 28GHz, for Lp  with 5 mm the resonant frequency obtained at about 

28GHz with return loss (𝑆11) of nearly -43 dB. The importance of considering the return loss to be less than 

-10dB is that because  𝑆11 measures the power loss due to its refection toward an unwanted direction because 

of the impedance mismatching between the feeder and antenna at the feeding point. For 𝑆11 < −10 𝑑𝐵, it 

is widely used as an accepted standard for well matching of the antenna to efficiently deliver power by 

ensuring more than 90% of the power is delivered in the desirable direction. The following equations 

demonstrate how to calculate the reflected and delivered power toward free space.  

𝑆11 = 10 𝑙𝑜𝑔10 ||2                    (8) 

Where  represents the reflection coefficient, ||2 represents the reflected power and (1- ||2) represents 

the power accepted by the antenna. In this deign the minimum return loss is achieved at 28GHz with 
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approximately 𝑆11 = – 43 dB, this results in  0.00005 of the power is reflected with a percentage of 0.005% 

form the total power, while 99.99% is delivered.   

 

 

 

 

 

 

 

 

For the  𝑆11 = −43𝑑𝐵 , the antenna provides a bandwidth of approximately 1.8 GHz, with impedance 

bandwidth of 6.43%. At such resonant frequency, the voltage standing wave ratio (VSWR) gets 1.02, which 

is closer to the minimum reference of VSWR accepted value  (1 ≤ 𝑉𝑆𝑊𝑅 ≤ 2).  

 

 

 

 

 

 

 

 

 

Fig.5, shows the radiation pattern of the proposed design at 28 GHz, the radiation exhibits a more directional 

in E-plane at (𝜃 = 00) , and an omnidirectional in H-plane at  (𝜃 = 900) which more suitable for the 5 G 

or mm-wave applications  
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Fig. 4 .Simulated VSWR for the proposed antenna 
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The essential key 

parameter of measuring the antenna performance is the radiation efficiency, as it is defined as the ratio of 

the power reflected back to the total input power supplied by the source. It basically quantifies the capability 

of the antenna to convert the input power to be radiated as electromagnetic waves. It considers the losses 

result from conduction and dielectric materials that can absorb the energy, and surface waves due to power 

trapped in antenna substrate, as well as losses due antenna mismatching. For improving the radiation 

efficiency, it is required to optimize the thickness of the substrate ‘h’. The significance of choosing a proper 

value ‘h’ is due to its effect on the bandwidth and the radiation efficiency, therefore the thicker the thickness 

is the wider the bandwidth but it reduces the radiation efficiency due to an increase in excitation of surface 

waves and thereby the losses increases. In addition, using defecated ground structure (DGS) or parasitic slot 

as decoupling techniques will improve the efficiency of the system by suppressing the surface waves. In 

this design the substrate thickness is set at 0.508 mm to provide an antenna efficiency of about 85% in the 

bandwidth range where the antenna can operate as illustrated in fig.6 . This result in antenna gain is closer 

to 6.5 dB at resonant frequency of 28GHz as shown in fig.7.   

 

 

 

 

 

 

 

  

Fig.5. Far-field radiation pattern of at 28GHz 
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Fig.6. Radiated and total efficiency of the design 
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Fig.8, demonstrates the surface current distributes through and on the edge of radiating element. To clarify, 

distinct colors obviously depicted various distributions which show how the antenna functions in several 

modes of operation that affect the radiation pattern of the antenna.  

 

 

 

 

 

 

 

 

B. Antenna design with DGS  

To enhance the performance of the antenna, the ground plane is modified by etching some slots form the 

conducting element to increase the bandwidth, gain and system efficiency. It is also important to suppress 

the mutual coupling, enabling the compactness in size and multiband. Table 2, shows the last optimized 

design for DGS ground plane dimensions.     

Table 2.Dimensions of DGS for the proposed design 

Parameters  G0   G1 G2 

Dimensions 

(mm) 

0.50 1.670 0.150 
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Fig.7. Gain of the design with full ground plane 

Fig.8. Surface current distribution at 28 GHz 

https://doi.org/10.35778/jazu.i56.a649


 

A Compact Transparent Dual-Element Antenna with Improved Isolation 

 

ــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ـــــــــ ــــــــ ــــــــ ـــــــــ ــــــــ ــــــــ ــــــــ ــــــــــــ ــــــــ ـــــــــــــــ ـــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ـــــــــ ــــــــ ـــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ـــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ـــــ ــــــــ ـــــ ــ ـــــ  
JAZU: No.56, December 2025, pp. 259-276          DOI: 10.35778/jazu.i56.a679                                            268 
 

The optimized structure results in a broadband antenna with bandwidth of 13.5 GHz lying between 22.78 

GHz and 35.37 GHz as shown in fig.9. Therefore, this optimized design supports majority of 5G services 

and supports antenna compactness. The optimized structure has two resonant frequencies at 24.07 GHz and 

33.88 GHz with return losses 𝑆11 of about -35dB, and -33dB respectively.    

 

 

 

 

 

 

Fig.10, illustrates the gain of the element, which provides about 6.4 dBi at frequency of 24.07 GHz, and 

approximately 4.5 dBi at 33.88 GHz.  

 

 

 

 

 

 

C. Design of Two antenna elements  

For this sub-section, two elements of antenna array is designed and simulated, it is preferable to increase 

the antenna elements for the purpose of increasing the directivity and deliver more data rates. This is the 

concept of MIMO techniques, where more antennas are deployed at both sides of transmitter and receiver, 

to speed up more date rate as well as enhance the spectral efficiency; however, this may lead to both increase 

in antenna size and create the mutual coupling (MC) among the antenna elements . The MC appears when 

the excited port flow a large amount of surface current or due to surface waves. In this case there are two 

techniques to considerably reduce the MC either by positioning the antenna elements far by 0 2⁄  between 

the neighboring elements or use one of the decoupling techniques to null out unwanted radiation. Fig.11, 

shows the design of two elements spaced by 0 2⁄ .  
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with DGS for the proposed antenna 11Simulated S 10. Fig. 

https://doi.org/10.35778/jazu.i56.a649


 

A Compact Transparent Dual-Element Antenna with Improved Isolation 

 

ــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ـــــــــــــ ــــــــ ــــــــ ـــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــــــــ ــــــــ ــــــــ ــــــــ ــــــــــــ ـــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ـــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــــــــ ـــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ـــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ــــــــ ـــــــــ ــ ـــــ  
JAZU: No.56, December 2025, pp. 259-276          DOI: 10.35778/jazu.i56.a679                                            269 
 

 

 

 

 

 

 

 

 

This structure results in a bandwidth of 12.7GHz, resonating at two frequencies of 24 GHz and 33.9 GHz 

with return loss of both  𝑆11 and 𝑆22 of closely identical results of 28dBi and 92.8 dBi respectively. This 

structure provides an isolation exhibiting between -22dBi and -29 dBi over the range of the operating 

bandwidth. This isolation provides an envelope correlation coefficient (ECC) is less than 0.0006 with 

diversity gain (DG) of 10.  

 

          

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11. Design of two elements array with  𝟎 𝟐⁄  space in between 
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Fig. 12. Simulated 𝑺𝒊𝒋 for the proposed array design    
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Fig. 13. Simulated 𝑬𝑪𝑪 for the proposed array design 
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The proposed antenna holds higher isolation, however, 0 2⁄   is the minimum typical distance between the 

elements to ensure decoupling between neighboring elements, and this cannot support the antenna 

compactness and may increase the size of the antenna for multi-elements MIMO antennas.  

This design is modified by reducing the space between the two active elements to be set 𝑒𝑓𝑓 3⁄ , where 

𝑒𝑓𝑓 is the effective wavelength with  𝑒𝑓𝑓 =  0 √𝜀𝑒𝑓𝑓⁄  , where 𝜀𝑒𝑓𝑓 is the effective dielectric constant. 

This modification resonates at two frequencies, 24.85GHz with identical return loss of both 𝑆11 and 𝑆22 for 

approximately -84.07 dBi, and 34.15 GHz with return loss of -28 dBi. It also results in an isolation of -

15dBi at the first resonant frequency and -23 dBi for the second resonant frequency as shown in fig.15. The 

ECC between the active elements in this design is higher than the design with spacing of  2⁄  as 

demonstrated in fig.16, with diversity gain (DG) reaches to 10 as in fig.17.  
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Fig. 14. Simulated 𝑫𝑮 for the proposed array design 
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Fig. 15. Simulated 𝑺𝒊𝒋 for the proposed array design with space of 𝟎. 𝟑𝐞𝐟𝐟 
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Fig.18, illustrates the polar radiation pattern of the design across distinct resonant frequencies at 24.85 GHz 

and 34.15 GHz, for both scenarios, the radiation pattern exhibits as directional patterns.  

 

 

 

 

 

 

 

 

D.  Design of Two antenna elements with parasitic decoupling structure  

In fig. 19, the constructed antenna is modified by inserting a decoupling element with a shape of inverted 

U-slap. It is used to suppress or reduce the effect of the mutual coupling.   
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Fig. 17. Simulated 𝑫𝑮 for the proposed array design with space of 0.3 𝐞𝐟𝐟 
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Fig. 16. Simulated 𝑬𝑪𝑪 for the proposed array design with space of 0.3 𝐞𝐟𝐟 
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Fig.18. Far-field radiation pattern at both frequencies of (a) 24.85 GHz and (b) 34.15 GHz 
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The decoupling element has dimension of outer length (k) = 0.590 𝑚𝑚 , outer width (m) = 0.10 𝑚𝑚, the 

inner length and inner width have the values of 0.55 𝑚𝑚, and 0.330 𝑚𝑚 respectively. Because the active 

elements are symmetrically positioned on the substrate with a distance 0.3𝑒𝑓𝑓 and developed with a 

decoupling parasitic element, the results of the return loss show better performance in term of isolation. The 

mutual coupling reaches less than -39 dBi at the resonant frequency of 25.561 GHz with an operating 

bandwidth of 6.8 lying between 24.43 GHz and 31.24 GHz. The mutual coupling is also reduced to about -

26 dBi at the second resonant frequency of 34.401GHz with operating bandwidth of 3.4 GHz as illustrated 

in fig.20. This design results in a considerable reduction in ECC to get 0.002 with 10 of diversity gain over 

the given range of frequencies as in fig.21 and fig.22.  

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig.19. Design of two elements array with parasitic element 
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Fig. 20. Simulated 𝑺𝒊𝒋 for the design with parasitic element 

Fig. 21. Simulated 𝑬𝑪𝑪 for the design with parasitic element 
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The simulated results provide that this design reaches an efficiency of up to 83.5 % over the operating 

bandwidth as demonstrated in fig 23. In Fig 24, the radiation pattern is simulated and results in a directional 

radiation patter at frequencies of 25.561 GHz and 34.401GHz  
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Fig. 22. Simulated 𝑫𝑮 for the design with parasitic element 
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Fig. 23. Radiation efficiency for the design with parasitic element 
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Fig. 24. Far-field radiation pattern for the design with parasitic element at (a) 25.561 GHz and (b) 34.401GHz 
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Table 3, represents the comparison of the proposed design with other designs of the transparent antenna in 

terms of size, bandwidth, modification techniques, gain, efficiency. The comparison also includes the 

isolation, ECC and DG and types of technique used for decoupling.   

 

The distribution of surface current for the proposed MIMO antenna is shown in fig 25. Both designs with 

and without decoupling element antennas attains the maximum current intensity around their separate 

radiating elements which results in the higher isolation for using decoupling structure element between 

neighboring antennas than that without decoupling element.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Ref Size (mm2) No.of elements BW (GHz) Rad. efficiency (%) Transparent Substrate Isolation ECC DG 

[25] 105𝑥105 2 2.23-2.46  (0.23) ≈74 yes Plaxiglas >12 dB < 0.002 9.95 

[26] 24𝑥20 4 
24.10-27.18 (3.08) 

33-44.13 (10.13) 
≈ 75 yes Plaxiglas >16 dB < 0.1 >9.5 

[27] 26𝑥28 2 2.9-29.2  (26.3) ≈ 90 yes Plaxiglas --- < 0.002 8.1 

[28] 70𝑥35.5 4 1.6-19.2 (17.6) ≈ 82 yes Wired MM 25dB < 0.002 9.95 

This 

work 
22.5𝑥10 2 

24.43-31.24  (6.8) 

32.18-35.95 (3.4) 
≈ 83.5 Yes Plaxiglas 

>39 dB 

>26 dB 
< 0.002 9.99 

𝐛 

𝐚 

Fig. 25. Simulated surface current distribution for the design (a) without parasitic 

element,(b) with parasitic element 
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IV. CONCLUION  

To conclude, a transparent antenna with compactness in size is designed and investigated using CST MW. 

The design consists of a transparent conductive material mounted on a transparent substrate made of 

Plexiglas. The antenna is initially designed with full ground plane to work at 28GHz, to result in impedance 

bandwidth of 6.43% and return loss of -43 dB. For bandwidth enhancement, it is desirable to modify the 

ground plane with DGS. This modification provides an achievable bandwidth and gain of 13.5 GHz and 6.5 

dB respectively, with directional radiation pattern. To support more mm-wave applications, the design is 

extended to simulate two antennas with a parasitic element inserted in between for decoupling the unwanted 

waves. The outcome demonstrates that, the isolation between elements is more acceptable to have a result 

of ECC about 0.002 with diversity gain of 10. According to the results, the design exhibits better efficiency 

reaching about 85%, with current distribution has maximum current intensity around the feeding of the 

antenna. Therefore, the design is more suitable for 5G wireless communications and beyond.  
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