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Abstract 

In this study, a novel microstrip antenna with elevated radiating edges is 

proposed to enhance impedance bandwidth. The radiating edges of the patch 

are elevated using right-angled triangular prisms. A parametric study is 

conducted by varying the prism height up to 10 mm. The resonance frequency 

is maintained at the 2.4 GHz ISM band during the simulations. The simulation 

results demonstrate that increasing the prism height significantly broadens the 

bandwidth. To validate the concept, a physical prototype with a 10 mm prism 

height is fabricated using 3D printing and PCB milling techniques. The 

measured results show that the proposed antenna achieves a bandwidth of 135 

MHz. This is a significant improvement compared to the 50 MHz bandwidth of 

a conventional patch antenna. Furthermore, the proposed antenna achieves a 

gain of 6 dBi, offering an improvement over the conventional baseline. 

Additionally, the electric field distribution is presented and analyzed, and the 

proposed design is compared with relevant studies in literature. The measured 

and simulated reflection coefficients are in good agreement. The proposed 

antenna design offers an effective and practical solution for bandwidth 

enhancement. 

Keywords: Microstrip patch antenna, Bandwidth enhancement, 

Elevated radiating edges, 3D printing, 2.4 GHz ISM band 



Bant Genişliğini Artırmak İçin Yükseltilmiş Işıyan 

Kenarlara Sahip Mikroşerit Anten Tasarımı ve 

Uygulaması 

Öz 

Bu çalışmada, empedans bant genişliğini artırmak amacıyla ışıyan kenarları 

yükseltilmiş yeni bir mikroşerit anten önerilmektedir. Yamanın ışıyan 

kenarları, dik açılı üçgen prizmalar kullanılarak yükseltilmiştir. Prizma 

yüksekliği 10 mm’ye kadar değiştirilerek parametrik bir çalışma 

gerçekleştirilmiştir. Simülasyonlar sırasında rezonans frekansı 2,4 GHz ISM 

bandında korunmuştur. Simülasyon sonuçları, prizma yüksekliğinin 

artırılmasının bant genişliğini önemli ölçüde artırdığını göstermektedir. 

Önerilen yaklaşımı doğrulamak amacıyla, 10 mm prizma yüksekliğine sahip 

fiziksel bir prototip 3B yazıcı ve PCB kazıma teknikleri kullanılarak üretilmiştir. 

Ölçüm sonuçları, önerilen antenin 135 MHz bant genişliğine ulaştığını 

göstermektedir. Bu değer, geleneksel bir mikroşerit antenin 50 MHz bant 

genişliğine kıyasla önemli bir iyileşmeye karşılık gelmektedir. Ayrıca, önerilen 

anten 6 dBi kazanç elde ederek geleneksel referans antene göre iyileşme 

sağlamaktadır. Bunun yanı sıra, elektrik alan dağılımı sunulmuş ve analiz 

edilmiş; önerilen tasarım literatürdeki ilgili çalışmalarla karşılaştırılmıştır. 

Ölçülen ve simüle edilen yansıma katsayıları birbiriyle iyi uyum 
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göstermektedir. Sonuç olarak, önerilen anten tasarımı bant genişliğini artırmak için etkili ve uygulanabilir bir çözüm 

sunmaktadır.  

Anahtar kelimeler: Mikroşerit yama anten, Bant genişliği artırımı, Yükseltilmiş ışıma kenarları, 3B baskı, 

2.4 GHz ISM bandı 

 

1. INTRODUCTION 

Wireless communication systems have become one of the most important technologies of the 
modern era. They are widely used in the Internet of Things (IoT), wearable devices, and sensor-based 
applications. In these systems, antennas play a key role as transducers that transfer electromagnetic 
energy between transmission lines and free space [1-2]. Among different alternatives, microstrip patch 
antennas are widely preferred for their compact size, low cost, and ease of fabrication. Despite these 
benefits, conventional patch antennas are characterized by narrow impedance bandwidth, which 
restricts their suitability for wideband applications [3-22]. 

In order to overcome the bandwidth limitation, numerous techniques have been proposed in the 
literature. These methods range from the use of low-permittivity substrates and increased thickness 
to more advanced approaches such as multi-resonant structures, parasitic elements, and slot-based 
geometries. Early studies demonstrated that generating multiple resonant modes within a single 
antenna structure can significantly improve impedance bandwidth [3,4]. This concept was further 
extended through the integration of parasitic elements and resonator-based designs, where 
electromagnetic coupling mechanisms were utilized to enhance bandwidth performance [5–7]. In 
addition, slot-, notch-, and slit-based modifications have been widely employed to manipulate surface 
current distributions, providing an effective means of bandwidth enhancement within planar 
configurations [8–11]. 

However, the effectiveness of solely planar techniques is often limited, which has led 
researchers to explore alternative geometrical approaches. In this context, concave and curved patch 
geometries have been investigated, showing that modified surface profiles can alter current paths and 
enable multi-frequency resonance behavior, thereby improving bandwidth characteristics [12]. 3D-
printed meta-structure substrates with adjusted internal infill patterns and layer configurations have 
been investigated to control effective dielectric properties and support microstrip patch antenna 
operation in the 2.45 GHz ISM band [13]. Conformal and bent antenna structures have demonstrated 
more flexible electromagnetic responses compared to conventional planar designs [14]. With recent 
advances in fabrication technologies, particularly additive manufacturing, three-dimensional and 
curved antenna structures have been realized, enabling simultaneous bandwidth enhancement and 
size reduction [15–17]. 

Furthermore, alternative strategies such as optimized feeding mechanisms, ground-plane 
modifications, and broadband designs on thin substrates have been proposed to enhance bandwidth 
without increasing structural complexity [18–20]. More recent studies have also focused on 
integrating bandwidth enhancement with application-driven requirements such as high gain and 
compactness, especially for emerging systems like IoT and 5G [21]. Despite these advancements, 
fundamental studies have shown that bandwidth remains inherently constrained by the Q-factor of 
microstrip antennas, highlighting the need for innovative structural solutions [22]. 

In this study, a microstrip antenna with locally elevated radiating edges is proposed and 
implemented as an alternative three-dimensional approach to enhance impedance-bandwidth 
performance. We consider right-angled triangular prisms to elevate both radiating edges of the patch. 
The prisms are modeled using the material properties of PETG filament during the antenna design. 
This 3D printed geometry is constructed on a single-sided classical FR-4 substrate. While the radiating 
edges are raised, the feed point is maintained at a conventional low profile. The reason of securing the 
feed point position is to prevent the inner pin of the coaxial cable from extending excessively into the 
antenna body so that we preserve the structural impedance integrity. This targeted elevation increases 
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the effective volume between the patch and the FR-4 ground plane, resulting in an inherently widened 
impedance bandwidth. The proposed test model is designed and investigated using the RF module of 
COMSOL Multiphysics. During the parametric study, the height of the prisms is gradually increased to 
move away from the planar geometry. After each incremental step, minor dimensional tunings are 
applied to the patch to keep the resonance frequency at the 2.4 GHz ISM band. The conventional patch 
antenna is used as a simulated reference design to demonstrate the relative improvement introduced 
by the proposed elevated radiating-edge structure. The simulation results show that increasing the 
height leads to a wider bandwidth without causing a significant degradation in gain. Experimental 
measurements are performed only for the proposed antenna to validate its practical performance. A 
physical prototype is fabricated utilizing a PCB milling machine and a 3D printer to validate the 
simulated concept. The surfaces of the prisms and the gaps between them are covered with a 
continuous conductive patch using copper tape. The measured S11 results achieved by using a vector 
network analyzer (VNA) demonstrate a good agreement with the simulations. Both simulated and 
measured S11 results of the proposed antenna design effectively cover the 2.4 GHz ISM band. 

Unlike previously reported curved, concave, conformal, and three-dimensional patch antennas, 
the proposed structure does not employ a fully curved radiating patch, a curved ground plane, a 
multilayer configuration, or additional parasitic elements. Instead, the proposed geometry locally 
elevates only the two radiating edges of an otherwise conventional rectangular patch by using right-
angled triangular PETG prisms. The ground plane remains planar, and the feed region is maintained at 
the conventional substrate level. This localized elevated-edge configuration provides a distinct three-
dimensional modification intended to enhance impedance bandwidth while preserving the basic 
structure and feeding arrangement of a conventional microstrip patch antenna. 

2. MATERIALS AND METHODS 

2.1. Antenna Design Methodology 

The proposed study investigates the effect of the height variation of the radiating edge on the 
impedance bandwidth of a microstrip patch antenna. In this context, a traditional rectangular 
microstrip antenna is designed as the reference structure, followed by a design of a conductive patch 
with elevated radiating edges. The height of the radiating edge of the patch is initially set to h = 2 mm 
as a starting point for a series of simulations. Subsequently, the height of radiating edges is gradually 
increased in 2 mm increments. The simulation is repeated for each step for new values. In order to 
maintain the resonance frequency within the 2.4 GHz ISM band, minor adjustments are made to the 
dimensional parameters of the patch, namely length (Lp), width (Wp), and feed point distance (xf) to 
the nearest edge. The height increase of patch is continued up to a maximum of 10 mm. 

2.2. Design Specifications and Material Properties 

To establish a baseline reference, a classical microstrip antenna given in Figure 1 is designed on 
an FR-4 substrate with a relative permittivity of ԑ𝑟 = 4.15 and a thickness of 
ℎ𝑠𝑢𝑏 = 1.6 mm. 

 

Figure 1. Conventional patch antenna and its dimensional parameters 
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The dimensional parameter values of the microstrip antenna in Figure 1 are as follows: 
𝑊𝑠𝑢𝑏 = 60 mm, 𝐿𝑠𝑢𝑏 = 60 mm, 𝑊𝑝 = 36mm, 𝐿𝑝 = 28.45 mm, 𝑥𝑓 = 8.225 mm. These values are 

determined and optimized for 2.45 GHz resonance frequency. Based on the same design, the height of 
both radiating edges of the patch is increased to h = 2 mm. After this increment, fine-tuning is applied 
to the other dimensional parameters of the antenna to maintain the resonance frequency within the 
2.4 GHz ISM band. In this phase of the design, the microstrip patch antenna with elevated radiating 
edge is shown in Figure 2. 

 

 

 

 

(a) (b) 

Figure 2. Geometry of the proposed microstrip antenna with elevated radiating edges (h = 2 mm): (a) 
Perspective view, (b) Side view 

The microstrip antenna design shown in Figure 2 is implemented on a 60x60 mm FR-4 substrate 
with a relative permittivity of ԑ𝑟 = 4.15 and thickness of ℎ𝑠𝑢𝑏 = 1.6 mm. The ramped profile is based 
on PETG filament with a relative permittivity of ԑ𝑟 = 2.62 with a 100% infill density. The 2-mm 
incremental increases in the radiating edge height terminate at a final value of  
10 mm. The dimensional parameters of the patch obtained for each increment are summarized in 
Table 1 while 𝑦𝑓 = 1.27 mm for all configurations. As a final configuration, the geometry of the patch 

antenna with a 10-mm radiating edge height is illustrated in Figure 3. 

Table 1. Geometrical parameters of the proposed microstrip antenna for each height of radiating 
edges (in mm) 

Wp Lp d1 d2 h 
42 36 10.163 24.845 2 
42 36 8.118 27.952 4 
39 35 8.115 28.894 6 
36 35 9.979 28.894 8 
36 34.8 12.101 28.525 10 

The geometrical parameters listed in Table 1 correspond to the antenna geometry shown in 
Figure 2. Here, 𝑊𝑝 and 𝐿𝑝 denote the patch width and patch length, respectively, 𝑑1 and 𝑑2 represent 

the lengths of the left and right elevated radiating edges, and ℎ denotes the prism height used to elevate 
the radiating edges. It should be noted that the antenna geometries presented in Table 1 are 
intentionally optimized to operate within the same 2.45 GHz ISM band. Increasing the height of the 
elevated radiating edges alters the effective electrical length of the antenna, which inevitably shifts the 
resonant frequency and changes the input impedance. To enable a fair comparison under identical 
operating conditions, only minor adjustments to the patch dimensions and feed position are 
introduced to keep the target antenna resonance and maintain impedance matching. 
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(a) (b) 

Figure 3. Final geometry of the proposed microstrip antenna with elevated radiating edges (h = 10 
mm): (a) Perspective view, (b) Side view 

2.3. Electromagnetic Simulation Setup 

All antenna configurations are simulated using COMSOL Multiphysics version 6.0 with the RF 
Module. The antenna model is placed inside an air domain extending at least λ/4 from the radiating 
structure in all directions. The inner boundaries of the air domain are assigned as perfectly matched 
layer to simulate an open-space environment. The patch and ground plane are modelled using perfect 
electric conductor. The FR-4 substrate is defined with a relative permittivity of ԑ𝑟 = 4.15 a thickness 
of 1.6 mm, and a loss tangent of 0.0071. The PETG prism material is defined with a relative permittivity 
of ԑ𝑟 = 2.62. The antenna is excited using a lumped port with a reference impedance of 50 Ω. The 
excitation is applied at the feed location shown in Figures 1 and 2. The simulated S11 response is 
obtained over the frequency range of 2-3 GHz using a frequency step of 10 MHz. A tetrahedral finite-
element mesh is employed during the simulations. A finer mesh is applied near the feed region, patch 
edges, prism surfaces, and dielectric interfaces, where stronger electromagnetic field variations are 
expected.  

3. RESULTS AND DISCUSSION 

3.1. Simulation Results 

Five proposed microstrip antenna configurations with different prism heights are investigated 
to observe how elevating the radiating edges affects bandwidth behavior. The frequency responses of 
these designs are compared against a conventional patch antenna as a baseline. The simulation results 
in S11 form are presented in Figure 4. 

 

Figure 4. Simulated S11 responses of the reference patch antenna and the proposed antenna 
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configurations with different prism heights. 

As observed from the S11 plots presented in Figure 4, the bandwidth of the traditional microstrip 
patch antenna is 50 MHz between the frequency range of 2424–2474 MHz. The proposed antenna 
designed in the second stage (h = 2 mm) exhibits a bandwidth of 59 MHz, between 2421–2480 MHz. It 
can be said that the bandwidth widens as the height of the radiating edges increases. This broadening 
trend continues consistently with further elevation, reaching a maximum bandwidth of 113 MHz 
(2394–2507 MHz) for the h = 10 mm configuration. These results clearly demonstrate that the 
bandwidth widens as the height of the radiating edges increases. A gain comparison is also carried out 
in this section, following the frequency response analysis. Figure 5 compares the simulated gains of 
the proposed configurations at different prism heights with the conventional patch antenna.  

 

Figure 5. Simulated gain plots for the proposed configurations with varying prism heights and the 
conventional patch antenna. 

Examining Figure 5 reveals that the proposed designs offer an increase in gain over the 
conventional patch antenna. The maximum gain of the reference patch antenna is 5.51 dBi at 2450 
MHz. The gain peaks at a prism height of h = 4 mm as 6.79 dBi at 2460 MHz frequency. Maximum gain 
experiences a slight decrease at h = 10 mm as 6 dBi at 2470 MHz frequency. However, the h = 10 mm 
configuration is chosen for fabrication because it provides the maximum bandwidth improvement, as 
demonstrated by the previous S11 plots. 

Figure 6 presents the logarithmic electric field distribution of the proposed microstrip antenna 
with elevated radiating edges at 2.45 GHz. The strongest electric field is concentrated around the feed 
region and the lower radiating edge, indicating efficient excitation of the patch. The electric field 
extends along the elevated radiating edges and gradually spreads into the surrounding region, 
confirming their active participation in the radiation mechanism. This field distribution demonstrates 
that the elevated-edge geometry effectively supports the desired electromagnetic behavior while 
maintaining proper excitation of the antenna. 
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Figure 6. Simulated logarithmic electric field distribution of the proposed microstrip antenna at 2.45 
GHz. 

3.2. Fabrication and Measured Results   

In order to validate the simulated concept, a physical prototype of the proposed antenna with a 
prism height of h = 10 mm is fabricated. The geometry is constructed on a single-sided FR-4 substrate 
using a PCB milling machine. The right-angled triangular prisms are manufactured from PETG filament 
using a 3D printer. The surfaces of the prisms are then covered with a continuous copper tape to form 
the radiating patch. The fabricated antenna and the measurement setup are presented in Figure 7. The 
S11 measurements are performed using a Rohde & Schwarz ZNLE3 vector network analyzer (VNA). A 
comparison between the simulated and measured S11 responses of the proposed antenna is illustrated 
in Figure 8. 

  

(a) (b) 

Figure 7. Photographs of the fabricated prototype of the proposed microstrip  
antenna: (a) perspective view, (b) experimental measurement setup. 
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Figure 8. Comparison of the simulated and measured S11 responses for the fabricated prototype of the 
proposed antenna (h = 10 mm) 

Simulated S11 plots presented in Figure 8 indicate that a bandwidth of 113 MHz is obtained 
between 2394–2507 MHz, with a center frequency of 2450 MHz. According to the measurement 
results, a bandwidth of 135 MHz is achieved covering the frequency range of 2380–2515 MHz at the 
center frequency of 2448 MHz. From these results it is concluded that the simulated and measured 
results are in good agreement. 

Table 2 presents a quantitative comparison between the proposed antenna and representative 
studies that employed three-dimensional or curved structural modifications for bandwidth 
enhancement. The reported studies demonstrate different approaches, including concave substrates, 
curved patch profiles, conductive frame structures, and locally modified antenna geometries. Table 2 
compares the proposed antenna with representative studies on bandwidth enhancement using three-
dimensional antenna structures. Rani et al. [13] reported a compact antenna operating at 2.45 GHz 
with a −10 dB bandwidth of 42 MHz and a peak gain of 6.93 dBi. Muntoni et al. [15] achieved the highest 
fractional bandwidth (9.0%) among the studies operating at 2.45 GHz, whereas Fougeroux et al. [16] 
reported the highest peak gain of 8.1 dBi with a −10 dB bandwidth of 120 MHz. Muntoni et al. [17] 
demonstrated the broadest bandwidth performance, achieving 800 MHz at 2.50 GHz, corresponding 
to a fractional bandwidth of 32.0%. The proposed antenna provides a measured −10 dB bandwidth of 
135 MHz and a fractional bandwidth of 5.51% while maintaining compact dimensions of 60 × 60 × 11.6 
mm³. These results indicate that the proposed elevated radiating-edge configuration offers 
competitive bandwidth performance with a relatively simple three-dimensional antenna geometry for 
operation in the 2.4 GHz ISM band. 

Table 2. Comparison of the proposed antenna with related studies on bandwidth enhancement 

Ref. 
Operating 
Frequency 
(GHz) 

Antenna Size (mm³) 
−10 dB 
Bandwidth 

Fractional 
Bandwidth 
(%) 

Peak Gain 
(dBi) 

Rani et al. 
[13] 

2.45 70 × 70 × 1.6 42 MHz 1.71 6.93 

Muntoni 
et al. [15] 

2.45 71.5 × 71.5 × 2 220 MHz 9.0 6.3 

Fougeroux 
et al. [16] 

2.45  90 × 90 × 22 120 MHz 4.90 8.1 

Muntoni 
et al. [17] 

2.50  90 × 90 × 2 800 MHz 32.0 7.0 

Proposed 
Method 

2.45  60 × 60 × 11.6 135 MHz 5.51 6 
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The proposed antenna achieves a measured −10 dB impedance bandwidth of 135 MHz at 2.45 
GHz, corresponding to a fractional bandwidth of 5.51%. In contrast to the compared studies, the 
proposed configuration is based on the local elevation of only the two radiating edges of a conventional 
rectangular patch using PETG-supported triangular prisms. The planar ground plane and the 
conventional feed region are preserved. This configuration provides an alternative three-dimensional 
design approach for bandwidth enhancement in the 2.4 GHz ISM band. 

4. CONCLUSION 

This study investigates a microstrip patch antenna with elevated radiating edges to enhance 
impedance-bandwidth performance. The proposed structure is formed by raising the two radiating 
edges of a conventional rectangular patch using PETG-supported right-angled triangular prisms. A 
parametric simulation study is conducted by varying the elevated radiating-edge height from 2 mm to 
10 mm while maintaining operation frequency within the 2.4 GHz ISM band. 

The simulation results indicate that increasing the elevated radiating-edge height broadened the 
impedance bandwidth. In the numerical comparison, the conventional planar reference antenna 
exhibited a −10 dB bandwidth of 50 MHz, whereas the elevated-edge configuration with ℎ = 10 mm 
achieved a simulated bandwidth of 113 MHz. The ℎ = 10 mm configuration is selected for fabrication 
because it has the widest simulated bandwidth among the investigated designs. 

The fabricated prototype achieved a measured impedance bandwidth of -10 dB over 135 MHz 
at 2380–2515 MHz. The measured S11 response agreed well with the simulated result and confirmed 
that the proposed antenna operates across the intended 2.4 GHz ISM band. The experimental 
validation in the present study is limited to reflection-coefficient measurements. Therefore, the gain 
values are presented as simulation-based performance indicators and are not experimentally verified. 
Further studies may include radiation pattern, gain, efficiency, and conventional-reference 
measurements under identical experimental conditions. 
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